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Abstract

The purpose of this study is the investigation of chemical properties of wool treated with
oxidants and protease at low temperature. The chemical degradation of the fibers were
investigated by measuring e-amimo acid contents and FT-JR analysis. In addition, urea-
hydrogensulfite solubility was measured to compare to the oxidation and protease treated
wool.

The results were as follows. _

1) By the oxidaton of wool, cystine is oxidised to cysteic acid by way of the intermediate
oxides, cystine-S-monooxide and cystine-S~dioxide, in this case hydrolysis catalysed by the
protease catalyse. Also, @¢-amimo acid contents is increased, and urea-hydrogensulfite
solubility was lower than that of untreated wool. This chemical degradation of wool was
occurred due to oxidate hydrolysis in the order of bermonosulfate)dichloroisocyanuric
acid=chlorine.

2) The chemical degradation of wool was accelerated by the protease treatment of
oxidized wool. Oxidation of wool is considered to make the fiber more susceptible to
enzymatic attact by openig disulphide bond within wool. Enzymatic attact was effectively
directed to the wool oxidised by permonosulfate.
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Table 1. Characteristics of wool fabric

Material Wool 100%
Weave Twill(2/1)
Yarn number(Nm) 60/2 % 40
Fabric count(ends X picks/5 c¢m) 171x121
Fabric weight (g/m? 192

2) Al ¢

Age] AL% AbSME Sodium hypochlorite
(Shinyo Pure Chemical Co., Ltd.: |3} chlorineo] 2}
&), Dichloroisocyanuric acid(Aldrich Chemical
Co. Inc) ¥ Permonosulfate(Aldrich Chemical Co.
Inc) & AH&-3lgla, R4t ghul@Yefs<) Papain
(30000 USP-U/mg, Merck-Schuchardt) & A}23}5
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gko] o34 8ole Zudlelc), Triton X-100(5ml/J)
£ 7}tz XEAe® pHE 323 =AY P48
(25°C, oiu) 25 : 1)oll A=A &E T o}, wet pick-
upg 150%2 3ted 30°C ovenollA] 14759t A =35
o}, o] uf FEDL x4+ 1.0, 1.5 3.0%(ow.f)
gl.o= potassium iodide2} sodium thiosulfate§ A}
£-3}o] iodometric analysisZ 3485},

@ Dichloroisocyanuricacid(DCCA) # 2]

Dichloroisocyanuric acid® %4l ¥ o-&
Triton X-100(5ml/ /)& 7}t X§Ate g pHE 32
2 =A% F o] dichloroisocyanuric acid€<4(25TC,
A} 25: 1o} Y=g &= o& wet pick-up
150% 23] 30°C ovenollA] 1417H5<t A=dAct
g4 FE+ 1.0, 1.5, 3.0%(owf)en
potassium iodide2} sodium thiodulfate§ AH&-3}o
iodometric analysis2 ¥4 stk

(® Permonosulfate 32}

558 1%, 1.5%, 3%(o.w.f)2 W7 per-
monosulfate £-°of] 10% Triton X-100 0.5mlE 7}
31 ZEACE pHE 302 243 & 25 25C, o
¥] 25:123o <kmAl8E T o5 wet pick-up
150% 2. $ted 30°C ovenoll Al 141745t Azsisich

ol Atz Alstel 4=2Ee 40g/! sodium
hydrogen sulphite2 66°C, pH 4oll4 <ju] 20: 1%
dted 30871 A 23,

2) E4x2| _

Papain 0.1%, sodium metabisulphite 2.5g,
sodium sulphite 2.5g, 10% -Sol2A= 844 3ml
o] Lolof njxg] e 9 AAHA JrAEE Y2
pH 6.6~6.82 dled 40Tl 147 Aajsigich?, A
2] ¥ 542 FA8tn Az
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248 GRARE 10g4 AgsHd UYL test
tubeol] Y3 isopropanol-5#4 E4o8(10—90 v/v)
1mils} B2 d-F74EFA(10—-90v/v) 1ml], HE=2
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Z A5 ninhydr}n £ 2mlE 71 ® Ay 2e s
dted 100CS #e4zollM 147 4bSA1Z o)wy
ninhydrin §°§-2 sodium propionate 10.18 g, pro-
pionic acid 9.3ml, ethylene glycol monomethyi
ether 50ml ¥ ninhydrin 2 g 574l &8sl A
A 100 ml2. gHEo] AHg-3lgiet

AP F4F 43 EE ¥, F4 o -FH4
EgeR(50—50v/v) 20ml2 3 A3}e] 1587 74|
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o] $ollo] FH4E /I3l 100ml7} H=E 34
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FF4 EFA(10—90 v/v) 22 Fuldlsich
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4) Urea-hydrogensulphite &{5
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F54ol gelska SM9 AN EE 2miE 7H3le
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2 147 5t 28 ¥, glass filter(Gl) 2 o33}
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F3d o)L Alo] 9]+ urea—hydrogensulfite £3]%
£ Alksigic
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Transmittance

