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Preparation of Fine Silk Powder and It’s Application
for Surface Modification.
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ABSTRACT

The purification, dissolution and powdering of stained waste silk obtained from weaving and dyeing process were stud-
ied for the surface modification of textile fabric and plastic materials. The whiteness of stained waste silk could be
improved through degumming and bleaching with sedium hydrosulfite. The water-soluble fibroin solution can be
obtairted by dissolving the degummed waste silk in a boiling solution of 50% calcium chioside for 60 minutes. The salts
and heavy metals contained in fibroin solution were removed by electric dialysis, wool fiber filtration and gel filtration
chromatography. The fibroin powder was prepared by using a fine grinder after the alkali treatment for weakening the
silk fiber. The fine fibroin powder of particle size around 30 um was obtained with a ultra fine-mill, while it was finer
below 10 pm with a ball-mill, The dissolved or powdered silk was applied to the surface of fabric with addition of the
binder (a vurethane resin). The moisture content of polyester and nylon fabrics treated with the silk solution was
improved due to hygroscopic property of silk. The fine fibroin powder mixed with the binder was coated on the surface
of synthetic film by use of the air pressed sprayer. It was revealed that the hygroscopicity as well as the softness of
fibroin powder coated film was much improved. Therefore, it is thought that the fine sitk fibroin powder is applicable
as an coating agent for the surface modification of plastic and synthetic leather.
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Table 1. Degumming ratio and whiteness of waste raw silk and
fabrics

. Weight Whiteness

Sample Degumming loss (%)  (Index)
Control(undegummed) 58.8
Was;ﬁkm“’ 0.1% Na,CO; degumming  21.1 80.8
0.1% NaOH degumming 26.9 88.8
Control(undegummed) 47.0
Undyed 4 100 Na,CO, degumming 214 60.2

grey fabric

0.1% NaOH degumming 24.1 59.0

Table 2. Weight loss and whiteness of dyed silk fabrics by
bleaching agent

Treatments [(\)Z?%;z) “E?rt:ie;xe)ss
Sodium hydrosulfite  20g// 24 432
(Na,5,0.) dog/] 1.8 44,1
Declorin 200/ 0.7 46.6
(ZnH,;S0; - CH,O - H;0)  40g// 0.7 48.0
Dual bleach(reducing/oxidation} 7.5 527

Table 3., Heavy metal content of fibroin solution after various
purification methods

hom e Comol G GFC R
Pb 343 18.7 7.8 17.8
Cr 39.5 18.1 16.5 19.2
Cd 32 2.7 0.7 4.5
Zn 203 15.6 9.8 12,5
Cu 87.5 19.0 12.0 16.6
Hg - - - -
As - - - -
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Fig. 1. Water content of PET and nylen fabrics treated with sericin
and fibrein solution.
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Table 4. Yield and particle size of silk powder prepared by
treatment with NaOH

Samples Alkaline  Yield Particle size (um)
P treatment (%} max. min. mean
S5git 328 21 204 89
]_‘:Jegummed NaOH g/
silk yam 10gl 179 36 202 93
Undyed silk fabric NaOH 10g# 362 15 371 98
Dyed silk fabric 1
(reducing bleach - 469 27 195 88
with NaOH)
Dyed silk fabric II
(dual bleach) NaOH 10g/ 400 36 171 93
Dyed silk fabric Il 0 100y 475 27 286 103

{reducing bleach II)
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Table 5. Yield and particle size of silk powder by milling
methods

Milling Yield Particle sizes (um)
methods (%) min, max. nean
UF-milling 36.1 10.7 66.2 323
Freezing

UF-milling 33.1 9.6 47.2 26.4
Ball-milling 40.8 43 18.7 9.8

Fig. 2. Scanning electron micrographs of silk powder(X 350).
(2) Primary griding, (b} UF-milling after primary grinding, (¢} Ball-milling after primary grinding
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Fig. 3. Water content of PET and nylon fabrics coated with fibroin
powder and binder.
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Fig. 4. Effect of wet cleaning time on the dye-uptake of PET
fabric coated with fibroin powder.
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Table 6. Water absorbability of cellulose triacetate film coated
with different sizes of fibroin powder

*amount of **moisture
Sizes of fibroin powder water content
absorbed (%) (%)
Primary grinding(250 pm) 38.7 15
powder coated
Primary grinding(100 pm) 36.8 15
powder coated
Primary grinding & 378 14
UF-milling(30 um) powder coated ’ ’
Primary grinding & 198 12
Ball-milling(10 um) powder coated ’ '
Control(binder coated) 2.7 0.4

*Left under the conditions of 20°C, RH 50% for 1 hour after
water spray.
**Left under the condition of 20°C, RH 70% for three days.
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Fig. 5. Scanning electron micrographs of cellulose triacetate film coated with various size of silk fibroin powder.
{(a) Primary grinding & UF-milling {200 mesh) powder coated (b) Primary grinding & Ball-milling (500 mesh) powder coated
(¢} Control (binder coated)

B Touching Sense  [] Coloring Sense

testing result (points)

UN BM | UFm |
Fig. 6. Subjective test of silk fibroin powder ceated film.
UN : Control(binder coated)

BM : Primary grinding & ball-milling (500 mesh) powder coated
UFM : Primary grinding & UF-milling (200 mesh) powder coated
FM : Primary grinding powder coated

(very goad : 4point, good : 3 point, fair : 2 point, poor : 1 point)
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Table 7. Effects of various binders and silk powder mixing ratio
on the amount of water content of coated film

Binders Binder : silk powder Water content (%)
Silkmel 30. 5 3.1
30:10 4.2
Urethane 305 30
30:10 38
Epoxy 30: 5 1.8
30:10 2.4
Enamel 30: 5 29
30:10 34
30: 5 2.1
Lacguer 30:10 3

Sample wt. at 20°C - RH 100%
- Sample wt. at 20°C - RH 60%

x 1
Sample wt. at 20°C - RH 60% 00

*Water content =

K2y Azpae] g Hfe| Fuld] xEEH(IH ) F
T8l S7hEAL(® 8) vt A (anti-pilling)e] &4
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Table 8. Moisture regain and anti-rubbing of silk powder coated
film with various binders

Moisture *¥Weightloss

Biuders Treatments regain by
(index) rubbing
C : Control(uncoated) 1.9(100) 0
C-S : 10% silk
Silkmel powder coated 4.3(240) 0.2
C-8-F: Rubbing of silk
powder coatedgsurface 5-5(290) 0
C 0.7(100} 0
Urethane C-S 4.0(570} 0.6
C-S-F 5.7(810) 0.6
C 1.1(100) 0
Epoxy C-S 3.3(300) 0.7
C-S-F 3.9(350) 0
C 1.7(100) 0
Enamel C-S 3.9(230) 09
C-S-F 4.8(280) 0.5
C 0.8(100) 0.2
Lacquer C-8 3.6(450) 1.6
C-S-F 4.0(500) 0.9

Wt. of original sample - Wt. of rubbed sample
Wt. of original sample

*

X 100
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Fig. 7. Scanning electron micrographs of cellulose triacetate film coated with silk fibroin powder.
{a) Control (b) 10% silk powder coated {c) Rubbed surface of silk coating film
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Fig. 8. Subjective test of silk powder coated film with coloring
sense.
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Fig. 9. Subjective test of silk powder coated film with touching
sense.
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