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8.9F : Cellulose®} acrylonitrile® ¥+gA)Z1 &, DMSO-H,07} 1:1¢] &3-L249jA] NH,OH-HCl
S WHgAIA ol =L A4S} cellulose (AMC)E At o|# A 4& AMCY protonae] Hg A
T AAJAYY L ol g3t FA3I). w3}, AMCY Cu*?, Crts8, & Nit? £9] o)z
Lol 2me] F2 A& o7 pH (1-7)9 &AM FH3lgct. Holg&ol e Fabsd
et pHe) B ol ES417]9) protonhe] o LR P Mol F4ol L3he] Wi o
2 49" £ o AMCH 3%l FRUWAL Cud* > Cr¥ 5 Nithe] gAgle
o, 42t A" AMCe XS 22 7ol FA5d e 2ok

Abstract : The amidoximated cellulose (AMC) was prepared by treating cellulose with
acrylonitrile followed by reaction with NH,OH-HCl in DMSO-water (1:1) cosolvent. The
proton binding behavior of AMC was examined by the potentiometric titration method.
Adsorption properties of AMC for Cu*2, Cr*3, and Ni*2 were also examined under
various pH ranges(1-7). The pH dependence on its transition metal ion
adsorption could be explained by the proton binding and the transition metal ion
complexing abilities with the amidoxime group. The AMC has adsorption affinities
of the following order : Cu*? »» Cr*3 > Ni*2 In addition, the fourth regenerated
AMC showed a same copper ion adsorbability as an original AMC did.

Keywords . cellulose, cyanoethylation, amidoximation, potentiometric titration, chelate
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E21Q] polyacrylonitrile (PAN)E 7|22 3 o
77t GBS FHoE AYHoH, 6 FueAE
AN} 4£9] glycol dimethacrylateg] FZ3)
FE7hd ola82HEZ (AN)# Ag#9)
3| & 7§25l amidoximated® X 7Rl
QA7FH7} e v ok T, oleid
2EAEY HEHYOR QY B 5 A
FA7F op7|H 1 Qlo] AJo}dll gl =9)iz-ls
FHOE L3 A7fE 2 v E (cellulase)
Soll g3 237} golt MER QRS V|EOR
amidoximated 4=%]9] 7 @ EAAF7E =
MME BAEA 87EA ok EE, SUldAx
FHZ Az amidoxime?]|S Fojsle] A7 )|AE
4e ZAR AT/} LED wb} glou wgE
2 =4 FHE amidoxime?]9] Yol FEEA] ¢
#g A7 A EEd vt gl a8eE, 2
ATMs Aol HFo2 EAsls HEEZ
g 383 /iR & Folo, $EE HAdE & &
IE Yeid 4 3+ amidoximated AEZ 2=
(AMC)E <11, potentiometric titration®'H<S
o] g3t o] F=A e amidoxime group
proton 3 F&o] 270 o] 2w JAS AN
om, Cu*? Cr*%, 9@ Ni*? 59} Ho|Fdo] &2
258 BELAL olgale) B4 FHYF 2
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Alek 9 239, Nitrile7] & &3 JdaE
2 FEAE Q7] g AE222E SigmaAl Al
Z9) g-celluloseZ AFEA 105C ovenollA] 24]
b AR AMgslgoen, NH,OH-HCI, AN,
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NaOH, CH,COOH3} dimethylsulfoxide (DMSO)
£ YA Junsel A A&, KNO, HNO,, KOH
¢ A& BFEEAOFT AMEF  potassium
biphthalatelr= ¥ #| Hayashi Aj¢F dF& A 7
gqlel Agstitt. e &2 4k FHEE 1o
2 ARSI

HAEE 9= =918 HYEZY|9 g (DS=de-
gree of substitution)2 ¢7] 93} Carlo Elba
Ale] EA1108 Elementary AnalyzerZ o] 83tad
ALBFS Pol, oeel AL ol gald Adal
4o, amidoximation ¥H&-& HA] ALFFE
Qo olele) A2 ol g3kl Ak £H
amidoxime ¥ U EZ7]9] 1S ¢3led JascoA}
9] IR-700& o] &3t A|5& KBr#t g4 e
o7 Theo] FA3UT. Az AMCY 472 4
E A& Perkin ElmerAle} 1100B Atomic Ab-
sorption Spectroscopy (A.A.), RigakuAle] D/
Max-2200 X-ray diffractometer 5-& o] &38}o]
255900,
(TGA) thermogram& Du PontA}e] N9900<¥

24718 g3l Agitt.

