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Modification of Synthetic Fibers by Radiation~Induced Grafting

Kanako KAJI
Osaka Laboratory for Radiation Chemistry, JAERI

(Received April 16, 1981)

The present report describes studies to modify properties
of synthetic fibers by radiation-induced grafting technique.

This technique was employed since it is considered to be
generally applicable to the grafting of a radically polymerizable
monomer onto fiber.

Three synthetic fibers were used mainly in the present
studies; (1) polyester fiber which is ranked as the first in the
amount of production in the synthetic fibers at present and is
expected to increase in its importance in the future, (2) poly
(vinyl chloride) fiber which is inexpensive and fire-retardant,
and (3) polyethylene fiber which is not yet used in apparel at
present. )

In order to perform the grafting, the following two methods -
were studied; one is to graft monomer uniformly in the fibefﬂ
preventing homopolymerization of the monomer outside of the fiber,
and the other to graft monomer only on the fiber surface.

Using these methods, the following experiments were carried
out and fairly good results as expected were obtained. (1} In the
case of polyester fiber it was intended to make this more
hydrophilic and fire-retardant. (2} Concerning to poly (vinyl
chloride) fiber experiments were carried out to make the fiber
more hydrophilic and simultaneously more heat-resistant. (3) In
the case of polyethylene fiber, target was fire-retardance and

heat-resistance.

Keywords: Radiatidn, Grafting, Synthetic Fiber, Modification,
Polyester, Pely(vinyl chloride}, Polyethylene,

Hydrophilic Property, Heat-resistance, Flame-retardance
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TERESESL, BREE32X10°rad/ hOr BEEFETH & 15 HROBEE TE/ ~—BREELL
TLEW, BEOKDE N 1S NaHCO,KBERTHEL Th 757 MBERZRE T Z S 3HKRRZ o,
PLEMAERELIRETEN, L3 O0EARLALBEATCRALT, IEANTO
BEARDELATNAD, BEENABTO 2= F ) =—0&l AL KCHBERBTHALTOZ 5 7 b
BEREHOLLEDFRETH S LEEINE,

LT, ST EALOERBIEN 2T, BAOEREZLHOAAREEGICTT ALY
B EF .

Table L1, B4OCEBEBEOAA XTEFCHT AEGHILDREE~ABER TS 4,
60 % (BB )AAKBHEICEEEL 4 X 107 mol /4 ML T, 32X 10°rad/h OHEEBET
O hBHE L ABEOE /v —BHOREFRL TS A,

EGEMNL TESBYE LL T OB L A< A o2 REETGel &L TRL &, Clear
solutionldFEBEABEAELEMLAWKBETS D, 72ty ERATLELTHEAET L
BEEOFIV~—HEHETH o/, Table L1 OEBEOY, &E, MEIAOT N TOSEE
TAACHLTERBEIALELS*INEIT LR LE R D, DL T L A, EE€FEET LT &
Vbhbhok, ThHbLL, KBLOBELENT, EXBRBECAADESGIEC Y, KECXL
TEEMN, L (dABEC A =—0ERKL £,

Table 1.1

Effect of various metallic salts on homopolymeri-
zation of acrylic acid.

AR/H:0 = 6/4, concn. of metallic salt 4 x 10” *mol/ ,
dose rate 1.5 x710°rad/h, irrad. temp. 24°C.

irrad. time, 0.5h.

Metallic salt Appearance of solution
after irradiation

Ne Gel
#Monr's salt Clean solution
FeClz Clear solution

Fez(SO».)a(NH-.)zSOu -1}

FeCls Gel
CucCl Clear solution
Cu(NOs3}2 Clear solutien
CuS0« Clear solution
CuCl: Clear solution
Ni(NQOz:)2 Gel
Co{NOz3)2 Gel
Cr(w03) 2 -1)
Pb(NO3} 2 -1}
LiCl -1)

1) polymerization occured 0.5h after N, flushing without

irradiation.
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Fig. 1.2 Effect of cupric sulfate on the grafting of acrylic

acid onto pclyester fiber in 60 vecl% agueous solution

at a dose rate cof 3.2 X 105 rad/h at 22°C. concentration

4 mol/l, (x) 1 % 1073 mol/l,
(o) 4 % 1073 mol/1, (o) 1 X 1072 mol/1, (A) 4 X 107% mol/1,
(a) 1 x 1071 mo1/1.

of cupric sulfate: (+) 4 X 10”7
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60
[CuCl] : mol/!
4 X103

o0
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40
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[ | |
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Irradiation time(h)

Effect of cuprous chloride on the grafting of acrylic
acid onto polyester fiber in 60 vol% aquecus solution

at a dose rate of 3.2 X 10° rad/h at 22°C. Concentra-
tion of cuprous chloride; (x) 4 x 10~ % mol/1l, (e)

