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ABSTRACT

The performance of sone vegetable oils (palm oil
groundnut oil, soya bean oil, and shea butter oil) as
lubricants in the cold extrusion of Aladja ST60-2 structura
steel has been investigated in the direct extrusion of 13mm
diameter slugs with different initial billet |engths at
various extrusion ratios and speeds.

The performance criteria enployed are the coefficient of
friction, surface finish of extrudates and hardness val ues
taken radially along the cross section of extruded billets.
To set a standard for conparison, the test results
(coefficient of friction, surface finish and hardness val ues)
obtained for the oils were conpared with those obtained for

the standard zinc phosphate/sodium stearate |ubricant.

Based on frictional values, at |ower reductions and
speeds, the vegetable oils especially soya bean oil and
groundnut oil gave a performance alnost at par with the
standard zinc phosphate/sodium stearate | ubricant. The ot her
vegetable oils too gave a favourable performance conpared to
the standard | ubricant. At the higher reductions and
extrusion speeds all the oils performed better than the
standard | ubricant. On the basis of frictional values
obtai ned at higher reduction and speed, the performance of the
oils as lubricants for extrusion in descending order is, soya
bean oil, groundnut oil, shea butter oil, palmoil and zinc

phosphat e/ sodi um st ear at e.

From the results obtained, the surface finish varied in

the sanme direction as the coefficient of friction. The order

\



of performance of the oils in terns of surface finish was
therefore simlar to that for the frictional condition.

The variation in hardness from the edge of the extruded
billets to the centre is not nuch different for the various
| ubrication conditions. the variation fromthe edge to the
centre is found to decrease as the extrusion ratio increases.

The correlation of performance wi th physico-chem ca
properties of the oil shows that the order of performance of
the vegetation oils using the parameters of friction
coefficient and surface finish is in the sane direction as
their iodine value. The higher the iodine value of an oil,
the better its lubrication performance. |In terns of hardness,
it has been observed that the higher the iodine value of an

oil the lower the hardness obtained on the extruded billet.
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1.1

CHAPTER ONE

Historical Development Of The Extrusion Process:

The permanent deformation accomplished by applying
mechanical forces to a metal surface has, as one of its
primary objectives, the production of specific shapes or
sizes. Among the well known shape producing methods is
extrusion. Extrusion can be defined as the technological
process in which a block of material is forced to flow by
compression through an orifice or holes of smaller cross-
sectional area for the purpose of obtaining a product
which consists approximately of similar shape and size.
The work material may be of solid metal, sintered alloy,
plastics or other materials.

Extrusion has a long history. The concept of
extrusion as a forming process can be traced back to a
patent granted in 1797 to Joseph Bramah a famous British
Engineer, for a machine to manufacture pipes from lead
and other soft metals. There is no evidence though that
Bramah’'s machine ever produced pipes. By the 19th
Century, great success had been achieved in the extrusion
of lead, first in the production of pipes. Methods by
which a lead sheath could be directly extruded on to
electric cables were also developed in 1879 by Borel in
France and Wesslau in Germany (Pearson and Parkins,
1960). According to Radford and Richardson (1978),

Copper alloys were first extruded in 1894 by Dick, a



founder of fhe Delta metal company. The extrusion of
copper alloys was the turning point in the development of
the process and made extrusion one of the maior methods
of metal working.

A is well known, the operation of cold extrusion is
not new, It was first carried out more than 100 years
age for the manipulation of soft ductile materials
particulariy lead and aluminium, and to this day
extrusion is used, to & considerable extent, for the
manufacture of aluminium products for pharmaceutical,
packaging in general and the radio industryi in fact, it
seens highly liktely that the very existence of the
process has served to influence some designers to . L
conceive products that would take advantage of the |
process.,

As Tar as steel is concerned, the process was
originally developed in Germany during the 19230z and
after the end of the war, attention was focused on it for
both military and civilian applications particularly in
America, Germany and Great Britain.

Since the process of cold axtrusion of steal first
received world wide prominence, much has been written
about it and a coneiderable amount of research and
development effort has been expended in order to provide |
answers to many of the problems involved in plastically

deforming steel inteo various shapes.



1.2 Extrusion Methods:

In the process of extrusion, a billet (slug) is
placed in an enclosed chamber. The chamber has an
opening through which the excess material escapes as the
volume of the chamber is reduced by the pushing of a ram
at the back of the billet. The escaped material has a
uniform cross-section identical with that of the opening.

Three basic methods are employed to produce
extrusions. In all these methods, the volume of metal
remains unchanged during the change in shape from slug to
finished part. The pressure required depends primarily
on the materials mechanical properties, the reduction in
area and the efficiency of lubrication.Extrusion involves
forward or (direct), backward or (indirect) or combined
backward—-and —forward displacement of metal by plastic

flow under steady though non uniform pressure.

(a) Backward Extrusion (b) Forward

Extrusion
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(c) Combined backward and forward extrusion

Fig.1.1 Displacement of metal in extrusion
(a) Backward,

(b) Forward, and (c) Combined backward and Torward

extrusion.

1.2.1 Forward Extrusion:

In forward extrusion schematically shown in Fig.1.1
(b) metal is forced to flow in the same direction as
punch movement. A slug is placed in a die cavity
{container) having a diameter slightly larger than that
of the slug and pressure is applied to the top of the
slug by a punch entering the die cavity, In pure forward
extrusion the punch closely fits the upper part of the
die cavity to prevent backward flow of the metal.
Instead the metal is forced to flow ahead of the punch
through an orifice immediately under the die cavity, thus
producing a part that is smaller in diameter than the
original slug. Metal leaves the die orifice at a speed

greater than that of the punch and flows a considerable




1.2.2

distance bheyond the end of the punch. The increase in
speed of the metal is proportional to the reduction in
crass—gectional area. Forward extrusion is generally
used to produce bolis and zcrews, stepped or tappered-
diameter solid shafts, or thin-walled tubular parts

having thick flanges.

Backward Extrusions

In backward extruzion (some times called reverse or
indirect extrusion), the material is forced to flowm in a
direction opposite to the direction of punch movement as
shown in Fig.l.1 {a). A slug of the material is placed
in a stationary die cavity and pressure is applied to the
top of the slug by means of a press—ram actuated punch.
Metal is dieplaced upwards through the annular opening
between punch and die which is called the die orifice and
riges along the punch. ' ; |
Configuration and size of the punch controle the desired
external shape ang dimensions of the part being extruded.
The die cavity shape controls the external contour of the
part and the clearance between the punch and die :
determines the wall thickness. Thickness of the bottom
or web is pstablished and maintained by the distance the
punch travels (stroke of the press) and is independent of
the wall thickness., Backward extrusion is an ideal
method for producing shells, tubular parts or other
symmetrically shaped hollow components having closed

bottoms or a web at one end of the part. Circular, oval,



square, rectangular or other shapes of cross—sections can
be produced and ribs canp be formed on the external and
internal walls,

In backward extrusion there is generally littile
change in outside diameter (from slug to finished part)
but the length is increased in proportion to the
reduction in cross-sectional area. 1t is possihle to
backward extrude parts having steps to different
diameters on their peripheries and also a wide range of

crogs—-sectional shapes.

1.2.3 Combination Extrusjion (Impact Extrusion):

Sometimes both forward and backward extrusion
methods are combined so that some of the work metal flows
backwards amd some forward as shown in Fig.1.1 (¢c). The
conventional process of impact (piercing} extrusion is
basically a rapid form of backward extrusion
characterised by a zhallow die and minimum contact
between the work and die (Fig. 1.1 (a)). The impact
extrusion is used in the production of non-ferrous
collapsible tubes and similar components.

While reduction in area possible with combination
estrusion is less than obtained with either forward or
backward extrusion alone, intricate parts that could not
be made with either method singly can be formed in a

gingle operation.



Hot and ggid Extrusipon

As a result of the magnitude of the forces involved
in the extrusion process, it is a*feh necessary to heat
up the billet prior to extrusion. This is to decrease
the deformation resistance of the metal. HDased on the
initial temperature of the billet, the extrusion process
may be divided into hat and cold extrusion.

In hot extrusion, metals are extruded at high
temperatures so as to také #dvantage of the decreasa in
flow stress. The upper hot working temperature depends
on the temperature at which hot shortness occurs or for
pure metals the melting point. Many of the components
produced by cold extrusion can also be produced by other
processes zuch as hot forging, machining and somptimes
casting., However, cold extrusion is used when the
process is economically attractive because of:-—

(1) Savings in material,

(2) Reduction or elimination of machining and grinding
operations because of good surface finish and
dimensional accuracy of cold extruded parts,

(%) Elimination of heat treatment operations because nf
increase in mechanical properties of cold extruded

parts.

Extrusion in gensral is an attractive process for
numerous reasons. Many shapes can be produced by
extrusion including those containing re~entrant angles or
longitudinal holes. No draft is required thereby

enabling the saving in material. Since extrusion is

7



compressive in nature,.the amount of reduction in a
single step is limited only by the capacity of the
equipment. Billet—to-product area rdtios inlexcees of
100:1 have been quite common with weak metals. In
addition extrusion dies are relatively inexpenzive.

Since major changes require only a single die change,
small guantities of a desired shape can be produced
economically by extrusion. The major limitation of the
process is the requirement that the cross-section must be
the same for the entire length of the product eutruded.

