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Treatment of wool with isocyanates and

its effects on the mechanical properties
Natsuko KOHARA, Chika TAKIZAWA and Harukazu TOYODA

Wool fibers were treated with cyclohexyl and « - naphthyl isocyanates

(designated as CI and NI, respectively) in N, N - dimethylformamide, and

their contents of cystine and cysteine and the effects of these treatments on

several mechanical properties were investigated. Treatments with CI and NI

were found to have very little effect on the contents of cystine and cysteine.

Treatments with phenyl isocyanate, phenyl glycidyl ether, CI and NI were

found to affect on the extention set of wool fibers, The tensile strength under

standard conditions was decreased, and the young’s modulus and toughness in

water were increased by these treatments.

1. #E

EEMBMEL, 7FINVEANT VI AD2HE
OHfE» S %D, ZOERIETr 7 F 8 v
IBETHDH, FOEICEEDIEr 7 F >~
YN IBELEENTWS, THODT T F >
LH—DY NI BETE KL, AFT7VEERT
IR BRI T A FRESTEET S I LN
HonTwbd, aVTyZ7AHFDIra7 47
DV ERFERL TV 7 7 F a1 I3 RAI XK
BEThda— 7 BEEEL, T D5 T H#iR
WY AFUBRBEICE DY ANT 4 NEBHEE
BEHEINTED, & 5IKERECHKES
R EOTRWES GERERES) KXo T, £
OHE OB RIEEDRF I N TS,

D& BFEEBMELK2 5% KT 5
L, 2O TRKEREEWER I TS a—7

Y URBENELLIRD, HU30%ICET S L,
FNOSFHEIICH LuARBEEZERL TS —
BECEbL L ubhTwb?,

FEBMEO IO LD LM CEBRERLZN
Fhz20xy VECHEET 5720, £y MEE
OFANKEEE 2> TWwb, INE TIRIES
NTWEFEEOR Y MBI, 20775700
VAFURBEEVATA VEEEDBEDY AV
74 REEFANEOTBKIGIZ LB A F
VAE ORI R BT 5308, KEGES, B
KiEG s EDQOZRNFEH ORI 2 BT 5318,
BLUOZOXREEDa— 7 EEVSL—HE
EANOR LR ER T LG L IR NS, L
»L, FEOXY ML, by bERBFICIo
TERLOTRBZVIEEZONEY,

ez, FBEBHETOY AN T 4 VG BE

25



AEHERE TS RHCE. Vol 3 (1994)

L, 20Xy MENOEEERE LIz L Z 5,
PANT 4 FEREOEMILT Ly MED
M LSRN H B LIV T, BLasEy ME
AR Y T F RO RIS ORI K
LT B ATEEMEDVIRIR S U720 RICER T 5
T > O FHEOBKEEG 8T 5 BT,
TFNAY T F =+ (B AAHEIZ XY BAM
DT NVFNVERFEAL T, ZOHE, KBkt

TEBIO7T) —Y ey MMERAELED, &
AT Y MIHERF S - 709, RIZE
EHMEPICEAEEZEAT IOV Y F—
(VB EIT> 72, L, ZOGHEE, 7
D=V Ey MEADE L OEIERNTED 5N T,
Bt OMmR Y v MERBTIED L 28I
P 51 7:Y, Milligan & Wolframid, FEE 2
SHOELHEAT L Ly MEOR EICHIES
BB EHEL TR, 22T, FEMEEDICH
LENT c o VHEBEAT B0, 7)Ao
V7 =M PD"BLUS T2V T) DN
T —7 )V (PGE) B> 2T o 72, 2o ONLH
I, BYMo ) —Y vy MEB X O
DRy MEDOR FICHH & SR ED &
iz,

Sl 6 BROBERAMLAY TH Ly 7o~
FYNMAYVSTF—FCD, BLVT7x =~
V7 F—=hED I &G 0a-F 7 F A
V7 —bF (NI) EFEEEDORIGERS L
Too —MRIZ, RIRMEMEICALFAIE % 16 L 72834,
SRR T R B EWENRUN OHREDE T
TN LIED S, T, DT IER
T BHE O T HOMERL 2 KT 2 4 DT
HY, FrKPTOMMEDOS R, KihT
DEFREEC L > UTbh b fHELy bEED
BESHfF S NG, 22T, ZH5DNIEEE
HRIEICDWT, BHERREDH 5\ 135270 2 IR
DARFNC BT 5 BB IC O W TR L, &
E¥RE L 7Bl PL, G L UPGEALEE SR O &5