1.6 X 1077 mol/1, (&) 1.6 x 1072 mol/1, (4) 4 X 10~2mol/l.

1

G /o
FeCl,

s lasgrl 1 PR S B |

10 1073 102 107
[M]{mol/?)
1.4 Effect of copper and iron salts on the grafting of

acrylic acid onto polyester fiber in 60 vol% agqueous
solution at the dose rate of 3.2 X 105 rad/h at 24°C.
Irradiation time: 3h.
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32 =/~=~—-BEOEE

= AEOBEG 4 X107 moll/d et e/ ~—BEOEE% Table L3ICmKT, A A
BESOH(FEIMLETH, e—2rEARML T2k 20D LT, F2EEEENKE
o 37 P BMEERINTC EHEBEETS oA,

UEOHBR LD, KEDQOCERE60%0O =/ ~—BRETHEBL .

Table 1.3

Grafting of acrylic acid onto polyester fiber in the presence of
Mohr®s salt. Effect of AA/HZO ratio of monomer sclutiom.
Concentration of Mohr’s salt 4 X 10-31:101/1, dose rate 3.2 X 105rad/h,

irrad. temp. 25°C

AA/H20 Irrad. time Apparent graft, 1 Appearance of solution
by vel. h Dl) Ez) after irradiation

9/1 0.5 - 138.3 Seft gel
1 - - Rigid gel
2 ¢ - - "

8/2 0.5 - 13.4 Soft gel
1 - - Rigid gel
5 ~ _ "

7/3 1 13.2 12.9 Clear selution
2 23.2 19,9 Viscous solution
3 - - Soft gel

6/4 1 10.0 8.1 Clear solution
2 23.2 19.9 Viscous solution
3 37.1 24.3 "

5/5 1 4.0 - Clear solution
2 13.9 11.2 Viscous sclution
3 39.5 25.0 "

476 b3 0 - Clear solutiom
2 8.8 - Vlscous sclution
3 18.0 16.6 "

3/7 1 o B - Viscous solution
2 2.0 - "
3 15.7 13.9 Soft gel

2/8 2z 0.7 - Viscous solutiom
3 0.9 - "

_ & 1.2 1.0 Soft gel

1/¢ 2 0.3 - Cleaar solutionm
3 0.3 - Viscous solution
6 0.4 0.3 Y

1) After extraction with boiling water.

2) After extractiom with 1 Z NaHCG3 aqueous solution.
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3.3 REXORE®

rBREOBACRBEODERT Fig. 1.5 TR T,

BREECHNT, 77 7P R 24WEITHBREBEIL N850, ZAEBED
L7 57 BREEVANEAT B, BEEHSAE (A LR, FEP LA AL PHEsED (
HoTnh,

FBERIVEILICEABERELCOWTE, V. d.G. MEBLPVPOETRE AT EEY
Fhot, COBE, BEEFEBALEAWS, BEKBRCASTARBCTL 2OIC, BT
=/ = —WE 2004 BEREILCT, BEFHSTKCEH L A, &R % Table 1.4, Fig.
1.6 A<, Table LAWRINDL S, TAr IMERLE 757 r RORDE, r RO
BELbRKEN, CABELLTIBRBREDEERECESC(ROLBDNAL, TabL, BTHRE
HTi, HEELSBVWALCRHEEMAEN (., BERBONFORBTESG BVEILDOT,
NaHCO, B L VBHT2HA0WAT 5, $ABREESBE A OATENII(AD, &
FOLLEDABNDBARERTE2LILEIERL TnHEZELLN B,

V. dG. EFEOEEH 0.5 B 0.17Mrad sec [dFnEn, 1.8 x 10° R 6.6 X 10°
rad/h THEDL, Ny BOEBRERLFEDT, 77 7 ' EEEE LB EEORFRZE
WM Ty + 3B EFig. L7 HBONE, 727 V ESKER, E4UHEHERBLAZIN
AEM 2 A0 Ty 7 ' RBSB T HITHEZFRAL &,

CRLED, AP Os5 7 P EAEEEE 5X10° 45 1.8 X 10° rad/hOREXREETE
BRO OIS BICHHITEE WOERSB LN,

60
50k 3.2X10°rad/h
S 3.8X 10*rad/h
)
= 40
&
= 20k 1.9X 10*rad/h
o
—~
a
a 201
o
10 6.5 X losl‘ﬂ.d/h
[ i | [

0 5 16 15 20 25 30
Irradiation time(h)

