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ABSTRACT

Biodiesel is a renewable fuel from organic remain such as waste sunflower oil and used
cooking oil. Biodiesel is acquired through the transesterification of fatty acid methyl esters
(FAMES) of waste sunflower oil. In this study, waste sunflower oil was used and it was
blended with Benzene and Euro diesel which is an additive that reduces the viscosity and
density of biodiesel, it was blended at different volume of fraction. The effect of thermal
analysis on the waste sunflower biodiesel properties was experimentally determined. The
cold flow properties was determined for each blend. The cold flow properties were
determined according to ASTM D2500, ASTM D6371-05 and ASTM D97 for cloud point
pour point and cold filter plugging point respectively. The cloud point (CP), the cold filter
plugging point (CFPP) and the Pour point (PP) were noted as the slope changes on the

cooling curve.

Keywords: Waste sunflower biodiesel; cloud point; pour point; thermal analysis;plugging

point
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OZET

Biyodizel, atik aycicek yagi ve kullanilmis pisirme yagi gibi organik kalintilardan
yenilenebilir bir yakittir. Biyodizel, atik aygi¢cek yaginin yag asidi metil esterlerinin
(FAME) transesterifikasyonu yoluyla elde edilir. Bu calismada atik aycicek yagi
kullanilmis ve biyodizelin viskozitesi ve yogunlugunu azaltan bir katki maddesi olan
Benzene ve Euro dizel ile harmanlanmis, farkli fraksiyonlarda harmanlanmistir. Termal
analizlerin atik aycicegi biyodizel Ozellikleri {izerindeki etkisi deneysel olarak
belirlenmistir. Her harman i¢in soguk akis 6zellikleri belirlenmistir. Soguk akis 6zellikleri,
sirastyla bulut nokta akma noktas1 ve soguk filtre tikama noktasi i¢in ASTM D2500,
ASTM D6371-05 ve ASTM D97'ye gore belirlenmistir. Sofutma egrisindeki egim
degistikce, bulut noktasi (CP), soguk filtre tikama noktast (CFPP) ve Dokme noktasi (PP)
not edildi.

Anahtar Kelimeler: Atik aygicegi biyodizel, bulut noktasi; akma noktasi; 1s1

analizi;tikama noktasi
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CHAPTER 1
INTRODUCTION

1.1 Energy

Energy can be defined as that property which when an object is subjected to enables the

object to perform work or heat the object. It is the capacity of an object to perform work.

Energy can be classified into two main categories which are renewable and non-renewable
energy. Non-renewable energy is that category of energy which are limited in existence
and are not replenishable(Boyle, 2004; Hornby, 1974).They are mostly found beneath the
earth crust and advanced technological mining is require most times to enable one have
access to them. They are formed from metamorphosis of organic such as dead animals,
trees etc. remains over a long period of years. This type of energy sources includes natural

gas, uranium, petrol diesel, coal etc(Kumar et al., 2010).

Renewable energy is a form of energy that is got from renewable sources which can be
replenished over time, these includes biodiesel, biomass, solar energy, geothermal and
wind (Showstack, 2016). As a result of increase in the world’s population, globalization,
increased technological equipment and industrialization has put pressure on the utilization
of energy and its sources.

Hence, scientist and researches has predicted that most non-renewable fossil fuels will be
depleted by 2040, therefore it has drawn attention to finding alternative to non-renewable
form of energy such as solar, geothermal, biodiesel, hydropower, another challenge faced
by researches towards non-renewable energy is the amount of pollutant emitted to the
environment by its use, to ease these challenges biodiesel has been found to be an
alternative to petrol diesel in the transportation sector and beyond(Lee, Park, & Daisho,

2004; Zou et al. 2016).



1.2 Biodiesel

Biodiesel can be defined as a sustainable mono alkyl esters derived from infinite oil
bearing sources, such as used cooking oil, animal fat, vegetable oils sunflower oil etc
through the process of transesterification (Joshi & Pegg, 2007). The transesterification
process is achieved by reacting monohydric alcohols like methanol and ethanol in the

presence of alkali catalyst(Narasimharao, Lee, & Wilson, 2007).

CH,HO-C-R, - CH;-0-C-R; CH, - OH
e
NaOH
o) Catalyst 0
I T I
CHHO-C-R; | .~ tHg—O—C—R3 CH,—-0OH
i ) A
y Triglyceride Methanol Mixture of Fatty Esters | Glycerin
i R T T R i J

Figure 1.1: Biodiesel production process (Knothe & Steidley, 2005)

Considering the quest for high speed transportation system and agricultural equipment,
biodiesel is expeditiously being used in cars, trucks and different kinds of agricultural
equipments all over the world. For high performance and safety concerns, biodiesel can be
blended with petrol-diesel at different percentage and can also be used alone in a diesel

engine with little or no modification(Agarwal & Das, 2001).

When biodiesel is blended with petro-diesel or other fossil fuel a ‘B’ factor framework is

used today to denote the concentration of the biodiesel in the blend. At different volume



fraction when blended with petrol-diesel it is expressed as "BXX" with "XX" representing
the content of biodiesel concentration in the blend(Blangino, Riveros, & Romano, 2008).

Biodiesel can be blended in different proportion at different point, it can be blended at the
point of production before delivery to fuel carrier trucks, it can be also blended by pouring
specified percent (amount) of petrol diesel to biodiesel, and it can also be blended in the
transportation pipeline, when transporting biodiesel. As regards the performance and
quality of biodiesel it advisable that biodiesel should be used within six months from the
date of production. This is as result of instability of biodiesel which can be attributed to
exposure to light, heat and water that is instrumental in minimizing the quality of the
biodiesel. However, the utilization of additives in its storage improves the shelf life

(Simmons, Loqué, & Ralph, 2010).

In the study and analysis of biodiesel, there are some pertinent characteristic that must be
put into consideration, these includes, kinematic viscosity, density, cold flow properties,
acid number and oxidation stability, these parameters are greatly affected by the storage

period of the biodiesel sample.

The use of biodiesel has been proved to be very advantageous and this is as a result of its
environmental friendliness due to its clean way of burning, uses have expanded to heating

and cooking.

1.3 Research Aim

This study aims to examine the cold flow behavior of biodiesel blend and measure the
biodiesel properties including cold flow properties in terms of Cloud point (CP), Cold filter
plugging point (CFPP) and Pour point (PP).

Moreover, in this study, examine the cold flow behavior of biodiesel blends during
solidification by employing the computer-aided cooling curve analysis (CA-CCA)

technique.

1.4 Thesis outline

Chapter one gives insight about the general aspect of energy, in particular the renewable

energy in the form of biodiesel. It also explain the topic, the aims and objective are

3



explicitly outlined. Energy in its general form are outlined and the distribution in terms of
utilization is also outlined. Chapter two gives the general information about past works
done by other researches on related topic, its provides meticulous details about the
literature review, the fundamental theorem as related to kinematic viscosity, density and
the cold flow properties (cloud point PP, Cold fllter plugging point CFPP and pour point).

Chapter three provides us with information’s regarding the materials and methods used in
achieving the results obtained in the work. Chapter four focuses on the results obtained
from the various analysis that was involved in the thesis and chapter five focuses on the
conclusion and recommendations as regards further work that can be done to enhance this

work.



CHAPTER 2
LITERATURE REVIEW OF BIOFUEL

2.1Biodiesel Properties

Biodiesel has some basic attributes which must be considered for it to replace fossil fuel,
these attributes are the kinematic viscosity, density, cetane number, oxidation stability,
acid number and the cold flow properties (cloud point, cold filter plugging point and pour
point). Few other factors that needs to be looked into are the functionality of the biodiesel
when blended with other fossil fuel blend as this will determine if the diesel engine will

need little or no modification(Aydin, Bayindir, & Ilkilic, 2010)

Table 2.1: Properties of Blend of biodiesel with kerosene (Hasan et al. 2016)

Blend Range
Property ... Limits

Density Kgm® 875 868 861 855 849 837 807 815-870

Viscosity ¢St 492 484 425 395 345 276 1.38 2-May
S Min60diesel
Flash Point °C 176 135 105 70 66 62 .
Min100 BD
" Cloud Point°C 4 3 3 1 2 4 - Max 18
" Pour Point°C 20 a1 2 4 57 Max 18

2.2 Literature Review

For the biodiesel properties ie kinematic viscosity, cold flow properties and density a
whole lots of approach have been used to predict its properties. Some of the attractive
attributes are the renewability, clean combustion environmental friendliness and
biodegradability(Isioma et al. 2013). However, biodiesel drawbacks which have limited its

use are the cold flow properties, these are the properties which forecast its operability in

5



cold region, these properties gives knowledge on the rate the biodiesel solidify (congeal) in
a low temperature weather condition which in the long run clog the engine filter (Freire et
al, 2012). Another drawback is the instability of the biodiesel over long period of
storage(Castanheira et al. 2014; Shrestha et al. 2005).

The stability of liquid fuels is being affected by different factors, however scientist have
carried out theoretical analysis and experiments to why fuel should be of high quality and

remain stable even after prolong storage period(Biernat, 2015).

The essential compound of petroleum based fuel are likely to react with atmospheric
oxygen and other compounds during storage. As a result of chain reaction this in turn
causes contamination and corrosion to storage tanks and pipeline conveying the products

and also causes a similar problem of filter plugging in the engine(Eneh, 2011).

According to Saltas et al., (2017)the impact of aging on the deposit of biodiesel produced
inside the regular rail Fuel Injection Equipment (FIE). The FAME constituents was
analysed, the major fuel properties and their rates of degradation. A reference test to assess

the predisposition of diesel engine fuels to produce deposits was proposed.