The ease with which a metal may be extruded ie
determined by its ability to wundergo plastic daformation
without failure and its resistance to deformation since
this qoverns the capacity of the equipment. The
magnitude of the reduction possible before failure occﬁrs
iw dependent on a number ef factors such as lattice
structure, temperature, thermal cunductjvity, alloying
constituents, occurrence of phase chaﬁges, preaence of
localized stresses etc, and on mechanical factors such as
tool and workpiece configuration, rate of deformation,
lubrication etc. This thus brings us to the question of
ahility to efficiently extrude a given metal i.e
extradability.

Extrudability according to Mondolto et al, (197%5) is
one of those complex properties that have different
meanings to different people. Te some, the term ’'good
extrudability' means the ability to push complicated

cshapes with low pressures to otheres it efans achievement

I



of high production rates. A third group is mainly
concerned with the fidelity of reproduction and surface
finish of the extruded shape; and in some cases, absence
of cracking is the paramount criterion.Before any measure
of extrudability ctan be carried out, it is necessary to
define the property to be measured.

The application of the zinc phosphate-sodium
stearate system of luberication in cold extrusion is8 very
expensive in terms of capital outlay and running comts,.
The system requires a skilled attendant in aorder to check
the strength of the various chemicals at regular i
intervals if steady efficient results are to bhe Iy
maintained at all times. This project is therefore being
undertaken with a view to exploring poseibilities of
obtaining a cheaper and simpler lubrication system for
the cold extrusion of steel. Specifically palme oil,
groundnut oil, soya bean oll and shea butter oil which
are vegetable oils produced locally are being

investigated as cold extrusion lubricants.



CHAPTER TWO

REVIEW OF LITERATURE

2.1 MECHANICS OF METAL EXTRUSION:

Historically, the originator of the scientific study
of extrusion was Tresca (1864). The first systematic
researches on this subject are considered to be those of
Siebel and Fangmeier (1931) and Eisben and Sachs (1931).
Their work was comprehensive and is repeatedly quoted
even today.

The analysis of extrusion process was based on the
80 called "total strain theory" until the appearance of
Hill's work (1948) using slip line theory.

As slip line field techniques were found fairly
effective techniques in understanding the extrusion
process (especially in accounting theoretically for its
inhomogeneous nature) Green (1955) and principally
Johnson (1954) thereafter applied it to various plane -
strain problems.

A vast amount of experimental work has been done to
date. Most of it however, pay no attention to recent
theoretical achievements. The monograph of Johnson and
Kudo (1962) however gave explanations of the analytical
procedures, summarized and discussed the results of
recent theoretical work on the mechanics of the extrusion
process. Attention was paid to the correlation of

practical or experimental observations and theory.

10



In recent times, analytical study pf the process has
been undertaken. Frisch and Thomson (199%9) studied the
effect of die opening design on extrusion pressure.
Thomson et al (1934) studied the detailed flow
characteristics of the metal and analysged the strain and
etress fields, Studies with a view to predicting the
extrusion stress through the upper bound approach were
undertaken by Kudo (192460}. Yang (1962), and Avitzur
(19635). - \ |

Steel extrusion was not commercially practicable
until 1930, but it has advanced very rapidly,
particularly with the introduction of molten glass
lubrication by Sejourngt. This is a considerable
improvement on lubrication with graphite, giving lower
extrusion pressures, better die life and the possibility
of using longer billets. Most carbon and stainless
steels are now extruded at about 11,2000 with glasse as
the lubricant though other materials are beginning to
compete with glass.

There has in recent vears been a revival of interest
in cold extrusion, which is now possible even with steels
waing an impact technique. There may be very large
differences in section in the same product and the whole
slug can be used; for example, making a tube with a.ﬁeavf
flange in one operation.

At present the theory is applicable only to the
simpler processes. Stress evaluation is of little value

in predicting extrusion loads because the reductions of
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area are very large necessitating large die angles, often
180=, which introduce considerable inhomogeneity in the
deformation. There is appreciable redundant work in all
practical extrusions. Plane-strain solutions apply to a
emall proportion of real extrusion problems, but the type
of equation deduced from slip line fields can be applied
also to extrusions of round bars. Many extruded sections
can be represented approximately by equivalent flat
strips or round bars for load calculations. The flow
pattern predicted by slip-line fields also closely
resemble practical patterns in both flat strip and round
bar. Upper—-bound theory has been extensively applied to
extrusion of various types. As in drawing there is an
optimum die angle for a given set of extrusion parameters
but the uncertainty in the frictional contribution makes
prediction of the angle less accurate for extrusion.
However, it is possible to depart considerably from the
optimum without seriously increasing the pressure and
other factors such as lubricant retention may determine
the choice of die angle. Theory is of much use in
extrusion for predicting working loads and, with less
accuracy, deformation patterns.

The basic characteristic of any extrusion process is
normally presented in the form of curves relating punch
load or extrusion pressure with punch travel or
displacement. The idealized curves for direct and
indirect extrusions are shown in Fig.2.1. The figure,

according to Watkins et al (1998), can be considered as

s



consisting of five stages. In stage 1 the material is
compacted until it fills the extrusion chamber; it is
further compressed at increasing pressure in stage 11
until material begins to flow through the die.
Throughout stage 111, the material continues to extrude
and pressure required progressively decreases during the

direct process but remains constant during the indirect

process.,

. 4%, l

L

Punch diaplacement —
Fig.,2.1 = Idealized chiracteriatic curves for extrusien
— Piract (foward) e¥xtrysion

— — = = TIndirect (Bnckwaré) extrugion,
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The incidence of the piping defect results in a more
rapidly decreasing pressure during stage IV until a
minimum value is obtained. At this stage, the punch is
in contact with the thin disc of material remaining 1in
the chamber and the extrusion pressure rises sharply
throughout stage V with very little flow of material.

Any departure from these idealized conditions of an
actual extrusion will be reflected in the characteristics
curve obtained.

Johnson (19546) recognises three stages only, defined
as the coining phase, the steady state phase and the
unsteady state phase with its origin at the coring point,
that 1is the position at which piping begins. Although
many workers use the maximum extrusion pressure as the
basis for comparing data, Jobnson prefers the value of

pressure at which coring begins.

xt Process

The effect of any single factor on the extrusion
process is usually assessed from results of tests in
which only that factor is varied. This assessment is
usually based on a comparison of the basic punch load -
punch travel curves and of the flow patterns before and
after the factor is varied. It is tacitly assumed that
the factors are mutually independent and are not
complicated by metallurgical considerations. The
principal variables which influence the force required to

cause extrusion include:-
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(a) Extrusion Ratio

ib} Dig Geometry

fc)} Working Speed and Temperatura
(d) Slug Dimension

{e) Lubrication and the Caoefficient of Friction

Extrusion Ratio:

The extrusion tatio R, is defined as the ratio of
the original cross-sectional area A, divided by the
cross—~sectional area of the extruded material A, (R =
An/Be) . Since volume of material remains constant, the
extrusion ratio mavy also be calculated by increase in
length. For example an extrusion ratio of 4 to 1%
indicates that the length has increased by a factor of
four. The metal being extruded has a large effect on the
maximum ratio that is obtainable. Some typical
approximate maximum extrusion ratios obtainable {(ASM,
1973) are 40 {for 1100 aluminum alloy, 9 for 1018 steel
ang 3.5 for type 305 stainless steel. Generally
extrusion pressure increases with extrusion ratio. An
examination of the flow pattern of some extruded metals
by Watkins et al (1234}, revedls different patterns for
different reductions. 1t is found that in the extrusion
of rod, increase in reduction results in greater flow of
metal along the axis as compared with that at the
periphery and there is less tendency to form dead-metal

ZONes.
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Due to the fact that an increase in extrusion ratio
results in a corresponding increase in the amount of cold
deformation, the effects of work—-hardening normally will

vary directly with extrusion ratio.

2.2.2 Die Geometry:

The angle of the die, the lead-in radius, the length
of the land and the fillet radius at the entry corner
between the die and the container are normally designed
in such a manner as to improve the metal flow, to reduce
the pressure or to minimize tool wear.

The dimensional accuracy and surface quality of the
extruded product is dependent on tool design. Tool
design requires a knowledge of the flow characteristics
of the metal at the extrusion temperature, the thermal
and mechanical stresses which have to be accommodated and
the technique of producing balanced flow of metal into
all parts of the die (Laue, 1955). Although flat dies
with 90 half-die angle are used for most extrusion
experiments, extrusion through wedge-shaped dies have
shown that the extrusion pressure decreases with
decreasing die angle (Johnson and Kudo, 1962). More
uniform deformation of the metal results with small angle
dies. For a metal which exhibits strain hardening, dead
metal zones are observed when the die angle is large. In
cold extrusion of eleven steels with a reduction of &5
per cent, Hauttmann, (1951) found that the maximum

pressure required to extrude slugs through a die of 40«
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conical entry was J0 per cent less than that for the
sharp edged die.

In tests conducted by Watkins et al (19%94), in which
specimens of lead, Aluminium, Copper and Brazs have been
extruded at various reductions through dies having
prafiled entries of radii ranging from 1.27mm to &.3%5mm
gnd of copne angles ranging from &40« to 170, examination
of the punch load - punch travel diagrams has shown that
the initial bulld up in extrusion pressure to the maximum
value is much more gradual for radiuvsed or conical entry
dies than it is fTor the sharp ~ edged die. This is
presumably due to the greater movement of metal required
during the compacting stage. An examination of the Tlow
patterns indicates that increasing the radius or
decreasing the conme angle of a profiled entry die is
particularly effective in suppressing the central piping
defect or coring. The deformation zone becomes more and
more localized near the die aperture the greater the

radius and the smaller the cone angle.

