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ABSTRACT

Rapidly growing world population, rapid modernization of technology, industrialization
and thus the energy demand in the world have increased. Reduction of non-renewable
energy sources such as natural gas and coal has led people to alternative energy sources.
Biodiesel is among one of the most important alternative energy sources. Fats produced
from fatty seed plants, waste frying oils or animal fats are fuels produced by reaction of
short chain alcohol with a transesterification process in the presence of a catalyst. The
biodiesel fuel used in this experiment was produced using waste frying oil by an oil
producer in South Cyprus. The purpose of this study was to investigate the influence of
storage period of biodiesel sample (B100) which stored at 40 ° C constant temperature on
kinematic viscosity and density at different temperatures. In addition to this, pour point and
cloud point was investigated. Biodiesel sample parameters which are kinematic viscosity,
density, cloud point and pour point had been tested in Near East University Mechanical
Engineering laboratory. Acid number and oxidation stability parameters had ben tested at a
licensed laboratory in South Cyprus. The experimental measurements in this study were
conducted at temperatures between 5°C and 90°C, according to ASTM standards.
Experimental results showed that kinematic viscosity and density decrease with increasing
temperature. An increase in kinematic viscosity and density is observed with the increase

in storage period.

Keyword: Fuel; Biodiesel; Kinematic viscosity; Density; Storage Period



OZET

Hizla artan dlnya nifusu, teknolojinin hizla modernlesmesi ve sanayilesme olarak
dunyadaki enerji talebini artmistir. Dogalgaz ve koOmiir gibi yenilenemez enerji
kaynaklarimin azalmasi, insanlar1 alternatif enerji kaynaklarina yoneltmistir. Biyodizel de
Oonemi giin gegtikce artan alternatif enerji kaynaklari arasinda en 6nemlilerindendir.

Yagli tohum bitkilerinden elde edilen yaglarin, evsel kizartma yaglarinin veya hayvansal
yaglarin bir katalizor esliginde transesterifikasyon siireci ile kisa zincirli bir alkol ile
reaksiyonu sonucunda iiretilen bir yakittir. Bu deneyde kullanilan biyodizel yakit Giiney
Kibris’taki bir yag Uretim firmasi tarafindan atik kizartma yagi kullanilarak tiretilmistir.

Bu ¢alismanin amaci, 40°Csabit sicaklikta depolanan biyodizel numunesinin (B100),
depolama siresinin farkli sicakliklardaki kinematik viskozite ve yogunlugu tizerindeki
etkisini arastirmaktir. Bunlara ek olarak biyodizel numunesinin Bulutlanma Noktas: ve
Akma Noktasi da incelenmistir. Biyodizel numunesine ait kinematik viskozite, yogunluk,
bulutlanma noktas1 ve akma noktasi parametreleri Yakin Dogu Universitesi Makine
Miihendisligi Boliimii Laboratuari’nda yapilan deneysel ¢aligmalar sonucu elde edilmistir.
Asit sayisi ve oksidasyon kararliligi parametreleri ise Giiney Kibris’ta sertifikali bir
petrokimya laboratuar1 tarafindan analiz edilmek suretiyle neticeye ulasilmistir. Bu
calismadaki deneysel Ol¢iimler ASTM standartlarina gore 5°C ila 90°C arasindaki
sicakliklarda yapilmistir. Elde edilen deneysel sonuclar neticesinde, sicakligin artmasiyla
kinematik viskozite ve yogunlugun azaldigini gézlenmistir. Depolama siiresindeki artis ile

birlikte kinematik viskozite ve yogunlukta bir artis gozlenmektedir.

Keyword: Yakit; Biyodizel; Kinematik viskozite; Yogunluk; Depolama siiresi
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CHAPTER 1
INTRODUCTION

1.1 General Information about Energy Sources

Fast growing population, rapid modernization of technology yields industrialization has
increased the requirement for energy of the world. Reduction in non-renewable energy
resources such as natural gas and coal make the people questing in new type of energy
resources. Even scientists say that, all fossil fuel resources will be depleted about 2040
(Showstack, 2016). Because of these facts, experts focus on alternative renewable
resources such as solar energy, hydro power, biofuel, biomass, tidal energy, wind energy,

nuclear energy etc.

( ) 7 L
e | { “6~ v
> /\ ,j-z.p-:f }‘
NS S
Wind, Water, Solar, and other Electricity

Renewable Sources

Biofuels Electricity, Gas, and Oil for
Combustion Engines

Figure 1.1: Differentiations of biofuels

Renewable energy sources are useful for electric power but they can’t be properly used for
transportation sector (Figure 1.1). Biofuels are liquid fuels which are the most suitable
renewable energy source type used in transportation so that is why biofuels differ from
others. We can obtain these biofuels from a range of sources, forming different type of

forms. Source Types;



e Maize

e Grass

e Miscanthus

e Algae

e Waste cooking Oil
o Fertilizer

e Whey

e Plant residues

e Foms

e Ethanol

e Biodiesel

e Biobutanol

e Biomass Pellets
¢ Synthetic Natural Gas(SNG)

1.2 Definition of Biodiesel

Biodiesel is stated as the mono alkyl esters of vegetable oils or animal fats. Biodiesel can
also be used instead of diesel fuel. In today’s world, some governments have made that
mixing case (biodiesel-diesel) a necessity. For example South Cyprus Government has
made a rule that, gasoline stations can sell diesel with the addition of biodiesel. The
mixture ratio must be with %5-10 biodiesel addition. Biodiesel is primarily being
manufactured from soya bean, rapeseed, and palm oils. When we compare the higher
heating values (HHV) of fuels, we consider that gasoline has the highest value with 46
MJ/kg, biodiesels (39 to 41 MJ/kg). Biodisel higher heating value (HVV) is indistinctly
lower than petro diesel with the values 39 to 41 MJ/kg and 43 MJ/kg respectively.
Petroleum has a HHV around 42 MJ/kg. Coals has the lowest HHV with 32 to 37 MJ/kg.
Biodiesel blends (Biodiesel-Petro diesel) are denoted as, “’BXX”’with “>XX’’ representing
the percentage of biodiesel caontained in the biodiesel blend (i.e., a B30 blend is 30%
biodiesel and 70% petro diesel) (Demirbas, 2008).

To produce biodiesel, the vegetable oil or animal fat is exposed to a chemical reaction



called transesterification. In that chemical reaction (Figure 1.2) short-chain alcohols are
being reacted with vegetable or animal fats. The alcohols used in these chemical reactions
are mostly Methanol or Ethanol. The case is that alcohols having lower molecular weight
are mostly chosen for transesterification process. Ethanol is being preferred furthest for its
low charge. However by using methanol greater transformations into biodiesel is possible.
Either acids or bases are used as catalyze for the transesterification process. Bases are most
commonly used to catalyze transesterification to lower reaction period. Also they have

lower cost compare to acid catalysis (Anastopoulos et al, 2009).

T > - Il
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CHz'O_C—Rl CHg_o_C_Rl CHZ—OH
) _e” T T 0
CH HO-C-R, |+ 3CH;0H —— > |CH;-0-C-R, |+| CH -OH
NaOH
o) Catalyst o
I Pl T I
CH,HO-C-R3 | .~ 3kCH3—O—C—R3 CH,—-OH
T ) A
| Triglyceride Methanol Mixture of Fatty Esters | Glycerin
S i i U e e e B i A J

Figure 1.2: Chemical process of biodiesel production

In this thesis, the tests and researches has been conducted with Biodiesel (methyl ester)
prepared from waste cooking oil (WCO). WCO defined as the used vegetable oil obtained
from cooking. High free fatty acid (FFA) occurred as a result of repeated frying of
vegetable oils especially at fast food restaurants. Waste frying oil has many extermination
harms such as water and soil contamination, human health problems etc. So much WCO
can be used as a raw material (Figure 1.3) for biodiesel production (Nanthagopal et al,
2014).


https://en.wikipedia.org/wiki/Vegetable_fats_and_oils
https://en.wikipedia.org/wiki/Animal_fat

Figure 1.3: Raw material percentage for biodiesel production

The properties of WCO can change depending on the frying conditions, such as
temperature, cooking time, number of cooks etc. Chemical and physical properties of
cooking oil under a thermal stress can be completely modified. Triglyceride in the
vegetable oil to break-down to forming, diglycerides, monoglycerides, and free fatty acids
(FFASs) while the cooking duration occurs. Heat and water in the frying process increases
the hydrolysis of triglycerides, for this reason the amount of FFA increasing in the WCO
(Carlinia et al, 2014). In addition to this, oxidation and polymerization processes cause a
rise in the viscosity of WCO.

1.3 Aim of Thesis

The aim of this work is to determine influence of storage period and storage temperature
(40°C) on the properties of B100 biodiesel sample prepared from waste vegetable oils.
Fuel properties that we want to examine are as following;

Kinematic viscosity,

Density

Cold flow properties

Acid value

Oxidation stability



1.4 Thesis Outline

Chapter 1, includes a general information about biodiesel, general aim of this work

discussed.

Chapter 2, introduces the fundamental concept and importance of some biodiesel

properties such as viscosity, density and cold flow properties.

Chapter 3, explains the measurement procedure and experimental setup for measuring

biodiesel properties.
Chapter 4, is a discussion of the results obtained from the experimental work.

Chapter 5, includes conclusions and suggestions for future work.



CHAPTER 2
BIODIESEL PROPERTIES

2.1 Concept of Viscosity

While examining a liquid, the most important property for checked out is the viscosity of
all liquids. Viscosity is a measure of resistance to flow or shear. It is sometime refers to as

the “thickness” of a fluid. Viscosity is the durability against to flow or shear.
2.1.1 Types of viscosity
Dynamic viscosity

Dynamic (absolute) viscosity is the parallel force per unit area (tangent) required to
move one horizontal plane with respect to another plane at a monad velocity. Dynamic
Viscosity sometimes refers to shear viscosity. When a materials sidewards deformed by
a (shear) force acting in the same direction, a shear stress t is produced between the layers

and a corresponding shear strain vy is produced. Shear strain is defined as follows;

d
y == 2.1)
dy

The rate of shear strain;
y=1 (2.2)

Rate of shear strain is directly proportional shear stress between layers in oil, air and water.

Dynamic viscosity formula can be expressed as follows;

u=g=to (2.4)



Kinematic viscosity

The kinematic viscosity (m?/s) that is express in Equation 2.5 defined as the ratio of the

dynamic viscosity p (Pa.s) to the density of the fluid p (m®kg).

e
V=" (2.5)

2.1.2 Importance of viscosity

Viscosity of the biodiesel directly affect the behavior and performance of engines that is
why it is accepted as an important property. Creation of engine sediment caused by
viscosity affecting the atomization of a fuel upon injection into the combustion chamber
(Knothe et al, 2005b). That means, fluids having lower viscosities flow easier compared
that having higher viscosity value ones, even so it does not mean that we want a fuel with
low viscosity or high viscosity. Right proportion is the real issue for getting the best engine
efficiency. Low viscosities don’t ensure sufficient lubrication for the sensitive fit of fuel
injection pumps. In contrast high viscosities guide to the formation of large droplets on
injection (resulting in poor combustibility, raised exhaust smoke and emissions) (Cennatek
Bioanalytical Services, 2013). EU and ASTM standards are given in Table 2.1

Table 2.1: Kinematic viscosity diesel fuel standards (Knothe, 2005)

Standard Place Method Fuel type Vis;;?fy”iﬂ:ﬁz /s]
EN 14214 E.U 1ISO 3104 Biodiesel 3.5-5.0
ASTM D6751 u.s ASTM D445 Biodiesel 1.9-6.0
EN 590 E.U 1ISO 3104 Petro diesel 20-45
ASTM D975 u.s ASTM D445 Petro diesel 1.9-4.1



https://en.wikipedia.org/wiki/Density

There are some factors such as pressure and temperature which affects the viscosity of

fuel:

e Temperature: Viscosity is decreasing with the increasing temperature. For all
materials, viscosity and temperature are inversely proportional to each other.
Sometimes for some specific fluids viscosity may increase with a percentage of

10-12 % with a decrease in temperature of 1-2°C.

e Pressure: Generally increasing pressure affects viscosity to rise up. Although
pressure has an impact on the viscosity, it is lower than the temperatures impact
since the liquids are nearly non-compressible at low pressures. Change in pressure
from 0.1 to 30-32 MPa has the same effect with a temperature change of about 1-

2°C, on the viscosity for most of the liquids
2.1.3 Measurement of viscosity

The instruments used for measuring viscosity are known as viscometers. Generally
viscometers are categorized in six groups as following;

e Capillary (U-Tube) Viscometers

e Falling Sphere Viscometers

¢ Falling Piston Viscometers

e Rotational Viscometers

e Bubble Viscometers

e Rheometers
2.1.4 Capillary viscometers

Capillary viscometers are using to determine the viscosity of Newtonian fluids. Time
period is measured for a specific quantity of fluid which flows through a capillary with a

specific diameter and specific length. Under idealized conditions,

e Laminar, isothermal, steady flow condition



¢ Newtonian flow behavior of the liquid

e Pressure independence of the viscosity

e Incompressibility of the liquid

e Wall adherence of the liquid

¢ Neglect of the flow influences at the entry and exit of capillary of sufficient

length

The liquid moves in coaxial layers toward the pressure drop through the capillary, in which

a parabolic velocity profile is formed.

<

R Ir -__\/Vmax

v=0
Figure 2.1: Velocity profile with laminar tube flow

Capillary viscometer was chosen for this study. The Ubbelohde viscometer used in this

work will be explained in later sections
2.1.4.1 Theory of capillary viscometers

The calculation of viscosity from the data measured using glass capillary viscometer is

based on Hagen-Poiseuille’s equation of a Newtonian fluid (Tushar et al, 2007).



In cylindrical coordinates,
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Figure 2.2: Hagen-Poiseuille flow through a vertical pipe

If z-axis is taken as the axis of the tube along which all the fluid particle travels and

considering rotational symmetry to make the flow two-dimensional axi symmetry, then;
v, #0, v =0, vg =0 (2.6)

From continuity equation;

v, v, 0dvy,
=0 2.7
5, T oz @7

r
(o) L
0 0

For rotational symmetry,

Love _, = v, (r,t) o tity) = 0 2.8
~2g =0 v = or =5 (any quantity) = (2.8)

10



Inserting equations 2.6, 2.7 and 2.8 into the Navier Stoke’s Equation in cylindrical

coordinates (z-direction) it can be obtained;

v, 1 dp 03v, 10v,
ot p 0z

— + ;W) in z direction (2.9)

For steady flow the equation becomes

0%v, 10v, 10dp
orz Tror noz (2.10)
Solving the differential equation 2.10 with boundary conditions
r =0; v, is finite (2.11)
r=R;v,=0 (2.12)
Yields
S AT 2.13
Ve = 4u\ 0z R3 (213)
While
dp _Ap
- =T (2.14)
The volume flow rate discharge is given by
R
Q= f 2nv,rdr (2.15)
0

Inserting 2.13 and 2.14 into 2.15, we obtain

11



Q= ng—;(AL—p> (2.16)

Also
Q= % (2.17)
Q is overall flow rate, V is volume and t is time.
7}
v = 5 (2.18)
Ap = pgh as in Pressure — Height relationship (2.19)
Then,
y = T9HR (2.20)
8LV
K, calibration constant for viscometer
_ THR" 2.21)
8LV
Then,
v =Kt (2.22)

Equation 2.22 is similar to ASTM kinematic viscosity equation (ASTM D 446-07) with an
exception of the correction factor.

_10mgD*Ht E
VET38Lr 8
Where E is the correction factor.

(2.23)
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2.1.4.2 Types of capillary viscometers

The list and specification of different types of capillary viscometers are given in Appendix
2. The Ubbelohde viscometer used in this work will be explained in details in later

sections.

2.2 Density of Fuel

Fuel qualification is also affected by density. Kinematic viscosity of biodiesel and engine
efficiency connected also to density parameter. Percentage of fatty acid compounds affects
the value of the density. Measurement of the density made according to ASTM D941-88
(Appendix 3) or EN ISO 12185.

2.3 Cold Flow Properties of Biodiesel

Liquidity of biodiesel at low temperatures can be explained by the cold flow properties are
properties of biodiesel. Generally, fuels have ignition troubles at low temperatures, because
of the deterioration of the fuelss flow attributes at low temperatures. Cold flow properties
can be divided into three which are the cloud point (CP), the pour point (PP) and cold filter
plugging point (CFPP). Petroleum diesel fuel have lower CP, PP and CFPP than traditional
B10 blends.

2.3.1 Cloud point

Temperature when wax crystals appear firstly is defined as cloud point. At this phase, the
fuel forms a cloudy appearance. When we compare biodiesel and petro-diesel, petro-diesel
has lower cloud point than biodiesel. ASTM D2500 standard (Appendix 4) is the reference

for cloud point measurement.

2.3.2 Pour point

Temperature which fuel becomes partly stiff and loses its flow characteristics is defined as
pour point. In some sources, pour point can describes as the minimum temperature which a
vehicle can run. At this stage biodiesel fuel comprises so much collected crystals that it is
in fact a gel and can’t flow anymore. It is know that the Pour Point is always lower than the

cloud point. When we compare biodiesel and petro-diesel, biodiesel has higher pour point
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than petro-diesel. The PP measurement was made according to ASTM Standard D97-05
(Appendix 5).

2.3.3 Cold filter plugging point

Lowest temperature which a type of fuel with a specific volume passes through a uniform
filter instrument within a certain time when cooled under precise conditions. Since CFPP
experiment utilize rapid cooling conditions, it can’t be the visualization of the exact limit
of temperature which fuel can operate. The CFPP measurement was made according to
ASTM Standard D6371-05 (Appendix 6).

2.4 Some Other Important Properties of Biodiesel

Acid number

The acid number (AN) is the mass of potassium hydroxide (KOH) in milligrams that is
necessary to neutralize the acidic constituents per gram of a sample. Profit-making
biodiesel consists of fatty acid methyl esters (FAMES). It may also contain small amounts
fatty acids, which are quantified by an acid number, expressed as milligrams of potassium
hydroxide required to neutralize 1 g of sample. ASTM D 664-04 (Appendix 7) is the
standard reference method for measuring the acid number of biodiesel.

Calorific value

Calorific value or heat of combustion is the amount of heat transferred to the chamber
during combustion. This value indicates the energy available in the fuel (Klopfenstein,
1985), (Krisnangkura et al., 1986). Biodiesel has a calorific value which is about 12%
lower than diesel, showing that biodiesel has lower energy content compared to diesel.
This leads to a higher utilization of biodiesel in order to achieve yield of diesel in the
engine (Lin et al., 2011).

Cetane number

Cetane number (CN) illustrates the ignition quality of fuels for compression ignition
engines (CIE). Since the CIE burning of the fuel-air mixture is launched by compression
ignition of the fuel, the cetane number is a key indicator of fuel quality as it describes the

facilitate of its self-ignition. Cetane number is needed for ignition and operability. EN
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15195 and D 613 are the standard reference methods for measuring the cetane number

biodiesel.

Flash point

The minimum temperature calculated to a barometric pressure of 101.3 kPa at which the
fuel will flash on application of an ignition source under specified conditions is known as
the flash point. The flash point does not affect the combustion directly. However, higher
values indicate safer fuels with regards to storage, fuel handling and transportation. ASTM

D 93 is the standard reference method for measuring the flash point of biodiesel.

lodine value

The iodine value (IV) or iodine number was introduced in biodiesel quality standards for
evaluating their stability to oxidation. The IV is a measurement of total unsaturation of
fatty acids measured in g iodine/100 g of biodiesel sample, during addition of iodine to the
double bonds. When in contact with air, biodiesel with high IV is easily oxidized. EN

14111 is the standard reference method for measuring the iodine value of biodiesel.

Oxidation stability

A disadvantage of biodiesel is poor oxidation stability. Oxidation can result in acidity and
increasing viscosity due to formation of insoluble gums that can plug fuel filters (Gerpen,
2001).The poor oxidation stability of biodiesels make them unsuitable for use in engines
due to the damaging effects of oxidation products on the engines of vehicles.
EN15751:2014 (Appendix 8) is the standard reference method for measuring the

oxidation of biodiesel.

Sulfated ash

Sulfated ash is a measure of ash formed from inorganic metallic compounds. Requirement
for sulfated ash is crucial to limit the amount of potassium, sodium, magnesium, and
calcium in the finished biodiesel fuel. These metals can contribute to injector, fuel pump,
piston and ring wear, engine deposits, and filter plugging. These impurities may be the
result of the process chemicals used in biodiesel production. ASTM D 874, 1SO 3987 are

the standard reference methods for measuring the sulfated ash of biodiesel.
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Water Content

Water content indicates the purity of the biodiesel. Once the biodiesel is washed, it should
be dried to get the water specification below 500 ppm (0.050 %).Although the biodiesel is
dried properly by the producer, water may still remainduring storage and transportation.
The moisture formed in biodiesel leads to an increased free fatty acid concentration. This

may result in corrosion on the metal parts of the engine.

2.5 Required Standards for Biodiesel

Biodiesel quality is the examined by inclusion of its physical and chemical properties into
the necessities of the adequate standard. Standards of biodiesel are continually updated,
owing to the changes of engines, emission standards, reevaluation of the qualification of
raw materials used for the production of biodiesel, etc. The produced biodiesel must meet
the international biodiesel standard specifications. The standards provide manufacturers to
determine how the fuel will affect the performance and lifespan of their products. These
specifications include The American Society for Testing and Materials or the European
Union standards and some other standards in the world such as (DIN 51606) in Germany,
(CSN) in Czech Republic, (ON) in Austria and etc. Table 2.2 introduces some of the
biodiesel quality standards in the world which are mostly used. In this work, the ASTM D
445-09 is used for kinematic viscosity, ASTM D 941-8 for density, ASTM D 2500-09 for
cloud point and ASTM D 97-05 for pour point.

16



Table 2.2: Biodiesel quality standards (Brabas, 2011)

Standards Place Caption
Heating fuels - FAME - Requirements and test
EN 14213 EU methods
EN 14214 Automotive fuels - Fatty acid methyl
EN 14214 EU esters (FAME) for diesel engines - Requirements
and test methods
ASTM D ASTM D6751 - 11a Standard Specification for
U.S Biodiesel Fuel Blend Stock (B100) for Middle
6751 -
Distillate Fuels
Australia Fuel Standard (Biodiesel) Determination 2003
ANP42 Brazil Brazilian Biodiesel Standard
1S15607 India Bio-diesel (B 100) bIe_n.d st_ock for diesel fuel -
Specification
JASO M360 Japan Automotive fuel - Fatty acid methyl ester (FAME)
as blend stock
SANS 1925 Sou_th Automotive biodiesel fuel
Africa
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CHAPTER 3
MATERIALS AND METHODS

3.1 Biodiesel Sample

A biodiesel sample produced from waste frying oils by the Ambrosia Oils Ltd. used in this
experimental study. Table 3.1 illustrates the property values for biodiesel sample according

to some standards when it was produced.

Table 3.1: Biodiesel sample properties

NAME METHOD UNIT SPECS RESULT
MIN  MAX

FAME content EN 14103 mass %  96.5 >09.5
Density at 15°C ISO 12185 kg/m®  860.0 900.0 878.4
Kinematic Viscosity at 40°C  EN ISO 3104 mm?/s 3500 5.000 4.483
Flash point (rapid equilibrium) 1SO 3679 °C 101 > 140
Cetane Number EN 15195 - 51.0 59.7
Copper Corrosion (3 hrs/50°C) EN ISO 2160 - Class1 1A
Oxidation Stability (110°C) EN 14112 hours 8.0 > 11
Acid Number EN 14104 mg KOH/g 0.50 0.31
lodine value EN 14111 gl2/100g 120 74
Linolenic acid methyl ester EN 14103 mass % 12.0 2.6
Polyunsaturated methyl esters EN 15779 mass % 1.0 <0.10
(>=4 double bounds)
Methanol EN 14110 mass % 0.20 0.02
Glyceride Content EN 14105
Mono-glyceride mass % 0.70 0.21
Di-glyceride mass % 0.20 0.02
Tri-glyceride mass % 0.20 <0.03
Free glycerol mass % 0.02 <0.010
Total glycerol mass % 0.25 0.065
Water Karl Fischer EN ISO 12937  mg/kg 300 160
Contamination EN 12662-98 mg/kg 24 <6
Sulphated ash ISO 3987 mass % 0.02 <0.005
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Table 3.1: Continued

Sulphur (S) EN ISO 20846 mg/kg 10.0 9.8
Group | metals (Na+K) EN 14538 mg/kg 5.0 <20
Group Il metals

(Ca+Mg) EN 14538 mg/kg 5.0 <20
Phosphorus content EN 14107 mg/kg 4.0 <4
Co_ld Filter Plugging EN 116 °c 45 +5
Point

Melting Point of IS0 6321 °C +10
organic chemicals

Kinematic Viscosity at ASTM D 445 mm2/s 79

20°C

3.2 Experimental Set-Up and Methods

The biodiesel sample was analyzed to determine their viscosity, density, oxidation
stability, total acid number and cold flow properties. We want to observe the properties of
the biodiesel sample as if it was held up in a furnace kept at a constant temperature at 40
°C as shown in the Figure 3.1. That furnace was designed from an old dish washer
machine. Temperature in the furnace was controlled by a digital calibrated thermometer.
Thus it is able to hold biodiesel samples at a constant temperature. When the thermocouple
of thermometer inside the furnace gauge the ambience temperature lower than 40 °C, it
gives signal to the relay to open the circuit and lamps turn on, as a result heating the
ambience. When the temperature reaches 40 °C, relay cuts of the circuit so lamps turn off

as shown in Figure 3.2.

The effect of temperature on the biodiesel properties including kinematic viscosity and
density was tested within the temperature range of 5°C to 20°C and 30°C to 90°C. Cold
flow properties were also measured. Total acid number and oxidation stability was

analyzed by a petrochemical laboratory.
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Figure 3.1: Constant temperature furnace controlled by digital thermomer

Figure 3.2: Constant temperature furnace
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3.2.1 Kinematic viscosity

An Ubbelohde type viscometer (Figure 3.3) is an instrument that uses a capillary based
method of measuring viscosity and it is recommended for higher viscosity cellulosic
polymer solutions. The advantage of this type of viscometer is that the values obtained are
independent of the total volume. The device was developed by the German chemist Leo
Ubbelohde (1877-1964) (Viswanath, 2007).

Figure 3.3: Ubbelohde viscometer
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The Ubbelohde viscometer as shown in Figure 3.3 is closely related to the Ostwald
viscometer. Both are U-shaped pieces of glassware with a reservoir on one side and a
measuring bulb with a capillary on the other. A liquid is introduced into the reservoir then
sucked through the capillary and measuring bulb. The liquid is allowed to travel back
through the measuring bulb and the time it takes for the liquid to pass through two
calibrated marks is a measure for viscosity. The Ubbelohde device has a third arm
extending from the end of the capillary and open to the atmosphere. In this way the
pressure head only depends on a fixed height and no longer on the total volume of liquid.

The ubbelohde viscometer was chosen because of its wide range of using application and
accuracy. It enables transparent and high temperature measurement. According to their
kinematic viscosity range, three viscometer of size Oc, | and Ic were chosen in this work
for measuring kinematic viscosity. They were calibrated by the manufacturer. Appendix 8

shows the manufacturer’s certificate for these viscometers.

The ubbelohde viscometer constant, K, [(mm?/s)/s] was determined with the Table 3.2

given by the manufacturer company.

Table 3.2: Ubbelohde viscometer technical specifications

Capillary Capillary Constant , Measuring range
K,
No. Dia. | £ 0.01[mm] (mm?/s)/s [mm?/s]
Oc 0.36 0.002856 0.6......... 3
I 0.58 0.009820 2 . 10
Ic 0.78 0.02944 6 ... 30

For absolute measurement, the corrected flow time multiplied by the viscometer constant

K directly gives the kinematic viscosity [mm?/s] as given in Equation (3.1).

v=K(t—y) (3.1)
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Where v, K, t, and y represent the kinematic viscosity, the calibration constant, measured
time of flow and kinetic energy correction, respectively. In the experiment formula in the
Equation 3.1 was used to obtain the kinematic viscosity values. The Kinetic energy
correction y is given by the manufacturer and tabulated for each viscometer in term of flow

time as shown in Table 3.3 below.

Table 3.3: Table of kinetic energy correction” Ubbelohde Viscometer ISO 3105/DIN51
562/Part1/BS188/NFT 60-100, Ref.No.501...530...532.." Correction seconds A:
Flow Capillary no

Time (s) 0 Oc 0a I Ic la 1
40 -8B -B B 103 045 0.15
50 B B B 396 066 0.29 0.10
60 B B B 275 046 0.20 0.07
70 -B B B 202 034 0.15 0.05
80 -B B 478 155 026 0.11 0.04
90 -B B 3.78% 122 020 0.09 0.03
100 B 7.07% 3.06%8 0.99 0.17 0.07 0.02
110 B 5.84B 253 0.82 0.14 0.06 0.02
120 B 491® 213 0.69 0.12 0.05 0.02
130 -B 418% 181 059 0.10 0.04 0.01
140 -B 3.618 156 0.51 0.08 0.04 0.01
150 -B 3.14B 136 0.44 0.07 0.03 0.01
160 -B 276 120 0.39 0.06 0.03 0.01
170 -B 245 106 0.34 0.06 0.02 0.01
180 B 218 094 0.30 0.05 0.02 0.01
190 B 1.96 0.85 0.28 0.05 0.02 0.01
200 10.338 1.77 0.77 025 0.04 0.02 0.01
225 8.20 1.40 0.60 0.20 0.03 0.01 0.01
250 6.64 1.13 049 0.16 0.03 001 <0.01
275 5.47 093 040 0.13 002 0.01 <0.01
300 4.61 079 0.34 0.11 002 001 <0.01
325 3.90 066 0.29 0.09 0.02 0.01
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Table 3.3: Continued

Flow Capillary no

Time (s) 0 Oc Oa I Ic la 1
350 3.39 058 025 0.08 0.01 0.01
375 2.95 050 0.22 0.07 0.01 o0.01
400 2.59 0.44 019 0.06 0.01 <0.01
425 2.30 066 029 0.09 0.01 <0.01
450 2.05 058 0.25 0.08 0.01 <0.01
475 1.84 050 0.22 0.07 0.01
500 1.66 0.44 0.19 0.06 0.01
550 1.37 023 01 0.03 0.01
600 1.15 0.20 0.09 0.03 0.01
650 0.98 0.17 0.07 0.03 <0.01
800 0.65 0.11 0.05
850 0.57 0.10 0.04
900 0.51 0.09 0.04
950 0.46 0.08 0.03
1000 0.42 0.07 0.03

AThe correction seconds stated are related to the respective theoretical
constant

BFor precision measurement, these flow times should not be applied.
Selection of a viscometer with a smaller capillary diameter is suggested

3.2.1.1 Procedure of measuring the kinematic viscosity using Ubbelohde viscometer

As already mentioned before, kinematic viscosity was measured using the capillary
viscometer named as Ubbelohde viscometer. Figure 3.4 summarizes the measuring

procedure of kinematic viscosity using Ubbelohde viscometer.
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Step 1: Clean the viscometer

) 4

Step 2: Put required amount of sample into viscometer

4

Step 3: Place the viscometer in to the temperature controlled
liquid (water/alcohol) bath and wait for the requried temperature

4

Step 4: Close the vent tube and apply suction to capillary tube

4

Step 5: Open venting tube and measure time of flow between M,
and M,

4

Step 6: Calculate the kinematic viscosity. Repeat these steps 3 or
4 times and calculate the average kinematic viscosity

Figure 3.4: Flow chart for measuring procedure of kinematic viscosity using Ubbelohde
viscometer

Step One

Clean the viscometer with the cleaning material. Cleaning material must be with the right
proportions. (%70 distilled water, %15 hydrogen peroxide, %15 muriatic acid). Then apply
acetone to finish the cleaning process. To start the experiment process, capillary tube must
be dry.
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Step Two

Fill the viscometer with sufficient quantity of biodiesel. Be sure that biodiesel is between
the two lines on the tube so that the amount of liquid charged will not obstruct the air tube

during use.

Step Three

Place the viscometer in a temperature controlled liquid bath. Here, the capillary must be
vertical. The sample liquid must come to the same temperature in the bath, and this will
take about 20 minutes.

Step Four

Next, seal off venting tube and apply gently suction to the capillary tube with the suction
instrument which is shown in Figure 3.4. Apply suction to the capillary tube until the
liquid reaches about 5 mm above the upper timing mark. Hold the liquid at this level by
venting tube. Make sure that this point is at least 2 cm below the bath liquid level.

Figure 3.5: Suction instrument
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Step five

Next, release the timing tube and allow the liquid to flow. Measure the flow time in
seconds for the bottom of the meniscus to pass from the top edge of the top Mark Line to
the top edge of the Mark Line below it. The time it takes for the liquid to pass through the

two calibrated marks is a measure for the viscosity.

Step six

Calculate the kinematic viscosity of the sample using formula in equation 3.1. Repeat
processes 3 or 4 times. Take average of the measurements and pass to the next

measurement with a different temperature value.
3.2.1.2 Kinematic viscosity setup between 30°C to 90°C

Figure 3.6 shows experimental setup and its components used to measure the viscosity of a
biodiesel samples in the temperature range 30°C - 90°C. As described above, we are

applying a procedure for using Ubbelohde viscometer.
Components of the setup kinematic viscosity setup between 30°C to 90°C

1-Thermometer

2-Capillary Holder

3-Heat Resistant Beaker Thermometer
4-Water

5-Capillary viscometer

6-Biodiesel Sample

7-Electromagnetic hot plate
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Figure 3.6: Experimental setup used to measure the viscosity of a biodiesel sample in the
temperature range 30°C - 90°C

Water (4) in a heat resistant standard beaker (2) is used as fluid bath. The capillary
viscometer (5) is placed in its holder (2) which holds it in an upright position in the water
bath. The water bath is heated by an electromagnetic plate (7) and its temperature is
controlled by a standard thermometer (1).
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3.2.1.3 Kinematic viscosity setup between 5°C to 20°C

Figure 3.7 shows experimental setup used to measure the viscosity of a biodiesel samples
in the temperature range 8°C to 20°C. The water is freezing by 0°C but pure alcohol will
not be frozen up to -114°C. Thus, alcohol (ethanol) was used as a cooling bath liquid. The
purity of alcohol that used as bath liquid was 97% and purchased from a local alcohol
factory in Cyprus. We are applying the same procedure for measuring the kinematic

viscosity with the Ubbelohde viscometer in the cooling bath as shown in Figure 3.7.
Components of the setup kinematic viscosity setup between 5°C to 20°C

1-Cooling bath reservoir
2-Capillary viscometer with holder
3-Alcohol (ethanol)

4-Coil

5-Insulator (Styrofoam)
6-Radiator

7-Thermostat

8-Compressor

p— | i \

Figure 3.7: Experimental setup used to measure the viscosity of a biodiesel sample in the
temperature range 5°C-20°C
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Alcohol (ethanol) (3) in a cooling bath reservoir (1) is used as a fluid bath. The bath
temperature was controlled using a thermostat (7), by automatically starting up and
shutting down the compressor (8). A coil (4) connected to a compressor cools down the
liquid bath, and the compressor is cooled down by a radiator (6). The cooling bath was
insulated by thick Styrofoam layer (5).

