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ABSTRACT

The physical and chenical modifications of gum arabic
have been attenpted. The physi cal met hod involved the
plasticization of gum arabic with sorbitol, glycerol and
et hyl ene gl ycol . The cheni cal met hod was by aci d
hydrol ysis, acetolysis and acetate formation. The filns
Cast from the nodified and untreated gumarabic solutions

were subjected to stress-strain analyses and bond strength

tests.

It was found that the modulus of rigidity and ultinmte
tensile stress for the chemically modified gum arabic
sanmples were generally higher than for the physically

nodi fi ed sanpl es.

However, the physically nodified sanples had the higher-
strain at break values. In all, the strain at break val ues
of nodified sanmples were found to be higher than for the
untreated gum arabic sanple, i mplying tougher filns for

treated gum arabic sanples than for untreated ones.

O the physically nodified sanples, the sorbitol
pl asticized gum arabic (with 3% sorbitol) was found to have
the best adhesive properties, while for the chenically
nodi fied sanples, the 6% acetolysed sanple was found to

have the best adhesive properties.



Bond strength was found to decrease wth increasing
quantity of additive. The results observed are believed to
be due to the extent of chain fragmentation or debranching
for chemcally nodified gum arabic, and the bul kiness and

polarity of plasticizers used for the physically nodified

gum ar abi c.
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CHAPTER O N E

INTRODUCTTI ON.

When <some plants are wounded mechanically or by insect
which could be bacterial or fungal, there is often exuded
a viscous sticky fluid which tends to seal off the wound.
This fluid is a plant gum and is often made of highly
branched polysaccharides. Such an exudate $from an acacia
tree specie, which ie mostly found in tropical areas, is
Known as gum arabic. This gum is unique in that it is only
produced by trees when they unhealthy. Gum arabic vary in
type with wvarying sources. Several acacia species are
botanically kKnown, some of which are Acacia senegal, A,
mollisima, A. prcnantha, A. cranophylla, A. seval etc..
Countries where appreciable quantities of gum arabic are
produced include Sudan and Nigeria. Other countries such
as Senegal, Mali, Mauritania, Tanzania, Morroco, Ethiopia
and Somalia also produced sizable quantities of gqum
arabic, though inferior to those obtained from Sudan (1).
An undocumented survey revealed that a large percentage of
gum arabic produced in Nigeria are from Borno, Gongola,

Kaduna, Katsina and Sokoto states,

As a result of its numerous applications such as binders,
emulsion stabilizers, fabric stiffeners, adhesives etc.,
gum arabic has acheived commercial importance. Tables 1.1

and 1.2 show imports of gum arabic from Sudan and Nigeria



to France and the United Kingdom for the period 1979 to

1985

Table 1.1

Gum arabic: imports to France, 1979-1985

Year Total imports Sudan Nigeria Others

importe price imports price imports

(tonnes) (tonnes)(#7000) C(tonnes)(H’'000) (tonnes)

1979 13622  104s4  ses4 47 25 121
1980 11939 ?00% 5296 151 42 2779
1981 12051 9333 46627 252 134 24446
1982 12382 8901 7674 696 487 2785
1983 15044 13299 13441 253 202 1510
1984 105464 9482 10743 150 106 732
1985 9559 7870 8775 254 312 1433

Source: Overseas Development Natural Resources Institute

(ODNRIY, United Kingdom, Bulletin No.2, 1988



Table 1.2

Gum arabic: imports to the United Klngdom, 1979-1985

Year

——

1982
1983
1984

1985

Total imports Sudan Nigeria Others=
imports price imports price imports
Ctonnes) (tonnes)(#°000) (tonnes)(H 000) (tonnes)
""" Stez 2007 1270 896 45 2259
3917 289 404 758 454 2170
4889 19546 1414 583 349 2350
4532 1484 140% 243 435 1885
10089 7276 4808 403 290 2410
8851 6329 6424 228 201 2294
4653 3442 4405 750 1043 22461

Source: ODNR1 U.K., Bulletin No.2, 1788

The traditional area of use of gum arabic is in the area
of adhesive where 1t s being used for stamps,
stationaries, packaging and binding adhesives. However,
gum arabic is now facing stiff competitions from some
other gums. It has virtually given war to synthetic gums
in the area of adhesive (11>, Similarly, a recent
undocumented survey has shown that at the Nigerian Tobacco
Company, Zaria, gum arabic has completely given way, in
ite use as a pacKaging adhesive, to other gums. The
setbacks being experienced by gum arabic may be due to the

brittle nature of the gum when dehydrated.



Gum arabic is a highly branched polsaccharide with a
variable molecular weight which is an indication of its
heterogeneity. I1ts molecules are in the shape of short
stiff spiralse with numerous side chains and a coil length
of 1050 A at maximum molecular charge (1), Some
propositions, based on the producte of mild hydrolysis of
the gum, have been put forward regarding the structure of
gum arabic. The gum has a main structural feature backbone
chain of {(1~3) linked D-galactopyranose units, some of

which are substituted at C-46 with various side chains (1),

The main cause of its brittleness can be attributed to its
branched and polrydispersed nature. This is because
amylose, an unbranched fraction of starch, is known to
form a more +lexible film than amylopectin which s a
highly branched fraction of starch (3) due, largely, to
orderly arrangement of the former. Polystyrene, with a
bulkKy side group, is also kKnown to be more brittle than
polyethylene due to polyethylene’s orderliness. It could
therefore be said that bulky =ide groups or side chains in
the arabic gum are responsible for its brittleness by
inducing chain stiffness due to steric effect and reducing
Van der Waals force. The branched nature of this gum,
coupled with its properties of imbibing large quantities
of water, resulting in dispersion of high viscosity, might
also be responsible for the adhesion of the gum to

hydrophilic surfaces,



In this work, the aim is to reduce the brittleness of gum
arabic with a< 1ittle in its adhesive and other physical
properties as possible. In synthetic polymers, brittleness
is normally overcome by incorporating plasticizers into
such polmers. Plasticizer molecules normally enter between
polymer molecules with the resultant effect of enhancing
chain mobility. Another method that mar be used, with
particular reference to gum arabic, is to debranch or
fragment the gum. This involves chemical modification of
the gum to derivatives that may not be as brittle as the
gum. This chemical and phrsical modification of gum arabic

will be attempted in this work,



2.1

2.2

CHAPTER TWO

LITERATURE REVIEW

Polysaccharides

Folysaccharides have been described as high molecular
weight polymers formed by condensation of many
monosaccharide units or their derivatives. (2), they have
also been described as polymeric substances, the building
blocke of which are monosaccharides. (3>, From the
foregoing, polysaccharides could be =said to be long chain
carbohydrate molecules built from some monosaccharides such
as glucose, galactose, rhamnose etc. or their derivatives,
Polysdaccharides could be classified based on their
chemical compositions. In this regard, a polysaccharide
which vields only one type of monosaccharide on hydrolysis
is called a homoglycan e.g9. starch, while those which yield
two or more types of monosaccharides are called
heteroglycans e.g. gum arabic. Polysaccharides could also
be classified ’ based an linearity, as linear
(polsaccharides without <side chain e.g. amylose) and
branched (polysaccharides with <side «chains e.g. gum

arabic).