26

REHBR L 77, & 51CClEB L ONILE - k 2 ¢
FFDODYAFUBLIIYRATA VEEOELIZ
DWTHREF L 72,

2. EER
2.1 FHFBLUEE

Akl D ran o EEHE (ma -V -7
> NE, EMFERERL VRS BXUER
e (JIS LOB03MERL FuER 2 5 FEEKER,
HABIM W) #48FF 8 L 214 2 h 2 h
VIFNI—=FTNTY v 7 AV - 2T 72,
HAE D vruAF A4V YT F+— (D
BLUa F7FV4 Y7+ —b (ND) 13335
—fHDbDOWCHEL) 2Nz, WMEEZELT
Hwizo N N-Y XF )RV AT 3 K (DMF)
IR U 721, BB V2 7 A (Drierite)
THzZBEL I DEFW T,

2.2 AV Y7 F— bLEE
AEHRI500mg % T 1L ) > DFEAE T 24~ 481K
MIEZEE g, HERDMEFh Tl X 72, RE
ZATEREDOCIH 2 W IZNIODMFE®R (8 H
1 :50) L, #HRFHKH, 60°Ch s
65°CT, 2~6KfilRE 5> L TRIGE ¥, K
& T1, #OFEEEDMF, =%/ —n, &kdD
JET-Hc sk U lce (TINERIE, A% ORE
DEZREE ORI &K D 72,

2.3 YAFUBIUYVRATAVOER

Y AFrDEFEIZCavallini & D/ ENCHES T
otz ALY U 1FE T T4~ 48HFE %
WL, BREL 6meiBl 2 82XZEHKT T,
6 NiEEE12morh, 105°C T24HERIMA SR L 770
Z D%, REAFES M) A2 THAIL T2,
HARfTABE ICRFEL . 44g,0. IMFL oy 7
S UPUEEEE S b Y 7 A (Na-EDTA) %¥#0.1
mé, NIKSEEHR0.5me, 2.5% (w/v) & 7 FEEA



£V LT F— MO & B EEORE L £ DM ~DEE

I+ M) U ABK I, KOBETMZESEY 3
méiZ L, 38°C T30 E 5 L7z, 51T, 5 X
10*MD Y B —sAk#A ) 7 4 (KH,PO,) %4
tr0. 2N/ Z0.5mlfMZ, 7€ b > 2ml, 0.05M
D5,5-VFAER(2-= o dEHE) (DTNB)
BR0.5me, KENMZ 28 % 6 miz L, EFREH
LN TS MIE L, R412nmic BT 50
EWEEL, HIELIZYAF > (Cys) +¥ AT
4 > (CySH) &» s lc#llE L 7:CySHE %5
U, Cysm&a K7,

CySHDE & X Toit > D HENIHE > TIT-
720 EER30mg DRk A i) YFEERT
24~ ASHSTE PR BRI RERE L, 15% (w/v) Tiil&
1 m¢H1, 105°CT 4 Wefil, HIAKRI@EL 720 INAKSY
R 1 mdic 1M b ) A EEFEE IR 10mE, DTNB®%
Wimd, SMM Y AEW 2 % hllZ, #4%412nm
BT BB 2 HIE L7,

2.4 BlaREMAEHER

FEHERAE (20°C, 65%R.H.) 2B 555K
HERE . HEEREL, 7 ror UCT
500(A V) x> 7 v 7 #H8) 1295mn D D AR T
Hy D 511, 843 20mm D2 E T5 | 9RaABR 217 - 72,
Az B p5lRMEERE . HonLY,
HIE T % AT ERE OKFNRE L TE VW 7zatk
%95mm 0D D A A fEIlE T _EEC O BRI H D £ 1T
7z 20, 30, 40, 50, 60F X U*70°CDAKH T,
FEHERAE D35 & Rk 5 [ IRABR 21T - 72,
RITER® &[RRI, 5| 3RaAER I 1, E1E48~54um
OFEHEBHEE AV, 2L T, Fonz&H
B hEHEL D, SERMEE (kg/mf), HO=
(%), HIHAY > 73 (kg/m?) 3B L OB
& (geem) 2RO, LB, BEAHERIT, W
H— R OBSME L D HEH L2,

2.5 (RERAMEFE
JIS L1013#ZBHCL T, 200CH 5\ 1370°C

DKFT0% MHEROMEHERERD I !
FHEHI L, HERA8~54um D FEBPHE % H Vv
720 K 95mm D D H AR TREl L D7 [5REAER
HICHRD (U 720 S 20mm D5 [BREE TRE D
20% F CHEL, WEE2»T72F F159RERE
U7k, BREL 5 5HINE L 7o BUR UEE
T—EEUE CHEL, HE—(RMR»S %
U zRe, KAk D HEHEEREHEHL
720 BREREFIIRABICOES5EEL, ZDOF
BETEL 2,

¢/ — ¢,

Y/

¢ 1 20%fHREFOMHEY (mm)
2,0 BT (mm)