According to Zhou, Xiong, Gong, & Liu (2017)other instrumental systems in collaboration
with fourier transform spectroscopy (FTIR) was used to investigate the oxidation
degradation of mixtures of biodiesel. It was found that the TD-DES method displayed
outstanding forecasting operation for FTIR and TGA in the evaluation of oxidative

degradation.

In the production of biodiesel by the transesterification process, the impact of impurities
created in the biodiesel was investigated according to (Banga & Varshney, 2010)and how
the impurities can be removed. The impact of elongated storage period on the performance

of biodiesel is also underscored.

The result obtained displayed a substantial deviation from the values gotten from national
metrological institute when pycnometer is used in measuring the density of biodiesel (Lima
et al., 2010), however, they were still within the operating standards for commercial

application in Brazil.



Blending petrodiesl with biodiesel can be possible to compliment the viscosity values so as
to aid its use in motor engine. All fuels have the tendency to form crystal when subjected
to certain low temperature, the increase in viscosity of the biodiesel and the viscosity of the
blends varies among the biodiesel and petro-diesel depending on their blend proportion

(Tat & Van Gerpen, 1999).

Properties of waste frying oil was analyzed for biodiesel got from it and the biodiesel yield
of 99% was got from it. After the analysis it was observed that the range of standard was

within the specification and conform to diesel engine operating(Kulkarni & Dalai, 2006).

2.3 Advantages of biodiesel

e Biodiesel can be utilized in various diesel engines, mostly newer ones, biodiesel
present no difficulty in using it; free of Sulphur and aromatics and emits less
greenhouse gases and air pollutant than nitrogen(Wilson, 2003).

e Utilization of biodiesel in our daily domestic equipment decreases dependence on
finite fossil fuel reserve.

e When biodiesel is blended even as low as B2 to the ratio of 98% in proportion, it is
observed that the amount of toxic carbon based emission is reduced
significantly(How, Masjuki, Kalam, & Teoh, 2014).

e The effectiveness of biodiesel is the same as petro-diesel notwithstanding its
lubricity benefits that non-renewable energy sources don't have.

e It has been confirmed scientifically that fumes from biodiesel exhaust is less
harmful to human health as compared to that of petro-diesel. Hydrocarbons and
nitrited compounds which causes cancer have a very low level of emission in
biodiesel.

e Significant favorable position of using biodiesel is that it can be utilized in
operating existing diesel engines without or less adjustments and can supplant

fossil derivative fuel to become the most favored essential transport energy source.



2.4Disadvantages of biodiesel

e Palm oil is one of the best biofuel source in the world, however considering the
environmental damage done by palm oil. People discovered that palm oil was a
great material that can be utilized in the production of biofuel, not minding the
environment issue and drawbacks of producing palm oil because forest was cleared
and burnt to allow for palm oil plantation by so doing burning fossil fuel and
thereby defeating the purpose of utilizing biodiesel.

e One of the major drawback of biodiesel is the cold flow properties, biodiesel gel
and solidify when operated in cold weather condition, this clog the fuel filter of the
engine in cold weather thereby making it difficult to pump into the engine, hence
reducing the efficiency of the engine. Furthermore, this depend on the product the
biodiesel is produced from and its blends(Monirul et al., 2015).

e Biodiesel on the average is cleaner than fossil fuel, however it tends to produce
about 10% more of nitrogen oxide; this in turn contributes to acid rain and
formation of smog which increase pollution around cities.

e To fully harness the potential of biofuels, the waste product from our food crops
should be used for biofuel production or else there will be food shortage as result of

utilizing consumable crops for biofuel production.
2.5 The Concept of Viscosity

In the course of transporting fluid through a pipeline the viscosity (¢) is widely utilized.
Viscosity is the resistance to the flow of fluid experienced in flowabilty of a fluid. It is the
basic characteristic of fluid which defines the way and manner in which the internal
friction of integral of the intermolecular forces relates to each other. It is most times
considered as the thickness of a fluid, that is to say that the thicker the fluid the higher the
viscosity. Example biodiesel, SAE 40 engine oil, syrups etc. however thin fluid like water

and acetone have lower viscosity.

The intermolecular particles of the fluid are held together by internal cohesive force, which
makes them to be firm and slow in flow. However, when heat is applied the internal

molecules gain energy and as a result disintegrate the cohesive forces, this action causes

8



the molecular particles to slide over each other gradually and as the temperature increases,
it becomes rapid making the fluid less viscous. The viscosity of a fluid is directly
proportional to temperature. Some parameters that depends on viscosity for its
determination are:

e Reynolds number

e Prandlt number

2.6 Types of Viscosity

There are two main types of viscosity, these are

e Dynamic Viscosity

e Kinematic Viscosity
2.6.1 Dynamic Viscosity

The dynamic viscosity or shear viscosity of a fluid demonstrate the fluid resistance to flow
in such fluid the adjacent layer move parallel to each other at a non-identical speed.
Consider a fluid flowing with a constant speed wuthat is confined in a layer between two

horizontal plates, fixed at one end and free at the other end as shown below.



-
Dimension
Velocitv. u N
Shear stress
Boundary plate
(2D, moving)
—
Fluid Gradient, o
ay

Boundary plate (21D, stationary)

Figure 2.1: The flow of liquid between two plate in parallel

Let the movement of the top plate be infinitesimally small so as it moves parallel to each
other, the speed of such particles varies linearly from zero at the bottom to u at the top. The
fluid is made to move in layer and each layer moves faster than the layer below it, this
generates frictional force between the layers which opposes each other. The movement of
the top plate generate a force on it which creates an equal and opposite force on the down

plate.

To maintain a constant speed on the plate an external force F is applied which is directly
proportional to the speed u and area Aof each plate,but inversely proportional to the

separation yof the two plates. That is;

N
F=pA 5 2.1)

Where

u is a proportionality factor and is known as the dynamic viscosity.
ou. . .
ils the rate of shear deformation or shear velocity.

the viscous force can be expressed by differential equations, as seen in the illustration
below.
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Shear stress. T

: a
Gradient, —
GRY

L

Velocity, u

Figure 2.2: Illustration of viscous force differential expression

ou

o (2.2)

|
I
|

Consider:

F U .
T = - . — as thevelocity of shear
A dy

2.6.2 Kinematic Viscosity (V)

Kinematic Viscosity can be defined as the ratio of the dynamic viscosity to the density of a

mm?

substance at the same temperature. Kinematic viscosity is measured in .

(2.3)

o I=
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Let:
vbe the kinematic viscosity,
p 1is the fluid density

udynamic viscosity.

2.6.3 Viscosity Measurement

In the measurement of viscosity different type of viscometer is used, a single measurement
with a viscometer cannot be used to ascertain the accuracy of the value of the viscosity.
Hence more parameter is required to accurately ascertain the value of a viscosity for such a
fluid a rheometer is used to measure the kinematic viscosity (Sahin & Sumnu, 2006). The
kinematic viscosity of the fluid is acquired by measuring with a stop watch the time taken
for the fluid to flow freely under through a capillary viscometer from a specified mark to
another while subtracting the energy correction factor from it and multiplying the value by
the viscometer constant. There are different types of viscometers, these are:
e Rotational viscometer

e (Capillary Viscometers (glass capillary being the most common)
e Orifice viscometer

e High temperature low shear rate viscometer

e Vibrational Viscometer

e Falling Sphere Viscometer

e Ultrasonic Viscometer

e Rheometers

e Bubble Viscometers

2.7 Theory of Capillary Viscometer

Hagen-Poiseuille law provides us with the pressure drop in an incompressible and

Newtonian fluid flowing in a hollow pipe of regular cross section in a laminar flow pattern.
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To ascertain the accuracy of Hagen-Poiseuille equation certain assumptions are made
which includes:

e The capillary most is upright with regular cross section to allow for easy flow and

the diameter shorter than the cross section of the pipe.

e [t must be an incompressible fluid and also Newtonian fluid.
Consider a completely created laminar fluid flow along a straight vertical pipe of round
cross section as shown in Figure 2.3. Rotational symmetry is considered to make the fluid
two-dimensional axisymmetric and let the pivot in the tube of the liquid pariticles be taken

as the Z-axis(Viswanath, Ghosh, Prasad, Dutt, & Rani, 2007.).

X E‘U‘Jzﬁ

A A A

Figure 2.3: Diagrammatic illustration of Hagen -poiseuille fluidflow
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Consider :

v, =0, vg=0, v, # 0, (2.4

From continuity equation in cylindrical coordinate

ovy | 0vy | 0V,
or r 9z 0 (2:3)

KIgUE

For rotational symmetry

1 0dvyg _
5 0 (2.6)
dv, .
—= = (Which means
ov
v, = v,(1,t)
Introducing

9 _ oo,
~5 (any quantity) = 0,v5 = 0, v, =0, and% _ 0

In obtaining the cylindrical coordinate system in the Z direction according to Navier
Stokes.

ovy, 1 dp (azvz 1 6vz) . .
T i to In Z direction 2.7)

The governing equation for a continuous flow can thus be represented
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1 9%v, ov, dp 1
- — = - 2
r + ar2  or iz u ( 8)

Solving equations with boundary conditions

At

r = 0; v, is finite

r=R;v,=0

It can be obtained that

_ R\ (;_T
Vz = 4;1( az) (1 RZ) (2.9)
Where
op _ Ap
- = (2.10)

Let the capillary be parabolic and considering the velocity distribution across it, the

velocity flow rate (Q) is acquired from the expression below by integrating it.
Q= [ 2nv,ror 2.11)

Equation 2.9 and 2.10 when substituted into 2.11 (Q) is obtained as

Q=nr () 2.12)

8u

Equation 2.12 is called Poiseuille’s equation

(2.13)

(-
Il
+ <

Let
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the rate of flow be Q
v to be the volume of the liquid
t be the time taken

_k
v=t (2.14)

Consider the arrangement to be vertical, its height (h) depends on the hydrostatic pressure.