Str re

Polysaccharides are normally isolated from their natural
enviroments (without much degradation), +for study. When

monosaccharides come together to form polrsaccharides, an



-
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anomeric hydroxyl group of one monose unit can condense
with any hydroxyl group other than that of the former. The
few monoses which occur as components of polysaccharides
are D-glucose, D-fructose, D-galactose, D-xylose,
L-arabinose, D-glucosamine, D-galactosamine and

D~-glucuronic acid. These monoses are shown in Figure 2.1

CH,OH CHaOH H
: (8] Q
Ho H/w ol
, OH B
ot H H HO
" HO CHaOH
H oH oH H
D-glucose D-manose D-fructose
cgﬁu
O
¢ a2
H,CH H H,0H
o ”CHzOH H\ o HO AT
H i oH
D-fructose D-galactose D-xylose abinose
iﬂa HaOH
(8
HO
J HJOH H’OH
HO \oH H \on A HO\ o
[ rH2
g!ucosamlne galactosamine g1UCUPDﬁIu acid

Fig. 2.1: Some monomers which are found as components of

polrsaccharides



Homoglycans are the most abundant of polysaccharides (1)
with either a linear or branched structure as shown in
Figure 2.2, The branched structure could be multiplly

branched or even branch on branch.

Ny WD

Linear Singly branched

Multiplly branched Branch on branch

Fig. 2.2: Some homoglycan structures

Some common polysaccharides include cellulose, starch
Camylose and amylopectind, glycogens, fructans,
hemicellulose, plant gum (e.g. gum arabic) and some animal

polysaccharides like dextran and chitin.

2.3 Structure and composition of Gum arabic

Hydrolysis of gum arabic yields L-arabinose, L-rhamnose,
D-galactose and glucuronic acid (1. Autohydrolysis of
arabic acid also gave 34,44 L-arabinose, and 14.24
L-rhamnose, plus 3-0-B -D-galactopyranosyl-L-arabinose and
degraded ogum arabic which on further hydrolysis with

mineral acid produces 42.1% of D-galactose, 15,54



glucuronic acid and some &-0-(f -D-glucupyranosyluronic

acidip-D-galactose. (1).

Mild hydrolysis of gum arabic has been reported to yield
L-arabinose, L-rhamnose, 3- P -D-galactopyranosyl
-L-arabinose, shown in Figure 2.2 and a degraded arabic

which on further hydrolysis vields additional

CHaOH
HO C\ H,OH
o i
H Ol H
" HOHAC
H od

Fig., 2.2: 3-p-D-galctopyranosyl-L-arabinose

sugars D-galactose, D-glucuronic acid and il

=D-glucupyranosyl-D-galactose shown in Figure 2.4 (1),
CHaOH

0
H o
wo\S"  H/n
H on

Fig. 2.4: 6-p-D-glucupyranosyl-D-galactose

CH, 0

HO
H,OH

H ol B

H on

Some gum arabic structures have been proposed (1,2),
based on the result of mild hydrolysis of gum arabic. These

proposed structures are shown in Figures 2.5, 2.4 and 2.7.
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L-Rhap(1-4)-B-D-61cpt1-6)-P-D-Ba) p(1-3)-A-D-Balp(1-3)-A-D-Gal p(1-3)-B-D-Balp

4 6 ¢
| |
S S
1
L-Rhap(1-4)-B-D-61 cpA1-4)-A-D-Galp
3
|
1
L-Araé

Fig.2.5: One of the proposed gum arabic structures (1)

where S is a side chain
3-D-Galp1-3)=-L-Araf(1-2)-L-Araf(li-, or

L-Araf(1-3>-D-Galp(l-
f
1
L-Araf

of



1

-3)-p-D-Galp(1-3)-p-D-Balp(1-3)-A-D-Balp(1-3)~-A-D-Balp{1-3)-A-D-Balp(1-

é é é é
' |
R
1 1 |
R-3)-p8-D-Galp R-3)-A-D-Balp R-3)-A-D-Balp
é é 4
l l I
| 1 1
-D-Balp -D-Galp -D-GlcpA
é 3oré 4
I | |
1 R R
4-Me-B-D-6lcph
Fig. 2.4: Proposed structure for acacia mearnsii gum
where R is L-Araf(i-, L-Araf?1-3>-L-Araf(1—-, L-Rhap(1-

L-Araf(1-S)-L-Araf(l-,

or =-L-Arap(i-3)-L-Araf(l-,

Arafi3-1)Galp
1

é
Galp(1-2)Galp(i~3)Galp(1-3)Galpecssessss
& é
l l
1 i
Rhap-3Galp Rhap-3Galp
é
i |
1 1
G.A G.A
4 B
I I
1 1
Araf Araf

Fig. 2.7: Proposed um arabic structure (25,

where G.A is glucuronic acid,

These proposals are all in agreement with a (1-3) linked

galactopyrancse backbone sructure with high degree of

branching, mostly at the C-4 position. The regularity of

the branches is however not known. This branched nature of
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gum arabic and the ability to imbibe a lot of water to form
a high wviscosity dispersion, are responsible +for the
adhesion of gum arabic to hydrophillic surface and
compartibility of gum arabic with structurally and

chemically identical compounds.

Polsaccharides Structural Moditication

Starch acetate

Stach acetates derivative has been reportedly prepared
by the action of starch wth acetic anhydride or vinyl
acetate (4)., The products so formed are low substituted
starch esters with good hydrating capacity, flow, filming
and viscosity stability, They also give flexible films. The
process by which this reaction occcurs is still not clear,
it is however possible that the branches are being
substituted by the acetate group. This would lead to

smaller side chains which might enhance chain flexibilty.

Hydroxylehty]l ethers

Hydroxylethyl! starch ethers are products of reaction
between ethylene oxide and starch (4)., These ethers have
properties similar to starch acetates including flexible
film formation. The close resemblance of starch and gum
arabicmkes acatate and ether derivatives formation likely

to reduce the brittleness of gum arabic.
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Aacid hydrolysis

Acid hydrolysis of polrsaccharides normally breaks
polysaccharides down to their monomers, dimers and some
ol igosaccharides (2,3,5). The products of this hydrolysis
are low viscous liquid. The acid hydrolysis is believed to
fragment the molecules by cleaving bonds other than the

(1-64) which is the most resistant to acid hydrolysis (2,95,

Acid catalysed hydrolysis of O-glycosides rields
corresponding alcohole and some reducing sugars via some
protonated intermediates (S5), This hydrolysis of
monosaccharides is slow reaction with rate constant values
in the range 1074 s~1 to 107% s°! at acid concentrations
within the range 0.01M to 0.5M HC1 or HyS0,4 (S). The rate
constant was also shown to increase with increasing acid
concentration. It is therefore believed that at very high

concentration, the reaction will be very fast.

Acid hydrolysis sometimes lead to reversion, a situation
where by tthe monosaccharides and ol igosaccharides formed,
combine together in the acidic medium to +form higher

ol igosdaccharides (2,3,5).