AR (%) = X 100

3. BREER
3.1 EFOCIE L UNILEE

AV 7 F—ME, FRORYRTF F#EE
T 27 3 /VBEREOEBEO 7 2 /&, K&
H OAINVKRFUNVEBIFA-—NVELZEDKR
TSHEBEREE IS 2 2 BN TWLS 0 7
LzE, VY UEREDT I BT L T, RO
LI ICRIET %,
| 1

C\*O Cl:O
%H (Cl2)4sNH: +R-N=C-0 — (llH (CH2). NH({:lNHfR
N NH 0]

H
| |

R: () (@D, <Itym)

AV Y7 F—bERET S5 DERRED,
—CEAETH B, 4V YT — ML
W& D ERFOFARENES TS, LT, Cl
LRI L D v 7 anF o uES, NHAEIZ LD
FTFNVENRHEAIND,

A4V 7 F— MU TEHEEE L THW/:DMF
3, FEHErIEESE, AEZFELOT T F
HEEANDRERRET 2B E DB, F 72,

27



PEEHREEIT ARG E Vol 3 (1994)

BIGRETCCLLETEEDA V¥ 7+ — MMLHE TEEBY 2 2BEH 5 Wi 6 BREIKIGS ¥

2175 LBETOHENED S, & 2T, & 2B, 2 .6~11.0% DCILE L E &Y %
H 5 UDEEDMFH CEERE 2 & &, 87, CULEEEERMY 3, CIERE, RIGRES
EZREFHKF T, 60°Ch 5 W0IE65CTRIGS ¥ L UONMIGREOW TN ORG bl Ty,
726 MEEEL L2 EAERT, 712, CHLEES
K1 WCEBOCIBIUONMLESE LA VYT Y DORNEEERY & DEE (AE*,,) &
T — M OIEERT, 2.505 5> 135.00g/g- 2.51~2.76TH - 1208, ZOHEIDAL V> 7
woolDCI% &L DMFE R H160°CdH 5 1121365°C F— MLUEICHE L TE LW H O TR,

Table 1 Reaction conditions of cyclohexyl and « - naphthyl isocyanate with wool fabrics

and fibers.
Reaction conditions
Sample Add-ons
Conc. Temp. Time (%)
(g/g*wool) °C) (h)

cyclohexyl isocyanate

Wool 2.50 60 2 2.6
fabrics 2.50 60 6 5.9
5.00 60 6 8.0
5.00 65 6 11.0
Wool 1.25 60 2 5.5
fibers 1.88 60 2 6.2
2.50 60 2 6.4
a-naphthyl isocyanate
Wool 5.07 60 6 4.1
fabrics 5.07 65 6 58.0
Wool 3.38 60 2 0.1
fibers 3.38 60 4 1.5
3.38 60 6 24.5
5.07 60 2 1.6
5.07 60 4 7.1
5.07 60 6 37.1
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Table 2 Reaction conditions of wool fibers.

Reaction conditions

Sample Add-ons
Reagent Conc. Temp. Time (%)
(g/g*wool) o) (h)
Untreated - - - - -
wool
SF-CI Cyclohexyl isocyanate 2.50 60 2 6.6
SF-NI a-Naphthyl isocyanate 5.07 60 4 7.1
SF-BI-1 Butyl isocyanate 0.97 60 24 7.0
SF-BI-2 Butyl isocyanate 0.48 60 24 5.8
SF-PI-1 Phenyl isocyanate 1.54 60 2 6.4
SF-PI-2 Phenyl isocyanate 1.54 60 4 5.4
SF-Control-1? - 60 6 -
SF-G Glycidol 11.22 60 2 5.0
SF-PGE Phenyl glycidyl ether 3.91 60 5 5.9
SF-Control-2" - - 60 2 -

a) SF-Control-1 was treated in DMF at 60°C for 6 h without isocyanates.
b) SF-Control-2 was treated in ethyl alcohol at 60°C for 2 h without epoxides but in the

presence of 1IN NaCl.
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Table 3 Cystine and cysteine contents of

wool fibers.
Sample Cystine Cysteine
(umol/g+wool) (umol/g-wool)

Untreated 662 26
wool

SF-CI 629 25
SF-NI 623 25
SF-BI-2 633 18
SF-PI-2 652 20
SF-Control-1? 585 20
SF-G 357 18
SF-PGE 506 32
SF-Control-2” 617 26

a) SF-Control-1 was treated in DMF at
60°C for 6 h without isocyanates.

b) SF - Control -2 was treated in ethyl
alcohol at 60°C for 2 h without epox-
ides but in the presence of 1IN NaCl.
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Table 4 Mechanical properties of wool fibers treated with isocyanates and epoxides under
the standard conditions (20°C, 65%R. H.).

