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Abstract: Gum Tragacanth (GT) is one of the most widely used natural gum across the globe and it is shown
that GT from Asteragalus gunmmifer can be processed into fiber via alkaline treatment. In this study a
complementary description of GT fibers is provided and the effects of influencing factors on properties of GT
fibers mvestigated. Spiming Dope (SD) prepared by adding ribbon type GT of Astragalus gummifer species
to alkaline solutions and fibers produced by solution spinning method. The effects of some processing factors
including: draft ratio, residence time in coagulation bath, GT concentration in SD, ripening time of SD, kind of
coagulant agent and the pH of washing bath on some mechanical properties of GT fibers studied. It was
concluded that with increasing the coagulant concentration the mechanical properties of fibers improved, but
it caused formation of sheet core structure. ZnCl, as coagulant agent improved mechanical properties and
applying glycerol caused more flexibility in GT fibers, even though their tenacity reduced.
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INTRODUCTION

Gum Tragacanth (GT) 1s exudates from several
species of shrubs of the genus Astragalus mostly found
in certain areas of Asia and in the semi desert and
mountainous regions of Iran, Syria, Turkey and other
near eastern countries (Anderson and Grant, 1989%a;
Mohammadifar et al, 2006, Verbeken et al., 2003;
Whistler and Smart, 1953).

There are almost fourteen species of Astragalus,
which produce GT. Among them, 4Astragalus gummifer,
Astragalus kuridcus and Astragalus microcephalus are
the most important species for the production of GT, as
reported by Anderson and Bridgeman (1985). By incision
on the trunk of shrub, the gum exudes and after bemng
naturally dried by the air, it is collected as ribbons
(the highest quality gum), or flakes (Davidson, 1980). Both
types exhibit sumilar pseudoplastic properties, but there
15 a marked difference in the viscosity of flake and
ribbon types, the later vields more viscous solutions in
the same concentration (Kiumarsi, 199%8; Stauffer and
Andon, 1975; Verbeken et al., 2003).

It 1s mostly believed that GT consists of at least two
major components: a water-swellable (about 60 to 70%)
and a water-soluble portion, as reported by Davidson

(1980) and Whistler (1953). However, this ratio may be
different according to the species of the original shrub, for
example the ratio of soluble/insoluble components for
Astragalus microcephalus, Astragalus gummifer and
Astragalus  kurideus are 65/35, 40/60 and 30/70,
respectively (Anderson and Bridgeman, 1985; Anderson
and Grant, 1989b; Mohammadifar et ai., 2006).

Aspinal and Baillie (1963) and Anderson and
Bridgeman (1985) call the water-swellable part as bassorin
and the water-soluble part which is a colloidal hydrosol as
tragacanthin, while Davidson (1980) refers to the water
soluble part, a neutral polymer as an arabinogalactan
(Fig. 1a)( Tischer et al, 2002) and the water-swellable part
as tragacanthic acid (TA) (Fig. 1b).

TA, the major component of GT has a mam backbone
chain of (1-4)-¢-D-galacturonic acid residues similar to
pectic acid. The major difference between pectic acid and
TA 1s that the latter has many neutral side chains bonded
to the acidic backbone. The conformation of TA 1s
resembles to Xanthan, but the electroactive components
in the latter are located within the side chains instead of
along the main backbone (Davidson, 1980).

Kiumars: (1998) reported that the majority of
D-galacturonic acid residues in TG carry xylose-
containing side chains through C-3 (5). Three types of
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Fig. 1: Chemical structure of GT: (a) Arabinogalactan and (b) Tragacanthic acid

side chains have been recognized namely, single
B-D-xylopyranose residues, disaccharide units of 2-0-¢-1.-
2-0-p-D-
and these must
account for the majority of the sugar residues in the outer
chains (Aspinal and Baillie, 1963).

Gum tragacanth has been known and used for over
five thousand years. Tt is one of the most widely used
natural gums across the globe. GT can typically be used
as stabilizer, thickener, emulsifier, moisture retaiung

fucopyranosyl-D-xylopyranose and
galactopyranosyl-D-xylopyranose

agent, binding agent, anti-freezing agent and adhesive
agent (Anderson and Bridgemen, 1985; Aspinal, 1982;
Davidson, 1980; Kiumarsi, 1998; Shimotoyodome et al.,
2006; Verbeken et al., 2003, Whastler, 1973).

The gum tragacanth fibers were produced mn our
previously study (Khajavi et al., 2004, 2005). In this study
it was intended to characterize GT fiber and study some
factors, which are effective in the quality of produced
fibers mncluding concentration n spinmung dope, dope
ripening time, residence time of as spun fiber in the

coagulation bath, concentration and the kind of

coagulant, the pH of the coagulation bath and washing
bath, using glycerin and the effect of draw ratio was
studied.

