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The Action of Alkali on Wool Fibers and its Effects
on Dyeing of Wooled Sheepskin

Keiji Konpo
(Faculty of Agriculture, Hokkaido University,
Sapporo, Japan)

ﬁ %ﬁ ......................................................
F1E FESMEOBBIHEBECKIET
Tah mﬁ@%g ........................
1. # =TT T T P P
2. FEEAFEE i
. ﬁ: ;'!i. .............................................
(1) 7As ) QEEEFDOY A5y
BILIEVATAVER e
(2) %R 20°C oA BERPCBITE7 A7 Y
ﬂﬂﬁﬁmm@ﬁﬁv‘?&éﬁ ...............
(B) 77y BB O IEABRZEE e
@) 7oy MEHMMEOITEI—0 T HRER)
CRIGTEEOEBE
4. % B vereeeeee et e
5. g ﬁﬁ") .............................................
H2E 7 BERCEIETREEILSY
ﬂﬁ@%ﬁ@ ....................................
1 é% %“ .............................................
2 %%ﬁ& .............................................
3. ﬁ:f % .............................................

(1) 379"7}‘:7, VWO T S5 avigdED
2Ry v 2 DYREEIIETT A

B Y ABEDRHIR e
@2) 731 BHEERCEIETTANY
ﬂﬁ@ ?;é% ....................................
4. # BL ceeererene et
5. I HJ eererrrrrn e
HI3E WEFOBECEIETT AN
ﬁﬁ@% ....................................
1. & S e

265

=
2. 3%5%7?& ............................................. 283
3. BZEERFIUEE
1) Ar—AfBCkIETTANY
MBDELE oo 283
(2) MRBEEAGCESLIET 7 H Y
MBLDOBLE o 284
4. = HJ et e 285
FLAFE TArVABEFEECRHTET 40—
2V S ORIERE 286
1. # E ereererernre 286
2, FEBRFHE e 286
3. BEEBIUEE i 287
(1) AA AT AT EF EEBDR G e 9287
(@) EEBMCHIETT A 7 — '
SV IO 288
B) TAHVABEEDOAYy — AHBETR X
BT T AR~V ZORF s 289
4, F e 289
BOSHE BARICRECEIETT ALY
BT DRI rerrerermnmrennreenainieaes s 290
1. #% = ST 290
2. BEBRHEE e 290
R T g L < S RN 291
(1) BRCEIIETH Y v ZhE s 291
(2) sk XigdF) v ZghE 204
4 B 8
& FE  creereeeeeeee e s
g]fﬁiﬁ ..........
FESCIETE  ooevvvereereromitnererannaeriiae e e
7 BL  erereeeeeeeneeer ettt




266 ALEBERFREMABLE £11% H35

#* ]

EETRHNTAr 7F VORIGHIZIZEAE A7
74 FREBGESCTED, $hoAF v O8RI1Ly 5
F VIBHEDIEENALI X o TRIND,, Mo/ R
BT % 75 7 4 (Cuticle) LFBEH L b v AF vE
BAEAY, s F o BEBE T =%V 75
7 /v (exocuticle) 1357 3/ BB E Yy L@ 25+
VEEZY, FOHEBEEIRD T, B ELE
BLZ< <, BpoBMER~OIEA YRS L T
Do M, AT oA VIEREDETRE, ¥IFV
L, PBOBEBARES Y, pEkEE
BEERTV53Y, Z0 k5 KEEOYEBIIYESE
HEREGCBERDOBHD VA7 5 4 FESTHTHERK
IERIBIEBLH, BLAHASIOT7AN ) THD, L
o T, EEEHTHT AN ) OEARHRET L L i#
W SFVREFBSHFAT - 4 FiEGDORIGHESER
FTHERANIFC & EE ST, ISHELS LELOE:
FIRECTH %,

TAAY EFBEONINERFT Y 5T, v
7 74 ViEEET B3R, EXflieb 7y
DIERBERFE OB YHEC LTRIMENS A S,

CHAT A FEEA IR B EREE R LB X B
FALRIG TS 1 RR L X S, FORUNERY &

LT AT A vERD T 567,
—CO—(%H—CHZ—S—S—CHZ—(%H—CO~

NH NH
|
— 2-C0-CH-CH;-SOH
NH
& 10

ALEXANDER &8 (BB ToV A7 > 4 FiEAS
2 ORI LB oISy RIE LT, &
R OB IR0 7 v A ) v B EER
BIfRic b bz L A LT3,

CHILT 7 A FIEEGRTAEERE T P ) v A X
ABILRIE CREHEOES L7 7 — VAT AL VAL
ZaFk— ik, BOESLEFA—LBECELDY,
FORIGEFIE2ROEBVTHS,
—CO-(I:HeCHZ-»s—s--CHT(I:H-CO—+NaHso3

NH NH
— -CO-CH-CH,SH + NaOSO,-S-CH,-CH-CO-
NH NH
& 2 K

CHNT 4 NIESOUMINA LA Uk F4 - L EOE
FHE OBMEMEE & OB E D RFT IR T E e, 2
TCALER U 7B DG « 0T BB ERIL IR IR B A

—CO—(IZH—CH2~S~S—CH2—CH—CO—

NH
i

ﬁH

OH", H,0

-CO-CH-CH2-SH + HOS-CH,-CH-CO-

$H )

|
¥

—CO—(|3= CH,

NH

K\Pm
\

+(I)
e

~CO-CH-CH,-$-CH,-CH-CO-

NH NH
I |
Lanthionine

1v)

& 3 R

—H,S

(1) $H

wine

N
—CO—CH—CHZ—NH—(CH2)47|CH—CO~
)
NH 1\’IH
I
Lysinoalanine

V)



EHE T T An ) AENEESMCS IETERLS R EEERACHT IHER 267

B, FA—AEOIEBIENTRBI B A7 74 ¥
HEEOZBMRIEOME E LTB XL TS h
7»:9,10)0

TARVEEBCHA7 » 4 FiEET BIERER
RERTAECHEAAEOEA L TE LI HRELLLD
Thb, Tihbb, FRICKTHEERIRITAHE LR
BLLTz7 a2 v e L, SifEoREEoLN
BETT5, TREHLTT7AH VAR TIZSH VT 7
A FEEEDMKRG T H—~HT, HFrewsrrAYy v L
7 I /BETHDHT vFA = vREHTAD, IbiT,
MAE, 7rAV VI LET I VBTHBVS /T IT=V
FREEIREW, 5502y, V2T T2 EER
DREME L ORI IUENRE 2 v 2 Y v 7 ORFESF
COWTHHRAEDERTELL~, V)T T=V
BIUT vF4 = vORRCBEL TREZS LR T2
FUGHSF I 3 RICR L& B D TH B,

SHNT 7 A FREEDOMKIRE Y ATA v (1) 2kt
TFe Fr7 7= vk (D) 2R T 5, 20 8-7 8
77 7Y NBEERAREEORIEH TN, vATA VE
RIGLT7AA VR LTCRER 7w A ) v I THDT
vk =v (IV) 2BETH, i, Vo VvEKD T
IVEERIGLT, REKIZIvA) VITHHYV S/ T
7= vk (V) KT 5.

f, vAFUEEGSFRVCED RS -5 20
TAHYAERPNEMEC L - b VP, 75 = VidR
HMERTED, Fele7J=vEEIx) vhbET
BEEEHE TS SR T\ 519, ZORIGEF IS 4 XD
IsreErbhTwb,

-CO-CH-CH,OH
NH

\ 10

¥
-CO-C=CH,
NH
|

‘ + Lysine

}
—CO—CH—CHZ-NHf(CHz)‘;—ICH—CO—
NH NH

|
Lysinoalanine

& 4 K

EROLOE, THETOEBDOT A Y LB
BRI YA T o A VRS EDORIEEPLE LTER

(LB 2 BB R Sh T & fedd, B E SIS
PSS OBAI LI EAERF IR T v, FEI
$FBT AN ) OFERIIMLEN RE AL DBRC L EE
57, WEANER OSSO T5ERR E
PHMENCEETH EBFETHD, WHOKE,
&R BT B T v B ) DB Rk
HAORBEOWTEETH S,

%, LHEOFIAOETLFEERCTH7 470 VAR
GEELENAYE. TV 5, ALHARIRI 42D, ASQUITH
%) 33 L 18 GARCIA-DOMINGUEZ 426) 1332 o Gy
BRAEE LT A D VAT 2 LR LT
B, FERT vE=T R IAHHABIIEEOREBHEE S
", FRERTOROONERETRS Lic, ¥k, £
HORBHERBTRL LTEBE T ibhbx) v
b, bAESTAAYRFIHIR TR, &<,
FERORE TITHEOMBMEC & - T, LBRERSET
RN TELCHEZT 200, JEEHFTHEE
LTO* ) v /OB OBRITEEREOBE L VL &5
ZREWV, LaLiedin, * ) v /i3 508ss0
B, TN TH D, RITET A H VAED
PREERPNLSEP LR OP b DT LA Elnvy,

ERROBE, L, FEHRIFEEMCHTEIT A2V O
TER 2 HER, 1L¥M, BRFMILS» RN
L, SLREFLRBENTLET LN ) ABROHEYE
WENRLE D B ERT D b ARRCET L.

B1ENGE SER BV CIEERECYT BT A
D OYER ZEBRNIE LR Lic, Tihbh, 7 vE
=7, REEF LY oA, KEMET Y v A0 SEEO T
AHVERE, Ty O L AEEHECET S
TEFRHR MR B HEOBIMEE B 1%), 73
FEMLEL (58 2 5D), RS (B3 &) oM» & B E
Lie SABTIRT AN VAR Y » THAbhHED
iR, Bl ST A7 4 e —= v /el 2B
WTRE L, 5B\ Ciitys, Bk Yot
BTN VEIAE (FV v ) OHREERILELD
BeEt Lic,

AWROEHR, & 0% LD D RAEIEE, HIrE
ot BETLEE R A AR T E L, R
BRER B D F RS TIRE OB
BELET,

¥, AENETHEEEHZCE LEREG 2
BERgErh gL, HARNETENRGESCEL
T fo P2 T B BRI T, Vo T 5=



268 JEEEREREBAGCE F11% %35

Y OEBICY O FBNE R F R A BT By B
BB o B R L E T

$£1E FEYUMEORMMMEILSKIZY
TiHYREORE

1.