Sample Tensile Extention Young's Toughness

strength modulus

(kg/mm?) (%) (kg/mm?) (gecm)
Untreated 20.0 35.1 491.7 44 .8
wool
SF-CI 11.0 29.0 671.0 47.6
SF-NI 10.6 28.0 368.4 43.9
SF-BI-1 16.7 30.2 529.0 38.3
SF-PI-1 13.8 32.8 353.0 64.5
SF-Control-1? 18.5 34.4 498.7 42.9
SF-G 16.7 33.6 491.7 40.0
SF-PGE 10.3 26.0 567.7 41.7
SF-Control-2» 20.8 35.0 505.6 48.5

a)
b)
presence of 1IN NaCl.

SF-Control-1 was treated in DMF at 60°C for 6 h without isocyanates.
SF-Control-2 was treated in ethyl alcohol at 60°C for 2 h without epoxides but in the
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Fig.1 Tensile strength of wool fibers treated
with isocyanates and epoxides at different
temperatures in water.
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Fig.2 Young’s modulus of wool fibers treated
with isocyanates and epoxides at different
temperatures in water.
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Table 5 Mechanical properties of wool fibers treated with isocyanates and epoxides at
different temperatures in water.

Sample Temp. Tensile Extention Young's Toughness
strength modulus
C) (kg/mm?) (%) (kg/mm?) (gecm)
Untreated 20 12.3 45.7 183.6 20.0
wool 30 10.3 44 .6 158.0 23.4
40 10.3 48.1 161.3 27.1
50 10.9 46.0 162.1 23.1
60) 10.1 46.3 156.8 24.2
70 9.0 50.7 132.1 23.0
SF-CI 20 8.3 42.3 254.9 37.5
30 7.6 46.2 194.6 33.9
40 6.5 41.8 170.2 29.1
50 7.1 43.9 182.9 35.0
60 5.2 45 .4 129.8 26.6
70 5.1 47.1 116.1 25.2
SF-NI 20 9.8 43.5 320.3 47 .8
30 7.9 41.6 272.6 35.8
40 7.0 41.9 238.0 32.3
50 6.9 44.7 216.6 32.9
60 5.9 44.6 167.5 28.6
70 5.5 45.9 163.3 29.2
SF-BI-1 20 9.7 39.9 138.3 19.4
30 9.5 42.2 128.5 20.6
40 8.3 440 105.4 18.7
50 8.4 41.9 87.8 16.0
60 8.1 40.7 94.0 15.0
70 7.0 44.3 99.3 18.3
SE-PI-1 20) 12.3 42.7 188.0 51.7
30 6.9 448 106.5 30.9
40 6.4 45.4 89.2 28.4
50 5.4 43.1 77.7 23.6
60 4.4 45.2 66.1 20.8
70 5.0 51.5 69.1 26.1
SF-Control-1# 20 11.4 44.6 180.0 25.2
30 10.8 43.5 161.6 24.0
40 11.3 45 .4 179.1 24.9
50 10.8 44.6 140.8 24.2
60 9.9 47.1 146.6 23.2
70 7.5 48.2 121.1 20.7
SF-G 20 9.9 48.2 100.7 21.7
30 8.7 50.1 102.9 21.7
40 8.0 55.5 92.8 21.4
50 7.3 53.2 91.6 19.0
60 7.4 59.2 81.3 22.0
70 6.0 62.4 79.7 22.7
SF-PGE 20 7.0 40.7 208.3 31.8
30 5.7 42.5 160.0 22.8
40 5.2 43.5 152.6 22.5
50 5.3 47.9 139.3 29.7
60 4.7 49.6 149.0 26.9
70 4.5 52.9 144.0 29.0
SF-Control-2» 20 13.5 471 187.8 30.6
30 12.2 44.6 159.9 25.8
40 11.9 47.3 158.5 26.8
50 11.4 47.7 178.2 28.1
60 9.2 51.7 138.2 25.6
70 8.1 55.6 136.8 25.0

a) SF-Control-1 was treated in DMF at 60°C for 6 h without isocyanates.
b) SF-Control-2 was treated in ethyl alcohol at 60°C for 2 h without epoxides but in the
presence of 1N NaCl. .
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Table 6 Tensile elasticities of wool fibers

treated with isocyanates and

epoxides.
Sample Tensile elasticity (%)
20°C 70°C

Untreated 94 97
w00l

SF-CI 96 94
SF-NI 92 95
SF-BI-1 95 91
SF-PI-1 93 96
SF-Control-1% 97 97
SF-G 97 97
SF-PGE 89 92
SF-Control-2? 97 98

a) SF-Control-1 was treated in DMF at
60°C for 6 h without isocyanates.

b) SF - Control -2 was treated in ethyl
alcohol at 60°C for 2 h without epox-
ides but in the presence of 1N NaCl.
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