3.2.2 Density

Density of biodiesel was measured with a device called Pycnometer which is a device used
to determine the density of a liquid. A pycnometer is usually made of glass, with a close-
fitting ground glass stopper with a capillary tube through it, so that air bubbles and the
excess fluid may escape from the apparatus. This device enables a liquid's density to be
measured accurately by reference to an appropriate working fluid, such as water, using
an electronicall. The density value of the biodiesel sample was measured for
temperatures between 5°C to 20°C and 30°C to 90°C. For the measurement result, we
subtract the empty pycnometer mass [g] from pycnometer mass [g] filled with biodiesel.
We divide that value with the volume of the pycnometer [ml] to obtain the density of

biodiesel sample in kg/m? as given in Equation (3.2)

p= (mfull - 7Vnempty) (3.2)

3.2.2.1 Procedure for measuring density with a pycnometer

Before starting the measurement procedure, the volume of the pycnometer is
determined by filling it with water, as the density of water already known temperature.
Figure 3.8 summarizes the measuring procedure of density using a pycnometer. By

following the steps, the density measurement will be finalized successfully.
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Step 1: Clean the pcynometer

A 4

Step 2: Weigh the empty pycnometer

. 4

Step 3: Put the required amount of sample into
pcynometer

4

Step 4: Place the pycnometer in to the temperature
controlled liquid (water/alcohol) bath and wait for the
homogenous temperature distiribution

. 4

Step 5: Weigh the pcynometer with an electronic balance

4

Step 6: Calculate the density of the sample at required
temperature. Repeat these step 3 or 4 times and calculate
average density

Figure 3.8: Flow chart of procedure for measuring density using pycnometer

Step 1

Clean the pycnometer with the cleaning material. Cleaning material must be with the right
proportions. (%70 distilled water, %15 hydrogen peroxide, %15 muriatic acid). Then apply
acetone to finish the cleaning process. To start the experiment process, pycnometer must

be dry.
Step 2

Weigh the empty pycnometer with an electronic balance before filling it with sample
as shown in Figure 3.9. To use the Equation 3.2, empty mass of the pycnometer is

needed.
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Figure 3.9: Pycnometer weigh

Step 3
Completely fill the pycnometer with biodiesel. Excess biodiesel and air gaps will
overflow from the pycnometer as shown in Figure 3.10.

Figure 3.10: Overflow gap of pycnometer
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Step 4

Placed the Pycnometer in heating bath (Figure 3.11) or cooling bath (Figure 3.12) and
wait for the needed temperature. Wait at required temperature for 15 minutes

minimum until the temperature becomes homogeneous in the beaker or cooling bath.

Figure 3.11: Experimental setup used to measure the density of a biodiesel sample in the
temperature range 30°C - 90°C

Figure 3.12: Experimental setup used to measure the denéify of a biodiesel sample in the
temperature range 5°C - 20°C
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Step 5

Weigh the full Pycnometer on an electronic balance as shown in Figure 3.13

Figure 3.13: Pycnometer on an electronic balance

Step 6

Calculate the density of biodiesel at selected temperature using the Equation 3.2.

Repeat these steps 3 or 4 times and calculate the average density value.
3.2.3 Cold Flow Properties

Experimental setup used for measuring the cold flow properties such as cloud point,
cold filter plugging point and pour point is shown in Figure 3.14. The sample was
tested as per American standard test method for cloud point, cold filter plugging point
and pour point, ASTM D2500, ASTM D6371-05 and ASTM D97 respectively.

Main components of the setup
1- Data system
2- Cooling bath
3- Compressor system
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Figure 3.15: Particular components of cold flow properties measurement apparatus
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Particular components of the setup
1- Data logger
2- Insulator (Styrofoam)
3- Glass of test jar
4- Cooling bath reservoir
5- Alcohol
6- Thermocouple of compressor system
7- Fourth thermocouple of data logger

8- Coil of compressor system

Alcohol (ethanol) (5) in a cooling bath reservoir (4) is used as a fluid bath. The bath
temperature was controlled using a thermocouple (6) in the alcohol connected to a
thermostat. Thermostat is automatically starting up and shutting down the compressor
system. The cooling bath was insulated by thick Styrofoam layer (2).

Data logger (1) is a device that can be operated from the computer using a special

software program (Figure 3.16) to save the data obtained from thermocouples.

"= Dali ta Acquisition an ing Interface
Dali 08 Data Acquisition and Loggi

Menu  Settings  Help

Aldit Cihaz Lisles) Date Time cooi/1 co0i/2 00173 co0i/4 001/ -
01.01.2006 02:13:30 25 292 297 187 ERR
D D e Bl 01.01.2006 03:13:31 25 2950 27 187 ERR
01.01.2006 03:13:32 263 20 57 187 ERR

01.01.2006 13:13:33 262 2950 27 87 ERR [
01.01.2006 03:13:4 262 20 97 187 ERR
01.01.2006 02:12:35 259 290 297 185 ERR
01.01.2006 13:13:36 %39 239 57 187 ERR
01.01.2006 02:12:37 2538 289 297 187 ERR
01.01.2006 13:13:38 238 2839 27 87 ERR
01.01.2006 03:13:39 257 289 296 187 ERR
01.01.2006 13:13:40 27 238 2956 187 ERR
01.01.2006 03:13:41 255 238 296 187 ERR
01.01.2006 02:12:22 254 2838 296 17 ERR
01.01.2006 03:13:43 254 28 294 188 ERR
01.01.2006 02:12:44 253 288 294 188 ERR
01.01.2006 13:13:45 253 238 294 88 ERR
01.01.2006 02:12:46 £0 a7 a5 475 ERR
01.01.2006 13:13:47 £0 a7 35 175 ERR
01.01.2006 03:13:48 £0 a7 35 175 ERR
(LogID) Chaz Agiiamas 01.01.2006 13:13:49 £2 37 35 75 ERR
01.01.2006 03:13:50 2 a7 35 78 ERR
01.01.2006 02:12:51 £0 a7 35 175 ERR
01.01.2006 03:13:52 £0 a7 35 175 ERR
01.01.2006 021253 52 a7 35 175 ERR
01 Ocok 2006 Pazar 01.01.2006 13:13:54 52 a7 35 175 ERR
01.01.2006 02:13:58 £2 38 35 175 ERR

& mTABlE | Ml GRAPH -
.01.2006 3:13:45 253 28,8 294

Figure 3.16: Software program for data logger
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Test sample is poured into the glass of test jar by amount of 45ml (3) shown in Figure

3.17.

Level for 45 ml
biodiesel sample

— Thermocouple 3
Thermocouple 2

Thermocouple 1

Figure 3.17: Glass of test jar with thermocouples

It is able to link five different thermocouples to the data logger. In this setup four
thermocouples were placed at the bottom, middle, and upper layer of the glass test jar
to measure the cloud point, cooling curve and the pour point respectively. Cold filter
plugging point can be determined using the cooling curve. Fourth thermocouple (7)
was placed in the alcohol bath to measure the temperature of the alcohol bath which is

the same function with the compressor systems thermostat.
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Cloud Point

As described in ASTM D 2500 (Appendix 4), the cloud point is determined by
visually inspecting for a fog in the normally clear fuel, while the fuel is cooled under
carefully controlled conditions. Also it can be analyzed from the cooling curve graph
created with the readied data by the data logger.

Steps for measuring procedure of the cloud point

Step 1

By using the cooling bath set up in figure 3.13, alcohol was cooled down to -20°C.
Step 2

Put required amount of biodiesel sample into the glass test jar (45ml).

Step 3

Place the glass test jar into aluminum cylinder which was immersed in the cooling
bath.

Step 4

Place the thermocouple at the bottom of the glass test jar because temperature at the

bottom of the jar is normally higher than the top.
Step 5

Record the temperature using thermocouple 1, named as cloud point, at which the fog

appeared inspected at stepwise of 1°C.
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Pour Point

A second measure of the low temperature performance (cold flow property) of
diesel/biodiesel fuels is the pour point. The pour point is the lowest temperature at
which a fuel sample will flow. Therefore, the pour point provides an index of the
lowest temperature of the fuel’s utility for certain applications. The standard procedure
for measuring the pour point of fuels is ASTM D 97-05 (Appendix 5) as mentioned in

the previous chapter.
Steps for measuring procedure the poor point

Step 1

By using the cooling bath set up in figure 3.13, alcohol was cooled down to -20°C.
Step 2

Put required amount of biodiesel sample into the glass test jar (45ml).

Step 3

Place the glass test jar into aluminum cylinder which was immersed in the cooling
bath.

Step 4
Place the thermocouple which was placed was placed at the top layer of the sample.

Step 5

Record the temperature using thermocouple 3, named as pour point, at which the
biodiesel samples is totally ceased to flow inspected at stepwise of 1°C.
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3.2.4 Acid number and oxidation stability

Acid number and oxidation stability was measured by a certificate laboratory at Greek
side, Nortest Petrochemical laboratory according to test methods ASTM D664-
04(2017) and EN15751:2014 respectively. One time measurement cost for both of the
experiments was 72.5 euro with %50 discount for the students.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Accuracy for Kinematic Viscosity

Capillary viscometers (Oc, | and Ic) which are used in the experimental work were
calibrated by the manufacturer company. In order to check the accuracy of the result
values, an accuracy and repeatability test were accomplished. Pure water used as the
basic kinematic viscosity standard. Kinematic viscosity value for pure water at 30°C is
given as 0.80908 mm?s in the literature (Streeter et al., 1998). With the same
experimental conditions, the kinematic viscosity value of pure water at 30°C was
measured as 0.803 mm?/s. The percent error of the result value was calculated to be

less than 1% that means calibrations of the capillary viscometers are well done.
4.2 Kinematic Viscosity

Quite a lot of studies have shown that with an increase in biodiesel storage duration
and temperature are associated with approval of biodiesel properties and quality of
biodiesel. As a result of these studies, we know that the fatty acid methyl ester
molecules are broken down during degradation process (storage duration) into fatty
acid chains. Fatty acid chain oxidation accelerated by exposure to air during storage
and at high temperature may yield polymerized compounds. Oxidation of sample can
cause degradation of fuel quality by affecting the oxidation and thermal stability.
Oxidation instability results with the formation of oxidation products alcohols, shorter
chain carboxylic acids, insolubles, gum and sediment in the biodiesel. Thermal
instability cause rate of oxidation at higher temperature to increase which in turn,
increases the weight of oil and fat due to the formation of insolubles. Thus due to the
production of soluble polymeric material during degradation process, decreasing in
fuel stability significantly and increased viscosity of the biodiesel sample [Leung,
2006; Kwancheraeon, 2007].
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In brief we suppose to the effect storage duration of biodiesel to increase the viscosity.
Table 4.1 provides the kinematic viscosity of biodiesel samples with respect to days.
Experimental measurements were carried out for every ten days of storage period of
90 days. Although viscosity result values were increasing with the storage period, it
has been noticed that kinematic viscosity of the sample at 40°C temperature ensures

the 1.9-6.0 mm?/s range according to ASTM D6751 standard.

Table 4.1: Influence of storage period (days) on kinematic viscosity of biodiesel at
40°C temperature

B100 Sample
Day Viscosity at 40°C
[mm?/s]
0 4.545
10 4.581
20 4.618
30 4.630
40 4.667
50 4,704
60 4.729
70 4.770
80 4.779
90 4.792
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At Figure 4.1, viscosity measurements are plotted at 40 °C since kinematic viscosities
are given at 40 °C in international standards (ASTM). As a result of the expectation,
we can observe also from Figure 4.1 that, there is a slight rising of viscosity as the

storage period increases.

(€]

Kinematic Viscosity [mm2/s]

0 10 20 30 40 50 60 70 80 90
Storage period [Day]

Figure 4.1: Kinematic viscosity-storage period relationship at 40°C

In contrast with the storage period, kinematic viscosity decreases as the temperature
increases. The gas viscosity will increase with temperature. According to the kinetic
theory of gases, kinematic viscosity should be proportional to the square root of the
absolute temperature, in practice, it increases more rapidly. In a liquid there will be
molecular interchange similar to gas. In liquid form there are additional substantial
attractive, cohesive forces between the molecules of a liquid. Both cohesion and

molecular interchange contribute to liquid kinematic viscosity.
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The former effect causes a decrease in the shear stress while the latter causes it to
increase. That means that liquids show a decrease in kinematic viscosity value with

rising up temperature.

Table 4.2 summarizes the kinematic viscosities measured at once every 4 weeks for a

period of 12 weeks. Temperature range is between at 5 °C to 90 °C.

Table 4.2: Influence of storage period (days) and testing temperatures on kinematic
viscosity of biodiesel

B100 Sample
Weeks
Temperature 0 4 8 1
[*C]

) 13,52

8 10,658 10.944 11.071 11.689
10 9.685 9.859 9.974 10.530
15 7.860 8.285 8.381 8.449
20 7.300 7.365 7.451 7.537
30 5.524 5.737 5.848 5.969
40 4.545 4.630 4.720 4,792
50 3.564 3.722 3.765 3.747
60 3.034 3.222 3.260 3.279
70 2.640 2.809 2.842 2.873
80 2.247 2.464 2.493 2.562
90 1.860 2.189 2.215 2.254
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From Figure 4.2 it can be concluded that like similar to expectations, with the
increasing temperature, kinematic viscosity is decreasing. Also kinematic viscosity is

increasing over the storage period for each temperature slightly.
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Figure 4.2: Kinematic viscosity-storage period-temperature relationship

4.3 Density

In the previous section 4.2, we discuss that an increase in storage period results with
the oxidation and thermal instability. Oxidation stability results with the formation of
oxidation products alcohols, shorter chain carboxylic acids, insolubles, gum and
sediment in the biodiesel. Thermal instability cause rate of oxidation at higher
temperature to increase which in turn increases the weight of oil and fat due to the
formation of insolubles. Biodiesel, because it's made from a vegetable or animal fat, is
more at risk under attack and breakdown from oxygen exposure. Even though they are
chemically processed to burn like diesel fuel in an engine, biodiesel molecules aren't
exactly the same in structure as petroleum molecules. They have more areas on their

molecular structure that are weak points for oxygen and free radicals to attack, reacting
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and breaking the molecules away from each other. Thus with the formation of new
impurities in the sample during the storage period, it was expected for biodiesel

density to increase.

At Table 4.3 we can observe the rise in density values of biodiesel sample with to
storage period. Experimental measurements were carried out for every ten days of

storage period of 90 days.

Table 4.3: Influence of storage period (days) on density of biodiesel at 15°C

temperature
B100 Sample
Day Density at 15°C
[kg/m?3]
0 867.779
10 868.907
20 870.037
30 875.910
40 877.049
50 878.189
60 881.249
70 882.346
80 883.493
90 886.396
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At Figure 4.3, density measurements are plotted at 15°C since densities are at 15 °C
given at international standards (ASTM). As a result of our expectation, there is a

slight rising in density value plotted in Figure 4.3 proportional to the storage period
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Figure 4.3: Density-storage period relationship at 15°C

Temperature is a measurement of the average kinetic energy of the molecules in a
system. By increasing temperature of the biodiesel sample, kinetic energy of the
molecules in sample is increased. In other words solubility of the molecules in the
sample increased. Consequently volume of the sample increases. Exemplarily as
discussed in previous chapter, excess biodiesel will come out from the pycnometer to
outside with the increasing temperature. Thus that results decreasing of the density

value.

Table 4.4 summarizes for density values measured at every 4 weeks for a storage
period of 12 week at different temperatures. Temperature range is between at 5 “C to
90 °C.
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Table 4.4: Influence of storage period (weeks) and testing temperatures on density of

biodiesel
B100 Sample
Weeks
Temperature 0 4 8 1
["C]

5 893,165

8 884.676 892.965 898.367  903.656
10 876.187 884.396 889.746  894.984
15 867.779 875.910 881.249  886.396
20 859.372 864.745 872.671  877.808
30 850.964 858.937 864.133  869.220
40 840.910 848.789 853.923  858.950
50 838.982 846.843 851.966  856.981
60 829.741 837.516 842.582  847.542
70 822.864 830.574 835.598  840.518
80 809.284 816.867 821.808 826.646

90 802.949 810.473 815.375  820.176
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From Figure 4.4 it can be concluded that like similar to expectations, with the
increasing temperature, density is decreasing. Storage period-density relationship can

be observed at all temperature values. As the storage period increases, density is
increasing for each week.
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Figure 4.4: Density-storage period-temperature relationship

4.4 Acid Number and Oxidation Stability

Acid number and oxidation stability were measured by a certificate laboratory at
Greek side, Nortest Petrochemical Laboratory. Table 4.5 indicates the measurements
for acid number and oxidation stability with a difference of one month between the
two measurements.
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Table 4.5: Total acid number and oxidation number values

B100 Sample
TEST TEST TEST
DESCRIPTION TEST S.PE_C' RESULT RESULT
METHOD LIMITS
UNITS (1%t Month) (2" Month)
Total Acid
Number D664-04(2018 - 0.40 0.42
(mgKOH/gr)

Oxidation Stability EN15751:2014
(Hours)

Similar to expectations, with the increasing storage period acid number of the
biodiesel sample increased. When the storage period increased oxidation in the
biodiesel is increasing forming fatty acid chains in the sample results with the higher
acid number. Expectation for oxidation stability was to decrease with the storage
period increase. Since the time difference for the two measurements is one month, it

couldn’t be observed a change in the oxidation stability value.
4.5 Cold Flow Properties

Cold flow properties of the biodiesel were investigated using DSC (data logger).
Calibration of the data logger had been done by measuring the temperature of the
cooling bath with data logger and comparing it with the real temperature measured by
the thermostat. This comparison had been done for three times as shown in Figure 4.5,

Figure 4.6 and Figure 4.7.
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Figure 4.6: Second comparison for the temperature of cooling bath
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Figure 4.7: Third comparison for the temperature of cooling bath

Figure 4.8 shows the cooling curve and bath temperature during both the cooling cycle
scans. In order to know the values of cold flow properties, the second derivative of
temperature (as function of time) has been calculated and plotted. It has been observed
that the value of CP, CFPP and PP from cooling curve and observation data from the

experimental setup were almost equals which are 11°C, 7°C and 6°C respectively.
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Figure 4.8: Cooling curve
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CHAPTER 5
CONCLUSIONS

5.1 Conclusion

B100 biodiesel sample was stored in a furnace at a constant temperature of 40°C in the
Mechanical Engineering Laboratory. The kinematic viscosity of biodiesel sample was
measured from 5°C to 90°C by using Ubbelohde viscometer according to standard
ASTM D445-09 and the experimental data were listed. Also density of biodiesel
sample was measured from 5°C to 90°C by using pycnometer according to standard
ASTM D 941-88 and experimental data were listed. Total acid number and oxidation
stability were analyzed by a certificate laboratory which is locate in Southern part of
Cyprus using the test methods ASTM D664-04(2017) and EN15751:2014
respectively. In consequence of the experimental results listed, the following points

have been observed:

e Kinematic viscosity of the biodiesel sample increases with the storage

period.
e Kinematic viscosity of the biodiesel sample decreases with the increasing
testing temperature.

e Kinematic viscosity of the biodiesel sample cannot be determined below

8°C because of the solidification of sample.

e It has been noticed that kinematic viscosity of the sample below 20°C
temperature exceeds the upper limit of 1.9-6.0 mm?/s range according to
ASTM D6751 standard. Above 20°C, kinematic viscosity test results are
in the suitable range according to ASTM D6751 standard.

o Density of the biodiesel sample also increases with the storage period.

e In contrast with the storage period, temperature rise decrease the density

value.
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e Experimental measurements show that density values above 20°C
temperature stay below the lower limit of 860-890 kg/m?® range according to
EN ISO 12185 standard.

e Acid number increases with the storage period. In contrast oxidation value

decreases with the storage period.

e Results show that that the values of cold flow properties observed from the
cooling curve were almost equal with the observation data from the

experimental setup.

All of the experiments were conducted as accurate as possible but there are some

factors affecting the results and cause errors:

1-Reading and averaging error.

2-Non-uniform distribution of temperature in the cooling and heating bath.

3- Quickly changing temperature in the heating bath during measurements.

4-We had to use five different thermometers in total due to the break of other
four thermometers and as a result of this measured temperature values were
affected.

5-Due to the electricity cut-off in the city network, sometimes biodiesel stored at
40°C was cooled down affecting the experimental results.

6- Vibration in the test environment can cause may lead to measurement errors.

7-Electronic balance calibration.

5.2 Recommendations
A future work suggested to be done such as investigation of pressure effect on the
biodiesel sample. Also some other important properties of the biodiesel sample such as

the flash point, cetane number, iodine value might be measured.

Consequently, in the light of this study, storage time might be increased or storage

temperature might be changed to get different experimental results.
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QGPIM) Designation: D6751 — 09a

i’

INTERNATIONAL

Standard Specification for

Biodiesel Fuel Blend Stock (B100) for Middle Distillate

Fuels'

This standard is issued under the fixed designation D6751; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers biodiesel (B100) Grades S15
and S500 for use as a blend component with middle distillate
fuels.

1.2 This specification prescribes the required properties of
diesel fuels at the time and place of delivery. The specification
requirements may be applied at other points in the production
and distribution system when provided by agreement between
the purchaser and the supplier.

1.3 Nothing in this specification shall preclude observance
of federal, state, or local regulations which may be more
restrictive.

Note 1—The generation and dissipation of static electricity can create
problems in the handling of distillate fuel oils with which biodiesel may
be blended. For more information on the subject, see Guide D4865.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.4.1 Exception—In Annex Al, the values stated in SI units
are to be regarded as the standard. The values given in
parentheses are for information only.

2. Referenced Documents

2.1 ASTM Standards:*

D93 Test Methods for Flash Point by Pensky-Martens
Closed Cup Tester

D130 Test Method for Corrosiveness to Copper from Pe-
troleum Products by Copper Strip Test

D189 Test Method for Conradson Carbon Residue of Pe-
troleum Products

" This specification is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
DO02.EO on Burner, Diesel, Non-Aviation Gas Turbine, and Marine Fuels.

Current edition approved Dec. 1, 2009. Published February 2010. Originally
approved in 1999 as PS 121-99. Adopted as a standard in 2002 as D6751-02. Last
previous edition approved in 2009 as D6751-09. DOI: 10.1520/D6751-09a.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

D445 Test Method for Kinematic Viscosity of Transparent
and Opaque Liquids (and Calculation of Dynamic Viscos-
ity)

D524 Test Method for Ramsbottom Carbon Residue of
Petroleum Products

D613 Test Method for Cetane Number of Diesel Fuel Oil

D664 Test Method for Acid Number of Petroleum Products
by Potentiometric Titration

D874 Test Method for Sulfated Ash from Lubricating Oils
and Additives

D974 Test Method for Acid and Base Number by Color-
Indicator Titration

D975 Specification for Diesel Fuel Oils

D976 Test Method for Calculated Cetane Index of Distillate
Fuels

DI1160 Test Method for Distillation of Petroleum Products
at Reduced Pressure

D1266 Test Method for Sulfur in Petroleum Products
(Lamp Method)

D1796 Test Method for Water and Sediment in Fuel Oils by
the Centrifuge Method (Laboratory Procedure)

D2274 Test Method for Oxidation Stability of Distillate
Fuel Oil (Accelerated Method)

D2500 Test Method for Cloud Point of Petroleum Products

D2622 Test Method for Sulfur in Petroleum Products by
Wavelength Dispersive X-ray Fluorescence Spectrometry

D2709 Test Method for Water and Sediment in Middle
Distillate Fuels by Centrifuge

D2880 Specification for Gas Turbine Fuel Oils

D3117 Test Method for Wax Appearance Point of Distillate
Fuels

D3120 Test Method for Trace Quantities of Sulfur in Light
Liquid Petroleum Hydrocarbons by Oxidative Microcou-
lometry

D3242 Test Method for Acidity in Aviation Turbine Fuel

D3828 Test Methods for Flash Point by Small Scale Closed
Cup Tester

D4057 Practice for Manual Sampling of Petroleum and
Petroleum Products

D4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products

*A Summary of Changes section appears at the end of this standard.
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D4294 Test Method for Sulfur in Petroleum and Petroleum
Products by Energy Dispersive X-ray Fluorescence Spec-
trometry

D4530 Test Method for Determination of Carbon Residue
(Micro Method)

D4737 Test Method for Calculated Cetane Index by Four
Variable Equation

D4865 Guide for Generation and Dissipation of Static
Electricity in Petroleum Fuel Systems

D4951 Test Method for Determination of Additive Ele-
ments in Lubricating Oils by Inductively Coupled Plasma
Atomic Emission Spectrometry

D5452 Test Method for Particulate Contamination in Avia-
tion Fuels by Laboratory Filtration

D5453 Test Method for Determination of Total Sulfur in
Light Hydrocarbons, Spark Ignition Engine Fuel, Diesel
Engine Fuel, and Engine Oil by Ultraviolet Fluorescence

D5771 Test Method for Cloud Point of Petroleum Products
(Optical Detection Stepped Cooling Method)

D5772 Test Method for Cloud Point of Petroleum Products
(Linear Cooling Rate Method)

D5773 Test Method for Cloud Point of Petroleum Products
(Constant Cooling Rate Method)

D6217 Test Method for Particulate Contamination in
Middle Distillate Fuels by Laboratory Filtration

D6300 Practice for Determination of Precision and Bias
Data for Use in Test Methods for Petroleum Products and
Lubricants

D6450 Test Method for Flash Point by Continuously Closed
Cup (CCCFP) Tester

D6469 Guide for Microbial Contamination in Fuels and
Fuel Systems

D6584 Test Method for Determination of Free and Total
Glycerin in B-100 Biodiesel Methyl Esters by Gas Chro-
matography

D6890 Test Method for Determination of Ignition Delay
and Derived Cetane Number (DCN) of Diesel Fuel Oils by
Combustion in a Constant Volume Chamber

D7039 Test Method for Sulfur in Gasoline and Diesel Fuel
by Monochromatic Wavelength Dispersive X-ray Fluores-
cence Spectrometry

D7397 Test Method for Cloud Point of Petroleum Products
(Miniaturized Optical Method)

2.2 Government Standard:

40 CFR Part 79 Registration of Fuels and Fuel Additives
Section 211(b) Clean Air Act?

2.3 Other Documents:*

UOP 389 Trace Metals in Oils by Wet Ashing and ICP-OES

UOP 391-91 Trace Metals in Petroleum Products or Organ-
ics by AAS

EN 14112 Fat and oil derivatives—Fatty acid methyl esters
(FAME)—Determination of oxidation stability (Acceler-

3 Available from U.S. Government Printing Office Superintendent of Documents,
732 N. Capitol St., NW, Mail Stop: SDE, Washington, DC 20401.

+ Available from ASTM International, 100 Barr Harbor Drive, PO Box C700,
West Conshohocken, PA. Visit the ASTM website, www.astm.org, or contact ASTM
Customer Service at service@astm.org.
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ated oxidation test)’

EN 14110 Fat and oil derivatives—Fatty acid methyl esters
(FAME)—Determination of methanol content’

EN 14538 Fat and oil derivatives—Fatty acid methyl esters
(FAME)—Determination of Ca, K, Mg and Na content by
optical emission spectral analysis with inductively
coupled plasma (ICP OES)’

3. Terminology

3.1 Definitions:

3.1.1 biodiesel, n—fuel comprised of mono-alkyl esters of
long chain fatty acids derived from vegetable oils or animal
fats, designated B100.

3.1.1.1 Discussion—biodiesel, as defined above, is regis-
tered with the U.S. EPA as a fuel and a fuel additive under
Section 211(b) of the Clean Air Act. There is, however, other
usage of the term biodiesel in the marketplace. Due to its EPA
registration and the widespread commercial use of the term
biodiesel in the U.S. marketplace, the term biodiesel will be
maintained for this specification.

3.1.1.2 Discussion—DBiodiesel is typically produced by a
reaction of a vegetable oil or animal fat with an alcohol such as
methanol or ethanol in the presence of a catalyst to yield
mono-alkyl esters and glycerin, which is removed. The finished
biodiesel derives approximately 10 % of its mass from the
reacted alcohol. The alcohol used in the reaction may or may
not come from renewable resources.

3.1.2 biodiesel blend (BXX), n—blend of biodiesel fuel with
diesel fuel oils.

3.1.2.1 Discussion—In the abbreviation BXX, the XX rep-
resents the volume percentage of biodiesel fuel in the blend.

3.1.3 biodiesel fuel, n—synonym for biodiesel.

3.1.4 diesel fuel, n—middle petroleum distillate fuel.

3.1.5 free glycerin, n—a measure of the amount of glycerin
remaining in the fuel.

3.1.6 Grade S15 B100, n—a grade of biodiesel meeting
ASTM Specification D6751 and having a sulfur specification
of 15 ppm maximum.

3.1.7 Grade S500 B100, n—a grade of biodiesel meeting
ASTM Specification D6751 and having a sulfur specification
of 500 ppm maximum.

3.1.8 middle distillate fuel, n—Xkerosines and gas oils boil-
ing between approximately 150°C and 400°C at normal atmo-
spheric pressure and having a closed-cup flash point above
38°C.

3.1.9 total glycerin, n—the sum of the free glycerin and the
glycerin portion of any unreacted or partially reacted oil or fat.

4. Requirements

4.1 The biodiesel specified shall be mono-alkyl esters of
long chain fatty acids derived from vegetable oils and animal
fats.

4.2 Unless otherwise specified, samples for analysis shall be
taken by the procedure described in Practices D4057 or D4177.

3 Available from the National CEN Members listed on the CEN website
(www.cenorm.be) or from the CEN/TC19 secretariat (astm@nen.nl).
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4.3 The biodiesel specified shall conform to the detailed
requirements shown in Table 1.

Note 2—A considerable amount of experience exists in the U.S. with
a 20 % blend of biodiesel, primarily produced from soybean oil, with
80 % diesel fuel (B20). Experience with biodiesel produced from animal
fat and other oils is similar. Experience with B20 and lower blends in other
applications is not as prevalent. Although biodiesel (B100) can be used,
blends of over 20 % biodiesel with diesel fuel (B20) should be evaluated
on a case by case basis until further experience is available.

Note 3—The user should consult the equipment manufacturer or
owner’s manual regarding the suitability of using biodiesel or biodiesel
blends in a particular engine or application.

5. Test Methods

5.1 The requirements enumerated in this specification shall
be determined in accordance with the following methods.

5.1.1 Flash Point—Test Methods D93, except where other
methods are prescribed by law. Test Methods D3828 or D6450
can also be used. The precision and bias of Test Methods
D3828 and D6450 with biodiesel is not known and is currently
under investigation. Test Methods D93 shall be the referee
method.

5.1.2 Water and Sediment—Test Method D2709. Test
Method D1796 may also be used. Test Method D2709 shall be
the referee method. The precision and bias of these test
methods with biodiesel is not known and is currently under
investigation.

5.1.3 Viscosity—Test Method D445.

5.1.4 Sulfated Ash—Test Method D874.

5.1.5 Oxidation Stability—Test Method EN 14112.

5.1.6 Sulfur—Test Method D5453. Test Method D7039 may
also be used. Other test methods may also be suitable for

determining up to 0.05 % (500 ppm) sulfur in biodiesel fuels
such as Test Methods D1266, D2622, D3120 and D4294 but
may provide falsely high results (see X1.5) although their
precision and bias with biodiesel is unknown. Test Method
D5453 shall be the referee test method.

5.1.7 Corrosion—Test Method D130, 3 h test at 50°C.

5.1.8 Cetane Number—Test Method D613. Test Method
D6890 may also be used. Test Method D613 shall be the
referee method.

5.1.9 Cloud Point—Test Method D2500. Test Method
D5771, D5772, D5773, or D7397 may also be used. Test
Method D3117 may also be used because it is closely related.
Test Method D2500 shall be the referee test method. The
precision and bias of Test Method D3117 for biodiesel is not
known and is currently under investigation.

5.1.10 Acid Number—Test Method D664. Test Methods
D3242 or D974 may also be used. Test Method D664 shall be
the referee test method.

5.1.11 Carbon Residue—Test Method D4530. A100 %
sample shall replace the 10 % residual, with percent residue in
the original sample reported using the 10 % residual calcula-
tion (see X1.9.1). Test Methods D189 or D524 may also be
used. Test Method D4530 shall be the referee method.

5.1.12 Total Glycerin—Test Method D6584.

5.1.13 Free Glycerin—Test Method D6584.

5.1.14 Phosphorus Content—Test Method D4951.

5.1.15 Distillation Temperature, Reduced Pressure—Test
Method D1160.

5.1.16 Calcium and Magnesium, combined—Test Method
EN 14538. Test Method UOP 389 may also be used. Test
Method EN 14538 shall be the referee test method.

TABLE 1 Detailed Requirements for Biodiesel (B100) (All Sulfur Levels)

Grade S15

Grade S500

Property Test Method” Limits Limits Units

Calcium and Magnesium, combined EN 14538 5 max 5 max ppm (ug/g)
Flash point (closed cup) D93 93 min 93 min °C
Alcohol control

One of the following must be met:

1. Methanol content EN 14110 0.2 max 0.2 max mass %

2. Flash point D93 130 min 130 min °C
Water and sediment D2709 0.050 max 0.050 max % volume
Kinematic viscosity, 40°C D445 1.9-6.08 1.9-6.0% mm?/s
Sulfated ash D874 0.020 max 0.020 max % mass
Sulfur® D5453 0.0015 max (15) 0.05 max (500) % mass (ppm)
Copper strip corrosion D130 No. 3 max No. 3 max
Cetane number D613 47 min 47 min
Cloud point D2500 Report? Report? °C
Carbon residue® D4530 0.050 max 0.050 max % mass
Acid number D664 0.50 max 0.50 max mg KOH/g
Cold soak filterability Annex A1 360 max” 360 max” seconds
Free glycerin D6584 0.020 max 0.020 max % mass
Total glycerin D6584 0.240 max 0.240 max % mass
Phosphorus content D4951 0.001 max 0.001 max % mass
Distillation temperature, D1160 360 max 360 max °C
Atmospheric equivalent temperature,
90 % recovered
Sodium and Potassium, combined EN 14538 5 max 5 max ppm (ug/g)
Oxidation stability EN 14112 3 minimum 3 minimum hours

A The test methods indicated are the approved referee methods. Other acceptable methods are indicated in 5.1.

B See X1.3.1. The 6.0 mm?/s upper viscosity limit is higher than petroleum based diesel fuel and should be taken into consideration when blending.
€ Other sulfur limits can apply in selected areas in the United States and in other countries.

P The cloud point of biodiesel is generally higher than petroleum based diesel fuel and should be taken into consideration when blending.

E Carbon residue shall be run on the 100 % sample (see 5.1.11).