Apgh
If,
p = TOHRY (2.15)
8Ly )
The constant of the viscometer to K
4
K =R (2.16)
8Lv
Or
__ mgHD*
T 128Lv (2.17)
Therefore,
v =kt (2.18)

Equation 2.18 has been the bases for the design of many viscometers, from Equation 2.19,
a known density and viscosity of a liquid is obtained in the calibration of K-value.

(Viswanath et al., 2007).

u = Kpt (2.19)
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2.8 Kinetic Energy Correction (HC)

When carrying out the experiment, some errors are bound to occur in measuring the
viscosity, to fix these error in the experiment the kinetic energy correction factor is

subtracted from the time taken for the fluid to flow under gravity.

v=K({t—-y) (2.20)

Where: K is theviscometer capillary number constant

y is the kinetic energy correction

2.9Density

The density of the biodiesel or any substance is the mass in grams per unit volume (m?) of
the biodiesel or substance.

It is expressed mathematically thus,
m

v

p= 2.21)

Where:V is the biodieselvolume
m 1s the biodiesel mass

p 1is the density

2.10 Cold Flow Properties of Biodiesel

The cold flow properties of biodiesel are the properties of the biodiesel that determines its

proper functionality or operability in a cold temperature condition or region. This includes

¢ Cloud point
e Pour point

e (old filter plugging point
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However, minimum temperature in which biodiesel can function effectively can be
increased due to the presence of high level of saturation from animal to vegetable oil
source. When the biodiesel is allowed in a cold temperature the constituent of the biodiesel
develops crystal wax. These are some of the important drawback of biodiesel, these crystal

wax cause the engine to experience start-up problem(Blanco Fonseca et al., 2010).
2.10.1 Cloud Point (CP)

The cloud point is one of the important properties of biodiesel that its knowledge needs to
be sufficient in the use of biodiesel, the cloud point of a biodiesel is temperature at which
the biodiesel indicates the first crystal like formation in its appearance when subjected to
cold temperature condition(Ramadhas, 2016). The cloud point measurement was done as
per (ASTM D2500) standards.

2.10.2 Pour Point (PP)

In the study of biodiesel it is observed that after the cloud point is reach, further subjection
of the biodiesel to low temperature causes a gel formation to develop, at this temperature
the where the biodiesel can no longer flow (it loses its flow ability) is considered as the
pour point of the biodiesel. It is lower than the cloud point(Duffield, Shapouri, Graboski,
McCormick, & Wilson, 1998). The pour point measurement was done as per (ASTM D97-
2005, 2005).

2.10.3 Cold Filter Plugging Point (CFPP)

The cold filter plugging point is the minimum temperature at which a biodiesel volume
flow rate passes through when cold within a specified conditions.It shows the lowest
temperature that a biodiesel can be used and yield a trouble free flow in the system. After
this temperature the biodiesel starts to clog the filter due to crystal formation. CFPP is
often used to indicate the lowest operable temperature of a biodiesel. The cold filter

plugging point measurement was done as per (ASTM-D6371-05, 2005).
2.11Thermal Analysis

Thermal analysis is a concept of materials science where the properties of materials are

studied as they vary with temperature. Several methods are normally used, which are
18



differentiated from one another by the property which is measured (Paulik, Paulik, &
Erdey, 1966).

2.11.1 Newtonian thermal analysis

The heat flow produced in course of solidification of the biodiesel sample can be displayed

by the heat of balance equation given below(Kierkus & Sokolowski, 1999).

do ar
2 MC, % = UA(T — T) (2.25)

Given that:
M is the mass of the sample,

C, 1s the specific heat of the sample

Tis the sample temperature,

The time is given by ¢,

The overall heat transfer coefficient is given by U,
And taking A to be the surface area of the sample
To To be the temperature of the cooling bath

The heat produced during freezing is given by QO

) . . d
Let us assume that in course of cooling no phase transformation took place d—f = 0. The

cooling rate of the biodiesel sample can be expressed mathematically thus,

dT _  UA(T-Ty) _
a mMc,

Zy (2.26)

In the above equation Zyis considered as the Zero Curve or simply, the baseline
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The total latent heat L is mathematically expressed thus,

L=2=0p f,|(5) —7Zn]at (2.27)

cc

Considering:

t. and t, as the end and start time for solidification, the cooling curve first derivative can

be taken to be cc
The heat produced during freezing of the sample is written thus,

L = Cpx (Area between derived cooling curve and zero curve) (2.28)

Equation 2.28 is useful when the C,, of the biofuel is known. The total area inside the rate

curve and the Newtonian baseline, as a fraction of total area between these two curves, the

solid quantity att during freezing is found(Evcil, Al-Shanableh, & Savas, 2018)
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3.1 Materials

In this work, feedstock of Waste cooking oil was collected from restaurants and cafes and
was utilized in the production of biodiesel sample called Waste Cooking Oil Methyl Ester
(WCOME). In the preparation of the sample Benzene 95, Benzene 98, Euro diesel summer
and Kerosene from 5-25 in percentage were blended together with WCOME, at a 5%
interval for each blend making it 20 samples, they were poured in an identical bottle of

equivalent amount for each sample.The concentrations of these petro-fuel in the blends

were set as shown below on Table 3.1.

CHAPTER 3
MATERIALS AND METHODS

Table 3.1:The concentrations of these petro-fuel in the blends

No of Sample Fuel Denote Meaning
1 Pure Biodiesel B100 100% biodiesel
2 BB510 90% biodiesel 10% Benzene 95
3 BB5 15 85% biodiesel 15% Benzene 95
Benzene 95 o
4 BB5 20 80% biodiesel 20% Benzene 95
5 BBS5 25 75% biodiesel 25% Benzene 95

3.2 Accessories

In achieving the ASTM standards for the biodiesel sample, the following instruments were

utilized.

Funnel
Stirrer/Spatula.

Measuring cylinder (1000ml)
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e Pipette (10ml)

e Beaker (2000ml and 5000ml)
e Storage bottles (750ml)

e Viscometer holder

e Vacuum Syringe

Before the use of the instruments they were properly cleaned with locally prepared
detergent, the detergent was prepared to contain 70% distilled water, 15% of hydrogen
peroxide and 15% muriatic acid and the process was finished by rinsing with acetone and

allowed to dry up.
Funnel

The funnel is used for conveying the biodiesel into the bottles and viscometer without

spilling the product

Figure 3.1: Funnel
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Measuring Cylinder (1000ml)

The measuring cylinder is used to measure the calculated volume of the biodiesel sample

so it can be poured into the beaker or the bottles.

Figure 3.2: Measuring Cylinder

Beakers

Beaker is a bowl used for the measurement of the sample and also in most cases it serves
as the heating bath for the ubbelode capillary viscometer, it also serves as a storage tank

for the water and the various samples.
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Figure 3.3: 2000ml Beaker

Glass Pipette

The glass pipette is a device used in measuring and conveying the biodiesel sample into the
capillary viscometer.

i

Figure 3.4: Pipette

24



Viscometer Holder

The device holds theubbelohde capillary viscometer upright in the beaker and prevent it

from falling in the cooling or heating bath.

Figure 3.5: Viscometer holder

Vacuum Syringe

This is a device use for supping (suction) the biodiesel sample into the viscometer bulb

during the measurement of the kinematic viscosity.
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Figure 3.6: Vacuum Syringe

3.2Temperature Measurement

Temperature plays a key role in acquiring the kinematic viscosity and density of the
biodiesel products. Sometimes in this measurement a slight temperature change causes a
significant change also in the kinematic viscosity and density of the sample.

In stabilizing the temperature effect, a thermostat is used in the cooling bath in conjunction
with mercury thermometer.

The thermostat plays a key role by putting on and putting off the compressor automatically
keeping the temperature of the cooling bath stable.
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Figure 3.7: Thermostat reading

3.3 Kinematic Viscosity

The kinematic viscosity which is the internal resistance to flow of the biodiesel sample for
this experiment was acquire using the Ubbelohde Viscometer ISO 3105/DINSI
562/Part1/BS188/NFT 60-100, Ref.No.501, 530, 532. The test was done according to
ASTM DA455.

The test was carried out in two steps

e Before the cooling of the sample

e After the cooling of the sample
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3.3.1 Before Cooling

The test was carried out before the cooling of the sample at various temperatures, this was
done to ascertain the effective functionality of the biodiesel at each temperature. The
temperature are as follows; 0°C, 5°C, 10°C, 20°C 30°C and 40°C, the measurement was

done with the accuracy of £0.1°C.

The kinematic viscosity at 0°C, 5°C and 10°C was acquired by measuring 20ml of the
biodiesel sample with a pipette and pouring it into the Ubbelohde capillary Viscometer and
placed in a cooling bath for 15 to 20minutes for homogeneity in the temperature
respectively for 0°C, 5°C and 10°C temperature. the sample was pressurized in the
viscometer for it to move upward with the help of the suction syringe. The sample in the
capillary viscometer was allowed to flow freely under gravity and the time taken for the
sample to flow from mark M1 to M2 on the capillary viscometer was recorded. The

process was carried out three times consecutive while taking the average time.