BEIRRE S0 5 2 BHEHE (LI THRE LR 5) 0
TS DTN~ F U v 72 A TORERHEES O—2 GG
INBID, BRSO T b ~NFE L ET T 534,
¥, MHEOILTI—OT 2R R S HI, T
b7y 7, BR, BREOChZhoOFEBSTHR
5%, TR b AR & MRS & oBb A VIO T
OWFEA SKERTCHLY?6~%8) FEUGHELMAN £539~41)
roTHkbhTX, —F, CREWTHER® %
WEIGMANN 449 13Kk, BE, BV vy oB65%
R COBMEOIRTI— 0T REFH L, o€ 7 RS
BRI L5, 1, CREWTHERY [3EE S, 55 v
FOLHLT 7 A4 FESEE L LR IEDK S Tcolt
N—0F LB L, BHEOBBRIEEEL o7 -4
FY O F 4 -1 EoRER LT TS, Thbh,
BRI IR BT BRI~ MY » 2 2R BT B W
N7 5 A FOZBRFIGOERBECKFELTE D, TDo+
N7 A FERBERIGOEE LT 4 ~ L EROBMCHE -
THLTeD EF - T %, WEIGMANN £519 3 & I #k
RV ICERIC BT, B R DS BB EE A~ DR
HOOTHREFELFTIETRE, Tibb, BIEE
BFA—LERCETRENhB Z E WL LI,

—J7, Tovk U ALEREHE OB B BT B i o
PR 12 30% MRICETAAFESE A SLELE LT
VB, MHEOUMTE COBIERT o Thiny, T
bbb, BREFRCBST ARSI TRV, T4
NIVIRIBECHAT A FDOGRIL—F T vrit=
YV, VYT vkEDIeRY) vIEBRTLE &
PRHLRT B, E5H, GARCIA-DOMINGUEZ %:45)
WEGE, T s VABEEENS, s v A Y V2 ETUET 5
B-73/—=75=/—T%=vERLIBLT5, *
Dlcxd, 7AH VUMD — 0T 2288 1803
FBEAFERDBEDRTFHMEING, L=t ) vy 72D
7R AY v LI N BB RBERC BT 5 3F T
NAVABEOBSEELELZ GRS, LLikdb, &
ho 7 m2) vy LHEOBBRIEE & OBEIOWT
O E T EAEN, SATLOWS) 27w A Y v o p
RE &0 bR - WOIERIAARRE DB 7o 5 e Y KBS +
VA TUEEL, FOBMEENEARD L O LT

)

BT B, TOIEH—O0F 23 B4l B AT O Mo R
F - ERBMAAEC L > TREBEE >Tw5, Ll
F OB CIMBIC T AN VRS YY) Y AD
RTCH Y, FABEEOZERL, WBEOBMEDL
FRYIE LI DN TIBE LT e,

FIC, KBETRT7T veE=7, REEF ) 7o, KEE
o b vy s BVCHER LB U, 3B HE S fiito
MBI OIEEE LTy A vrBER AV, 7oA 5
) DR X T OV 5 B O R BN ED
BHREH L, T7bb, K, FK, 2LV 77 258K
B CH#ERTN L, Tolb—o A lliEe&ko
R T IR S UK PIC BT 0% DOFEEE L f b X
DIGHREMZET & 25, 747 VB OBBLBE L,

~77, KF BT BB H— T A BB 2 B
BER R4 L7 7 A4 F OGO EE LHIER
Brk&EikhEh, BEXEDRELORIGERE L F
NI 70D, OB 2 B L RE & ol Rz
MASON #:47~49) FEUGHELMAN 459 i X » Cfe &t
SRTWEH, Thb O T 7 v Y B o
WTE il T eV, 7 U ALEERGKE CLLETR Ui
TELKUHANT 74 FODBIE LT, L0V RERI =
AV VI OBHBET D, LT, BlESREEL
TREREDIE, TORI—0F 268 & SO
DERETE, TOMHBIIOEZKLIDERL &
AT END, T2 CHROERTEET, FBT LA
U SLER fHE OIS — O 2258 % 20°C, 70°C, 85°C @
K TR L, WAEHEO Fh & BB L,

2 RBRAE

(1) #REE

W) EERRS X vl = ) F— A EEAFE =
—TFNE=FAT A~ TR L, gL
TR U Ucth, Rk,

(2) ZiLhymm

L2 % TN VEHE 100 mé 1B L, 2 IR
Lizce 7ADVERET VvE=T7, REF LV vA, K
BAbFr 2 VO 2B D EOLEL TRV, T VvE=TOH
4, BEEOTN, B 60°C, KigH 1V v ADEEs, ¥
EO2N, JEE40°C L& E 07N, EE6CCT7LN
VA AT, Kb b ) v ADBE, BEOLN
& 02N THEEII20°C Th - 1,

8 VRFUEBKUVRFAVDOER
VAFVOERT FOLIN REC LB E -
oo TOFMIOEDEB Y THB, HHFEF 200 mg



Mk

T MENFEBECR LETERLS K EEERACH T HHR 269

B ARFE L, 105°C Cvistg L, fEEcEe LoiE,
30% DEiEE4ml LI 25 ml D2 AT 5 AL AR,
105°C C BBl INK S B H AT /5 o 725D, RN 4V v
TH B LD, pHLTETY v& v /AT v R TR
B Lo, SIEEEACILBER L1,

VAT A T DOGTIE ZAHN 2559 ARk o) %
B Lo TTiote, Thbb, FERS 6 N OFER
2R, 105°C T 2RMEMAKS R L, SfFh=tr oL
Yy FFRPU T ARERIEEL LT, KBEY = = LK
THE L,

(4) HEEEORE

RS (2) TAUBE Lr- B A K, AMIRFEB W, 8M
BALY 79 2B R E Lictk, AlEcgt L,
TR Y F U AR ERER I F AR N Y Y
LOREREVEML, BHOREA 4 vORERREL
72590, IETI—OFAOMER, OFREE 250%/min.,
iR 20°C Cfiig otee 7272 LK FiC B 5 IR RE
BEZLCHESIBN—OT 2 BB 2 BB T2 o,
20°C, 70°C, 85°C & U, IGJIEERIT O Z0H & 1000/
min., &5 20°C DT 0% DOFL2E 52126 20
REMELRHE L, O3 43E 1000%/min. 1345158
Wied, UYL T A FORBRRETE UGN &
EFhDEINTBES, EH—0-THER, IEIEMT
EDRIFE L Tensilon U. T, M. 7838 » 2REAMS (&
FRBE) 2HV, 03 2l R oR Bz 50
A, IEIHEFOMETIT4 20 A B a4k Ui,

(5) HBMBEZEOME
20°C, 65% R. H. &k CHFMME OER 2 sHUBER
BEEHCTHEIE L, BIE LA 100 K o BLighit o SFHE
FRI2258 4 TH»Tco :

3. ®# &8
1) ZFLHVABFERDLRFUELU
VRFAVER

TN VPBEOEEFREETR WLV AF VL
OvATA 813 Table LR LB ThH B,
IR XIBE CAFVEIXT vE=7 07N, 60°C,
WREEF » Y w A 02N, 40°C, 7KEMEF F U A 0.1 N,
20°C TAMBLAEETRBER L Th - —FH, ~
ATFA VERTAN VB L o THDT 5 LA
bhi, Zhb v AT A4 vEOHA T MIRO £15.16)
FER &P EA 2 7R L,

(2) iR 20°COBEEARABICHIITIBZTILHY

NEBEEDH U HED
Fig. 1 137krhiz 3t 5 B OIS I— O3 S il 2 7R

Cystine and cysteine contents of
alkali-treated wool

Table 1.

. Amounts
Cystine Cysteine of cystine

Alkali treatment contents contents* digestion
(%) (%)
Without treatment  12.2 289 0
NH,OH 07N, 60°C 108 6.7 14
Na,CO; 02N, 40°C 109 6.5 13
0.7 N, 60°C 8.6 5.6 3.6
NaOH 01N, 20°C 111 11.6 1.1
02N, 20°C 9.8 5.5 24

*: Values are given as ¢ moles per g wool
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Fig. 1. Stress-strain cvrve for wool in water
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Fig. 2. Stress-strain curves for alkali-treated

wool in water

a: without treatment b: NayCOjs; 0.7N, 60°C
¢: NH,;OH 07N, 60°C d: NaOH 0.1 N, 20°C
e: NaOH 0.2N, 20°C
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Table 2. Influences of alkali treatment on the stress-strain parameters
for wool extended in water
Alkali d-CySttipen Strain at Stress at
treatments 1gestio A B C A B c
(%) (%) (108 dyne cm—2)
Without
treatment 0 3.8 34.8 61.2 8.2 11.2 26.5
(3.1-5.0) (29.5-40.8) (51.8-725)  (6.2- 94) (94-136) (23.3-326)
NH,0H _
0.7 N, 60°C 14 4.2 35.2 63.0 71 9.3 234
(3.1-5.0) (28.8-41.1) (53.8-72.5) (5.0- 9.1) (6.9-13.1) (17.2-28.1)
Nazc():;
0.2 N, 40°C 1.3 4.3 36.6 65.1 7.6 104 27.8
(3.8-5.0) (32.5-42.5) (60.0-76.3)  (5.0-10.0) (7.2-14.1) (19.4-36.6)
0.7 N, 60°C 3.6 44 37.0 60.4 6.5 94 23.8
(38-50) (320-453) (526-70.5)  (5.0- 84) (7.2-125) (18.4-31.2)
NaOH
0.1 N, 20°C 11 4.5 38.3 64.0 5.7 85 215
(38-5.0) (36.8-43.8) (58.0-75.8) (4.1- 7.5) (6.9-11.3) (14.7-27.5)
0.2 N, 20°C 2.4 47 39.7 67.8 5.0 71 20.0
(3.8-56) (37.5-438) (60.0-75.0) (38— 59) (5.3- 9.1) (13.1-286)
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Table 3. Influences of alkali treatment on Young’s modulus, yield slope,
post yield slope for wool extended in water
Alkali treatment Cystine digestion Young’s modulus Yield slope Post-yield slope
(%) (1010 dyne cm=2) (108 dyne ¢cm~2) (108 dyne cm—2)
Without
treatment 0 2.16 9.7 58
NH,OH
0.7 N, 60°C 14 1.69 7.1 51
N32C03
0.2 N, 40°C 1.3 1.78 8.6 61
0.7 N, 60°C 3.6 148 8.9 66
NaOH
01N, 20°C 11 1.27 8.3 51
0.2 N, 20°C 24 1.06 6.0 46
30 30}
_. 25} a 251 %
o~ b o~ b
§ c % e
c d c 20}
_6.20- e z
k=) R=)
Z ; 15+
@ 15+ g
a Yok
10F
5L
5.—
] 1 ] ] 1 1 1
10 20 30 40 S50 60 70
1 Il i 1 1 1 1 Strain(%)
10 20 30 40 50 60 70
Strain (%) Fig. 4. Stress-strain curves for alkali-treated
. . wool in 8 M LiBr
Fig. 3. Stress-strain curves for alkali-treated

wool in 4 M urea

a: without treatment b: NayCOj; 0.7 N, 60°C
¢: NH,OH 07N, 60°C d: NaOH 0.1 N, 20°C
e: NaOH 0.2N, 20°C -
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c: NH4OH 0.7N, 60°C e: NaOH 02N, 20°C
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Fig. 5. Schematic stress relaxation curve of

wool fiber from 40% strain in water
30 Bofg MG E COLIRNEORI BB,
7 v = 7 BB OIS IR B L LA 0 B &
& XU T AR Uiz,

Influnces of alkali treatment on stress relaxation of wool

fibers from 40% extensions in water

Alkali treatment Cystine digestion

Stress relaxation

(%) T15/To Tis/To T3/To
Without
treatment 0 0.80 0.70 0.68
(0.79-0.84) (0.67-0.73) (0.65-0.70)
NH,OH
0.7 N, 60°C 14 0.81 0.71 0.68
(0.78-0.85) (0.66-0.75) (0.61-0.73)
N32C03
0.2 N, 40°C 1.3 0.79 0.70 0.69
(0.76-0.84) (0.68-0.73) (0.66-0.72)
0.7 N, 60°C 3.6 0.81 0.75 0.71
(0.78-0.83) (0.71-0.75) (0.70-0.72)
NaOH
0.1 N, 20°C 1.1 0.81 0.73 0.72
(0.79-0.82) (0.71-0.76) (0.70-0.75)
0.2 N, 20°C 2.4 0.82 0.74 0.72
(0.79-0.85) (0.71-0.76) (0.69-0.74)

@) FZILHURBEBEOEH—UTHEEIC
BREITEEORE

Table 5 (2 & 87 V7 ) AWBBHHED 7 » 7 DAFERIK
RIEBTHOTRECE LIETREQCEE D\ T/RL
hDTHbB,

Thic k&, 200C TIREBABBHEC LT, WTh
DT7AHYVTAELTEL 7 v 2 DR TCOOT LB I
FENTE N, — T, T0°C TRT A D ) B O F S
WA E B AN E L s T B, 85C TCIED

BRI Ie D, WThOT7 A9 Y TAE Licik
HECh, maEMe LOGRV M (P<0.001) 4R
L7,

BRI S B 5 O T AR S g TREO B
13 Table 6 ic/RL7cE RNV THSB,

T kb, 200C TRREEF VY VA, KEE{LH
b Y A O O T A B EAEBHEO TR X YK
&<, HHMTARBE BB R, 70°C Ti1.20°C T
RO RER M, KBS b Y o 2 AT T
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Table 5. Influences of temperature on the Table 7. Influences of temperature on the
strain at the end of Hookean re- strain at the breaking for alkali-
gion for alkali-treated wool treated wool