FB100 intended for blending into diesel fuel that is expected to give satisfactory vehicle performance at fuel temperatures at or below —12°C shall comply with a cold
soak filterability limit of 200 s maximum.
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5.1.17 Sodium and Potassium, combined—Test Method
EN 14538. Test Method UOP 391 may also be used. Test
Method EN 14538 shall be the referee test method.

5.1.18 Cold Soak Filterability—The test method in Annex
A1 shall be used to determine the cold soak filterability. B100
intended for blending into diesel fuels that is expected to give
satisfactory vehicle performance at fuel temperatures at or
below —12°C shall comply with a cold soak filtration limit of
200 s maximum. A cold soak filterability standard test method
is under development.

Note 4—Interim precision information is provided in Annex Al for the
cold soak filterability test to give the user some indication of the
repeatability and reproducibility expected.

6. Workmanship

6.1 The biodiesel fuel shall be visually free of undissolved
water, sediment, and suspended matter.

7. Keywords

7.1 alternative fuel; biodiesel fuel; diesel fuel oil; fuel oil;
renewable resource

ANNEX

(Mandatory Information)

Al. DETERMINATION OF FUEL FILTER BLOCKING POTENTIAL OF BIODIESEL (B100) BLEND STOCK BY COLD SOAK
LABORATORY FILTRATION

Al.1 Scope

Al.1.1 ,This test method covers the determination by filtra-
tion time: after cold soak of the suitability for a Biodiesel
(B100) Blend Stock for blending with middle distillates to
provide adequate low temperature operability performance to
at least the cloud point of the finished blend.

A1.1.2 The interim precision of this test method has been
determined.

A1.1.3:The values stated in ST units are to be regarded as the
standard. The values given in parentheses are for information
only.

Al.1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

A1l.2 Referenced Documents

Al1.2.1 ASTM Standards:?
D4057 Practice for Manual Sampling of Petroleum and
Petroleum Products
D4865 Guide for Generation and Dissipation of Static
Electricity in Petroleum Fuel Systems
D5452 Test Method for Particulate Contamination in
Aviation Fuels by Laboratory Filtration

A1.3 Terminology

A1.3.1 Definitions:

A1.3.1.1 biodiesel, n—fuel comprised of mono-alkyl esters
of long chain fatty acids derived from vegetable oils or animal
fats, designated B100.

A1.3.1.2 bond, v—to connect two parts of a system electri-
cally by means of a conductive wire to eliminate voltage
differences.

A1.3.1.3 ground, v—to connect electrically with earth.

A1.3.2 Definitions of Terms Specific to this Standard:

A1.3.2.1 filtered flushing fluids, n—either of two solvents,
heptane or 2,2, 4—trimethylpentane, filtered through a nominal
0.45 um glass fiber filter.

A1.3.2.2 glass fiber filter, n—the 0.7 um glass fiber filters
used in this test method.

A1.3.3 Abbreviations:

A1.3.3.1 CSFT—cold soak filtration test.

Al.4 Summary of Test Method

A1.4.1 In this test method, 300 mL of biodiesel (B100) is
stored at 4.4°C (40°F) for 16 h, allowed to warm to 20 to 22°C
(68 to 72°F), and vacuum filtered through a single 0.7 um glass
fiber filter.

A1.4.2 In this test method, the filtration time is reported in
seconds.

A1.5 Significance and Use

Al.5.1 Some substances that are soluble or appear to be
soluble in biodiesel at room temperature will, upon cooling or
standing at room temperature for extended periods, come out
of solution. These substances can cause filter plugging. This
test method provides an accelerated means of assessing the
propensity for these substances to plug filters.

A1.5.1.1 Fuels that give short filtration times are expected
to give satisfactory operation down to the cloud point of
biodiesel blends.

A1.5.2 The test method can be used in specifications as a
means of controlling levels of minor filter plugging compo-
nents in biodiesel and biodiesel blends.

A1.6 Apparatus

Al1.6.1 Filtration System—Arrange the following compo-
nents as shown in Fig. Al.1.

A1.6.1.1 Funnel and Funnel Base, with a stainless steel
filter support for a 47-mm diameter glass fiber filter and a
locking ring or spring action clip capable of receiving 300 mL.

Note Al.l1—Sintered glass supports were found to give much higher
filtration times during initial studies and should not be used.

A1.6.1.2 Ground/Bond Wire, 0.912 to 2.59 mm (No. 10
through No. 19) bare-stranded flexible stainless steel or copper
installed in the flasks and grounded as shown in Fig. Al.1.
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Vacuum Tubing

tube, hose, and wire

Laboratory
Ground
(Typical)

T

Safety Flask

Note A1.2—The electrical bonding apparatus described in Test
Method D5452 or other suitable means of electrical grounding which
ensure safe operation of the filtration apparatus and flask can be used. If
the filtrate is to be subsequently tested for stability it is advisable not to use
copper as copper ions catalyze gum formation during the stability test.

A1.6.1.3 Receiving Flask, 1-L borosilicate glass vacuum
filter flask, into which the filtration apparatus fits, equipped
with a sidearm to connect to the safety flask.

A1.6.1.4 Safety Flask, 1-L borosilicate glass vacuum filter
flask equipped with a sidearm to connect the vacuum system.
A fuel and solvent resistant rubber hose, through which the
grounding wire passes, shall connect the sidearm of the
receiving flask to the tube passing through the rubber stopper
in the top of the safety flask.

A1.6.1.5 Vacuum System, a vacuum system capable of
producing a vacuum of 70 to 100 kPa below atmospheric
pressure when measured at the receiving flask. A mechanical
vacuum pump may be used if it has this capability.

Note Al.3—Water aspirated vacuum will not provide relative vacuum
within the prescribed range.

A1.6.2 Other Apparatus:

A1.6.2.1 Forceps, approximately 12-cm long, flat-bladed,
with non-serrated, non-pointed tips.

A1.6.2.2 Graduated Cylinders, to contain at least 0.5 L of
fluid and marked at 10-mL intervals. Graduated cylinders,
100-mL, may be required for samples which filter slowly.

A1.6.2.3 Petri Dishes, approximately 12.5 cm in diameter,
with removable glass supports for glass fiber filters.

Note Al.4—Small watch glasses, approximately 5 to 7 cm in diameter,
have also been found suitable to support the glass fiber filters.
Note A1.5—B100 will dissolve some plastics. This can cause the
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FIG. A1.1 Schematic of Filtration System

filters to adhere to the plastic.

A1.6.2.4 Glass Fiber Filters, plain, 47-mm diameter, nomi-
nal pore size 0.7-um.

A1.6.2.5 Protective Cover, polyethylene film or clean alu-
minum foil.

A1.6.2.6 Liquid or Air Bath or Chamber, capable of sus-
taining a temperature of 4.4 = 1.1°C (40 = 2°F) for 16 h.

A1.6.2.7 Timer, capable of displaying elapsed times of at
least 900 s to the nearest 0.1 s.

A1.7 Reagents and Materials

A1.7.1 Purity of Reagents—Reagent grade chemicals shall
be used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the American Chemical
Society, where such specifications are available.® Other grades
may be used, provided it is first ascertained that the reagent is
of sufficient purity to permit its use without lessening the
accuracy of the determination.

A1.7.2 Flushing Fluids—Flushing fluids are not required
for the test as the filter is not weighed. However, heptane or
isooctane may be used to wash the apparatus after filtration to
remove any residue. Alternatively soap and water may be used
in accordance with A1.7.3.

© Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For Suggestions on the testing of reagents not
listed by the American Chemical Society, see Annual Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.
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A1.7.2.1 Heptane, (Warning—Flammable).

A1.7.2.2 2,2, 4-trimethylpentane (isooctane), (Warning—
Flammable).

A1.7.3 Liquid or Powder Detergent, water-soluble, for
cleaning glassware.

A1.8 Preparation of Apparatus and Sample Containers

Al1.8.1 Clean all components of the filtration apparatus
using the reagents described in A1.7.2 and A1.7.3.
Al1.8.1.1 Remove any labels, tags, and so forth.

A1.9 Sampling

A1.9.1 The sample container should be 500 £ 15 mL in
volume and have a screw-on cap with an inert liner. Glass
containers are preferred to facilitate a visual inspection of the
contents and the container before and after filling. Glass
containers also allow for visual inspection of the container,
after the sample is emptied, to confirm complete emptying of
the container. Epoxy-lined sample cans, polytetrafluoroethyl-
ene (PTFE) bottles, and high density linear polyethylene
bottles have also been found suitable as sample containers but
are less desirable since visual inspection of the interior of the
container is more difficult.

A1.9.2 Precautions to avoid sample contamination shall
include selection of an appropriate sampling point. It is
preferred to obtain samples dynamically from a sampling loop
in a distribution line, or from the flushing line of a field
sampling kit. Ensure that the line to be sampled is flushed with
fuel before collecting the sample.

A1.9.2.1 Use clean sample containers.

A1.9.2.2 Keep a clean protective cover over the top of the
sample container until the cap is installed. Similarly protect the
funnel opening of the assembled filtration apparatus with a
clean protective cover until ready for use.

A1.9.2.3 Where it is desirable or only possible to obtain
samples from static storage, follow the procedures given in
Practice D4057 or equivalent, taking precautions for cleanli-
ness of all equipment used. The sample should pass through a
minimum number of intermediate containers prior to place-
ment in the prepared container.

A1.9.2.4 Samples obtained from static storage can give
results that are not representative of the bulk contents of the
tank because of particulate matter settling. Where possible, the
contents of the tank should be circulated or agitated before
sampling, or the sampling should be performed shortly after a
tank has been filled.

A1.9.3 Visually inspect the sample container before taking
the samples to verify that there are no visible particles present
inside the container. Fill the sample container to contain
300 mL. Protect the fuel sample from prolonged exposure to
light by wrapping the container in aluminum foil or storing it
in the dark to reduce the possibility of particulate formation by
light-promoted reactions. Do not transfer the fuel sample from
its original sample container into an intermediate storage
container. If the original sample container is damaged or
leaking, then a new sample shall be obtained.

A1.9.3.1 If a 500-mL bottle is not available, or the sample
has already been received in a container not suitable for this
test, follow A1.9.5.
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A1.9.4 Analyze fuel samples as soon as possible after
sampling.

A1.9.4.1 Upon receipt of a Biodiesel Blend Stock (B100)
sample, the entire sample shall be heated to 40°C for at least
3 h under an inert atmosphere to erase any thermal history and
to dissolve any solids that might have precipitated during
transit unless it is known that the sample has never been cooled
below 20°C. If the sample has never been exposed to tempera-
tures below 20°C then proceed to A1.9.5.

A1.9.4.2 After heating for the required time, allow the
sample to sit for 24 h at a temperature no lower than 20°C.

A1.9.5 Shake the sample vigorously for 1 min, and transfer
300 mL to a clean fresh 500 = 15 mL bottle.

A1.10 Preparation of Glass Fiber Filter

A1.10.1 Each filtration uses one filter. The glass fiber filter
used for each individual test shall be identified by marking the
petri dishes used to hold and transport the filters.

A1.10.2 Clean all glassware used in preparation of glass
fiber filter as described in A1.8.1.

A1.10.3 Using forceps, place the filters on clean glass
support rods or watch glasses in petri dish.

A1.10.4 Place the petri dish with its lid slightly ajar in a
drying oven at 90 = 5°C, and leave it for 30 min.

A1.10.5 Remove the petri dish from the drying oven. Keep
the petri dish cover ajar, such that the filter is protected from
contamination from the atmosphere. Allow 30 min for the filter
to come to equilibrium with room air temperature and humid-
1ty.

A1.10.6 Using clean forceps, place the filter centrally on the
filter support of the filtration apparatus (see Fig. Al.1). Install
the funnel and secure with locking ring or spring clip. Do not
remove the plastic film from the funnel opening until ready to
start filtration.

A1.11 Procedure

Al.11.1 Place 300 mL of sample in a glass 500—mL bottle,
and set in a liquid or air bath or chamber at 4.4 *= 1.1°C (40 =
2°F) for 16 = 0.5 h.

Al.11.2 After the 16-h cold soak is completed, allow the
sample to come back to room temperature at 20 to 22°C (68 to
72°F) on its own without external heating. The sample shall be
completely liquid before filtration. The sample shall be filtered
within 1 h after reaching 20 to 22°C (68 to 72°F).

Al.11.3 Complete assembly of the receiving flask, 0.7 um
glass fiber filter and funnel as a unit (see Fig. Al.1) before
swirling the sample. To minimize operator exposure to fumes,
the filtering procedure should be performed in a fume hood.

Al.11.4 Start the vacuum system. Record the pressure in the
system after 1 min of filtration. The vacuum shall be between
71.1 and 84.7 kPa (21 and 25 in. Hg) below atmospheric
pressure. If the vacuum is not within the specified range, make
adjustments to the vacuum system.

Al.11.5 Thoroughly clean the outside of the sample con-
tainer in the region of the cap by wiping it with a damp,
lint-free cloth. Swirl the container vigorously for about 2 to 3 s
to dislodge any particles that may have adhered to the walls of
the container.

0"
Licensee=Bogazici University/5964815002
Not for Resale, 04/08/2010 05:33:24 MDT



A D6751 — 09a

i’

A1.11.6 Immediately after swirling, pour the entire contents
of the sample container into the filtration funnel and simulta-
neously start the timer. The entire contents of the sample
container shall be filtered through the glass fiber filter to ensure

sis of the data is the subject of a research report, RR:D02-
1649.7 The report is an attempt to supply such an analysis
based on well-established methodologies. Subsequent to test
method publication a more thorough round robin is planned.

a correct measure of the contamination in the sample. 200 s 360 s
Note Al.6—Take care not to shake the sample vigorously, as this could Repeatability 34.0 61.0
Reproducibility 115.9 208.1

cause some of the solids to go back into solution.

A1.11.7 If the filtration is not complete when 720 s (12 min)
has elapsed, turn off the vacuum system and record the
duration of the filtration to the nearest second. Record the
pressure in the system and the volume filtered just before the
termination of the filtration.

A1.12 Reporting

Al.12.1 Report the time for the 300-mL B100 to be
completely filtered as B100 filtration time in seconds.

A1.12.2 If the filtration of the 300 mL failed to be com-
pleted after 720 s, report the volume that was filtered after
720 s.

A1.13 Precision and Bias

A1.13.1 Precision—The precision of this test method for
B100 filtration has not yet been determined.

Al1.13.1.1 Repeatability—The difference between succes-
sive test results, obtained by the same operator using the same
apparatus under constant operating conditions on identical test
material for B100 filtration has not yet been determined.

A1.13.1.2 Reproducibility—The difference between the two
single and independent results obtained by different operators
working in different laboratories on identical test material for
B100 filtration has not yet been determined.

A1.13.1.3 Interim Precision—Repeatability and reproduc-
ibility determinations were made using data from the ASTM
Biodiesel Low Temperature Operability Task Force. The analy-

Note Al.7—The degree of freedom associated with the repeatability
estimate from this round robin study is 25 for repeatability which is below
30 but acceptable. The degree of freedom associated with the reproduc-
ibility estimate from this round robin study is 10 and below acceptable
limits. For that reason only the repeatability is included in A1.13.1.4.
Since the minimum requirement of 30 (in accordance with Practice
D6300) is not met, users are cautioned that the actual repeatability/
reproducibility may be significantly different than these estimates. An
ASTM ILS will be conducted in the future.

A1.13.1.4 The difference between successive test results,
obtained by the same operator using the same apparatus under
constant operating conditions on identical test material for
B100 filtration would in the long run, in the normal and correct
operation of this test method, exceed 0.1689(X + 1.2018)
time(s) only in one case in twenty.

A1.13.2 Bias—The procedure given for the determination
of B100 filtration time has no bias because the value of the
filtration time is defined in terms of this test method.

Al.14 Keywords

Al.14.1 biodiesel; diesel fuel; glass fiber filter; biodiesel;
filter blocking potential, cold soak filtration test, CSFT, biodie-
sel blend; laboratory filtration; glass fiber filter; low tempera-
ture operability, middle distillate fuel.

7 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1649.

APPENDIXES

(Nonmandatory Information)

X1. SIGNIFICANCE OF PROPERTIES SPECIFIED FOR BIODIESEL FUEL

X1.1 :EIntroduction

X1.1.1 The properties of commercial biodiesel fuel depends
upon _the refining practices employed and the nature of the
renewable lipids from which it is produced. Biodiesel, for
example, can be produced from a variety of vegetable oils or
animal fats which produce similar volatility characteristics and
combustion emissions with varying cold flow properties.

X1.1.2 The significance of the properties in this appendix
are based primarily on the commercial use of biodiesel in
on-road and off-road diesel engine applications. Some of the
properties may take on other significance if biodiesel is used as
a fuel or blending component in other applications. See the
respective finished product specifications for additional infor-
mation on significance of properties of those applications.

X1.2 Flash Point

X1.2.1 The flash point, as specified, is not directly related to
engine performance. It is, however, of importance in connec-
tion with legal requirements and safety precautions involved in
fuel handling and storage that are normally specified to meet
insurance and fire regulations.

X1.2.2 The flash point for biodiesel has been set at 93°C
(200°F) minimum, so biodiesel falls under the non-hazardous
category under National Fire Protection Association codes.

X1.3 Viscosity

X1.3.1 For some engines it may be advantageous to specify
a minimum viscosity because of power loss due to injection
pump and injector leakage. Maximum allowable viscosity, on
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the other hand, is limited by considerations involved in engine
design and size, and the characteristics of the injection system.
The upper limit for the viscosity of biodiesel (6.0 mm?/s at
40°C) is higher than the maximum allowable viscosity in
Specification D975 Grade 2-D and 2-D low sulfur (4.1 mm/s at
40°C). Blending biodiesel with diesel fuel close to its upper
limit could result in a biodiesel blend with viscosity above the
upper limits contained in Specification D975.

X1.4 Sulfated Ash

X1.4.1 Ash-forming materials may be present in biodiesel
in three forms: (/) abrasive solids, (2) soluble metallic soaps,
and (3) unremoved catalysts. Abrasive solids and unremoved
catalysts can contribute to injector, fuel pump, piston and ring
wear, and also to engine deposits. Soluble metallic soaps have
little effect on wear but may contribute to filter plugging and
engine deposits.

X1.5 Sulfur

X1.5.1 The effect of sulfur content on engine wear and
deposits appears to vary considerably in importance and
depends largely on operating conditions. Fuel sulfur can also
affect emissions control systems performance and various
limits on sulfur have been imposed for environmental reasons.
B100 is essentially sulfur-free.

Note X1.1—Test Method D5453 should be used with biodiesel. Use of
other test methods may provide falsely high results when analyzing B100
with extremely low sulfur levels (less than 5 ppm). Biodiesel sulfur
analysis from RR:D02-1480%, Biodiesel Fuel Cetane Number Testing
Program, January-April, 1999, using Test Method D2622 yielded falsely
high results due to the presence of the oxygen in the biodiesel. Sulfur
results using Test Method D2622 were more accurate with B20 than with
B100 due to the lower oxygen content of B20. Potential improvements to
Test Method D2622 may provide more accurate values in the future.

X1.6 Copper Strip Corrosion

X1.6.1 This test serves as a measure of possible difficulties
with copper and brass or bronze parts of the fuel system. The
presence of acids or sulfur-containing compounds can tarnish
the copper strip, thus indicating the possibility for corrosion.

X1.7 Cetane Number

X1.7.1 Cetane number is a measure of the ignition quality of
the fuel and influences white smoke and combustion rough-
ness. The cetane number requirements depend on engine
design, size, nature of speed and load variations, and on
starting and atmospheric conditions.

X1.7.2 The calculated cetane index, Test Methods D976 or
D4737, may not be used to approximate the cetane number
with biodiesel or its blends. There is no substantiating data to
support the calculation of cetane index with biodiesel or
biodiesel blends.

X1.8 Cloud Point

X1.8.1 Cloud point is of importance in that it defines the
temperature at which a cloud or haze of crystals appears in the

8 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1480.

fuel under prescribed test conditions which generally relates to
the temperature at which crystals begin to precipitate from the
fuel in use. Biodiesel generally has a higher cloud point than
petroleum based diesel fuel. The cloud point of biodiesel and
its impact on the cold flow properties of the resulting blend
should be monitored by the user to ensure trouble-free opera-
tion in cold climates. For further information, consult Appen-
dix X4 of Specification D975.

X1.9 Carbon Residue

X1.9.1 Carbon residue gives a measure of the carbon
depositing tendencies of a fuel oil. While not directly correlat-
ing with engine deposits, this property is considered an
approximation. Although biodiesel is in the distillate boiling
range, most biodiesels boil at approximately the same tempera-
ture and it is difficult to leave a 10 % residual upon distillation.
Thus, a 100 % sample is used to replace the 10 % residual
sample, with the calculation executed as if it were the 10 %
residual. Parameter E (final weight flask charge/original weight
flask charge) in 8.1.2 of Test Method D4530-93 is a constant
20/200.

X1.10 Acid Number

X1.10.1 The acid number is used to determine the level of
free fatty acids or processing acids that may be present in
biodiesel. Biodiesel with a high acid number has been shown to
increase fueling system deposits and may increase the likeli-
hood for corrosion.

Note X1.2—Acid number measures a different phenomenon for
biodiesel than petroleum based diesel fuel. The acid number for biodiesel
measures free fatty acids or degradation by-products not found in !
petroleum based diesel fuel. Increased recycle temperatures in new fuel
system designs may accelerate fuel degradation which could result in high -
acid values and increased filter plugging potential. ‘

X1.11 Free Glycerin

X1.11.1 The free glycerin method is used to determine the ‘.
level of glycerin in the fuel. High levels of free glycerin can
cause injector deposits, as well as clogged fueling systems, and
result in a buildup of free glycerin in the bottom of storage and
fueling systems.

X1.12 Total Glycerin

X1.12.1 The total glycerin method is used to determine the
level of glycerin in the fuel and includes the free glycerin and
the glycerine portion of any unreacted or partially reacted oil or
fat. Low levels of total glycerin ensure that high conversion of
the oil or fat into its mono-alkyl esters has taken place. High
levels of mono-, di-, and triglycerides can cause injector
deposits and may adversely affect cold weather operation and
filter plugging.

X1.13 Phosphorus Content

X1.13.1 Phosphorus can damage catalytic converters used
in emissions control systems and its level must be kept low.
Catalytic converters are becoming more common on diesel-
powered equipment as emissions standards are tightened, so
low phosphorus levels will be of increasing importance.
Biodiesel produced from U.S. sources has been shown to have
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low phosphorus content (below 1 ppm) and the specification
value of 10 ppm maximum is not problematic. Biodiesel from
other sources may or may not contain higher levels of
phosphorus and this specification was added to ensure that all
biodiesel, regardless of the source, has low phosphorus con-
tent.

X1.14 Reduced Pressure Distillation

X1.14.1 Biodiesel exhibits a boiling point rather than a
distillation curve. The fatty acids chains in the raw oils and fats
from which biodiesel is produced are mainly comprised of
straight chain hydrocarbons with 16 to 18 carbons that have
similar boiling temperatures. The atmospheric boiling point of
biodiesel generally ranges from 330 to 357°C, thus the speci-
fication value of 360°C is not problematic. This specification
was incorporated as an added precaution to ensure the fuel has
not been adulterated with high boiling contaminants.

Note X1.3—The density of biodiesel meeting the specifications in
Table 1 falls between 0.86 and 0.90, with typical values falling between
0.88 and 0.89. Since biodiesel density falls between 0.86 and 0.90, a
separate specification is not needed. The density of raw oils and fats is
similar to biodiesel, therefore use of density as an expedient check of fuel
quality may not be as useful for biodiesel as it is for petroleum based
diesel fuel. This section has been added to provide users and engine
interests with this information.

Note X1.4—In certain items of fuel injection equipment in compres-
sion ignition engines, such as rotary/distributor fuel pumps and injectors,
the fuel functions as a lubricant as well as a source for combustion.
Blending biodiesel fuel with petroleum based compression-ignition fuel
typically improves fuel lubricity.

X1.15 Alcohol Control

X1.15.1 Alcohol control is to limit the level of unreacted
alcohol remaining in the finished fuel. This can be measured
directly by the volume percent alcohol or indirectly through a
high flash point value.

X1.15.2 The flash point specification, when used for alcohol
control for biodiesel, is intended to be 100°C minimum, which
has been correlated to 0.2 vol % alcohol. Typical values are
over 160°C. Due to high variability with Test Method D93 as

the flash point approaches 100°C, the flash point specification
has been set at 130°C minimum to ensure an actual value of
100°C minimum. Improvements and alternatives to Test
Method D93 are being investigated. Once complete, the
specification of 100°C minimum may be reevaluated for
alcohol control.

X1.16 Calcium and Magnesium

X1.16.1 Calcium and magnesium may be present in biodie-
sel as abrasive solids or soluble metallic soaps. Abrasive solids
can contribute to injector, fuel pump, piston, and ring wear, as
well as to engine deposits. Soluble metallic soaps have little
effect on wear, but they may contribute to filter plugging and
engine deposits. High levels of calcium and magnesium
compounds may also be collected in exhaust particulate
removal devices, are not typically removed during passive or
active regeneration, and can create increased back pressure and
reduced time to service maintenance.

X1.17 Sodium and Potassium

X1.17.1 Sodium and potassium may be present in biodiesel
as abrasive solids or soluble metallic soaps. Abrasive solids can
contribute to injector, fuel pump, piston and ring wear, and also
to engine deposits. Soluble metallic soaps have little effect on
wear, but they may contribute to filter plugging and engine
deposits. High levels of sodium or potassium compounds may
also be collected in exhaust particulate removal devices, are
not typically removed during passive or active regeneration,
and they can create increased back pressure and reduced period
to service maintenance.

X1.18 Oxidation Stability

X1.18.1 Products of oxidation in biodiesel can take the form ::
of various acids or polymers, which, if in high enough
concentration, can cause fuel system deposits and lead to filter :
clogging and fuel system malfunctions. Additives designed to *.
retard the formation of acids and polymers can significantly
improve the oxidation stability performance of biodiesel. See *
Appendix X2 for additional information on long-term storage.

X2. LONG-TERM STORAGE OF BIODIESEL

X2.1 Scope

X2.1.1 This appendix provides guidance for consumers of
biodiesel (B100) who may wish to store quantities of fuels for
extended periods. Consistently successful long-term fuel stor-
age requires attention to fuel selection, storage conditions, and
monitoring of properties prior to and during storage. This
appendix is directed toward biodiesel (B100) and may be more
or less applicable to blends of biodiesel with petroleum based
diesel fuel.

X2.1.2 Normally produced biodiesel has adequate stability
properties to withstand normal storage without the formation of
troublesome amounts of insoluble degradation products, al-
though data suggests some biodiesel may degrade faster than
petroleum based diesel fuel. Biodiesel that is to be stored for

prolonged periods should be selected to avoid formation of
sediments, high acid numbers, and high viscosities that can
clog filters, affect fuel pump operation or plug combustor
nozzles or injectors. The selection of biodiesel should result
from supplier-user discussions.

X2.1.3 These suggested practices are general in nature and
should not be considered substitutes for any requirement
imposed by the warranty of the distillate fuel equipment
manufacturers or by federal, state, or local government regu-
lations. Although they cannot replace knowledge of local
conditions or good engineering and scientific judgment, these
suggested practices do provide guidance in developing an
individual fuel management system for the biodiesel fuel user.
They include suggestions in the operation and maintenance of
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existing fuel storage and handling facilities and for identifying
where, when, and how fuel quality should be monitored.

X2.2 Terminology

X2.2.1 bulk fuel—fuel in the storage facility in quantities
over 50 gallons.

X2.2.2 combustor fuel—fuel entering the combustion zone
of the burner or engine after filtration or other treatment of bulk
fuel.

X2.2.3 fuel contaminants—foreign materials that make fuel
less suitable or unsuitable for the intended use. Fuel contami-
nants include materials introduced subsequent to the manufac-
ture of fuel and fuel degradation products.

X2.2.4 fuel-degradation products—those materials formed
in fuel after it is produced. Insoluble degradation products may
combine with other fuel contaminants to reinforce deleterious
effects. Soluble degradation products (acids and gums) may be
more or less volatile than the fuel and may cause an increase in
injector and nozzle deposits. The formation of degradation
products may be catalyzed by contact with metals, especially
those containing copper and, to a lesser extent, iron.

X2.2.5 long-term storage—storage of fuel for longer than 6
months after it is received by the user.

X2.3 Fuel Selection

X2.3.1 The stability properties of biodiesel are not fully
understood and appear to depend on the vegetable oil and
animal fat sources, severity of processing, and whether addi-
tional production plant treatment has been carried out or
stability additives are present.

X2.3.2 The composition and stability properties of biodiesel
produced at specific production plants may be different. Any
special requirements of the user, such as long-term storage,
should be discussed with the supplier.

X2.4 Fuel Additives

X2.4.1 Available fuel additives appear to improve the long
term storage of biodiesel. Most additives should be added as
close to the production site as possible to obtain maximum
benefits.

X2.4.2 Biocides or biostats destroy or inhibit the growth of
fungi and bacteria which can grow at fuel-water interfaces to
give high particulate concentrations in the fuel. Available
biocides are soluble in the fuel phase or the water phase, or
both. Refer to Guide D6469 for a more complete discussion.

X2.5 Tests for Fuel Quality

X2.5.1 Test methods for estimating the storage stability of
biodiesel (B100) are being developed. Modifications of Test
Method D2274 to use glass fiber filters, varying times and
temperatures, and the measurement of pre-test and post-test
acid number and viscosity appear promising. However, corre-
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lation of this test with actual storage stability is unknown, and
may depend upon field conditions and fuel composition.

X2.5.2 Performance criteria for accelerated stability tests
that ensure satisfactory long-term storage of biodiesel (B100)
have not been established.

X2.6 Fuel Monitoring

X2.6.1 A plan for monitoring the quality of bulk fuel during
prolonged storage is an integral part of a successful monitoring
program. A plan to replace aged fuel with fresh product at
established intervals is also desirable.

X2.6.2 Stored fuel should be periodically sampled and its
quality assessed. Practice D4057 provides guidance for sam-
pling. Fuel contaminants and degradation products may settle
to the bottom of a quiescent tank although detrimental changes
to biodiesel can occur (rising acid value) without causing
sediment formation. A Bottom or Clearance sample, as defined
in Practice D4057, should be included in the evaluation along
with an All Level sample.

X2.6.3 The quantity of insoluble fuel contaminants present
in biodiesel can be determined using Test Method D6217 with
glass fiber filters and abundant washing although no precision
or bias testing has been performed with biodiesel using Test
Method D6217.

X2.6.4 The acid value of biodiesel appears to exceed its
specified maximum before other deleterious fuel property
changes occur. A conscientious program of measuring the acid
value of biodiesel may be sufficient for monitoring biodiesel
stability.

X2.7 Fuel Storage Conditions

X2.7.1 Contamination levels in fuel can be reduced by
storage in tanks kept free of water, and tankage should have
provisions for water draining on a scheduled basis. Water
promotes corrosion, and microbiological growth may occur at
a fuel-water interface. Refer to Guide D6469 for a more
complete discussion. Underground or isothermal storage is
preferred to avoid temperature extremes; above-ground storage
tanks should be sheltered or painted with reflective paint. High
storage temperatures accelerate fuel degradation. Fixed roof
tanks should be kept full to limit oxygen supply and tank
breathing. The use of airtight sealed containers, such as drums
or totes, can enhance the storage life of biodiesel.

X2.7.2 Copper and copper-containing alloys should be
avoided with biodiesel due to increased sediment and deposit
formation. Contact with lead, tin, and zinc can also cause
increased sediment levels that can rapidly plug filters and
should be avoided.

X2.7.3 Appendix X3 of Specification D2880 discusses fuel
contaminants as a general topic. The discussion in Specifica-
tion D2880 pertains to gas turbine combustion which may or
may not be applicable to diesel engine combustion.
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SUMMARY OF CHANGES

Subcommittee DO2.EO has identified the location of selected changes to this standard since the last issue
(D6751-09) that may impact the use of this standard. (Approved Dec. 1, 2009.)

(1) Added Test Method D5771 and D5772 to 5.1.9 and to the
Referenced Documents.

Subcommittee D02.E0Q has identified the location of selected changes to this standard since the last issue
(D6751-08) that may impact the use of this standard. (Approved April 15, 2009.)

(1) Added Test Method D7397 cloud point as an option to Test
Method D2500 in 5.1.9 and to the Referenced Documents.

Subcommittee D02.E0Q has identified the location of selected changes to this standard since the last issue
(D6751-07b°") that may impact the use of this standard. (Approved Oct. 1, 2008.)

(I) Added Annex Al. (3) Added 5.1.18.
(2) Revised Table 1. (4) Added Note 4.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the ASTM website (www.astm.org/
COPYRIGHT)).
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Designation: 71/1/97

Standard Test Method for

British Standard 2000: Part 71:1990

Kinematic Viscosity of Transparent and Opaque Liquids
(and Calculation of Dynamic Viscosity)'

This standard is issued under the fixed designation D 445; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (g) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This test method specifies a procedure for the determi-
nation of the kinematic viscosity, v, of liquid petroleum
products, both transparent and opaque, by measuring the time
for a volume of liquid to flow under gravity through a
calibrated glass capillary viscometer. The dynamic viscosity, n,
can be obtained by multiplying the kinematic viscosity, v, by
the density, p, of the liquid.

Note 1—For the measurement of the kinematic viscosity and viscosity
of bitumens, see also Test Methods D 2170 and D 2171.
Note 2—ISO 3104 corresponds to Test Method D 445.

1.2 The result obtained from this test method is dependent
upon the behavior of the sample and is intended for application
to liquids for which primarily the shear stress and shear rates
are proportional (Newtonian flow behavior). If, however, the
viscosity varies significantly with the rate of shear, different
results may be obtained from viscometers of different capillary
diameters. The procedure and precision values for residual fuel
oils, which under some conditions exhibit non-Newtonian
behavior, have been included.

1.3 The range of kinematic viscosities covered by this test
method is from 0.2 to 300 000 mm?/s (see Table Al.1) at all
temperatures (see 6.3 and 6.4). The precision has only been
determined for those materials, kinematic viscosity ranges and
temperatures as shown in the footnotes to the precision section.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-

! This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
D02.07 on Flow Properties.

Current edition approved July 1, 2009. Published August 2009. Originally
approved in 1937. Last previous edition approved in 2006 as D 445-06.

In the IP, this test method is under the jurisdiction of the Standardization
Committee.

priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards.?