Figure 3.8: Ubbelohde type 525-10/1
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After acquiring the average time the kinetic energy correction factor (y) was taken from the
time and the viscosity constant (K) was used to multiply the remainder according to

equation 3.1
v=K({t—-y) (3.1)

Where:
The kinematic viscosity (mm?/s) be given as v
t is the average time (5s)
y is the kinetic energy correction factor

K is the viscometer constant

For the kinematic viscosity measuring range of 6-30( MM / s |, The capillary viscometer

constant for this experiment was chosen according to the manufacturers catalog as stated in
Table 3.1 where K = 0.02944. The ubbelohde capillary viscometer utilized in this

experiment is type (Ic)

For the temperatures of 20°C 30°C and 40°C a heating bath was utilize in acquiring and
maintaining the temperature, the heating bath was heated to 20°C and the previous

procedures was followed, likewise for 30°C and 40°C.

Table 3.2:Datasheet for Viscometer Specification

Type Capillary Capillary Dia. 1+ Constant =~ Measuring range

No. No 0.01[mm] K [mm?/s]
52503 Oc 0.36 0.002856 06..3
52510 1 058 0.00982 02 ...10
52513 c 078 0.02944 06 ...30
52520 o 1.03 0.08947 20...100



52523 Ilc 1.36 0.2812 60... 300

Table 3.3:Datasheet forCorrection of Kinetic Energy for different Viscometers

Flow Capillary No
time o 0c 0a I Ic Ia I
40 .—B - B —B 1.03 045 0.15 0.10
50 .—B -B —B 396 0.66 029 0.07
60 B —.B _B 275 046 020  0.05
70 - B —.B —B 202 034 0.5 0.04
80 -B —B 4788 155 026  0.11 0.03
90 —B —B 3.788 122 020 009 0.2
100 —B 7.07B 3.065 099 0.17  0.07 0.02
110 —B 5.84B 2.53 082 014 006  0.01
120 —.B 4918 2.13 069 012 005  0.01
130 —.B 4.188 1.81 059 0.0 0.04 0.1
140 —.B 3.61B 1.56 0.51  0.08 004 001
150 —.B 3.148 1.36 044 007 0.03 001
160 -B 276 120 039 006 003 001
170 —B 2.45 1.06 034 006 002 0.1
180 —B 2.18 0.94 030 0.05 0.02 0.1
190 —B 1.96 0.85 028 0.05 002 0.1
200 10.338 1.77 0.77 025 0.04 002 0.1
225 820 1.40 060 020 0.03 001 0.01
250 6.64 1.13 0.49 0.16 0.03 001 <0.01
275 5.47 0.93 0.40 0.13  0.02 001 <001
300 4.61 0.79 0.34 011  0.02 001 <001
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Table 3.2: Continue

Flow .Capillary No

time . o . 0Oc 02 a1 . e . Ia . I

325 3.90 0.66 029 0.09 0.02 0.01

350 3.39 0.58 025 0.08 0.01 0.01

375 2.95 0.50 022 0.07 0.01 0.01

400 2.59 0.44 0.19  0.06 0.01 <0.01
45 230 066 029 009 001 <0.01

450 2.05 0.58 025 0.08 0.01 <0.01

475 1.84 0.50 022 0.07 0.01

500 1.66 0.44 0.19 0.06 0.01
550 137 023 o1 003 o001

600 1.15 0.20 0.09 0.03 0.01

650 0.98 0.17 0.07 0.03 <0.01

700 0.85 0.14 0.06 0.02 <0.01

750 0.74 0.13 0.05 0.02 <0.01

800 0.65 0.11 0.05 0.01

850 0.57 0.10 0.04 0.01

900 0.51 0.09 0.04 0.01

950 0.46 0.08 0.03  0.01

1000 0.42 0.07 0.03  0.01

A The correction seconds stated are related to the respective theoretical constant

B For precision measurement, these flow times should not be applied. Selection of a
viscometer with a smaller capillary diameter is suggested
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3.3.2Steps in measuring the kinematic viscosity

1. Clean all devices, the viscometer and all necessary equipment needed to carry out
the experiment

2. The viscometer is then filled with sample at a volume of 20mL

3. After filling the viscometer, the assembly is then brought into the cooling bath and
allowed to remain there for at least 15minutes for the sample to attain homogeneity.

4. When the sample have fully attain homogeneity the suction syringe is then used to
sup the sample in the viscometer, the airlet (vent hole) is closed while pressure is
applied from the syringe.

5. The biodiesel sample is then allowed to flow under gravity from mark M1 to M2 on
the viscometer.

6. Atmark M1 the stop watch is started and at mark M2 the stop watch is stopped and
the time taken for the fluid to flow from M1 to M2 is recorded.

7. The process is repeated three consecutive times and the average result is recorded.

3.4Density Measurement

The density of the biodiesel sample was acquired using a pycnometer with a bulb of
99.693mL by volume. The density of the biodiesel sample was acquired and determined by
the use of this device, the excess fluid and air bubbles is discharge from the glass stopper at

the top of the pycnometer.

An electronic weighing balance that is very sensitive is used to measure the combine
weight of the pycnometer and the fluid at a stipulated temperature before and after cooling

of the biodiesel sample.

The density of the sample is obtained by considering the following, a cleaning solution was
used to clean the pycnometer properly and rinsed with acetone and allowed to dry, and an
electronic weighing balance was used to measure the weight of the empty pycnometer and

recorded.

The pycnometer was then filled with the biodiesel sample and the glass stopper placed on

top of it to allow for excessive fluid flow and air bubbles to be discharged, the entire
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assembly was then placed in the temperature controlled cooling bath at the respective
temperature of 0°C, 5°C, 10°C and 15°C and allowed for homogeneity for about 20
minutes after which the electronic weighing balance was used to determine the mass of the
sample by measuring it again.

To acquire the actual density of the biodiesel sample, the mass of the empty pycnometer
was subtracted from the mass of the pycnometer when filled with the sample and the result

is divided by the volume of the pycnometer as given by Equation 3.2

p = M (3.2)

Where:
p (kg/m3) is the density
Mg, is the sample filled pycnometer mass (g)
Mempty 18 the mass of the empty pycnometer (g)

V be taken as volume of the pycnometer

Figure 3.9: Setup assembly of cooling bath and pycnometer
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Max 2509 d=0.001g

Figure 3.10: Density measurement setup
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Figure 3.11: Empty pycnometer

3.4.1 Steps in measuring the density of biodiesel sample

wok »b

The pycnometer and all devices to be used in the experiment are washed and rinsed
with acetone before carrying out the experiment

The mass of the empty pycnometer is measured and recorded

The pycnometer is then filled with the sample

The temperature of the cooling bath is set to the required temperature

The complete assembly is then placed in the cooling bath and allowed there for
about 15 to 20 minutes for it to attain homogeneity

After which, the mass of the sample is then measured using the electronic weighing
balance

The process is repeated three times and the average value from the results obtained

is recorded.
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3.5 Cold Flow Properties Measurement

The cold flow properties were measured according to

1. American Standard Test Method, ASTM D2500 for cloud point,
2. ASTM D6371-05 for cold filter plugging point
3. ASTM D97-2005 for pour point.

The samples are as follows

Waste  Cooking Oil Methyl Ester (WCOME) biodiesel blended with
Benzene 95, Benzene 98, Euro diesel summer and Kerosene from 5-25 in percent, with a

5% interval for each blend making it 20 samples
The following component parts serves a critical purpose in the setup

e (Cooling bath

e Data logger

e Cylinder jacket

e The test jar

e Insulators (Styrofoam)
e Refrigerator units

e (Coolants (Alcohol)

e Thermostat

e Thermocouples

e Compressor system coil

To measure the cold flow properties the coolant (alcohol) was poured into the cooling bath
and insulated properly to avoid heat transfer with the surrounding and also to maintain the

internal temperature of the cooling bath.

The cooling bath was powered on and the temperature of the cooling bath was brought
down by the compressor system coil to -17°C, this temperature was regulated by a
thermostat attached to the refrigerator unit. The thermostat stabilizes the temperature so it
does not fall below or go above the stipulated temperature. To maintain a homogenous

temperature in the cooling bath, a stirrer is used to stir the coolant in the cooling bath.
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A pipette was used to measure 45ml of the biodiesel sample and poured into the test jaw
and the test jaw placed in a cylinder jacket that was clamped in the middle of the cooling
bath. A T-type thermocouple was placed in the middle of the cooling bath so as to measure
the temperature (7,) of the coolant. Two thermocouples were further placed in the test jar
to monitor the temperature of the biodiesel sample in the test jar. One of the thermocouple
T, was placed 3mm just above the bottom of the test jaw and the second thermocouple T

was placed at a distance of 3.5mm just below the surface of the sample in the test jaw.

Figure 3.12: Thermocouple labelling for cold flow properties
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From Figure 3.15, the thermocouple labelled T; is used to measure the temperature at
which the cloud point (CP) occur when the temperature of the biodiesel sample start
dropping and the second thermocouple T, keeps record of the temperature when the

sample can no longer be poured, that is the pour point (PP).

This process is achieved by periodically inspecting the sample as the temperature decreases
until for the cloud point, a first crystal wax formation is seen at the bottom of the test jar
the cooling bath was allowed to continue to the point the biodiesel sample became solid
wax and could no longer be poured as a result of gel formation, the temperature at this
point is the pour point and the thermocouple T,displays it on the computer and was

recorded to be the pour point of the biodiesel.

hermocouple for PP

ermocouple for

cp

Figure 3.13: Glass of test
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3.6Cooling Curve

Considering the cooling curve analysis, -20°C was set on the digital control unit and
allowed so as to bring down the temperature of the cooling bath to the required level.
While waiting for the cooling bath to attain the desired temperature, 45ml of the sample
was measured into the test jaw and the kinematic viscosity was measured at 0, 5, 10, 20,
30, 40°C and density at 0, 5, 10, 15°C was measured, this was done to ascertain the cooling
effects on the biodiesel sample. In measuring the density for this, a smaller pycnometer of

25ml by volume was used.