Thermogravimetric ~ Analysis

162N

Cyanoethyl7} 2} 9 (DS) =7 ,557an

(1)
a}7)4y, N=cyanoethylcellulose 2] 243 (%)
Amidoximation ¥H&-& (%)=

162 x N+53 x DS x N—1400 x DS
1400 x DS—33xDS XN

x100 (2)

&}7]4], N=amidoximated AS20= Fo AL
#eF (%), DS=degree of substitution of cya-

noethylation.

AEE Q=2 Cyanoethylation 2. 5 g9
AzxE AE20=9 120mLe] ANE 300mL
Zelazged Wi Fa 71F8klA 2412 wyksiy
BHAZ F, 5mLel 12% NaOH #84& 582
Zhll A Fvch A2o4 90~180% wHHA|
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20 &, S EE 9202 YZE bathgollA] 24}
2 %3l A7] & 2LY diggd Reth 2%
2 W oo fggR AAY &
200mLe 224 NaCle AA T H=o
100 mLe] vlet&2 |2} AF3 F 45C IF
HojlA] 24A1%F 7A=2381Y cyanoethylcellulose (CE-
OF 9ot =3, AL FE o] & cyano-
ethylation¥h-8-& #E o A& ¥ 12A47H5¢t
FAFHZAA 3ecmPBEAE dA4H 1.24 g3 60
mL2e] ANE 43o] 90827t 4204 magnetic st-
irrer2 WRFSIYITE. 2 TS 12% NaOH &< 2.
S5mLE 387l 2X FUsta, 14417 vHGA|A
2 mgt & 50 mL wigEe] 2+ 3 AlAs)
I FAFLBA 24A)7F 7AZR3lS cyanoethyla-
ted HAFE AATH

CEC99 Amidoximation ¥Hg-. 20.0g9)
Z¥ CEC (DS=0.57), 20.0 g®] NH,OH-HCl<¢}
7.9 g9 NaOHE& 500 mL¢ DMSO-H,O &3H&
A (L7 & S8ta3dd Y1 B4 7)F8lelA
w27 wHkshy FEA170 F, 80°ColA] 3417 B
SA F, 2L wgh&e] Rtk 2% Ao
€ 3tz ¥ ¥ o vg&2 AEsd $ 200 mLY
24 A F HFoE 500mLe wEE
90 1247 o)A BT F AA At A
F 45C P 2447 Axs AMCE
A}, 3k, cyanoethylated B4 2] amidox-
imation¥F2-& 1.0 g9 AXH cyanoethylated ¥
A%, 1.5g9 NH,OH-HCI¢} 0.6 g9l NaOH&
40 g9 DMSO-H,0 &84 (1:1)7F & gk
ad ¥i wRkgith 80CedlA 317 ®EgAIRI
%, 200mLe] MeheE FH AFstn JF3HD
AlA amidoximated HARE AU}

X-ray Diffractiondl &3 F+X34. X-ray
diffraction patterng 35kV/20 mAdiA] graph-
ite monochromator2 ©@A3135l1 Ni filterE %
B3 CuKed e ALY 2H8tt. e-cellulose
9 Zv 859 X-ray diffractogram® 2 FE
Segal'®o] A¢t3t thgo] 2l(3)z 2l(4)ol st

=
2

F2lof #1949 A23 199593 3¢
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# a7

L84

ZBAYR (2c) B HIABFY (xan) & AMBIAT

xc( %) ={Tooz=Lam)/Tooz} X 100 (3)
Xam(%)zloo_xC(%) (4)

7] A, L= 260=22.6° B39 diffraction 2%,
L& 26=19° 339 diffraction =& JerAT}

AMCS} Proton®2] Binding Behavior =
A}A4. Potentiometric titration® B 2ol
oz ®WAI Langton model 417 pH metere}
combination electrode& o] &3} 25.0°CelA] o)
24718 KNO;Z 0.1 ME #X38ts ZA st
HABIRT. FaolFE [HY]e -log[H* ]=
pHm-0.065(¢47]4} pHm<& pH meterol|A] A&
w8l )ell et Axketgl em, s4ke] 25 = [OH]
= pK. =pHm-log[OH ]=13.95¢] &)} A4k
&l grt.16