D 446 Specifications and Operating Instructions for Glass
Capillary Kinematic Viscometers

D 1193 Specification for Reagent Water

D 1217 Test Method for Density and Relative Density
(Specific Gravity) of Liquids by Bingham Pycnometer

D 1480 Test Method for Density and Relative Density
(Specific Gravity) of Viscous Materials by Bingham Pyc-
nometer

D 1481 Test Method for Density and Relative Density
(Specific Gravity) of Viscous Materials by Lipkin Bicap-
illary Pycnometer

D 2162 Practice for Basic Calibration of Master Viscom-
eters and Viscosity Oil Standards

D 2170 Test Method for Kinematic Viscosity of Asphalts
(Bitumens)

D 2171 Test Method for Viscosity of Asphalts by Vacuum
Capillary Viscometer

D 6071 Test Method for Low Level Sodium in High Purity
Water by Graphite Furnace Atomic Absorption Spectros-
copy

D 6074 Guide for Characterizing Hydrocarbon Lubricant
Base Oils

D 6617 Practice for Laboratory Bias Detection Using
Single Test Result from Standard Material

E 1 Specification for ASTM Liquid-in-Glass Thermometers

E 77 Test Method for Inspection and Verification of Ther-
mometers

2.2 ISO Standards:?

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

*A Summary of Changes section appears at the end of this standard.
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ISO 3104 Petroleum Products—Transparent and Opaque
Liquids—Determination of Kinematic Viscosity and Cal-
culation of Dynamic Viscosity

ISO 3105 Glass Capillary Kinematic Viscometers—
Specification and Operating Instructions

ISO 3696 Water for Analytical Laboratory Use—
Specification and Test Methods

ISO 5725 Accuracy (trueness and precision) of measure-
ment methods and results.

ISO 9000 Quality Management and Quality Assurance
Standards—Guidelines for Selection and Use

ISO 17025 General Requirements for the Competence of
Testing and Calibration Laboratories

2.3 NIST Standards:*

NIST Technical Note 1297, Guideline for Evaluating and
Expressing the Uncertainty of NIST Measurement Results

NIST GMP 11

NIST Special Publication 819

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 automated viscometer, n—apparatus which, in part or
in whole, has mechanized one or more of the procedural steps
indicated in Section 11 or 12 without changing the principle or
technique of the basic manual apparatus. The essential ele-
ments of the apparatus in respect to dimensions, design, and
operational characteristics are the same as those of the manual
method.

3.1.1.1 Discussion—Automated viscometers have the capa-
bility to mimic some operation of the test method while
reducing or removing the need for manual intervention or
interpretation. Apparatus which determine kinematic viscosity
by physical techniques that are different than those used in this
test method are not considered to be Automated Viscometers.

3.1.2 density, n—the mass per unit volume of a substance at
a given temperature.

3.1.3 dynamic viscosity, n—the ratio between the applied
shear stress and rate of shear of a liquid.

3.1.3.1 Discussion—It is sometimes called the coefficient of
dynamic viscosity or, simply, viscosity. Thus dynamic viscos-
ity is a measure of the resistance to flow or deformation of a
liquid.

3.1.3.2 Discussion—The term dynamic viscosity can also
be used in a different context to denote a frequency-dependent
quantity in which shear stress and shear rate have a sinusodial
time dependence.

3.1.4 kinematic viscosity, n—the resistance to flow of a fluid
under gravity.

3.1.4.1 Discussion—For gravity flow under a given hydro-
static head, the pressure head of a liquid is proportional to its
density, p. For any particular viscometer, the time of flow of a
fixed volume of fluid is directly proportional to its kinematic
viscosity, v, where v =m/p, and m is the dynamic viscosity
coefficient.

# Available from National Institute of Standards and Technology (NIST), 100
Bureau Dr., Stop 3460, Gaithersburg, MD 20899-3460.

4. Summary of Test Method

4.1 The time is measured for a fixed volume of liquid to
flow under gravity through the capillary of a calibrated
viscometer under a reproducible driving head and at a closely
controlled and known temperature. The kinematic viscosity
(determined value) is the product of the measured flow time
and the calibration constant of the viscometer. Two such
determinations are needed from which to calculate a kinematic
viscosity result that is the average of two acceptable deter-
mined values.

5. Significance and Use

5.1 Many petroleum products, and some non-petroleum
materials, are used as lubricants, and the correct operation of
the equipment depends upon the appropriate viscosity of the
liquid being used. In addition, the viscosity of many petroleum
fuels is important for the estimation of optimum storage,
handling, and operational conditions. Thus, the accurate deter-
mination of viscosity is essential to many product specifica-
tions.

6. Apparatus

6.1 Viscometers—Use only calibrated viscometers of the
glass capillary type, capable of being used to determine
kinematic viscosity within the limits of the precision given in
the precision section.

6.1.1 Viscometers listed in Table A1.1, whose specifications
meet those given in Specifications D 446 and in ISO 3105 meet
these requirements. It is not intended to restrict this test method
to the use of only those viscometers listed in Table Al.1. Annex
Al gives further guidance.

6.1.2 Automated Viscometers—Automated apparatus may
be used as long as they mimic the physical conditions,
operations or processes of the manual apparatus. Any viscom-
eter, temperature measuring device, temperature control, tem-
perature controlled bath or timing device incorporated in the
automated apparatus shall conform to the specification for
these components as stated in Section 6 of this test method.
Flow times of less than 200 s are permitted, however, a kinetic
energy correction shall be applied in accordance with Section
7 on Kinematic Viscosity Calculation of Specifications D 446.
The kinetic energy correction shall not exceed 3.0 % of the
measured viscosity. The automated apparatus shall be capable
of determining kinematic viscosity of a certified viscosity
reference standard within the limits stated in 9.2.1 and Section
17. The precision shall be of statistical equivalence to, or better
(has less variability) than the manual apparatus.

Note 3—Precision and bias of kinematic viscosity measurements for
flow times of less than 200 s has not been determined. The precision stated
in Section 17 is not know to be valid for kinematic viscosity measure-
ments with flow times less than 200 s.

6.2 Viscometer Holders—Use viscometer holders to enable
all viscometers which have the upper meniscus directly above
the lower meniscus to be suspended vertically within 1° in all
directions. Those viscometers whose upper meniscus is offset
from directly above the lower meniscus shall be suspended
vertically within 0.3° in all directions (see Specifications D 446
and IS0 3105).
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6.2.1 Viscometers shall be mounted in the constant tempera-
ture bath in the same manner as when calibrated and stated on
the certificate of calibration. See Specifications D 446, see
Operating Instructions in Annexes A1-A3. For those viscom-
eters which have Tube L (see Specifications D 446) held
vertical, vertical alignment shall be confirmed by using (/) a
holder ensured to hold Tube L vertical, or (2) a bubble level
mounted on a rod designed to fit into Tube L, or (3) a plumb
line suspended from the center of Tube L, or (4) other internal
means of support provided in the constant temperature bath.

6.3 Temperature-Controlled Bath—Use a transparent liquid
bath of sufficient depth such, that at no time during the
measurement of flow time, any portion of the sample in the
viscometer is less than 20 mm below the surface of the bath
liquid or less than 20 mm above the bottom of the bath.

6.3.1 Temperature Control—For each series of flow time
measurements, the temperature control of the bath liquid shall
be such that within the range from 15 to 100°C, the tempera-
ture of the bath medium does not vary by more than +0.02°C
of the selected temperature over the length of the viscometer,
or between the position of each viscometer, or at the location of
the thermometer. For temperatures outside this range, the
deviation from the desired temperature must not exceed
*0.05°C.

6.4 Temperature Measuring Device in the Range from 0 to
100°C—Use either calibrated liquid-in-glass thermometers
(Annex A2) of an accuracy after correction of =0.02°C or
better, or any other thermometric device of equal or better
accuracy.

6.4.1 If calibrated liquid-in-glass thermometers are used, the
use of two thermometers is recommended. The two thermom-
eters shall agree within 0.04°C.

6.4.2 Outside the range from 0 to 100°C, use either cali-
brated liquid-in-glass thermometers of an accuracy after cor-
rection of £0.05°C or better, or any other thermometric device
of equal or better accuracy. When two temperature measuring
devices are used in the same bath, they shall agree within
+0.1°C.

6.4.3 When using liquid-in-glass thermometers, such as
those in Table A2.1, use a magnifying device to read the
thermometer to the nearest !5 division (for example, 0.01°C or
0.02°F) to ensure that the required test temperature and
temperature control capabilities are met (see 10.1). It is
recommended that thermometer readings (and any corrections
supplied on the certificates of calibrations for the thermom-
eters) be recorded on a periodic basis to demonstrate compli-
ance with the test method requirements. This information can
be quite useful, especially when investigating issues or causes
relating to testing accuracy and precision.

6.5 Timing Device—Use any timing device that is capable
of taking readings with a discrimination of 0.1 s or better and
has an accuracy within =0.07 % (see Annex A3) of the reading
when tested over the minimum and maximum intervals of
expected flow times.

6.5.1 Electrical timing devices may be used if the current
frequency is controlled to an accuracy of 0.05 % or better.
Alternating currents, as provided by some public power sys-
tems, are intermittently rather than continuously controlled.

When used to actuate electrical timing devices, such control
can cause large errors in kinematic viscosity flow time mea-
surements.

7. Reagents and Materials

7.1 Chromic Acid Cleaning Solution, or a nonchromium-
containing, strongly oxidizing acid cleaning solution.
(Warning—Chromic acid is a health hazard. It is toxic, a
recognized carcinogen, highly corrosive, and potentially haz-
ardous in contact with organic materials. If used, wear a full
face-shield and full-length protective clothing including suit-
able gloves. Avoid breathing vapor. Dispose of used chromic
acid carefully as it remains hazardous. Nonchromium-
containing, strongly oxidizing acid cleaning solutions are also
highly corrosive and potentially hazardous in contact with
organic materials, but do not contain chromium which has
special disposal problems.)

7.2 Sample Solvent, completely miscible with the sample.
Filter before use.

7.2.1 For most samples a volatile petroleum spirit or naph-
tha is suitable. For residual fuels, a prewash with an aromatic
solvent such as toluene or xylene may be necessary to remove
asphaltenic material.

7.3 Drying Solvent, a volatile solvent miscible with the
sample solvent (see 7.2) and water (see 7.4). Filter before use.

7.3.1 Acetone is suitable. (Warning—Extremely flam-
mable.)

7.4 Water, deionized or distilled and conforming to Speci-
fication D 1193 or Grade 3 of ISO 3696. Filter before use.

8. Certified Viscosity Reference Standards

8.1 Certified viscosity reference standards shall be certified
by a laboratory that has been shown to meet the requirements
of ISO 17025 by independent assessment. Viscosity standards
shall be traceable to master viscometer procedures described in
Test Method D 2162.

8.2 The uncertainty of the certified viscosity reference
standard shall be stated for each certified value (k = 2, 95%
confidence). See ISO 5725 or NIST 1297.

9. Calibration and Verification

9.1 Viscometers—Use only calibrated viscometers, ther-
mometers, and timers as described in Section 6.

9.2 Certified Viscosity Reference Standards (Table A1.2)—
These are for use as confirmatory checks on the procedure in
the laboratory.

9.2.1 If the determined kinematic viscosity does not agree
within the acceptable tolerance band, as calculated from Annex
A4, of the certified value, recheck each step in the procedure,
including thermometer and viscometer calibration, to locate the
source of error. Annex Al gives details of standards available.

Note 4—In previous issues of Test Method D 445, limits of 0.35% of
the certified value have been used. The data to support the limit of
*0.35% cannot be verified. Annex A4 provides instructions on how to
determine the tolerance band. The tolerance band combines both the
uncertainty of the certified viscosity reference standard as well as the
uncertainty of the laboratory using the certified viscosity reference
standard.
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9.2.1.1 As an alternative to the calculation in Annex A4, the
approximate tolerance bands in Table 1 may be used.

9.2.2 The most common sources of error are caused by
particles of dust lodged in the capillary bore and temperature
measurement errors. It must be appreciated that a correct result
obtained on a standard oil does not preclude the possibility of
a counterbalancing combination of the possible sources of
error.

9.3 The calibration constant, C, is dependent upon the
gravitational acceleration at the place of calibration and this
must, therefore, be supplied by the standardization laboratory
together with the instrument constant. Where the acceleration
of gravity, g, differs by more that 0.1 %, correct the calibration
constant as follows:

C, = (8.8)) X C, (1)

where the subscripts 1 and 2 indicate, respectively, the
standardization laboratory and the testing laboratory.

10. General Procedure for Kinematic Viscosity

10.1 Adjust and maintain the viscometer bath at the required
test temperature within the limits given in 6.3.1 taking account
of the conditions given in Annex A2 and of the corrections
supplied on the certificates of calibration for the thermometers.

10.1.1 Thermometers shall be held in an upright position
under the same conditions of immersion as when calibrated.

10.1.2 In order to obtain the most reliable temperature
measurement, it is recommended that two thermometers with
valid calibration certificates be used (see 6.4).

10.1.3 They should be viewed with a lens assembly giving
approximately five times magnification and be arranged to
eliminate parallax errors.

10.2 Select a clean, dry, calibrated viscometer having a
range covering the estimated kinematic viscosity (that is, a
wide capillary for a very viscous liquid and a narrower
capillary for a more fluid liquid). The flow time for manual
viscometers shall not be less than 200 s or the longer time
noted in Specifications D 446. Flow times of less than 200 s are
permitted for automated viscometers, provided they meet the
requirements of 6.1.2.

10.2.1 The specific details of operation vary for the different
types of viscometers listed in Table Al.l. The operating
instructions for the different types of viscometers are given in
Specifications D 446.

10.2.2 When the test temperature is below the dew point, fill
the viscometer in the normal manner as required in 11.1. To
ensure that moisture does not condense or freeze on the walls

TABLE 1 Approximate Tolerance Bands

Note—The tolerance bands were determined using Practice D 6617.
The calculation is documented in Research Report RR: D02-1498.4

Viscosity of Reference Material, mm?/s Tolerance Band

<10 +0.30%
10 to 100 +0.32%
100 to 1000 +0.36%
1000 to 10 000 +0.42%
10 000 to 100 000 +0.54%
> 100 000 +0.73%

ASupporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02—-1498.

of the capillary, draw the test portion into the working capillary
and timing bulb, place rubber stoppers into the tubes to hold
the test portion in place, and insert the viscometer into the bath.
After insertion, allow the viscometer to reach bath temperature,
and the remove the stoppers. When performing manual viscos-
ity determinations, do not use those viscometers which cannot
be removed from the constant temperature bath for charging
the sample portion.

10.2.2.1 The use of loosely packed drying tubes affixed to
the open ends of the viscometer is permitted, but not required.
If used, the drying tubes shall fit the design of the viscometer
and not restrict the flow of the sample by pressures created in
the instrument.

10.2.3 Viscometers used for silicone fluids, fluorocarbons,
and other liquids which are difficult to remove by the use of a
cleaning agent, shall be reserved for the exclusive use of those
fluids except during their calibration. Subject such viscometers
to calibration checks at frequent intervals. The solvent wash-
ings from these viscometers shall not be used for the cleaning
of other viscometers.

11. Procedure for Transparent Liquids

11.1 Charge the viscometer in the manner dictated by the
design of the instrument, this operation being in conformity
with that employed when the instrument was calibrated. If the
sample is thought or known to contain fibers or solid particles,
filter through a 75 um screen, either prior to or during charging
(see Specifications D 446).

Note 5—To minimize the potential of particles passing through the
filter from aggregating, it is recommended that the time lapse between
filtering and charging be kept to a minimum.

11.1.1 In general, the viscometers used for transparent
liquids are of the type listed in Table Al.1, A and B.

11.1.2 With certain products which exhibit gel-like behav-
ior, exercise care that flow time measurements are made at
sufficiently high temperatures for such materials to flow freely,
so that similar kinematic viscosity results are obtained in
viscometers of different capillary diameters.

11.1.3 Allow the charged viscometer to remain in the bath
long enough to reach the test temperature. Where one bath is
used to accommodate several viscometers, never add or with-
draw, or clean a viscometer while any other viscometer is in
use for measuring a flow time.

11.1.4 Because this time will vary for different instruments,
for different temperatures, and for different kinematic viscosi-
ties, establish a safe equilibrium time by trial.

11.1.4.1 Thirty minutes should be sufficient except for the
highest kinematic viscosities.

11.1.5 Where the design of the viscometer requires it, adjust
the volume of the sample to the mark after the sample has
reached temperature equilibrium.

11.2 Use suction (if the sample contains no volatile con-
stituents) or pressure to adjust the head level of the test sample
to a position in the capillary arm of the instrument about 7 mm
above the first timing mark, unless any other value is stated in
the operating instructions for the viscometer. With the sample
flowing freely, measure, in seconds to within 0.1 s, the time
required for the meniscus to pass from the first to the second
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timing mark. If this flow time is less than the specified
minimum (see 10.2), select a viscometer with a capillary of
smaller diameter and repeat the operation.

11.2.1 Repeat the procedure described in 11.2 to make a
second measurement of flow time. Record both measurements.

11.2.2 From the two measurements of flow time, calculate
two determined values of kinematic viscosity.

11.2.3 If the two determined values of kinematic viscosity
calculated from the flow time measurements agree within the
stated determinability figure (see 17.1.1) for the product, use
the average of these determined values to calculate the kine-
matic viscosity result to be reported. Record the result. If not,
repeat the measurements of flow times after a thorough
cleaning and drying of the viscometers and filtering (where
required, see 11.1) of the sample until the calculated kinematic
viscosity determinations agree with the stated determinability.

11.2.4 If the material or temperature, or both, is not listed in
17.1.1, use 1.5% as an estimate of the determinability.

12. Procedure for Opaque Liquids

12.1 For steam-refined cylinder oils and black lubricating
oils, proceed to 12.3 ensuring a thoroughly representative
sample is used. The kinematic viscosity of residual fuel oils
and similar waxy products can be affected by the previous
thermal history and the following procedure described in
12.1.1-12.2.2 shall be followed to minimize this.

12.1.1 In general, the viscometers used for opaque liquids
are of the reverse-flow type listed in Table Al.1, C.

12.1.2 Heat in the original container, in an oven, at 60 =
2°C for 1 h.

12.1.3 Thoroughly stir the sample with a suitable rod of
sufficient length to reach the bottom of the container. Continue
stirring until there is no sludge or wax adhering to the rod.

12.1.4 Recap the container tightly and shake vigorously for
1 min to complete the mixing.

12.1.4.1 With samples of a very waxy nature or oils of high
kinematic viscosity, it may be necessary to increase the heating
temperature above 60°C to achieve proper mixing. The sample
should be sufficiently fluid for ease of stirring and shaking.

12.2 Immediately after completing 12.1.4, pour sufficient
sample to fill two viscometers into a 100-mL glass flask and
loosely stopper.

12.2.1 Immerse the flask in a bath of boiling water for 30
min. (Warning—Exercise care as vigorous boil-over can occur
when opaque liquids which contain high levels of water are
heated to high temperatures.)

12.2.2 Remove the flask from the bath, stopper tightly, and
shake for 60 s.

12.3 Two determinations of the kinematic viscosity of the
test material are required. For those viscometers that require a
complete cleaning after each flow time measurement, two
viscometers may be used. A single viscometer in which an
immediate, repeat flow time measurement can be made without
cleaning may also be used for the two measurements of flow
time and calculation of kinematic viscosity. Charge two vis-
cometers in the manner dictated by the design of the instru-
ment. For example, for the cross-arm or the BS U-tube
viscometers for opaque liquids, filter the sample through a
75-um filter into two viscometers previously placed in the bath.

For samples subjected to heat treatment, use a preheated filter
to prevent the sample coagulating during the filtration.

12.3.1 Viscometers which are charged before being inserted
into the bath may need to be preheated in an oven prior to
charging the sample. This is to ensure that the sample will not
be cooled below test temperature.

12.3.2 After 10 min, adjust the volume of the sample (where
the design of the viscometer requires) to coincide with the
filling marks as in the viscometer specifications (see Specifi-
cations D 446).

12.3.3 Allow the charged viscometers enough time to reach
the test temperature (see 12.3.1). Where one bath is used to
accommodate several viscometers, never add or withdraw, or
clean a viscometer while any other viscometer is in use for
measuring flow time.

12.4 With the sample flowing freely, measure in seconds to
within 0.1 s, the time required for the advancing ring of contact
to pass from the first timing mark to the second. Record the
measurement.

12.4.1 In the case of samples requiring heat treatment
described in 12.1 through 12.2.1, complete the measurements
of flow time within 1 h of completing 12.2.2. Record the
measured flow times.

12.5 Calculate kinematic viscosity, v, in mm?/s, from each
measured flow time. Regard these as two determined values of
kinematic viscosity.

12.5.1 For residual fuel oils, if the two determined values of
kinematic viscosity agree within the stated determinability
figure (see 17.1.1), use the average of these determined values
to calculate the kinematic viscosity result to be reported.
Record the result. If the calculated kinematic viscosities do not
agree, repeat the measurements of flow times after thorough
cleaning and drying of the viscometers and filtering of the
sample. If the material or temperature, or both, is not listed in
17.1.1, for temperatures between 15 and 100°C use as an
estimate of the determinability 1.0 %, and 1.5 % for tempera-
tures outside this range; it must be realized that these materials
can be non-Newtonian, and can contain solids which can come
out of solution as the flow time is being measured.

13. Cleaning of Viscometer

13.1 Between successive determinations of kinematic vis-
cosity, clean the viscometer thoroughly by several rinsings
with the sample solvent, followed by the drying solvent (see
7.3). Dry the tube by passing a slow stream of filtered dry air
through the viscometer for 2 min or until the last trace of
solvent is removed.

13.2 Periodically clean the viscometer with the cleaning
solution (Warning—see 7.1), for several hours to remove
residual traces of organic deposits, rinse thoroughly with water
(7.4) and drying solvent (see 7.3), and dry with filtered dry air
or a vacuum line. Remove any inorganic deposits by hydro-
chloric acid treatment before the use of cleaning acid, particu-
larly if the presence of barium salts is suspected. (Warning—It
is essential that alkaline cleaning solutions are not used as
changes in the viscometer calibration can occur.)
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14. Calculation

14.1 Calculate each of the determined kinematic viscosity
values, v, and v,, from the measured flow times, ¢, and 7,, and
the viscometer constant, C, by means of the following equa-
tion:

Vi, =C-1y, 2)
where:
v;, = determined kinematic viscosity values for v, and v,,
respectively, mm?/s,
C = calibration constant of the viscometer, mm?%/s>, and
t;, = measured flow times for ¢, and 7,, respectively, s.

Calculate the kinematic viscosity result, v, as an average of v,
and v, (see 11.2.3 and 12.5.1).

14.2 Calculate the dynamic viscosity, m, from the calculated
kinematic viscosity, v, and the density, p, by means of the
following equation:

m=vXpx10~* 3
where:
m = dynamic viscosity, mPa-s,
p = density, kg/m’, at the same temperature used for the
determination of the kinematic viscosity, and
v = kinematic viscosity, mm?/s.

14.2.1 The density of the sample can be determined at the
test temperature of the kinematic viscosity determination by an
appropriate method such as Test Methods D 1217, D 1480, or
D 1481.

15. Expression of Results

15.1 Report the test results for the kinematic or dynamic
viscosity, or both, to four significant figures, together with the
test temperature.

16. Report

16.1 Report the following information:

16.1.1 Type and identification of the product tested,

16.1.2 Reference to this test method or a corresponding
international standard,

16.1.3 Result of the test (see Section 15),

16.1.4 Any deviation, by agreement or otherwise, from the
procedure, specified,

16.1.5 Date of the test, and

16.1.6 Name and address of the test laboratory.

17. Precision

17.1 Cégmparison of Determined Values:

17.1.1 Determinability (d)—The difference between succes-
sive determined values obtained by the same operator in the
same laboratory using the same apparatus for a series of
operations leading to a single result, would in the long run, in
the normal and correct operation of this test method, exceed the
values indicated only in one case in twenty:

Base oils at 40 and 100°C® 0.0020 y (0.20 %)
Formulated oils at 40 and 100°C® 0.0013y (0.13 %)
Formulated oils at 150°C” 0.015y (1.5 %)
Petroleum wax at 100°C® 0.0080 y (0.80 %)
Residual fuel oils at 80 and 100°C° 0.011 (y + 8)

Residual fuel oils at 50°C° 0.017 y (1.7 %)
Additives at 100°C*° 0.00106 y*'
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Gas oils at 40°C""
Jet fuels at —20°C'2

0.0013 (y+1)

0.0018 y (0.18 %)

where: y is the average of determined values being com-
pared.

17.2 Comparison of Results:

17.2.1 Repeatability (r)—The difference between succes-
sive results obtained by the same operator in the same
laboratory with the same apparatus under constant operating
conditions on identical test material would, in the long run, in
the normal and correct operation of this test method, exceed the
values indicated only in one case in twenty:

Base oils at 40 and 100°C® 0.0011 x (0.11 %)
Formulated oils at 40 and 100°C® 0.0026 x (0.26 %)
Formulated oils at 150°C” 0.0056 x (0.56 %)
Petroleum wax at 100°C® 0.0141 x'2

Residual fuel oils at 80 and 100°C® 0.013 (x + 8)

Residual oils at 50°C° 0.015 x (1.5 %)
Additives at 100°C"° 0.00192 x'-!

Gas oils at 40°C™"" 0.0043 (x+1)

Jet fuels at —20°C'2 0.007 x (0.7 %)

where: x is the average of results being compared.

17.2.2 Reproducibility (R)—The difference between two
single and independent results obtained by different operators
working in different laboratories on nominally identical test
material would, in the long run, in the normal and correct
operation of this test method, exceed the values indicated
below only in one case in twenty.

5 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Reports RR:D02-1331 and RR:D02-1132.
These precision values were obtained by statistical examination of interlaboratory
results from six mineral oils (base oils without additive package) in the range from
8 to 1005 mm?/s at 40°C and from 2 to 43 mm */s at 100°C, and were first published
in 1989. Request See Guide D 6074.

¢ Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1332. These precision values
were obtained by statistical examination of interlaboratory results from seven fully
formulated engine oils in the range from 36 to 340 mm */s at 40°C and from 6 to 25
mm?/s at 100°C, and were first published in 1991. See Guide D 6071.

7 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1333. These precision values
were obtained by statistical examination of interlaboratory results for eight fully
formulated engine oils in the range from 7 to 19 mm? /s at 150°C, and first published
in 1991. See Guide D 6074.

8 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1334. These precision values
were obtained by statistical examination of interlaboratory results from five
petroleum waxes in the range from 3 to 16 mm?/s at 100°C, and were first published
in 1988.

° Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1198. These precision values
were obtained by statistical examination of interlaboratory results from fourteen
residual fuel oils in the range from 30 to 1300 mm?/s at 50°C and from 5 to 170
mm?s at 80 and 100°C, and were first published in 1984.

'% Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1421. These precision values
were obtained by statistical examination of interlaboratory results from eight
additives in the range from 145 to 1500 mm?/s at 100°C and were first available in
1997.

' Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1422. These precision values
were obtained by statistical examination of interlaboratory results from eight gas
oils in the range from 1 to 13 mm?*/s at 40°C and were first available in 1997.

'2 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1420. These precision values
were obtained by statistical examination of interlaboratory results from nine jet fuels
in the range from 4.3 to 5.6 mm?*/s at— 20°C and were first available in 1997.
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n’
Base oils at 40 and 100°C® 0.0065 x (0.65 %) large data set including both automated and manual viscom-
Formulated oils at 40 and 100°C* 0.0076 x (0.76 %) eters over the temperature range of 40 to 100°C. The repro-
Formulated oils at 150°C 0.018 x (1.8 %) T . . ‘e
Petroleum wax at 100°C# 0.0366 x'2 d'llCl'blllty of gutomated viscometer daFa'l's not statlstlcal'ly
Residual fuel oils at 80 and 100°C° 0.04 (x + 8) significantly different than the reproducibility of manual vis-
Residual oils at 50°C® 0.074 x (7.4 %) cometer data. It is also shown that there is no bias of the
Additives at 100°C™® 0.00862 x" automated data in comparison to the manual data.!?
Gas oils at 40°C™ 0.0082 (x+1) u 1 parl u .
Jet fuels at —20°C'2 0.019 x (1.9 %)

where: x is the average of results being compared. 18. Keywords

17.3 The precision for used oils has not been determined but 18.1 dynamic viscosity; kinematic viscosity; viscometer;
is expected to be poorer than that for formulated oils. Because viscosity
of the extreme variability of such used oils, it is not anticipated
that the precision of used oils will be determined.

17.4 The precision for speciﬁc automated viscometers has '3 Supporting data have been filed at ASTM International Headquarters and may
not been determined. However, an analysis has been made of a be obtained by requesting Research Report RR: D02-1498.

ANNEXES
(Mandatory Information)

Al. VISCOMETER TYPES AND CERTIFIED VISCOSITY REFERENCE STANDARDS

Al.1 Viscometer Types TABLE A1.1 Viscometer Types
Viscometer Identification Kinematic Viscosity Range,* mm?/s

Al.1.1 Table Al.1 lists capillary viscometers commonly in

use for viscosity determinations on petroleum products. For A. Ostwald Types for Transparent Liquids

. . . . . . . ineB
specifications, operating instructions, and calibration, refer to g:i?fT;Z:sFenSke routine 8'2 Ig 22 ggg
specifications in Specifications D 446. BS/U-tube® 09 to 10000

: : : : _ BS/U/M miniature 02 to 100
Al.1.2 Table A1.2 lists certified viscosity reference stan LB 06 1o 10000
dards. Cannon-Manning semi-micro 0.4 to 20000
Pinkevitch?® 0.6 to 17000
B. Suspended-level Types for Transparent Liquids
BS/IP/SLE 3.5 to 100 000
BS/IP/SL(S)B 1.05t0 10 000
BS/IP/MSL 0.6 to 3000
Ubbelohde? 0.3 to 100 000
FitzSimons 0.6 to 1200
Atlantic® 0.75t0 5000
Cannon-Ubbelohde(A), Cannon 0.5 to 100 000
Ubbelohde dilution®(B)
Cannon-Ubbelohde semi-micro 0.4 to 20000

C. Reverse-flow Types for Transparent and Opaque Liquids

Cannon-Fenske opaque 0.4 to 20000
Zeitfuchs cross-arm 0.6 to 100 000
BS/IP/RF U-tube reverse-flow 0.6 to 300 000
Lantz-Zeitfuchs type reverse-flow 60 to 100 000

A Each range quoted requires a series of viscometers. To avoid the necessity of
making a kinetic energy correction, these viscometers are designed for a flow time
in excess of 200 s except where noted in Specifications D 446.

B n each of these series, the minimum flow time for the viscometers with lowest
constants exceeds 200 s.

Copyright ASTM International '
Provided by IHS under license with ASTM Licensee=Bogazici University/5964815002

No reproduction or networking permitted without license from IHS Not for Resale, 04/08/2010 05:34:03 MDT



Ay D 445 — 09

i’

TABLE A1.2 Certified Viscosity Reference Standards

Approximate Kinematic Viscosity, mm?/s

Designation

20°C 25°C 40°C 50°C 80 °C 100°C
S3 4.6 4.0 2.9 1.2
S6 1 8.9 5.7 1.8
S20 44 34 18 3.9
S60 170 120 54 7.2
S200 640 450 180 17
S600 2400 1600 520 280 67 32
S2000 8700 5600 1700 75
S8000 37 000 23 000 6700
S30 000 81 000 23 000 11 000

A2. KINEMATIC VISCOSITY TEST THERMOMETERS

A2.1 Short-Range Specialized Thermometer

A2.1.1 Use a short-range specialized thermometer conform-
ing to the generic specification given in Table A2.1 and Table
A2.2 and to one of the designs shown in Fig. A2.1.

A2.1.2 The difference in the designs rests mainly in the
position of the ice point scale. In Design A, the ice point is
within the scale range, in Design B, the ice point is below the
scale range, and in Design C, the ice point is above the scale
range.

A2.2 Calibration

A2.2.1 Use liquid-in-glass thermometers with an accuracy
after correction of 0.02°C or better, calibrated by a laboratory
meeting ‘the requirements of ISO 9000 or ISO 17025, and
carrying certificates confirming that the calibration is traceable
to a national standard. As an alternative, use thermometric
devices such as platinum resistance thermometers, of equal or
better accuracy, with the same certification requirements.

A2.2.2 The scale correction of liquid-in-glass thermometers
can change during storage and use, and therefore regular
re-calibration is required. This is most conveniently achieved
in a working laboratory by means of a re-calibration of the ice
point, and all of the main scale corrections altered for the
change seen in the ice point.

TABLE A2.1 General Specification for Thermometers

Note—Table A2.2 gives a range of ASTM, IP, and ASTM/IP thermom-
eters that comply with the specification in Table A2.1, together with their
designated test temperatures. See Specification E 1 and Test Method E 77.

Immersion Total
Scale marks:
Subdivisions °C 0.05
Long lines at each °C 0.1and 0.5
Numbers at each °C 1
Maximum line width mm 0.10
Scale error at test temperature, max °C 0.1
Expansion chamber:
Permit heating to °C 105 up to 90, 120 between 90 and 95

130 between 95 and 105, 170 above

105
Total length mm 300 to 310
Stem outside diameter mm 6.0 to 8.0
Bulb length mm 45 to 55
Bulb outside diameter mm no greater than stem
Length of scale range mm 40 to 90

Copyright ASTM International
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TABLE A2.2 Complying Thermometers

Test Test
Thermometer No. Temperature Thermometer No. Temperature
C oF °C  °F
ASTM 132C, IP 102C 150 ASTM 128C, F/IP 33C 0 32
ASTM 110C, F/IP 93C 135 275 ASTM 72C, F/IP 67C -178 0
ASTM 121C/IP 32C 98.9, 210, ASTM 127C/IP 99C -20 -4
100 212 ASTM 126C, F/IP 71C -26.1 -20
ASTM 129C, F/IP 36C 93.3 200 ASTM 73C, F/IP 68C -40 -40
ASTM 48C, F/IP 90C 82.2 180 ASTM 74C, F/IP 69C -53.9 -65
IP 100C 80
ASTM 47C, F/IP 35C 60 140
ASTM 29C, F/IP 34C 544 130
ASTM 46C F/IP 66C 50 122
ASTM 120C/IP 92C 40
ASTM 28C, F/IP 31C 37.8 100
ASTM 118C, F 30 86
ASTM 45C, F/IP 30C 25 77
ASTM 44C, F/IP 29C 20 68

A2.2.2.1 The interval for ice-point recalibration shall be no
longer than six months (see NIST GMP 11). For new thermom-
eters, monthly checking for the first six months is recom-
mended. A change of one or more scale divisions in the ice
point means that the thermometer may have been overheated or
damaged, and it may be out of calibration. Such thermometers
shall be removed from service until inspected, or recalibrated,
or both. A complete recalibration of the thermometer, while
permitted, is not necessary in order to meet the accuracy
ascribed to this design thermometer (see NIST Special Publi-
cation 819). Any change in ice-point correction shall be added
to the other corrections of the original Report of Calibration.

A2.2.2.2 Other thermometric devices, if used, will also
require periodic recalibration. Keep records of all recalibration.

A2.2.3 Procedure for Ice-point Recalibration of Liquid-in-
glass Thermometers.

A2.2.3.1 Unless otherwise listed on the certificate of cali-
bration, the recalibration of calibrated kinematic viscosity
thermometers requires that the ice-point reading shall be taken
within 60 min after being at test temperature for not less than
3 min.