After some hours when the cooling bath have attain the required temperature of -17°C, the
number of thermocouple utilized in the measurement of the temperature of the biodiesel
sample in the test jar summed up to threeT-type thermocouples as shown in Figure 3.19.
The thermocouplesT;, T, and Ty;were placed at an equivalent distance from each other at

the midpoint of the sample in the test jar.

However, before the collection of the data the 45ml of the biodiesel sample was heated to
about 67°C keeping the temperature of the cooling bath constant at -17°C, the entire
assembly of the heated biodiesel sample in the test jaw was then inserted into the cylinder
jacket and kept in the cooling bath. From the software user interface (UI) the data logger
displayed the temperature of the thermocouples. the computer was used in storing the
various reading at an interval of one second using the data logger as shown below in Figure

3.16.
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Thesample was allowed in the cooling bath of -17°C for four hours, the setup was allowed
without interruption and the data collected was taken for analysis using the Newtonian
thermal analysis theorem. This analysis could be achieved using MATLAB or
MICROSOFT EXCEL software.

Figure 3.15: Thermocouple labelling for cooling curve
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CHAPTER 4
RESULTS AND DISCUSSIONS

4.1 Kinematic viscosity of Biodiesel-Fuel Blends

The results of kinematic viscosity for the studied mixtures in this work are shown in
Figures 4.1 and 4.2. The experimental data (kinematic viscosity data)of biodiesel blends
are compared with (ASTM D455-69 1995.)values. It is found that all experimental data of
Eurodiesel-biodiesel blends are within the range of MATM D 455 (1.9 - 6 mm?/s at 40°C)
as shown in Figure 4.1. Moreover, It is noticed that kinematic viscosity of Benzene 95 with
biodiesel blends content higher than 60 vol% fulfill biodiesel standard requirement. In
addition, it is noticed that the kinematic visocsity increases with the increase of volume

fraction of biosdiesel.

4,8
4,6
4,4
4,2

3,8
3,6
3,4
3,2
3 . . .

0 0,2 0,4 0,6 0,8 1

Kinematic visocsity [mm?/s]

Volume fraction of biodiesel

Figure 4.1: Measured kinematic viscosity values of Euro diesel-biodiesel blends at 40°C
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Volume fraction of biodiesel

Figure 4.2: Measured kinematic viscosity values of Benzene 95-biodiesel blends at 40°C

4.2 Density of Biodiesel-Fuel Blends

Figures 4.3 and 4.4 show the density values at 15°C for different biodiesel blends with two
different fuels at different percentage of volume factions of biodiesel. It is observed that if
the experimental results of biodiesel fuel blends with Euro diesel compared with
specification diesel fuel standard range between 800 and 880 kg/m’ overall density results
meet the minimum and maximum standard or specification requirements of diesel fuel.
Moreover, it is noticed that when volume fraction of Benzene 95 increased in the mixture
of blend, the density of the mixture decreases. . Moreover, the density of Benzene 95-
Biodiesel with biodiesel content higher than 70 vol% fulfill biodiesel standard

requirements.
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4.3 Cold flow Properties of Biodiesel-Fuel Blends

Based on the results of kinematic viscosity and density of biodiesel-fuel blends, the cold
flow properties in terms of CP (Cloud Point) and PP (Pour Point) of blends were measured
manually for some selected specific volume as shown in Table 4.1. It is observed that CP
and PP get regularly increase as increasing volume fraction of biodiesel. Also, it is noticed

that addition of Benzene 95 can reduce the cold flow properties of biodiesel.

Table 4.1: Cloud Point and Pour Point of biodiesel blends

Biodiesel-Euro diesel blends

No: Volume fraction of blend Cp PP
1 20% Biodiesel + 80% Euro diesel -1.675 -3.159
2 50% Biodiesel +50% Euro diesel 2.66 -1.34
3 80% Biodiesel +20% Euro diesel 7.7 3.08
4 90% Biodiesel +10% Euro diesel 9.9 4.84
5 100% Biodiesel + 0% Euro diesel 11 7

Biodiesel-Benzene 95 blends

No: Volume fraction of blend Cp PP
1 80% Biodiesel +20% Benzene 95 2 -4.50
2 85% Biodiesel +15% Benzene 95 2.75 -2.45
3 90% Biodiesel +10% Benzene 95 3.5 0
4 95% Biodiesel +5% Benzene 95 7 4.65
5 100% Biodiesel +0% Benzene 95 11 7
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4.4 Thermal analysis of Biodiesel-Euro Diesel Blends

The cooling curve of biodiesel-Euro diesel blends , T vs t, and dT/dt vs t curves were
plotted and are shown in Figures 4.1-4.5. The cooling bath temperature is also shown in the
same figures. The average cooling bath temperature was fixed at —20°C with a minimum
of =17 °C and a maximum of —19.5 °C.It is observed that, the value of CP and PP from

cooling curve and observation data (Table 4.1) are almost equals.

75,0 - 0,02
65,0 - 0,01
55,0 I 06081
45,0 - 0,02
35,0 - -0,03

- 250 - -0,04
15,0 - - 005 ©
50 - - -0,06

0 - -0,07
-5,0 - - 0,08
504 1 0,09
-25,0 ; ; 0,10

0 2000 4000 6000 8000 10000

——B100 —— Cooling bath Cooling rate (B100)

Figure 4.5: Cooling curve analysis of B100
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Figure 4.6: Cooling curve analysis of 90B10
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Figure 4.7: Cooling curve analysis of B§5B15
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Figure 4.8: Cooling curve analysis of BS0B20
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Figure 4.9: Cooling curve analysis of all biodiesel-Euro diesel blends
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4.5 Thermal analysis of Biodiesel-Benzene 95 Blends

The cooling curve of biodiesel-Benzene 95 blends , T vs t, and dT/dt vs t curves were
plotted and are shown in Figures 4.6-4.9. The cooling bath temperature is also shown in the
same figures. The average cooling bath temperature was fixed at —20°C with a minimum
of —17 °C and a maximum of —19.5 °C.It is observed that, the value of CP and PP from

cooling curve and observation data (Table 4.1) are almost equals.
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5o | e
0 - - 0,08
-15,0 _ - -0,09
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——B80B20 —— Cooling bath Cooling curve (B80B20)

Figure 4.10: Cooling curve analysis of BE0B20
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Figure 4.11: Cooling curve analysis of B§5B15
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Figure 4.12: Cooling curve analysis of BOOB10
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Figure 4.13: Cooling curve analysis of all biodiesel-Benzene blends
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATION

Biodiesel is increasingly becoming an alternative fuel for diesel engines because biodiesel
use reduces the consumption of petroleum; thus, engine gas emissions are environmentally
safer, also ,biodiesel is a renewable fuel from organic remain such as waste sunflower oil

and used cooking oil.

This research aimed to critically to examine the cold flow behavior of biodiesel blend and
measure the biodiesel properties including cold flow properties in terms of Cloud point
(CP), Cold filter plugging point (CFPP) and Pour point (PP). Moreover, in this study,
examine the cold flow behavior of biodiesel blends during solidification by employing the

computer-aided cooling curve analysis (CA-CCA) technique.

5.1 Conclusion

The effect of thermal analysis on the waste sunflower biodiesel properties was
experimentally determined. The cold flow properties were determined for each blend. The
cold flow properties were determined according to (ASTM D2500, 2014), (ASTM D6371,
2005) and (ASTM D97-2005, 2005) for cloud point pour point and cold filter plugging
point respectively. The cloud point (CP), the cold filter plugging point (CFPP) and the

Pour point (PP) were noted as the slope changes on the cooling curve.
The researcher concluded that:

e All experimental data of Eurodiesel-biodiesel blends are within the range of
MATM D 455 (1.9 - 6 mm?/s at 40C°), moreover, It is noticed that kinematic
viscosity of Benzene 95 with biodiesel blends content higher than 60 vol% fulfill
biodiesel standard requirement and the kinematic visocsity increases with the
increase of volume fraction of biosdiesel.

e Regarding the density of biodiesel-fuel blends, It is observed that if the

experimental results of biodiesel fuel blends with Euro diesel compared with
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specification diesel fuel standard range between 800 and 880 kg/m’ overall density
results meet the minimum and maximum standard or specification requirements of
diesel fuel. Moreover, it is noticed that when volume fraction of Benzene 95
increased in the mixture of blend, the density of the mixture decreases.

The research has also shown that cloud point (CP) and Pour point (PP) get regularly
increase as increasing volume fraction of biodiesel. Also, it is noticed that addition
of Benzene 95 can reduce the cold flow properties of biodiesel.

The investigation of thermal analysis of biodiesel-euro diesel blends has shown that
the average cooling bath temperature was fixed at —20°C with a minimum of —17

°C and a maximum of —19.5 °C.

5.2 Recommendations

The success of the work has led to more questions than not. The researcher deemed it

necessary to recommend the following

To store the same samples in a constant temperature of 10 C° to study how it will
perform in regions with similar conditions.

To study further mixtures of the blend, up to B5S0 K50 at the same conditions.

This is because of the successful use of kerosene as a blending additive.

To study the Fourier Thermal Analysis for the same samples.
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Designation: D 250009

Designation: 219/82

Standard Test Method for
Cloud Point of Petroleum

An Amancan Natonal Stendard
British Standard 4458

Products’

This standard in issued under the fxed desigoaion 13 2500; the pumber immeilinely following the designition indicites the year of

riginal adoption e, in the case of revision, the year af lnst revisi |
superseript epsilon (r) indicates an eilitorial change since the st revision or

on. A mumber in parentheses indicates e year of list reapproval, A

reapproval.