2.2.3 Working Speed and Temperatures

The effect of working speed and the general
temperature level of extruded material are usually
combined., The strain-rate of material is directly
proportional to the warking speed and the billet
temperature increases with Epeéd. Thus the combined
effect of the speed and temperature influences

principally the yield stress of the material and
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accordingly the extrusion pressure.

Speed and temperature also seriously interfere with
the friction between the material and the tools. It is
generally supposed that the friction coefficient does not
vary with speed when using so0lid lubricants and that it
decreases with increasing speed when low viscosity
lubricants are used. Temperature may have positive or
negative gffects on the friction. For instance organic
lubricants will ejither deteriorate by burning or improve
through oxidation. In many cold extrusion tests, i.e in.
extrusion at temperatures below the recrystallization
point of the material, the extrusion pressure is observed
to decresse with decreasing speed, especially when the
reduction in speed is high (Johnson and Kudo, 1242, For
slow speed extrusions at room temperature, the process
may be regarded as isothermal and the vield strese of the
material and accordingly the extrusion pressure will
depend orn the extrusion speed and strain rate of the
operation respectively. Friction coefficient does not
alter significantly with speed. As the speed increasses,
the tempersture rise caused by the plastic and frictional
work increases and the yield stress of the material is
lowered.

As pointed out earlier the effect of temﬁerature is
generally coupled with that of extrusion speed. In hot
extrusions, the container and other tools are wsually
cooler than the billet, thus causing a cooling of the

billet when the extrusion is carried out slowly. Dn the
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gther hand, the heat generated by the plastic working
lowers the extrusion load towards the end of the process
if hot extrusion takes place (Johnson and Kudo 1962).

Extrusion when heat conduction plays a conspicuous
role results in non—uniformity of the vield stress
throughout the billet which considerably complicates the
flow behaviour of the material. Hirst and thrsell (1953),|
on calculating the mean temperature rise in a fast :
extruded rod, heat conduction being neglected, have
suggested the use of an average vield stress value to the
initial and extruded mean temperatures,

Accaording to PDieter (1981), a tenfold increase in
the spesed of extrusion results in about a 904 increase in
pressure. Johnson (1958), in the determination of how |
the extrusion load is altered with the speed of the punch
in the extrusion of pure lead and tellurium lead alloy,
found that extrusion load increases with speed. For a
given increment in speed however, the effect on the load

is more pronocunced the slower the operation.

2.2.4% Slug Dimensions?

Most of the mild steel components produced by cold
extrusion are relatively short, the starting billet
usually having an initial length to diameter ratio equal
to or less than wnity {(Pugh H.LL.D, 1%94&). However,
there is requirement for the production of longer
components and hence the need for more information on the

effect of bhillet length.
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Johnson (19538) observed that the maximum pressure
reguiregd for the forward extrusion of rod decreases with
decreaze of hillet length. This may be due in part to
the relative movement between the billet and the chamber
wall resulting in an increase in frictinnai losses with
increasing billet length.

In the direct extrusion of copper lead slugs of ?
different length - diameter ratios by Chang (1230), it
was found that the maximum value of extrusion pressure
was not developed until the slug lengtih - diameter ratio
wag tnity and for higher values appeared to be |

independent of slug length.

2.2.5 Lubrication and the Coefficient of Friction:

In order to check the theoretical solutions, the
best possible surface finishes for the tools and the best
lubricants are required. Every time an e)xxtirusion is
carried out, it is necessary to lubricate the container,
the die and the punch in some way to avoid seizure which
would almost certainly ocour without lubrication. |
Infact, it is unlikely that a hot extrusion could be made
if the tools have not been lubricated, The lubricants in
general use are graphitic ones and glass, the later baing
covered by the Ugine - SBejournet patent. Petroleum
jelly, white lead in pil, molybdenum - disulphite,
graphite in tallow, lanolin and wax have bgen used for
room temperature tests with lead and aluminium.

In extrusion and related processes most of the
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billet or slug surface is in contact with the tool. thus
resulting in large frictional effects. It was pointed
out by Johnson (179346) that none of the means of
minimizing friction as mentioned above is entirely
satisfactory. Thomzen and others (1934) found that
extrusion pressure decreased about 104 with the
conduction of tegts atep wige t.e by taking killet out of
container after sach small step and re-lubricating before
rontinuing the test.

Pespite thearetical assumptions that there iz a
constant frictional coefficient, a number of measurements
reveal that it variess and depends greatly on the zpeed of
sliding, contact area, pressure and on the whole history
even for a qgiven set of contiguous materials and
lubricants {(Howden and Tabhaer, L9900,

The state of friction during extrusion and similar
processes is more complex than in sieple compression. At
the very beginning of an operation, excess lubricant will
bhe squeezed out and the remaining portions will be
trapped between the tool and the surface of the material.
The trapped lubricant will not be sgueezed out because of
the wide area of contact unless it is taken out by the
material which moves put of the orifice. HNo Iuhbricant,
however, will be suppiied or drawn in hetween the
tnterfaces. ' h ' o l

Owing to the complexity of the friction state in
extrusion and the large variations of the friction

coefficient from point to point and stage to stage, the
S . ¢
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direct measurement ot the Ffriction coefficient on the
surface of the deformation zone is especially desirable
if it can be performed. Recent works towards achieving

thiz goal are thus being reviewed.

2.3 Fti;tipnugnd”Lubricatinn in'tbg Cold Extrusion of Metals:

2.3.1 Friction Fhenomena:t

tne of the important forces which must be considered
in any metal working operation is that of friction
hbetween the tool and the work piece. Whenever there is
relative motion batween twn bodies in contact there is a
resistance to this ﬁnfinn. This resistance is called
frivtion. The magnitude of the force (frictional Torce)
is important in determining the overall power
requirements,.  In addition, the force influences the
structure and the properties of the final product as well
as the life of the tools. .

Friction may he assumed to eitherlmbay Coulomb s lLaw
of friction or to be a constant proportional to the flow
stress of the material. If friction is assumed to obey

Coulomb’'s lL.aw,. then

tnn ' . 2a.2

The tangential stress 7 at any point is proportional tno
the pressuwre (F) between th& die and the material. the
coetfficient of friction ia taken as a constant for a
given die and material under constant surface and
temperature conditions.

I¥f friction ie assumed constant, then
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The shear factor m 1is taken as constant for a given die
and material under constant surface and temperature
conditions. For no friction condition, m 1is zero, and

maximum possible friction i=s denoted by m = 1.

Ziga2 Measurement of Friction Coefficient:

As highlighted above it is assumed in practically
all metalworking theory that the tangential stress 7 at
the surface of the workpiece is directly proportional to
the normal stress P in the presence of a lubricant. From
equation 2.2, a coefficient of friction which can thus he
defined, is analogous tno the familiar ratio of tangential
and normal forces in elementary physics. The tangential
stress 7 is however, limited to a value equal to the
shear vield stress, k of the metal itself. Az the least
value of the normal stress which can cause plastic flow
is Y. the uniaxial yield stress, the maximum value of the
coefficient of friction for full sticking condition is
given by the ratio K/Y. These guantities are, of course
related in accordance with the yield criterion.

llIsing Von Mises criterion.

2k = 1.155Y 2.4

Thus pmax = k/y = 0.577 2.9

The Tresca criterion gives

The condition of constant coefficient of friction is
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gpax = 0.50 | | 2.6

usuxlly known as slipping friction. The coefficient nf
friction may actually vary throuah a working pass as the
lubrication deteriorates due tno thinning of the film and
extension of the surface. Bxperimsental studies suaoest,
however that this is neqligible for all well-lubricated
ovperations.

There is at present no generally accepted sethod of
measuring the values of the coefficient aof friction for
given surfaces and lubricants. Variouz factors can
influence the result, and it is essential that test
conditions such as surface geometrvy, chemical condition,
lubricant film thickness, temperature, speed, enviraonment
and deqgree of deformation should matech as closely as
possible the actual conditions nf the operation. This
implies that the only strictly reliahle friction data to
use are those ohtained from measurement during the
operation considered. Speclial instruamentation to measure
the averagqe Coulomb coefficient of friction is described
by Wistreich {(19%3%) and Yanq (1941). there, a s=pecial
split die mr a split die constrained by an instrumented
Ioad ring (Yang, 19461) is used. Yanqg (1961) describes
measurement of friction in approdimately plane—strain
drawing. Whitton and Ford (125%) described experimental
woark on an instrumenterd rolling mill. The coefficient of
friction for various materials and lubricants was
evaluated through the measured separation force and roll

torque.



Fhe present investigation is based on Evans -
Avitzur’'s enperimentél procedure (Fvans and Avitzur,
1968) for the esvaluation of friction coefficient for
processes like wire drawing and rod extrusion thronah an
open die. 'he proceduare assumed friction either to obey
Coulomb's law (v = pF) or to be constant proportional to
the flow stress nf the material.,

In the test procedure, a wire of initial radius (Ra)
is drawn through the conical portion of the die as

3.2

depicted in the genmetrvy of die and wire of figure 2.72.