Fig. 1.5 Grafting cf acrylic acid onto polyester fiber in 60
vel® agquecus soluticn containing 4 X 10-3 moi/l Mohr's
salt at different dose rates at 18°C.
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Tshle 1.4 Grafting of acrylic acid onto polyester fiber in the
presence of Mohr's salt.. (Impregnation method)
AA/H20 = 6/, conceatration of Mchr's salt 4.0 x 10_3
mol/l, Van de Graaff 1.5 MeV, irradiation temp. 16°C.
I. 0.5 Mrad/s (1.8 x 10° rad/h)
Pick up, % Dose Apparent grafi, % D/C Apparent
Mrad x 100 graft, %
Cl) D Ej)
180 0.5 L-6 1.3 28.3 1.1
237 0.5 5.1 2.5 59.0 2.4
23h 1 13.6 5.9 L3.4 k.3
239 1 9.8 4.1 41.8 3.8
229 2 34.9 12.8 36.7 8.1
287 2 23.1 10.2 43.7 7.1
219 3 58.1 ee.x z8.0 1.3
asz? 3 56.6 22.1 9.0 15.6
164 > 57.0 28.8 50.2
156 5 67.7 3.8 51l.4 2%.2
217 6 90.9 37.0 51,7 34.6
211 6 73.0 35.7 59.8 as5.6
I1. 0.17 Mrad/s (0.6 x 10° rad/h)
23y 6.5 3,3 1.3 39.4 1.2
245 .5 3.9 1.6 41.0 1.5
220 1 11.0 5.8 52.7 L.2
a55 i 9.9 5.9 59.6 4.9
247 2 L2.C 17.9 L2.6 14.2
256 2 L6.2 18.5 L0.0 11.4
21,0 3 55.2 19.0 3.4 13.6
233 3 53.1 17.0 32.0 1z2.0
211 6 73.6 21.6 2h.3 15.3
238 6 86.2 22.1 25.6 15.1

1) Without water-extraction.

2) After extraction with boiling water.

3) After extractiom with 1 % NaHCO3 aqueous soluticn.
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Fig. l. 6 Grafting of acrylic acid onto polyester fiber in 60 vol%
agueous solution containing 4 X 1673 mol/l Mohr's salt
with electron beames from Van de Graaff accelerater at
the dose rate of 0.17 Mrad/sec and 0.5 Mrad/sec at 16°C.
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Fig. 1.7

Influence of dose rate on the grafting of acrylic

acid onto polyester fiber in 60 vol% agueous solution
containing Mohr's salt of 4 X 10 ° mol/l at 18°C.
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A X107 mol /8, WEEE 38X 10°rad/h Th b, ERERE Fig. 181ITART40CH
T PR TLEME R B/ 57 EREESKE (b EANLILNDL, RYBE
50 CH ETHEEETREAYELONT, 356275 7 RT77 7 P BEFRERL NI (2D,
34 BEBEASVE, ZLBLHIr7 7 B I R AHRGREDLLNL,
BRBRECLTL, 7727 b RS T E757 r EGEET T VY- =927y P4 DL
F@Jﬂﬁ%%ﬂ%uCﬂib*b%ﬁ%ﬁﬂﬁ@%ﬁﬁ1$W¥wm,I&MOCTSO
keal/mol, 50~90C Tl4keal/mol THYH, “ACHEHBREL 412CTEDL b,
KHEDERT, 50CHEE40CHTCOoSHOHE, X, BErE(ALE, ELE
27577 EASELALOBROL 9 ELLNL D, PETOH? xBRBELS0CH
FTdh, AAHZPETOHRLBAKBEAL, /7 AEBREYETILLEREIDTE S
LI THRWLNAEREHTRA40~50CKH I 2REBBEENFLETLOTHAWSRLET
BaAND, H 7 AERBEUTTEE /~— OBEA~DOIEBRAELN NI nid, RO 75
7 BAEERAZI( RS, LOLBERATES LA XY AAGESEENEABITERR
5¢, PETHFEOLLRE0, BLNEFVAARTOLLHREGNBRE (b, MBI
R ARATHSY, EBH, BEBE-BERCL - THEEETRCHT A XY AA
DAKRELFR T (AHOT, MBAEHEFITH T EOERENS, SENICE LLORL T,
BEBESE(ALE, 9B/ 7 ' EGRERNS (A, BlEro 7 r BdRE (hb
ODTEAWLEFL NS,
RECA0CUTORHEE TH LN ABEBEROLNHPMCHET EREET HADIC, &
AEMDESOBREOEREYE LT, REBMIKH+T 475 7 1 RL2BESROBEFRTHE A,
COERI AT PETH#C 2 ¢ X 15ml D€/ ~—BRIECEEL Ty BBHETZ o/t
HER 158N 5y va LABAS:, BASETESRSTHREL T, 10 mmig OKEK

B AE THEAEERRELABAOITO s 57 + REBHEBMOBEET Fig. 110 (ORL
ﬁoﬁiﬁﬁLﬁ%&ﬁ&%WQKEﬁ%F??bﬁ%ﬁ%tt,K&U%E%@AA%/v
-%ﬁ&&E%%éﬁﬁ%,70CTZBHEEﬁL,ﬁ%ﬂ%Lﬁ*%ﬁU?-@%&D%
S . Fig. L1056 8Bbna Lo, 30CORETR, A—REBHTLET L, K
R O S0, BETBEICEN, BRAnd0rs 7 r BZABLN LY, FEMPLALD
MAHEEL, BEFBHACENTY, SAETEREFNTIFET b,