This stewsdand hus been approved for e by agencles af the Deparinent of Defense.

1. Seape®

1.1 This test method covers ouly petroleunt products mrd
biodiesel fuels that are transparent in luyers 40 mm in
thickness, and with a cloud point below 49°C.

Nom 1—The interlaberatary program consisted of petroleum products
af Test Method [ 1500 color of 3.5 and lower. The precisions stated in this
test method may not apply to samples with ASTM color kigher than 3.5,

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

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

2. Relerenced Documents

2.1 ASTM Standards:?

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

E 1 Specification for ASTM Liquid-in-Glass Thermometers

22 Energy Institure Standard:?

Specifications [or 1P Standard Thermometers

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.0.1 bindiesel, n—u fuel comprised of mono-alkyl esters of

long chain fany acids derived from vegetable oils or animal
fa1s, designated B 100,

" This test mehod is under e Jurisdiction
] +oof ASTM Commites 102 on
Petraleus Products and Lubwicans and is the di 2 bl e
L7 1 Pty Prafy 1 the direct responsibility of Subconmines
Current edition sppioved April 15, 2009 Tubli i i
u . A shed Agril 200, i
amlmvzd in 1966, Last previous editing pproved in 2005 n: [H] zsmin:mym“r
Fuor r:l’cmw_nd AS‘IM. slandirds, visit ihe ASTM webslie, www,a;.l;u o, oF
canLEe t’:‘FM Cusivimer hFrvlcn at seaviceSbasinong, For Asnwid loseek :5; e1.';“'.l'.‘i'
Stanadunds volune information, refer i e sandan's Document S
‘lh: mmllc. b IIIJ[’ 'HHE an
 Availuble from Enerpy lnstitute,

61 New Cavendi
L M etwiane e s ew Cavendish St Laindon, WIG AR,

Copyrighl @ ASTM Intarnabonsl, 100 Bar Hartar Diive, PO Dax G700, Wes Conahichock
\ o,

gl Intwirstional
#ﬁmmmli-m.-num

Ll

beenve I (s

3.1.1.1 Discussion—Biodicsel is typically produced by a
reaction of vegelable oil or animal fat with an alcohol such as
methanol o cthanol in the presence ol a catalyst w yield
mono-esters and glycerin. The fucl typically may contain up to
14 difTerent types of fatty acids that arc chemically transformed
nto f;m_)r acid n'IElh]ll esters fF-I'\MEJ

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

313 eloud point, n—in petroleum products and biodiesel
fueels, 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 Discission—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-
lure of the specimen is low enough o cuuse wax crystals to
form. For many speeimens, the erystals 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 barcly perceptible.

3.1.3.2 Discussion—Upon covling (o temperatures lower
than the cloud point, clusters of crystals will grow in multiple
dircctions; for example, around the lower circumference of the
test jar, towards the center of the jar, or vertically upwards. The'
crystals can develop into a ring of cloud along the bowom
circumlerence, followed by extensive erystallization across the:
bottom of the rest jar us temperature decreases, Nevertheless,
the cloud point is defined 08 the temperture ot which the:
erystuls first appear, not when an entire ring or full layer of wax
has been formed at the botom of the 1est jar, '

3.1.3.3 Diseussion—In general, it is casier o deteet thes
cloud point of samples with large clusters that form quickly,
such as parallinic 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
diflicult samples, such as naphthenic, hydrocracked, and those
samples whose cold flow behavior have been chemically

i .
A Summiary of Changes sectlon appears at (he end of this standard.
PA 19426-2059, Unned S1atas,

L o
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altered, the appearance of the first cloud can he less distinet.
The rate of crystal growth is slow, the opacity contrast is weak,
and the boundary of the cluster is more diffuse, As (he
temperatre of (hese specimens decrense helow llm_uiuml
point, the diffuse cluster will increase in size and e Torm o
general haze throughout, A slight haee throughout the entire
sample, which slowly becomes more appirent as the tempera-

ture of the specimen decrenses, can also he caused by traces ol

water in the specimen instead of erystal formation (see anl:_33-
With these difficult samples, drying the sample prior (o lesting
cum climinate 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 1o
capture the emperature at which the liquids in the specimen
begin 1o change from a single liquid phase to a two-phase
system containing solid and liquid. Tt is not the intent of this
test method to monitor the phase transition of the tace
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 produet 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 1o
34.8-mm ouiside diameter and 115 and 125-mm height. The
inside diameter of the jar may range from 30 1o 32.4 mm within
the constraint that the wall thickness be no greater than 1.6

m

=]

Noris—All dimensions are in milllimeires,
FIG. 1 Apparatus for Cloud Paint Taot

riahl AGTM fwmational

mm, The jar should be marked with a line to indicate sample
lcight 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 Specilications for 11" Standard Thermometers.

Thermormater

MNurnber
Thermamalar Termparature Rango ASTM P
High cloud and pour -0 In +50°C 5C 1C
Low eloud and pour ~f0 1 420°C &C 2C

6.3 Cork, 10 fil the test jar, bored centrally for the test
thermometer.

6.4 Jacker, metal or glass, watertight, cylindrical, flat bot-
torm, about 1135 mm in depth, with an inside diameter of 44.2 (o
45.8 mm. Tt shall be supported [vee of ¢xcessive 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 clastic enough to cling to the test jar and hard enough o
hold its shape. Its purpose is fo prevent the lest jar from
touching the jacket.

6.7 Bath or Barhs, maintained at prescribed temperatures
wilh a (irm 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 lemperatures shown are in.
Table 1. :

7. Reagents and Materials

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

72 Carbon Dioxide (Solid) or Dry lce—A commercial
grade of dry ice is suitable for use in the couling bath.

.?.3 Petrolewn Naphtha—A commercial or technical arude
of petroleum naphtha is suitable for the cooling  bath.
(Warning—Combustible, Vapor harmiul.)

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

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

TABLE 1 Cooling Mixtures and Bath Temperalures

low and walure E"IZT:I.T;';IUM

Crushed ico and sodium ehlorida crystals, or acelona or
L X palroleum <18 = 1,50
[Ln:::m tlrsuu 7) with solld corbon dloxida addad 1o giva the dasired e
nparnluro

Acutonn ar pulralaum naptha {sea 7) with solld carbon dioxide

::':ulud 10 giva the dasired temparatira = 15C
alond ar potiolaum naptha (ses 7) with solid
:LII I::.I'Iu Oive the desirmd Im'rl‘pﬂrulu:u S M on ekl “Stzasc
Colona or petrateum ny cog 7
ackded 10 giva lig d&slradmrm,t;:f: m:nm sclid carbon diaxide -8+ 1, 5°C
T —
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8. Procedure

8.1 Bring the sample to be tested fo o temperature il feas!
14°C above the expeeted cloiid point, Remove any moisiure
present by a method such as tilrnion thraugh dry lnless filter
paper until the oil is perfectly clenr, hut make such filivtion al
i lemperature of at least 14°C above the :||1l!l‘1'l!llli:llk! cloud
puint,

8.2 Pour the sample into the test jar to the fevel nark,

8.3 Close the test jur tightly by the cork carrying the lest
thermometer. Use the high eloud and pour thermometer i the
expected cloud point is above =36°C and the low cloud and
pour thermometer it the expected cloud point is below =36°C.
Adjust the position of the cork and the thermomeler so that the
cork fits tightly, the theemometer and the jar are coaxial, and
the thermometer bulb is resting on the boltom of the jar.

Nore 2—Liquid column separation of (hermometers occasionally oc-
curs and may esezpe detection. Thermometers should be checked perodi-
cally and vsed only il their fee points are 0 = 1°C, when the thermometer
is irmmersed 1o the immersion line in an ice bath, and when (he emergent
column temperatune does not differ significantly from 21°C. Altematively,
immerse the thenmometer to o reading and correct for the resultant cooler
slem lemperature.

8.4 See that the disk, pasket, 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 belore the test jar is inserted. The use of
a juckel cover while the empty jacket is cooling is permited.
Place the gasket around the test jur, 25 mm from the bottem.
Insert the test jar in the jacker. Never place a jar directly into
the cooling mediun.

Nowm: 3—Failure 10 keep the disk, gaskel, and ihe inside of the jacket
clean and dry may lead to rost formation, which may cause emaneous
results,

8.5 Maintain the temperature of the cooling bath at 0 =
L.5°C.

8.6 At each test thermometer reading that is a multiple of
I"C, remove the test jar from the jacket quickly but without
disturhing the specimen, inspect for cloud, and replace in the
jackel. This complete operation shall require not more than 3 s,
IT the il does not show a cloud when it has been cooled 1o 9°C,
transfer the west jar o o jacket in o second bath maintained at
atemperature of =18 * 1.5°C (see Table 2). Do not transfer the
jucket, If the specimen does not show a cloud when it has been
cooled o —6"C, ansfer the test jar o o jocket in a third bath
maintained at o temperature of =33% 1.5°C, For the determi-
nation of very low cloud points, sdditional baths ure 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 Temperalure Ranges

Balh  Baih Temporatura Sating, ' S4™P10 Temperaturo Rasge,
1 0z1b Siart to 0
2 -8 £ 1,56 0 o -0
3 =33 215 =B o =24
4 51416 ~24 1 -42
5 65 % 1.5 42 1o =04
Iebwerualscand
mmwmmm

»procksstian of elwoding permitied wEho bcanss b IHE

reaches 1he lowest specimen lemperature in the range ichllﬁcd
for the current hath in use, based on the ranges staled in Table

: 8.7 Report the eloud point, to the nearest 1°C, at whir_:h any
eloudl s observed ut the hottom of the test jar, which is
confirmed hy comtinued conling.