The cylindrical portion of the die causesa friction

losses, but it is reqguired for dimensional accuracy.
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Figure 2.2 Die and Wire

As previously established (Wistreich, 1961, Avitzur
1244, 1945, Avitzur and Seortais, 1946), forces required
during flow throuagh conical converging dies are dependent
on the rone angle. There always exists an optimal cone
anale which requires the minimum force. With too small a

rone anagle (smaller than the optimal cone anale) the



drawing force is high because the length of contact
between the wire and the die i1s high causing
significantly hiah frictional losses. With too large a
scone angle (larqer than the optimal cone anale), the distortion
becomes a predominant factor causing high forces.
Rased on enerqgy method. the relative drawing streses for open die
extrusion can be expressed as follows:-

2 S - Xe .
2, o, 2f(ax) ln R, ‘/5' sm’

- Cota + m(Cota) l.n-E- B l—]

When friction is assumed to obey Coulomb’'s law of friction. the

relative extrusion stresgs for open die extrusion becomes (Avitzur,

1964) : -
— B - —- - -
= e Zfll)ln . [ 2 Cbt.]
- ( ) ll n.lt -
2u |(Cote + In—-2 Itln_j: 1 , 2.9

The function f{(a) for eguations (2.7 and 2.8) 1s

i 33
1- (Cou)Jl— Al oinige—u0> [13 2.9

fla)=
Sin vii. II
J —=Cosa Jl Al ginte

With the assumption of Coulomb’'s coefficient of friction, the

friction value for open die extrusion is found from equation 2.8 as:
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Based on previous investigations intn forward rod

2.10

'-

extrusion (l.ange and Steck, 19446) a teapered die with 2a =

60° orifice angle was used.

Lubrication in the Cold Extrusion of Steel:

Every time an extrusion is made, it is necessary to
lubricate the container, the die and the mandrel in some
way to avoid seizure which would almost certainly occur
without lubrication.

The cold extrusion of steel was not possihle till
1934 when Singer patented the use of a zinc phosphate
coatinag on the surface of the steel hillet to act ae a
carrier for the metal-working lubricant. Today, despite
its relatively hiah cost and other limitations, this
method of lubrication is still a standard treatment in
use. In the zinc rhosphate - soap mode of lubrication,
the zinc phosphate coating is usually applied by
immersing the hillet in a solution containing zinc
phosphate, phosphoric acid, nitric acid, sodium or nickel
nitrate, and distilled water at B0°C to 90°C. The bath
usually contains chemicals known as acrcelerators which
Speed up the process hy o0xidizing to water the hydrogen
bubbles which would otherwise form a film at the metal
solution interface. Fhe phosphated billet is lubricated
by immersion in a sodium stearate base soap at &5eC for
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about 4 minutes.

The nature of the reaction hetween the cleaned steel
surface of the billet and the phosphating solution is
very ocomplex but as explained by Jdames (1948), it is
sufficient to state that a laver of crystals of
predominantly tertiary zinc phosphate is produced,
chaemically bonded tn the base metal. At the lubricant

stage, a further reaction takes place:
Zn, (PO.), + 6C,,H,yCO0 Na~3 ( C,-,H,,COO) 220 + 2Na, PO,

This produces zino stesrate which is a very efficient
extreme pressure lubricant (chemically bounded to the
zine phosphate coating). The complete lubricant film is

infact a composite which is shown diagrammatically as,

UH?éacted Sodium Stearate

FRIAPEIF Zine Btearate 77777777

1111077007 Yy
Steel

FrEFPILE/ NNy
The performance of the film i=s influenced not only hy the
manner in which it is applied to the surface of the
billet but alén by the way in which this surface is
deformed by the constraining tools. By this approach
better lubrication of rod and tube producis was achieved
by Mokenzie (1964), when billets were extruded through
conical entry dies of 130 included angle or lees.
Blended radii at the entry to the cone, as well as the

entry and exit of the throat of the die also improve the
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performance of the lubricant.

ther lubricants that have been used in coniunction with
zinc phosphated suwfaces include crystalline solids such
as qraphite or molybdenum disulphide (MDSs) in pastes,
dispersions or powders (Mckenzie. 1947).

Mckenzie (1967) found that the extrusion pressures
reguired for zinc phosphated billets lubricated with
‘weat’ MOSm, were lower than those lubricated with dry
MG or a tallow based soap lubricant. Pressures
raguired with a sodium stearate spap were similar tn

those required with a tallow based soap.

2.4.1 Advantages and Limitations of the Zinc Phosphate —

inbricant System:

The Zine phosphate - soap svstem is well established
as the standard lubricant in the cold extrusion of steel.
It is tenacious, has a low friction characteristic, does
not allow pilck—up on the tools, it is rclean and free from
gmell , does not foul the operators’ hands, handling
eauipment nor tools, it does not decompose at the
temperatures reached in cold extrusion and inhibits
rusting of the component.

The main disadvantages are:*I Larqge capital
expenditure invelved in the process, floor space
requirements, and length of the process (making it
unsuitable to instal in a production line or adapt tn a
progressive cold - forming sequence) ] other disadvantages
are that, it is limited to cold forming steels of
chromiam content less tharn % percent. The phosphate film
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2.4.2

must he removed Lf carburizing, bBrazing or welding are
required. Finally, good knowledge of chemistry is needed
by the operators to maintain the cleanliness and

aquilibrium of the haths.

Alternative Methods of tubrication:

Due to the shortcomings of the zinc phosphate -
lubricant system of lubrication, it has always heen
necessary to ook for alternative methods of
lubrication for the cold extrusion of steel. Other
Iuwbricant carrigrs, such as metallic fe.q. lead,
Cadmium, zinc or copper) or chemical coatings (2.q.
phosphates, oxalates, lime and borax} have eeen
limited applications. Lisse and horay are qan&rally.
limited to applications where the steel is very
thrarctile and the reduction is low. Oxalate coatings
are emploved with allovy steels which aré difficult
to phosphate (Machua, 196%9).

Hauttman (19591} found that stesl hillats
provided with a zinc phosphate coating requiréd
extrusion pressure slightly higher than those
provided with the more expensive metallic zinc
coating but lower than those with copper coating. A
cold anqueous solution of graphite i4 alsa in use.
1t is applied onto the work simply by immersing the
cieaned billet in the solution. Although the
resuiting extrusion pressures are egual to or lower

than those obtained with the standard lubrication,
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the treatment is limited to the extrusion of shallow
cans and low extrusion ratior becgause of lubrication
treakdown (Anan, 1948),

The application af a lubwicant te & rusted
gurface, a technique used by Schuster {(19%2) an fuhe
drawing, qQave reasonable results provided that the
rust had not become abrasive. However, the results
of these tests were no better than those with the
same lubricant coated on a clean steel surface.

Ahdul (1977) evaluated =ome 16 EF lubricants in
relatiaon to the conventional zing phosphate ~ sodium
stgarate system under typical industrial cold
extrusion of steel. To some of the lubricants,
chlorine was added while to others combipnations of
chlorine, sulphur. phosphorous and fatty acids were
added. He found that the conventional zinc |
phosphate ~ sodium stearate svstem of lubricatiaon
provided better lubricity than the tubricants
containing only chlorine as an additive. The other
lubricants which contained mainly other chemical
additives such as sulphur, phosphorous and fatty
acids showed better lubricating ahiljty compared to

the conventional phosphate -~ aoab system.

Fatty lubricantss
Appreciable amounts of fats or fatty acids and
substapces derived from them are wsed as lubricants

wither alone or often compounded with mineral oils.
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flriginally., veqetable and animal fats provided
almost exclusively the means of lubrication (Eirschen
Bauer, 1969). Comparatively recently with the
development of the petroleum industry, mineral oils began
to replace the fatty oils as lubricants. More recently
however, fatty aoils and their derivatives have again
found limited applications, mainly because of their one
outstanding property known as "niliness"”, That is the
abhility of a lubricant to form a tenacious film on metal
surfaces, which is particularly important where ruhbing
surfaces have small clearances from which the oil may be
squeezed by excessive pressure as in extrusion.

Fhe vegetable oils under investigation are fatty
nils. Fatty oils consist mainly of fatty acids. They
are compounds having long slender molecules with a
straight chain of ten or more carbon atoms and a polar
qroup at one end. The maagnitude of their polarity is an
important factor in their performance.

The fatty acids are attracted to the metal by strong
adsorption forces. Actually the polar head is attracted
by the metal. The result is the anchoring of the
molecule with the polar end on the suarface of the metal
and the long chain sticking out. Due to Vander Waal
forces, the molecules tend to align themselves paral lel
to each other in a multi-molecular fashion. At the same
time the orienting field of the adsorbed laver induces
the positioning of the clusters with their methyl groups

stacking up on the methyl aroups of the tails of the
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adsorbed mono laver. #As a result, they all line up
straight up. normal to the metal surtface. This is
repeated many times depending on the astrength of the
orienting polar group, creating a multi storied
construction of fatty acid molesuwles. These structures
arg hard to compress out but egasy to shear at any laver.
The sheared off fricticon layer however, does notbt stay
away for too lond. The strong orientinag forces continue
oo act and they rebuilld the thick laver as it was before.

This allows the same surface to bhe ready for another

shearing encounter.,
The chemical reactivity nf var#mﬁﬁ ﬁurfaﬁms with
fatty acids under standard conditions was studied by
Graegory (19%4), Lawric acid was used ard? the metal
surface heated up to 15090 with the acid in contact with
it. The results showed that the metals examined fall
into two distinct classes of which, (a) chemical attack
is ahsent or very slight (e.qg. Mg, Al, Ni, Cr) and (b)
those for which chemical attack is marked (e.g Cu, Cd ang
in). A comparison of the chemical reactivity and
luhricating properties showed a striking correlation.
Those metals which are most readlly attacked by the fatty
acids are those which are oost effectively lubwicated.
Dacus. Poleman and Ropss (1944) have done some work
in measurement of the rate at which a Juhricant film is
wewn away during sliding. Their regult shew that, with
menc — lavers of fatty avids, there is a marked increase

in the "dursbility” af the lubricating film with
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increasing chain lmnnfh;

The chemical analveis of the vegetable vilzs that are
being investigated in this proiect was carried out by
Atala (1981, The results of chemical composition,
saponification value, percentage free arcid value, lodine
value and percentage phosphorous content of each of the
olls are given in appendix, 2. The stability of an oil
irm deterained by its percentage free acid value while the
saponification value indicates the ease with which the
oil ran he degreased effectively in an alkaline medium.
The iodine value indicates the amount of reactive or
polar radicals in each nf the oils.