Acetolysis has been described as the treatment of
polysaccharides with a mixture of acetic acid and acetic
anhydride Cin equal weights), in the presence of

concentrated sulphuric acid. Products of this reaction have
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their €(1-6) 1inK cleaved contrary to acid hydrolysis in
which the (1-4) is very resistant (3,5,4,7). Thise (1-4)
link is the least resitant to acetolysis ((3,5). It is
therefore believed that for a polysaccharide which has the
(1-4) link as its branching points, the product of such
acetolysed polysaccharide will be almost linear

poly¥saccharide.

2.5 Plasticization

Plasticization involves the incorporation of plasticizer
molecules into a polymer., Plasticizer molecules enter
between molecules and seperate the polymer molecules,
Polar plasticizers, compartible with polsaccharides, are
attracted to polysaccharide molecules by their polar group
8., These attraction causes a replacement of
polymer-polymer bonds with polymer-plasticizer bonds. The
bulkiness, configuration and polarity of such plasticizers
are such that arrangement of polymer molecules is affected
to give room for side chaind and bulky side groups and

allow easy =)lippage of polymer molecules past one another.

In plasticization, polymer-plasticizer compartibility is
very impotant. A U.S. Dispensatory report (1) indicates
that the following compounds are not compartible with gum
arabic: aminopyrine, prragallol, morphine, guaiacol,
cresols, eugenol, acetyl eugencl, apormorphine, eserine,
epinephrine, isobarbaloin, caffeotanic acid, gallic acid

and tanin. The following compounds are however compartible
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with gum arabic: ethylene glycol, diethylene glycol,
sorbitol, glycerol and <come other aiditole. Methyl
celluloses are also included. All the compounde =aid to be

compartible with gum arabic are high boiling liquid
miscible with water, which makes them humectant. Apart from
replcement of polymer-pol ymer bond with polymer-plasticizer
bond, they also help retard rate of evaporation of water
from the gum solution. 1t (s believed that the ones with
the higher boiling point will be more effective as they
would readily retain water in the gum solution. Corn syrup,
glycerin, urea, sorbitol and inverted sugars have been used

a3 humectants in starch plasticization.
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CHAFTER THREE

EXPERIMENTAL

3.1 Beneficiation

Gum arabic was obtained from Zaria main market as small
chips with dirts and tree barks. These were purchased and

beneficiated in batches,.

The cleaning and stock preparation of the gum was done
by dissolving a Known weight of the crude gum in a Known
weight of water for two days. Thereafter, the resulting gum
arabic solution was seived through a 0.1Z5mm seive.The
filtered material, which was mainly dirts, was bone-dried
and weighed while the filtrate was centrifuged using a
General laboratory centrifuge (GLC2 type, Dupont
Instrument) at 2500 revolutions per minute For thirty
minutes, The clear gum arabic solution was decanted,
we ighed and stored in 2.5 litre storage bottles marked
"STOCK". The gum arabic solution is hereafter referred to
as THE STOCK. The impurities, that is the centrifuge
residue and +ilter cake recovered above, were combined,

dried and weighed,

The gum arabic concentration in the stock was determined
through a caliberation curve shown in Figure 3.1. The was
constructed using Known weights of gum arabic in S00qg of

the stock as discussed in Appendix 3.
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3.2 Chemical Modification

Chemical modification of gum arabic was by acid

hy¥drolysis, acetolysis and acetate formation.

fcid hydrolrsis

S00g of the stock was weighed into a beaker and heated
to + 2°C. 16.293 of concentrated sulphuric acid
(corresponding to 10 weight percent of dry gum arabic in
the stock) was then added to the weighed stock and was held
at about 70°C for four hours with continous stirring using

a regulator hot plate magnetic stirrer.

After the hydrolysis, the mixture was left to cool to
room temperature after which its viscosity was measured

with a Brookfield synchro-electric viscometer (RUT model).

The procedure was repeated with the following quantities
of sulphuric acid: 11.4g, 8.15g and 4.2%9g corresponding to

7, 5 and 3 weight percent of dry gum arabic respectively.

Apcetolyvsis

Acetolysis was carried out using an acetolysing mixture
prepared as follows: 1:1 (weight/weight) ratioc of acetic
acid and acetic anhydride were thoroughly mixed in a round
bottom +flask., Thereafter, sulphuric acid (concentrated),
corresponding to 3 weight percent of the mixture was added
to the mixture., The mixture as prepared, is hereafter

referred to as acetolyser.
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S00g of the stock was weighed into a beaker and heated
to 70°C using a hot plate magnetic stirrer. 146.29g of the
acetolyser (corresponding to 10 weight percent of dry gum
arabic) was then added to the hot stock with the
temperature being held at 70°C for four hourse, after which
the mixture was cooled to ambient temperature and |its

viscosity measured.

The reaction was repeated with the following quantities

of acetolyser: 11.4qg, 8.15g and 4.2%qg.

3.2.3 Acetate formation

Gum arabic acetate derivative was prepared using aceitc

anhydride as outlined below.

5009 of the stock was weighed into a beaker. The stock
was heated to 70°C and 14.29g of acetic anhydride was
added. The mixture was held at 70°C for four hours, after
which it was left to cool to room temperature and its

viscosity was measured.

Thie procedure was repeated with the following

quantities of acetic anhydride: 11.4g, 8.15g and 4.2%qg.

3.3 Physical Modification of Gum Arabic

The physical modification of gum arabic involved
plasticizing the gum arabic with three different compounds

viz: sorbitol, glycerol and ethylene glycol.
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Sorbi tol

An aqueous solution of sorbitol was prepared to allow
for easy mixing with the stock,as follows: 459 of sorbito)
powder was weighed into Sig of distilled water. The
resulting colloidal mixture was heated at about 95°C to a

clear solutioin containing 56 weight percent sorbitol.

S00g of the stock was weighed into a beaker and
concentrated to about 70 weight percent at 70°C, 29.01g of
the prepared sorbitol solution (corresponding to 146.29g of
sorbitol powder and to 10 weight percent of dry gum arabic)
was added to the concentrated stock., The mixture was
thaoroughly stirred and left to cool to room temperature.

The viscosity of the resulting mixture was measured,

The procedure was repeated with the following quantities
of sorbitol : 20.34g, 14.55q and 7.44g corresponding to

11.4g, 8.15g and 4.2%9g of sorbitol powder respectively.

Glycerol

S00g of the stock was concentrated in a beaker at 70°C
to about 70 weight percent. 14.29g of glycerol was then
thoroughly mixed with the concentrated stock and allowed to

room temperature after which its viscosity was measured,

The procedure was repeated with the following quantities

of glycerol: 11.4q, 8.15g and 4.2%9q.
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3.3.3 Ethylene glycol

Ethylene glycol (BDH) wwas used as received. A similar
procedure to that of glycerol, was employed for the
plasticization of gum arabic with ethylene glycol. The
following quantities of ethylene glycol were used: 14.2%g,

11.4g, £8.15g and 4.2%qg.

3.4 Physical Measurements

Physical tests involving stress-strain and bond strength
were carried out using an Instron tensile testing machine

(Instron table model 1024, Machine Company, England).

The resulte from these teste were obtained using the
following stress—strain relationship. The tensile stregs is

given as

a = L*xg/A
and the strain

€ = al/l

where
¢ = tensile stress (N/m2)
€ = strain
L = tensile load (Kg)
A = cross-sectional area of test piece (m2)>

I = guage length of test piece (m)

i

al extension of test piece (m)

acceleration due to gravity (m/s?)