Alkali Strain at trt:;igﬁd(qof) Hookean Alkali Strain at the breaking (%)

treatment 20°C 70°C 85°C freatment 20°C 70°C 85°C
Without Without

treatment 3.67 4.26 5.38 treatment 60.6 778 97.1
NH,OH NH,OH

0.7 N, 60°C 3.64 3.76%* 4.14%** 0.7 N, 60°C 60.4 79.1 90.4%
Na,CO4 Na;CO3

0.2 N, 40°C 3.62 3.76%*x* 3.78+** 0.2 N, 40°C 65.0%* 74.6 90.2*

0.7 N, 60°C 3.86 3.84% 3.92%¥* 0.7N, 60°C 56.8** 66.7¢+* 80.1¥%%
NaOH NaOH

0.1 N, 20°C 3.66 3.92% 4.26%** 0.1 N, 20C° 618 69.3%%* 8§9.8%*

* significant at 5% level
**  gignificant at 1% level
¥R significant at 0.1% level

Table 6. Influences of temperature on the
strain at the end of yield region
for alkali-treated wool

Strain at the end of yield
Alkali region (%)

treatment 20°C 70°C 85°C
Without

treatment 315 346 38.7
NH,OH

0.7 N, 60°C 32.0 345 36.4%%*
Na,CO3

0.2 N, 40°C 32.2% 344 35.5%%*

0.7 N, 60°C 32.9%%% 344 35.3%**
NaOH

0.1 N, 20°C 32.2% 33.7* 35.8%**

* gsignificant at 5% level
**%  gignificant at 1% level
*%  gignificant at 0.1 % level

EMBHHEO Th L VAR HZVOTREERR LI,
—75, o7 Ay THER Ui Tl nam gt
NTHEBERIRDSR) o7, 85°CTR7 A VL
TS CRUBEHE Y D NS ROTRERRL, &
sHcE-EREME (P<0.001) %R Lz,

Table 7 it BARBEIRK L, ThbbilixE o
U 2B B IEHREOEE LR LI,

Table 7725, 200C OB HRKE > U v 402N,

* significant at 5% level
**  significant at 1% level
*k%  significant at 0.1% level

10°CUBOLOTIELBRBRIEL Y, OTLEITKRE
<, 07N, 60°C LB D 4 » TiMic BRI/ NI o7,
70°C TILREE S 1 U w7 & 07N, 60°C ALB s X UKL
F b U ABOBE W BB X VERICNE L,
o7 v h Y ABOE A il BEYEDL) 5T,
85°C T1L7 v =7 07N, 40°C CALBEE UrcihifE 2\
TCThO 7% ) MBI T EABBHEO O3 25
L ohEL et

7 v 7, BR, BRESFEHBEACKTILICE
YT T RE OB Table 8, 9, 10 iR LickRH T
HBo

Table 8 225 7 » 7 DFIEH F I BT 5 1713 20°C
OB, HREEF ) v A 07N, 60°C B s X UKL
F bV v AU CEATMME D Th X Y AR (&S
o tedd, BEXEDCMET D E, KBEEF D v AL
BOBSCERCEL, ol crEuBEoboLf
BEN ot

Table 9 i &5 &, BEIRIFEA S COIIILT » 7 0
IR SIS B B IS OBAL LI IFRBEOBI 7R L,
KEEIGTF bV ¥ A HR Sk HE DB D & 70°C, 85°C D
REOHETS, MABBHEOLT) X v R %
I Py o .

Table 10 i X 5 &, GMTE TOILIIE 20°C DIGE,
JREE7 + ) 7 4 07N, 60°C LB YUK ER AL+ v U
SAABGRE OB G D 2 AR B EIR L, HIE
WEDLEE X -C, NEHEE BOBEAE L O
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Table 8. Influences of temperature on the Table 10. Influences of temperature on the
stress at the end of Hookean re- stress at the breaking for alkali-
gion for alkali-treated wool treated wool

Stress at the end of Hookean Stress at the breaking
Alkali region (108 dyne/cm?) Alkali (108 dyne/cm?)
treatment 20°C 70°C 85°C treatment 20°C 70°C 85°C
Without Without

treatment 7.72 5.77 5.63 treatment 29.2 214 19.9

NH,OH NH,OH

0.7 N, 60°C 7.68 5.67 5.60 0.7N, 60°C 28.7 21.8 20.4

NazCO4 Na,CO3
0.2 N, 40°C 8.69* 6.27 5.65 0.2 N, 40°C 32.7kx 23.7% 20.8
0.7 N, 60°C 5.94*%* 5.91 5.34 0.7 N, 60°C 24.3** 23.7 21.2
NaOH NaOH
0.1 N, 20°C 5.27%%* 4.28%** 4.12%%x 0.1 N, 20°C 22.6%%* 19.2* 17.6*

* significant at 5% level

* significant at 5% level

**  gignificant at 1% level **  significant at 1% level
**¥* gignificant at 0.1% level 0k gignificant at 0.1% level
Table 9. Influences of temperature on the Table 11. Influences of temperature on
stress at the end of yield region Young’s modulus for alkali-
for alkali-treated wool treated wool
Stress at the end of yield Young’s modulus
Alkali region (108 dyne/cm?) Alkali (100 dyne/cm?)
treatment 20°C 70°C 85°C treatment 20°C 70°C 85°C
Without Without
treatment 10.0 747 7.35 treatment 2.23 1.37 1.12
NH,OH NH,OH
0.7 N, 60°C 9.91 740 7.32 0.7 N, 60°C 2.19 1.55% 1.39%*
Na,COs4 Na,COs3
0.2 N, 40°C 10.93 8.07 7.16 0.2 N, 40°C 2.44 1.73%%* 1.51%%%
0.7 N, 60°C 8.52%* 7.79 6.99 0.7 N, 60°C 1.59*** 1.61* 1.37*%*
NaOH NaOH
0.1 N, 26°C 7.35%%% 6.12%%* 5.89%x* 0.1 N, 20°C 1.47%*x 1.13%* 1.02

* significant at 5% level
**  significant at 1% level
%% signiffcant at 0.1% level

WAL, KERMEr b Y v A ABBEEOB A LIS, L
AU R CORIEE L Is o, KEMEF b Y 7 A438
FRHED YT ST st} B I6 012 85°C Tl E T L A E
DI X W EFED 57,

Table 11 78, 77 Y ABEEHED v v 7E3 20°C
TIIREEF + V7 4 07N, 60°C LB % X UK EBMLF b
Vv A D S 0 CELEBMEC LTEBC S »
M, T0°C TP+ V) 7 A & 7 v = 7 AEREHE CI1T

* significant at 5% level
*#*  significant at 1% level
wkE gignificant at 0.1% level

BECEL eotce —FH, KEELF b Y 7 A QEHHET
11.70°C THHEBAE L, 85°C ¥ ClREY LR w6
HEEN < Innto, Table5 & 8 Zl#ET 2L, vV
FRTRDLRI LROBERIFCOFREOFHICE
HT5c &aibmnots,

Table 12 p:5 7 /v 71 Y SUERHRHE DI RPE R ELT 20°C
TUKERL T + U s SERRAE CARUBIRAE X v B
s otet, T0°C LU L TREBELRE R ofc, KB
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Table 12. Influences of temperature on post
yield slope for alkali-treated wool
Post yield slope
Alkali (108 dyne/cm?)

treatment 20°C 70°C 85°C
Without

treatment 65.1 348 221
NH,OH

0.7 N, 60°C 66.3 32.6 24.2%
Na,CO;3

0.2 N, 40°C 66.4 40.5% 25.8%*

0.7 N, 60°C 66.7 48 9xokx 31.5%k*
NaOH

01N, 20°C 51.7#%* 36.7 21.7

* significant at 5% level
**  gignificant at 1% level
**%  gignificant at 0.1% level
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Elution patterns of amino acid standard solution
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C:3530, H: 691, N:1372, Cl: 2316
a4 W@

C:3513, H: 689, N: 1370, Cl: 2300

3 &% £
(1) SvFF=_—y, YSI7S5=viBEDHIOR
YUY DOERICEXRZTTZIVAYREBOSHRE
T vE=T, REET ) YA, KB Y Y A TAL
BULIERBROVAFY, FvFtb=y, V)T 5=
vaE (¢ M/g wool) (% Table 13, 14, 15 TR L = &
BHTHo,
T yE=THRECY T, YAFVEAREL L, Fhic
Bl vFit = vormiiBosh s s, Fho A+

Table 13.

BOHEIRLILLIR, YAFVET vFF= VORI
TvE=TRB LT, bELOFEFOfHE (5154 M/g
wool) X hAiel, YAFVORINFTRTT vFit =
VORI L Lic @b bhicw, V2,75 =
VO B BEEAMETH 10 £ M/g wool BETH b,
TVE=TOBREYEDTABLTR-Th, YO/ 7
7= VOREEILREA RN T—ETHB T Litb
Pot, TDed, V27T %= vOBRBIIEED 7
rAY) VBRI EA LRSS, vAF VONER
PIRCT vFF = VOBBREC W ivicdie, v
AF Vv HEBDIR IR VIR (EFDOA+B+CH
) 107 vEsTRABC X - TED Lk,

Table 4w k% &, REEF t V¥ 2B X » THY
LIV AF NITRT, 5 vFt=volxdbis L

Effects of treatment with ammonia on the formation

of lanthionine and lysinoalanine

Temp. of treatment: 60°C
Time of treatment: 2hrs.

‘Wool treated with ammonia

Untreated
wool 01 0.2 0.4 06 08 10 (N)
Cys (A) 508 486 454 448 440 417 409
Lan (B) 7 19 33 49 60 69 83
A+B 515 505 487 497 500 486 492
LAL (C) 2 8 10 10 9 9 10
A+B+C 517 513 497 507 509 495 502

Values given in # moles per gram

Table 14.

Effects of treatment with sodium carbonate on the formation

of lanthionine and lysinoalanine

Temp. of treatment: 60°C
Time of treatment: 2hrs.

Wool treated with sodium carbonate

Untreated
wool 0.1 0.2 0.4 0.6 08 1.0 (N)
Cys (A) 508 363 307 267 256 252 230
Lan (B) 7 143 201 231 265 277 305
A+B 515 506 508 498 521 529 535
LAL (C) 2 28 29 42 46 43 46
A+B+C 517 534 537 540 567 572 581

Values given in # moles per gram



VilE: 7aAn ) AEIFEERECKS LETERLD CCEELRL T 5 R

279

Table 15. Effects of treatment with sodium hydroxide on the formation
of lanthionine and lysinoalanine

Temp. of treatment: 60°C
Time of treatment: Zhrs.

Wool treated with sodium hydroxide

Untreated
wool 01 0.2 04 06 0.8 1.0 (N)
Cys (A) 508 381 295 184 143 98 110
Lan (B) 7 98 193 313 353 406 380
A+B 515 479 488 497 496 504 490
LAL (C) 2 26 42 41 45 43 53
A+B+C 517 505 530 538 541 547 543

Values given in # moles per gram

TWHZEERLTCVB, V227 7= vOBRERT
VE = TUBOBE LHARTEL, LB sT, V2
T2 VvEEDREIRAY VIRIMKEES NV T AL
HIZ X » TN BEABRD BRI,

Table 15 = X% &, KEEbL7 VY 2B OBEC

b, YAFVORPEIG LT w54 = v OUMIERD
bRBN, YAFVOBPHNTRTCT vF+= vk
L Lic 3@ bhiny,
itV ADBRELBRERIUALT, 7 v/E=THAED

BRI 0EM T,

Table 16. Amino acid compositions of wool treated with ammonia

Temp. of treatment: 60°C
Time of treatment: 2hrs.