Genarally the diverse gqualities which must be
evaluated in selecting a lubricant for use in the press -
shop itnclude (Wilson, 1966):-

(a) Ability to eliminate pick—-ap and scouwring in the
operation concerned. |

(b)Y Promotion of the required surface finishe.

{) Ability to reduce friction and tn promnte

formability. _ : _ E
{d} Fazae of application: Glean]inesé, and freedom from

harmful or objectional effects on operators or

equipment. |

{e) Ease of removal: Freedom from stailning and
corvrosive effects, freedom from a tendency to leave
objectionable residues on the surfaces,

{(f} Stability in storage

() Overall economy



In this praiect which is a paft of a larger program
to develop local metal working Inbricants, some 1ocal
vegetable oils namely, palim sil, groundnut oil, shea
butter nil! and sova bean oil were investiqated as
possible cold extrusion lﬁbricants.

Examined parameters for evaluwation of these local
oils as extrusion lubricants incliuded the friction
coefficient between the biliet and the die using each of
the nils, the nuality of the praoduct (surface finish) ann
the hardrness obtained on the extrudgd_urnﬁuata.

To set a standard for cnﬁparishn, the performance nt
each of the local oils as a cold extrusion lubricant {(on
the basis of the afore mentioned parameters) is being
compared with that of the conventional =zinc phﬁsphate -
sodium stearate lubrication svystem.

The Alzdia BT&O-2 steel was used as & result of its
availability. 1t was also hoped tha% the Aladia STAO-2
steel would act as a severe test for the oils since it is

ot an extrusion quality of steel. i




CHAPTER THREE

Experimental Egquipment and Procedure

Equipment:

In aeneral, it is not common to have a press
available which is specifically designed for experimental
cold extrusion of steel. Usually, therefore, the
extrusion tools prepared are made to fit between the
compression plates of a universal testing machine. The
facilities nf the machine are then used to measure punch
load and travel (Molden, 1966).

For the present work, due to the non—availability of
a cold extrusion press, a S00EN universal testing machine
with a speed control which could be preset within the
range 0 — 22 cwm/min was employed in a manner similar to
that suggested by Molden for carrving out the extrusion
experiments. For the measurement of the distance
travelled by the punch during the extrusion, a meter rule
was used in conjunction with a pointer which was attached
to one of the moving parts of the machine. Various loads
required to extrude the steel sluas under various

lubrication conditions were read on the machine gauqge.

Tools:

The development of cold extrusion as an economically
competitive production process is entirely dependent on
the improvement of tooling. Whereas it was advances in
lubrication i.e phosphate coating, that first made the
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cold extrusion of steel possible, it is only when tnaols
are made at low prices and with lonaq lives that the

process 1s economically wviable.

3.2.1 The Punch:

The main difficulty in punch design lies in
assessing the nature and magnitude of the stresses to
which the punrh is subjected in service, and this is a
problem to which there is yet no satisfactory solution.
Since the stresses are dynamic, fatigue effects will
arise and these in conjunction with the inherently
"hrittle" nature of tool steels, necessitate care in
avoiding desiqgn features likely to give rise to stress
concentrations.

Based on previous research effort (Spikes, 1966),
there are three main metallurgical reasons for the
failure of a punch, namely, excessive wear, fatigue and
insufficient compressive strength. The AISI-M2 type of
high speed steel which has extremely good wear resistance
is the most commonly used materials for punches.

For the present work, because an appropriate tool
steel was not available, the punches used were machined
from a medium carhon steel har. The desian of the

punches is as shown in Fig.5.1l.
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The fabricated punches were carburized at 200oC for 12

hours and then tempered at 4Q00eC,

Dies and Extrusion Containers:

In the design of dies for forward or bhackward
axtrusiong, somewhat similar problems are encountered to
those for punches in respect of permissible tool
stresses, faillure, etc. The main difference however, is
that for dies, high stresses of a tensile nature must he
catered for. In the absence of any better guide, it is
rommonly assumed that the die muzt withstand a wniform
hyvdrostatic internal pressure egqual in magnitude to some
percentage (usually between 70 percent and 100 percent)
of the peak extrusion pressure.,

The die gives rise to considerable problems
particularly when it has a stepped bore. Fallure from
the step is wsually by fatigue. The reguirements for a
die steel are therefore, high wear resistance combined
with good fatigus strength. The steel should also be
able to withstand the heat generated in service.

The steels normally emploved in the congtruction of
extrusion tigs fall into three matn groups (Spikes,
1966) 2 |
{a) AIBI-G81 This material has a high fatigue Etreﬁqth

Bttt wntld require carburizing to give reasonable

resistance to wear. 1t has a reasconable resistanece

to tempering. o

39



A

(b)) AISI-ND3 This is the conventional material for
dies, having excellent resistance to wear. However,
it is particularly prone to fatigue failure when the
die is stepped. This has hetter re=sistance to
tempering compared with 51 and a higher hot
hardness.

() AIYI-MZ2, MZ2 has & better wear resistance and fatigue
strengtt than D3I. 1t has encellent resistance to
tempering and hot hardness, however, its initial
cast is gquite high.

Since the extrusion container i< subjiected to almost
similar svstem of stresses as the die, similar materials
are normally used for its construction.

For the present project, as a result of non
availability of the appropriate tonl steel, a medium
carbon steel was again used in the fabrication of the
dies and extrusion container. In all, four dies and a
container schematically shown in Fig.3.1 were made. To
increasse their strength and wear resistance, the
fabricated dies and extrusion container were subjected to

& carburizing treatment.

Materials and Procedure:
The hbillets to be extruded were machined from an
Aladia SEto0-2 steel, the composition of which is given in

tabhle 3.1,
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fable 3.1 C sition of ST60-2 1

in the Col us H
% Mn Si P 8
0.35 - 0.90 - Q.20 — 0.04 Man 0.04 Max
0.42 1.20 0,30

The billets were machined into the shape shown in
Fig.Xx.2. A 602 chamfer was provided on the billet to

allow for easy alignment in the die.

H (mm) d (mm)

12

11

10 10

* 9

|

y 13 12
15 12

17 12

a

Fig.3.2. The Shape of billets used in the Extrusion Frocess.
The billets were all made of 1Zmm diameters, but
were machined with various heights pf 10mm, 1Xmm, 15mm

and 17mm. In all BO billets were machined for extrusion

under the variocus experimental conditions.

3.3.1 Heat Treatment of Billets:

To ensure adeguate metallurgical properties in the

machined billets prior to extrusion, the billets were
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annealed by heating to 900°C, soaked at this temperature
for 4% minutes to allow for full austenitizatinn, and

finally furnace cooled to room temperature.

3.3.2 Fhosphatinga
The phosphating operation on the steel billets was
carried out at EMCONM LLtd, in Zaria. However, prior to
the phosphating operation, the annealed billets were
pirkled in 184 twdrochloric acid for L0 minuwtes. This
was followed by alternate conld water and hot water

rinses. The hardness of the billets was then measured.

3.3.3 Lubricant Applications

The zinc phosphated steel billets for the standard
luhrication condition were dipped in sodium stearate
solution {(42.%0/71itre) at &5 fur_fmur minutaes and then
allowed to dey off. Application nf the various vegetahle
nils on the zing phosphated asteel billet surface was also
by dipping at ambient temperature. Both the container
arnd the die were lubricated with the appropriate oil
wnder investigation using & brush. PFunch head was also

lubricated appropriately by immersion.

X.3.4 Extrusion Proper:
The lubricated billet was placed in the container in
rontact with the die and properly aliqnéd with the die
cravity. After aligning the punch with the hillet, the

load was applied on the punch to achieve extrunion of the
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billet at the selected spesed and ratio wnder each
ivbrication condition. The values of the load at
intervals of L.dmm of punch travel were noted. Before
each extrusion operation, the toopls were degreazed to
remove atl traces of lubricant resaining fraom the
previous test. For eacrh of the extrusion ratios of 1.17,
1.40, 1.4%9 and 2.0, and for esach lubrication condition,
the extrusion was carvisd out at three different spesds
of 2cm/min, 4cm/min and Scm/min.

The surface finish of each of the extrudates was
meastired using a subtronic stylus probe. This was with
the exception of thase extrudded at an extrusion ratio of
2.0% as the extruded lengths wers too small to be
traversed by the stvlum.

Hardness measuresents were taken across a diamster
length on the extruded billets wusing a VYickers hardness

testing machine.

Metallographys

Tor qualitatively study the effect of rcold
extrusion under the various lubrication conditions
on the Aladia HTH0-2 Steel, 1% af the extruded
spEcimens were selected for metallographic
examination.

The selected specimens were grasndd to obtain a
flat surface of the area to he examined. The
grinding of the specimens was carried out on a strip

grinder using different grades of grinding paper.



Paolishing of the 5pecimen3 was then undertaken
o remove from their surfaces ﬁhe fine scratches
intraoduced during the grinding operation and
witimateliy to produce a3 highly polished scratch free
sitr-fate. The polishing was carried out on a |
polishing wheel which is fixed to rotate in a .
horizontal plane.