0o
i
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The bond strength g b is given as
ob = Lb * g/Aa
where Lb = adheslve breaking load (kg

Aa = contact area of adhering surfaces (m2)

Stress-strain test

For each of the products of various treatments carried
out in this work, films were cast and test pieces, as shown
in Figure 3.3, were cut, The thickness of the test pieces
were measured using a micrometer screw guage, before being
subjected to a constant strain rate of 100mm per minute.
The corresponding loads needed to produce different strains
were recorded by the tensile testing machine. Each test

piece was strained to failure.

The Instron tensile testing machine (Instron table model
1028, shown in Figure 3.2 was wused for both the
stress—-strain and bond strength tests. The Instron is a
versatile machine that automatically produces a

load-extension curve as the tests are run.

The machine is equiped with a load cell (varving from
S50g to S0kg) which measures the load experienced by it (by
the inbalance of an incorporated wheatstone bridge). The
load cell is electrically connected to an attached chart

assembly.

The machine is normally left on for at least one hour
before being used to reduce noise interference. The

machine is first caliberated by placing a Known weight
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Lower jaw
Cross head controls
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Figs, 3.7t TInstron tensile testing machine
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(usually Skg) on the moving Jjaw attached to the load cell,
and adjusting the pen of the chart to a

fixed deflection as may be desired.

An appropriate strain rate and chart to cross head ratio
is selected from the gear box assembly, after which
specimen may be placed in the machine (clamped by the lower
fixed jaw and upper moving jaw), The up ward movement of
the cross head (load cell) and the chart movement are
actuated at the same time. This ensures that load extension

curve is produced as the specimen is strained.

N\ > ok
5
=t o
N
l 50-"') v"#‘ i
L een i
- 8em

Fig. 3.3: Tencile test piece.

n trength test

The bond strength test was carried out by fracturing a
lap Jjointed adherends., The adherends used in this work are
wood sheets prepared by carefully cutting out wood strips
of 10mm by SO0mm, and rinsing them in distilled water, after
which they were dried on a2 flat surface with some weights

placed on them to



prevent creasing and uneven drying. The strips were
transferred to an oven maintained at &5°C for eighteen

hours. This is to ensure uniform pretest conditions.

Lap Jjoints of the prepared adherends shown in Figure 3.4
were made with a contact area of about 100mm? under a
pressure of 1935N/m? for thirty minutes. The Joints, made
with equi-viscous grades of gum arabic samples were cured

at &A59C for sixteen hours,

- Y adhgrends
gtue Linc : | : 2

Fig. 3.4: A simple lap joint
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CHAPTER FOUR

RESULTS AND DISCUSSIONS

Stress Strain Analrsis

4.1.1 Acid hydrolysis

The result of acid hydrolysis at S5, 7 and 10
percent sulphuric acid could not be presented because
the resulting mixture had very low viscosities and
could not be cast into films. This has been attributed
to formation of low molecular weight oligomers arising
from possible extensive hydrolysis. However, at 2
weight percent sulphuric acid addition, the sample
showed  <some visible phrsical improvements. For
instance, ite wviscosity went up Ffrom 100cp for 10
percent sulphuric acid to 28000cp, and alsoc had good

film forming tendency.

The strese-strain result (Figure 4.1) show that the
modulus of rigidity, which is measure of hardness of a
material, for the 3 percent hrydrolysis was
0.21%10°N/m?2 compared to a value of 48.44%10%,/m2 for
untreated gum arabic. Similarly, the ultimate tensile
stress, UTS, (the highest stress a material can
withstand before yielding or fracturing) dropped from

12.97%10N/m2 for untreated gum arabic to 0.35%109N/m2
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Fige .13 Stress strain curves for H,S0, hydrolysed and

untreated gpum arabic
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for 3 percent hydrolysed gum arabic. The strain at
break however appreciated from 0.87 for untreated gum

arabic to .87 for 3 percent hydrolysed gum arabic.

Table 4.1:50ome  phrsical properties of hydrolysed and
untreated qum arabic
Viscosity Modulus of Ultimate Strain
Ccp? rigidity tensile at
(N/m<) stress break
*10~% (N/mZ) %105
Untreated
gum arabic 42000 48.44 1297 0.87
3% hydrolysed 28000 0.21 0.35 1.87
9% " *% 20800 - - -
s " *% 13000 - - -
10% ¥ *% 100 - - -
#% Samples that could not be cast into film.
It thus appears that hydrolysis of gum arabic under
mild conditions of reactants reulted in a more
flexible but tougher film than the untreated gum.
4.1.2 Acetolysis

Acetolysis of gum arabic was performed to possibly
effect the (1-4) bond scission which occurs at the

branch points. Except for the strain at break showed
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an increase with increase in the concentration of the
acetolyser, all other measured parameters showed
inverse relationship with the concentration of the
acetolyser. Thus, the modulus of rigidity of gum
arabic dropped from 48.44%10°N/m? for untreated gum
arabic to S5.792%10°N/m?2 for 10 percent acetolyser
treatment as shown in Figure 4.2. Similarly, the
ultimate tensile stress (UTS) showed a downward trend
from 12.97%10°N/m2 for the untreated gum arabic to
2.7%109N/m2 for the 10 percent acetolyser treatment.
The variation of UTS with quantity of acetolyser used
is shown in Figure 4.3, while the wvariation with
strain at break is shown in Figure 4.4, These results
suggest that generally, acetolysis resulted in a more

flexible arabic gum

4.1.3 Acetic anhydride

The attempt to form acetate derivative of gum
arabic with acetic anhydride produced films that
appear more flexible and with comparable toughness
than the untreated gum arabic. Thus the stress—-strain
results presented (in Figure APFZ2 ) show that the
modulus of rigidity of the amples exhibited a downward
trend with Iincreasing quantity of acetic anhydride

from 48.44%10°N/m? for the untreated sample to
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acetolysed gum arabic with percent
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20.313%10%N/mZ  for 10 percent acetic anhydride
addition as shown in Figure 4.5. Similarly, the UTS
dropped from 12.97%109N/m2 for the untreated sample to
4.73*109N/m2 for the 10 percent acetic anhydride
addition as shown in Figure 4.4, The strain atbreak
values Ffor these samples however, did not show any
appreciable increase, despite the large decrease in
modulus of rigidity., This value increased from 0.87
for the untreated sample to 1.15 for the 10 percent
acetic anhydride addition. This trend is shown in

Figure 4.7,
Plasticized Gum Arabic
1 Sorbitol

The stress =-strain curves Ffor the sorbitol
plasticized gum arabic sampjes are shown Iin Figure
AAFP3. 1t was observed that sorbitol plasticized gum
arabic had appreciably higher strain at break than the
untreated gum arabic, but lower modulus of rigidity
and UTS. The modulus of rigidity and UTS of the
sorbitol plasticized samples dropped drastically. For
instance, the modulus dropped from 48.44%105N/m?2 for
unplasticized gum to 7.034%108N/m2 for S percent
sorbital plasticized gum arabic as shown in Figure

4.8, while the UTS dropped from 12.97#109N/m?2 for
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unplasticized gum arabic to 1.78%109N/m2 for S percent
sorbitol plasticized gum arabic. This trend is shown

in Figure 4.9.

