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Impact of high temperature and pressure onthermochemical process knowms degumming.

sericin scouring of muga silk cocoons During degumming sericin protein is hydrolyzed into
its subsequent amino acids and solubilized in the

Manasee Choudhury & Dipali Dévi degumming medi. Industrially sodium carbonate is

Seribiotech Laboratory, Life Sciences Division, Institute of used as th_e_degummmg chemical. During the years,
Advanced Study in Science and Technology, Paschim BoragaorS€veral acidic, alkaline and neutrptoteases have

Guwahati 781 035, tia been practiced as degumming agents on silk fabric.
. . . For uniform degumming and good silk quality,
Received 1 August 2014; revised received and alkaline proteases is preferred more as compared to

accepted 13 October 2014 acidic and neutral proteasés However, high cost

Silk cocoons fromAntheraea assamensgkworms have been and low performance in silk hand“ng uits in

degummed under high temperature and pressure (autoclavénited use of enzymes in the industrial scale. As far
conditions and the efficiency of degumming is assessed in tern@s environment welfare is concerned the consumption

of weight loss, reeling length and fibre quality. The silk cocoongf chemicals by most of the previously mentioned

sericin removal percentage by autoclave degumming is found D ethods carries serious pollution to the land and
be maximum (23.67%) as compared to conventional alkali

degumming (22.28%). The autoclaved fibre is found easilyvater systens
reelable and pragte 280 m of length with 10 numbers of fibre  |ndigenous muga silk crezd by the sericogenous
breaks. The morphology of fibres showsmooth surface jnsectAntheraea assamenditelfer is intrinsic to the

throughout the length and improved mechanical behavior in ter . .
of tensile properties. The molecular conformation estimated g;llilorth Eastern realm of India. Gorgeous and attractive

FTIR and thermal behavior agals shows unchanged nature of golden color, high mechanical properties and long
the core fibroin fibre degummed under autoclave conditionsdurability are some of the few distinguishing

Taken together, these results show the utilization of ecofriendlproperties of muga silk. Tidate degumming of muga
and less hazardous method of autoclave degumming fagy s reported to be carried out by using sodium
production of mechanically strong fibres witlmiform surface .
smoothness. carbonate and a bio surfactant (reetha) as the
degumming ageft The present study discusses the
Keywords: Antheraea assamensisDegumming, Muga silk, effect of degumming muga silk cocoon under
Reeling, Tensile properties autoclave conditions of high tempenauand high

_ , , pressure. Degumming under high temperature and
The silk cocoon consists of two kinds of structuralIoressure conditions unlike chemical degumming is an
proteins comprising the inner @okrystalline nature gconomic technique producing no toxic and harmful

fibroin and the outer sticky amorphous sericin. Thesffect on the fibre as well as on environment.
elongational flow of spinning orients the fibroin

chains, and the fibroin (liquid) is converted into partlygyperimental

crystalline, insoluble fibrous filaments (sofid) Freshly spun cocoons ofntheraeaassamensis
Sericin acts as a protee shield around the fibroin \yere collected from rearing house of IASST and

core that functions to lower the shear stress angygium carbonate was obtained from Merck Co. Ltd.
absorbs the squeezed water from the stretched fibroin

during the course of fibre creatonThe whole Conventional Method

processing of silk from cocoons to the finished Muga cocoons were degummed by following the
product entails the follsing steps of reeling, standard conventional method of boiling in 0.3%
weaving, degumming, dyeing and finishing. To obtairsodium carbonate (N&Os;) solution at 90q C for

a supreme quality of silk with shiny aspect and30 min. The materialto- liquid ratio used was 1:40.
elegant drape, sericin is required to be eradicated from

the fibroin. Sericin scouring is performed by aAutoclave Method .
Muga cocoons were degummed in an autoclave at
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All the degumming experiments were feemed in  found to be 4.01+0.22 g/den, 30.85+0.47 %,
triplicate. Degumming loss signifies a quantitative70.39+2.71 g/den and719+0.18 g/den respectively.
estimation of the degumming efficiency by calculatingDegumming under high temperature and pressure
the weight loss before and after degumming treatmewbnditions certainly augmented the tensile behavior of
with the help of following equation: the silk cocoon fibre as compared to conventional

Wo Wi degumming, having tensile strength 4.80+0.30 g/den,
D b u0o elongation  33.53+0.52%, Young’'s  modulus

whereW, is the weight otthe original silk fibre (g); 85.3013.Qgg/den and toughness 0.994+0.56 g/den.
andW, , the weight of degummed silk fibre (g). After sodium carbonate treatment the tensile strength

Silk cocoons were wet reeled in water at roonPf the fibre decreases, indicating partial harmful
temperature. The length of reeled silk and th&lamages of crossectional area and microstructure of

number of breaks during reeling were analyzedcor?_fibrOir}4-, Autoclave deguming sequestered
manually. The tensile properties, FTEpectroscopy, Sericin protein from 'Sllk cocoon fibres without
thermogravimetric analysis (TGA), differential scanningdisturbing  the chemical bonds and hence the
calorimetry (DSC) and surface morphology (SEM) werdn€chanical strength of fibroin filaments. _
studied using standard protocdll the data were _ 1he FTIR spectrographs of degummed muga silk
analysed statistically by omeay analysis of variance fibres are shown in Fig. 1(A). The amide | peak of
(ANOVA). Differences betweeaxperimental groups at 0y = xzzzg;ve 1657 o5

a level of p<0.05 were considered as statistically

significant and those at4®.001 ashighly significant.