—F, BEAOFEESCEATE . Fig. L11 K bhb L oK, EAREIAZETES
OHEIERERAE L VARG WD, FERYG, EXT, AFFREHLCHL NE N,

FRLR I EhE, 30CORDTOr 7 VEACHILNOFEEME . AAxT /- O
%ﬁ?ETW%«@%ﬁﬁ,&#ﬁ@ii7rﬁm%iﬁL1Méc&K@E?%%®&%i
LNB, 500 OREPRECETAANTOZ 57 P RECHFER L BN HMREINE A
YEBHENAE (A AT LG, ERCELTFIRETHIDLEDN S,

v13i



[ ]
o

S

&

cu

|

&

4+

o

Q) i«

I

o

o.

ey

=T,
Fig. 1.8
Fig. 1.9

]
(=]

—
o

ok
=

JAERI-M 5481

0 2 4 6 8 10

40’C 18°C

1 1 1 1

12 14

Irradiation time(h)

Effect of irradiation temperature on the grafting

of acrylic acid onto polyester fiber in 60 vol3

agqueous solution containing Mohr's salt of 4 X 10”7

3

mol/l at a dose rate of 3.8 X 104 rad/h.

Grafting rate at 5% graft{%/h)

1 I o
2.6 2.8 3.0 3.2 3.4 3.6
1/ TX 108 '

- aArrhenius plots for the apparent grafting rate of
acrylic acid in the presence of Mohr's salt.
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1.10 Grafting of acrylic acid onto polyester fiber in
60 vol: aquecus solution containing Mohr's salt of
4 x 1073 mol/l at a dose rate of 3.8 X 104 rad/n.
(a) flushed with N5, irradiated at 30°C, (&)
dedassed under vacuum, if;adiatéd at 30°C, (o)
- flushed with N5, irradiated at 50°C.

50
—~ 40r
§
CE; 30F 30°C, under vac. \‘31‘?-\“
» S "
g 20r ?:.ro“ \\}6‘(‘“
= $r}\0‘5

o S

0 1 | 1 } 1 | |

Irradiation time(h)

1,11 Radiation polymerization of acrylic acid in the
' presence of polyester fiber and Mohr's salt.
0.2g of fiber and 15 ml of monomer solution.
conditions and symbols are the same as in Fig. 1.10.
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35 T2V ArBKEBROBEENBREACRIZT=—vEBRMNOHR

BiamD I L (, =—AEORNME, BARARRBHEE, 57 ESLCPNWT, FEHY = —
DEREWZ . 757 » BT BLOCHENTHE L Evbh oD, =—rERNOHRE
LDVEALHAKFTEADIC, AAKBHESTLOWT,, EAEE, EAECRTT = EOF
R T s L %o

EEHER T Table L5WTRT, SR, 10 mH OB A 53 TR/ CESEREL L
HETT26CTHEE3I8X10°radhD r MEBHL TR, TOBREEHTTHE,
E—LBEOQRMABLZ ABEE, 6AMOBECTER =R )= —d va ¥ »—7K (20 80)
OEAMECHL TABEHAEERT L, —H, =—rvEBFHENLARZTHE, 3 T14ERHOCY
YT AEH LT ABHFOERERO N Aok, T2 EORMCLDY, ESEE
HREMOH LBKXETFTLTNnE, SLICEAITNEZLASFEOETTH S, A TRE =
—~AEOHREMIT LD 40~43X10°051.5~1.8X10°LELF1,/200ETFTLTWA,
Dainton' bl 729 47 $ FOKBHRO r BES LTS C’T, Fe ORI HRE TR
L, R 2 OEIENIGHERYFA Y ORELLOBEFRBICL TR ALEE R LK,
Huglin 5@+ 1 2 >~QCAAD 7 5 7 VEBKENT, F' Fe'', o’ 0z am
FIMRERTL, ChoOEBr»F+rd, ABERECEETHL DAL AEERICICES
LTnbZ ExHLARKL, BrOBMBTREL Tnb,

INSOBELXEBICANLE, e—rBIIAADERKEPWIELERIECEEL, 4 FE
¥ETIL, EEEETRALIGETNELEFLONS,

BEERBREH 75 7 ' EASLEWTE, =—rHEHOBER~OEBEREL =/ =—O%Th
WCHENT AT AT LEELLNE, O, B#AF=E/EHM IS 28, HERN
OHRHTD 77 7 P BACHLTEHERRITLESGTHEZ N, oTE—2+EETHRMTH L
LD, HEAOF=R Y =—0OERZHFIL, #7737 BETHLCEBITRER AR AT T
Bh, FLTZOZ L, =—rBUACAAC K =ERONFICHBEO S oA 1T MOk,
Iffi, IfEOFPOBECISHTHILZ TS A, tXT—rEIFHINLOEBE KT
BETLOTI77 vBET 727 FIEERICEAL , MIEROCELS»RE - s BE£H TR %
hhlnsin, BEATLESIFELD, 2{BERACL T/ 77 VEAERI IR LI
HkAZnroi,