Mirrt A—dA wiix ehowd or iz is always noted first at the botom of the
test jor where (he emperattire Ju loowest, A slight hivee throughout the l:nlirll:
sample, which slowly hecomes more apparent as the mnpcr.l-uun: is
lowered, is usually due o traces of water in the oll. Generally this water
haze will not interfere with the determination of the wax cloud point. In
most cases ol interlerence, iliration through dry lintless filter papers, such
as deseribed in 8.1, is sulficient, In the case of diesel fuels, however, if the
haze is very dense, a fresh partion of the sample should be dried by
shuking 100 ml with 5 g of anhydrous sodium sulfale for af least 5 min
andl then fltering through dry lintless filter paper. Given sufficient contact
time, this procedure will remove or sufficiently reduce the water haze so
that e wax cloud cun be readily discemed. Drying and filiering should be
done always at o temperature at least 147°C above the approximate cloud
point bul otherwise nat in exeess af 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 Repearability—The dillerence between two 1est re-
sults, obtaincd 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 | case in 20,

10.1.2 Reproducibilig—1'he difference belween 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 | case in 20,

10.1.3 The precision statements were derived from a 1990
interlahoratory cooperative fest program.’ Purticipants ana-
lyzed 13 sample sets comprised of various distillate fuels and
lubricating oils with temperature range from -1 10 -37°C. Eight
luboratories purticiputed with the manual D 2500/1P219 test
method. Information on the type of samples and their average
cloud points are in the research report.

10.2 Rias—The procedure in this test method has no bias,
hecanse the value of eloud point can be defined only in terms
of o test method,

103 Precision for Biodiesel Products®—=The precision of
this test method as determined by statistical examination of
interlaboratory resulis is as follows:

. 103.1 Repeatability for Blends of Biodiesel in Diesel—The
dilference between successive test results obiained by the same
operator, using the sume appamtus, under constant operating

* Suppening il bave been filed a ASTM Ini i
I terional H
be EIIHIII-(‘I' by reyuesting Research Report RR: I)ﬂ!—-NT-II kG i
Suppening data (e results of the 001 ill.ml'l.hnl::l i
; sult I ory coopemiive (e
Prugranid e bheen tiled ot ASTM International Headd i
by seauesting lRescanch Repan RR: 102-1524, FIEHCrS Mad iy i vhiai i

lesense~Doar Universty 504115002
Pok fod Fvsada, BAI0872010 047815 MOT
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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 diescl samples
comprised cloud points from about =2 to +10°C,

10.3.3 The precision statements were derived from a 2001
interlaboratory cooperative lest program.” Participants ana-
lyzed eleven sample sets comprised of different blends of two
petroleum distillate fuels, diesel and kerosene, with various
biodiesel fuels with temperawre range from +10 to —45°C, Ten
luboratories participated with the manual D 2500/TP219 test
method. Information on the type of samples and their average
cloud points are in the research report.

Nam: 6—One of the outcomes of the interlaboratory study was the
selection of the sample types, since the ones used in the study conmbu_.lu-,d
o a diiculty in determining the precision statement. Kerosene is a
sufficiently different fuel type from biodiesel to cause some _shght
separation of phases upon coaling when in B20 blends, Also, the p@culm
kerosene sample used was sitypical, which complicated the study Iurlh‘?r.
Therefore, data from the blends of kerosene in biodiesel were not used in
the precision stalement. 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 stalement was
limited.

Not: 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 Lo 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.
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of the validity of any such patent rights, and the risk
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This standard is copyrighted by ASTM Internalional, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United Siales. Individual reprints (single or muiltiple copies) of this standard may be obtained by conlacting ASTM at the above
address or al 610-832-9585 (phone), 610-832-9555 (lax), or sarvice@astm.org (e-mail); or through the ASTM website

(www.asim.org).
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Designation: D 97 — 05

An American National Standard

N

INTERNATIONAL

P Designation: 15/95
Standard Test Method for
Pour Point of Petroleum Products’
This standard s issued wider the fixed designation T 0T: the number immedialely following the designation Indicates e year af eriginal
adoption or, in the case of revision, the year of last ravision. A mumber in parcatheses indicates the year of last reapproval. A sigenieript
epailon (e indicames an cditorial chunge since the last revision or reapproval,
Thix standord has been approved for use by agencies of the Department af 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 fluldity 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
technigue 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 fo address all of the
saferv concerns, if any, associated with is use. It is the
responsibility of the user of this standard 1o establish appro-
priate safetv and health practices and determine the applica-
bility of regulatory limitations prior 1o 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 Comminee D02 on
Pewroleum Products and Lubricants and is the direct responsibilily of Subconuminee
D02.07 an Flow Properties,

Current edidon approved June 1, 2005. Published July 2005. Originally spproved
in 1927, replacing [0 47. Last previous edition approved in 2004 as D 97-04,

In the 1P, ihis test method i under the jurisdiction of the Standardizaton
Comminee. This test method was adopied as a joint ASTM-IP Sundard in 1965

# Sutements deflining this test and s significance when applied 1o eleewrieal
insulating oils of mineral argin will be found in Guide D] |7,

? Reugeny Chemicals, American Chemival Society Specifications, American
Chemical Socicty, Washington, DC. For suggestions on (he testing of reagents pot
listed by the Amcricin Chemical Soclely, se¢ Amwal Stumdends Jor Laboraiory
Chemicals, BOH Lul., Poule, Dorset, UK., and the Uailted States Pharmacopefa
and National Formwlary, US. Pharmacopeial Convention, Ine, (USPC), Rockville,
MDD,

D 396 Specification for Fuel Oils

[3 1659 Test Method for Maximum Fluidity Temperawre of
Residual Fuel Oil*

D 2500 Test Method for Cloud Point of Petraleum Products

D 3245 Test Method for Pumpability of Industrial Fuel Oils

D 5853 Test Method for Pour Point of Crude Oils

E | Specification for ASTM Liquid-in-Glass Thermometers

2.2 Energy Institute Standards:

Specifications for 1P Standard Thermometers *

3. Terminology

3.1 Definitions:

3.1.1 black oil, n—Ilubricant containing asphaltic materials.
Black oils are used in heavy-duty equipment applications, such
as mining and quarrying, where extri 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 petrolenm products, the lowest
temperature at which movement of the test specimen is
ohserved 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 1o 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 Alter preliminary heating, the sample is cooled at a
specified raie and examined at intervals of 3°C for ﬂuwl
characteristics. The lowest temperature at which mgcmcut of
the specimen is observed is recorded as the pour point.

* Withidcawn, .
A Muthods for Aulysis and Testing, 1P Ssandaods for Pemoleum aud its Producis,
Part [, Wil 2,

*A Summary of Changes section appears ut the end of this standard.
Copyright © ASTM Intamatianal, 100 Barr Harbar Orve, PO Box G700, West Conshohogkan, PA 19428 2050, Unitod Stales,
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Nome—Dimensions are in millimetres (not to scale).
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 10
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 rn,
within the constraint that the wall thickness be no greater than
1.6 mm. The jar shall have a line (o indicate a sample height 54
+ 3 mm above the inside botom. See Fig. 1.

6.2 Thermometers, having the following ranges and con-
forming to the requirements prescribed in Specification E 1 for
thermomelers:

Temperalure Thermametar
MNumber
Themmomeler Range ASTM P
High cloud and pour =38 10 +50°C 5C 1c
Low cloud and pour —80 1o +20°C 6C 2C
Maliing point #3210 +127°C B1C 63C

6.2.1 Since separation of liguid column thermometers occa-
sionally occurs and may cscape detection, thermometers
should be checked immediately prior (o 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 est
thermomeler.

6.4 Jacket, watertight, cylindrical, metal, flat-bottomed, 115
+ 3-mm depth, with inside diumeter of 44,2 1o 45.8 mm. It
shall be supported in a vertical position in the cooling bath (see
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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 1o fit loosely inside the
jucker.

6.6 Gasker, 1o fit snugly around the outside of the test jar
and loosely inside the jacket. The sasket may be made of
rubber, leather, or other material that is elastic enough o ching
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 il avail-
able, otherwise by suitable freezing mixtures. Freezing mix-
tures commonly used for temperatures down to those shown
are as follows:

For Tempara-
tures Dawn
|lca and waler 9'c
Crushad ice and sodium ehlorids crystals -12'C
Crushad |ca and calclum chioride crysials -27°C
Acalons or pelroleun naphtha (see Section 6) chilled -571°C

In a coverad metal beaker with an ice-sall mixture 1o _-1z°c
fhan wilh enaugh solid carbon dioxida Lo give the desired lem-
peralure,

7. Rengents and Materials

7.1 The following solvents of technical grade are appropri-
ate for low-temperature bath media.

7.1.1 Acerone, (Warning—Exiremely flammable).

7.1.2 Alcohol, Ethanol (Warning—Flammable),



4y p97-05

1.1.3 Alcohol, Methanol (Warning—Flammable. Vapor
harmful),

7.1.4 Petroleum Naphtha. (Warning—Combustiblc. Vapor
harmful),

1.1.5 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 neeessary, heat the specimen in a water bath until it is
just sufticiently fluid to pour into the test jar.

Nore |—Itis 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 nesults as when they are kept at room temperature for 24 b prior 1o
testing. Examples of materials which are known 10 show sensitivity (o
thenual history are residual fuels, black oils, and cylinder stocks.