In prder to make visible the many structural
characteristice of & specimen, it is necessary to
etch the specisen. Frior to stching, the apecimens
were washed thoroughly with water and allowed to
dry. The specimens were then etched by swabbing the
polished surfaces with cotton saturated with 3%
Nital., The specimens were then wazhed in warm water
ton prevent the continued actinon of the setochant.

Using the adequate facilities provided by the
Nigerian Metallurgical Development Centre, Jos, the
Fhotomicrographs of the spacimens were taken at

variocus magnifications.
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CHAPTER FOUR

RESWLTS

The results of the cold extrusion of Aladja ST60-2
structural steel showing variation of punch load with punch
displacement under the investigated local oils lubrication
conditions at different extrusion ratios and extrusion speeds are
represented in graphs. The surface finish of the extruded billets
and cross—-sectional hardness values of the extruded billets are
also represented.

Figure 4.1 — 4.6 show the punch load - punch displacement
curves for extrusions under various lubrication conditions for
different extrusion ratios, extrusion speeds and initial billet
lenaths used in the investigations.

Table 4.1 shows the calculated values of friction coefficient
(equation 2.10) for the various lubhricration conditions at the
different extrusion ratios, extrusion speeds and initial billet
lenaths used in the investigations. The values of maximum load
ohtained for the varinus extrusion conditions are shown as
appendix 1.

Table 4.2 shows the surface finish of the hillets extruded
under varinus lubrication conditions for various extrusion ratins,
extrusion speeds and initial billet lenaths.

Table 4.3 shows the hardness measurement taken radially on
billets extruded using a speed of 4cm/min under various

lubrication conditions at the different extrusion ratios.
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Flates | - 16 a1 & nhc;lumu-r-sqraphs of billets exte ded under

various lubrication condit ions at varioue eitrusion ratine using

an extrusion speed of dcm/min.
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Table 4.1 The Coef

ficient of Friction
i

at Various Exirusion Ratios and Speeds

Table 4.1a Extrusion ratio of 1.17, initial billet length of 10mm at various speed:

Various Lu

ic

i

Lubrirants )
speed zine s0ya bean shea butter Groundnut Pala
{ca/min) | phosphate/sodiua 01l (119 0l Bil
| stearate R | ] -
LY L LS » LS u Yuw [ LY
{N/na?) (N/ua?) (N/ua?} (N/na?) (N/na?)
il (s e ———— i = e PR S
2.0 563.0 0.170 585.8 0.172 | 606.5 | 0.190 [ 383.9 | 0.179 | 621.
4.0 | 5839 | 0479 | 5877 ) 0.181 | 6140 }0.193 ) 595.2 | 0.185 | 425.3
6.0 610.3 0.192 595.2 0.185 | &440.4 | 0.206 | 606.5 | 0.190 | 651.7
Table 4.1b Extrusion ratio of 1.40, initial billet length of 10 as at various speeds
Lubricants
S 1 =
soya bean shea butter Grownduut Paln
0il 0il 0il 0il
L P LI L™ ! LMY ]
(N/na?) (N/ma?) p (H/na?) (N/an?)
6231 0.172 | _bll.l _ O.L” 640.4 0.180 489.4 Q.NJ
6_“.?_ 0.181 708.2 ti.i'li'4 655.5 0. Iﬂi_q H?.O_ 0_.{{4
0.191 721.4 0.219 | 670.5 | 0.195 670.5 723.3 0.220
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Table 4.1c Extrusion ratio of 1.69, imitial billet lemgth of 10 mm at various speeds

Lubricants
speed zinc soya bean shea butter Groundnut
(ca/min) | phosphate/sodiu Dil 0il bl
. ;tnrato_ | -
LIS ' LY ' 'nb ' LY '
(N/na?) (N/na?) (N/aa?) (N/na?)
o ra— g e
2.0 B28.8 | 0.214 _N!.I 0.198 | B47.6 | 0.222 | 791.1 o,gl
4.0 879.5 0.23 } 798.6 | 0.201 858.9 | 0.227 )} 809.0 0.206 |
6.0 898,46 0.244 798.6 0.201 851.4 0.2 794.9 | 0.199

Table 4.1 d Extrusion ratio of 1.17, speed of 4ca/sin and various initial billet lengths

Lubricants
zinc soya bean shea butter Broundnut Pale
Initial | phosphate/sodiua 01l D1l 01l 0il
billet stearate -
length
I-' Tun ] un ' fun ' LY . LY
(N/na?) (N/an?) {N/na?) (N/ma?) iN/na?)
il TR i cang — e . i
10 583.9 [ 0.179 | 5677 | 0.181 | 614.0 J0.193 | 595.2 | 0.185 | 625.3
13 591.4 0.179 | 591.4 0.183 629.1 0.201 802.7 0.188 631.0
ﬂ.? GI_S_L ﬂf_.o__ 0.193 634.8 | 0.203 | 6103 | 0.192 | _63&9__
617.8 0.195 | &17.8 0,195 632.9 | 0.202 621.6 0.197 640.4
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Table 4. rdne ribution r f Bill
r Var ition
Hardness at various points on extrudates (DPN)
Extrusion Lubricants 0.75R 0.5R 0.25R Centre
Ratio
Zinc
Phosphate/Sodium 188.8 186.0 183.5 182.2
Stearate
p B Ui Soya bean oil 190.0 187.5 185.0 183.4
Shea butter oil 211.6 208.7 205.0 203.1
Groundnut oil 198.8 196.2 194.0 192.2
Palm oil 2200 219.0 215.0 214.6
Zinc
Phosphate/Sodium 208.2 206.0 204.5 204.0
Stearate
1.40 Soya bean oil 195.0 183.2 192.0 191.4
Shea butter oil 235.3 234.0 232.0 230.8
Groundnut oil 207.4 206.0 202.5 202.0
Palm oil 260.0 2568.7 257.0 256.3
Zinc
Phosphate/Sodium 294.0 292.8 292.0 291.1
Stearate
1.69 Soya bean oil 213 .1 211.3 211.0 210.9
Shea butter oil 303.3 302.3 300.0 300.0
Groundnut il 239.7 238.0 237.0 236.3
Palm oil 315.0 314.5 312.0 312.0
Zing
Phosphate/Sodium 324.0 322.8 322.0 322.0
Stearate
2.09 Soya bean oil 357.0 264.8 254.0 253.2
Shea butter oil 361.7 350.0 349.0 348.5
Groundnut oil 276.0 274.4 274.0 273.5
Palm oil 383.5 382.8 382.0 381.5
Hardness of unextruded billet 101.3DPN

R:

Radius of extruded hillet.




Since the ability of a lubricant to perform

satisfactorily under a given set of conditione is related
to ite physical and chemical characteristics, laboratory
tests have been developed for measuring the chemical and
physical properties in ways that permit expressing the
deagree to which a lubricant possesses a given property hy
a numerical value which enables different lubricants to be
evaluated on a comparative basis.

In the on-going project the extrudability of steel
produced in Nigeria, using certain vegetable oils as
lubricants was investigated. The lubricants were assessed
based on:

(a) The friction effect at different extrusion ratios,
extrusion speeds and initial billet lengths.

(b) Surface finish of the extruded billets under each
local o0il lubrication condition.

(c) Hardness, taken radially on the hillets extruded under
each lubrication condition.

Metallographic examination of some of the extruded
billets was also undertaken to qualitatively study some of
the factors considered in the investigation.

Tn set a standard for comparison, the results ohtained
for the vegetable oils were compared with those obtained

for the standard zinc phosphate/sodium stearate lubrication
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The basic data for a particular extrusion is obtained
in the form of curves relating punch load o estrusion
pressure with punch travel or displacement.

Curves of punch lpad against punch travel are shown in
Figure 4.1 — 4.6, Figures 4.1 - 4.5 are similar to the
characteristic extrusion pressure curve of Fig. 2.1, except
the absence of stage V. Normally, for most practical
artrusions, stage YV is normally abzsent, According to
Pieter (1981) it is uneconomical to develop enough pressure
to force the billet completely through the die. in Fig.
4.6, only two 0f the stages can be identified for cases of
extrusion ratio of 2.09. After stage I the slope of the
curve changes but the load continees to rige with punch
travel though more slowly., Two possible guplanations couwld
be qivén for this. Due tno the great amount of reduction
involved, the extrusion loads were guite high. As a result
of the high loads there is the possibility of Tubricant
breakdown aftter the break through pressure was achleved,
therefore instead of a progressive drop in load with punch
travel, & continuons rise in load with punch travel is
obtained. This reasoning is supported by the work of
Morgan (19%9) where similar curves were obtained. The
shapes of the curves were attributed to a breakdown in the
lubrication causing a steeply increasing load requirement.,

An additional reason for the tvpe of curves ohtained

&b



could be punch deformation. At this extrusion ratio the
punches startaed barrelling after a short distance of travel
therehy completely tilling up the container. Subsequently
the punch itself was being deformed. The extrusion load
observed thersfore was that for sxtruding the billet as
well as in deforming the punch and hence the continuous

increase in load with purch travel.

Effect of Extrusion Ratio on the Friction Coefficient

Fram the friction coefficient values onbtained under
various lubrication conditions, the effect of extrusion
ratioco on the coefficient of friction at the extrusion
speeds of 22cn/min, 4om/min and &docm/min are presented in
Figures S.1(a), (h) and () respectively. At the extrusion
speed of 2om/min (Fig. 5.1d¢a) and for an extrusion ratio of
1.17, the zinc pbozphate/sodium stearate Jlubrication
provided the lowest value of friction coefficient, Sova
bean nil and groundnut oil gave a performance comparable
with that oF the zing phosphates/sodiumn stearate
lubrication. The remaining two oils, shea butier oil and
palm 0il, also gave favourable performance. The arder nf
increasing friction coefficient is z2ine phosphate/sodiom
stearate, Sova bean oil, groundnut oil, shea bhutter nil and
palm oil. 1t can be seen that, generally, the coefficlient

of friction
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increases continuwously with extrusion ratio. It can be
observed alsc that the rate of change in friction
coefficient with extrusion ratio is greatest in the zinc
phosphate sodium stearate mode of lubrication as compared
with that of the venetable oils lubrication. This isg 5mt
much =0 that the zinc phosphate/sodium stearate lubrication
which produced the lowest value of friction coefficient at
the lowest reduction gave the highest value of friction
coefficient at the highest reduction.