Potentiometric titration& batch XA S
Atg3te] 100mLe] YH 753 &7)d AMC
(0.1g) 3} Z-& F#e] HNOE Z 48 v 34
3 k2] 0.1N KOHE Azx3lolA Hrisle %3
T a9 HYE -1 17AE 2Hsle A&t
At

AMCS] Copper lon W44 424, 100
cm39] €719 ¢k 100 ppm&] Cu?t & dhastm ¢
= 89 30mLol 20mesh HAE 533 0.1 g9
AMC(2.59 meq/g®] amidoxime)S A 5}oi|A]
A7 & P53, o] A7l KNO;Z 0.1 M
£ §AA719 25°ColA pHE SHs 2447
ok & AMCE A&t Agdy Cu?*FE Co
(mg/L)92} AMCell F2Hd Cu?* 9} & G (18/
g)2 AASE &3 FE+ Yo &A3

AMCARl 2] Cut*e] a5 Do the A(5)sh
2ol Algict,
_Cxu

DCu_ CsCu (5)

oJ7)4, Cc.=The copper concentration of the
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filtrate, C,c.=The amount of copper ion adsor-
bed by AMC.

AMCE S5 &FXR A9y =4}

Cu?*, Ni2*, Cr3+ 39| HolF&o| &S #7S

Mo Cu(NOs),.-3H,0, NiCl,-6H,0, CrCl,-6H;
0& ¥LH =9A AzIAY. 4 IFHo|2E
40 ppm ¥ T A HNO,Z pH=3%
52 233 ¥ FF 8N o2 A3 20 mesh
A $3% 0.2 g2 AMC(2.59 meq/g2] amido-
xime group)$} 30mLe] FFLAE EIRIch
30°ColA 24417 Bt WA F, FLol LS F
25 AMCE AZ ¥ q9& AAE F3lq &
g 74zte] o)l 2YS SA4AH-

AMCE ANAEsY 24, 7Ax" 20mesh AE
0% 25g9 AMC (2.59meq/g9 amidox-
ime)Q} 230 ppme Cu?+& 53 &4 150 mL
(pH=6)& 410} A4 2442t EE F, AMC
g AAZ. G2 oA Cult FE& AAE
2333t AHg" AMCE A2e4 IN H.SO,
gAoz FAH Cul* g g2, g3d AMC
& KOHZ pHE 103 #e ¥, o) Wy
Zol F& 4 g ey o9 Cu** 5%
g AAZ FX3l9 ANFE & AR

27 13

Cyanoethylcellulose $4. Y¥HE 22 conju-
gated ©o|ZZAYS 71X 222 A"A o3 4
A 37 o} B2 (Michael HH-)E do3)
t}. o] 3§ BrpgE o] 83, AEE =29 3
ZEX)7]Z NaOHS} e 9712 sl salt
Feo] IV E WE F, AN HHE A A cyano-
ethyld} @ AEZo= XNBAE deth. ol¥A
o] AERo=d TYE HERY|= dE2e=
9] FolA vlwA P ojgd Xl EASHA
gof olAyrgAo] 4% o Jiddth. & 4
Follde HHOIEFA Y o] &2 fI5teq Holk
DS7} 0.5°])49] cyanoethyl7| & 71X = A &2 2=
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Table 1. Effect of Reaction Time on Cyanoethyla-
tion of Cellulose at 300 rpm*

ot P Wi

@ b iy (o)

5.0 120 90 1.55 0.19
120 3.59 0.48
150 4.63 0.65

180 6.51 1.00

*5mL of 12% NaOH was added after 120 min premixing time.
*Reaction Condition : room temperature.

o2 APAE Tl 2V T WA
u}& cyanoethylation8-2 AT}

E 2 ETUT AHdA dojgez AER
227t ANo| F83] F&EHE 22X EY pre-
mixing A|7to] HRFE o Table 12 Huko}
a¥rEE 300 rpmoll A 3A)17F Wrg-o g DS7) 1.0
Azl CECE €¢ 7 At