Untreated Wool treated with ammonia
Wool 0.1 0.2 04 0.6 0.8 1.0 (\)
Ala 549 57.3 55.8 56.9 56.7 57.0 58.0
Arg 729 74.6 745 73.9 735 75.0 73.4
Asp 64.2 65.3 65.1 64.8 64.5 65.6 675
Cys 58.5 56.1 52.2 515 50.5 489 475
Glu 1279 131.2 1316 1305 128.9 130.2 1345
Gly 78.8 79.1 78.9 78.9 79.0 789 79.9
His 7.7 6.8 79 7.3 79 78 74
Ileu 37.8 35.9 35.1 351 346 35.4 314
Leu 78.5 775 75.3 75.6 78.6 79.3 755
LAL 0.5 1.0 11 1.1 1.0 1.0 11
Lan 17 2.2 3.8 5.6 6.9 7.0 9.6
Lys 28.8 29.4 295 28.8 279 295 28.4
Met 6.1 59 51 55 57 44 41
Phe 279 26.3 273 276 29.9 30.2 28.8
Pro 772 74.1 739 76.9 78.9 78.2 78.6
Ser 115.0 1164 1153 118.6 113.2 115.2 116.1
Thr 68.1 70.8 69.3 711 68.8 70.2 728
Tyr 317 321 321 311 32.3 315 30.0
Val 55.9 61.2 60.9 59.3 59.6 576 55.2

Values given in residues per 1000 total residues

VT T = vOBREILRE

Vs 7= vOELL-T, K
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FRERNE LIEROT ¢ 7 BT Table 16, 17,
BIRLIEBYTH D,

Table 16 R Rbh2 Lo, 7ve=TABEED
73 BB, TR L O, vAF VORY
CHIE LT vt = voRm»ERs 5B L4, fio
7 BEBERABECY > TEL LRV ERRLT
W5,

WERF P ) v AMBEEDT 1 BB Table 17
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L, FUFA=vEBINY U T 5 v OBENEDE
n, s r s voRPE Z A2 3 VEEOBINATED S
i, kU 2 vORMERSRDS LM, Tod

Table 17.

Temp. of treatment: 60°C
Time of treatment: 2hrs.

BNV YT 5 = vOMRECHL LT,
KER(LF b Y T LB EEDT I/ BEEBUL Table
BBt Thy, 2hih, 7rR)vIR
BR+57 i /BOfic, YUy, FrRYY, Ta=
AT F=v, 2 v, sz v, Ve
277 7= vOEFEORMNIREDL I,

4 E B

FECRWT, 747 ) ABEEEOBBROEED2E)
NN TCEER Lichd, 7 v = 7 A EE T ey
BT, BH—O0THEE), JEEMEEE bz
ALEB LI ERR LI, 2 &, FA—-1F%
B L T2 297 5 4 FOSMTIGK X » T8
BN HREREFIR S LOINHIEMOE 2 A7 -2 Co%
BB b RRBD B h T, Table 13 R L7z & 5
Z, TVvE=2THABRK X -T2 A7 v 4 FERDO—I
BRI, 5 vFF=vOMREDT NI/ TS
= VOWMHER LS EhE N, ZOBEORER I v A

Amino acid compositions of wool treated with sodium carbonate

Wool treated with sodium carbonate

Untreated
Wool 0.1 0.2 0.4 0.6 0.8 1.0 (N)
Ala 54.9 54.9 53.8 55.7 547 55.2 58.2
Arg 729 712 71.6 732 70.4 741 75.2
Asp 64.2 62.9 63.8 64.9 63.3 66.2 67.6
Cys 585 418 35.4 30.7 29.7 29.0 26.4
Glu 127.7 1324 130.1 128.2 1236 1312 136.4
Gly 788 788 81.3 78.3 794 77.0 80.4
His 77 8.0 8.0 75 82 7.7 7.0
Tleu 37.8 412 410 38.9 425 371 31.0
Leu 785 77.0 77.0 84.9 798 776 69.2
LAL 05 32 33 48 53 49 5.2
Lan 17 16.4 19.9 26.6 30.9 320 350
Lys 288 26.0 26.0 24.0 24.0 249 240
Met 6.1 8.6 11.0 10.0 108 7.2 6.5
Phe 279 28.8 30.1 269 29.2 28.1 26.7
Pro 772 734 72.4 79.1 75.9 788 785
Ser 115.0 114.3 1184 112.7 108.0 115.4 118.2
Thr 68.1 69.9 67.2 69.4 65.2 712 72.6
Tyr 317 29.9 30.6 307 27.8 26.7 26.0
Val 55.9 59.2 55.3 55.6 55.3 55.9 55.7

Values given in residues per 1000 total residues
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Table 18.

Temp. of treatment: 20°C
Time of treatment: 2hrs.

Amino acid composition of wool treated with sodium hydroxide

Wool treated with sodium hydroxide

Untreated
wool 0.1 0.2 0.4 0.6 0.8 1.0 (N)
Ala 549 564 56.6 576 59.8 621 63.0
Arg 72.9 737 747 728 746 728 762
Asp 64.2 65.2 65.4 655 685 70.9 707
Cys 585 443 346 21.3 166 112 127
Glu 127.7 1256 130.1 130.2 1362 1435 1448
Gly 788 783 766 724 673 63.2 62.0
His 77 11.0 111 10.7 119 106 114
Tleu 37.8 32.3 317 31.8 336 34.0 346
Leu 785 777 779 772 793 81.9 81.8
LAL 05 29 49 47 5.2 6.1 6.1
Lan 1.7 113 22.6 36.3 409 446 437
Lys 28.8 282 217 24.9 253 255 273
Met 6.1 62 58 6.2 53 46 6.0
Phe 279 293 274 268 26.0 246 243
Pro 772 80.5 785 772 789 774 779
. Ser 115.0 1135 1147 1112 1082 106.5 106.8
Thr 68.1 69.5 70.3 706 721 72.3 729
Tyr 317 315 295 217 243 25.4 24.0
Val 55.9 60.3 60.9 60.8 56.8 58.6 60.0

Values given in residues per 1000 total residues
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Wool Sample

2% 0s0s for 72hours

Fixation

Dehydration
1.Propylene oxide :Epon mixture

. (1:1) for 30days

Embedding )

2.Propylene oxide:Epon mixture
(1:4) for 24hours

3. Epon mixture for 24hours
4.Polymerization

Sectioning

Staining Urany] acetate for 15min.
Lead citrate for 5Smin.

Fig. 7. Methods for electron microscopy

of wool
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RBDTIRIL, BIEIPRELbRTHET LD L
Bbhsd, 02N COMBEDOEEITII R 7 — A5
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167 b U 7 A BEEROI N OE T AHRAL, 27 3
J BB 0% s S, high-glycine-tyrosine ZHEHED
BAOERRIDFBEC BT 5EE/ERIL L0 X 5 5
EETORRAYHBENCHRALLLDOTH B LE
A B

Biliic o vy » 4 FESOURNI X BIETTOE T
OB - BEEE X EATSH L TRINBEOTR
THHLEN, CHAT A FEEBLBICHNCE L
e DWW CHRESD ShCw B0, KERMEF b U v A4L
B 3513 BIE I OE T 3B oA LS b
CHEELTEY, BTOEZALOBRIATEECHD
EBbhs, MEofERicikSE, KEEb Uy A
LB MBIAR LD B AF Lin e, SEAENK

COEBRTIE R EE LT,

4+ E B

Wik ¥ T, FEFET 5740 ofEE oW
T, TOEBARE, 7 3/ BB S JiETF8e >
WTHERF LT & ey, FEEEMexT 570 ) ofEH
HRAE LT EDL 25 BT, HESALE D ORI
PDETCHD, FITEETRETEEONRRCRMEE
BB Ay — RS T B 7 4 Y OFERI 2T
FEMETEESE CRFIL, 2w THENETESEY
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RWT7 v Y OB 5 ER BN B oM
MR, E RN L B T s MRIESE S 6o
B2 TRE Uiz, BEhcEROREI>ED L
BHThot,

(1) 7ve=7RMF ) 7L X B0BCiirE
OilaEE S ECERAEY B XIETA, wa v MpEEL
TN ECHFS T2 0 BIMET Iz i, #M
PR A FEE L0,

—F, KEELF F U A X BT, 02N 0
ETEBEORMBEEES&FRO 6 BiXHEAL, EloAr—
MEFEET S 0 BREED 6 B b ~<SHitEnE <,
02N ¥ CORBTHIETETHHN, 0WMNOEE X
DAL TS L,

FEE i, KB + Y ¥ A QBERIEDIE I DIETF,
o7 3 B ML BEDZE kA5, high-glycine-tyrosine
FEEBOBAT D TENT E e, ZERERLE
D L5 Ity BE), LA L R TRREF R IERR L,

(2) 7APVRIBAY —VEEA~OFERILA y — L
FAT gap A& UTCWBAY — LB IOMEENT T4
L, PWTBFAY —VOARRThbb=FV 757
VEGIRD B X SHETHEE SR,

BUFEED A — S RBIBD T TH LN T
Mh VT X 5 TN E e b, PR S
i, MfhoBEKEMEF Y v A TRIELL, 2
WTIREEF VY VA, TvE=2TOIETH 70, KEEF
b Uy ARKER L b Y Y AMBEERECIRT vE= T
BEBREN, BREOWTHe ) FIFS LeFEMmO %
Lz 50, ZOFRBIRA Yy — A SRR OMNMORE D
B IBLDEZZLRD,

EAE TILAYRBEECHTDITA
A—=2 DR

Il

1. #

E3ENL, FERMECHTE 7 A0 ) MBI
NEFHRTEAr — A BEECERL, F0oREIT
TR IRAEN S, MMNOBBHANELT D LR
mE Lk, ¥h, Ay —VREOFENOBE TN
AED o T BIRHE S DI RAR 248 5 it & Rk
L7z

877, 7 A v YIRS AR O YR R D
BECFH IR T D, & EREBR TR AE D
> TBH 7 ) LA7AXEERBCEy F L, e T
HEDWRAYWET A0, TArn—=v /% fFid, &
D7Ar—=vI Lo THBLRL 2y MI—RND

DI, TEBIEFKEHILL D LT HRELD S,
Ok, TAR—=VIREST, mA=Y vERD
TAwVvKERW, "= vETA B VvORBNC L ST
oy PERKBENRLOLE LTVWB, £ TAERTILE
Ty v ERELORIGAVWTRE L, DWTT
A r—= Vet BRSO 7 3 /BRI E 2
r— MRS BER Lk, IBiT, TA0 Y AE
KXo TEEDR Yy — VI B L7 LbROM
FERHEONRCRME LIRS EBLOIBDT, Zhic
BT A r = v 7 L AHEOTREMC O THERE
L7z

2. RB@AE

(1) #AxE

Al —FLE=FAT A2 — L CREYHE L2
U F—AEERRV,

2) EELKRILTY Y EDREES
EEHL1gH0mb D7 v Ah, ZRIThKL A
7ATe VIEE S0 ml iz, HE Lk, 60°CoE
WA CRIER T - T,

(8) RILLAFZILFE FREOAE

0% kAT AT e FIBRETE eV EECKL LS
WK THER Lz, pH3~8 OB TCEEI LB H 1L A
7T e FOREERT pH IR Liny L OHED 215
5DC, pH OFBETibd o7edy, AERTDH
NMATATFe VWO pH it 411 (pH3.7~42) T4
P

(4) RIERILLATILTE FOER

EFERIG Lokl A7 45 e FET 0.3 M OBEER
W% F\»% MIDDLEBROOKE D It L o7z, D
FIHBSEDEBYTHD, kL2 TAT e FERGL
TR 2 R TR Lictk, 105°C TEE L,
EREEELETL, O3M OBEBAKR CIEHEBL
foo FRIBIC X o TEEDLEM LT DR LT AT
F& OLM OEMFEE S bV v AL, B A is R
ELTC, OINERETHELTRIGAL AT AT
ERE LI,

(6) 7i/BHH

T iEANNIBAETRO 7 ¢ 2 BERSVLEY
BT o e KD RDOEMS I 2 b~ F
Mz X vf7in -7z,

6) X —IEEDBRE

Al — AR A VR, BB Y S THE L
ARy SR EFBEBE Y M, 1500 42 CHIZE L,
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Tah )V MENAFEBECE LETERAL VRFER AT 2HE 287

(N 74R—z=vy
TAr~= Vv 3RERBDOTCELRER 7 (v v %
Huv, 7 4 = vEERE% 155°C, 180°C & LCHEH Lz,

3. BBRBRUEE

(1) RILLPLTFE K EEEORE

BRI 60°C, RITHFH 30 3 0&MT T, FEL&
NETAT e FEDRIGRCE XIETHALATATE
BEOEBIZOVTOERERIZ Table 19 G Lic &
BHTHB, ItB, 73 JBOTOERMLS, mAL LT
AT e FIBEETIIF v o vOLRREENRD S iz
DT, TITRFrY YERBDZEOWTTE L,
Table 19 735, 15M D hAL AT AT FIHE CHE
LIcEER 03 M OB CRIAT 2 &, LOXEEOF =
YVBREIRAEEXEO R EBERLUTHD, Oz
LD, FREBEE LILRAL AT AT e FidilE s 0FK
BTTRTENRINDLZ Ehbhrote, ¥, R A7
LT FREEYED CTUETS L, FARL A7 AT
FEIBML, —HEEFOF R Y VAR L,
DEREFLALVAT AT e FEORIGICE LITTRK
R OB OV TRE L, RIGRE 60°C, kA
ATAT e FEERIMEZ—F L1, o, REOT 4
R—= VIR H ST, FERCHTETA v vKOBHE
MEED, T4 r—= v /BRI 3 EXE0NES

Effects of HCHO concentration in
reaction bath on the amounts of
HCHO liberated from wool by dis-
tilling with 0.3 M-H3PQ, and tyr-
osine content of wool

Table 19.