At the extrusion speed of 4cm/min the trend is similar
to that of the speed of 2co/min as shown in Fig. H.1(b}.
At this speed, a3t an esxtrusion ratio of 1.40, the
perfarmance of soya bean oil as an extrusion lubricant is
better than that of the standard lubricant. At R = 1,59,
the performance of both sova bean o0il and groundnut oil is
hetter than the standard lubricant.

At an epxtrusion speed of dom/min {Fig. D.10c)YT, lower
values of friction coefficient were obtained under BOY &
bean o0il and aroundnut il lubrication conditions at the
lowest reduction af R = 1.17 when compared with the rinc
phosphate/sodium stearate lubricant. The other vegetable
nDils also gave favourable performances. At an extrusion
ratio of 1.49 all the vegetable oils performed hetter than
the zinc phosphate/sodium stearate lubricant.

Generally, it is known that the rate of work hardening
increases with deformation and hence frictional resistance
to deformation should also increase in the same vein.

Vegetable oils are boundary lubricants which function by
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reacting with the metal surface to form a solid separating
film. Their reactivity and hence lubricity increases with
temperature up to their melting point (Abdul, 19277). Owing
to the extensive deformation produced in cold extrusion,
considerahle internal heating of the metal results. he
higher the reduction the greater the amount of heating.
The increase in temperature of the metal with increased
reduction enhanced the reactivity of the vegetabhle oils
with the metal surface thereby increasing the lubrication
efficiency. A= reduction increased, two competing
processes were developed — increasing work hardening with
resultant increase in frictional resistance and increasing
temperature that promotes boundary lubrication efficiency
resulting in a reduction in frictional resistance. Whether
frictional resistance increases or decreases with increase
in reduction will depend on the interaction between these
two effects. In cold extrusion the predominant effect is
the high rate of work hardening hence frictional resistance
should increase with increasing reduction. Under veqgetable
0il lubrication ronditions, a reduction in frictional
resistance 1is expected because of increased chemical
reactivity that promotes lubricity. The less rapid
increase in friction coefficient with increasing reduction
observed under the veagetable oils lubrication conditions
could therefore be attributed Yo their moderating effect as

a result of enhanced lubricity with increasing reduction.
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5,3 Effect of Extrusion Speed on Friction Coefficient Under
o Various laubrication Conditionsy
el Figures 5.2{(a) -~ () show the effect of extrusion
,HSQQEd on friction coefficient at various extrusion ratios.
iiédr the wvariouzs Jubrication conditions, the friction
copfficient increases with increasing speed. The effect of
extrusion apead on friction coefficient under the various
Iubrication monditions has been found to he similar to the
etfect of extrusion ratio,

The explanation for the observed effect of increased
extrusion speed on fricgtion coefficient is similar to that
of increased redaction. As extrusion speed increases
defarmation resistance of the billet material incresses.
Thers is alsa an increase in the amount of beat generation
in the metal with increasing extrusion speed. The scenario
explained above is therefore applicable bere.

The better performance of the vegetable 0ils at higher
speeds and extrusion ratios as compared to that of 2ine
phosphate/sodiun stearate lubricant couwld therefore be
attributed to  theldr increased reactivity under these
conditions and conssquently enhanced lTubwicating potentials

of these oils.
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Frirtion:

Fig. 5.0 shows the efiect of initial billet lenath on
the coeffricient nf friction for an exlbtruasion ratio of 1.17
and extrusion speed of demsman onder various lubrication
conditions. As revealed in the figure, the coefficient of
friction aenerally increases with incressing ballet length
foor each of the labrication conditions. This 1is in
agrecment with the observataon of Lancge ot ol (1944) that
the: max umun pressuare requured Tor the Torward extrusion of
rod increases with hillet lenagth. Thais may he due fto the
relative movement between the billet and contawyner wall
resulting an an  ancrease in frictaional losses with
increasing  billet  length. The order of increasing
lubricating properties for the oills ranaes aenerally from
palm oil, shea butter ovl, groundnut oi1l, sava bean nil and
zinec phosphate/sodium stearate. The figure (frg. 5.3)
sugaests that the relative performance of the oils is

independent of the initial ballet lenath.

Appraisal _of Surface Finish of The Extruded Procucts under

various jubrication Conditions:

All products manufactured by plastic metal working are
expected to conform tn certain suarface Tinish standards.
Lubricants are amonn the most important factors affecting
surface finish.

lTable 4.2 aives the surface Tinash oi billets extruded

untler various lubrication conditions at different extrusion
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gratius. Graphs showing the effect of extrusion ratio,
'gaxtruainn spepd,initial billet lepath. on surface Tinish
uncer various lubrication conditions are shown in Figures
.4, 5.8 and 5.6 respectively. The surface finish af an
:Extruded product depends mainly on the frictional condition
at the tool fwork interface. The surface roughness of the
extruded billets is +therefore expected to change in the
same direction with the friction coefficient, The.
coefficient of friction was earlier observed to increase
with increasing extrusion ratio {(Fig. S.1). Surface
roughness is therefore espected to increase with innreaainq.
teutrusimn ratio. This is what is obtained in (Fig. H.4)
where the suarfacs roughness can be seen to increase with
extrusion ratio under the variouns Inbrication conditions,
The relative perfaormance of the oils in producing & smaooth
=iz face is of the same order as  thelr corresponding
friction coefficient as can be observed by comparing Fig.
B.1{b} and Fig. 3.4.

Fig. %.6 shows that surface roughness increases with
increasing initial billet length. This is consequent from
the fact that as explained earlier, friction coefficient
increases with initial bhillet length.

Figure 9.3 shows that surface roughness increases with
increasing  extrusion speed wuntder various lubrication
ronditions., This could Rlso be due to the fact that, (as
shown in Figure 35.2) coefficient of friction increases
with extrusion speed, The relative performance of the
lubricants in reducing surface roughness corresponds to
; i
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their relative performance in reducing the friction
‘coefficient as can be seen by comparing Figure 5.2(b) with
Figure S.6.

In terms of appearance, the billet extruded using the
zinec phosphate/sodium stearate Iubricant had the brightest
surface. With the exception of palm oil. bright and shiny
surfaces were produced under the various vegetable oils
lubrication ronditions, Palm oil produced & hlack stained
swrface and this was more pronounced at higher reductions
angd extrusion speeds, The stability of the veqgetabhle oils
relative to oxidation is indicated by their percentage free
acid content. Falm il has a percentage free aciad content
aof 7 - 3V4 {appendix 2?). The black stained surface on the
extrudate while using palm 0il as lubricant may be duge o
grcesgive anidation which oncurred., The oridation should
increase with temperature arising from increased speed and

reduction.
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Hardness Traverses in  Bililets Extruded under various
lLubrication Conditions:

Table 4.3 shows the hardness values measured radially
&n selected oross—-sectional planes of billets sxuatrured
under various lubrication conditions.

Swrves of harfdness values against radial distanees from
tﬁe centre of the extraded billets wnder various
lubrication ennditions and at different extrusion ratios
are shown in Fiqure S.7. The hardness can be ssenn tno
é;creasﬁ en povement from the edoge of the billet towards
its centre. This may be due to the dreater working of the
hillet at the auter surface which is in contact with the
&ié. The hardness traverses of the extruded billets shown
in figures S.7{a) - () reveal the fact that hardness
increases with extrusion ratio. This may by dup to increase
in geforsation antd hence in the rate of work hardening
with increased extrusion ratio.

The variation in bardnese from the outside to the

Eentra of the billet is greater at lower reductions, As

sugnested by Pearson and Parkins (1961} this may be due to
the fact that the rentre receives only slight deformation
ét lower reductions.

Table 9.1 qives the variation of average hardness of
the extruded hillets with extrusion ratio for the various
lubrication conditionz while the graphical representation
of the variation is given in fig. .8, Az can bhe seen from
the figure, hardness increases with extrusion ratio.  The
Ehanqw is  initially gradual becoimning steeper as the

extrusion ratic increases. The variation in hardness from
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the least Lo the highest extrusion ratio is grealesl lor

the zinc phosphate/sodium slearale lubrication
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Table 5.1:
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5.7

Metallographic Examination of Billets Extruded under
various Lubrication Conditions:

The photomicrographs of the cross section of billets
extruded under various Igbriq@tlnn conditions at various
extrusion ratios at a speed of 4cm/min are shown in Plates
1 - 16,

From the composition of the Aladia S51680 - 2 Steel
(Table 53.1) the ronm temperature structure consists mainly
of ferrite and pearlite.