Table 1.5 Effect of Mohr's salt on the radiation polymerization of acrylic acid
AA/water = 6/4, dose rate 3.2 x 10°rad/h irradiation temperature 18°C

Concn. of Mohr's salt Irradiation time Total conv. M
mel/2 min. %
0 1.2 2.2 4.0x10°8
0 3.0 6.1 4.3 x10°¢
0 6.0 _al -
2.5 x 107° 12.0 2.9 1.5 x 105
" 36.6 ii.6 1.8 x10°%

a) Water inscluble gel was formed
Polymerization was carried cut under reduced pressure

of ix10™%mmHg.
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Tahle 1.6 Swelling of polyester fiber in various liguids

Degree of swelling at follow-

§ ; .
ing temperature and time. %
Liquid B.p. (Cai/

cc)}r  20°c, 20°c, 30°C, 30°C,
lhr 24hr lhr 24hr
Methylene chloride 40.2 9.7 14.7 13.3 12.2 12.3
Chloroform 61.2 9.3 1z.6 11.9 11.3 9.9
Carkon tetrachloride 76.7 8.5 0.9 - 1.1 0.8
Ethylidene dichloride 57.3 8.9 z.1 3.9 1.7 10.6
Ethylene dichloride 23.5 9.8 10.5 i2.6 11.5 12.5
1,1,1-Trichloroethane 74.0 8.8 0.8 i.2 0.7 1.1
1,1,2-Trichloroethane 113.5 9.4 8.7 12.2 5.7 14.9
~1,1,1,2-Tetrachloroethane 12%.5 - 2.3 2.0 1.8 2.0
1,1,2,2-Tetrachloroethane ld46.0 9.7 0.5 0.6 1.0 9.8
Pentachlerc ethane 162.0 9.4 2.8 3.3 1.1 1.9
cis-l,2-Dichlocrcethylene 60.8 - 2.1 13.4 12.4 11.1 14.8
trans-1,2-Dichlorcethylene 48.4 9.0 12.4 13.3 12.3 13.6
Trichlorcethylene 87.0 9.2 1.8¢ 5.5 1.9 12.6
1,1,2,2-Tetrachloroethylene 121.2 9.3 0.2 0.5 - 2.2
n-Propyl chloride 46.7 8.5 0.8 0.2 2.2 4.2
iso-Propyl chloride 34.8 - 1.6 2.0 1.9 2.6
n-Butyl chloride 68.3 - 0.8 0.6 0.8 1.9
Mono-chlorckenzene 132 9.5 1.3 1.9 0.5 3.0
0~-Dichlorobenzene 180.4 10.0 3.8 4.1 2.0 3.0
Benzyl alcohol 205.4 12.1 6.2 6.3 6.4 6.5
Dimethylformamide 153 12.1 2.9 14.3 6.8 16.3
Dimethyl sulfoxide 189 12.0 5.9 7.5 7.2 8.7
Nitrobenzene : 210.9 1.0 7.2 10.9 7.0 15.5
Formic acid 100.8 12.1 0 0 g.9 11.9
Acrylic acid 142 12.¢ 0.8 3.1 1.0 4.6
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RCeh b OB e/ +—BRICNATCER T 7 7 E8 TR >/, Table 1.7
Cie—rEE 4 X 10 mol 481, 60% (BFE) AAKBHEI00HWCH LT, BB 10
HEHRMLABBRTRAWEBEOERTRT .

BEEHOA 2T nWAWESE, 032Mrad/ hOBEETIREBEORBITHELONLANTOY
7RI 28BTH 5,

Ny ygnTra—n, YAFLRLL T FVEOERCRMKEMAOP ETORER S
BICETAZ2 7 RICERET HOWIREAEHRG AL oD, PETICHT 2REED
KENEEBENKELZ 57 P RIRERKACRETEZ LD D o, BEARILKELZ
AEBAMOFTREIREBECHRTS YD, 9720 EERLBENWD, TOLERTF7 70T
BRIt %#R#ET 2EBCEZ oTtnb L EL LN B,

Table L7 OEBERICL D, neX) v —OEEHBP L, pOEREATEWS 77 FEY
BLibICE _Hh=F VF > BU Bz Fr 8B EN TS ok, LnL, &REBLAD
BECERLENREL 7 57 + BECALLTFERZOT, “Htzs v 2EERLL TES
DHEY EBDH b, |

Table 1.7 Grafting ef acrylic acid onto polyester fiber in
' aqueous solution of acrylic acid containing various
liquid.
Monomer mixture: 60 % AA aguecus solution (contain-
ing 4 x107'mol/% Mohr's salt) : solvent = 10 : 1,
by volume,
Dose rate 3.2 x10°rad/h, irrad. temp. 22°C.