A2.2.3.2 Select clear pieces of ice, preferably made from
distilled or pure water. Discard any cloudy or unsound por-
tions. Rinse the ice with distilled water and shave or crush into
small pieces, avoiding direct contact with the hands or any
chemically unclean objects. Fill the Dewar vessel with the
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FIG. A2.1 Thermometer Designs

crushed ice and add sufficient water to form a slush, but not
enough to float the ice. As the ice melts, drain off some of the
water and add more crushed ice. Insert the thermometer, and
pack the ice gently about the stem, to a depth approximately
one scale division below the 0°C graduation.

A2.2.3.3 After at least 3 min have elapsed, tap the thermom-
eter gently and repeatedly at right angles to its axis while
making observations. Successive readings taken at least 1 min
apart shall agree within 0.005°C.

A2.2.3.4 Record the ice-point readings and determine the
thermometer correction at this temperature from the mean
reading. If the correction is found to be higher or lower than
that corresponding to a previous calibration, change the cor-
rection at all other temperatures by the same value.

A2.2.3.5 During the procedure, apply the following condi-
tions:

(1) The thermometer shall be supported vertically.

(2) View the thermometer with an optical aid that gives a
magnification of approximately five and also eliminates paral-
lax.

(3) Express the ice-point reading to the nearest 0.005°C.

A2.2.4 When in use, immerse the thermometric device to
the same depth as when it was fully calibrated. For example, if
a liquid-in-glass thermometer was calibrated at the normal total
immersion condition, it shall be immersed to the top of the
mercury column with the remainder of the stem and the
expansion volume at the uppermost end exposed to room
temperature and pressure. In practice, this means that the top of
the mercury column shall be within a length equivalent to four
scale divisions of the surface of the medium whose temperature
is being measured.

A2.2.4.1 If this condition cannot be met, then an extra
correction may be necessary.
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A3. TIMER ACCURACY

A3.1 Regularly check timers for accuracy and maintain
records of such checks.

A3.1.1 Time signals as broadcast by the National Institute
of Standards and Technology are a convenient and primary
standard reference for calibrating timing devices. The follow-
ing can be used to an accuracy of 0.1 s:

Wwv Fort Collins, CO 2.5, 5, 10, 15, 20 MHz

WWVH Kauai, HI
CHU Ottawa, Canada

2.5,5,10, 15, MHz
3.33, 7.335, 14.67 MHz

A3.1.2 Radio broadcast of voice and audio on a telephone
line at phone 303-499-7111. Additional time services are
available from the National Institute of Standards and
Technology.

A4. CALCULATION OF ACCEPTABLE TOLERANCE ZONE (BAND) TO DETERMINE CONFORMANCE WITH A
CERTIFIED REFERENCE MATERIAL

A4.1 Determine the standard deviation for site uncertainty,
04> from a laboratory quality control program.

A4.1.1 If the standard deviation for site uncertainty, o, is
not known, use the value 0.19%.

A4.2 Determine the combined extended uncertainty (CEU)
of the accepted reference value (ARV) of the certified reference
material (CRM) from the supplier’s label or included docu-
mentation.

A4.3 Calculate the standard error of the accepted reference
value (SEARV) by dividing the CEU by the coverage factor, £,
listed on the supplier’s label or included documentation.

A4.3.1 If the coverage factor, k, is not known, use the value
2.

A4.4 Construct the acceptable tolerance zone:

TZ = +144\/c%, + SExay

SUMMARY OF CHANGES

Subcommittee D02.07 has identified the location of selected changes to this standard since the last issue

(D 445-06) that may impact the use of this standard.

(I) Change determinability requirements for materials of un-
known precision in 11.2.4 as a temporary measure pending

revision of the Precision and Bias section.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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An Amerlcan National Standard

If not listed in the current combined index, will appear in the next edition.

Standard Test Method for

Density and Relative Density (Speclflc Gravity) of L|qu1ds by

Lipkin Bicapillary Pycnometer’

This standard is issued under the fixed designation D 941; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense to replace Method 402 of Test Method Standard No
791b. Consult the DoD Index of Specifications and Standards Jor the spectf ic year of issue which has been adopted by the Department

of Defense,

1. Scope

1.1 This test method covers the measurement of the
density of any hydrocarbon material that can be handled in a
normal fashion as a liquid at the specified test temperatures
of 20 to 25°C. Its application is restricted to liquids having
vapor pressures less than 80 kPa (600 mm Hg) and having
viscosities less than 15 mm?/s (cst) at 20°C.,

1.2 Two procedures are covered as follows:

1.2.1 Procedure A, for pure compounds and mixtures
which are not highly volatile.

1.2.2 Procedure B, for highly volatile mixtures.

1.3 This test method provides a calculation procedure for
converting density to relative density.,

1.4 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use. Specific
hazard statements are given in Notes 1, 2, 6 and Annex Al,

2. Referenced Documents

2.1 ASTM Standards:
D 1250 Petroleumn Measurement Tables®
E 1 Specification for ASTM Thermometers®

3. Terminology

3.1 density—mass per unit volume.

3.1.1 Discussion— In this test method, the measurement
is at any given temperature and the units are grams per
millilitre. '

3.1.2 relative density—the ratio of the density of a mate-
rial at a stated temperature to the density of water at a stated
temperature,

‘! This test method is under the jurisdiction of ASTM Committee D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcom-
mittee D02.04 on Hydrocarbon Analysis,

Current edition approved Oct 31, 1988. Published December 1988. Originally
published as D 941 - 47, Last previous edition D 941 - 83.

2 Annual Book of ASTM Standards, Vol 05.01.

3 Annual Book of ASTM Standards, Vols 05.03 and 14.01,
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4. Summary of Test Method*

4.1 The liquid sample is drawn into the pycnometer and
weighed. It is then equilibrated at the test temperature, and
the positions of the liquid levels are observed. The density or
relative density of the sample is then calculated from its
weight, a calibration factor proportional to an equal volume
of water, and a term that corrects for the buoyancy of air.

5. Significance and Use

5.1 Density is a fundamental physical property which can
be used in conjunction with other properties to characterize
both the light and heavy fractions of petroleum and to assess
the quality of crude oils.

5.2 Determination of the density or relative density of
petroleum and its products is necessary for the conversion of
measured volumes to volumes at the standard temperatures
of 15°C or 60°F.

6. Apparatus

6.1 -Pycnometer—A pycnometer conforming to the di-
mensions given in Fig. 1, constructed of borosilicate glass,
and having a total weight not exceeding 30 g.

6.2 Constant-Temperature Bath-—A water bath having a
depth-of at least 12 in. (305 mm), provided with means for
maintaining a temperature of 20 + 0.02°C or 25 + 0.02°C,

6.3 Bath Thermometer—No suitable ASTM Celsius ther-
mometers are available; ASTM Kinematic Viscosity. Ther-
mometers 44F and 45F designed for tests at 68°F (20°C) and
77°F (25°C) and conforming to the requirements prescribed
in Specification E | are therefore specified. Ice point and
bore corrections must be known to the nearest 0.02°F. In
use, the thermometers must be immersed to a point at least
2°F above the test temperature,

-6.4 Pycnometer Holder—Figure 2 shows the structural
details of the holder proper. It can be made of brass or any
other available metal that can be hard- or soft-soldered and
that will not corrode in the thermostat liquid. Figure 3
illustrates a convenient mounting for suspendlng the holders
in the thermostat. It consists of a brass bar ¥ in. (3.2 mm) in
thickness by 1 in. (25 mm) in width, of a length suitable for

4 For a more complete discussion of this method, see Davidson, J. A., Harvey,
T., Kurtz, 8. S,, Jr., Lipkin, M. R., “Pycnometer for Volatile Liquids,” Industrial
and Engineering Chemistry, Analytical Edition, IENAA Vol 16, No. 1, 1944, p. 55
and H. M. Smith, and Cooperators, “Measurement of Density of Hydrocarbon
Liquids by the Pycnometer » Analyncal Chemzslrv ANCHA Vol 22, Nov 1952, p,
1452,
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NoTte—The graduation lines shall extend around the entire circumference of the
pycnometer at the integral numbers 0, 1, 2 ¢m, etc., half way around at the half
* divisions 0.5, 1.5, etc., and shorter lines for the intermediate subdivisions.

FIG.”1 Pycnometer

the bath used, and with seven %s-in. (7.144 mm) holes
drilled 1%z in, (38.1 mm) apart to accommodate the threaded
ends of the holders. Two nuts support each holder and
permit regulation of the depth of immersion of the
pycnometers.

6.5 Balance—A balance able to reproduce weighings
within 0.1 mg when carrying a load of 30 g or less on each
pan. The balance is to be located in a room shielded from
drafts and fumes and in which the temperature changes
between related weighings (empty and filled pycnometer) do
not cause a significant change in the ratio of the balance
arms. Otherwise weighings must be made by the substitution
method in which the calibrated weights and pycnometer are
alternately weighed on the same balance pan. The same
balance shall be used for all related weighings,

6.6 Weights—Weights are to be used whose relative
values are known to the nearest 0.05 mg, or better. The same
set of weights shall be used for the calibration of the
pycnometer and the determination of the densities, or the
sets of weights shall be calibrated relative to each other.

7. Preparation of Apparatus

7.1 Thoroughly clean the pyncometer with hot chromic
acid. (Warning—See Note 1.) Chromic acid solution is the
most effective cleaning agent., However, surfactant cleaning
fluids have also been used successfully. Rinse well with
distilled water and dry at 105 to 110°C for at least | h,
preferably with a slow current or filtered air passing through
the pycnometer. Cleaning is to be done in this manner
whenever the pycnometer is to be calibrated or whenever
liquid fails to drain cleanly from the walls of the pycnometer
or its capillary. Ordinarily, the pyncometer can be cleaned
between determinations by washing with a suitable solvent,
such as isopentane or acetone (Warning—See Note 2.) and

2
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FIG. 2 Pycnometer Holder

vacuum drymg If acetone is used as the wash liquid, the
pycnometer is then to be rinsed with isopentane.

Note 1: Warning—Causes severe burns, A recognized carcinogen.
See Annex Al.lL.
NoTE 2: Warning—Extremely flammable. See Annexes Al.2, A1.3,

8. Calibration of Apparatus

8.1 Proceeding as directed in Section 9, determine the
weight of freshly boiled distilled water held by the
pycnometer when equilibrated at the test temperature (20 or
25°C) with the water level at each of three different scale
points on the graduated -arms, two of which are to be at
opposite ends of the scale, Prepare a calibration curve by
plotting the sum of the scale readings on the two arms of the
pycnometer against the corresponding apparent volume. If
this curve is not a straight line, and subsequent checks do not
correct the curvature, discard the pycnometer as imperfect,
unless a line conforming to 8.2 can be obtained, Obtain the
apparent volume in millilitres by dividing the weight of the -
water held in the pycnometer by the density of water at 20°C
(0.99823 g/mL), or at 25°C (0.99707 g/mL).

Note 3—The apparent volume differs from the true volume by the
amount of the air buoyancy correction on the weight of water contained
in the pycnometer.

8.2 If a straight line cannot be drawn through the three
points, determine enough additional points so that a straight
line calibration can be drawn which does not liec more than
0.0002 mL in units from the points used to determine the
line.
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9. Procedure A

9.1 Procedure A is intended for pure compounds and
mixtures that are not highly volatile, that is, which are
essentially free from materials boiling below 20°C.

9.2 Weigh the clean dry pycnometer to 0.1 mg and record
the weight.

9.3 Fill the pycnometer with the sample at apprommately
the test temperature by holding it in an upright position and
placing the hooked tip in the sample, allowing the liquid to
be drawn over the bend in the capillary by surface tension.
Allow the pycnometer to fill by siphoning (requiring about 1
min) and break the siphon when the liquid level in the bulb
arm of the pycnometer reaches the lowest calibration mark.

TABLE 1 Air Buoyancy Corrections

wyv Correction,” plug wiv Correction,” plus
0.70 0.00036 0.85 0.00018
0.71 0.00035 0.86 0.00017
0.72 0.00033 0.87 0.00016
0.73 0.00032 0.88 0.00014
0.74 0.00031 0.89 0.00013
0.75 0.00030 0.90 0,00012
0.76 0.00029 0.91 0.00011
0.77 0.00028 0.92 0.00010
0.78 0.00026 0.93 0.00009
0.79 0.00025 0.94 0.00007
0.80 0.00024 0.95 0.00006
0.81 0.00023 0.96 0.00005
0.82 0.00022 0.97 0.00004
0.83 0.00020 0.98 0.00003
0.84 0.00019 0.99 0.00001

A This table applies for all air density values between 0.0011 and 0.0013 g/mL.
For air densities outside this range, the air buoyancy correction, C, should be
calculated as follows:

= (d,/0.99823) X [0.99823 — (W/V)]
where
C = alr buoyancy correction,
d, = density of air in the balance case, g/mL
W = welght of sample in pycnometer, and
V = volume of sample in pycnometer.

Copyright ASTM International
Provided by IHS under license with ASTM
(o reproduction or networking permitted without license from IHSTest | ng and Materi al s
@ensed by Information Handling Services

3

9.4 Wipe off the wet tip thoroughly (Note 4) with a
chemically clean, lint-free cloth slightly damp with water and
weigh to the nearest 0.1 mg,

Notg 4—In atmospheres of low humidity (60 % or lower) drying the
pycnometer by rubbing with dry cotton cloth will induce static charges
equivalent to a loss of about 1 mg or more in the weight of the
pycnometer. If this charge is not dissipated in less than %2 h it can be
detected by touching the pycnometer to the wire hook on the balance
and then drawing it away slowly. If the pycnometer exhibits an
attraction for the wire hook, it may be considered to have a static charge,

9.5 Place the pycnometer in the holder in a constant
temperature bath adjusted to the test temperature (20 to
25°C) within +0.02°C. When the liquid level has reached
equilibrium (usually in about 10 min), read the scale to the
nearest 0.2 small division at the liquid level in each arm.

10. Procedure B

10.1 Procedure B is intended for highly volatile mixtures
that contain appreciable amounts of material boiling below
20°C, or for any material where there is uncertainty con-
cerning loss due to evaporation during the density determi-
nation.

10.2 Weigh the pycnometer as described in 9.2.

10.3 Cool the sample and pycnometer to a temperature of
0 to 5°C before filling, If the determination must be made
when the dew point is high enough to cause condensation of
moisture in the pycnometer, proper precautions should be
taken to avoid this. Fill the pycnometer according to the
procedure described in 9.3, :

10.4 Place the pycnometer in"the bath and read the

-volume as described in 9.5.

Note 5—If at any time during equilibration the level of the liquid
rises above the scale graduations, cautiously apply air pressure to the
opening of the bulb arm of the pycnometer and force a few drops of the
sample from the bent arm.

10.5 Remove the pycnometer from the bath, rinse the
outside with acetone, then with clean isopentane (Warning—
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TABLE 2 Density of Water

Temperature,
°C
21
22
23
24
25
26
27
28
29
30
35
37.78

Temperature, Density,
°C g/mL

0 0.99987
3 0.99999
4 1.00000
5 0.99999
10 0.99973
15 0.99913
15.56 0.99904
16 0.99897
17 0.99880
18 0.99862
19 0.99843
20 0.99823

Density,
gfmb,

0.99802
0.99780
0.99756
0.99732
0.99707
0.99681
0.99654
0.99626
0.99597
0.99567
0.99406
0.99307

Temperature,
°C
40
45
50
55
60
65
70
75
80
85
90
100

Density,
gfmlL

0.99224
0.99025
0.98807
0.98573
0.98324
0.98059
0.97781
0.97489
0.97183
0.96865
0.96534
0.95638

See Note 6.) and dry thoroughly (see Note 4) with a

" chemically clean, lint-free cloth, slightly damp with water,

Weigh to the nearest 0.1 mg.
NotE 6: Warning—Extremely flammable, See Annex A1.2, Al1.3,

11. Calculation
11.1 Calculate the density of the sample as follows:
D=(WiV)+C

- where:

D = density, g/mL at 20 or 25°C,
W =weight, g, in air of sample contamed in the
pycnometer-at the test temperature (20 or 25°C),
= gpparent volume, mL, corresponding to the sum of the
scale readings on the two arms of the pycnometer, as
obtained from the calibration curve, and
C = air buoyancy correction, as obtained from Table 1.
11.2 Calculate the relative density of the sample at ¢,/¢, by
dividing the density as calculated in 11.1 by the density of

water at the reference temperature, f,, as obtained from
Table 2. Relative density at ¢,/15.56°C (¢,/60°F where ¢ is
expressed in degrees F) can be changed to the conventional
15.56/15.56°C (60/60°F) by use of the appropriate relative
dens1ty Table 23 in Standard D 1250, provided that the glass
expansion factor has been excluded.

12. Report

12.1 In reporting density, give the test temperature and
the units (For example: Density at 20°C = x.xxxx g/mL), In
reporting relative density, give both the test temperature and
the reference temperature, but no units (For example:
relative density, 15.56/15.56°C = x.xxxx). Carry out all
calculations to five figures, and round off the ﬁnal result to
four figures.

13_.‘ Precision and Bias

13.1 The precision and bias of the test method as obtained
by statistical examination of interlaboratory test results is as
follows.

13.1.1 Repeatability—The difference between successive
test results obtained by the same operator with the same

" apparatus under constant operating conditions on identical

test material would, in the long run, in the normal and
correct operation of the test method, exceed 0.0001 g/mL
only in one case in twenty,

13.1.2 Reproducibility—The difference between two
single and independent results, obtained by different opera-
tors working in different laboratories on identical test mate-
rial, would in the long run, in the normal and correct
operation of the test method, exceed 0.0002 g/mL only in
oneé case in twenty.

13.1.3 Bias-—The subcommittee is presently workmg on
the development of a bias statement,

ANNEX

(Mandatory Information)

. Al. PRECAUTIONARY STATEMENTS

Al.1 Chromic Acid (Cleaning Solution)

Do not get in eyes, on skin, or on clothing.

Avoid breathing vapor or mist.

Keep container closed. ,

Use with adequate ventilation.

Do not take internally.

Wash thoroughly after handling.

Use protective clothing and goggles when handling,

A1.2 Isopentane

Harmful if inhaled. Vapors may cause flash fire.
Keep away from heat, sparks, and open flame.
Keep container closed.

Use with adequate ventilation,
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Avoid build-up of vapors and eliminate all sources of
ignition, especially non-explosion proof electrical apparatus
and heaters,

Avoid prolonged breathing of vapor or spray mist.

Avoid prolonged or repeated skin contact,

A1.3 Acetone

Keep away from heat, sparks, and open flame.

Keep container closed.

Use with adequate ventilation,

Vapors may spread long distances and ignite explosively.

Avoid build-up of vapors, and eliminate all sources of
ignition, especially non-explosion proof electrical apparatus
and heaters.

Avoid prolonged breathing of vapor or spray mist,

Avoid contact with eyes or skin,
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INTERNATIONAL
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Designation: 219/82

Standard Test Method for

An American National Standard
British Standard 4458

Cloud Point of Petroleum Products’

This standard is issued under the fixed designation D 2500; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This test method covers only petroleum products and
biodiesel fuels that are transparent in layers 40 mm in
thickness, and with a cloud point below 49°C.

Note 1—The interlaboratory program consisted of petroleum products
of Test Method D 1500 color of 3.5 and lower. The precisions stated in this
test method may not apply to samples with ASTM color higher than 3.5.

1.2 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific hazard
statements, see Section 7.

2. Referenced Documents

2.1 ASTM Standards:?

D 1500 Test Method for ASTM Color of Petroleum Prod-
ucts (ASTM Color Scale)

E 1 Specification for ASTM Liquid-in-Glass Thermometers

2.2 Energy Institute Standard:?

Specifications for IP Standard Thermometers

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 biodiesel, n—a fuel comprised of mono-alkyl esters of
long chain fatty acids derived from vegetable oils or animal
fats, designated B100.

! This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
D02.07 on Flow Properties.

Current edition approved April 15, 2009. Published April 2009. Originally
approved in 1966. Last previous edition approved in 2005 as D 2500-05.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from Energy Institute, 61 New Cavendish St., London, WIG 7AR,
U.K., http://www.energyinst.org.uk.

3.1.1.1 Discussion—DBiodiesel is typically produced by a
reaction of vegetable oil or animal fat with an alcohol such as
methanol or ethanol in the presence of a catalyst to yield
mono-esters and glycerin. The fuel typically may contain up to
14 different types of fatty acids that are chemically transformed
into fatty acid methyl esters (FAME).

3.1.2 biodiesel blend, n—a blend of biodiesel fuel with
petroleum-based diesel fuel designated BXX, where XX is the
volume % of biodiesel.

3.1.3 cloud point, n—in petroleum products and biodiesel
fuels, the temperature of a liquid specimen when the smallest
observable cluster of hydrocarbon crystals first occurs upon
cooling under prescribed conditions.

3.1.3.1 Discussion—To many observers, the cluster of wax
crystals looks like a patch of whitish or milky cloud, hence the
name of the test method. The cloud appears when the tempera-
ture of the specimen is low enough to cause wax crystals to
form. For many specimens, the crystals first form at the lower
circumferential wall of the test jar where the temperature is
lowest. The size and position of the cloud or cluster at the cloud
point varies depending on the nature of the specimen. Some
samples will form large, easily observable, clusters, while
others are barely perceptible.

3.1.3.2 Discussion—Upon cooling to temperatures lower
than the cloud point, clusters of crystals will grow in multiple
directions; for example, around the lower circumference of the
test jar, towards the center of the jar, or vertically upwards. Theyi
crystals can develop into a ring of cloud along the bottom:
circumference, followed by extensive crystallization across the:
bottom of the test jar as temperature decreases. Nevertheless,
the cloud point is defined as the temperature at which the:
crystals first appear, not when an entire ring or full layer of wax::
has been formed at the bottom of the test jar. .

3.1.3.3 Discussion—In general, it is easier to detect the:
cloud point of samples with large clusters that form quickly,
such as paraffinic samples. The contrast between the opacity of
the cluster and the liquid is also sharper. In addition, small
brightly-reflective spots can sometimes be observed inside the
cluster when the specimen is well illuminated. For other more
difficult samples, such as naphthenic, hydrocracked, and those
samples whose cold flow behavior have been chemically

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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altered, the appearance of the first cloud can be less distinct.
The rate of crystal growth is slow, the opacity contrast is weak,
and the boundary of the cluster is more diffuse. As the
temperature of these specimens decrease below the cloud
point, the diffuse cluster will increase in size and can form a
general haze throughout. A slight haze throughout the entire
sample, which slowly becomes more apparent as the tempera-
ture of the specimen decreases, can also be caused by traces of
water in the specimen instead of crystal formation (see Note 3).
With these difficult samples, drying the sample prior to testing
can eliminate this type of interference.

3.1.3.4 Discussion—The purpose of the cloud point method
is to detect the presence of the wax crystals in the specimen;
however trace amounts of water and inorganic compounds may
also be present. The intent of the cloud point method is to
capture the temperature at which the liquids in the specimen
begin to change from a single liquid phase to a two-phase
system containing solid and liquid. It is not the intent of this
test method to monitor the phase transition of the trace
components, such as water.

4. Summary of Test Method

4.1 The specimen is cooled at a specified rate and examined
periodically. The temperature at which a cloud is first observed
at the bottom of the test jar is recorded as the cloud point.

5. Significance and Use

5.1 For petroleum products and biodiesel fuels, cloud point
of a petroleum product is an index of the lowest temperature of
their utility for certain applications.

6. Apparatus (see Fig. 1)

6.1 Test Jar, clear, cylindrical glass, flat bottom, 33.2 to
34.8-mm outside diameter and 115 and 125-mm height. The
inside diameter of the jar may range from 30 to 32.4 mm within
the constraint that the wall thickness be no greater than 1.6

442 — 458 1D.

332 - 348 0.D.
30.0 - 32.4 1O

Note—All dimensions are in milllimetres.
FIG. 1 Apparatus for Cloud Point Test

mm. The jar should be marked with a line to indicate sample
height 54 *= 3 mm above the inside bottom.

6.2 Thermometers, having ranges shown below and con-
forming to the requirements as prescribed in Specification E 1
or Specifications for IP Standard Thermometers.

Thermometer

Number
Thermometer Temperature Range ASTM IP
High cloud and pour -38 to +50°C 5C 1C
Low cloud and pour —-80 to +20°C 6C 2C

6.3 Cork, to fit the test jar, bored centrally for the test
thermometer.

6.4 Jacket, metal or glass, watertight, cylindrical, flat bot-
tom, about 115 mm in depth, with an inside diameter of 44.2 to
45.8 mm. It shall be supported free of excessive vibration and
firmly in a vertical position in the cooling bath of 6.7 so that
not more than 25 mm projects out of the cooling medium.

6.5 Disk, cork or felt, 6-mm thick to fit loosely inside the
jacket.

6.6 Gasket, ring form, about 5 mm in thickness, to fit snugly
around the outside of the test jar and loosely inside the jacket.
The gasket may be made of rubber, leather, or other material
that is elastic enough to cling to the test jar and hard enough to
hold its shape. Its purpose is to prevent the test jar from
touching the jacket.

6.7 Bath or Baths, maintained at prescribed temperatures
with a firm support to hold the jacket vertical. The required
bath temperatures may be maintained by refrigeration if
available, otherwise by suitable cooling mixtures. Cooling

mixtures commonly used for bath temperatures shown are in:
Table 1. :

7. Reagents and Materials

7.1 Acetone—Technical grade acetone is suitable for thef
cooling bath, provided it does not leave a residue on drying.
(Warning—Extremely flammable.) ;

7.2 Carbon Dioxide (Solid) or Dry Ice—A commermal
grade of dry ice is suitable for use in the cooling bath.

7.3 Petroleum Naphtha—A commercial or technical grade
of petroleum naphtha is suitable for the cooling bath.
(Warning—Combustible. Vapor harmful.)

7.4 Sodium Chloride Crystals—Commercial or technical
grade sodium chloride is suitable.

7.5 Sodium Sulfate—A reagent grade of anhydrous sodium
sulfate should be used when required (see Note 3).

TABLE 1 Cooling Mixtures and Bath Temperatures

Bath Temperature

Ice and water 0 = 1.5°C
Crushed ice and sodium chloride crystals, or acetone or petroleum —18 = 1.5°C
naptha (see 7) with solid carbon dioxide added to give the desired

temperature

Acetone or petroleum naptha (see 7) with solid carbon dioxide -33 = 1.5°C
added to give the desired temperature
Acetone or petroleum naptha (see 7) with solid carbon dioxide —-51 =+ 1.5°C
added to give the desired temperature
Acetone or petroleum naptha (see 7) with solid carbon dioxide —69 = 1.5°C

added to give the desired temperature
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8. Procedure

8.1 Bring the sample to be tested to a temperature at least
14°C above the expected cloud point. Remove any moisture
present by a method such as filtration through dry lintless filter
paper until the oil is perfectly clear, but make such filtration at
a temperature of at least 14°C above the approximate cloud
point.

8.2 Pour the sample into the test jar to the level mark.

8.3 Close the test jar tightly by the cork carrying the test
thermometer. Use the high cloud and pour thermometer if the
expected cloud point is above —36°C and the low cloud and
pour thermometer if the expected cloud point is below —36°C.
Adjust the position of the cork and the thermometer so that the
cork fits tightly, the thermometer and the jar are coaxial, and
the thermometer bulb is resting on the bottom of the jar.

Note 2—Liquid column separation of thermometers occasionally oc-
curs and may escape detection. Thermometers should be checked periodi-
cally and used only if their ice points are 0 = 1°C, when the thermometer
is immersed to the immersion line in an ice bath, and when the emergent
column temperature does not differ significantly from 21°C. Alternatively,
immerse the thermometer to a reading and correct for the resultant cooler
stem temperature.

8.4 See that the disk, gasket, and the inside of the jacket are
clean and dry. Place the disk in the bottom of the jacket. The
disk and jacket shall have been placed in the cooling medium
a minimum of 10 min before the test jar is inserted. The use of
a jacket cover while the empty jacket is cooling is permitted.
Place the gasket around the test jar, 25 mm from the bottom.
Insert the test jar in the jacket. Never place a jar directly into
the cooling medium.

Note 3—Failure to keep the disk, gasket, and the inside of the jacket
clean and dry may lead to frost formation, which may cause erroneous
results.

8.5 Maintain the temperature of the cooling bath at 0 *
1.5°C.

8.6 At each test thermometer reading that is a multiple of
1°C, remove the test jar from the jacket quickly but without
disturbing the specimen, inspect for cloud, and replace in the
jacket. This complete operation shall require not more than 3 s.
If the oil does not show a cloud when it has been cooled to 9°C,
transfer the test jar to a jacket in a second bath maintained at
a temperature of —18 * 1.5°C (see Table 2). Do not transfer the
jacket. If the specimen does not show a cloud when it has been
cooled to —6°C, transfer the test jar to a jacket in a third bath
maintained at a temperature of —33* 1.5°C. For the determi-
nation of very low cloud points, additional baths are required,
each bath to be maintained in accordance with Table 2. In each
case, transfer the jar to the next bath, if the specimen does not
exhibit cloud point and the temperature of the specimen

TABLE 2 Bath and Sample Temperature Ranges

Bath Bath Temperature Setting, °C Sample Tem;?%rature Range,
1 0*15 Start to 9
2 -18 = 1.5 9to -6
3 -33+ 1.5 -6 to —24
4 -51 £ 1.5 —24 to -42
5 -69 = 1.5 -42 to —-60

reaches the lowest specimen temperature in the range identified
for the current bath in use, based on the ranges stated in Table
2.

8.7 Report the cloud point, to the nearest 1°C, at which any
cloud is observed at the bottom of the test jar, which is
confirmed by continued cooling.

Note 4—A wax cloud or haze is always noted first at the bottom of the
test jar where the temperature is lowest. A slight haze throughout the entire
sample, which slowly becomes more apparent as the temperature is
lowered, is usually due to traces of water in the oil. Generally this water
haze will not interfere with the determination of the wax cloud point. In
most cases of interference, filtration through dry lintless filter papers, such
as described in 8.1, is sufficient. In the case of diesel fuels, however, if the
haze is very dense, a fresh portion of the sample should be dried by
shaking 100 mL with 5 g of anhydrous sodium sulfate for at least 5 min
and then filtering through dry lintless filter paper. Given sufficient contact
time, this procedure will remove or sufficiently reduce the water haze so
that the wax cloud can be readily discerned. Drying and filtering should be
done always at a temperature at least 14°C above the approximate cloud
point but otherwise not in excess of 49°C.

9. Report

9.1 Report the temperature recorded in 8.7 as the cloud
point, Test Method D 2500.

10. Precision and Bias

10.1 The precision of this test method as determined by
statistical examination of interlaboratory results is as follows:

10.1.1 Repeatability—The difference between two test re-
sults, obtained by the same operator with the same apparatus
under constant operating conditions on identical test material,
would in the long run, in the normal and correct operation of
this test method, exceed 2°C only in 1 case in 20.

10.1.2 Reproducibility—The difference between two single
and independent results obtained by different operators work-
ing in different laboratories on identical test material, would in
the long run, in the normal and correct operation of this test
method, exceed 4°C only in 1 case in 20.

10.1.3 The precision statements were derlved from a 1990
interlaboratory cooperative test program.* Participants ana-
lyzed 13 sample sets comprised of various distillate fuels and
lubricating oils with temperature range from -1 to -37°C. Eight
laboratories participated with the manual D 2500/IP219 test
method. Information on the type of samples and their average
cloud points are in the research report.

10.2 Bias—The procedure in this test method has no bias,
because the value of cloud point can be defined only in terms
of a test method.

10.3 Precision for Biodiesel Products’>—The precision of
this test method as determined by statistical examination of
interlaboratory results is as follows:

10.3.1 Repeatability for Blends of Biodiesel in Diesel—The
difference between successive test results obtained by the same
operator, using the same apparatus, under constant operating

4 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1444.

> Supporting data (the results of the 2001 interlaboratory cooperative test
program) have been filed at ASTM International Headquarters and may be obtained
by requesting Research Report RR: D02-1524.
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conditions, on identical test material would, in the long run, in
the normal and correct operation of this test method, exceed
2°C only in 1 case in 20.

10.3.2 Reproducibility for Blends of Biodiesel in Diesel—
The difference between two single and independent test results
obtained by different operators, working in different laborato-
ries, on identical test material would, in the long run, in the
normal and correct operation of this test method, exceed 3°C
only in 1 case in 20.

Note 5—The precision for blends of biodiesel in diesel samples
comprised cloud points from about -2 to +10°C.

10.3.3 The precision statements were derived from a 2001
interlaboratory cooperative test program.’ Participants ana-
lyzed eleven sample sets comprised of different blends of two
petroleum distillate fuels, diesel and kerosene, with various
biodiesel fuels with temperature range from +10 to —45°C. Ten
laboratories participated with the manual D 2500/IP219 test
method. Information on the type of samples and their average
cloud points are in the research report.

Note 6—One of the outcomes of the interlaboratory study was the
selection of the sample types, since the ones used in the study contributed
to a difficulty in determining the precision statement. Kerosene is a
sufficiently different fuel type from biodiesel to cause some slight
separation of phases upon cooling when in B20 blends. Also, the particular
kerosene sample used was atypical, which complicated the study further.
Therefore, data from the blends of kerosene in biodiesel were not used in
the precision statement. In addition, the diesel fuel used in the research
report was high cloud point material. Due to the cloud point of the base
diesel material, this temperature range in the precision statement was
limited.

Note 7—A future interlaboratory cloud study will be done to include a
wider range of base biodiesel fuels with various distillate blend stocks.

10.4 Bias for Biodiesel Products>—The procedure in this
test method has no bias, because the value of cloud point can
be defined only in terms of a test method.

11. Keywords

11.1 cloud point; petroleum products; wax crystals

SUMMARY OF CHANGES

Subcommittee D02.07 has identified the location of selected changes to this standard since the last issue

(D 2500-05) that may impact the use of this standard.

(1) Revised 6.7.
(2) Revised 7.

(3) Added Table 1.
(4) Deleted original Note 2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website

(www.astm.org).
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Standard Test Method for

An American National Standard

Pour Point of Petroleum Products’

This standard is issued under the fixed designation D 97; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This test method is intended for use on any petroleum
product.? A procedure suitable for black specimens, cylinder
stock, and nondistillate fuel oil is described in 8.8. A procedure
for testing the fluidity of a residual fuel oil at a specified
temperature is described in Appendix X1.

1.2 Several ASTM test methods offering alternative proce-
dures for determining pour points using automatic apparatus
are available. None of them share the same designation number
as Test Method D 97. When an automatic instrument is used,
the ASTM test method designation number specific to the
technique shall be reported with the results. A procedure for
testing the pour point of crude oils is described in Test Method
D 5853.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: >
D 117 Guide for Sampling, Test Methods, and Specifica-
tions for Electrical Insulating Oils of Petroleum Origin

! This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
D02.07 on Flow Properties.