Results and Discussion

Degumming loss per cent represents an outstanding
guality of degumming efficiency with high percentage
of degumming loss (23.67) for autoclave degumming
and 22.28 for sodium carbonate degumming. The one
way ANOVA analwis shows that the results are
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highly significant at p value<0.001. Owing to its ®) o
random structures, sericin of muga silk fibre can be 100

completely hydrolyzed into its subsequent amino — 250
acids®™ under high temperature and pressure without 80

further deterioradbn to the fibre content. Sodium
carbonate degumming targets the sconalent bonds
of silk fibroin imposing derogatory effe¢ts® on silk
fibre and rendering it mechanically weak.

Degumming of silk under high temperature and
pressure or boiling in sodiu carbonate solution
results in yield of continuous fibre by effective
removal of the adhesive gum from the silk fibre. The
total length of reeled silk is obtained to be 280 m in
autoclave degumming and 235 m in sodium carbonate
degumming. The number ofdaks during reeling are
found to be more (30) in case of sodium carbonate
degumming as compared to that in case of autoclave
degumming (10 only). This might be because of the
fact that sodium carbonate attacks the-oowalent
bonds of silk fibre, which, n turn, affects its
mechanical strength and fibre thicknéssesulting in
fibre breakage.

Tensile Strength1 elongation, Young's mOdUI_US anGig. 1—(A) FTIR spectroscopy, (B) thermo gravimetric analysis
toughness of sodium carbonate degummed fibre aye) differential scanning calorimetry of degummed ansitk fibres
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sodium cabonate and autoclave treated mugavery smooth, uniform and clean with no sign of
fibre at 1657cmand 1647 cm respectively can damage or destruction to the silk fibroin, showing
EH DWWULEXWHG WR . KHOL[ WbWRIlenBitadifaR dtriatidhR chatadtristio 0f [filkriGar
of silk proteif>’® The amide | vibration structure of the truly degummed silkres™.
arise entirely due to C=0O stretching vibration Degumming of muga silk cocoons under high
(about 80%) with little contbution from the out temperature and pressure conditions shows a good
of phase CN stretching vibration, the CCNmeasure of degumming loss (23.67 %), against
deformation and the NH iplane bend. The sodium carbonate degumming (22.28 %). The quality
amide Il band implies mainly on 4plane of fibre remains strong with improved shininess after
NH bending (40— 60% of potential energy) and autodave degumming, which is typical characteristic
from the CN stretching vibration (1840%)’. of muga silk. Autoclave degumming thus have
Amide 1l band Bown at 1525 cfh for sodium produced an excellent quality of muga silk in terms
carbonate and 1515 ¢hfor autoclave degummed of sericin loss, surface smoothness and fibre strength
ILEUH LV VLJQLILFDQW RI invdomireistVto EoRV@ritlodad ddywhmR@ Therefore,
structuré®. Similarly, amide Ill mode is the in the pesent findings propose the use of autoclave
phase combination of the NH bending and the CNocoon degumming on industrial scale basis as
stretching vibration with minimum amount of the process is cosfffective and chemical free leaving
contribution from the CO Hplane bending anche  no hazardous effect on the fibre as well as on the
CC stretching vibratioll. The amide Il band at environment.
1233 cnt for both degummed fibres can be
DVFHUWDLQHG GXH WR RULHQWHG VKHHW VWUXFWXUH RI VLON
fibre'. It is seen that degumming by both the said
methods does not alter the intrinsic molecular
conformaton of muga cocoons.

The TGA study [Fig. 1(B)] shows initial mass loss
step in the fibres at around @5 which is due to
evaporation of moisture. The second event of weight
loss arises in the range 25086¢. This is evident
owing to the final degradan of highly oriented

VKHHW FU\WWDOGCGLQH VWUXFWXUH RI VLON

The DSC scrutiny reveals first endothermic peak
at around 94, which ascertains the loss of
water bound to the amorph® region of silk
through hydrogen bonding [Fig. 1(C)]. The
major endothermic peaks at 2§4and 366f above
the glass transition temperaturg (190-200€)
signifies phase transition from amorphous to
crystalline on&?%and finally complete degradatiamf
VWDEOH V K HRAlV THee Lis QotV mushl R Q
apparent difference in thermal behavior of the
considered silk fibres.

The surface micrographs of the degummed muga
silk cocoon fibres are illustrated in Fig. 2. Surface
architecture of the sodium d@onate degummed fibre
shows removal of sericin (about 80%), while still
leaving certain amount of sericin patches on its
surface topology. However, the topography of
autoclave degummed fibre shows perfect degumming

V_Vith sericin molecules breaking away rindhe fibrqin _Fig. 2—SEM micrographs of (A) sodium carbonate, and (B) autc
filaments. Surface of autoclave degummed fibre igiegummed muga silk fibre
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