1200 1150 1100 1050 1000
Wave number(cm™)
Fig. 1. IR spectra of oxidized wool.
(a) second-order  derivative
untreated wool :
(b) second-order derivative spectrum of wool
treated with chlorine
(c) second-order derivative spectrum of wool
treated with dichloroisocyanuric acid
(d) second-order derivative spectrum of wool
treated with peroxomonosulfate
Oxidation treatment condition: conc. of oxi-
dants, 19 o.w.f.; treating temp., 30°C; pH, 3.0
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Table 2. Characteristics IR peak frequencies of
sulphuroxygen groups in wool oxidised with
three kinds of oxidants

Sulphur oxide - freqfxlznté;?(l:(m“) vgl?:t?o%f"
Cysteic acid 1040 S$-O(ss)
1170 - S-Ofas)
Cystine-S-monoxide - 1070 S-O(ss)
Cystine-S-dioxide 1124 S-0Ofas)
Cystine-S-sulphonate 1023 S-O(ss)
1190 S-0(ss)

a) ss: symmetric structure vibration
as: asymmetric structure vibration

Table 2§ 4sixs 1040 cm oA Yel}= peak
< cysteic acido]=}, 1075cm™ % 1060 cm™'s} 1124
cm oA 747} cystine-S-monoxides} cystine-S-
dioxidez} vehdel. ola|§ A2 e Fuuie] Ala
H Zgel si=n A2”e] désje]cgalols
(cystine-S-oxide) 3} ¢ 23} e AH2¢ wkgr|s} &
ARUTE 8 4 sk

olaf z}zto] peake] Fr e Ve o BYgEe] FrE
Fohd € Aoy 54447 A2 cher] wo)
83 Z4o] ojzjfmg, £ dFolME IRE E3ld
A2E e PAuke i’r°’5}2i4

ol¥lol £ 1023 cm'e| 4 2% peaks}t HAHH o]
A& Cystine-S-sulphonate 7](Bunte salt) 2] £4¢&
Z3 glew, o] HYEe FE vNg e} wia
¥ o d4E FoHE Jehia Qe o) Cystine-S-
sulphonate 7|+ AtstA 2lol] 28] Aj2El Agle] w3
I Aol 1’3*‘15—1 cystine-S-monoxide2} cystine-
S-dioxide§-3 - 4ls183HE] Yt AN}
%ol A Bunte saltsZ A& =] 7]Ag o2 ualg)

Fig. 2& 4| 59 A2 443 S g 4k
42 A2g F IR 2dEgle] HE AnE Ao
. Fig. 19] AlAelotest slaslxle Table 20
AL 7zte] Goofla Aslerie] Wsirt Yehin
gler o]zl e g BE Cysteic acid, Cystine-S-mono-
xide, Cystine-S-dioxide % Cystine-S-sulphonates}
e igrle H4¢ Yald 4 Uk
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Transmittance

1200 1150 1100 1050 1000
Wave number(cm™?)
Fig. 2. IR spectra of wool treated with various oxidant
followed by protease.
(a) second-order derivative
untreated wool
(b) second-order derivative spectrum of wool
treated with chlorine followed by protease
(c) second-order derivative spectrum of wool
treated with dichloroisocyanuric acid fol-
lowed by protease
(d) second-order derivative spectrum of wool
treated with peroxomonosulfate followed by
protease
Oxidation treatment condition: conc. of oxi-
dants, 1% o.w.f.; treating temp., 30C; pH, 3.0
Protease treatment condition: conc. of protease,
0.19% o.w.f.; treating temp., 40°C
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old 710% Zolet Azksio] Abstel EaNelo] oy
d2uwol stehd wiske Ha¥ 4 gk ey
€ FT-IR $4ute s+ ;= Ewio] At F23q)
HsHs A 4 gle o2 9itelu)xr)e) Yot urea-
hydrogensulphite &&= <-FA|7 3 SEM $2| A
ol 4 A uAH o8 mysigich

2. 2z} olaj>|2] BIak s}
DAy Ese] &olgtLo] o7 ST Sy
& 2388 g5 o,
_(—NH—CH—CO—NH-(IZH—CO—)+HzO

R,
- —NH—CH-—COOH-FNH:—('IH—CO

R,

150 200 250 300
) Primary amino group content(zamole/g)

Fig. 3. Effect of protease treatment on the primary
amino group content of wool treated with vari-
ous oxidants.