Current edition approved June 1, 2005. Published July 2005. Originally approved
in 1927, replacing D 47. Last previous edition approved in 2004 as D 97-04.

In the IP, this test method is under the jurisdiction of the Standardization
Committee. This test method was adopted as a joint ASTM-IP Standard in 1965.

2 Statements defining this test and its significance when applied to electrical
insulating oils of mineral origin will be found in Guide D 117.

3 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Annual Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.

D 396 Specification for Fuel Oils

D 1659 Test Method for Maximum Fluidity Temperature of
Residual Fuel Oil*

D 2500 Test Method for Cloud Point of Petroleum Products

D 3245 Test Method for Pumpability of Industrial Fuel Oils

D 5853 Test Method for Pour Point of Crude Oils

E 1 Specification for ASTM Liquid-in-Glass Thermometers

2.2 Energy Institute Standards:

Specifications for IP Standard Thermometers >

3. Terminology

3.1 Definitions:

3.1.1 black oil, n—lubricant containing asphaltic materials.
Black oils are used in heavy-duty equipment applications, such
as mining and quarrying, where extra adhesiveness is desired.

3.1.2 cylinder stock, n—lubricant for independently lubri-
cated engine cylinders, such as those of steam engines and air
compressors. Cylinder stock are also used for lubrication of
valves and other elements in the cylinder area.

3.1.3 pour point, n—in petroleum products, the lowest
temperature at which movement of the test specimen is
observed under prescribed conditions of test.

3.1.4 residual fuel, n—a liquid fuel containing bottoms
remaining from crude distillation or thermal cracking; some-
times referred to as heavy fuel oil.

3.1.4.1 Discussion—Residual fuels comprise Grades 4, 5,
and 6 fuel oils, as defined in Specification D 396.

4. Summary of Test Method

4.1 After preliminary heating, the sample is cooled at a
specified rate and examined at intervals of 3°C for flow
characteristics. The lowest temperature at which movement of
the specimen is observed is recorded as the pour point.

+ Withdrawn.
> Methods for Analysis and Testing, IP Standards for Petroleum and its Products,
Part I, Vol 2.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 Apparatus for Pour Point Test

5. Significance and Use

5.1 The pour point of a petroleum specimen is an index of
the lowest temperature of its utility for certain applications.

6. Apparatus

6.1 Test Jar, cylindrical, of clear glass, flat bottom, 33.2 to
34.8-mm outside diameter, and 115 to 125 mm in height. The
inside diameter of the jar can range from 30.0 to 32.4 mm,
within the constraint that the wall thickness be no greater than
1.6 mm. The jar shall have a line to indicate a sample height 54
* 3 mm above the inside bottom. See Fig. 1.

6.2 Thermometers, having the following ranges and con-
forming to the requirements prescribed in Specification E 1 for
thermometers:

Temperature Thermometer
Number
Thermometer Range ASTM IP
High cloud and pour -38 to +50°C 5C 1C
Low cloud and pour —-80 to +20°C 6C 2C
Melting point +32 to +127°C 61C 63C

6.2.1 Since separation of liquid column thermometers occa-
sionally occurs and may escape detection, thermometers
should be checked immediately prior to the test and used only
if they prove accurate within *£1°C (for example ice point).

6.3 Cork, to fit the test jar, bored centrally for the test
thermometer.

6.4 Jacket, watertight, cylindrical, metal, flat-bottomed, 115
* 3-mm depth, with inside diameter of 44.2 to 45.8 mm. It
shall be supported in a vertical position in the cooling bath (see

6.7) so that not more than 25 mm projects out of the cooling
medium, and shall be capable of being cleaned.

6.5 Disk, cork or felt, 6 mm thick to fit loosely inside the
jacket.

6.6 Gasket, to fit snugly around the outside of the test jar
and loosely inside the jacket. The gasket may be made of
rubber, leather, or other material that is elastic enough to cling
to the test jar and hard enough to hold its shape. Its purpose is
to prevent the test jar from touching the jacket.

6.7 Bath or Baths, maintained at prescribed temperatures
with a firm support to hold the jacket vertical. The required
bath temperatures may be obtained by refrigeration if avail-
able, otherwise by suitable freezing mixtures. Freezing mix-
tures commonly used for temperatures down to those shown
are as follows:

For Tempera-

tures Down
Ice and water 9°C
Crushed ice and sodium chloride crystals -12°C
Crushed ice and calcium chloride crystals -27°C
Acetone or petroleum naphtha (see Section 6) chilled -57°C

in a covered metal beaker with an ice-salt mixture to —12°C
then with enough solid carbon dioxide to give the desired tem-
perature.

7. Reagents and Materials
7.1 The following solvents of technical grade are appropri-
ate for low-temperature bath media.

7.1.1 Acetone, (Warning—Extremely flammable).
7.1.2 Alcohol, Ethanol (Warning—Flammable).
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7.1.3 Alcohol, Methanol (Warning—Flammable. Vapor
harmful).

7.1.4 Petroleum Naphtha, (Warning—Combustible. Vapor
harmful).

7.1.5 Solid Carbon Dioxide, (Warning—Extremely cold
-78.5°C).

8. Procedure

8.1 Pour the specimen into the test jar to the level mark.
When necessary, heat the specimen in a water bath until it is
just sufficiently fluid to pour into the test jar.

Note 1—It is known that some materials, when heated to a temperature
higher than 45°C during the preceding 24 h, do not yield the same pour
point results as when they are kept at room temperature for 24 h prior to
testing. Examples of materials which are known to show sensitivity to
thermal history are residual fuels, black oils, and cylinder stocks.

8.1.1 Samples of residual fuels, black oils, and cylinder
stocks which have been heated to a temperature higher than
45°C during the preceding 24 h, or when the thermal history of
these sample types is not known, shall be kept at room
temperature for 24 h before testing. Samples which are known
by the operator not to be sensitive to thermal history need not
be kept at room temperature for 24 h before testing.

8.1.2 Experimental evidence supporting elimination of the
24-h waiting period for some sample types is contained in a
research report.°

8.2 Close the test jar with the cork carrying the high-pour
thermometer (5.2). In the case of pour points above 36°C, use
a higher range thermometer such as IP 63C or ASTM 61C.
Adjust the position of the cork and thermometer so the cork fits
tightly, the thermometer and the jar are coaxial, and the
thermometer bulb is immersed so the beginning of the capillary
is 3 mm below the surface of the specimen.

8.3 For the measurement of pour point, subject the speci-
men in the test jar to the following preliminary treatment:

8.3.1 Specimens Having Pour Points Above —33°C—Heat
the specimen without stirring to 9°C above the expected pour
point, but to at least 45°C, in a bath maintained at 12°C above
the expected pour point, but at least 48°C. Transfer the test jar
to a water bath maintained at 24°C and commence observa-
tions for pour point.

8.3.2 Specimens Having Pour Points of —-33°C and
Below—Heat the specimen without stirring to 45°C in a bath
maintained at 48°C and cool to 15°C in a water bath main-
tained at 6°C. Remove the high cloud and pour thermometer,
and place the low cloud and pour thermometer in position.

8.4 See that the disk, gasket, and the inside of the jacket are
clean and dry. Place the disk in the bottom of the jacket. Place
the gasket around the test jar, 25 mm from the bottom. Insert
the test jar in the jacket. Never place a jar directly into the
cooling medium.

¢ Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1377.

8.5 After the specimen has cooled to allow the formation of
paraffin wax crystals, take great care not to disturb the mass of
specimen nor permit the thermometer to shift in the specimen;
any disturbance of the spongy network of wax crystals will
lead to low and erroneous results.

8.6 Pour points are expressed in integers that are positive or
negative multiples of 3°C. Begin to examine the appearance of
the specimen when the temperature of the specimen is 9°C
above the expected pour point (estimated as a multiple of 3°C).
At each test thermometer reading that is a multiple of 3°C
below the starting temperature remove the test jar from the
jacket. To remove condensed moisture that limits visibility
wipe the surface with a clean cloth moistened in alcohol
(ethanol or methanol). Tilt the jar just enough to ascertain
whether there is a movement of the specimen in the test jar. The
complete operation of removal, wiping, and replacement shall
require not more than 3 s.

8.6.1 If the specimen has not ceased to flow when its
temperature has reached 27°C, transfer the test jar to the next
lower temperature bath in accordance with the following
schedule:

Specimen is at +27°C, move to 0°C bath
Specimen is at +9°C, move to —18°C bath
Specimen is at -6°C, move to —33°C bath
Specimen is at -24°C, move to -51°C bath
Specimen is at -42°C, move to —69°C bath

8.6.2 As soon as the specimen in the jar does not flow when
tilted, hold the jar in a horizontal position for 5 s, as noted by
an accurate timing device and observe carefully. If the speci-
men shows any movement, replace the test jar immediately in
the jacket and repeat a test for flow at the next temperature, 3°C
lower.

8.7 Continue in this manner until a point is reached at which
the specimen shows no movement when the test jar is held in
a horizontal position for 5 s. Record the observed reading of
the test thermometer.

8.8 For black specimen, cylinder stock, and nondistillate
fuel specimen, the result obtained by the procedure described
in 8.1 through 8.7 is the upper (maximum) pour point. If
required, determine the lower (minimum) pour point by heat-
ing the sample while stirring, to 105°C, pouring it into the jar,
and determining the pour point as described in 8.4 through 8.7.

8.9 Some specifications allow for a pass/fail test or have
pour point limits at temperatures not divisible by 3°C. In these
cases, it is acceptable practice to conduct the pour point
measurement according to the following schedule: Begin to
examine the appearance of the specimen when the temperature
of the specimen is 9°C above the specification pour point.
Continue observations at 3°C intervals as described in 8.6 and
8.7 until the specification temperature is reached. Report the
sample as passing or failing the specification limit.

9. Calculation and Report

9.1 Add 3°C to the temperature recorded in 8.7 and report
the result as the Pour Point, ASTM D 97. For black oil, and so
forth, add 3°C to the temperature recorded in 8.7 and report the
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result as Upper Pour Point, ASTM D 97, or Lower Pour Point,
ASTM D 97, as required.

10. Precision and Bias

10.1 Lubricating Oil and Distillate and Residual Fuel Oil.”

10.1.1 Repeatability—The difference between successive
test results, obtained by the same operator using the same
apparatus under constant operating conditions on identical test
material, would in the long run, in the normal and correct
operation of this test method, exceed 3°C only in one case in
twenty. Differences greater than this should be considered
suspect.

10.1.2 Reproducibility—The difference between two single
and independent test results, obtained by different operators

7 The cloud point procedure formerly part of this test method now appears as Test
Method D 2500.

working in different laboratories on identical test material,
would in the long run, in the normal and correct operation of
this test method, exceed 6°C only in one case in twenty.
Differences greater than this should be considered suspect.

10.2 Bias—There being no criteria for measuring bias in
these test-product combinations, no statement of bias can be
made.

10.3 The precision statements were prepared with data on
ten new (unused) mineral oil-based lubricants and sixteen
assorted fuel oils tested by twelve cooperators. The mineral
oil-based lubricants had pour points ranging from —48 to —-6°C
while the fuel oils had pour points ranging from —33 to +51°C.
The following precision data were obtained:

Mineral Oil Fuel QOils
Lubricants
95 % Confidence
Repeatability, °C 2.87 2.52
Reproducibility, °C 6.43 6.59

APPENDIX

(Nonmandatory Information)

X1. TEST FOR FLUIDITY OF A RESIDUAL FUEL OIL AT A SPECIFIED TEMPERATURE

X1.1 General

X1.1.1 The low-temperature flow properties of a waxy fuel
oil depend on handling and storage conditions. Thus, they may
not be truly indicated by pour point. The pour point test does
not indicate what happens when an oil has a considerable head
of pressure behind it, such as when gravitating from a storage
tank or being pumped along a pipeline. Failure to flow at the
pour point is normally attributed to the separation of wax from
the fuel; however, it can also be due to the effect of viscosity
in the case of very viscous fuel oils. In addition pour points of
residual fuels are influenced by the previous thermal history of
the specimens. A loosely knit wax structure built up on cooling
of the oil can be normally broken by the application of
relatively little pressure.

X1.1.2 The usefulness of the pour point test in relation to
residual fuel oils is open to question, and the tendency to
regard the pour point as the limiting temperature at which a
fuel will flow can be misleading. The problem of accurately
specifying the handling behavior of fuel oil is important, and
because of the technical limitations of the pour point test,
various pumpability tests have been devised to assess the
low-temperature flow characteristics of heavy residual fuel
oils. Test Method D 3245 is one such method. However, most
alternative methods tend to be time-consuming and as such do
not find ready acceptance as routine control tests for determin-
ing low-temperature flow properties. One method which is
relatively quick and easy to perform and has found limited
acceptance as a “go-no-go” method is based on the appendix
method to the former Test Method D 1659-65. The method is
described as follows.

X1.2 Scope

X1.2.1 This method covers the determination of the fluidity
of a residual fuel oil at a specified temperature in an as-
received condition.

X1.3 Definition

X1.3.1 fluidity temperature—the sample when tested in an
as-received condition is considered “fluid at the temperature of
the test” if it will flow 2 mm in 1 min in a 12.5 mm U-tube
under a maximum pressure of 152 mm of mercury.

X1.4 Summary of Test Method

X1.4.1 A sample of fuel in its as-received condition is
cooled at the specified temperature for 30 min in the standard
U-tube and is tested for movement under prescribed pressure
conditions.

X1.5 Significance and Use

X1.5.1 This method may be used as a “go-no-go” procedure
for operational situations where it is necessary to ascertain the
fluidity of a residual oil under prescribed conditions in an
as-received condition. The conditions of this method simulate
those of a pumping situation where the oil is expected to flow
through a 12-mm pipe under slight pressure at a specified
temperature. Fluidity, like Test Method D 97, is used to define
cold flow properties. It differs from D 97, however, in that (/)
it is restricted to residual fuel oil and (2) a prescribed pressure
is applied to the sample. The latter represents an attempt to
overcome the technical limitations of the Pour Point Method
where gravity-induced flow is the criterion. Test Method



4y p97-05

RASSERLS ]

o
[c'a=>
| 3

™

\AAB RS

Grooved
Cork

? ASTM 5C Thermometer

To Vacuum
Controller

Rubber Bung

150

AN

ey Vi

(]
R
|l'|
[1 R}

111

125 Bath Medium

Note—All dimensions are in millimetres
FIG. X1.1 Disposition of U-tube in Fluidity Temperature Test Bath

D 3245, represents another method for predicting field perfor-
mance in cold flow conditions. Test Method D 3245, however,
does have limitations and may not be suitable for use with very
waxy fuel oils which solidify so rapidly in the chilling bath that
a reading cannot be obtained under the conditions of the test. It
is also a time-consuming test and therefore not suitable for
routine control testing.

X1.6 Apparatus

X1.6.1 Glass U-Tubes, 150 mm high, having a uniform
internal diameter of 12.5 = 1 mm and a radius of curvature,
measured to the outside curve of the tube of 35 mm (Fig.
X1.1).

X1.6.2 Thermometers—Thermometers having a range from
—38 to +50°C and conforming to the requirements of Ther-

mometer 5C as prescribed in Specification E 1, shall be used
for insertion in the glass U-tubes and for measuring the
temperatures of the baths.

X1.6.3 Fluidity Temperature Test Bath,8

consists of a reservoir, a stirrer, and a motor and pump to
circulate coolant through the coils of the tubing placed in the
bottom of the test bath and passing through the cold bath. The
flow of coolant through these coils can be controlled by a
thermostat and a solenoid valve. It is possible that, where
justified by the quantity of work, more than one such bath
could be utilized to permit concurrent testing at more than one
temperature (Fig. X1.2).

8 A kinematic viscosity bath is usually satisfactory.



FIG. X1.2 Fluidity Temperature Apparatus

X1.6.4 Mercury Manometer calibrated in 10-mm divisions
with a distinguishing mark at 152 mm (equivalent to 20.3 kPa).

X1.6.5 Automatic Vacuum Controller’ (as shown in Fig.
X1.3 and Fig. X1.4)—A device that gradually increased the
vacuum applied to one end of the U-tube at the specified rate
of 10 mm/4S.

9 This apparatus may be shop fabricated. Details of special parts are indicated in
Figs. X1.3 and X1.4. Alternatively the apparatus can be purchased.

X1.7 Preparation of Apparatus

X1.7.1 Adjust the automatic vacuum controller as follows:
close the stopcock on the tube connecting the automatic
vacuum controller to the fluidity tester. A pinchcock on the
rubber tube will serve as well as a stopcock. Wind the thread
attached to the steel rod around the pulley on the synchronous
motor until the end of the rod is about 15 mm above the zero
level of the mercury in the control manometer. Turn on the
power switch. The thread will begin to unwind, lowering the
steel rod. When the rod contacts the mercury, the relay will
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8—6-mm heat-resistant glass tube
9—Solenoid valve
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11—Electric cord to outlet
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13—Plywood of approximately 10-mm thickness
14—Millimeter scale

15—4-L bottle

16—0.5-mm heat-resistant glass capillary
17—To vacuum line

18—Rod holder

FIG. X1.3 Assembly Automatic Vacuum Controller Apparatus

open the solenoid valve in the vacuum line and air will be
pumped from the system at a rate limited by the needle valve.
Adjust this needle valve until the descending mercury in the
control manometer just leads the rod, reducing the relay
operation to a minimum. When properly adjusted, the pulsa-
tions caused by the opening and closing of the solenoid valve
should not exceed =1 mm. In this manner the pressure in the

system will be reduced gradually at a rate governed by the
descent of the steel rod.

X1.8 Procedure

X1.8.1 Pour the sample as received into a thoroughly
cleaned and dry standard fluidity U-tube, without contacting
the upper walls of the tube, until the vertical height of the
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sample in the U-tube is 38 mm. Insert in one leg of each U-tube
an ASTM Thermometer 5C in a cork that has been grooved to
permit the passage of air. The thermometer must be placed in
the center of the tube and its bulb immersed so that the
beginning of the capillary is 3 mm below the surface of the
specimen.

X1.8.2 Fix the tube in the bath set at the specific tempera-
ture, immersed to a depth of approximately 75 mm. Control the
bath and sample temperatures within *=1°C and *=0.5°C,
respectively, of the specified temperature of the test.

X1.8.3 Maintain the sample at the specified temperature for
30 min = 30 s, with the U-tube connected to the automatic
vacuum controller, and the stopcock or pinch-clamp open.
Wind the thread on the pulley attached to the synchronous
motor. Turn the power switch to the ON position. Apply
suction automatically to the U-tube at the prescribed rate.
Observe any movement of the specimen during a one-minute
interval which is the time required to apply 152-mm Hg
vacuum to the specimen in the U-tube. Immediately disconnect
the U-tube from the automatic vacuum controller, turn off the
power switch and rewind the thread. If the specimen has

moved 2 mm or more during the time (1 min) the suction was
applied, the specimen is considered fluid at the temperature of
the test.

X1.9 Report

X1.9.1 Report the fluidity of the sample at a specified
temperature as follows:

X1.9.1.1 If the sample fulfills the conditions of flow, as
defined in X1.3.1, report fluidity: “Fluid at (temperature of
test)” or fluidity at (temperature of test): “Pass.”

X1.9.1.2 If the sample does not fulfill the conditions of flow,
as defined in X1.3.1, report fluidity: “Not fluid at (temperature
of test)” or fluidity at (temperature of test): “Fail.”

X1.10 Precision and Bias

X1.10.1 As in the case of pass-fail data, no statement is
made about either the precision or the bias of this method for
measuring the fluidity of a residual fuel specimen since the
result merely states whether there is conformance to the criteria
for success specified in the procedure.
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SUMMARY OF CHANGES

Subcommittee D02.07 has identified the location of selected changes to this standard since the last issue
(D 97-04) that may impact the use of this standard.

(I) Added Test Method D 5853 to the Scope and Referenced
Documents sections.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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qu.:[w Designation: D 6371 — 05
St/

An American National Standard

INTERNATIONAL
Standard Test Method for
. . . . . 1
Cold Filter Plugging Point of Diesel and Heating Fuels
This standard is issued under the fixed designation D 6371; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.
1. Scope*

1.1 This test method covers the determination of the cold
filter plugging point (CFPP) temperature of diesel and domes-
tic heating fuels using either manual or automated apparatus.

Note 1—This test method is technically equivalent to test methods
1P 309 and EN 116.

1.2 The manual apparatus and automated apparatus are both
suitable for referee purposes.

1.3 This test method is applicable to distillate fuels, includ-
ing those containing a flow-improving or other additive,
intended for use in diesel engines and domestic heating
installations.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific hazard
statements, see Section 7.

2. Réferenced Documents

2.1 ASTM Standards: >

D§2500 Test Method for Cloud Point of Petroleum Products

D:4057 Practice for Manual Sampling of Petroleum and
Petroleum Products

D 4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products

D 5771 Test Method for Cloud Point of Petroleum Products
(Optical Detection Stepped Cooling Method)

D 5772 Test Method for Cloud Point of Petroleum Products
(Linear Cooling Rate Method)

D 5773 Test Method for Cloud Point of Petroleum Products
(Constant Cooling Rate Method)

" This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
D02.07 on Flow Properties.

Current edition approved May 1, 2005. Published May 2005. Originally
approved in 1999. Last previous edition approved in 1999 as D 6371-99.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

E 1 Specification for ASTM Liquid-in-Glass Thermometers

2.2 IP Standards:?

IP 309 Diesel and domestic heating fuels - Determination of
cold filter plugging point

Specifications for IP Standard Thermometers

2.3 ISO Standards:*

IP 3310 Test sieves - Technical requirements and testing -
Part 1: Metal cloth

2.4 European Standards:®

EN 116 Diesel and domestic heating fuels - Determination
of cold filter plugging point

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 certified reference material, n—a stable petroleum
product with a method-specific nominal CFPP value estab-
lished by a method-specific interlaboratory study following
RR:D02-1007° guidelines or ISO Guides 34 and 35.*

3.1.2 cold filter plugging point, n—highest temperature,
expressed in multiples of 1°C, at which a given volume of fuel
fails to pass through a standardized filtration device in a
specified time when cooled under the conditions prescribed in
this test method.

4. Summary of Test Method

4.1 A specimen of the sample is cooled under specified
conditions and, at intervals of 1°C, is drawn into a pipet under
a controlled vacuum through a standardized wire mesh filter.
The procedure is repeated, as the specimen continues to cool,
for each 1°C below the first test temperature. Testing is
continued until the amount of wax crystals that have separated
out of solution is sufficient to stop or slow down the flow so
that the time taken to fill the pipet exceeds 60 s or the fuel fails
to return completely to the test jar before the fuel has cooled by
a further 1°C.

4.2 The indicated temperature at which the last filtration
was commenced is recorded as the CFPP.

3 Available from Energy Institute, 61 New Cavendish St., London, WIG 7AR,
U.K.

4 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

3 Available from European Committee for Standardization, Central Secretariat,
Rue Bréderode 2, B-1000, Brussels, Belgium.

¢ Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1007.

*A Summary of Changes section appears at the end of this standard.
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5. Significance and Use

5.1 The CFPP of a fuel is suitable for estimating the lowest
temperature at which a fuel will give trouble-free flow in
certain fuel systems.

5.2 In the case of diesel fuel used in European light duty
trucks, the results are usually close to the temperature of failure
in service except when the fuel system contains, for example,
a paper filter installed in a location exposed to the weather or
if the filter plugging temperature is more than 12°C below the
cloud point value in accordance with Test Method D 2500,
D 5771, D 5772, or D 5773. Domestic heating installations are
usually less critical and often operate satisfactorily at tempera-
tures somewhat lower than those indicated by the test results.

5.3 The difference in results obtained from the sample as
received and after heat treatment at 45°C for 30 min can be
used to investigate complaints of unsatisfactory performance
under low temperature conditions.

6. Apparatus

6.1 Manual Apparatus:

6.1.1 The apparatus, as detailed in 6.1.2-6.1.13, shall be
arranged as shown in Fig. 1.

6.1.2 Test Jar, cylindrical, of clear glass, flat bottomed, with
an internal diameter of 31.5 = 0.5 mm, a wall thickness of 1.25
*0.25 mm and a height of 120 = 5 mm. The jar shall have a
permanent mark at the 45 = 1 mL level.

Note 2—Test jars of the required dimensions may be obtained by
selection from jars conforming to Test Method D 2500, which specifies a
wider diameter tolerance.

6.1.3 Jacket, brass, watertight, cylindrical, flat bottomed, to
be used as an air bath. It shall have an inside diameter of 45
*0.25 mm, outside diameter of 48 * (0.25 mm, and a height of
115 = 3 mm (see Fig. 2).

Double eblique bore stopcock ~—‘
|
\ S
‘ id. 30 0
" 20 mi mark
Pipette. U- tube Alevent  Vacuum
: manometer ] source
? ai Additional 5 fitre g Wi Vacuum
7 vacuum reservoir i i E[} reservoir
Stopper
Supporting ring ___j| Waterlevel
Jacket
=itass = | +1
Spacer - \ ’-i.djo d g
Test jar H 1 1 N
rey !
s o
acer
P ! 1100
Codling bath i iR I
/ =
Water
Filter assembly

Insulating ring

Note—All dimensions are in millimetres, and the comma (,) is used as
the decimal point.
FIG. 1 Arrangement of Manual CFPP Apparatus
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FIG. 2 Watertight Brass Jacket

6.1.4 Insulating Ring, made from oil-resistant plastics or
other suitable material, to be placed in the bottom of the jacket
(see 6.1.3) to provide insulation for the bottom of the test jar.
It shall fit closely inside the jacket and have a thickness of 6 +
0.3 - 0.0 mm.

6.1.5 Spacers (two), approximately 5-mm thick, made of
oil-resistant plastics or other suitable material, to be placed as
shown in Fig. 1 around the test jar (see 6.1.2) to provide
insulation for the test jar from the sides of the jacket. The
spacers shall fit closely to the test jar and closely inside the
jacket. The use of incomplete rings, each with a 2-mm
circumferential gap, will accommodate variations in test jar
diameter. The spacers and insulating ring may be made as a
single part as shown in Fig. 3.

6.1.6 Supporting Ring, of oil resistant plastics or other
suitable non-metallic, non-absorbent, oil-resistant material,
used to suspend the jacket (see 6.1.3) in a stable and upright
position in the cooling bath and to provide a concentric
location for the stopper (see 6.1.7). A design is shown in Fig.
4 for guidance, but this design may be modified to suit the
cooling bath.

6.1.7 Stopper, of oil-resistant plastics or other suitable
nonmetallic, nonabsorbent, oil-resistant material, to fit the test
jar and the support ring as shown in Fig. 5. It shall have three
holes to accommodate the pipet (see 6.1.8) and the thermom-
eter (see 6.1.9) and to allow venting of the system. If necessary,
when using the high-range thermometer (see 6.1.9), the upper
part of the stopper shall have an indentation to permit the
thermometer (see 6.1.9) to be read down to a temperature of
-30°C. A pointer shall be fitted to the upper surface of the
stopper to facilitate location of the thermometer in relation to
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FIG. 3 Spacers
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Note—All dimensions are in millimetres, and the comma (,) is used as
the decimal point.
FIG. 4 Supporting Ring

the bottom of the test jar. A spring wire clip shall be used to
retain the thermometer in the correct position.

6.1.8 Pipet with Filter Unit:

6.1.8.1 Pipet, of clear glass with a calibration mark corre-
sponding to a contained volume of 20 = 0.2 mL at a point 149
* 0.5 mm from the bottom of the pipet (see Fig. 6). It shall be
connected to the filter unit (see 6.1.8.2).

6.1.8.2 Filter Unit (see Fig. 7), containing the following
elements:

285
S
o ' Il" E . /’,//, 2! 0w i
A 77
A I;_/!K 1A g
A A B2 W 474 B j
i !/mir |
= i
l AT i

‘ 2310

| 2548

80

Stainless steel
spring wire clip
to retain thermometer

Groove to permit Section A-A
reading temperature

down to -30°C

Note—All dimensions are in millimetres, and the comma (,) is used as
the decimal point.
FIG. 5 Stopper with Holes for Thermometer, Pipet, and Vent

(1) Brass Body, with a threaded cavity that houses the wire
mesh holder. The cavity shall be fitted with an O-ring of
oil-resistant plastics. The internal diameter of the central tube
shall be 4 = 0.1 mm.

(2) Brass Screw Cap, to connect the upper part of the body
of the filter unit (see 6.1.8.2) to the lower part of the pipet (see
6.1.8.1) to ensure a leak-free joint. An example of satisfactory
connection is shown in Fig. 7.

(3) Disc, 15 £ 0.1-mm diameter, of plain weave stainless
steel wire mesh gauze with a nominal aperture size of 45 um.
The nominal diameter of the wire shall be 32 um, and the
tolerance for the size of an individual aperture shall be as
follows:

No aperture size shall exceed the nominal size by more
than 22 um.

The average aperture size shall be within = 3.1 pm of the
nominal size.

Not more than 6 % of the apertures shall be above the
nominal size by more than 13 um.

(4) Filter Holder of Brass, in which the disc of wire mesh
gauze (see 6.1.8.2 (3)) is firmly clamped by a retaining ring
pressed into the filter holder. The diameter of the exposed part
of the gauze shall be 12 + 0.1 - 0.0 mm (see Fig. 8).

(5) Brass Cylinder, threaded on the outside, that can be
screwed into the cavity of the body (see 6.1.8.2 (1)) to clamp
the filter holder (see 6.1.8.2 (4)) against the O-ring (6.1.8.2
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FIG. 6 Pipet

(1)), The lower end shall have four slots to allow the specimen
to flow into the filter unit.

Note 3—The requirements for the wire mesh are taken from ISO 3310,
to which reference may be made for methods for testing the gauze.

6.1.9 Thermometers, having ranges shown below and con-
fohning to the requirements prescribed in Specification E 1 or
Specifications for IP Standard Thermometers.

E Thermometer Number

. Thermometer Temperature Range  ASTM IP

High-range for CFPP down to -38°C to +50°C 5C 1C
=30°C

Low-range from CFPP below -80°C to +20°C 6C 2C
=30°C

Cooling bath -80°C to +20°C 6C 2C

6.1.10 Cooling Bath:

6.1.10.1 The type of cooling bath is optional, but it shall be
of a shape and size suitable for containing the jacket (see 6.1.3)
in a stable and upright position at the required depth.

6.1.10.2 The bath shall be fitted with a cover with one or
more holes in it to accommodate the supporting ring (see
6.1.6). The jacket (see 6.1.3) may be permanently mounted in
the cover.

6.1.10.3 The bath temperature shall be maintained at the
required value and tolerance by a refrigeration unit or by the
use of suitable freezing mixtures, ensuring a homogenous
temperature in the bath by stirring or other means of agitation.
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Table 1 lists the bath temperature set-points required in the
CFPP procedure. If only one bath is utilized, it must have the

TABLE 1 Cooling Bath Temperatures

Required Cooling Bath Temperature(s)

Expected CFPP

-34 + 0.5°C
-34 + 0.5°C then -51 = 1°C
-84 + 0.5°C then —51 + 1°C then -67 + 2°C

Down to -20°C
Between -20°C and -35°C
Below -35°C

A
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ability to change down to the next lower set-point temperature
in a time period not exceeding 2 min 30 s.

6.1.11 Stopcock, glass, with double oblique bore of 3-mm
diameter.

6.1.12 Vacuum Source, vacuum pump or water pump pow-
erful enough to ensure an air flow rate in the vacuum regulator
of 15 = 1 L/h for the duration of the test.

6.1.13 Vacuum Regulator, consisting of a glass bottle, at
least 350-mm high, not less than 5 L capacity, partially filled
with water. It shall be closed by a stopper with three holes of
convenient diameters for glass tubes. Two tubes shall be short
and shall not go below the water level. The third tube, with an
internal diameter of 10 = 1 mm, shall be long enough for one
end to be approximately 200 mm beneath the surface of the
water while the other end reaches a few centimetres above the
stopper. The depth of the immersed part shall then be adjusted
to obtain a depression of 200 = 1 mm of water (2 = 0.05 kPa)
on the manometer, which shall contain water. A second empty
5 L bottle shall be fitted in the line to serve as a vacuum
reservoir to ensure a constant depression. The arrangement is
shown in Fig. 1.

6.1.14 Stopwatch, with a graduation or reading of 0.2 s or
lower, with an accuracy of 0.1 % over a period of 10 min.

6.2 Automated Apparatus:

6.2.1 The automated apparatus shall include elements con-
forming to 6.1.1-6.1.8, platinum resistance thermometers,
cooling bath(s), vacuum pump, and suitable electronic control
and measurement devices.

6.2.2 Cooling Bath, a refrigeration unit capable of maintain-
ing the cooling bath at the required temperature and also of
automatically changing the bath temperature within 2 min 30 s
at the appropriate stage (see 12.2.5).

6.2.3 Vacuum Pump, powerful enough to ensure an air flow
rate in the vacuum regulator of a minimum of 15 = 1 L/h, and
to maintain a constant vacuum of 200 = 1 mm (2 = 0.05 kPa)
for the duration of the test. For multi-position testers using the
same vacuum pump, the flow rate shall be checked when
several positions are operating simultaneously.

7. Reagents and Materials

7.1 Heptane, clean commercial or reagent grade.
(Warning—Flammable. Harmful if inhaled.)

7.2 Acetone, clean commercial or reagent
(Warning—Extremely flammable.)

7.3 Filter Paper, (approximately 4 to 6 um retention).

7.4 Certified Reference Materials.

grade.

8. Sampling

8.1 Unless otherwise specified in the commodity specifica-
tion, samples shall be taken as described in Practice D 4057 or
D 4177 in accordance with the requirements of national stan-
dards or regulation for the sampling of the product under test,
or both.

9. Preparation of Test Specimen

9.1 Filter approximately 50 mL of the sample (see 8.1) at
laboratory ambient temperature, but in any case not at a
temperature less than 15°C, through dry filter paper (see 7.3).
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10. Preparation of Apparatus

10.1 Prepare the manual apparatus or the automated appa-
ratus for operation in accordance with the manufacturer’s
instructions for calibrating, checking, and operating the equip-
ment. See Fig. 1 for manual apparatus.

10.2 Before each test, dismantle the filter unit (see 6.1.8.2)
and wash the pieces and the test jar (see 6.1.2), the pipet (see
6.1.8.1) and the thermometer (see 6.1.9 for manual apparatus
and 6.2 for platinum resistance used in automated equipment)
with heptane (see 7.1), then rinse with acetone (see 7.2) and
dry in a stream of filtered air. Check the cleanliness and
dryness of all elements, including the jacket (see 6.1.3).
Examine the wire mesh (see 6.1.8.2(3)) and the joints (see
6.1.8.2(1) and 6.1.8.2(2) for damage; if necessary renew them.

10.3 Check that the screw cap (see 6.1.8.2(2) is tight enough
to prevent leakage.

11. Calibration and Standardization

11.1 Adjust the automated CFPP apparatus (when used) in
accordance with the manufacturer’s instructions.

11.2 Calibrate the temperature measuring device in accor-
dance with the manufacturer’s instructions.

11.3 Periodically verify the correct functioning of manual
and automated apparatus using a certified reference material or
in-house secondary reference material, such as fuel of known
CFPP value.