MATERIALS AND METHODS

All the experiments were done at Research and
Science Campus of TAT in 2004-2006. Gum tragacanth of
Astragalus gummifer prepared from local lands near
Isfahan, Tran in. The cleaned gum was grinded using a ball
mill type (Damavand Co. Iran) and powdered gum with a
diameter between 150 to 250 pm used for experiments. For
preparing the spinning dope SD required amount of GT
powder was add to alkaline solutions (1% w/w NaOH on
weight of GT) during stirring. Samples were allowed to
stand for a period of time to ripen (ripening step) at room
temperature. The viscosity of prepared samples measured
1n different ripening times (up to 330 h) using a Brookfield
viscometer (mmodel RVDV-I+) at 1.5 rpm (Spindle number
5 was used for all the viscosity measurements).
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To produce fibers, a laboratory spinning unit
equipped with a winder (made by Khajavi in 2003 at IAU,
Science and Research Campus Branch) used. A stainless
steel spinneret with one orifice (inlet diamefer 2.5 mm,
outlet diameter 1 mm and thickness 1.43 mm) installed on
laboratory spinning unit and prepared dopes pumped nto
the coagulation bath with a speed of 5 m min™. The
mechanical properties of produced samples were
measured by a Shirley fibre strength tester (model micro
50, speed 31 mm min~" and sample length 10 mm).

RESULTS AND DISCUSSION

As producing Gum Tragacanth fibers is a novel work,
the obtained data arc considering as a basis for future
research. The used process in the present experiment is
solution spinning, or accurately wel spinning method and
some common and determining factors in this process is
as the same for producing GT fibers such as drafl ratio
and dope concentration.

With increasing GT concentration in SID some
mechanical properties of produced GT fibers including
load and energy improved (Table 1), but strain decreased.
At concentrations higher than 6% some unsolved masses
were observed and as 1f can be shown in Ing. 2, the cross
sections of GT fibers with high GT concentration in SD
are more circular,

According to Table 2 all the investigated mechanical
properties improved with increasing ripening time. The
viscosity reaches to a maximum which is a sign of outmost
opening of the entangled molecular chains. Over ripening
times cause degradation of molecular chains and
deterioration of mechanical properties of the produced
fibers (after 72 h all mechanical propertics declined, which
are not reported here) and loss of viscosity (Fig. 3).

With increasing resident time of as spun fiber in
coagulation bath, all the mechanical properties improved,
which can be related to the befter interaction of the
coagulant with the GT polymer. Strain and tenacity were
increased up to 133 and 29% orderly. When the
concentration of coagulant agent in the coagulation bath

incrcased almost all the mechanical propertics of

produced fibers increased (Table 3-5). The results implies
that with increasing the amount of coagulant more links
are formed between the molecular chains of GT. But with
increasing the concenfration of the coagulant the sheet
core structure forms (Fig. 4). This structure is formed by
rapid coagulation of the outer surface of polymer when
the concentration of coagulant is high.

Some of mechanical properties are increased with
washing and changing the pH of washing liquor. Strain
decreased 46% but tenacity increased about 14% for the

case of washing of samples and strain and tenacity
increased 94 and 276% when the pH of washing liquor
dropped to 4. Washing can reduce the alkaline pH of the
as-spun fiber. In neutral pH the polymer chains repulse

Table 1: Effect of GT concentration in 51 on mechanical properties of T

fibers
GT conc. in dope (%)
Quantity 6 8 10
Load (cN) 248.03 284.05 128.00
Strain (%) 10.80 8.83 5.01
Energy (cMNm) 0.14 0.09 0.03
Tenacity (cN/Tex) 3.54 4.06 1.84

Table 2: Effect of SD ripening time on mechanical properties of GT fibers
Dope ripening time (h)*

Quantity 12 48 72

Load (cN) 225.96 248.03 256.92
Strain (%) 3.0 10.80 10.94
Energy (¢chm ) 0.05 0.14 0.14
Tenacity (¢N/Tex) 3.22 3.54 3.67

*: After 72 h all the quantities declined which are not reported here

(@)

[ig. 2: Effect of GT concentration in SD on resulted. cross
sections. (a) 6% (w/w) and (b) 8% (w/w)

900

Viscosity poises
(=) | o0
s & 3

g

400

0 25 50 75 100 125 150 175 200 225 250 275 300 325
Time (h)

Fig. 3: Effect of SD ripening time on viscosily
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Fig &4 Forming of sheet core structure due to high
cotwentration of coagalant agent (Call, as
coagulant agentwith 150 g L™ concertration)

Table 3: Effectof Callcawenmation ithe cosgubtion bath onmmechanical
properties of GT{bers
CaCly ¢ opwerdration o oagulaionbath (g L™

ity 25 £ 100 150

Load (cH) 475 172830 175 74 20050
Strain (%] 196 3675 445 6.0
Erergy (cFm ool 0.050 0ng 013
Taracity (r HiTex) i 4320 450 5.1

Table 4: Effect of FnlCl concerdration o cosgilation bath a mecharical
propertes of GTfbers
A CL comec eritration th coggalation bath (g L0

Chaaritity 20 a0 100

Load (c}) 13.79 20 86 219 98
Strain (%) 3.13 272 283
Energy (cHin ) 0.00 0.01 0.0s5
Teva city (c HiTe ) 0.34 .12 550

Table 5: BEHect of C5 0.0, corwerdration i coagnbtion bath onmechanical
moperties of OrT fibers.