The strain at break for the sorbitol plasticized
gum arabic samples (Figure 4.10), were quite high and
varied from 4,25 for the 32 percent sorbitol addition
to over 4.0 for the S5 and 7 percent additive content.
Thereafter it decresed for the 10 percent additive

content

4.1.4.2 Glycerol

The glycerol plasticized gum arabic samples all
exhibited very low UTS and modulus of rigidity but
very high strain at break (Figure APP 4). T he modulus
of rigidity and UTS of glycerol plastcized gum arabic
as observed from Figures 4.11 and 4.12 respectively,
showed drastic drop in value. For example the modlus
dropped from 48.44%10%/m2 for the unplasticized gum
arabic to 0.51%105N/m for the 3 percent glycerol
addition while the UTS dropped from 12.97%105N/m2 for
unplasticized gum arabic to 0.22%10°N/m? for the gqum
arabic containing 3 percent additive, The strain at
break, however increased appreciably from 0,87 +for
unplasticized gum arabic to over 4.0 for 7 percent
gl ycerol content before a decrease was observed +for
the arabic containing 10 percent glycerol. This trend

is shown in Figure 4,13,



2 P=)
Modulus of rigidity (¥/m )*10 S

38

C
5 ‘\a

[ '} [

240 4.0 6.0 &€,0 10,0

Yairht percent additive

Fig. B4.8: Variation of modulus of rigidity with
percent sorbitol in sorbitol plasticized

gum arabic,



Ultimate tensile stress (N/mz)*w':‘

39

| | \
o -

I ' y

. [
2,0 4.0 6,0 8,0 10,0

Weight percent additive

Fig, 4,9: Variation of ultimate tensile stress

with percent sorbitol in sorbitol

plasticized pgum arabic,



Strain at break

40

N

|

I 1 i L
2.0 4.0 6.0 8.0 10,0

Veight percent additive

Pige 4,10: Variation of strain at break with percent
sorbitol used in sorbitol plasticized gum

arabic,



)*¥10™~

I/m2

-
i

Ultimate tensile atress (

I

9 ot

~ "
| ¥ e — g

4,0 6.0 8.0 10,0

O

Weight percent additive

Fige #4123 Variation of ultimate tensile stress of
glycerol plasticized gum arabic with

percent glycerol added,



42

/m” J#10™0

(i1

Modulus of rigidity

: + -
1:‘-1'_ £ &‘ﬁ'

2,0 e 6.u 8.0 10,0,
Weipght percent additive

Fig, I.11: Variation of madulus of rigidity of
glycerol plasticized gum arabie with

percent glycerel added,



Strain at break

b3

r" ‘t
] ]
6-0" ‘I
‘i
5.0 -~ |
]
\
\
|
\
i \
‘llaU \
A
\
\
]
\
3,01 ;
\
ll
\
e 0 \
: b
I‘U-:ﬂ_
4 ! ! L i
2.0 I}.O 6.0 8.0 10.0

Weight percent additive

Fire 4,132 Variation of strain at brealk of glyéérol

plasticized pgum arabic with percent glycerol us

used 4



hy

L ] _f
n-)*10°°

‘—f"
sy

<L

Modulus of riridity (

16

2 = - 2
LY R 0 0.0 © 8.0 10,0

Weight percent additive

Fige h.1lks  Variation of modulus of rigidity of
ethylene glycol plasticized gum arabic with

percent ethylene glycol added,



Ultimate tensile stress (N’)’m2 yr10™

s

10°

b T

L ""'—"!———_(\_ N J '
X N 6.0 o 8.0 10,0

Vei Nt percent additive

r

Fige B#.15: Variation eof ultimate tensi;e' stress of
ethylene glycol plasticized guﬁ arabiec

with percent ethylene glycol added,



.

Strain at breal

hé6

500 n
L,o |-
b
3.0 r
2.0
-\ f

~0
I.Uqb

[ 1 i 1 i 1

2,0 4,0 6.0 8.0 10,0

Weight percent additive

Fig, 4,163 Variation of strain at break of ethylene
glycol plasticized gum arabic with-

percent ethylene glycol used,



4.1.4.3 Ethrylene glycol

The ethylene glycol plasticized gum arabicc showed
trends very similar to those exhibited by glycerol
plasticized gum arabic. The stress-strain analysis

curves for these samples are presented in Figure APPS.

The modulii of rigidity and UTS of these samples
which are similar to those of glycerol samples, are

shown in Figures 4,14 and 4.15.

The strain at break however, differred from
glycerol plasticized samples., The observed trend has a
peak value of 2.48, which is quite high, at 2 percent
ethylene glycol addition. The similarity in results
observed for bothethylene glycol and glycerol can be
ascribed to similarities in physical propeties. For
example their melting points, 291K for glycerol and
240K for ethylene glycol, are comparable, In addition,
relatijve to sorbiteol, both are of comparable but

emaller molecular sizes.
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Bopd Strength

The resuyits of the bond strength test are ehown in
Figure 4.17. It was observed that the bond strength of
211 modified gum arabic samples were lower than of the
unmodified gum arabic. In additicn, bond <trengths
were observed to decrease with increasing content of
the additive. 0OF all the modified systems, the
ethylens glycol ptasticized ogqum arabic gave the
highest bond strength whilst the glwcerol plasticized
gum arabic had the blowest bond strength values. The
relative wvarjiation shown between all  the modified
system is unclear but the gradual decrease in bond
strength with additive content suggeste that formation
of less rigid structures do nt support a high
interfacial attraction necessary tao achieve high bond
strength., This is particularly observed from %the trend
shown by both the acetelwsed and acetate derivative
samplies. The lattsr gave lower bond strength. The
unclear behavicour may alsoc nat he unconmnected with the
fact that in &all rcases, the bond strengths abserved,
appeared not he a real test for the bond strength as
failure occurred not in the glue line but in the
adherends. This feature is characteristic of all good

adhesives although in this work, it disallowsd a
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proper understanding of the relative effets of the

di fferent modification methods undertaken.
Di ion
Plasticized systems

The results have shown that the hard and brittle
stress=-strain relationship tyvpical of the
unplasticized gum arabic can be modified by the
addition of plasticizing agents. The effect of the
additives was manifested in the decrease in values for
both the modulus of rigidity and ultimate tensile
stress relative to the unplasticized gum arabic. The
additive also increased the strain at break values for
the plasticized systems. Thus the film produced ¥from
these plasticized systems were not only moore flexible
but were also tougher than the wunplasticized gum
arabic. They were able to this by penetrating between
the polymer chains there by allowing for easier chain
movements relative to one another. The results showed
that the larger the size of the plasticizer the more
flexible is the +€film. Similarly, the higher the
number of polar hydroxyl groups, the more flexible is
the film thus sorbitol, CHyOH(C4HgO4)CH0H, which has
the best of these two properties produced the toughest

of the plasticized systems. Glycerol ,CHy0H.CHOH.CH,0H
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and ethylene glycol(CHyOH),; both of comparable size
and polarity, similarly produced plasticized srstems

of comparable toughness and flexibilty.