Cyanoethylcellulose2] Amidoximation 9
4. CEC9oj9] amidoximationd] H& ZAEL 47)
25l E-gA2) DMSOS} H,02) H|&& 50
50 2 20 : 809 Z7oA FHEREL} HHEAIHE
B3l A|FIHA AAJSETE. Table 26) Uehd B}
2} o), DMSOLF H,09] B]g°] 50:50, 80°CZ%
oA ¥+ AlZb| W& amidoximationZ 2X)7F
Ao A 90% o] whgo] XPHIJTh £F,
Hle e w0 w}E amidoximation& 40°C ]}l A
= A9 AP R gkteny, DMSO:H07} 50:50
ol A£7} DMSO:H, 07} 20:80%1 ZA<$-2th ukg
o] % wha] APt o] 4] AHeA DS}
0.5914 13%E¢l CEC2 amidoximation& DMS-
0:H,07} 50:50%1 &3&Ale4 80C, 341t &
7} 71 HAEEAT o]%A ¥ AMCY A9,
PANe 2 RE ¢& amidoximated polymer?] 7
2179x= vz, 0.5N KOH 942 Az wot
A @gkS ul 247t 8949} 822% 9] FrES B
o Z o)z} QU7 o] 2F 3o HAHE F7)
A2 & 31x] @otx HIUh o]AL AERZS= A

A7t Aol F=FA7)E ol Ffsta 317)
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Table 2. Amidoximation of Cyanoethycelluose (DS=1.0) under Different Cosolvent System

CEC NH,CIHCI Cosolvent Reaction Condition Nitrogen Conversion
(g) (g) (DMSO:H,0) Temp.(‘C) Time(hr) Content( %) (%)
15 1.5 20:80 40 2 6.58 1.5
60 2 7.86 25.6
80 2 9.79 65.5
1.5 1.5 50:50 40 2 6.76 4.7
60 2 9.54 60.3
80 2 10.90 91.0
80 1 6.67 3.0
80 3 11.16 97.3
80 5 11.02 93.9
1
A =
91 \§ \
ByxNCh A
L5 AN i
B S Y
T N
p= = RN
£ c ¥ \\\c\
- A
= 1 Qo
0
10 0 X0 0 k] 600
Temperature( C)
L Fig. 2. TGA thermograms of cellulose (A} and its de-

00 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600

WAVENUMBER [a™')

Fig. 1. Infrared spectra of cellulose (A) and its deriv-
atives (cyanoethylated, B; amidoximated, C).

WEo s B

A BFol A% FRIPH. o] Yo
82 CECY YEH7|Y EJ2 Fig. 19 &= n}
9t o] HMxsEHAY] 2250 cm™o YE
d C=N stretching band=24] 8913 $ ggio
o, AMC9 amidoxime”)2] £ 3300~ 3400
cm™19 amidoxime?]9] N-H stretching band$}
1650 ecm™1¢] C=N stretching band®] =z} 2
2250 cm™2] C=N stretching band®] AEZA]
#gelstatt.

43 4. Fig. 2004 e vie go] €3 AH

#2|0 #1949 A2z 1995 34

rivatives (cyanoethylated, B; amidoximated, C).

4& CECYH AMCe] #¢ dgzo=nr} £3
WUt o3 A= side chaind] ¥t
cyanoethyl”7| It amidoxime”|7} AE29% z}
A Boes 3o B el Ao B
gE

X-ray Diffractiondl] 13 7Z84, 2+ s
20= X&H 9 X-ray diffractogram-& Fig. 3
o YehfiTE o] ZZ}Z RE Segal'®o] AeHgh
Aol o) A4k A, Mg AERx 9 1
9] x3He] A E= e-cellulose?} 63.4%, CEC
(DS=0.59)7} 53.1%, AMC(DS=0.57)7} 38.8
% £ cyanoethylation @ amidoximationo] X3}
Hol wigt HEZ 0= Yo ZAHYGo] v ¢ ZA
& BHoli YUt} ol2ig AR uFo] Buf
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Fig. 3. X-ray diffractograms of original and modified
cellulose derivatives(A:a-cellulose, B: cyanoethylated,
and C: amidoximated amidoximated cellulose).

Hhgo] g2 o =9 AAYIY FEAAMT go] 3
PHAASE ¢ F Ut

AMCS Proton#2] Binding Behavior.
Amidoxime groups® proton dissociation®] =
2)A) 2185 B2 potentiometric titration< ba-
tch LYY ARt oln] ¢ vie} 2
o] acetamidoxime?] AFlZ] HFPL t} 39 4l(6)
2 A7) 2oy, pK.e 590, pKete 11EG
=r}.16

AMH;*=AMH+H" K., (6)
AMH =AM-+H* K, (7)

o714, AMH= AMCZ2] amidoxime7]E& £ju]
35, pKu3 pKes AHiE] Aot}

B Ao 2(6)d FAIE AtslE] HEo] A
WAl AHFF A fol 2 FAAF S AAIBIA
ou, olmj9] mass-balance equationg r}39

2(8) & A9 2.