Note 4—It is preferable that verification be carried out at least two
times a year, where possible, using certified reference materials. The
apparatus should be checked more frequently (for example, weekly) using
a secondary verification material.

11.4 When the CFPP values obtained using a verification
material deviate by more than the test repeatability (see 15.2),
or an unacceptable statistical quality control bias is observed,
check the condition and operation of the apparatus to ensure
conformity with the specification as stated in this test method.
The manufacturer’s instruction manual should provide guid-
ance on ensuring that the apparatus is correctly set up and
calibrated.

12. Procedure

12.1 Manual Apparatus:

12.1.1 Establish the cooling bath temperature at —34
0.5°C

12.1.2 Place the insulating ring (see 6.1.4) on the bottom of
the jacket (see 6.1.3). If spacers (see 6.1.5) are not mounted on
the insulating ring (see 6.1.4), position them approximately 15
and 75 mm above the bottom of the test jar (see 6.1.2).

12.1.3 Pour the filtered specimen (see Section 9) into the
clean and dry test jar to the mark (45 mL).

12.1.4 Close the test jar with the stopper (see 6.1.7) carrying
the pipet with filter unit (see 6.1.8) and the appropriate
thermometer (see 6.1.9). Use a low-range thermometer if the
expected CFPP is below —30°C. Thermometers shall not be
changed during the test. Adjust the apparatus in such a way that
the bottom of the filter unit (see 6.1.8.2(5)) rests on the bottom
of the test jar, and position the thermometer so that its lower
end is 1.5 = 0.2 mm above the bottom of the test jar. Take care
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to ensure that no part of the thermometer is not in contact with
the side of the test jar or the filter body.

Note 5—The precise positioning of the thermometer in the test jar is a
critical parameter of this test method. The position of the lower end of the
thermometer above the bottom of the test jar can be indirectly measured
by marking the stem of the thermometer flush with the stopper (see 6.1.7)
when the lower end of the thermometer is just touching the bottom of the
test jar, and then pulling the thermometer up such that the reference line
is 1.5 = 0.2 mm above the top of the stopper.

12.1.5 If the jacket is not an integral part of the cooling bath,
place the jacket vertically to a depth of 85 = 2 mm in the
cooling bath (see 6.1.10), which is maintained at the tempera-
ture of —34 = 0.5°C.

12.1.6 Insert the test jar assembly in a stable vertical
position into the jacket.

12.1.7 With the stopcock (see 6.1.11) open to atmosphere,
connect the pipet to the vacuum system (see 6.1.12 and 6.1.13)
by means of flexible tubing attached to the stopcock (see Fig.
1). Switch on the vacuum source and regulate to ensure an air
flow rate of 15 L/h in the vacuum regulator (see 6.1.13). Before
starting a test, check that the U-tube manometer indicates a 200
* 1 mm of water depression (2 = 0.05 kPa).

12.1.8 Start the test immediately after inserting the test jar
assembly into the jacket, but if the cloud point of the sample is
known, it is permitted to wait until the specimen has cooled to
a temperature of not less than 5°C above its cloud point.

12.1.9 When the specimen temperature reaches a suitable
integer value, turn the stopcock (see 6.1.11) so that the filter
assembly is connected to the vacuum source, causing the
specimen to be drawn through the wire mesh into the pipet;
simultaneously start the stopwatch.

12.1.10 When the specimen reaches the mark on the pipet,
stop the stopwatch and turn the stopcock to its initial position
to vent the pipet and so allow the specimen to return to the test
jar.

12.1.11 If the time taken to reach the mark exceeds 60 s on
the first filtration, abandon the test and repeat it on a fresh
portion, starting at a higher temperature.

12.1.12 Repeat the operations (see 12.1.9 to 12.1.10) for
each 1°C decrease of the specimen temperature until the
temperature is reached at which the pipet is not filled to the 20
mL mark within 60 s. Record the temperature at which this last
filtration was commenced as CFPP (see Section 13).

Note 6—A small minority of samples may exhibit anomalous aspira-
tion behavior, which can be detected by examining the observed aspiration
times. This behavior is marked by an unexpected reduction in the time
taken to fill the pipet, after which aspiration time again continues to
increase progressively, until the failure limit of 60 s is reached.

12.1.13 If the filter has not plugged when the temperature of
the specimen reaches —20°C, continue the test by using a
second cooling bath maintained at —51 * 1°C, quickly trans-
ferring the test jar and filtration assembly to a new jacket
placed on the second cooling bath. Alternatively, for single
bath apparatus, adjust the refrigeration unit to =51 = 1°C. The
new temperature must be reached within 2 min 30 s of the
adjustment. Repeat the operations 12.1.9 to 12.1.10 to each
1°C decrease of the specimen temperature.

12.1.14 If the filter has not plugged when the temperature of
the specimen reaches —35°C, continue the test by using a third
cooling bath maintained at —-67 * 2°C by quickly transferring
the test jar and filtration assembly to a new jacket placed on the
second cooling bath. Alternatively, for single bath apparatus,
adjust the refrigeration unit to —67 = 2°C. The new tempera-
ture must be reached within 2 min 30 s of the adjustment.
Repeat the operations 12.1.9 to 12.1.10 at each 1°C decrease of
the specimen temperature.

12.1.15 If the filter has not plugged when the temperature of
the specimen reaches —51°C, discontinue the test (see Section
13).

12.1.16 If, after cooling in accordance with 12.1.12,
12.1.13, and 12.1.14, the specimen fills the pipet to the mark in
less than 60 s, but does not flow back completely into the test
jar when the pipet is vented to atmosphere through the
stopcock (see 6.1.11) before the start of the next aspiration,
record the temperature at the commencement of the filtration as
the CFPP (see Section 13).

12.2 Automated Apparatus:

12.2.1 Check that the cooling bath is operating and has
reached the temperature required as specified in the manufac-
turer’s instructions.

12.2.2 Pour the filtered specimen (see Section 9) into the
clean and dry test jar to the 45 mL mark.

12.2.3 Close the test jar with the stopper (see 6.1.7) carrying
the pipet with filter unit (see 6.1.8) and the platinum resistance
thermometer. Adjust the apparatus in such a way that the
bottom of the filter unit (see 6.1.8.2(5)) rests on the bottom of
the test jar, and position the thermometer so that its lower end
is 1.5 = 0.2 mm above the bottom of the test jar. Take care to
ensure that no part of the thermometer is in contact with the
side of the test jar or the filter body.

Note 7—The precise positioning of the thermometer in the test jar is a
critical parameter of this test method. The position of the lower end of the
thermometer above the bottom of the test jar can be indirectly measured
by marking the stem of the thermometer flush with the stopper (see 6.1.7)
when the lower end of the thermometer is just touching the bottom of the
test jar, and then pulling the thermometer up such that the reference line
is 1.5 = 0.2 mm above the top of the stopper.

12.2.4 If necessary, reconnect the pipet to the vacuum
system. Switch on the vacuum source and regulate to ensure an
air flow rate of 15 L/h in the vacuum regulator. Check that the
U-tube manometer (if used) indicates a 200 = 1 mm depres-
sion (2 = 0.05 kPa) or that the electronic vacuum regulator
indicates a pressure of 2 £ 0.05 kPa.

12.2.5 Press the start button immediately after insertion of
the test jar assembly. If the cloud point is known, aspiration of
the specimen through the filter may be set to start when it has
cooled to a temperature not less than 5°C above the cloud
point. The apparatus will carry out the test procedure filtering
the specimen at each 1°C decrease if temperature and measur-
ing the filtering time. If the time to reach the 20 mL mark
exceeds 60 s on the first filtration, the test is to be abandoned
and repeated on a fresh specimen starting at a higher tempera-
ture. The apparatus will record the first temperature at which
the specimen fails to reach the 20 mL mark in less than 60 s or
fails to flow back into the test jar when the vacuum is cut off
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as CFPP (see Section 13). The test will be discontinued if the
specimen reaches —51°C without plugging (see Section 13).
During the procedure, the apparatus will automatically change
the cooling bath temperature as indicated below.

- Bath Temperature
Start of test

-34 + 0.5°C
When (if) specimen reaches —20°C -51 + 1°C
When (if) specimen reaches —35°C -67 = 2°C

Note 8—A small minority of samples may exhibit anomalous aspira-
tion behavior, which can be detected by examining the aspiration times
recorded in the test printout for signs of an unexpected reduction in the
time taken to fill the pipet, after which aspiration time again continues to
increase progressively until the failure limit of 60 s is reached.

12.2.6 If the automated CFPP apparatus used does not
incorporate a lower light sensor, it shall only be used if the test
sequence is observed as in the manual procedure (see 12.1.16),
so that any fuels not flowing back into the test jar as described
are detected and reported accordingly.

13. Report

13.1 Report the temperature read or indicated at the begin-
ning of the last filtration to the nearest 1°C (see 12.1.12,
12.1.16, and 12.2.5) as the CFPP.

13.2 If the specimen has reached —51°C without plugging
(see 12.1.15 and 12.2.5) report as “Not plugged at —51°C.”

13.3 The report shall contain at least the following informa-
tion:

13.3.1 The type and identification of the product under test;

13.3.2 A reference to this test method;

13.3.3 The sampling procedure used (see Section 8);

13.3.4 The result of the test (13.1 or 13.2);

13.3.5 Any deviation from the procedure described (see
Note 6 and Note 8); and

13.3.6 the date of the test.

14. Precision and Bias

14.1 The precision of this procedure as determined by the
statistical examination of the interlaboratory test results is as
follows:

14.2 Repeatability—The difference between results ob-
tained on the same day by the same operator with the same
apparatus under constant operating conditions on identical test
material, would in the long run, with normal and correct
operation of the test method, exceed 1.76°C only in one case in
twenty.

14.3 Reproducibility—The difference between two single
and independent results obtained by different operators work-
ing in different laboratories on identical test material, would in
the long run, in the normal and correct operation of the test
method, exceed the values indicated by the formula:

0.102 (25-X)°C

where: X is the average of the two results being compared,

only in one case in twenty.

Note 9—The interlaboratory test program used to determine the
precision of this test method was carried out in 1988 by the IP. The
program involved 46 laboratories and 5 samples, ranging in CFPP values
from 0°C to —33°C. Extrapolations to measurements more than a few
degrees outside this range are unsupported by the data. The raw data from
the 1988 program was reanalyzed in 1997 using the ASTM D2PP
program. The report of the reevaluation is available from ASTM Head-
quarters.”

14.4 Bias—The procedure in this test method has no bias
because the value of CFPP can be defined only in terms of a
test method.

14.5 Relative Bias—The current interlaboratory tests con-
firm that there is no relative bias between the manual and
automated apparatuses. Both apparatuses are suitable for ref-
erence purposes.

15. Keywords

15.1 automated cold filter plugging point; cold filter plug-
ging point (CFPP); diesel; domestic heating fuels; filterability;
manual cold filter plugging point

7 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1452.
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[‘IM’) Designation: D 664 — 04 <*

An American National Standard
British Standard 4457

—yil?
INTERNATIONAL
IPW Designation 177/96
Standard Test Method for
Acid Number of Petroleum Products by Potentiometric
Titration *
This standard is issued under the fixed designation D 664; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.
€' Nore—VariableC in mwas corrected editorially in September 2004.
1. S¢ope* 1.3 The values stated in Sl units are to be regarded as the
1.1 This test|method coverg procedures for the determinastandard. The values given in parentheses are for information
tion gf acidic copstituents in pefroleum products and lubricant®nly- )
soluble or nearly soluble in mitures of toluene and propan-2- 1.4 This standard does not purport to address all of the
ol. Iff is applichble for the determination of acids whoseSafety concerns, if any, associated with its use. It is the
dissdciation comstants in watel are larger thaif;xtremely ~ responsibility of the user of this standard to establish appro-
weal acids whose dissociatior] constants are smaller thdn 1dPriate safety and health practices and determine the applica-
do npt interferd. Salts react iff their hydrolysis constants ardility of regulatory limitations prior to use.
largef than 10.| The range of pcid numbers included in the
1. . 2. Referenced Documents
precigion staterent is 0.1 mg/g KOH to 150 mg/g KOH.
2.1 ASTM Standards:
NoTE 1—_Irj new|and u;e_d oils, the constitgents that may be qonsidered D 974 Test Method for Acid and Base Number by Color-
to hayje acidic chdracteristics includg organic and inorganic acids, esters, ; et
X i Indicator Titration
phendlic compounds, lactones, regins, salts of heavy metals, salts of D 1193 S ification for R t Wat
ammgdnia and othgr weak bases, acifl salts of polybasic acids, and addition pecilication tor gagen ater
agentp such as inhibitors and detergents. D 3339 Test Method for Acid Number of Petroleum Prod-
1.4 The test| method may|be used to indicate relative ucts by Semi-Micro Color Indicator Titration
’ e ay e o D 4057 Practice for Manual Sampling of Petroleum and
chanpes that odcur in oil during use under oxidizing conditions Petrol Prod
regaldless of thje color or othef properties of the resulting oil etroleum 1o ucts . .
; ) . .o 2 70 D 4177 Practice for Automatic Sampling of Petroleum and
Althgugh the ftration is made under definite equilibrium
: 1 . Petroleum Products
condjtions, the[test method i not intended to measure an
abso|ute acidic| property that fan be used to predict perfor3. Terminology
mange of oil unfer service conditions. No general relationship T
betwken beari ) 4 acid ber is Kk 3.1 Definitions:
elwpen bearing corrosion ant acid nUmMber s known. 3.1.1 acid number n—the quantity of base, expressed as
Notg 2—The acjd number obtained by this standard may or may not bemilligrams of potassium hydroxide per gram of sample, re-
numefically the sgme as that obtairjed in accordance with Test Methodsuired to titrate a sample in a specified solvent to a specified

D974 and D 3339. There has not been any attempt to correlate thigng point.

method with other non-titration methods.

1 This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommitte

D02.06 on Analysis of Lubricants.
Current edition approved Feb. 1, 2004. Published March 2004. Originaly

approved in 1942. Last previous edition approved in 2001 as D 664-01.

3.1.1.1 Discussior—This test method expresses the quantity
of base as milligrams of potassium hydroxide per gram of
sample, that is required to titrate a sample in a mixture of
{oluene and propan-2-ol to which a small amount of water has

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

This test method was adopted as a joint ASTM-IP standard in 1964. ASTM Testontact ASTM Customer Service at service@astm.org.Afoual Book of ASTM
Method D 4739 has been developed as an alternative to the base number portion$tandards/olume information, refer to the standard’s Document Summary page on

D 664.

the ASTM website.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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been added from its initial meter reading in millivolts to a so that no permanent change in the meter readings over the

meter reading in millivolts corresponding to an aqueous basientire operating range is produced by touching, with a

buffer solution or a well-defined inflection point as specified ingrounded lead, any part of the exposed surface of the glass

the test method. electrode, the glass electrode lead, the titration stand, or the
3.1.1.2 Discussior—This test method provides additional meter.

mform"fmon' The quantlty of base, expressed aTQ‘ m'”'gr‘f"ms of NoTte 3—A suitable apparatus could consist of a continuous-reading
potassmm hydroxide per g_ram ,O.f sample, reqplrgd tO. t'_trate Blectronic voltmeter designed to operate on an input of less thai & 12
sample in the solvent from its initial meter reading in millivolts A when an electrode system having 100@Mesistance is connected
to a meter reading in millivolts corresponding to a freshlyacross the meter terminals and provided with a metal shield connected to
prepared aqueous acidic buffer solution or a well-definedhe ground, as well as a satisfactory terminal to connect the shielded
inflection point as specified in the test method shall be reportegonnection wire from the glas_s e_Iectrode to the meter without interference
as thestrong acid number. from any external electrostatic field.

3.1.1.3 Discussior—The causes and effects of the so-called 6.1.2 Sensing ElectrodeStandard pH, suitable for non-
strong acids and the causes and effects of the other acids can@gueous titrations.
very significantly different. Therefore, the user of this test 6.1.3 Reference ElectrodeSilver/Silver Chloride (Ag/
method shall differentiate and report the two, when they aré\dCl) Reference Electrode, filled with 1M-3M LiCl in etha-

found. nol.
6.1.3.1 Combination Electrodes-Sensing electrodes may
4. Summary of Test Method have the Ag/AgCl reference electrode built into the same

4.1 The sample is dissolved in a mixture of toluene ancflectrode body, which offers the convenience of working with
propan-2-ol containing a small amount of water and titrateoand maintaining only one electrode. The combination electrode

potentiometrically with alcoholic potassium hydroxide using ashaII have a sleeve junction on the reference compartment and

glass indicating electrode and a reference electrode or %_hall use an inert ethanol electrolyte, for example, 1M-3M

combination electrode. The meter readings are plotted manL'r-'Cl in ethanol. These combination electrodes shall have the
ally or automatically against the respective volumes of titratin ame response or better response than a dual eIecFroc_je system.
solution and the end points are taken only at well-defined heY. shall have removable sleeves for easy rinsing and
inflections in the resulting curve. When no definite inﬂectionsaddltlon of electrolyte.

are obtained and for used oils, end points are taken at meterNore 4—A third electrode, such as a platinum electrode, may be used
readings corresponding to those found for aqueous acidic artd increase the electrode stability in certain systems.

basic buffer solutions. 6.1.4 Variable-Speed Mechanical Stirrea suitable type,
equipped with a propeller-type stirring paddle. The rate of
5. Significance and Use stirring shall be sufficient to produce vigorous agitation without

5.1 New and used petroleum products may contain acidigpattering and without stirring air into the solution. A propeller

constituents that are present as additives or as degradati¥fith blades 6 mm in radius and set at a pitch of 30 to 45° is
products formed during service, such as oxidation productssatisfactory. A magnetic stirrer is also satisfactory.
The relative amount of these materials can be determined by 6.1.4.1 If an electrical stirring apparatus is used, it shall be
titrating with bases. The acid number is a measure of thi€lectrically correct and grounded so that connecting or discon-
amount of acidic substance in the oil, always under theecting the power to the motor will not produce a permanent
conditions of the test. The acid number is used as a guide in tHéhange in the meter reading during the course of the titration.
quality control of lubricating oil formulations. It is also  6.1.5 Burette 10-mL capacity, graduated in 0.05-mL divi-

sometimes used as a measure of lubricant degradation Fions and calibrated with an accuracy 0f0.02 mL. The
service. Any Condemning limits must be empirica"y estab_burette shall have a tip that extends 100 to 130 mm beyond the

lished. stopcock and shall be able to deliver titrant directly into the
5.2 Since a variety of oxidation products contribute to thetitration vessel without exposure to the surrounding air or

acid number and the organic acids vary widely in corrosiorvapors. The burette for KOH shall have a guard tube containing

properties, the test method cannot be used to predict corrosivéoda lime or other CQabsorbing substance.

ness of oil under service conditions. No general correlation is 6.1.6 Titration Beaker 250 mL capacity, made of borosili-

known between acid number and the corrosive tendency of cil§ate glass or other suitable material.
toward metals. 6.1.7 Titration Stand suitable for supporting the electrodes,

stirrer, and burette.

6. Apparatus Note 5—An arrangement that allows the removal of the beaker without
6.1 Manual Titration Apparatus disturbing the electrodes and stirrer is desirable.
6.1.1 Meter, a voltmeter or a potentiometer that will operate 6.2 Automatic Titration Apparatus

with an accuracy of£0.005 V and a sensitivity 0f£0.002 V 6.2.1 Automatic titration systems shall be able to carry out

over a range of at least0.5 V when the meter is used with the the necessary analyses as prescribed in the method. As a
electrodes specified [8.1.3and6.1.3and when the resistance minimum, the automatic titration system shall meet the perfor-
between the electrodes falls within the range from 0.2 to 2Gnance and specification requirements Iiste as war-

M. The meter shall be protected from stray electrostatic fieldsanted.
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6.2.2 A dynamic mode of titrant addition shall be used.tration changes of 0.0005 by potentiometric titration of ap-
During the titration, the speed and volume of the addition shalproximately 8 mL (accurately measured) of the 0.1-mol/L
vary depending on the rate of change of the system. Thalcoholic KOH solution diluted with 125 mL of Cffree

recommended maximum volume increme

recommended minimum volume increment is 0.05 mL.

7. Reagents

all reagents shall conform to the specifications of the commit- |
tee on Analytical Reagents of the American Chemical Society{0.1 mol//L). (Warning

nt is 0.5 mL and thevater.

Solutions—These solutions shall be replaced

7.12 Commercial Aqueous pH 4, pH 7 and pH 11 Buffer

at regular inter-

vals consistent with their stability or when contamination is

7.1 Purity of Reagents-Reagent grade chemicals shall be suspected. Information relating to their stability should be
used in all tests. Unless otherwise indicated, it is intended tha@btained from the manufacturer.

7.13 Potassium Hydroxide Solution, Standard Alcoholic

—Seefr.d and[7.d) Add 6 g of

where such specifications are availab®ther grades may be Potassium hydroxide (KOH) to approximately 1 L of propan-
used, provided it is first ascertained that the reagent is of-0l. Boil gently for 10 min to effect solution. Allow the
sufficiently high purity to permit its use without lessening the solution to stand for two days and then filter the supernatant
liquid through a fine sintered-glass funnel. Store the solution in
7.1.1 Commercially available solutions may be used ind chemically resistant bottle. Dispense in a manner such that

place of laboratory preparations provided the solutions havée solution is protected from atmospheric carbon dioxide
(CO,) by means of a guard tube containing soda lime or soda

7.1.2 Alternate volumes of the solutions may be preparedjon-fibrous silicate absorbents and such that it does not come

accuracy of the determination.

been certified as being equivalent.

provided the final solution concentration is equivalent.

into contact with cork, rubber, or saponifiable stopcock grease.

7.2 Purity of Water—Unless otherwise indicated, references Standardize frequently enough to detect concentration changes
to water shall be understood to mean reagent water at least @t 0-0005 by potentiometric titration of weighed quantities of

the level of Type IIl of Specification D 11

7.3 Ethano| (Warning—Flammable an
when denatured.)

7.4 Hydrochloric Acid (HCI—Relativj
(Warning—Corrosive, causes burns.)

7.5 Lithium Chloride LIiCl.

7.6 Lithium Chloride Electrolyte Prepar
tion of lithium chloride (LiCl) in ethanol.

7.7 Methano| (Warning—Flammable.
lowed.)

7.8 Potassium Hydroxide (Warning
burns.)

7.9 Propan-2-ol, Anhydrous (less th
(Warning—Flammable.) If adequately dry
procured, it can be dried by distillation thrg

column, discarding the first 5 % of materigl distilling overhea

and using the 95 % remaining. Drying (
plished using molecular sieves such as
passing the solvent upward through a mg
using one part of molecular sieve per ten

Note 6—It has been reported that, if not origin
propan-2-ol can contain peroxides. When this
possible when the storage of the vessel or oth
dispensing bottle, is near empty and approachin

7.10 Toluene (Warning—Flammable.)

7.11 Hydrochloric Acid Solution, Stand
mol/L). (\Narning—SeeIﬂan.) Mix 9 n
ric (HCI, relative density 1.19) acid with
propan-2-ol. Standardize frequently enou

3Reagent Chemicals, American Chemical Societ
Chemical Society, Washington, DC. For suggestions o
listed by the American Chemical Society, sdanual Std
Chemicals,BDH Ltd., Poole, Dorset, U.K., and thdniteq

3.

toxic, especially _
5 mL of anhydrous propan-2-ol and mix well.

of toluene. Warning—Flammable.) The tit
should be made up in large quantities, and
determined daily by titration prior to use.

7.15 Chloroform (Warning—Flammable. H
terial.)

e density 1.19.

b a 1M-3M solu-

Toxic if swal- g Ejocirode System

8.1 Preparation of Electrodes

8.1.1 When a Ag/AgCI reference electrode

an 0.1% D). ti'Frati_on and it contains an electrolyte Which
reagent cannot be-ICl in ethanol, replace the electrolyte. Drair

ugh a multiple plate : i )

gwater and then rinse with ethanol. Rinse seve

LiCl electrolyte solution. Finally, replace the sl

-Causes severe

an also be accom

fefitting the sleeve ensure that there will bg
electrolyte into the system. A combination el
prepared in the same manner. The electrolyte
lly inhibited against it, electrode can be removed with the aid of a j
peeurs, an explosion is g 5 Tagting of Electrodes Test the meter-elg
er equipment such ®rfation when first put into use, or when ney
h dryness. . - .

installed, and retest at intervals thereafter. Rin
) with solvent then with water. Dip them into 4
ard Alcohali@.1 b fter solution. Read the mV value after stirr
nL of hydrochlo-  pemove the electrodes and rinse with water. [
1 L of anhydrous iyt a pH 7 aqueous buffer. Read the mV va
gh to detect concejne minute. Calculate the mV difference. A

lecular sieve colum
parts of solvent.

potassium acid phthalate dissolved in Sitee Water.
7.14 Titration Solvert—Add 5 + 0.2 mL of water to 495+

dd 5606 mL
ation solvent
its blank value

pzardous ma-

is used for the
is not 1M-3M
the electrolyte

from the electrode, wash away all the salt (if present) with

Fal times with the
peve and fill the

Linde Type 4A, b)?lectrode with the LiCl electrolyte to the fillipg hole. When

a free flow of
bctrode shall be
in a combination
Acuum suction.
ctrode combi-

electrodes are
se the electrodes
pH 4 aqueous
ng one minute.
Dip the electrodes
ue after stirring

system will have a difference of at least 158

Specificatiomerican ~ electrode and insure electrolyte flow. Rep
ndards for Laboratory

States Pharmacopeia replace the electrode(s).

and National FormularylJ.S. Pharmacopeial Conventior

Inc. (USPC). Rackville.  8-2.1 When the sensing electrode and th

good electrode
V (20 to 25°C).

If the difference is less than 158 mV, lift th¢ sleeve of the

t the measure-

the testing of reagents nphents. If the difference is still less than 158 mV, clean or

reference elec-

MD.

trode are separate, one pair of electrodes shall be considered as
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one unit. If one or the other is changed, it shall be considered0. Preparation of Sample of Used Oil

as different pair and shall be re-tested.

8.3 Maintenance and

Storage of Electrode€leaning the

10.1 Strict observance of the sampling procedure is neces-
sary since the sediment itself is acidic or basic or has absorbed

electrodes thoroughly, keeping the ground-glass joint free ohcidic or basic material from the sample. Failure to obtain a
foreign materials, and regular testing of the electrodes are vemgpresentative sample causes serious errors.

important in obtaining rdg

peatable potentials, since contamina- 10.1.1 When applicable, refer to Practice D 4

tion may introduce unc
contact potentials. Whilg
end points are chosen
curve, it may be quite §
arbitrarily fixed cell pote]

8.3.1 Clean the glass
use and type of samplg
every week during co
chromium containing, d
The reference electrode
use or when a new ele
electrode at least once 4
electrolyte as far as the
bubbles in the electrod
hold the electrode in a
release the bubbles. N

reference electrode abgve that of the liquid in the titratio

beaker or vessel at all t

8.3.2 Prior to each tit
water (pH 4.5 to 5.5)
electrodes with propan-
with the titration solvent]

8.3.3 When not in U
reference electrode in 1
trode is used, store it in
to a pH of 4.5 to 5.5.
immersed in titration sol
between titrations. Whi
fragile, handle them car|

prtain erratic and unnoticeable TiquidSampling) or Practice D 41
this is of secondary importance wheproper sampling techniques.
from inflection points in the titration 10.1.2 When sampling use

htials. contamination from external s
electrode at frequent intervals based ON\or
s being analyzed (not less than ongg,,
ptinual use) by immersing in NON-dates of sampling and testing.
trongly oxidizing cleaning solution.
shall be cleaned periodically when im the original container and a
trode is installed. Drain the referencﬁomogeneously suspended in
ach week and refill with the fresh LiC‘Jjl can or if it is glass and more
illing hole. Ensure that there are no aj "o vire sample to a clear-g
b liquid. If air bubbles are observedl,east one third greater than the
vertical position and gently tap it to

haintain th lectrolvie | Lin th all traces of sediment from thd
aintain ‘the €electrolyte Ievel in y vigorous agitation of portio

Ncontainer.

£ 9—As used oil can change

mes.
ation soak the prepared electrodes in Note 10—When samples are vi
for at least 5 minutes. Rinse theprocedure described can be omitte
P-0l immediately before use, and then 10.3 After complete susper
sample or a convenient aliquo
se, immerse the lower half of thefémoval of large contaminatin
iCl electrolyte. When f[h.e. glas_s elec- Nore 11—When samples are vi
vater that has been acidified with HCprocedure described can be omitte
Do not allow electrodes to remain )

ent for any appreciable period of timel1- Procedure for Acid Numk
e the electrodes are not extremely ~Number

pfully at all times. 11.1 Into a 250-mL beake

months depending, upon u

Note 7—Electrode Life—T%picaIIy, electrode usage is limited to 3 to 6 Table

shall be tested before use ( .

introduce a_weighed quantity
(se and add 1

ote 1J. Prepare the electrog

e. Electrodes have a limited shelf life al

erious when end points are chosen @k representative of the systg

as possible after removal frory

H lubricants, the s

purces.

10.2 Heat the sample (s|eE)te l(b of used oil to
pitate until all of thg

the oil. If the origin

e volume of the sal

sibly free of sedime
0.

t through a 100-m
g particles.

ibly free of sedimen
d.

er and Strong Aci

or a suitable titr
of sample as rec

es as directe

/7 (Automatic S3

m sampled and 9

hppreciably in storage
h the lubricating systq

than three-fourths
lass bottle having

e original containef
ns of the sample in the original

sion of all sedime

25 mL of titration 4§

057 (Manual
mpling) for

pecimen shall
hall be free of

test samples as
m; and note the

60+ 5°C

e sediment is

Al container is
full, transfer

a capacity at
mple. Transfer
to the bottle

nt, the heating

nt, strain the
esh screen for

, the straining

o

ation vessel,
bmmended in
olvent (see
Place the

9. Standardization of Apparatus

9.1 Determination of

Buffer Solutions-To ensure comparable selection of end

points when definite infl

beaker ortitratiomr vesset o the titratiomr stand

Meter Readings for the Aqueous

ection points are not obtained in the

tion.

and adjust its

position so that the electrodes are about half immersed. Start
the stirrer, and stir throughout the determination at a rate
sufficient to produce vigorous agitation without spattering and

without stirring air into the solu

titration curve, determine daily, for each electrode pair, the Note 12—If it suspected that the recommended sample size will foul

meter readings obtained with aqueous acidic and basic buffdipe electrodes, a smaller sample size can be taken. Results using smaller
sample size may not be equivalent to results obtained with the recom-

mended sample size. The precision statement does not include results

solutions.

Note 8—The response of

activity is not the same. Therefore, it is necessary to establish regularly for

each electrode system the
solutions arbitrarily selected

9.2 Immerse the electrodes in the pH 4 and the pH 1%

different glass electrodes to hydrogen iofhe€n using a smaller sample size.

meter readings corresponding to the buffer
to represent acidic or basic end points.

TABLE 1 Recommended S

ize of Test Portion

Note 13—A titration solvent that contains chlorofornwérning—

Mass of Test

Portion, Accuracy of

Weighing,

aqueous buffers and stir each of them for approximately 5 min, ~ Acid Number g g
maintaining the temperature of the buffer solution at a tem-— =~ 7, 200 = 2.0 0.10
perature within 2°C of that at which the titrations are to be 1.0-<50 50+05 0.02
made. Read the cell voltage for each of them. The readings so 5-<20 10=01 0.005
. . . . . . 20 - < 100 0.25 = 0.02 0.001
obtained are taken as the end points in titration curves having 150 _ < 260 01+ 0.01 0.0005

no inflection points.
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May be fatal if swallowed. Harmful if inhaled. May produce toxic vapors  11.4.4 The titration can be terminated when the signal
if burned) can be used in place of toluene to completely dissolve certaipagches the pH 11 buffer potential past 200 mV. An equivalence
heavy residues of asphaltic materials. Results using chloroform may naqt . . . : . . P s

be equivalent to results obtained using toluene. The precision stateme?#pmt IS reconZE_lble if the TlrSt ,derllvat_“_/e of the _tltratlon curve
does not include results when using chloroform. produces a maximum, which is significantly higher than the

, o noise produced by electrostatic effects. See
11.2 Select the right burette, fill with the 0.1-mol/L alco-

holic KOH solution, and place the burette in position on the 11.4.5 On completion of the titration, rinse the electrodes

titration assembly, ensuring that the tip is immersed about 28"d burétte tip with the titration solvent, then with propan-2-ol,
mm in titration vessel liquid. Record the initial burette and and finally with reagent grade water. Immerse the electrodes in
meter (cell potential) readings. water for at least 5 min before starting another titration to

11.3 Manual Titration Method restore the aqueous gel layer of the glass electrode. Rinse the

11.3.1 Add suitable small portions of 0.1-mol/L alcoholic €/€ctrodes with propan-2-ol and finally with the ftitration
KOH solution and wait until a constant potential has beersCIVent prior to running the next sample. If electrodes are
established, record the burette and meter readings. found dirty and contaminated, proceed afgid Store elec-

11.3.2 At the start of the titration and in any subsequentrodes according .33

reQIO_nS (|nfle_ct|ons) where 0.1 mL of the 0.1-mol/lL KOH Note 14—When acid numbers about or below 0.1 are expected, better
SOlu,t'on consistently _pmduces a total change of more than 3Qrecision can be obtained by modifying the method in one or more ways,
mV in the cell potential, add 0.05-mL portions. such as by substituting a 0.01 or 0.05 M alcoholic KOH solution;

11.3.3 In the intermediate regions (plateau) where 0.1 mL ofncreasing the sample size above 20 g; or switching from a manual
0.1-mol/L alcoholic KOH changes the cell potential less tharoperated burette (that is, graduated in 0.05 mL divisions) to an automated
30 mV, add |arger portions sufficient to produce a totalburette that can dispense smaller increments of the KOH solution, if
potential change approximately equal to, but not greater thagamples are being analyzed by manual titration.

30 mV. 11.5 Blanks

11.3.4 Titrate in this manner until the potential changes less
than 5 mV/0.1 mL of KOH and the cell potential indicates that.. 11.'5'1 For each set of samples .and.for every new batch of
titration solvent, perform a blank titration of 125 mL of the

the solution is more ba§|c than the a.1queo.us basic buffer. solvent. For manual titration, add 0.1-mol/L alcoholic KOH
11.3.5 Remove the titration solution, rinse the electrodes

L oo . Solution in 0.01 to 0.05-mL increments, waiting between each

and burette tip with the titration solvent, then with propan-2-ol”" " . . .
and finally with reagent grade water. Immerse the electrodes iﬁdd't'on until a gonstant cell potential is reached. Record the
water for at least 5 min before starting another titration tometer- and readings when th,e f-orm.er becomes constant after
restore the aqueous gel layer of the glass electrode. After 5 mf2ch increment. For automatic titration, use the same mode of
in the water, rinse the electrodes with propan-2-ol then thditration as for the determination of the acidic property of the
titration solvent before proceeding to the next titration. If theSample but use smaller increments of titrant addition, 0.01 to
electrodes are found to be dirty and contaminated, proceed &05-mL. Recheck the blank periodically based on the sample
in[8.] Store electrodes according[83.3 load.