Time 30 min.

BECTBID, A8/ —A2MLTHVSDOR—EE
THEDT, A8/ —L0GBERPCORLAT AT
L FEERLORILE2PWTHRE Lz, T 5
Table 20 R Lic & B D TH D,

Table 20 b5, 2 %/ —A XM AL AT LT K
BREFBLORIGTRHRA LT AT FORERILF
AT AT e FRBRTORERCE Ty, &<
<, RUGHREIOEGEE L OEANE L, —T7, F
22 VOB ERIZAA LT AT e FORIGER X { /G
L, A&/ —nEWNAHBE BERVATATE VE
DETRIG U CEEFOF vy vERIZE L oo T,

Table 19, 20 R BIF BFEE RV AT AT L FEFRr Y

Temp. 60°C
Concentration HCHO ‘T'yrosine
of HCHO in liberated by content
reaction bath distillation of wool
(mg/gw) (¢ moles/gw)
0 0 275
0.2 37 133
04 5.1 102
0.6 58 96
0.8 6.4 64
1.0 7.0 66
15 7.3 45
1.5% — 273

*: Treatment with formaldehyde followed by

distillation in presence of H3PQ,

Table 20. Effects of reaction time on the
amounts of HCHO liberated from
wool by distilling with 0.3 M-H3PO,
and tyrosine content of wool

HCHO 1M
Temp. 60°C
HCHO liberated  Tyrosine content
Reaction by distillation of wool
time (mg/gw) (¢ moles/gw)
(min.) HCHO+ HCHO +
HCHO CH;OH HCHO CH,OH
10 5.0 26 80 147
20 6.4 39 70 96
30 7.0 52 48 77
45 7.5 55 37 84
60 8.2 6.3 22 37
[+
0
2E
5 &
200

% o

a3 0

=5

oo

5€

I'; °

Te

‘2"5 1004

3=
Ew
<o
100 200
Loss of Tyrosine(umoles/gwootl )
Fig. 8. The relation of the loss of tyrosine

to the amounts of HCHO liberated
by distilling with 0.3 M-H3PO,
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YEBEOBFHEEYRIRTS L, Fig.8DEkHThH
b KkFry VLR, ARV ATATe FRLD
FEIgYIIOEARTRLTSS,

Fig. 8wk 5 &, pHATIH TORALLAT LT FE
BELORIGICE AT, RAATALFE FigFrs vk
RIEL, FroveEaLlichkr a7 ATFe Fi203M
DR L AR TEREN S Z £ b, Linb F
Ry VEFRLATATE FORIGIZEALTL:1TH
EEB2BRS,

(2) EEHECBKETTPAR—=VIORE

T A w2y S OEGREERIECE JIETFED
g oWT, ¥F7 I/ BRANALRF L, 71/
B W ORRNS, YAF Y, vV v, Fry vl
BRDBBNIDOT, LOfEY Table 21 R L1z,

Table 21 ic LB &, 74 v vK¥BEWEL - EE,
YAFV, Y vORPENREL, RAE-205RKbE
Mote, TOBEMIETA = vERIREY 155°C 5
180°C s &, —~BHEETH -1 —H, x5/ — N
ERAVATATFe FEORERT A » vKELTHG
oy, ) vEROB LRI DL, i, KA
V- 0BbDhhots, A&/ =, RALT L
Fe FREE 74 m vKELTHWISES, 740 V3
BREORRIZ2) v, vAFVEREORGY— 7 DE
CHEVEE L) o, TA4RrYvKELT, KFiIL
RA AT AT e FRBEERACEESLEEUN X o

Table 21. Influence of ironing on the content
of Cys, Ser, Tyr, and unknown peak

(U.P.) of wool

(# moles/g wool)

Cys Ser Tyr u.pb.

untreated wool 503 938 275 0
D~1550C 442 857 272 2.3
180°C 421 756 280 35
W_155°C - 511 949 261 09
180°C 486 868 249 17
F _155°C 427 904 12 1.3
180°C 410 901 14 1.6
MF_155°C 476 975 19 10
180°C 472 955 14 1.1
D: Dry ironing
W: Using the water for ironing
F: Using the formaldehyde solution for

ironing
MF: Using the formaldehyde-methanol solu-
tion for ironing

1000}

.
0\ ¥=,-709%+10M
NS, (r=09568)

g

o]

Q

o
2

Serine content {pumoles/g wool)

700
1 2 3 4
The ratio of area to unknown peak
Fig. 9. Correlation of serine and
unknown peak
ﬂﬁlﬁj&ff\. qu:o

FAATATFe FERBLEORIEEHEE LE, 24
N —AwIMZ 5D EEELIAEERLVLAT AT FE
BIRDT5 2 EEEDR, RBEOTA vn—=v /Tt
FryvOBEHMEIENSRENE D, EECILFEES
LATAFE FRIIAZ 7 — AT X - THEIhi\ &
Erbhb, FhFry voBHitlEns, 7T4r—=
VTS T A ARALATATE FRIIEELgY Y,
75~78mg LHEE IR D,

Table 21 735, 7Ar—=v2ZICI»T, &) VE
B L, R — 7 oWBIAEDLRICH, ZoW
FZ oMW THRE LckR %Y Fig. 9 iz L,

ik, vV VERERMY - 7 ORI r=
0.956 LR TE <, M Hiids BB (P<K001) o
BB ENb o, Y vk AF v L bk,
EHED 7 F 7 v, TiobhblHEOARIMERR TS A
= AHIRCELSEERDZ EMBY, TAr—=vS
CLBAr —AREEDRENEEINEDT, 74 17—
= VIR S EERME DAy - MO LA FERNE
TEEME A AV CBZ L, O/ Photo. 21~28
WIRLIZEBYTHD,

TA e vKeRAWkhotcBEd, 7TA4nvEHRE
155°C ¢ H Ay — A OB D b h (Photo. 21),
180°C GixE LV BB S h, —#TIAy —p
Tomhkbhicd o b EEE Ehic (Photo. 22),
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TAwvKE LTKEHCESEGZL, 740 vE
TR 155°C, 180°C & 4 A & — A DR E R TDLhic
(Photo. 23, 24), L L, ZOEERERT M = vK%E
vtk o o854 (Photo. 21, 22) it REEM S h T
Wiz,

TAwvKE LThL AT AT e KKER Y BT
4 (Photo. 25, 26) i3 A — L OB ENRRDLA DB L
DD, TOBREZKETAr vKELTHCWEEAGLE
ERILEBETHY, 71 v vk et
~, iRV h Tk,

TARYKELTAR ) —NEFLLTATE FOR
WA o84 (Photo. 27, 28) iy, 74 m vik&H
WD o BTN, Ay~ ARGEORBIE LR
Fi&h, KERIFAAMLT LT FKBELY 74 7 K
ELTRHWIEEAS LD, XAy —AiEEoiEE s
R, TARr—=v/c X5 BEYHLE, ERT200
WEETH o1,

L ED X 5 iigikE i Table 21 CBHLIAT 3
JEESHIORER ERSHIE LT3 EE 2 bhi,

() ZIHURBEEDR T —ILEEIC

BREIT7AO0—=TOHNE

TARrR—=vIO&EMELLT, A&/ — L&z
IM OGN ATATE FBRE 74 = vKE LTHY,
7 A v vEREREY 155°C, 180°C & LT7 L 4 V ALHE
FEXHTATA v—= v 7 OHELT 3 JBEROE
L2 BBE LckERis Table 22,23 D E B Y Th 5,

Zhicksé, REEF VYT A, TveE=7T0FRT
ME LR DOWTh, T4 v—=v 7082133
FURBETHS EEBbh5, 740 vOBI X HBEE
ExbRBEMY -7 OKEIN, BABEEECEDD
Hich o (Table 21) Lz LTHDH, Flt) v,
VAFV, FvFA=viREDRREDBL LI, T
AAVEEBNENRT A v—=v 7L BEBERKEL

Influence of ironing on wool
treated with sodium carbonate
(0.6 N, 60°C, 2hrs.)

(# moles/g wool)

Table 22.

Cys Lan Ser Tyr UP.

no-ironing 256 264 948 268 0
M.F. 150°C 251 253 926 0 0.93
M.F. 180°C 247 250 901 0 0.94

M.F.: Using the formaldehyde-methanol
solution for ironing

Influence of ironing on wool
treated with ammonia (1 N,
60°C, 2hrs.)

Table 23.

(¢ moles/g wool)

Cys Lan Ser Tyr UP.

no-ironing 400 85 970 278 0
M.F. 155°C 379 92 931 0 1
M.F. 180°C 380 90 923 0 0.91

M.F.: Using the formaldehyde-methanol
solution for ironing

FTHERIRD bR o, — T, RALT AT
CORIGEDIEE L B Fr oL, 7AHVRE LR
EETRTA v—=vrEe{ Bl Shish ok, R
F VY ATCHRELALEETILT vy VEBRNES DI
{edM, 7TAr—= v/ OBBETRTDOFr Y vtk
NATAFe FCEMidghbied, BToFar i
MEhich > B\ UBD LD LT, FhLAT LT
Fielnty MBI REF ) v A X5 r
VIRABOHE R EAEF R EELLRS,
DEFR TN VMBEECHTEHTA v —= v 7 OR)
BAEENETERET X5 Ay — ARSI L b
L7 F O# %1% Photo. 29-32 WiR Lt &R YT
Hbo

Thbr b s, H3BCBTHEDORLTAD Y
DB X BAr =D LhROMMET A r—= v 7L
Lo TIFRERHESIL, FUHEEEOHE Li1zER
BOFF Ay — SR RT EDbh ol ¥,
TAR—= VIR LoT, RRPEMOHEINDZ &
PREHHD R T, RERER,NS, HRPR
OB Ay~ ABEOT L o Th b Eh3 s
ERBENC R o EE LN S,

L B B

—OMHEH LCHVBR TG BT M v —= v T
ERCHIFIHERTED, & ERELERCIBENRE
boTws 7Y a7/ ARBEERECEY P L, A2 TR
HONREYBBET Db, T4 rn—=vrafild, ©
DT7Ar—=V I/ LoTHELRDE 2y MT—BRD
DTEL, TEBIUTKBMOLL D LT 2U0ENH B,
DD, TAe—=2 Vv B TRAL AT AT N