Ghaardity 20 40 50 20
Load (e 1) 1157 46 55 5333 109 00
Stratr (%) 413 262 291 340
Erwergy (e Fm ) o0 0.0l onl 0.2
Tevacity (e HiTex) 030 1.16 133 1.95

each other (due to negdively chatged cathoeylic groups
otibackbone ot side chaing of polymet) and the chance of
irter moleod s honding decreases, but in acidic state this
chatce increases, which is corfirmed by the increasing
of strain in the neutral and aeid pH washing conditions.
Thiz is confirmed by the resdt of dope wiscometery in
various pH too (Table &) Reducing the pH @ of
coagilation bath has the same effect as before so
strain atud tenacity increases with lowering the pH of

Tahle 6: Wiccogity of treate d T wrifh alkialine i differert pH condidions

Wiscosite () rH
39330 7.0
44000 55
58260 35
e b ke otate =3

Table 7: Efect of applring tereion dring doring ontne charical properties
of GTfhers (InS0.as coagnlad agernt)

Brerzyr Tervacite
Ly condiion Load (cH)  Strain (%) (cHing [cHS Teat)
Tersionless 106.32 283 0.0 2466
Thuder teruion 220.22 302 0.0 5.5l

Table 8: Fect of adding gh erin to wadhire bath o trechatic a1 properties
o T fibers (Fnl0. as coagubrit ageri)
Lioad Srain  BErergy Tenmacke

Coaglation bath [cH] %) (e (cHiTex)
Horxta] (arater) 7223 2.20 anl 181
GFhycerine (pame ) 51.11 6.53 onz 1.2
Ghycerive+Water (50500 pH=7 4425 1197 ona 1.11
Ghcerie+Water (50500 pH=4 4703 1304 0na 1.12

Tahle 9: Effect of addbg ghecerin to washing bath. (Call, 50 g L™ 4
coagulat agert snd draft ratio 1:2)
Tuitial

Load Srain Ehergy modabis Tenacihyr
Coagalation 3 cidiy [cH) %1 (cHing  (cHeTex) (cHiTex)

Horzte] (arater) 486,76 3930 1.16 6l.58 1217
Glyceri (pure) 503.50 s0s0 154 40,67 1259
(Fhyecerive Witer (50507  432.60 23093 064 21.32 1021

Table 10: BEchatical propertes of prodaced GT fibers. [T Cac.
(60 g L™ + Ghrcerdwe (20 g L% and MnCL 20 g L7 4

coagulant amerid]
Ilecharical property: Chiatdity:
Load it H) 110.600
Strain (%) 15.020
Enerzy (c Hin) 0098
Fnitial mendahe (o HiTe ) 27.640
Termcity (cHiTex)) 2.760

coagulation bath to 4. Drying under tension gives order
to molecdar chains and improves the mechardics
properties GT fibers(Table 7).

According to Table 8 and 9, with adding gvcetin to
coagilation bath the strain of produced GT fibers
improves and it will be increased at acidic conditions, but
load atd tenacity decrease. With adding glyeerin the
cotzolidation process of gel fiber tock place more
uniformly atd koot ability of GT  fibers increaszed
(Fig 5 and ). [t can also be seen in the Table 10 that
application of gycerin in the dope itself can cause
increasing flexibility properties Increasing  the take
up speed from the cosguart bah  improves the
mechatical properties tha can be related to increasing
molecdar chains orientation in fibers with  Tigher
draft ratic, so strain and tenacity increases 63 and 37%
ordetly.
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Fig. 5: Application of glycerin cause ordered dehydration

Fig. 6: Knot ability of GT fiber with the aid of glycerin
CONCLUSIONS

It is shown that the ribbon type gum tragacanth from
Astragalus gummifer species can be processed into fibre
and alkaline treatment experienced for increasing GT
processability in wet spinning method. Gum tragacanth
fiber, a biodegradable product and natural origin, may find
its use in medical textiles and applying some coagulant
agents such as zinc salts, increases its medical function.
Gum tragacanth fiber should fulfill some mechanical
properties. To improve the mechanical properties of GT
fibers some well known parameters in wet spinning
method should be optimized. The effect of increasing draft
ratio, applying plasticizer in spinning process of
regenerated or synthetic fibers is as the same as for gum
tragacanth fibers too, but there are some exclusive factors
for GT fibers such as the acidity of coagulation bath,
which play an important role in the quality of produced
fiber.
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