11.4 Automatic Titration Method 11.5.2 When strong acids are present and a strong acid

11.4.1 Adjust the apparatus in accordance with the manuaumber is to be determined, perform a blank titration of 125
facturer’'s instructions to provide a dynamic mode of titrantmL of the titration solvent, adding 0.1 mol/L alcoholic HCI
addition. solution in 0.01 to 0.05-mL increments in a manner compa-

11.4.2 Verify that the instrument will determine the amountrable to that specified fi1.5.}
of strong acid when the initial mV of the test sample, relative
to the mV reading of the aqueous acidic buffer, indicates thel2. Calculation
presence of such acids. Record the volume of KOH added to 12.1 Manual Titration—Plot the volumes of the 0.1-mol/L

reach the mV of the pH 4 aqueous buffer. This value is used toI holic KOH soluti dded inst th di ;
calculate the strong acid number. Proceed with the automatf@'c0No"c Solution added against the corresponding meter

titration and record potentiometric curves or derivative curved€2dings (S' Mark as an end point only a well-defined
as the case may be. inflection point (se that is closest to the cell voltage

11.4.3 Titrate with the 0.1-mol/L alcoholic KOH solution. corresponding to that obtained with the aqueous acidic or basic

The apparatus shall be adjusted or programmed such th Quffer. If inflections are ill defined or no inflection appears (s_,ee
when an inflection point, suitable for use in the calculation ih Curve B), mark the end point at the meter reading
approached, the rate of addition of titrant and volume of titran€orresponding to that obtained with the appropriate aqueous
added are based on the change in slope of the titration curvBuffer.

The titrant shall be added in increments of a suitable size to . . o ) _ _

. . . . Note 15—One inflection point is generally recognizable by inspection
achieve a potential difference of 5 to 15 mV per InCI’ementwhenever several successive 0.05-mL increments each produce a cell
Increment volume shall vary between 0.05 and 0.5 mL. The,yiential change greater than 15 mV at least 30 % greater than those
next increment shall be added if the signal does not changgoduced by previous or subsequent increments of the same size.
more than 10 mV in 10 seconds. The maximum waiting time inGenerally, definite inflection points may be discerned only in regions
between increments shall not exceed 60 seconds. where increments of the same size are used.
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0.300 Strong acid number, mg KOH/g (CM — Dm) X 56.1W 2)

where:

14 A = volume of alcoholic KOH solution used to titrate
sample to end point that occurs at the meter reading of
the inflection point closest to the meter reading
corresponding to the pH 11 aqueous buffer, or in case
of ill-defined or no inflection point, to the meter
reading corresponding to the pH 11 aqueous buffer,
mL. For additivesA is the volume of alcoholic KOH

at the last inflection point,

volume corresponding té for blank titration, mL,
concentration of alcoholic KOH solution, mol/L,
concentration of alcoholic HCI solution, mol/L,
sample, mass, g,

alcoholic KOH solution used to titrate the sample to
end point that occurs at a meter reading correspond-
ing to the pH 4 aqueous buffer, mL, and

alcoholic HCI solution used to titrate solvent blank to
44 end point corresponding tG, mL.

0.200

0100
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0.000
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>
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-0.100
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1

Glass Electrode Potenfial, volis

-0.200

13 13. Quality Control Checks

13.1 Confirm the performance of the test procedure by
40 analyzing a quality control (QC) sample that is, if possible,
representative of the samples typically analyzed.

T

-0.300

" 1 { ! | i
0 | 2 3 4 5 6 v Note 17—Because used oils, particularly used engine oils, are known
Millilitres of 0.1/M Alcoholic KOH Solution to change during storage, such samples may not be suitable for this

Key: purpose.

Curve A—Blank on 125 mL of titration solvent. . o
Curve B—10.00 g of used crankcase oil plus 125 mL of titration solvent. Since no 13.2 Prior to monltorlng the measurement process, the user

sharp inflections are apparent, the end points are chosen at the meter readings of the method needs to determine the average value and control
obtained with the two aqueous buffer solutions. limits of the QC samplé.
Curve C—10.00 g of oil containing a weak acid plus 125 mL of titration solvent. The
end point is chosen as the point at which the curve is most nearly vertical. 13.3 Record the QC results and analyze by control charts or
Curve D—10.00 g of oil containing weak and strong acids plus 125 mL of titration other statistically equivalent technique to ascertain the statis-
solvent. The end points are chosen as the points at which the curve is most nearly tical control status of the total testing procésﬁny out-of-
vertical. . . . .

FIG. 1 lllustrative Titration Curves control data should trigger investigation for root cause(s). The

results of this investigation may, but not necessarily, result in

. : . . instrument recalibration.

12.1.1 Some additive chemistry may produce an inflectio® o
point beyond the buffer endpoint. For additives, take the last %_3.4}'[Thef ILequen(I:_): Otf) QC testing '3 ciﬁpe(rjldent otn :hg
inflection point for calculationPrecaution—If using an auto- criticanity of the quality being measured, the demonstrate
matic titrator, a change in the instrument parameters may b jabilily of the testing process, and customer requirements.
required to d’etect this type of endpoint enerally, a QC sample should be analyzed each testing day.

12.1.2 For all acid titrations on used oils, mark as an enorhe QC frequency should be increased if a large number of

point, the point on the curve that corresponds to the mete?‘?nlplc?str?rf trr?ut[[nelty anglyzeg. HO)[N?V?’ \INhen t't I'S t?}emoré—
reading for an aqueous basic buffer (pH 11) and the mete} oo at the testing is under statistical control, the Q

; . ._festing frequency may be reduced. The QC precision should be
raerzdimjgigggc:]e aqueous acid buffer (pH 4) when strong aCId|goeriodically checked against the precision listed in the Preci-

sion and Bias Section of this method to ensure data quality.

Note 16—The cooperative work done on acid number determinations 13.5 It is recommended that, if possible, the type of QC
on fresh oils, additive concentrates, and used oils indicated weII-definegamp|e that is regularly tested be representative of the samples
!nﬂect_|on pomts _for fresh 0|_Is anq addlt_lve concentrates, an_d generall¥outinely analyzed. An ample supply of QC sample material
ill-defined inflections, or no inflection points at all, for used oils. should be available for the intended period of use, and must be

12.2 Automatic Titration Method-Mark the end points on  homogeneous and stable under the anticipated storage condi-
the curves obtained in the same way as for the manual tions. Because the base number can vary while the QC sample
titration method. is in storage, when an out-of-control situation arises, the

12.3 Method of Calculatior-The method of calculation in  stapility of the QC sample can be a source of the error.
[12.3.is applicable to both manual and automatic methods.

12.3.1 Calculate the acid number and strong acid number as
follows:

-

4SeeASTM MNL 7, Manual on Presentation of Data Control Chart Analysiis
Acid number, mg KOH/g= (A — B) X M X 56.1W 1) edition, ASTM International, W. Conshohocken, PA.
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14. Report where:

14.1 Given there are two different ways to determine theX = the average of the two test results.
endpoint, report the type of endpoint used: inflection point or 15.1.2 Reproducibility—The difference between two single
buffer endpoint. Report sample size used if differs from theand independent results obtained by different operators work-
recommended sample size. Also, report if chloroform was usethg in different laboratories on identical test material would, in
as solvent. Report the results as acid number or strong acie long run, in the normal and correct operation of the test

number as follows: method, exceed the following values only in one case in
Acid number(Test Method D 664= (resulp (3) twenty.
Strong acid numbe(Test Method D 664= (resulf (4) Fresh Oils= 0.141X + 1) (7

14.2 For used oil samples report also the date of testing and, Used Oils Buffer end point: 0.44X ®)

when available, the date the sample was taken[{8e3. Where:

X = the average of the two test results.
] 15.2 Strong Acid Number
15.1 Acid Number _ ~ 15.2.1 Precision data have not been developed for strong
15.1.1 Repeatability-The difference between successive acid number because of its rare occurrence in sample analysis.
test results obtained by the same operator with the same 15 3 Bjas—The procedures in this test method have no bias

apparatus under constant operating conditions on identical tegbcause the acid values can be defined only in terms of the test
material would in the long run, in the normal and correctmyethod.

operation of the test method, exceed the following values only

15. Precision and Bias

in one case in twenty. 16. Keywords
Fresh Oils= 0.044X + 1) ®) 16.1 acid number; lubricants; petroleum products; potentio-
Used Oils Buffer end point 0.117X (6) metric; strong acid number; titration

SUMMARY OF CHANGES

Subcommittee D02.06 has identified the location of selected changes to this standard since the last issue
(D 664-01) that may impact the use of this standard.

(1) The majority of this standard was rewritten and differs(4) Replaced non-aqueous buffers with aqueous buffers
significantly from previous versions. throughout.

(2) Added information on the use of Ag/AgCIl reference 5y Removed calomel electrodes, which are difficult to obtain.

electrodes. . .
(3) Added more specifications for using automatic titration(6) Added a Quality Control section.

equipment.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Foreword

This document (EN 15751:2009) has been prepared by Technical Committee CEN/TC 19 “Gaseous and liquid
fuels, lubricants and related products of petroleum, synthetic and biological origin”, the secretariat of which is
held by NEN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by December 2009, and conflicting national standards shall be withdrawn
at the latest by December 2009.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.
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Introduction

This document is based on EN 14112:2003 [1], which was specifically adapted for the determination of
oxidation stability of fatty acid methyl esters (FAME). This method had been developed under CEN/TC 307
(Fats and oils). At the time of development the method was applicable for FAME fuel according to
EN 14214 [2], but questions remained on the accuracy towards blends of FAME and diesel fuel.

The modifications to EN 14112 as given in this document, allow application of this test method for oxidation
stability for pure FAME and diesel/FAME blends at various levels.

The goal was to have one single test method for FAME fuel, diesel/FAME blends and pure diesel fuels.
Although the modifications cover FAME fuel and diesel/FAME blends, CEN/TC 307 decided that it was better
to retain EN 14112 for methyl esters and publish a separate Standard for all automotive fuel and heating oil
applications, as the use of 'diesel and diesel blends' falls out the scope of CEN/TC 307.

The modifications required a new validation covering pure FAME, diesel/FAME blends and pure diesel fuels,
which resulted in the fact that the method is not suitable for pure petroleum-based diesel fuels.
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1 Scope

This European Standard specifies a test method for determining the oxidation stability of fuels for diesel
engines. The method is applicable to fatty acid methyl esters (FAME) intended for use as pure biofuel or as a
blending component for diesel fuels, and to blends of FAME and petroleum-based diesel containing 2 volume
percentage of FAME at minimum.

NOTE EN 14112 [1] describes a similar test method for oxidation stability determination of pure fatty acid methyl
esters (see the Introduction to this European Standard). EN ISO 12205 [3] describes a test method that is applicable to
pure petroleum-based diesel.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

EN ISO 3170, Petroleum liquids — Manual sampling (ISO 3170:2004)

EN ISO 3171, Petroleum liquids — Automatic pipeline sampling (ISO 3171:1988)

3 Terms and definitions
For the purposes of this European Standard, the following terms and definitions apply.

31

induction period

time which passes between the moment when the measurement is started and the moment when the
formation of oxidation products rapidly begins to increase

3.2

oxidation stability

induction period determined according to the procedure specified in this European Standard, expressed in
hours

4 Principle

A stream of purified air is passed through the sample which has been brought to a specified temperature. The
vapours released during the oxidation process, together with the air, are passed into a flask containing water
which has been demineralised or distilled and contains an electrode for measuring the conductivity. The
electrode is connected to a measuring and recording device. It indicates the end of the induction period when
the conductivity begins to increase rapidly. This accelerated increase is caused by the dissociation of volatile
carboxylic acids produced during the oxidation process and absorbed in the water. For more details on the
background of the method see Annex A.
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5 Reagents and materials

Use only reagents of recognised analytical grade, and distilled or demineralised water [4].
5.1 Ternary solvent mixture, consisting of methanol/toluene/acetone 1:1:1 (by volume)
5.2 Alkaline laboratory glass cleaning solution

5.3 2-Propanol

6 Apparatus
Usual laboratory equipment and glassware, together with the following:

6.1  Appliance for the determination of oxidation stability, consisting of the following (see Figures 1 and
2 for diagrammatic representations):

NOTE An apparatus for determining oxidation stability can be obtained commercially under the trade name
Rancimat®, (model 743 or higher, from Metrohnm AG, Herisau, Switzerland) or 0SI® Instrument (from Omnion Inc.,
Rockland, Massachusetts, USA). These are examples of suitable equipment and are given for the convenience of users of
this document. It does not constitute an endorsement by CEN of this equipment.

6.1.1  Air filter, comprising a tube fitted with filter paper at the ends and filled with a molecular sieve (6.6),
connected to the suction end of a pump.

6.1.2 Gas diaphragm pump, with an adjustable flow rate of 10 I/h in combination with an apparatus to
control the flow rate manually or automatically with a maximum deviation of + 1,0 I/h from the set value.

6.1.3 Reaction vessels of borosilicate glass, provided with a sealing cap.
The length of the reaction vessel depends on the measuring equipment and shall stick out of the oven at least
for 130 mm. Condensing volatile fuel components at the cold vessel walls outside the oven reduces

evaporation losses to a minimum.

EXAMPLE Total length of the test tube for the Metronm Rancimat 743 L = 250 mm, for the Omnion OSI Instrument
L =300 mm.

The sealing cap shall be fitted with a gas inlet and outlet tube. The cylindrical part of the vessel shall
preferably be narrower a few centimetres below the top in order to break any emerging foam. An artificial foam
blocker (e.g. glass ring) may also be used for this purpose.

6.1.4 Closed measurement cells, of approximately 150 ml capacity, with a gas inlet tube extending to the
bottom inside of the vessel. The cell shall be provided at the top with ventilation holes.

6.1.5 Electrodes, for measuring conductivity with a measuring range of 0 uyS/cm to 300 uS/cm aligned with
the dimensions of the measurement cell (6.1.4).

6.1.6 Measuring and recording apparatus, comprising of:

a) an amplifier, and

b) a recorder for registering the measuring signal of each of the electrodes (6.1.5).

6.1.7 Thyristor and contact thermometer graduated in 0,1 °C or Pt 100 element to measure the block

temperature, with attachments for relay connection and an adjustable heating element; temperature scale
0 °Cto 150 °C.
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6.1.8 Heating block, made of cast aluminium, adjustable to a temperature up to (150 + 0,1) °C. The block
shall be provided with holes for the reaction vessels (6.1.3), and an aperture for the contact thermometer
(6.1.7).

Alternatively, a heating bath may be used, filled with oil suitable for temperatures up to 150 °C and adjustable
to the nearest 0,1 °C.

6.2 Certified and calibrated thermometer or Pt100 element, with a temperature range up to 150 °C,
graduated in 0,1 °C.

N

Key

1 Airfilter (6.1.1) 5 Electrode (6.1.5)

2  Gas diaphragm pump with flow rate control (6.1.2) 6 Measuring and recording apparatus (6.1.6)
3 Reaction vessel (6.1.3) 7  Thyristor and contact thermometer (6.1.7)
4  Measurement cell (6.1.4) 8 Heating block (6.1.8)

Figure 1 — Diagrammatic representation of the apparatus
6.3 Measuring pipettes and/or measuring cylinders
6.4 Oven, capable of being maintained up to (150 + 3) °C.
6.5 Connecting hoses, flexible and made of inert material [polytetrafluoroethylene (PTFE) or silicone].

6.6 Molecular sieve, with moisture indicator, pore size 0,3 nm, dried in an oven set at 150 °C and cooled
down to room temperature in a desiccator before use.

7 Sampling

Unless otherwise specified in the commodity specification, samples shall be taken as described in
EN ISO 3170 or EN ISO 3171 and/or in accordance with the requirements of national standards or regulations
for the sampling of the product under test.

It is important that the laboratory receive a sample which is truly representative and has not been damaged or
changed during transport and storage.
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Store the sample in the dark at about 4 °C and measure it as soon as possible after receipt.

Key

1 Measuring vessel 5 Sample

2 Electrode 6 Heating block
3 Measuring solution 7 Airinlet

4 Reaction vessel

Figure 2 — Diagrammatic representation of heating block, reaction vessel and measurement cell

8 Preparation of measurement

8.1 Preparation of test sample

In order to prevent the preparation of the test sample from influencing the test result, all handling of the
laboratory sample shall be restricted to the steps given below.

Remove the required quantity from the centre of the carefully homogenised sample using a pipette.

Samples shall be analysed immediately after the test sample preparation.
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8.2 Preparation of apparatus

8.2.1 Cleaning procedure

NOTE 1 The use of new disposable reaction vessels, air inlet tubes and connecting hoses is recommended in order to
save the cleaning procedure.

Always wash the sealing caps, measuring cells and electrodes with 2-Propanol in order to remove organic
residues. The connecting hoses should also be washed in the same manner if not replaced.

Rinse with tap water and finally with demineralised or distilled water. Dry them in an oven for at least 2 h at
80 °C. The temperature may not exceed 80 °C due to elastomer stability.

NOTE 2  The drying time of at least 2 h assures that material absorbed by the elastomers is heated off completely.
If not replaced, wash the emptied reaction vessels and the air inlet tubes at least three times with ternary
solvent mixture (5.1) in order to remove residual fuel and adherent ageing organic residues. The last solvent

portion should be colourless.

Rinse with 2-Propanol and tap water. Put the inlet tube into the reaction vessel and fill completely with an
aqueous alkaline laboratory cleaning solution.

Store the vessels at room temperature over night.

Rinse the purified vessels and their inlet tubes thoroughly with tap water and finally with demineralised or
distilled water. Dry them in an oven for at least 2 h at 80 °C.

In case of doubt, the cleanliness of the sealing caps and connecting hoses can be checked by running the

clean test equipment without sample under the standard experimental conditions. Clean equipment shall not
produce a conductivity increase exceeding 10 uS/cm within 5 hours.

8.2.2 Determination of temperature correction

The difference between the actual temperature of the sample and the temperature of the heating block is
called temperature correction AT. For the determination of AT an external calibrated temperature sensor is
used.

Before starting the determination of AT, the heating block has to be switched on and the target temperature
has to be reached.

Fill one reaction vessel with 5 g thermo-stable oil. Insert the temperature sensor through the cap into the
reaction vessel. Use distance clips to keep the sensor away from the air inlet. The sensor should touch the
bottom of the vessel.

Insert the complete vessel into the heating block and connect the air supply.

If the value of the measured temperature is constant, calculate AT :

AT = Taiook — Teensor ™
where
AT is the delta T "temperature correction®,
Taiock is the temperature of the heating block;

Teensor is the measured temperature in the reaction vessel.
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Correct the block temperature:

TBIock =T

Target T AT 2)
where

Tiarget is the temperature which the sensor is expected to measure
EXAMPLE Tiarget May be chosen at 110 °C, which is usually the test temperature.

After this temperature correction the measured temperature in the reaction vessel should be equal to the
target temperature.

9 Procedure

9.1 Set up the apparatus as shown in Figure 1. If the apparatus is available commercially, follow the
manufacturer’s instructions.

9.2 Attach the gas diaphragm pump (6.1.2) and adjust the flow to exactly 10 I/h. Then switch the pump off
again. Commercially available apparatus may control the set flow automatically.

9.3 Bring the heating block (6.1.8) up to the desired temperature (usually 110 °C, but see 8.2.2) using the
thyristor and contact thermometer (6.1.7) or by using an electronic controller. The temperature shall be
maintained constant to within £ 0,1°C during the test period.

If a heating bath (6.1.8) is used, bring it to the desired temperature and check in the manner described.

9.4 Fill the measurement cells (6.1.4) with 60 ml of distilled or demineralised water using a measuring
pipette (6.3).

NOTE At temperatures above about 25 °C, volatile carboxylic acids may evaporate from the water in the
measurement cell. This can lead to a decrease in the conductivity of the aqueous solution. The rapidly rising part of the
conductivity curve will therefore produce a deviant shape so it becomes impossible to determine the tangent on this part of
the curve (see reference [5]).

9.5 Check the electrodes (6.1.5) and adjust their signals using a calibration potentiometer so that they are
on the zero axis of the recorder paper.

Set the paper rate at 10 mm/h and the measuring frequency at one measuring point per 30 s. Set the
measuring value of 200 yS/cm at the maximum result of 100 %.

If it is not possible to adjust the paper rate to 10 mm/h, one should use 20 mm/h. This shall be reported on the
recorder paper.

NOTE Commercially available apparatuses may acquire the data via PC.
9.6 Weigh (7,5 £ 0.1) g of the conditioned sample (see 8.1) into a reaction vessel using a pipette (6.3).

9.7 Switch on the gas diaphragm pump (6.1.2) and set the flow again at exactly 10 I/h. Connect the air inlet
tube and outlet tube with the reaction vessels and the measurement cells, using the connecting hoses (6.5).

9.8 Place the reaction vessel with the sealing cap (6.1.3) into the hole intended for it in the heating block or
into the heating bath (6.1.8), both of which shall have reached the required temperature.

The preparation steps 9.7 and 9.8 should be done as quickly as possible. Then immediately start the
automatically data recording or note the time that measurements were begun on the recorder paper.

10
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9.9 The measurement may be terminated:

— when the signal has reached 100 % of the recorded scale, usually 200 uS/cm (see Figure 3, left diagram),
or

— when the conductivity curve flattens again after exceeding the induction period (see Figure 3, right
diagram). Care should be taken to ensure that the test is not terminated before the curve has flattened
sufficiently to fit an accurate second tangent.
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Figure 3 — Measurement termination indications
9.10 During the determination, carry out the following precautions:
a) check the setting of the flow meter and adjust where necessary in order to ensure a constant flow;
b) check the colour of the molecular sieve (6.6) of the air filter and repeat measurements when the

molecular sieve turns colour during the test. It is recommended to exchange the molecular sieve prior to
each run.

10 Calculation and evaluation

10.1 Automatic evaluation

The automatic evaluation as given by the equipment manufacturers may be used if the second derivative of
the conductivity curve shows a clear maximum. This is generally the case if pure FAME and diesel/FAME
blends with a FAME content equals or higher than 10 percent are investigated (see Figure 4, left diagram).

If the second derivative of the conductivity curve is noisy, and no clear maximum can be recognised, the
manual evaluation (10.2) of the conductivity curve itself shall be applied (see Figure 4, right diagram).

NOTE Software settings are recommended that permit simultaneous display of the conductivity curve and its second
derivative in order to enable the operator to check the automatically calculated value for the induction period.
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Figure 4 — Evaluation indications

10.2 Manual evaluation

Set the first tangent to the flattest part of the slowly increasing conductivity curve. Great care should be taken
to fit the best possible tangent line, e.g. by using an enlarged presentation of the original graph. Some
instruments supply a zoom-function to accomplish this. The second tangent is set after exceeding the
inflection point at the steepest part of the conductivity curve (see Figure 3).

The induction period is obtained from the intersection point of both tangents.

NOTE A rapid conductivity increase immediately after starting the test and before reaching the induction period may
indicate insufficient cleaning of the sealing caps or connecting hoses (evaporation of residual volatile compounds out of
the elastomers) (see Figure 5). The cleanliness can be validated according to the procedure given in Note 1 in 8.2.1. Also,
fuels that contain volatile acids can unexpectedly show a rapid initial conductivity increase (see Figure 6).

11 Expression of results

Report the induction period, obtained from 10.1 or 10.2, in hours and rounded to the nearest 0,1 h.
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12 Precision

12.1 General

An interlaboratory test organised in 2007 at European level with the participation of 12 laboratories was
carried out on 10 samples and gave the precision, derived from statistical analysis by EN ISO 4259 [6].

Results from the calculation of precision estimates used shall be rounded to the nearest 0,1 h.

12.2 Repeatability, r

The difference between two test results, obtained by the same operator with the same apparatus under
constant operating conditions on identical test material would, in the long run, in the normal and correct
operation of the test method, exceed the values calculated from the following equation in absolute value only
in one case in twenty, where X represents the mean of the two results:

r=20,220 27 + 0,043 44 X (3)

12.3 Reproducibility, R

The difference between two single and independent test results, obtained by different operators working in
different laboratories on identical test material would, in the long run, in the normal and correct operation of
the test method, exceed the values calculated from the following equation in absolute value only in one case
in twenty, where X represents the mean of the two results:

R=0,37269 + 0,190 38 X (4)

13 Test report

The test report shall specify:

a) areference to this European standard (i.e. EN 15751:2009);
b) the type and complete identification of the product tested;
c) the sampling method used if known (see 7);

d) the temperature at which the determination was carried out;

e) the test result(s) obtained (see 11), or if the repeatability has been checked, the final quoted result
obtained;

f)  all operating details not specified in this European Standard, or regarded as optional, together with details
of any incidents which may have influenced the test result(s);

g) any deviation, by agreement or otherwise, from the procedure specified;

h) the date of test.

14
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Annex A
(informative)

Background of the method

Over the years, a number of methods have been developed for the determination of the oxidation stability of
oils and fats. These methods are based on the rate of oxygen absorption by oils and fats (in a liquid state)
which have been placed in contact with air.

Oxygen absorption may be measured directly using the Warburg apparatus or indirectly by determination of
peroxides or the products dissociated from them during oxidation.

Of the indirect methods of determination, the Active Oxygen Method (AOM) is the oldest. This is based on the
determination of the peroxide value in line with the progress of the aeration of the sample at 98,7 °C and
specifies the time which elapses until a peroxide value of 100 mmol (active oxygen per 2 kg) has been
reached. The Swift Stability Test has been derived from this method. These determinations are very time-
consuming and cannot be automated.

In the method described in this European Standard, the oxidation process is split in two phases.

a) The first phase (the induction period) is characterised by slow reaction of oxygen during which peroxides
are formed;

b) The second phase (tainted odour and flavour phase) is characterised by rapid reaction in which peroxides
are not only formed but these peroxides are then dissociated under the influence of the high temperature.
During this, products such as aldehydes, ketones and low fatty acids are formed. These products give
rise to deviant odour and flavour.

The method described in this European Standard is a conductimetric determination of volatile acid
dissociation products (mainly formic acid and acetic acid) produced during oxidation. The procedure was
published in 1974 [7].

An automated potentiometric determination method was published in 1972 [8], and the method was
standardized by ISO/TC 34/SC 11 as ISO 6886 in 1996 (later revised in 2006, [9]).

From the conductivity curve, an induction time is determined in line with the induction time obtained using the

AOM, provided that the determinations are carried out at the same temperature. The curves can have very
different shapes (see Figures 3 to 6 and reference [10]).
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MANUFACTURER’S CERTIFICATE FOR CAPILLARY VISCOMETERS
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Translation of the legally binding german version.

MANUFACTURER’S CERTIFICATE
FOR CAPILLARY VISCOMETER

(Manufacturer's certificate M according to
DIN 55 350, Part 18)
Subject: Ubbelohde viscometer with suspending
ball-level for the determination of the kine-
matic viscosity according to ISO/DIS 3105
and ASTM D 2515/D 446

Manufacturer: S| Analytics GmbH, Mainz
Viscometer: Type and capillary no.: 52513 /1c
Apparatus no.: 1075844

This viscometer is suitable to determine the kinematic
viscosity of newtonian liquids according to

ISO/DIS 3105, ‘Annex B. The instrument constant K re-
fers to the timing marks during the visual survey of the
meniscus passage. It comes to

Traduction de la version allemande légale.

CERTIFICAT DU FABRICANT DE TUBE

VISCOSIMETRIQUE CAPILLAIRE
(Certificat du fabricant M selon DIN 55 350, Partie 18)

Objet: Viscosimétre selon Ubbelohde avec un ni-
veau sphérique pendant pour la détermi-
nation de la viscosité cinématique selon
ISO/DIS 3105 et ASTM D 2515/D 446.

Fabricant: S| Analytics GmbH, Mainz

Viscosimétre: No. de type et de capillaire: 525 13/ Ic
No. d'appareil: 1075844

Ce viscosimétre est approprié pour la détermination de la
viscosité cinématique de liquides newtoniens selon
ISO/DIS 3105, Annex B. La constante K de l'instrument
est valable pour des index rotatifs avec une saisie visuel-
le du passage du ménisque. Elle est de

K = 0,02944 mm?/s2,

It was determined by using comparative measurements
with reference viscometers, of which the constants were
determined at the Physikalisch-Technischen Bundes-
anstalt, D-38116 Braunschweig.

The instrument constant K is valid for liquids with a
surface tension of 20 to 30 mN/m and an acceleration of
the fall of 9.8105 m/s?. For temperatures up to 100 °C it
is not required to pay attention to the heat expansion of
the viscometer. The kinematic viscosity v within mm?/s
of liquids can be calculated using the instrument constant
in the equation:

Elle a été déterminée par des mesures de comparaison
avec des viscosimetres étalons dont les constantes ont
été déterminées auprés de la Physikalisch-Technischen
Bundesanstalt, D-38116 Braunschweig.

La constante K de l'instrument est valable pour des liqui-
des avec une tension de surface de 20 a 30 mN/m et
avec une accélération de la pesanteur de 9,8105 m/s?.
Dans le cas de températures jusqu'a 100 °C, il n'est pas
nécessaire de tenir compte de la dilatation thermique du
viscosimeétre. La viscosité cinématique v en mm?/s de
liquides peut étre calculée a l'aide de la constante de
linstrument selon I'équation:

v=K-t,

whereby t is the flow time in seconds which was correc-
ted -if necessary- according to
ISO/DIS 3105, Part 6.2

The relative uncertainty of the mentioned numerical va-
lue of K comes to 0.7 % at a confidence level of 95 %.

It is required to check the instrument constant in regular
intervals. In particular any change to the viscometer, for
example when using liquids that corrode glass or a glass
blowing repair took place, makes a new determination of
the instrument constant necessary.

t est le temps d'écoulement en secondes qui a été cor-
rigé -si nécessaire- selon 1SO/DIS 3105, Partie 6,2.

L'insécurité relative de la valeur numérique de K in-
diquée est de 0,7 % dans le cas d'un niveau de confi-
ance de 95 %.

Il est nécessaire de contrdler la constante de l'instrument
en intervalles réguliers. Une nouvelle détermination de la
constante de l'instrument devient absolument nécessaire
fors de toute modification du viscosimeétre, par exemple,
en raison de l'utilisation de liquides qui attaquent le verre,
ou dans le cas de réparations par un souffleur de verre.

Sl Analytics GmbH, Hattenbergstrafte 10, D-55122Mainz

This certificate was prepared mechanically and
is valid without signature.
The document may only be duplicated if no changes were ma-

AGQSF0027-805M-00/950424

" Ce certificat a été établi mécaniquement et
est valable sans signature.
Le document ne peut étre reproduit que sans correction.




Translation of the legally binding german version.

MANUFACTURER’S CERTIFICATE
FOR CAPILLARY VISCOMETER

(Manufacturer’s certificate M according to
DIN 55 350, Part 18)
Subject: Ubbelohde viscometer with suspending
ball-level for the determination of the kine-
matic viscosity according to 1SO/DIS 3105
and ASTM D 2515/D 446

Manufacturer: Sl Analytics GmbH, Mainz
Viscometer: Type and capillary no.: 52510/
Apparatus no.: 1075930

This viscometer is suitable to determine the kinematic
viscosity of newtonian liquids according to

ISO/DIS 3105, Annex B. The instrument constant K re-
fers to the timing marks during the visual survey of the
meniscus passage. It comes to

Traduction de la version allemande légale.

CERTIFICAT DU FABRICANT DE TUBE

VISCOSIMETRIQUE CAPILLAIRE
(Certificat du fabricant M selon DIN 55 350, Partie 18)

Objet: Viscosimétre selon Ubbelohde avec un ni-
veau sphérique pendant pour la détermi-
nation de la viscosité cinématique selon
ISO/DIS 3105 et ASTM D 2515/D 446.

Fabricant: S| Analytics GmbH, Mainz

Viscosimétre: No. de type et de capillaire: 525 10/ 1
No. d'appareil: 1075930

Ce viscosimétre est approprié pour la détermination de la
viscosité cinématique de liquides newtoniens selon
ISO/DIS 3105, Annex B. La constante K de l'instrument
est valable pour des index rotatifs avec une saisie visuel-
le du passage du ménisque. Elle est de

K = 0,009820 mm?/s2.

It was determined by using comparative measurements
with reference viscometers, of which the constants were
determined at the Physikalisch-Technischen Bundes-
anstalt, D-38116 Braunschweig.

The instrument constant K is valid for liquids with a
surface tension of 20 to 30 mN/m and an acceleration of
the fall of 9.8105 m/s2. For temperatures up to 100 °C it
is not required to pay attention to the heat expansion of
the viscometer. The kinematic viscosity v within mm?%'s
of liquids can be calculated using the instrument constant
in the equation:

Elle a été déterminée par des mesures de comparaison
avec des viscosimetres étalons dont les constantes ont
été déterminées auprés de la Physikalisch-Technischen
Bundesanstalt, D-38116 Braunschweig.

La constante K de l'instrument est valable pour des liqui-
des avec une tension de surface de 20 a 30 mN/m et
avec une accélération de la pesanteur de 9,8105 m/s?.
Dans le cas de températures jusqu'a 100 °C, il n'est pas
nécessaire de tenir compte de la dilatation thermique du
viscosimétre. La viscosité cinématique v en mm?/s de
liquides peut étre calculée a l'aide de la constante de
l'instrument selon I'équation:

v=K-t,

whereby t is the flow time in seconds which was correc-
ted -if necessary- according to
ISO/DIS 3105, Part 6.2

The relative uncertainty of the mentioned numerical va-
lue of K comes to 0.7 % at a confidence level of 95 %.

It is required to check the instrument constant in regular
intervals. In particular any change to the viscometer, for
example when using liquids that corrode glass or a glass
blowing repair took place, makes a new determination of
the instrument constant necessary.

t est le temps d'écoulement en secondes qui a été cor-
rigé -si nécessaire- selon ISO/DIS 3105, Partie 6,2.

L'insécurité relative de la valeur numérique de K in-
diquée est de 0,7 % dans le cas d'un niveau de confi-
ance de 95 %.

il est nécessaire de controler la constante de l'instrument
en intervalles réguliers. Une nouvelle détermination de la
constante de l'instrument devient absolument nécessaire
lors de toute modification du viscosimétre, par exemple,
en raison de l'utilisation de liquides qui attaquent le verre,
ou dans le cas de réparations par un souffleur de verre.

Sl Analytics GmbH, Hattenbergstrale 10, D-55122Mainz

This certificate was prepared mechanically and
is valid without signature.
The document may only be duplicated if no changes were ma-

AGQSF0027-805M-00/950424

"Ce certificat a été établi mécaniquement et
est valable sans signature.
Le document ne peut étre reproduit que sans correction.
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