RBUTA R VREACCWS, T TAERTIRET

R LTAF e FEEREDRIGITOWTHKE L, D
TT7A r—= V7 FEEREOT T 7 ¢ 2 BEK
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LAy — AHEEOL e BBR L. DT AN VAL
B L - THBL LR, LhkoMiM2sFEfEo iR e
WhwIRS &Z2bhA0T, ChENTHET A r—=

v I X hAEO TR oV THRR L, bR
BOKBEIODEDEBY TH 5B,

1) pH4FBIE B AT, FL a7 AT FIEESR
DFrovEEALTLIOEETHEAL, Frovk
A Lichl a7 AT e Fik 0.3M OB X 2751 C
TRTCER SR, RAAT AT FEFEBLEDORITIT
BT, A&7 —AEFENTH EFEFRETHHRLA
TATe FREEA TS, ~J, T4 r—=vI7RE
TE, AKX/ —~AEIMRIRLVEATAT e FIERE 7 A
ryRKE LTRGBS TY, mAAT AT e FABR
OBE L Fu vy OBHEGRELeT, Fe o B
HEML, TAr—= VI CRHEFGTHRNVAT ATV
Bz lg 0EEYY 75~78 mg LHESI iz,

2) TAr—=v /BT, 740 v L5
Wy, vAFVEEEL, —HREOE-s0NHH
PSS, COBALT A v vKERAWIL) 5
BUEBELEL, A&/ —AEREMLIZT A v K2V
7B, BT X AEENRGEN o, COBFRIIER
BB THEMEC X - THE Lic R & — VS OIRERE
ERAARIE LT,

(8) TANVZIDRMEMNT A v—= v I X HE
R TAEMIED bR T, ERRET -
) 7 A CUB BT > LEETRF r ¥ vERIENE
SIBD, TAr—=VZ7DEETRTOF v vk
AAT AT FTCBMiZhA T, £H 1g M bhoils
RAATAF e FEREUEEEOH SO LN LIZIER
LTHhb, kVATATE FR kbt y MR REEF
FU Y AMBE LAy VIRV BOHMERYBLAER
Fie b D EFEg i, Ay — A BEOBENS, TAH
VA X » TR URAy —AEmBOMMNET A = —=
VIR Y o TRIETECHE IR,

E£5E HEBICREBIEHEREFTZILHY
REOHE

1. &

B, H2E, 3B R-T, LEHECHTS
T v h Y ABE DB O\ TR RS R I T X e
B, B EALOSTED b, TAR VAR (F ) v o) B

ol

e Yt TRICK L CRIHIC b7 BB A FF DB

FELELETHS, /K, FV v /OB T 5%
BRI S N T T 8, U v 70 B40

B OWTIREAERLRE IR T, 22T
FECBCTETAH Y EY v 7 OlEY, P33
R A BERA YR DX EREA ~DFEA, B JOBE
EREPLBRHL, SLPEEBOBMFREORIE X
Y v OB OWCTLEER L1,

2. RBAE

(1) BR¥=E

VAP VHRBEOM LN T vE =T B IUKEF b
) AEEE R, vAF VOERIE LETH
~fz FOLIN I X o1, 7ok, HES ORRER?23)
M, EHOEBEOYE, vAF VH05~13% BE
SEIRAEREREMNCI TS LB LDRD, RE
BRicks\Th, vAF VR 05~13%F BEDF ) v
TEELFLERREHED I,

(2) il

BRAORR

WY 7 v A &SRB R 1T o . £ DGBITIE
W.1:25, R 40°C C, HYPHROBEZI2EDLE
DTH5B,

A, BERMOEZ v AMEH VIC L BBERIL 2g/4 O
How sy ) IFEREH T, pHIL48 Th o1,

B. s usfgh ) 2g/f OB 1g DEEAIE S
VBRI LI R, & OO pH 1136 Th o1,

C. WiERSA 2g/f DYWL 20% BEREY 28 VRN LIoEs
W, “oBEwo pH 1132 Th -1,

wamOREROUNES &

BERIRIE OBREZE D ERCRE LR oY
B L, 7 v 2OERREE T ok, fOEE
13383 & LT PAN (1-(2-Pyridylazo)-2-Naphthol) %
Avsd - bEM L ST,

EEHMERNNDORERADBAREE

7w 5% L OHOBHEA~OBARE L ~~ bF Y
VIR CHe s LI YR R BEEE TR L, ~
b ) VOB, ¥ 7o apkiz BAKER O
Tk ot AT AR R GERG: X £
VA= A=) G, DEDOFEIETTI o0, HHUE
Lizilkfiea ~—~ F %) VIRRP T30 e L, Yot
Li-ghiess, BR3mm, £X3~4dmm DL = —LF
AR, €= — 8 LR D2 a2 R DiA &,
A BARICH T 60°C T 5 EMIKRE L, o
Hirmr—ATHREYOID, 0 S5EHFELT-
ok, 150 2 CEE L, Lok JURHBCEI 2 E0M
LA NY ;LAY N
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AT MRV Y UBE

~vbF Y v (CeHuOs A0 78) 1g % KK
1000 mé WML, ShicEEREF Y7 a02g %
ZTMEL, ~<bE2 ) v~ T 4 VB LCE
AL, BHKEEEE20 mé 2z Tl E Licd o,

B K

H v (NagB,07-10H,0) 25 g/4, Fifts (KsFe(CNg)
25g/0 DRBWEZERES Licb D,

3) ZeilEr

BRI IEREE 60°C, L 1:30 D&M Tt - 1o,
BHHEERISEDLEB D TH B,

BeERic kdke

B oAl h ) 2¢/l OB lg DEBREEA ) %
Wil o (pH:36) 2\, B 41:25, I8 40°C
DETC, W X 30 [ 5 300 syiEj o & <L
S, WHRALTI -7, Jefaiz Nako brown 2G #H
W, JuBHBREEX 1 g/l T, 60 SR E LT,

g 3 ST - 2

Acid Alizaline Grey G i\, YpHBEL 1g/f &
L, & #iz 30% &l 50 g/, #2447 & LT Na,SO,-8H,0
% 50 g/é ¥R L7 pH 23 3.38 ofuiaw ALy, 60 Sfg:
B L7,

REEEEIC L3 e

Remazol Red B # B\, JuphEEs 025g/¢ & 1,
Z I NaSOy % L5 g/l s Lcuis CRExBnk L,
BAfA 20 431%, 85% B4EE 013 mé/f &z, X5 204
# 013 mé/f Ehnx, 90 SR B EITI - T,

Table 24.

EELRDIEHMBEROAE

FetEgust, RIGHRuhe X AR L TIRaslc
EB L BB OBERAAE Lic, BEROAZEILA
SRR 101 RIA H €, it oREY hEE
BL, PEOBREAL»SEBENCRERLHEE L,
feBHEBICEE LTt Acid Alizaline Grey G D&t
625 nm, Remazol Red B#) -T2 518 nm O 3 £ % A
Wi,

FHOMBEANDBARR

e OREERT L2 ER3mm, KX 3~
4dmm DE = —AEIZ AN, AEFE LT=2F %8
feThbEerFL v A= =D A BEKY 634 0H
BATRELLLDOY E = — A LR OMBEE DR
&, BARICE YD), 60°C €5 REHKE Lok, Y%
§p &b, 600 fEOMSETHEET CRELCHE LA,
kiR OHE
HBOBHRE OGO AREALHO T &
AAG—=AZCAERAG, UCS®D L a, b %HEL,
FThed ) v/ RBEL L CRAE LTI O LTHR
= AE REH L

4E ~ | ALF+dap FI0F NBS

3. ERBIUER

D) BREEHBIETFIVIHR
BEAOBALBKETFI Y IHR
BRFOBIER~DBA S LITTF Y v 7 ORIt
Table 24 L& :D7 B hTH5,

The effect of killing on penetration of mordantifig agents into wool fiber

Condition of Condition of

Amounts of
cystine digestion

Time of mordanting in minutes

mordanting killing (%) 30 60 120 180 300
Without treatment 0 - - — — +
NazCO(-)
0.12N, 20°C 0.47 - - + i #
- 024N, 40°C 131 - + # "
Lr0r2 g/ 072N, 60°C 365 #
NH,OH
0.36 N, 20°C 050 - -~ . + "
0.72 N, 60°C 1.39 - + H i
Iizlcg r&%é’%ﬁ‘os Without treatment 0 W
S_%Sgg‘i_igg‘OH Without treatment 0 H
Penetration of mordanting agents
~: nil, +: slight, H#: considerable, # : perfect
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AR RFEMMIIE H1lE $35

Thiwrd e, BERMOE, o 2fH ) OHER @
BB D pH:48) TRWWT, 7 raDBARFY v
CXoTHELXZY, £V v /7ORBREDHLVLEL DR,
WX B & VAT v REOS L OR, HERFITE
FEREBA LB E V2 b, ThovAF vafEEN R
EThhug, ¥V vrHlE LCT7 ve=7, REEF Y
T ADWTREAVTS, BRFIOEEREN~OFBA
CERTCADERLND, ~w b F ) VTHRE L
YK % 150 fE DR CHZE L B oOBRF ot ~o
FEARTE Plate. XVIIT iR Lz B0 ThH 5B,

BN E 2 v AFED VR OB, EABEET
VHIEEYE 300 S ERICHD T 7 & 2 OMEENA~DEA DD
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condition of mordanting :

Time of mordanting in minutes

Fig. 10. Effects of killing with ammonia
on adsorption amounts of mor-
danting agents
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£ ;4004 pH: 48 emp.:40°C ,

58 N p—
g%soo . /g‘/;/g——_;;'% °

89 200] f=° )

gS o—o without treatment

c é 100 x—x amount of cystine digestion: 0.5%
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Fig. 11. Effects of killing with sodium car-
bonate on adsorption amounts of
mordanting agents
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Fig. 12. Effects of killing with ammonia on

adsorption amounts of mordanting
agents
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Effects of killing with ammonia on
adsorption amounts of mordanting
agents

Fig. 13.
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x———x killing with ammonia
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Fig. 14. Effects of killing on adsorption

amounts of mordanting agents
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Table 25. Effect of killing on wool color dyed with Nako brown 2G
Amount Time of mordanting in minutes*

Condition of killing %figgii%’:f 30 60 120 180 300

(%) L a b|L a bH|L a byL a bb|L a b
without treatment 0 142 —09 19146 —0.6 1.8/15.2 —0.6 2.2(15.2 —0.5 2.2]153 —0.2 2.2
NH,OH 0.36 N, 20°C 0.5 144 —-12 20154 —0.7 1.8]154 —0.6 1.7]16.0 —0.1 251569 0 25
Na,CO; 0.12 N, 20°C 0.47 147 —1.0 1.8/15.6 —0.8 1.915.8 —0.5 2.016.0 —0.1 2.7]159 —0.3 25
NH,OH 0.72 N, 60°C 1.39 154 —0.4 22155 —0.3 1.7]16.0 —0.2 2,0161 —0.2 2.7160 0 27
Na,CO; 024 N, 40°C 131 151 —05 22154 —0.1 19156 —0.8 2.2159 —05 28159 —0.1 26
Na,CO3z 0.72 N, 60°C 3.65 155 —0.3 2.316.0 0 21)165—0.1 25]16.1 —0.7 3.2163 0 3.0

*

MotciebEBbh s,

2) EBLCBRETFITHER

[ 3 A2 1 Pl Y )

PEYLRFRE] % 30 43fll 2 & 300 43 R 0L B T 1L & 2,
Nako brown 2G %\ T 60 SR E AT 7e » THS

(78
s

A\

Color differences(4E NBS)
\\”

30 60 120 180
Time of mordanting in minutes

300

o

o amount of cystine digestion 0%
(without treatment)

x killing with sodium carbornate
amount of cystine digestion 047%

x-—---x kiling with ammonia
amount of cystine digestion 050

a killing with sodium carbornate
amount of cystine digestion

i)
1.31%

a—---akilling with ammonia

amount of cystine digestion 139%,

o—— killing with sodium carbornate
amount of cystine digestion 365%

Fig. 15. Effect of killing on color differ-
ence (4E) of wool dyed with

Nako brown 2G.