8.1.1 Samples of residual fuels, black oils, and cylinder
stocks which have heen heated o a temperature higher than
45°C during the preceding 24 h, or when the thermal history of
these sample types is mot known, shall be kept at room
temperature for 24 h before testing. Samples which are known
by the operator not (o 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 Closc 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 1P 63C or ASTM 61C,
Adjust the position of the cork and thermometer so the cork fits
tughtly, 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 10 the following preliminary trealment:

8.3.1 Specimens Having Pour Points Above —33°C—Heat
the specimen without stirring o 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 Poinis of =33°C and
Below—THcal 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, gusket, and the inside of the jucket arc
clean and dry. Place the disk in the botom of the jacket. Place
the gasket around the test jur, 25 mm from the bottom. Insert
the test jar in the jacket. Never place a jar directly into the
cooling medium,

“ Supponing data have been filed wt ASTM Imernutional Hesdquariers and Iy
be obinined by requesting Research Reporne RE: D02-1377,

8.5 After the specimen has cooled 1o allow the formation of
paraffin wax crystals, iake 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 erystals will
lead 1o low and crroncous results,

B.6 Pour points are expressed in integers that are positive or
negative multiples of 3°C. Begin o examine the appearance of
the specimen when the emperature of the specimen is 9°C
above the expected pour point (estimated as a multiple of 3°C).
AL cach 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 aleohol
(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 remaval, 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 w the next
lower temperamire bath in accordance with the following
schedule:

Spacimen is al +27°C, mova to 0°C bath
Spacimen is al +8°C, move lo ~18°C bath
Specimen is al —6°C, move lo -33°C bath
Specimen is At -24°C, move 1o -51°C bath
Specimen fs at —42°C, move o -69°C bath

8.6.2 As soon as the specimen in the jar does not flow when
tilied, 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 low at the next lemperature, 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 passi/fail test or have
pour point limits at temperatures not divisible by 3°C. In these
cases, il is acceptable practice to conduct the pour point
measurement according to the following schedule: Begin 1o
examine the appearance of the specimen when the temperature
of the specimen is 9°C above the specification pour point.
Continue observitions at 3°C intervals as described in 8.6 and
8.7 until the specilication emperature is reached. Report the
sample ns pussing or failing the specification limit,

9, Caleulation und Report

9.1 Add 3°C 1o the temperature recorded in 8.7 and report
the result us the Pour Point, ASTM D 97. For black oil, and so
forth, wdd 3°C 1o 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 Lubricaning Oil and Distillare and Rexidual Fuel Oil.7

10.1.1 Repeatabilin—T1he dillerence 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 Reproducibiliy—The difference between two single
and independent test results, obtained by different operators

working in different laboratorics on identical test material,
would in the lang run, in the normal and correct operation of
this st method, exceed 6°C only in one case in twenty.
Differences greater than this should be considered suspect.

10.2 Bias—There heing no criteria for measuring bias in
these test-product combinations, no statement of hias can be
made.

10.3 The precision statements were prepared with data on
tlen new (unused) mincral oil-based lubricants and sixwen
assorted fuel oils tested by wwelve cooperators. The mineral
ail-based lubricants had pour points ranging from —48 to —6°C
while the fuel oils had pour points ranging from —33 1o +51°C.
The following precision data were obtained:

Minaral Ol Fuel Oils
Lubricants
85 % Confidence
B . A tability, “C 2.87 252
7 The cloud potiit procedure formerly part of this test method now uppenrs as Test epealanii 4
Method D 2500, Raproducibility, “C 6.43 6.59
APPENDIX

(Nonmandatory Information)

XI1. TEST FOR FLUIDITY OF A RESIDUAL FUEL OIL AT A SPECIFIED TEMPERATURE

X1.1 General

XI1.1.1 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 atributed 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
relutively little pressure.

X1.1.2 The usefulness of the pour point test in relation to
residual fuel oils is open o guestion, and the tendency to
regard the pour point as the limiting emperature at which a
fuel will flow can be misleading, The problem of aceuralely
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 Lo assess the
low-temperature flow charaeleristics of heavy residual fuel
oils. Test Method 1> 3245 is one such methnd, However, most
alternative methods tend 1o be time-consuming and as such do
not find ready acceptance as routine control tests for determin-
ing !ow—mmpenuurc flow propertics, One method which is
relatively quick and easy o perform and hos found limited
acceptance as 4 “go-no-go™ method is based on (he appendix
method to the former Test Method D 1659-65, The method is
described as follows.
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X1.2 Scope

X1.2.1 This method covers the determination ol the Auidity
of a residual fuel oil a1 a specified temperature in an as-
received condition,

X1.3 Definition

X1.3.1 fluidiry temperature—the sample when tested in an
as-received condition is considered “fluid at the temperature of
the test” if it will low 2 mm in | min in o 12.5 mm U-wbe
under a maximum pressure of 152 mm of mercury.

X014 Summary of Test Method

X1.4.1 A sample of fuel in its as-received condition is
cooled at the specified temperature (or 30 min in the stndard
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 (o ascertain the
fuidity of a residual oil under prescribed conditions in an
as-reccived condition, The conditions of this method simulate
those of 4 pumping sitwation where the il is expected to flow
through o 12-mm pipe under slight pressure at a specified
temperature, Fluidity, like Test Method D 97, is used to define
cald Now properties. It differs from D 97, however, in that (1)
itis restricted to residual fuel oil und (2) a prescribed pressure
is applicd 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 Methad
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D 3245, represents another method for predicting field perfor-
mance in cold Now 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 Apparalus

X1.6.1 Glass U-Tubes, 150 mm high, having a uniform
internal diameter of 12.5 = | mm and a radius of curvature,
measured to the outside curve of the wbhe of 35 mm (Fig.
XI.I)

X1.6.2 Thermometers—Thermometers having a range [rom
_38 to +50°C and conforming lo the requirements of Ther-

mometer SC as prescribed in Specification E 1, shall be used
{or insertion in the glass U-wbes and for measuring the
temperatures of the baths.

X1.6.3 Fluidity Temperature Test Bath*

consists of @ reservoir, i stirrer, and @ motor and pump (o
circulate coolant through the coils of the whing placed in the
botom of the test bath and passing through the cold bath. The
flow of coolant through thest coils can be controlled by a
thermostat and @ solenoid valve, It is possible that, where
justilied by the quantity of work, more than one such bath
could be utilized 0 permit concurrent testing at more than one

temperaiure (Fig. X1.2).

& kinematic viscosity bath is usually satisfactory.
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FIG, X1.2 Fluidity Temperalure Apparalus

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 Auwtomatic Vacunm Comtroller” (as shown in Fig,
X1.3 and Fig. X1.4)—a device that gradually increased the
vacwum applied to one end of the U-tube at the specilicd rate
of 10 mm/4S.

-

* ‘[his apparatus may be shop fabricated. Details of speciil ping are indicated in
Figs. ¥1.3 and X1.4. Alernatively the apparatus can be purchused

X1.7 Preparation of Apparatus

X1.7.1 Adjust the automatic vicuum CUI‘III'U"H as lhlluw_s:
close the sopeock on the tube connecling the automatic
cacutin controller to the Muidity tester. A pinchcock on the
rubber tube will serve as well as a stopeock. Wind the thread
attached 1o e sweel rod around the pulley on the synchronous
motor until the end of the rad is about 15 mm nbove the zero
level of the mercury in the control manometer. Tum on the
power switch. The thread will begin o unwind, lowering the
steel rod. When the rod contacts the mercury, the relay will
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open the solenoid valve in the vacuum line and air will be  system will be reduced gradually at a rate govemed by the
pumped [rom the system at a rute limited by the needle valve.  descent of the steel roul.

Adijust this needle valve until the descending mercury in the ) .

control manometer just leads the rod, reducing the rclay X1.8 Procedure o

operation (0 minimum. When properly adjusted, the pulsa- X1.8.1 Pour the sumple s received into a lhomng!ﬂy
tions caused by the opening and closing of the solenoid valve  cleaned and dry standard I'lmdltyl U-tube, \?llhcul‘cen[aclmg
should not exceed *1 mm. In this manner the pressure in the  the upper wulls 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 1o
permit the passage of air. The thermometer must be placed in
the center of the wbe 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 wbe in the bath sct 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.

X 1.8.3 Maintuin the sample at the specified temperature for
30 min * 30 s, with the U-tube connected 1o 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 1o the ON position. Apply
cuction 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 (o apply 152-mm Hg
yacuwn to the specimen in the U-tube. Immediately disconneet
the U-tube from the automatic vacuum controller, turn off the
power switch and rewind the thread. I the specimen has
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moved 2 mm or more during the time (1 min) the suction was
applied, the specimen is considered fluid at the temperature of
the tesl.

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 (lemperature of
test)” or fluidity at (lemperature of test): “Puss.”

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 cither the precision or the bias of this method for
measuring the fluidity of o residual fuel specimen since the
result merely stutes whether there is conformance to the criteria
for success specified in the procedure.
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SUMMARY oOr CHANGES

Subcommittee D02.07 has identified the location of sclected i
. d § changes 1 p i :
(D 97-04) that may impact the use of this standard. "¢ 1o this standard since the last issue

(/) Added Test Method D 5853 to the S(:Ope and Referenced
Documents sections.

) A:STM International !ake; no position respecting the validity of any paltent rights asserted in connection with any flem mentioned
in this standard. Users of this siandard are expressly advised thal delermination of the validily of any such Ppalent rights, and Ihe 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 lo ASTM International Headquarters. Your comments will ive careful ideration at a meeting of the
responsible technical commitiee, which you may aftend. If you feel that your comments have no! received a fair hearing you should
make your views known fo the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box €700, Wes! Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standdrd may be oblained by contacting ASTM at the am
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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