Apparent graft at following

Name of solvent irradiation time, %

10 min. 25 min. 60 min.
None o} 0.5 2.8
Methylene chleoride 2.6, 29.1 36.4
Chloroform 3.8 29.5 32.3
Carbon tetrachloride 5.7 3.2
Ethylidene chloride 19.3 29.2 33.1
Ethylene dichloride 21.4 27.6 34.1
1,1,1-Trichlorcethane 0.6 4.1 1)
1,1,2-Trichlorcethane 22.2 28.5 41.8 1)
1,1,1,2-Tetrachlorcethane 11.2 . 20.8 1)
1,1,2,2-Tetrachlorcethane 16.7 23.0 33.8 1)
Pentachliercethane 7.0 12.8 2%.3 1)
cis=1l,2=-Dichlorcethylens 19.6 27.3 31.3
trans-1,2-Dichlorcethylene 13.0 2l.6 32.0
Trichloroethylene 3.2 18.0 29.3
1,1,2,2-Tetrachlorcethylene 3.6 38.5 1
n-Propyl chloride 2.1 19.4
iso=-Propyl chloride 1.9 33.1
n-Butyl chloride 10.6 32.2 1)
Mono~-chlorobenzene 19.0 26.3 1) 41.4 1)
o~-Dichlorohenzene 22.7 28.6 1) 37.8 1)
Benzyl alcohol o) 2.0
Dimethylformamide ¢ 1.1
Dimethyl sulfoxide G.5 0.7
Nitrobenzene 0.2 1.2
Formic acid 0.3 4.3

1) Large amount of pcly acrylic acid was formed in liguid

phase cutside of fiber.
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Table 2.1. Effect of copper sulfate on the grafting of

50 ~60%HLEO=E/  ~—BENLET

methacrylic acid onto peclyester fibers (1)

Monomer mixture:
crylic acid, by wvol.,

of monomer mixture;
Irradiation, 3.6 x10"* rad/h., 2 h., 75°C.

20% agquous solution of metha-
0.2 g of fibers in 5 ml

Concn. of Apparent graft Total Graft
Cus0,-5H,0 conversion efficiency
mol/ % % % %

0 2l Very high —
1.0 x 107° 53.6 28.6 39.5
5.0 x 107° 56.3 17.4 72.6
1.0 x 1072 5z2.4 13.9 83.7
5.1 x 1072 45.8 9.5 100
1.0 x 1¢7! 39.8 8.5 100

a) Fibers could not be separated from gelled homcpolymer

50
[Cu*)=5x10"2 mol/l
gfxlo‘mdlh

. 40} T5°C.
°\. . ° I h
?g a0 o o
oa
|5
= 20}
a
< ol 05 h

0 |

0 50

Monomer concn., vol, %

Fig. 2.1 Effect of moncmer concentration on the grafting of
methacrylic acid onto polyester fibers at 3.6X10%

rad/h at 75°C.

Concn. cof copper sulfate in moncmer solution, 5x10772

mol/l.

—22—
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70} MAA 20% aq. 85°C
(cu*)=5x%10"* mol- /! 10°C
gol 3.6 x10%rad/h
. 75°C
3 gol-
br o
@
o 40 80°C
-+
5
S 30 —— 85°C
[=
L
20[-
e e °
vol = 100°C
50°C
,..120,135,150°C
0 4

Irradiation time, h

Fig. 2.2 Grafting of methacylic acid onto polyester fibers
at 3.6X10% rad/h at different temperatures.
Moncmer mixture, 20% agueous solution of metha-
crylic acid containing copper sulfate, 5}{10'2 mol/1l.
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05F
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L for the grafting
at temp. of 65~36°C
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Fig. 2.3 Log-log plot of the grafting curves shown in Fig. 2.2.
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Table 2.2 Graft-and homo-polymerization of methacrylic
acid in the presence of copper sulfate (1)

Monomer mixture: 20% agqueous scolution of
methacrylic acid containing 5x107% mol/%;
copper sulfate,

frradiation: 3.6 x10* rad/h., 2 h.