Condition of mordanting: K;Cr,0O7 2 g/¢, KHC,H,O6 1 g/4, pH 3.6

hif o xt+% L, a, b ®{f% Table 25 v 7

L7

Table 25 12 X % &, GEOFLTECHE (L) ks
THHBLIRTNBT LD, a LU0 DOEITY
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B OB F Y v/ OBEIL X - TRy, ) vy
H T oo b OBE L, FRBERRMAEL TSI
o TE ot FU VI/REST, 30 RlOBY%
TTie - etk Y@l Uit L, a, b OffxiiE s
LT 4E %3 E L, BRI S LtEDb LR
Fig. 15 Th 5%,

Fig. 15 1ck s s, REEF IV 7L, Trvra7uofF
HEBWiex ) v 7/ Th, YAFUHRENFRETDH
Wi AE 303 & A ET A b o T2, BARE (L) OfFC3R
BShhiz Lk, UV vI/BERC L » T 4E 387k b,
FY VIRHBL Gl oT2b D, ThbbyAF UHRE
DEVS DR JE 3FEL ot EBEBOR VD
O AE 30 otc. L L 180 3ol AE
TRIE TR L B2 b, RRABO & 5 i
et ST T oELRhT X B 3t TR YL [ % 180
SR BT o CO R BRI LA e B L B,

BEPI Rk B Plate XIX R Lz &0 T
Hh, ThicXd &, FY V7L TR T
fEoFOE CHRE ST, bTr* Y v 2Tl
b O (P AF VR 05%) T 0 E <R
R IN T, BRRBOMKRILsL, 22T
Fu Tt e et CEGF AL OB & CFE B & AR
AR, LMo T, SOTE) VI RS h - 1ok
HECHRHE R LB ST b » o DV GuR R O &
THEA L ofeled&Exic, —HF Y v 27hkbTn
i, gekbirdgidEohofieE cEAL, 7o Fig
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BB NL K, vAF VMR L13E DX
VIDLDE, XD AE ZEEAFHEL VW E
Pbd, ThODRALEETTOF Y v /T < FH4L
BMTIV DEEILRSD,

Table 25 O BB 13y v /% 7705 & B ENS
{T1e%, TichbRERBITERL b B ERHIh S
2%, Plate XIX OfBR0bEEX B &, ¥V VIRET &,
YRR e i — iy S hTw3, — i+ Y
v 7 RRE X e b O TGRSR I D SR FE X
, BAEFRE COYRHEE ¥ ) v /il L v &<
LT ENEZLN, TRNEAEEEORELYF) v
FELVEL, ThbbR LB ROeIRZERLR
bhb, FRBERREHAR LB T, BHENEL

1000 1
o« —*
.
o
/ Aa{_‘
o * s T
z 0/ s T X
‘3 ./ /A/,/ /x,/x
@ a //’ )7" °
L~ S A’ 7 x o
i | T
= -2 °
<g 500 / A/’A,/x//o/
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.0.9 //A//’;( o/
:t-% A///}/o/
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58 /e
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@
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5 15 30 45 60
Time of dyeing in minutes

o——o without treatment
% killing with sodium carbonate
amount of cystine digestion: 0.47°%
killing with ammonia
amount of cystine digestion: 0.50%
4 killing with sodium carbonate
amount of cystine digestion :1.31%
kiliing with ammonia
amount of cystine dngestion 1.39%

——e Lilling with sodium carbon
almc|> twog cyshwe dxgeshon 9. 65,

Effect of killing on adsorption
amounts of Acid Alizarine Grey

G held by wool

Fig. 16.

Thoteh’, BRRROBEL LI X 5 CELFO
WEBIEEHEEE L LT T Sy, B
R D IER Y OREHEN TR~ D — T I D 7 it
B EFEL LR, HHEFSE TOELF O ERE YR 2
B bl TENMETTHZL3EBEAbR, COC
LSRR COBHEYED b0 L Bbhs,

[igc 323 2 T %3

Acid Alizaline Grey G %[\, 60 g %477
- TR O L 24ukl Ok EE DR 1L 1t Fig.
16DEBDTHD,

TR EBE, TYvE=T, REF I AGThY
AuvicF ) v, YvAF VHHENRBE THIT
BB OREFERBITINIE & A EMEN L, FY v 7RHEL
ﬁ&ot&@,?kbﬁvx%Vﬁ%§©%v§@@
RERIED -1,

ROCIBLA E L COMBES b Y v 22t
LR DOFRBIC L 2YRE BORRFNELX Fig. 17 o
ERHTHD,

ZhicXse, REEF PV Y ATHFY v 27 % LT

1500- "
A/ 2

y G

/

/

1000- /,,
A

\‘\

(mg, dyestuff/100g wool)

(2]

o

=)
T
~

Adsorption amounts of Acid Alizarine Gre

T T T M
5 10 30 45 60
Time of dyeing in minutes
o without treatment

a a killing with sodium carbonate
amount of cystine digestion : 1.31%
4-------A killing with ammonia
amount of cystine digestion :1.39%
Fig. 17. Effect of differences of killing agents

on adsorption amounts of Acid Aliz-
arine Grey G held by wool
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Table 26.

Effect of killing on wool color dyed with Acid Alizarine Grey G

Amount of cystine

Chromaticity Color difference

Condition of killing digestion
L a b

(%) (4E)
without treatment 0 334 —-14 —4.8 0
NH,OH 0.36 N, 20°C 0.50 315 —-11 —-586 2.0
Na;CO; 012N, 20°C 0.47 31.7 —11 —48 18
NH,OH 0.72 N, 60°C 1.39 29.6 —15 —46 38
Na,CO; 0.24 N, 40°C 131 30.1 —15 —4.2 34
Na,CO; 0.72 N, 60°C 3.65 269 -18 —35 6.6

BT VE2TREDBF Y V7 L DRSS
-7ze [\ CRR % AV AR B B80T, Ui OFEmaisk
kit s pHEALITREEF b U v o) v 7 it T
267~345,7 vE =TI XD HDTIL267~330 L %D
pH IcHE B -t Thobb v AF v RENRE—L
SNTHoTh, LOBBREECERS DS, & OBR
BHROERRPROBERCHE LI D EEL LR
Bo MBI YA L B EFEML AT LICE
b, BERERE L YRIRER & OBIRAETI S h, Fig. 16
TROLNICL I, KT LY 7ol T vE=TIE
HF Y VIRIOERS YRR ERITEE Lich o b O
LEZBNRD,

MHENy~ DYt DF AL Plate XX, XXI wRk L&
BOTH5bB,

Zhiw kb &, Acid Alizaline Grey G o#k # Py~
DFEATED THETH », UL T 60 I OYL
BELIRHNIBHEN R BA LT h o 1o BAR
F) VIR LS TRES IS, FY v/ E2H{fTho
T2h D, Thibb vy AF 5 lE365% DL0Th, Y
BHIEHE D FOFIC & THEA Lish o 1,

Hutats OO B O BT Table 26 KR LA LB D
THbo

Zhizksd, WEENEL, BT -T5EE
ZoNhBL0,Tihhbb® Y vI/ERHBL T d DR,
HIENMED o oo B Sl oBE Vb, ak
TOh DL, BFEREEKC X - THEYZT T
Wiz, MABEEED L, a, b OELYEEC LTEE L
AE DEC 1% &, MEOEOEIMTE LT, £d 4E ik
Ellrolk, ¥R7 vE=TERBEF NI VAl LD+
Vv 7 OMERGEE JE B Ui o1,

RISt k3t

Remazol Red B & vy, 90 552177 » 722D
AT X 2 BB B ORMIELL Fig. 8D L kb

THb, Fig. 18 TIIREEF PV T ATFY v/ %R L
KO A DNTDORR LIS, Y AF VHREN
RO, 7vE=77Tx) v /ol LliiEosa
LIKEEF b ) TV ADBELBEAERILTH D TE
ZRIRE ol

Fig. 18 it £ 3 &, &EI205 B oG CORERIT 7
Gy VAF UREIDY D, | F ) v IR0 b
DU TCORRREROHELZ S TP TH T, 20
S, 86% ks % 013 mé/4 DEIGTINZ, pH % 5.7 1

— »

800 T a—a—s 8
X e — X
T
-]
Q3 mifn

85°%% HGOOH added

o

001

Adsorsorption amounts of Remazol Red B
o (mgs dyestuff/100g wool)

S
N

S s
/" azxl013min
5% HCOOH added

e
%
\0

5 15 30 45 60 7 90
Time of dyeing in minutes

o Without treatment
x amount of cystine digestion 047°%

-}
X

a——a " 1L31%
" " 365%
Fig. 18. Effect of killing on adsorption

amounts of Remazol Red B held
by wool
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Table 27.

Effect of killing on wool color dyed with Remazol Red B

Amount of

Condition of killing d?g:gitriloen L Chron;atlmty b Sat-u—riion difcf::rlgrl;ce
(%) (Wa2+8?) (4E)
without treatment 0 422 437 155 46.4 0
Na,CO, 0.12N, 20°C 0.47 40.1 431 16.0 46.0 2.24
NH,OH 0.36 N, 20°C 0.50 39.9 442 16.0 47.0 2.43
Na,CO; 0.24 N, 40°C . 131 40.1 457 16.0 48.4 2.94
NH,OH 0.72 N, 60°C 1.39 40.2 441 16.7 472 272
Na,CO; 0.72 N, 60°C 3.65 37.7 45.4 16.0 48.1 4.84

L32EETR LD IREBIZMCHEMNL, ~AF
VA IRE 365% & 1.3% D 1 DT30S 0RE TizIg
ST Lz, YeBanG 40 53141 859 s % 0.13 mé/4
DEEG CHERM U, v AF vAMBEOEWL D (&~
AF VA RE: 365%,13%) Tixrhic k- TREED
BhIgEDdonhote, YAF ViR 05% DF Y
v 7R EE AT o T & AR RE IR 40 4y 14
PMERIIINL, 505 F-Cikdis hEM LI, £0
HOBEIESITBD T o7, VS ORE LT
LK S TORBRILFV v 7 OBE X » Tt b,
F U VIRBL TR o7cb DBRED 5 o, SO
ERARTHZRERESHHBEL TR o7, 905D
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B 05, 1.3 365% 0 3 &) BABE BT AERBEEND,
REFPY T ABIOTT7 vE=27DWThTFY vy
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CARFUNREY LT, FOEEL L LBALDELE
xBo B, BEREIC X BRE T, BREAYML B
SIcE, REEF LV AR LBF ) v OGN T
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4 2 8
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#®H L, bt fgofftEnofcksXETsy v
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Moto, BEAEES D EHEM LSS S X ORERND
7 | AP BT, VAT VHREDSRRE TART,
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Résume

The cysine content of wool is higher in the
cuticle which forms the outside of wool fiber than
in the cortex. Particularly in the exocuticle, there
is about one cystine per five amino acid residues.

The exocuticle has a very compact structure and

is hardly swollen, thus rendering the penetration
of dyestuff difficult. Breakage of disulfide bonds
results in the swelling of the keratin which in
turn makes the wool easily stainable. Disulfide
bond breakers are oxidative agents, reducing agents
and alkali.

The oxidation and reduction of wool cleave
disulfide bonds of keratines, and result in the
decrease of the number of the crosslinks. Con-
sequently, the stress of the wool fiber in wetting
is reduced. The treatment of wool with alkali
also hydrolyzes disulfide bonds in keratines, but
lanthionine and lysinoalanine are formed to give
alkali-stable crosslink. Therefore, it is expected
that the number of crosslinks in the wool treated
with alkali is different from that of the oxidized
wool or the reduced wool.

Effects of alkali on wool have so far been stud-
ied with special referance to their efiects on disul-
fide bonds, but it has not been discussed from
the view-points of mechanical properties and mor-
phological structure. The relationships between
the alkali-treatment and stainability has not been
discussed quantitatively. In the view of the above,
the present author studied in this report effects
of alkali not only on disulfide bonds, but on the
physical, chemical, morphological and tinctorial
properties of wool.

From Chapters 1 to 3, the effects of alkali on
wool were discussed in fundamental aspects; the
effects of three kinds of alkali, ammonia, sodium
carbonate and sodium hydroxide were investigated
in the view of mechanical properties, amino acid
composition and morphological structure.

Chapter 4 deals with an attempt to recover
through ironing the damage in the luster and
feeling caused by alkali.