[AM],ZEAMHZ+]+[AMH] (8)
[OH],+[H"]+[AMH,*]=[OH J+[H], (9)

714, [OH].% [Hl.& 271%=°IH, [AM-
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H,'J¢} [AMH]= 493z Z2A57 By 3
T Ka¥ AMH," 9] A3l = o= 2005 2ell
A 38 59, 2 A= Table 37 .

Ka=[AMH][H*]/[AMH,"] (10)
a =[AMH]/[AM], (1)

o]l % pK,E 2Y acetamidoxime?] 3%,
@7} W EE pK, & 592 A9 dAsgont,

Table 3. Estimation of pK,, at Various @ in Am-
idoximated Cellulose System

a log(a/1-a)  -log[H*] pKa
0.509 0.016 2.335 2.318
0.550 0.087 2.635 2.548
0.617 0.207 3.405 3.197
0.706 0.380 4.115 3.737
0.832 0.695 6.085 5.839
0.896 0.935 6.945 6.011

(]
S
i

04 0S5 06 07 08 08 1.0
aQ
Fig. 4. Plots of pK, against @ for amidoximated
materials (A . acetamidoxime, B . amidoximated

cellulose).
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-log[H']

20 ——m—m—mm—m™—m—
0.0 0.2 0.4 0.6 0.8 1.0
log[e/(1-a)]

Fig. 5. plot of -log[H*] against log[a/(1-a)]
for amidoximated cellulose.

Fig. 46 Yehd vie} o] £ A4 2) AMCH
AS%E ot 371 g pKa 9Al F718 R
T3, Fig. 5o UeRd vhe} 2o] logle/(1-a) Jol| T
3 -log[H*]& Z =2 E3}le Henderson-Hassel-
balch4] (122 58 217 A pKaew 2 A
4 ng 73 Ay, B A AHEE AMCY
734, pKaups 2.25, n& 5.190|0th. o]zt 2
He ol FAEFE FWVNFH JHPor As
protonated amidoxime”] (AMH,")”7} =2t} 74t
o2 Hg1 Y Bel Fi Rolnk.

-log[H* J=pK.,,app+n logl—‘_lz (12)

w3, o) A Cu?t FF59 2HE
o] &%t Cu?*9] distribution coefficient, D¢ &
Table 40 YeRAUTH «7]A RE uvieh 2ol
pH=3 o|3}2) 3% A FRo| oA F%e
o, pH=34A 771zl pH7} $71&5E F354
o} Zt}. o3& A= amidoxime?] 7} Fol <

Fajof A19Y A2z 19954 34

Table 4. The Distribution Coefficient of Copper Ion
Between the Solution and Amidoximated Cellulose

CsCu CpCu
pH 3 Cu
(mg/dm®) (pg/g)

PT-01 2.335 108 0 0
PT-02 2.635 105 0 0
PT-03 3.405 90 1500 16.667
PT-04 4.115 75 3600 48.000
PT-05 6.085 53 5400 101.5_387
PT-06 6.945 40 7500 187.550

Where, C...=The copper concentration of the filtrate.
.= The amount of copper ion adsorbed.

—Cu
" Cue

proton}8] o] 2ZA g Ho]F o] 72| com-
plexationo] A&z o g Yojyr] wjEojr}.

AMCS) F&012F% A9y, pH=7 o] 4ol A
£ BEER8 AZA) 34220 Yo YAHE
2 pH=33} pH=5dA% &35} }. Table 5
o UEhd R} ol AMCE Holg&olgo] &
959o] S AL, pHo30lA] Hoke pH—50IA

£ F%ol o tj3t FR5o| Fon, pH=3
I} pH=59 F73$ 2% Irving-Williams A& 3}
2ol Cu* > Cr3* > Nizt9 ¢A42 2 F2s)
gt o)# g Axte AMCS amidoxime”]o] 2]
o FZL o|2FEPe| ohd amidoximerl= 7t
=2 A FLsle] L0239 complexation® &
ol 2R T &L woIFE Aolh,