Irradiation Apparent graft Total Graft

temperature conversion efficiency
°C % % %
20 Q.5 10.0 1
50 0.9 0.2 100
65 23.3 5.1 100
70 47.1 1a0.0 100
75 45.8 9.5 100
g0 39.9 8.4 100
85 31.2 6.7 100
100 9.5 2.1 100
120 0 0 —

737%%&20@?&5%?@9.@%ﬁ&@iﬁ&ﬁ%ﬁ%(&b70@f%%i%h
{EMJ%&ﬁb.E%EEﬁé%KE(&%&K%Kﬁ&L.1%@?@%57%%@0%&
toﬁoWﬁﬂ%@ﬁﬁﬂﬁﬁ%*%ﬁﬁﬂz0@?&@&D%iéﬂ135fﬁ?7rﬁ%
@1%%?§ﬁ%u50@?@??7bﬁéﬂﬁﬁmﬂkiBﬁWﬁ.*%E%%ﬁkﬂgﬁ
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Kﬁtéﬁ%ﬁé%%éﬂﬂﬁ?%téﬁﬁﬁT@okﬁ.MAA@%%H@%T%D-C@
CEART ) ABRERADATD B '

) BMEXOER

75%@%%EEK3H5MAA®¢97rﬁ%%ﬁ%ﬁ?éﬁ%%Q%@K@?é%&ﬁ
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BLBRE (KB,
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T b MAA 20% ag.
50 (Cu*)=Bx107 mel/l
60 - 75 °C.
o 3.6x10'13%4 o s
50 o} " |
1.9x10° rad/h -
se 40 % !05—
& 65xi0°rad/h v T
@ 30 E 5}
L 1
g 46x10%radMh g i
g *T s 36x10° rad/
o o 36x107 rad/h
< MAA 20 % ag. ® 1.9%10% rad/h
10 {CU:] = 5)(]0'g moi /| = s 5.5)(][]: rad/h
75°C. F . 4 4.6x10" radm
% s oS g
Irradiation time, h - Irradiation time, h

Fig. 2.4

Fig. 2.5

Grafting of methacrylic acid onto polyester fibers Log-log plot of the grafting

at 75°C at different dose rates.

Monomer mixture,

curves shown in Fig. 2.4.

20% agqueous sclution of methacrylic

acid containing copper sulfate, 5%1072 mol/1.

Fig.

2.6

Grafting rate at 5% graft, ¥/h

50

[ [Cu*)=5x107%mol/L
10
5L

* MAA 20 % aq, 75°C.

e o MAA (CH,CL),(3:2) 20 % ag,19°C.

: ] i 1 ||||| 1 P lr||| 1 | -] 1Lt
0315 s 104 5 10° : 10%

Dosa rate, rad/h7.

Effect of dose rate on the grafting rate of methacry-
lic acid onto polyester fiber.

(#) 20% agueous sclution of MAA, irradiated at 75°C;
(o) MARA: [CH,CI),: Water=12:8:80, by vol. irradiated
at 19°C.
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~ Table 2.3 Effect of ratin of methacrylic acid to ethylene
dichloride on grafting
Monomer mixture: 20% agueous solution of MAA-
(CH,Cl), containing 5 x 107 ?mol/%; copper sulfate
Irradiation: 1.6 x 10% rad/h., 20°C

MAA: (CH,Cl): Irradiation time, h

by wvol. 1 5
1: ¢ App. graft, % 2.9 7.1
Total ccav. % 33.0 64.8
2 : 8 App. graft, % 4.8 8.0
Total conv. % . 46.5 66.9
4 : 6 App. graft, % 12.0 26.6
Total conv. % 30.6 89.8
5 : 3 App. graft, % 11.9 41.0
_ Total conv. % 46.0 83.9
6 : 4 App. graft, % 10.7 64.9
Total conv. % e 100
7+ 3 App. graft, % 4.5 24.3
Total conv. $% 25.3 —
8 : 2 app. graft, % 1.6 24.5
Total conv. % 22.0 —
g : 1 App. graft, % 1.4 9.2
Total conv. % 20.6 76.9
10 : 0 App. graft, % o} 0
Total conv. % 21.5 —_
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(b) TEBMEEOZE

ARZYABR-TiRbzF vy —KOEBRES1 208 180 (BRE)OESCHETEW,
BERBELIALLTOMBRMAOBETYZEZ T, 300 Tr % EHL ~ALBEE % Table 2.4
a3,

Table 2,4 Effect of copper sulfate on the grafting of
methacrylic acid onto polyester fibers (2}

Monomer mixture, MAA: (CH;Cl),: Water =12 : 8 : 80
by vol., Irradiation, 3.6 x10* rad/h., 2 h., 30°C.

Concn. of Apparent graft Total Graft
CusS0y +5H,0 conversion efficiency
mol/2 % % 3

] _ 5.0 68.6 2.7
1.0 x 107° 11.9 47.2 9.1
5.0 x 1073 11.7 18.4 22.6
1.0 x 10°° 11.9 11.8 35.7
5.1 x 10°° 11.5 9.5 52.2
1.0 x 10™° 5.4 1.9 160

BBACHEELAWERL 272 7 v EB5.0%, 2757 VRIEL2LTHBENININWETH L5,
WEHE 1.0 X 10 ‘mo L/ EHRMT B E 2757 v BIF11 ~12% OEE—FOECETHEKL,
777 ARG HREAOFRMBEOBK L HCHERT L, WRHET 1.0X107 mo /L £ TMAD
E, 7 EESABCIET AL, 77 7 v FEF100% EAb, LTOERTIE, 1E
fkzFverd GALAVE /~—GBEMOBGLERICS 1X 107 mol/E OB L Wz,
{¢) 777 PRECHTLIEEBRECER