In Chapter 5, quantitative aspects of killing with
alkali on dyeing were discussed.

The results obtained are summarized as follows :

1. Ammonia treatment caused a shift of the
stress-strain curve of wool fiber in water at 20°C
to lower stress, parallel to the untreated wool,
but the stress relaxation behavior was similar to
the untreated wool. When the water temperature
at measuring was elevated, the strain at the end
of yield region and the breaking point was de-
creased. From the reults mentioned above, it is

considered that lanthionine and lysinoalanine are
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not formed enough to alter the structure of wool.
Amino acid analysis of the wool treated with
ammonia indicated that the amount of cystine re-
duced was not equal to the amount of lantionine
formed, and that the amount of lysinoalanine
formed was extremely small. Therefore, the total
amount of crosslink that is cystine, lanthionine
and lysinoalanine was less than in untreated wool.
The amino acid composition except cystine,-lant-
hionine and lysinoalanine was not changed by the
treatment with ammonia. Observation of the mor-
phological structure indicated that the treatment
with ammonia influenced the cell membrane com-
plex of the cortex, but the d layer in the cell mem-
brane complex which contributes to the stiffness
of wool, was unaltered. On the other hand, the
damage of the scale structure was less severe than
that of the wool treated with sodium carbonate
and sodium hydroxide.

2. The stress-strain curve of the wool fiber
treated with sodium carbonate showed a charac-
teristic feature in post yield region. The slope in
the post yield region was higher than that without
treatment ; the higher the temperature, the more
remarkable the tendency. The result of amino
acid analysis indicated that the total amount of
crosslink formed by sodium carbonate was highest
among the treatments tested and higher than in
untreated wool, and that lanthionine and lysinoal-
anine contribute much to the stability of wool.
It is considered that stable crosslinks stabilize the
mechanical properties of the wool fiber, and that
the rate of disulfide interchange reaction in matrix
decreases by the formation of the stable crosslinks.
The changes in the cell membrane complex of the
wool after treatment with sodium carbonate are
similar to that with ammonia. But the scale struc-
ture of the wool treated with sodium carbonate
was more severely damaged than that with am-
monia; the surface of the scale structure became
irregular. It is considered that the irregularity
of the scale results in the decrease of the luster
and the rough feeling.

3. When the wool was treated with sodium
hydroxide, a characteristic feature was recognized
in Hookean region of the stree-strain curve. Even
when the water temperature at measuring was
elevated, the stress at the end of Hookean region
and yield region was significantly lower than that

without treatment. From the results mentioned
above, it is considered that sodium hydroxide acts
When the water

temperature at measuring was elevated, the stress

primarily on the microfibril.

at breaking approached to that of the untreated
wool fiber, and the post yield slope did not differ
statistically from that of untreated wool fiber, while
the total amount of crosslinks was close to that
with sodium carbonate. Therefore, the change of
the stress-strain curve caused by the elevation of
the temperature suggested that the stable cross-
links formed by the treatment with sodium hy-
droxide decreased the rate of the disulfide inter-
change reaction. However the stress of the wool
fiber decreased greatly, in spite of the fact that
the amount of crosslinks was equal to the wool
treated with sodium carbonate.

The decrease of the stress is considered to be
caused by the degradation of the high-glycine-
tyrosine protein. From the electron microscopical
observation, the 4 layer of the cell membrane com-
plex in wool which acted as the cementing material
was disappeared by the treatment with sodium hy-
droxide. In conclusion, it is considered that the
decrease in the stress of the wool fiber is caused
by the degeneration of the microfibril and by the
digestion of the cementing material.

It was known that the decrease in the stress
caused by the break of the disulfide bonds led to
the partial recovery as a result of introducing
other crosslinks. However, the rceovery of the
stress in the wool treated with sodium hydroxide
was very difficult, since the fundamental structure
of wool was damaged by the sodium hydroxide.

4. Formaldehyde combines with tyrosine in
wool in a molar ratio of 1 to 1 around pH 4, and
the combination could be completely recovered
by the distillation with 0.3 M-phosphoric acid. In
the reaction between the wool and formaldehyde,
the addition of methanol to the formaldehyde
solution decreased the amount of the formaldehyde
combined with the wool. But in the process of
the ironing, the ratio of the tyrosine modified
with formaldehyde in the presence of methanol
was the same as in the absence of methanol. The
amount of formaldehyde combined with the wool,
in the process of ironing, was estimated to be 7.5~
7.8 mg/g wool.

5. In the process of the ironing, heating caused
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a decreased of the contents of serine and cystine
in wool, and an unknown peak has been indicated
on amino acid chromatogram by heating. The
damage of the wool by heat was the highest in
the case of the dry-ironing, and the lowest in the
case of the ironing using formaldehyde-methanol
solution. This relationship was in accord with
the observation of the scale structure by scanning
electron microscope.

6. The degree of the heat damage did not differ
in the alkali-treated and untreated wool. The
tyrosine content of the wool treated with sodium
carbonate was lower than that of untreated wool,
but the amount of the combined formaldehyde per
g wool was the same as that without treatment,
since most of tyrosine was modified by formalde-
hyde at the stage of ironing. Electron microscopic
examination of the scale structure of wool demon-
strated that the surface of scales was damaged by
alkali treatment, but the damage could be recov-
ered completely by ironing.

7. When acids were not added to the mordant-
ing solution, it was observed that the penetration
of chromium into wool fibers was changed by the
dergees of killing, and that the time needed for
the penetration could be reduced in accordance
with the amount of cystine digestion. When acids
were added to the mordanting solution, the mor-
danting agents easily penetrated into wool fibers,
and even in the case of wool without killing the
mordanting agents penetrated after thirty minutes.

8. The adsorption amount of the mordanting
agents was varied by the degrees of killing con-
ditions, and the greater the amount of cystine
digestion, the higher the the adsorption amount
of mordanting agents were. In the copper mor-
danting in which acids concentration were higher
than in the chromium mordanting, the adsorption
amount of copper mordanting in which acids
concentration were higher than in the chromium

mordanting, the adsorption amouni of copper with

wool were extremely high, and the adsorption
amount of copper with wool treated by sodium
carbonate was higher than those of wool treated
by ammonia.

9. In dyeing with the acid dyes and the reac-
tive dyes, when the digestion amount of cystine
was approximately same, the differences between
the kinds of killing agents (sodium carbonate,
ammonia) on the adsorption amount of dyestuffs
could not be obserbed.

10. The penetration of the acid dyes into wool
fibers was very difficult, and in the case of wool
without killing the dyestuffs did not penetrate at
all. On the contrary, in the case of wool subjected
to killing, the penetration of dyestuffs was accel-
erated in accordance with the amount of cystine
digestion. In dyeing with the oxidation dyes and
the reactive dyes, the dyestuffs penetrated easily
into wool in comparison with acid dyes. However
in the case of wool without killing the dyestuffs
did not penetrate up to the center of wool fiber.
Whereas in the case of wool subjected to killing,
the dyestuffs penetrated up to the center of wool
fibers.

11. In dyeing with the acid dyes, oxidation
dyes and reactive dyes, the differences between
the kinds of killing agents (sodium carbonate,
ammonia) on the chromaticity could not be ob-
served. In dyeing with oxidation dyes, the more
the amounts of cystine digestion and the longer
the time of mordanting, the higher the lightness
in uniform chromaticity system was. In the dye-
ing with acid dyes, the lightness in uniform chro-
maticity system was lowered in accordance with
the amount of cystine digestion.

In dyeing with the reactive dyes, the lightness
in uniform chromaticity system was lowered and
the saturation in uniform chromaticity system was
heightened in accordance with the amount of
cystine digestion.
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Plate I-VIL

Photo 1.
Photo 2-7.
Photo 2.
Photo 3.
Photo 4.
Photo 5.
Photo 6.
Photo 7.
Photo 8-11.
Photo 8.
Photo 9.
Photo 10.
Photo 11.
Photo 12-13.
Photo 12.
Photo 13.

Plate VIII-XI.

Photo
Photo
Photo
Photo
Photo
Photo
Photo

Plate XII-XV.

Photo
Photo
Photo
Photo
Photo
Photo
Photo

Photo

14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24.
25.
26.
27.

28.

Explanation of photographs

Scanning electron micrograph of alkali-treated wool fiber

Untreated fiber
Fiber treated with sodium carbonate (1 N, 60°C)

Time
Time
Time
Time
Time

Time

of treatment:
of treatment:
of treatment:
of treatment:
of treatment:

of treatment:

10 min.
20 min.
30 min.
45 min.
60 min.

90 min.

Fiber treated with ammonia (60°C, 2 hrs.)

Concentration of ammonia: 01N

Concentration of ammonia: 02N

Concentration of ammonia: 08N

Concentration of ammonia: 10N
Fiber treated with sodium hydroxide (20°C, 2 hrs.)

Concentration of sodium hydroxide: 02N

Concentration of sodium hydroxide: 04N

Electron micrograph of alkali-treated wool fiber

Cross-section of cortical cells of untreated fiber x50,000

Cross-section of scale cells of untreated fiber X50.000
Cross-section of fiber treated with ammonia (1 N, 60°C, 2 hrs.) x25,0600
Cross-section of fiber treated with sodium carbonate (1 N, 60°C, 2 hrs.)
Cross-section of fiber treated with sodium hydroxide (0.1 N, 20°C, 2 hrs.)
Cross-section of fiber treated with sodium hydroxide (0.2 N, 20°C, 2 hrs.)
Cross-section of scale cells of fiber treated with sodium hydroxide (0.4 N, 20°C,
2hrs)  X50,000

% 1,500

X 25,000
X 25,000
X 25,000

Scanning electron micrograph of wool fiber followed by ironing X1,500

Dry ironing, surface temperature of iron: 155°C

Dry ironing, surface temperature of iron: 180°C

Using the water for ironing, surface temperature of iron:

Using the water for ironing, surface temperature of iron:

155°C
180°C

Using the formaldehyde solution for ironing, surface temperature of iron: 155°C

Using the formaldehyde solution for ironing, surface temperature of iron: 180°C

Using the formaldehyde-methanol solution for ironing, surface temperature of

iron:

155°C

Using the formaldehyde-methanol solution for ironing, surfrce temperature of

iron:

180°C
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Plate XVI-XVII. Scanning electron micrograph of alkali-treated wool fiber followed by
ironing, using the formaldehyde-methanol solution for ironing X1,500
Photo 29. Ammonia treated fiber, surface temperature of iron: 155°C
Photo 30. Ammonia treated fiber, surface temperature of iron: 180°C
Photo 31. Fiber treated with sodium carbonate, surface temperature of iron: 155°C

Photo 32. Fiber treated with sodium carbonate, surface temperature of iron: 180°C

Plate XVIII. Penetrative situation of mordanting agents into wool fiber X150

Photo 33-38. Chromium mordanting not added acids

Photo 33. Without treatment, 300 min. mordanting

Photo 34. Amounts of cystine digestion: 0.5%, 120 min. mordanting

Photo 35. Amounts of cystine digestion: 0.5%, 300 min. mordanting

Photo 36. Amounts of cystine digestion: 1.3%, 60 min. mordanting

Photo 37. Amounts of cystine digestion: 1.3%, 180 min. mordanting

Photo 38. Amounts of cystine digestion: 3.65%, 30 min. mordanting

Photo 39. Chromium mordanting added KHC,H,Og without treatment, 30 min. mordanting

Photo 40. Copper mordanting without treatment, 30 min. mordanting
Plate XIX. Penetrative situation of oxidation dyes into wool fiber X600
Photo 41. Without treatment

Photo 42. Amounts of cystine digestion: 0.5%

Plate XX-XXI. Penetrative situation of acid dyes into wool fiber X600

Photo 43. Without treatment

Photo 44. Amounts of cystine digestion: 0.5%
Photo 45. Amounts of cystine digestion: 1.3%
Photo 46. Amounts of cystine digestion: 3.65%

Plate XXII. Penetrative situation of reactive dyes into wool fiber X600

Photo 47. Without treatment
Photo 48. Amounts of cystine digestion: 0.5%
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