Chemically modified Gum arabic

The expected results from the chemical modification
are based on the fragmentation pattern expected from
gum arabic after chemical treatment, The stress-strain
curve exhibited by gum arabic can be linked to its
relatively high molecular weight in addition to the
rigid backbones. Possession of branch linkages would
also add to the rigid nature of the fum. The result of
this is that when cast into a film, it is very brittle
and thus its main drawback in adhesive formulations.
Therefore it is believed that scission of these
linkages might result in low molecular weight
structures which will reduce the rigidity inherent in

the structure.

There are two main structural linkages that are
susceptible to bond scission. These are the main
backbone chain of (1-3) linked D-galactopyranose units
and the branching or substitution of these units at

the C-4 position with various chains.
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The main structural bacKbone linkK is Known to be
susceptible to acid hydrolysis whilst being resistant
to acetolwsis. The branch (1-4) Jlinkages are however
Known to resist acid hydrolysis but are sasily broken
by acetolysis., Thus the wvery low wviscosity of the
mecdium observed after hydrolysis could he attributed
to extensive chain deformation of the backbone to Qiuve
rise to acidic oligosaccharide fragments, Only at mild
condition of acid concentration (3 weight percent
acid) wag the hydrollwxsie appeared o be limited. Even
at this low concentration, the product of hydrolrsis
produced films that gave Tow wvalues of moadulus of
rigidity and ultimate tensile stress but highly

flexible structure,

The acetolysed gum arabic was abseﬁued te exhibit
higher waluss of modulus of rigidity and ultimate
tensile strese than the other chemically modified gum
arabic, This may be because scissions in the
acetolysed svstem only occurred at branch points., The
effect is debranching which resylts in reduction of
chain rigidity and proper re-alttignment of molecules,
as gum arabic backbone moléecules are now able *o move

relative to one another,
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The results observed for the acetate derijvative of
gum arabic also implied debranching of the chains. The
effect ie however, unlike in the acetoclwvsed samples,
probably limited becauvse of the presence of the
acetate group. The re—-allignment of molecdules with the
slight polar npature of acetate ogroup might have
increased the intermolecular force of attractioin, the
result of which is tougher material than the untreated
gum arahic. It is therefore guggested that the acetate
group, though capable aof reducing modulus of rigidity,
might not appreciably increase the strain at break of
gum arabic, probably due to overshadowing effect of

the acetate groups.

Bn comparative effectiveness, the arcetolysed gum
arabic was found to be the s=strongest and toughest of
the chemically modified samples. This follows from the
fact that the product of acid hydralysis was a wery

Jow moleculiar weight mass which did not produce films

of any adhesive usefulness. Far the acetate
derivative, the induced intermolecular aktractionm
caused bx the acetate group alsc decreased its

effectivenecs by producing films that were slightly
rigid and therefore more brittle than the acetolysed

samples.
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4.3.2 Comparison of physically and chemically modified Gum

arabic

It appears that generally, the adhesive produced
from chemically meodified gum arabic showed hetter
adhesive performance (i.e. good modulus of rigidity,
ultimate tensgilte stress, and strain &t break? than the
physically modified samples. This mayr be due ta the
fact that the effective mogification of the mechanigal
properties in the phyrsically modified samples are
cosmetic, i.e. superfacial, hawvimg only tao do with
interactions between molecular chaing, ©Chemicxlly
modified samples might however have produced newe
re—allignment of inter and intra molecular forces of
atiraction which will produce fundamental changes in

the mechanical properties,

The acetolysed sample was, from the Fforegoing,

found to possess the best adhesive properties.
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CONCLUSIONS

Gum arabic has been physically and chemically
modified to give a more flexible and tougher film than
the untreated gum arabic. They all showed lower bond

strengths,

This work revealed that the modulus of rigidity
and ultimate tenzile strecs for all modified samples
were lower than for untreated gum arabic with the
chemically modified samples exhibitng higher values
than the phrsically modified samples. The bond
strengths for all the modified samples were also found
to be lower than for the unmodified samples. The
strain at break values for the modified samples were
however higher than for the unmodified ones with the
physically modified samples exhibiting appreciably
higher strain at break wvalues than the chemically

modified ones,

0f the physically modified samples, <orbitol
plasticized gum arabic (with 3% sorbitol) was found to
have the best adhesive properties while for the
chemically modified samples, the acetolysed gum arabic
at about 5-7 weight percent was observed to have the

best adhesive properties.
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The chemically modified gum arabic camples
generally had better adhesive properties than the
physically modified samples, On comparative
effectiveness, the acetolysed gum arabic was therefore
found to be the strongeat with overall best adhesive
adhesive properties at & weight percent acetolyser

addtion.



RECOMMENDAT I ONS

The following areas are some areas where more

recsearch works could be done wiz.

Ciid

Ciiid

A comprehensive survey on production and
utilization of adhesives in Nigeria. This will
shed more light on the production short fall or
otherwise of adhesives in Migeria, it will also
enable identification of other types of

adhesives that could be researchee into.

A study on the effect of fillers on adhesive
performance of chemically treated gum arabic to
help see if fillers which cost less than gum
arabic could be used to produce good quality

qum .

A scale wup of the production of chemically
modified gum arabic based on the results of the
study on effect of fillers on gum arabic. The
necessary items and equipments should locally

producable.
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APPENDIX 1

Table AP1.1: Stress-strain analysis data for sulphuric
acid hrdrolysed gum arabic (3%

Area Gauge Load Extension Stress Strain

(m2)%#10°  length (Kg) (m)*103  (N/m2) *102
(m)#103 ¥10°9

3.5244 52 .014 1.0 .03%97 1.92

026 3.0 .0738 5.71

.040 $.0 L1136 17.31

.043 17,0  .1343 32.64%

.052 23.0 .1476 44.23

L0564 29.0 .15%0 S5.77

L0486 43.0  .1874 82,49

.084 61.0 .2385 117.31

.094 9.0 2649 132.49

.108 79.0  .3064 151,92

114 85.0  .3293 143.44

121 89.0  .3435 171.15

.123 ?4.0 .3492 180,71

120 4.0  .3406 184.75

.108 ?7.0 3044 184.54
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Table AP1.2: Stress—strain analysiz data for untreated
gum arabic.

Ared Gauge Load Extensgion Stress Strain
(m2y*102  length  Ckg) (my*103  INSmM2Z3 %102
imy %103 *¥10"9

2.043 =2 1,90 1.0 2. 30 1.92
2.20 2.6 10.77 3.85

2.50 4.0 12.24 7.49

Z.4&0 8.0 12.7% 11,54

2,45 10,0 12.97 1%.23

2.40 1.0 12,73 28.85

2,40 22.0  11.75 44.23

2.20 32.0  10.77  5%.62

2.00 28.0 ?.7% 73,08

1.30 45,0 2,81 24,59

Table AF1.2: Strees—strain anzlysis data for 33X
acetplwyeer treatment of gum arabic.