AMCS] AAEY. Table 60 “ehd vie} 2
o] original AMC¢2} regenerated AMCE o] &3}
o Culte] &2 88 AAE 243 A 53
AAHEAE A e FA5HE B sl
3k AS9 AMCo 44" AMCY IR
spectra®} TGA thermograms HA| opF# xzlo]
7} e ez MAMEA] BEHY ®sle A
PRSE L F AR

HARE o] 88 PaolE 219 AR, EoF,
HAASE 0] 23 amidoximated Z# o] E4X]9)
AZ Ve S Golry] st AlgEd 9d/E
BEEoA dol RAE AAR &, A2elA AN

De.
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Table 5. Competitive Uptake of Mixed Metal Ions
with AMC*

Mixed Adsorbed metal ion  concentration

pH Metal ions  (meq/g of AMC) (relative %)

3 Cu?* 0.0718 78.6
Cr* 0.0185 20.3
Ni** 0.0010 1.1

5 Cu?* 0.1209 65.2
Cr* 0.0531 28.7
Ni#* 0.0113 6.1

*AMC : amidoximated cellulose 0.2g(2.59meq/g of amidoxime
group).

** Adsorption condition : 30, 24h.

Table 6. Adsorbability of Cu2* with Regenerated
AMC*

Adsorbed Cu?* Concentration

AMC (meq/g of AMC)
Original 0.188
1st regenerated 0.184
2nd regenerated 0.183
3rd regenerated 0.193
4th regenerated 0.192
* AMC : amidoximated cellulose(2.59meq/g of amidoxime gr-
oup).

** Adsorption condition ; 30°C, 24.

I} ¥reA]AH U & cyanoethylated H4HF= N &
o] 11.60% 2 A4 DS (cyanoethyl)7} 2.39
Z ¢ B2 UEY ZUEHAS S € F UN
ouo§, NH,OH -HClo] 9]} amidoximation ¥Hg&
AL o, N9 o] 12.50% = yhHgol L4t
o) WEF =0 A vy ¢ =gA JHHN
& ¢ 7 Uitk 2ok B2 amidoxime?| & &
3 HAHRE BEV] FsA ol Ae =ddA
amidoximation ¥+2-& AAJsfot 3tvi, 18 HL
HANGEZE A amidoximated Z o] E4R
9] Az7 7V Aeolrh. Fig. 6o Ut Sle
vle} o) SEMoz O3 #Yg A3 "R A
2] ©@+Ho] cyanoethylation, amidoximation ¥}
$o| AP wet A 3] AE F7IEHe Y
g+ AU
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294 -old

Pre-Fiber

HANIL 1SKU

(c)
Fig. 6. SEM photographs of original and modified
cotton fibers( A : untreated, B : cyanoethylated, and
C : amidoximated cotton).

2 &

1) CECo|9] amidoximation& DMSO:H,O7}
50 : 50¢1 EggAlolA 80T, 3A1Tte] 7t A
Aslg o, cyanoethylation ¥ amidoximation
e Agz o= Yo AAHYYNME APHAISS
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1. oA & AMCy $53 25012
2 A& 2

2) Amidoxime7]= AMH2+=AMH+H*9)
AblE] Hyol AuiHQl A £d WolME a
7t F7tstel wEl pKagtk JAl $71819 2 Hen-
derson-Hasselbalch4] 2.2 2 T8 pK,,up=
2.25, n& 5.19%9c}. =, protonated amidoxime
7le &} BAETE 2o Ao g F4egr.

3) pHel w2 AMCY Cu?* {52 pH=3
olalQl A AHY FFo] dojutA] ¥gken, pH
=304 773 pH7} 57188 3580l 3o
9, AMCe o2 HolgF&o| o] ERH =
7%, pH=33 pH=59] %3¢ =% Cu?* ))
Cr3* ) Ni** 9 ¢A2 FA38tt. &, AMCY
F&ol2 FX2 amidoxime?)7} ol F&ol 25
complex& o| £ =R FE3a USE B
F= Roln.

5) B 39 A= poly(vinyl alcohol) @
PAN #THAKIAE & o] 7hadle A2 2
O|EFA Y ARAE ST T JoH, Hol& R
olag R Avle FAE E fiber,
fabric Sol% HEAA f3fo] F24 UE A
g, 3 aA 52 AZxE 5 & Aoz A
21=%

A F o] =EL 1993dx FFEERF

Aere) FEAR ATHle] gsjel APHR o ol
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