(A) untreated

(B) treated with protease

(C) treated with chlorine

(D) treated with chlorine followed by protease

(E) treated with dichloroisocyanuric acid

(F) treated with dichloroisocyanuric acid fol-
lowed by protease

@ treated with peroxomonosulfate

(H) treated with peroxomonosulfate followed by
protease

Oxidation treatment condition: conc. of oxi-
dants, 1% o.w.f,; treating temp., 30°C; pH, 3.0

Protease treatment condition: conc. of protease,
0.1% o.w.f.; treating temp., 40C
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Cystine-S-monoxide, Cystine-S-dioxide 9 Cystine
-S-sulphonate, bunter salt S} 22428 Alsjule
FA sl wte} 2ol Y Hao] 2go] 22
slo} Jej= Age sigEaizl 2487 wjToz 4
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Ab3tAl 9] F{ell wel4  dichloroisocyanuric
acid>chlorine> permonosulfates] 408 ol xjo}o]
k719 kol & 3745 Holm AL ¢ 4 ik

Dichloroisocyanuric acid®} chlorines Abshs] of
Zofld Haol ofgt U} olu] s ko] A Z}3
Re olF AshAlol 2| Arks-Reol oo fre) 2
Aol ot 454 o] €AY $EAl] T KL}
Fasiol Aguye A5 Folrl WG LY Fe
e Yorozn golelesls} o] A4S dE
o2 A4z,

Permonosulfate§ A18-3le] 4lsixjelsl okwe o
Zojolx7] G AstAeat Ya9e e 2] B
Zl Wstevt AstA ] F a4 Aze) o8 |AY F}

€ Jeidiglch 1€ permonosulfates] Abs}a}gof
—lvH wh34do] F7Hd Fxo] Fdol] fsol 2 go]

FHoE ojfolRoes YrnEniy %Ela—l 7H4e

si7t 38 9 WEoe el

BERESER

50

[ W [
(=3 S (=]
T T

Urea-hydrogen sulphite(%)

[
(=4
T

0 e ' A
0 1 2 3 4

Conc. of oxidant(%)

—i&- Chlorine -~ Dichloroisocyanuric acid
—@- Peroxomonosulfate
Fig. 4. Effect of oxidant treatment on the urea-hydro-
gen sulphite solubility of wool.
Oxidation treatment condition: conc. of oxi-
dants, 1% o.w.f.; treating temp., 30°C; pH, 3.0

45
40+
35¢
301

25..

20

15

Urea-hydrogen sulphite solubility(%)

chlorine dlchloroxso permono-
cyanuric acid sulfate

Untreated
types of oxidant
M treated with oxidant
[0 treated with oxidant followed by protease
Fig. 5. Effect of protease treatment on the urea-
hydrogen sulphite solubility of wool treated
with various oxidants.
Oxidation treatment condition: conc. of oxi-
dants; 1% o.w.f; treating temp., 30°C; pH, 3.0
Protease treatment condition: conc. of protease,
0.196 o.w.f.; treating temp., 40°C
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3. Urea-hydrogensulfite ST} 15}

Argtorr el A lol o grule] e = ZAgtel
g gesiels Agel Aeks Az Atu Y4
£ urea-hydrogensulphite 8] 2 49 Holomy o
7#= Fig. 4, 5% 63 3k

50

.

201

Urea-hydrogen sulphite solubility (%)

0 1 A
! 0 0.2 0.4 0.6

Protease concentration(%, O.W.F)

~@- Protease only
-O- Peroxomonosulfate(1%)+ Protease

Fig. 6. Effect of protease treatment on the urea-
hydrogen sulphite solubility of wool with
peroxomonosulfate.
Oxidation treatment condition: conc. of oxi-
dants, 1% o.w.f.; treating temp., 30°C; pH, 3.0
Protease treatment condition: conc. of protease,
0.19 o.w.f.; treating temp., 40°C
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g 4 4 Ak
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hydrogensulphite §-8l%9] 74§ vepila 9lomn,

45

Aztxelgl e T4 Aol 9# urea-hydro-
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7}#+ & urea-hydrogensulphite €8 52| 28} e}
W ek

Fig. 6& 49 F=#Hdle] wg& urea-hydro.
gensulphite $-#]x2] W3lE L 20t AP okes}
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dlod AujEo 4, HAAMe s} el b Wl
oAe dge Yohwma dgich wlaokus
permonosulfatedg] 42 RTol4 H4Fx F71
%ol wle} urea-hydrogensulphite §-sfx o} 7t£E o}
eplic), o]ul] HAF 5ol ©tE urea-hydrogensulphite
L85 el AaAEE vlAe FRofq o AN 4
2ol o 2A Jeptorn] 3] % ALyl
Felatsich

Abg}al2loll &%) urea-hydrogensulfite B-sjs 2] 7}
4% AstAle] B2o g qls) fre He= A o
&atols Aol Awse] FAxdhd, Peed
e 4 2¢ M7 sl YA FjAY Hee ¥
ole}, =¥ dichloroisocyanuric acid®} chlorine2 £
Aale o okzel urea-hydrogensulfite £z 3
47} BAE AL, o] Mol o8 e sleje A
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o gatA £4to] WA S-S eIl

=g Gaxe]nt 3 Fuvc AN F LA
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