Are a Gauge Load Extension Stress Strain
(m2)%107 length  (Kgo (mY*#10%  (NAmM2) %102
(my*10n3 slo-S

3.7 52 2.000 1.0 5.48 1.62
2.800 2.0 7.47 5,77

2,100 ¢.0 .49 13,44

z.200 17.0 7.47 32,49

2,411 27.0 &.58 51.92

2.000 41.0 .43 58.85

i.800 51.0 4.2  98.08

1.400 51.0 4.328 117,321

1.400 &47.0 3.84 128.€5

1.1400 &2.0 2.01 132,40
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Table APL1.4: Siress-strain analysis data
acetolyveer treatment of gum arabic,
A e g Sauge Load Extension Strees Strain
(m2y*10 length (kg (mY%102  IN/mzY 102
(my %103 *107
2.092 &85 1.20 1.0 &.22 1.18
1.25 2.0 &.9% 2.35
1.48 4.0 7.47 4.71
1.30 7.0 P.7? 8.24
.90 30.0 4.44 35.24
.70 44,0 3.43 —21.74
. 40 54.0 3.11 45.43
»40 80 .0 2.07 4,12
. 20 8&.0 1.04 101,18
10 87.0 92 109,77}
Table AF1.S: Stress—strain analysig data
acetalyser treatment of qum arabic,
Area Gauge Load Extenzion Stress Strain
M2y #1803 length  (Kg? (Y #1023 (N/m2) #1072
(m)*103 %1079
2.02% 52 1.10 1.0 5.43 1.92
1.30 2.0 A, 42 2.85
1.42 3.0 7.01 ?.42
1.30 it,.a &.492 21.15
1.20 14.40 3.%3 74.92
1.10 12.0 5.43 34.42
.80 34.0 3.9 &5.38
.40 43.0 2.94 BZ.4%
+ 25 45.0 1.73 co.44
35 ag.0 73 Fe.21

for

for

Ly

7
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Table AmPl.4s:1 Stress—strain analysis data for
acetalrser treatment of gum arabic.
frea Gauge Load Extension Stress Strain
(m2>*10%  tength  (Kg) (ro #1007 (N/m2) *10<
(m>*103 *1073
4.04%3 52 .70 2.0 2.23 3.8%
1.08 4.0 2.67 7,89
t.10 é.0 2.72 11.54
70 14.0 2.23 24.92
.20 18.0 1.78 34,42
20 24.0 1.72 44.13
« &0 24.0 1.48 &£5.38
.50 52.0 1.24 100,00
.40 4.0 ®¢ 180.77
20 101.0 A9 194,23

Table aPt. 71

107

Etrescs—ctrain analysis data of gum arabic

samples treated with 3% acetic anhydride.

Area Gauge Load Extension Stress Strain

(m2¥*10°  length  (Kg) ¢me%1DF (N/mZ) %102
tm> %103 ®1079

3.0238 25  1.40 1.0 4.562 1.113

1.75 2.0 5,78 2.35

1.5 4.0 & .44 4.71

2.05 8.0 &. 77 2,41

z.00 12.0 &, 41 14.12

1.90 16.0 .27 18.82

1.70 23.0 S.41  27.06

1.40 3%.0 4,562 41.18

i.20 44.0 2,94 %4,12

.?0 74.0 2.97  87.0é

.45 107.0 1.45 175,86




Table AP1.8: Stress-strain analysis data of gum arabic
samplecs treated with 54 acetic anhydride.

Area Gauge Load Extension Streses Strain

(m2>*10°  length  (kg) (m>*102  (N/m2) *102
(my>#103 #1079

3.976 85 .80 1.0 2.49 1.18

.95 2.0 3.19 2.35

1.00 a.0 3.36 4.71

.50 10.0 3.02 11,76

.70 18.0 2.35 21.18

.50 34.0 1.48 40.00

.40 50.0 1.24 58.82

.30 74.0 1.01 89.51

.23 20.0 27 94,12

Table AP1.9: Stress-~strain analysis data of gum arabic
samples treated with 7% acetic anhyrdride.

Area Gauge Load Extension Stress Strain

(m2)%10°  length (K> (m)*102  (N/m2) 107
(m)*103 *10~5

3.132 52 1.50 1.0 4.44 1.92

1.80 2.0 5.56 3.85

1.90 4.0 5.87 7.469

1.80 2.0 5.56 17:.31

1.70 11.0 5.25 21.15

1.50 16.0 4.44 30.77

1.10 33.0 3.40 43.44

.80 42.0 2.47 82.4%

.43 43,0 1.33 92.31

.30 S51.0 1 23 94.12




Table AP1.10: Stress—strain analysis data of gum arabic
samples treated with 104 acetic anhydride.

Are s Gauge Load Extension Streses Strain

(m2Y %107 lerngth  {Kg? (mr*1023  (N/m2) *1nZ
(my*tod 200

3.077 52 1.20 1.0 3,90 1.92

1.35 2.0 4,44 2.85

.43 4.0 4.7%3 7.6%

1.40 7.0 4,463 13.4¢

1.20 13,0 3.0  25.00

1.00 21.0 2.31 40.38

.70 25.0 2.31 &7.3

.40 3%9.0 1.98 75,00

.45 41.0 1.49 78.8%

. 20 42.0 -1 280,77

Table AP1.11: Stress—-strain analveie data of 3 sarbkitol
prtasticized gum arabic

Area Gauge Load Extension Stress Strain
(m2y>*109  length (k) (M) *103  (N/m2) *10%
{my%10% 103

3.225 5z .024 2.0 .153 .89
044 4.0 207 7.49

.058 10,0 .281 19.23

L0462 14,0 L279  B0.77

Y- 6.0 .28 50,00

.064 S0 .0 288 94.15

.040 4.1 270 180.77

. (054 134.0 .243 257,49

042 221,0 153 425.00
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Table AP1.12: Stress-strain analysis data of 54 sorbitol
plasticized gum arabic

Area Gauge Load Extension Stress Strain

(m2)%10°  length  (kKg) (m)*103  (N/m2) #1072
(m)*103 #1079

1.8 85 15 1.0 .83 1.18

.20 3.0 1.11 3.53

.25 9.0 1.25 10.59

.30 19.0 1.7 22.3%

.32 39.0 1.78 45.88

.32 79.0 1.78 92.94

.25 193.0 1.25  227.08

Table AP1.13: Stress—strain analysis data of 74 sorbitol
plasticized gum arabic

Area Gauge Load Extension Stress Strain
(m2)%10°  length (kg (m>#102  (N/m2) *102
(m)*103 *10~3

2.847 85 .10 1.0 .35 1.18
.20 5.0 .70 5.88

29 10.0 .87 11.77

.30 30.0 1.0S 35.29

23 120.0 .87 141,18

.20 210.0 .70 _247.06
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Table AP1.14: Stress-strain analysis data of 10%
sorbitol plasticized gum arabic

Area Gauge Load Extension Stress Strain
(m2>*109  length (kg (my*10%  (N/m2) %102
(m>*103 %10-9

2.856 52 018 1.0 049 1.92
024 3.0 .092 S5.77

028 5.0 .107 9.42

034 17.0 130 32.469

034 39.0 134 75.00

034 45.0 L1320 125.00

.N32 77.0 .122 148.08

.028 85.0 L07  163.44

024 ?5.0 .099 182.6%

.022 117.0 .084 225.00

Table AFP1.15: Stress-strain analysis data of 3/ glycerol
plasticized gum arabic

Area Gauge Load Extension Stress Strain
(m2)%¥10%  length  (kg) (m>*102  (N/m2) 102
(m)*103 %105