The ferrite shows up as white while the pearlite 1is
dark. The hardness of the steel depends on the composition
as well as grain size of the constituents. The greater the
amount of pearlite, the harder the steel. The hardness of
the steel is also greater the finer the grain size.

linder the same lubrication it can be observed that the
grains are coarser at the lower reductions compared to
those at the higher reductions. Accordina to Fearson and
Parkins (19461) areas having coarse grains in an extruded
billet are those which have heen subjected to lesser amount
of working. The comparison of the hardness values with
photomicroqraphs aarees with this observation. In addition
according to Polukhin et al (1965), the coparsening of
grains increases with rising temperature. The coarse
grains at the lower redurtions may be as a result of non
uniform temperature rise and the possibility of the centre
nf the billets being left at a higher temperature after

extrusion due to a faster rate of cooling on the outside.
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5.8

o

Correlation of Physico—Chemical Properties of the oils with

Lubricity:

The lubrication potential of the vegetable oils under
investigation is qoverned by their ability to react with
the work metal. This ability is qgoverned hy the various
chemical and physical properties of the oils as underlined

below.

Fatty Acid Content:

As previously established (Ajala, 1981) the saturated
fatty acid content of the vegetable oils are myristic,
palmitic, stearic, caprylic, capric, arachidic, beharic and
lignoceric acids. With the presence of carboxylic qgroups
these acids help 1in maintaining a strong molecular
adherence of the vegetable oils to metal surfaces therehy
minimizing friction and consequently encouraqing qgood
surfare finish on the products. Furthermore, the
unsaturated fatty acid contents of the oils are oleic and
linoleic acids. These acids are themselves reactive in
addition to the presence of carboxylic groups. They
therefore contribute more to the adherence of the vegetable
oils onto metal surfaces. The amount of the acids in the
various oils is given in appendin 2. Groundnut aoil, shea
butter oil and palm oil with oleic acid composition of
&2.0, 49.5 and 8.0 respectively gave lubrication
performance in terms of reducing friction coefficient and
improving surface finish in the same order as their oleic

acid composition. However, soya bean o1l with oleic acid
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H.8.2

5.8.3

composition of 55.0 gave better performance than groundnut
oil. This may he due to the fact that the overall
unsaturation of soya bean 0il as shown by the i1odine values

is agreater than that of groundnut oal.

lodine Value:
The iodine value of an o1l is a measure of the deqree
of unsaturated fatty acids in an oil. It therefore

indicates the degree of reactivity of the oils. Since the
lubricating performance of the oils 1is based on their
ability to react with the work metal, their performance as
lubricants i1s expected to increase with increasing iodine
value, Soya bean oil, groundnut oirl, Shea butter o1l and
palm oil with i1adine values of 120.0, 106.1, 65.0, 64.5
respectively, gave lubrication per formance which is in the
same order as their iodine values as shown by their ability
in friction reduction and providing & good surface finish
on the extruded billets. The hardness values obtained for
the various oils increased in opposite direction to
direction of increasing iodine value. This may be due to
increased reactivity with increased 11odine value. As
suggested by Gbadamasi (1991), the products of the reaction
hinder the effective extraction of heat trom the hillet

during extrusion.

Phosphorous Content:

Fhosphorons has over the years been used either singly
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nr in combination with other reactive elements such as
sulpbhur and chiorine to improve the lubrication performance
of ocils. The phosphorous content of sova beran oil and shea
butter opil is not availahle, However, graundnutt oil and
palm oil with phosphorous content of Q.0&87% and 0.048%
respectively (appendix 2) gave lubrication performance in
the same order as their phosphorous content in reducing

friction coefficient and surfzoce rouqhness,

5.8.4 Percentage Free Acids
The stability of these oils relative to oxidation is
iﬁdicated by their percentage free acid content. The free
acid contains unsaturated thydrocarbons which are very
reactive and on exposure to the atmosphere get pridized.
The wvegetable oils were found to have high stahility in

storage.

3.8.5 | Saponification Value:

The presence of lTubricant residue on an extruded
proaduct contributes sitanificantly to its appearance, Tuture
corFrpsion properties, and where additional operations like
welding or heat treataent are tg be carried owt, i1t may
constitute an impediment to the process. A good tubricant
should therefore leave rno residus on the products and where
it does, it should bhe easily removable. The saponification
value of an 0il indicates the ease with which the oil can
hbe degreased in an alkaline medium. The relatively low

saponificatinng values of the vegetable oils (appendix 2)
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indirates that they can be easily deqreased in an alkaline
med ium.
Summary and Conclusions:

The suitability of vegetable oils - palm o0il,
groundnut ail, soya hean 01l and shea butter il - as
Iubricants in the cold extrusion of stee]l has been
investigated.

The assessment af the vailetable aoils wrider
investigation as cold extrusion lubricants was based on
three parameters namely, the coefficient of friction, the
surfane fTinish nf the extrudates and the coross sechtional
hardness values of the sxtruded billets. These values were
compared with those obtained wnder the standard zinc
phosphate/sodium stearate lubrication condition.

The performance of the vegetable oils in producing
favourable friction condition as compared with the
perfaormance of the standard zinc phogsphate/sodium stearate
lubhricant was found to bhe satisfactory. Infact at the
higher reductions and extrusion speeds all the vegetable
oils performed better than the zinc phosphate sodiom

stearate lubricant.

surface finish produced on the extruded billet was alsno
impressive., All the vegetahle oils performed favourably
comparerd to the standard zine phosphate/ssodium stearate
lubrication mode. AL the tigher extrusion ratios and
extrusion spesds, sova bean 01l and groundnut oill produced

better surface finishes on the extruded billets compared
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9.10

with the standard lubricant.

The hardness values obtained on the billets Extrudea
using the vegetable oil as lubricants were similar to thaose
for which the standard lubricant was used. At the higher
extrusion ratio, hillets lubricated with shea butter oil
and palm oil gave higher hardnesse values compared with the
standard lubricants while lower hardness wvalues were
ohtained on  those lubricated with sova bean oil  and

groundnut odil.

Recommendations for further Works:

In the light of the afore going teet results, the
followings have been suggested for future wark in the
development of vegetable opils as lubricants for the cold
extrusion of steel.

{tal (Chemical reactions which take place between the work
piece ant the o0il duaring axtrusion shoulrt be
itnvestigated. This would enable the extraction of
onlty those constituents that are actually necessary
for the lubrication reaction and hence ensure optimal
utilisation of the oils as lubricants.

(b)) A test run, in the production of definite artircles
under production conditions, should be carried out,
It is only uwunder theme coonditions that some very
important extrusion parameters such as tool life and
indeed actual cost of luabrication can be effectively
measured.

{c) Since the vegetable nils are mostly edible oils it may

9



be necessary. as an interim measure, to blend them
(vegetable oils) with mineral oils. However, this
will he more effertively undertaken after

recommendation under (a) must have been carried out.
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Appendix 1:

The maximum extrusion lepad under the various

lubrication conditions for various extrusion

Parameters

1.a Extrusion ratio of 1.17 inital billet lenath of 10mm
various speeds.
lllr_it_a:ts__ B -
linc phosphate/ Saya bean Shea butter Groundnut Pala
I_mlu stearite 01l o 01l 0il o 0il
Max. Load (kM) Max. Load (kN) Max, Load Max. Load Max. Load
(kN} L - (EN}
75.0 75.% 80.5 ) 72.5 82.5
] 78.0 81.5 - 79.0 83,0
81.0 19.0 85.0 80.5 86.9

1.b Extrusion ratio of 1.40, initial billet length of l0am at various speeds

Speed Lubricants
a/nin
Linc phosphate/ Soya bean Shea butter firoundnut
sodiva stearate 0l 01l 0il
Max, Load (KN) Max. Load (KN) Max. Load Max. Load
(kN) (kN)
2.0 82.8 831.0 99.0 85.0
4.0 87.0 85.5 9.0 87.0
6.0 90.0 88.0 95.8 89.0

N




I. ¢ Extrusion ratie of 1.49, initial billet length of 10 sa at various speeds.

Speed Lubricants
ca/nin :
Iinc phosphate/ Soya bean Shea butter Groundnut Pala
sodium stearate 011 0l 01} fil
Max. Load (kM) Max. Load (kN) Max. Load Max. Load Max. Load
{EN) (kK) L
2.0 110.0 105.0 112.5 105.0 115.0
1.0 116.8 106.0 114.0 107.3 115.5
6.0 119.0 106.0 113.0 105.5 112.0
1.4 Extrusion ratio pt 1.17, speed of Aca/min and various initial billet lengths.
‘ Lubricants
Iinc phosphate/ Soya bean Shea butter Groundnut Pale
sodius stearate 01l 0il 0il 0l
Max. Load (kN) Max. Load (kN) Max. Load Max. Load Max. Load
{kN) (kM) {kN)
77.5 78.0 815 19.0 83.0
78.5 78.5 83.5 80.0 81.8
80.0 81.3 84.3 81.0 84.0
82.0 82.0 84.0 r 82.5 85.0
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WPEMIL 2:  Fatty Acid Conposition of the Vegetable Oils weder lavestigation:
I Fatty Acids Gromndnut 0il Pala 0il Seya bean 0il Shea butter 0il l
' Myristic » 1.0 0.25 -

Stearic 3 1.0 1.0 35.5

Palaitic 7.3 18.0 9.0 1.0
I Arachidic 3.0 » - -

Beharic 2.0 - 0.5 .

Lignoceric 2.0 - - -
I Oleic §2.0 38.0 55.0 ".5 |
I Linoleic 20.0 9.0 8.0 .5
aPPEMIL 3:

Vrgelable 1 Spmiticatin Isdine T Phosphoront
4l Free Acid Valee Taloe Content

Pala 4 9 - 0N 5.4 - 014 .5 b4

fromduat 8il b1 - 1.0 - 2 N1 (X

Soya bean 8il . 1894 - 1950 134.5 - I

Shea Mutler 0il 1.2 - 52,34 178.0 - 1964 5.0 . I
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