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Effects of Methacrylamide Treatment on Silk Fibers
II. Thermal Behavior of Methacrylamide- treated Silk Fibers
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College of Agriculture and Life Sciences, Seoul National University, Suwon, Korea

Abstract

Treatment of vinyl monomers onto silk fiber modifies the properties of the original silk
fiber considerably. This field has been the subject of investigation by many workers using
chemical and radiation initiation. Many studies on the reaction conditions, polymerization
mechanism, physical properties and practical performances of methacrylamide-treated silk
fiber have been continued. However, the polymerization mechanism has not been clearly re-
vealed yet and this remains ambiguously whether the grafting is formed on fiber or not.
In general, it has been accepted that free radicals were formed and vinyl monomers were
polymerized in silk fibroin by graft polymerization mechanism, while active sties were varied
by the types of monomer and initiator as well as by the reaction conditions. On the other
hand, there is another argument on polymerization mechanism, in which monomers are poly-
merized and impregnated in the internal side of the fiber by homopolymerization. Though
a large number of analytical methods are used to examine the polymerization mechanism
of methacrylamide-treated silk fiber, the results on the basis of thermal analysis are merely
reported in this paper. In differential scanning calorimetry (DSC) analysis, the thermal decom-
position behaviors of the methacrylamide-treated silk fibers were determined and compared
to those of the controlled silk fibers. DSC curves obtained from the methacrylamide-treated
silk fibers showed double peaks at around 290C (A peak) and 320C (B peak) which are
attributed 1o the thermal decomposition of the methacrylamide polymer and silk fibroin fiber,
respectively. The temperature of A and B peak shifted to higher value with the increase
of add-on. Also, the moisture regain of the treated silk fibers increased with add-on.
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Fig. 1. Effect of monomer concentration on the weight
increase of silk fiber. Reaction conditions: potassium
persulfate 1.7%, liquor ratio 1:20, pH 3.75, 30°C, 60
min.
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Fig. 2. DSC thermogram of the MAA treated sitk fiber
of 139.7% add-on. Treatment conditions: N-> gas 35
mi/min, heating rate 10C /min.
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Fig. 3. Effect of N, gas on the DSC thermograms of
the MAA treated silk fiber of 56.9% add-on. (a) atmos-
pheric condition, (b) N, gas 35 ml/min.
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Fig. 4. Effect of heating rate on the DSC thermograms
of the MAA treated silk fiber of 10.6% add-on. (a)
10C /min, (b) 20°C /min.
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Fig. 5. Aelation between add-on and temperature of
endothermic peak appearing at about 290C (O) and
320C (1) on DSC thermograms of the MAA treated
silk fibers. Treatments conditions: N, gas 35 mi/min,
heating rate 10C /min.
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Fig. 6. DSC thermograms of the MAA treated silk fi-
bers. Add-on: (a) Non-treated, (b) 25.7%, (c) 40.4%,
o) 76.3%. (e) 139.1%. Treatment conditions: N, gas
35 mi/min, heating rate 10C /min.
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Fig. 7. Relation between add-on and the enthalpy
changes observed at about 290T () and 320T (1)
on DSC thermograms of the MAA treated silk fibers.
Treatment conditions: N» gas 35 ml/min, heating rate
10C /min.

#-2 6N HCIZ 110T, 2047} gE#isted #8 fibroing
MUK BN A 1 B8l MAA polymerd +H|g
Ao g2 FUEHEEfE AR 4 MAA polymer2] 4Tk
5 datet 4 9lew MAA polymerd] 4 WREK
peakt 262.47C ol viehgrh



54

TR HERE

Table 1. Temperature of principal endothermic peaks of MAA treated sitk fibers with various weight increa-

ses
, Dehydration MAA polymer Silk fibroin

Sample Add-on (%) peak temp. (C) peak temp. (C) peak temp. (C)
MAA-1 0 474 - 3214
MAA-3 10.6 50.7 276.6 3254
MAA-5 25.7 58.5 2850 321.1
MAA-7 40.4 71.0 287.2 324.9
MAA-9 76.3 67.8 289.2 325.8
MAA-11 109.5 68.0 292.2 329.7
MAA-13 139.1 93.3 296.5 334.0
HP-11* — 55.6 2624 -

*HP-11 is MAA polymer that silk fibroin is removed from MAA-11.
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Fig. 8. DSC thermogram of the residue obtained after
removal of silk fibroin by HC/ solution at 110C for
20 hours from MAA treated sitk fibers with 109.6%
add-on. Treatment conditions. N> gas 35 mi/min, hea-
ting rate 10T /min.
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Fig. 9. 7G curves for the MAA treated silk fibers. Add-
on. (a) Non-treated, (b) 10.6%, (c) 25.7%. (d) 40.4%.
fe) 76.3%. (f) 109.5%, (g) 139.1%. (h) MAA polymer.
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Fig. 10. Moissture regain of the MAA treated silk fibers
with various weight increases.
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