2.34 52 .023 1.0 .098 1.92
.030 2.0 .128 3.85

.034 3.0 .145 5.77

.n4g 14.0 205 26,92

.050 20.0 L2149 38.44

051 33.0 .220 43.44

.050 45.0 .214  86.54

.040 79.0 171 151.92

024 101.0 11 194,23

.020 102.0 085 196.15




Table AP1.14: Stress—-strain analysis data
plasticized gum arabic

47

of 5% glycerol

Area Gauge Load Extension Stress Strain
(m2>%10%  length (kgD (M #1003  (N/m2) %102
(m)*103 *10~"

2.532 52 .014 1.0 .055 1.92
020 3.0 079 7.49

022 7.0 087  13.44

.024 15.0 .095  28.85

.024 29.0 095 55.74

022 55.0 .087 105.77

.020 $5.0 079 18Z2.4%

.018 125.0 .071 240.38

.014 153.0 0S5  294.23

010 161.0 .040 309,42

Table AP1.17: Stress-strain analysis data
plasticized qum arabic

of 74 glycerol

Area Gauge Load Extension Stress Strain

(m2>)*10%  length  (Kg) (m>*#10%  (N/m2) *102
(m)%103 *10™2

2.756 52  .004 2.0 .022 3.85

.008 12.0 .02 23.07

.008 38.0 029 73.08

.004 110.0 .022 211.54
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Table AP1.18: Stress~strain analwsis data of 10%
glrycerol plasticized gum arabic

Areg Gauge Load Extension Stress Strain
(m2)*10°  lenath  fKgy (my*10°  (N/m2) *102
¢my*103 %#10~9

2,445 52 .n28 1.0 104 1.92
028 2.0 .144 2.85

. 048 5.0 182 5.42

.054 8.0 .204  15.38

086 12.0 212  Z3.08

057 22.0 .214 42,31

052 54,0 197 103,88

.040 &7.0 L151  128.85

.022 76.0 088 144,15

020 7¢.0 075 151,92

Table AP1.1%! Strecs=strain analrsic data of 34 ethvienes
glrycol plasticized gum arabic

Area Gauge LLoad Extension Strese Strain
(m2)*109  Jength (kg (m)*103  (N/m2) 102
(m) %103 %105

2.848 oe 028 1.0 .0%8 1 .92
038 2.0 AR5 2.77

e bl b 202 P42

047 ig8.0 1ad 24 .42

. 042 27.0 144 51.92

024 BS.0 084 142,44

Lota 124.0 L83 242.21

014 15%2.0 L04%  3205.77

011 185.0 0328  355.77




Table &Pl .20

|
i
i
|
I

&%

Ctress—strain analveig data of S ethylene

gltweal plasticized gum arabic
Area Gauge Load Extension Stress Strain
(m21 %102  fength  <kg) (mi%10°  (N/mZ) ¥102
(m> %303 #10™5

2.473 52 017 1.0 044 .92
022 3.4 082 5.77

024 2.0 090 15.38

022 17.0 082 42, 489

, 0208 22,0 073 44,23

0146 as.o 040 72.08

010 7e.0 L0327 151,92

Lons 121.0 022 232,69

.04 t41.0 015 271.13

L0002 143.0 LL0E 254,482

Table AF1 ,21:

Stress—-strain analycis

data of 74 ethxlens

glrcol plasticized gum arabic
frea Gauge Load Extenszion Stress Strain
(mzy*10%  length (ke (m)*103  (N/m2) 102
(m3 %103 %1D-5

2.42% 52 008 1.0 023 1.92
015 2.0 L0857 2.8%

. 020 3.0 N7é 5.77

024 4.0 071 11.54

.0Z20 14.0 .D?é 24.%2

.018 17.0 .0e% 32.646%9

.014 25.0 .0S3 42,08

.gi1a 38.0 MIERCES 73.08

LA0A 58.0 023 111.5§

004 A0 .0 015 115.38

o2 SO0 008 134,47




Table AP1.22: Stress—-strain analysis data of 10X
ethylene glycol plasticized gum arabic

Area Gauge Load Extension Stress Strain
(m2)%¥10°  length (kg (m>*102  (N/m2) %102
(m)> %103 #1079

2.76%9 52 044 1.0 .15% 1.92
082 2.0 .2249 3.85

068 3.0 .244 5.77

074 8.0 275 15.38

.07 12.0 . 282 23.08

L0074 20.0 « 279 38.44

LNEZ 35.0 . 224 67 .31

.045 44.0 L1463 88.44

. 031 53.0 112 101.92

026 55.0 .094 105.72
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APPENDIX 2 @

Tahte APZ2.1: Phyrzical properties of Chemically modified
aum arzabic

Tyvpe of treatment Weight X of Modulus of Uttimate Strain

additive rigidity tensile at
¢(N/m2) #1078 stress break
(N/m2) %103
Acetolysis 3 46,02 8.350 74
5 32.40 7.70  1.07
7 28.54 7.01 1.33
10 5.7% 2,70 1.94
Treatment with 3 39.13 6.77 1,24
acetic anhydride 5 22.80 3.34 77
7 24,17 3.90 1.02
HL 20.31 4.73 _ 1.17

Table AFZ.2: Phwreical properties of phreically modified
gum arabic ;

Type of Weight ¥ of Modulus of Vtimate Strain
plasticizer additive rigidity tensile at
(N/m2y%10-¢ stress break

(N/m2>%j0~3

Sorbitol 3 .40 W30 4,27
5 7.03 1.78 *
7 2.97 1.09 *
16 29 .12 5.03
Glycerol 3 .51 22 1.94
5 .29 A0 3,12
7 04 03 #
10 .33 21 1.73
Ethylene glycol 3 .48 .20 3,48
8 .33 0% 2.89
? 12 0% 1.73

10 .83 .28 1.08
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APPENDIX

The computational procedure for the caliberation

curve of Figure 2.1 is presented here,

The weight of dry gum arabic including dirts and
tree barks, dissolved in water was é.3%9Kkg. While the
weight of dirts removed was 0.57kg. the weight oof dry
gum arabic left in the solution is therefore 5,82kg.
The weight of the solution after removal of dirts was
17.885Kg. The concentration of gum arabic in the
solution in weight percent i therefore given as

€g.a = 5.82 % 100 = 32.58 wtX
17.8465
The amount of gum arabic present in S00g of stock

= 0.3258 * S00 = 142.9%

During concentration of gum arabic it is assumed
that only water is given off and therefore the amount
of gum arabic in the solution remaine unchanged. I+
S00g of stock is therefore concentrated, the equation
of the curve relating weight of the stock, as
concentration progresses, to the concentration of gum
arabic is given as

y = 162.9 % 100
®

where ¥ = concentration of gum arabic in weight
percent
*» = weight of stock as concentration
progresses.
It should be noted that starting the concentration
of stock with weights other S00g renders the

caliberation curve equation inuvalid.
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