BHBEZ1 9CI D6 5CETEATEBLAKERY Fig. 2.7 KR,

Ttz vy EREREMT ALY, 190 TH 227 VR OBEBICELL Y CAB,
REBEZ FFT30C, 40C KT AL, 737 VIREILKECIBEL AL, ECHE
ESFEETT, 50CKRLE, SLWMH 777 1 EREBERBRTLNEL Y275 7
NEE, T TEBRLABEEBCEWIR, 40C L8 0EWELARSL, 65 COBET
i, AaHEOBETL /5 7 KA 5 6% Thok, COBLEREL, x— 1G5 3HFT KB
BhEMABEAADFN TN D, '

Fig. 2TOEBRERYATH v o+ 2L Fig. 280mT Lo s5 7 L2088 %
TEHBEEI BN L, COEHFOEHFS (Zhid, fidLAL 72 7 ESOMEDHR
ERTHREBLEBLALONEY ) F19~50CORFEFHNBR T I4~150—FETH 2%, 65
CrtienL b LENROESELNAZ,
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60 ‘
MAA-(CH,C1), (3/2) 20% ag.
sol- 1Cu™1=5x1072 mol /1 40°C,
3.6 x10* rad/h
R
. 40
£
o .
o 30
5
§ 2 19°C.
.<
10 o
65°C.
I 1
0 1 2 3 4

Irradiation time , h

Fig. 2.7 Grafting of methacrylic acid onto polyester fibers
at 3.6%x10% rad/h at different temperatures in the
presence of ethylene dichloride.

Monomer mixture, MAA:{CH2Cl),: Water=12: 8:80. by
vol., concn. of copper sulfate 5X1072 mol/l.

100C
E MAA-(CH,C1, 20% aq. .
= [cu™1=5x%102 mol /1 40°C.
S0 3.6x10%rad/h gC
\o - O
< b 50°C.
=)
s
10— 65°C.
- - .
S -
® SF
&-_ L
< -
i p=14%02
1.0k~
05: ] [ IIIIJ | 1 ||||||1 v
~0.1 05 10 5 10

Irradiation time, h

Fig. 2.8 Log-log plot of the grafting curves shown in Fig. 2.7.
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R% Table 25(CRT, 3.6 X 10°rad/ h OBEXEC2RHMORBHTRHI0CTRIB N
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b, 7737+ BEL20CTH2 IHBKTEA NS, 40CT99%, 50C, 65CTH
100%ICEL ko TORRLL Btz r vy 2BMLT 727 ESETAOBECE 40
CEREMBTAAVARNTHEL EBbhb,

e} HMEEOEE

BEBREL1ICKENT, BEXZ65%X10°rad/h L b 1.6X10°rad/h3 TELTERL
AEFREFig. 290, Zh%xlog-leg7m o FLASOEFig.210KTF, Fig. 210k
NTEBOHEMEIBEERCBEF =140 —~EHETH o, TNLDL 737 ESBICET
LESEE®RYD, Fig. 26 CHATHRL k. COBEEF 055 Thdok, THWEzFVv %
BILTAAW?I S TSI EBREEREREEZ TR T «ad 051 TH 500 . TR LEBIERROE
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Table 2.5 Graft-and homo-polymerization of methacrylic
acid in the presence of copper sulfate (2}

Monomer mixture, MAA: (CH,Cl),: Water =12 : 8 : 80,
containing copper sulfate, 5 x 1072 mol/%;
Irradiation, 3.6 x 10* rad/h., 2 h.

Irradiation Apparent graft Total Graft
temperature conversion efficiency
°C £ % %

20 4.1 7.6 21
30 11.5 9.5 52
40 43.2 10.8 99
50 29.5 10.4 100
65 1.3 2.1 1o¢
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MAA-(CH,CL), (3/2) 20 % aq.

s 4ol 1Cu™l= 5x107 mol /1

£ 1.6%10° rad/h 3.6x10%rad/h

c 30r _

4

e 1.9x10% rad/h

E 20F

2 10 6.5x10% rad/h

I
0 | 2 3 4 5 6 7 8 9
Irradiation time, h-

Fig. 2.9 Grafting of methacrylic acid onto polyester fibers
at 19°C at different dose rates in the presence of
ethylene dichloride.

Monomer mixture, MAA:(CHzcl)Z: Water=12:8:80, by
vol., concn. of copper sulfate 5%1072 mol/l.
100
o
- O
50 A
- A
XL

o

| IITili

05 ' RN IR RNl p_ bt

Apparent graft,
(&) ]

0.1 05 1 5 10 50
Irradistion time, b

Fig. 2.10 Log-log plot of the grafting curves shown in Fig.

2-9.
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Temperature, °C.
90 80 70 60 50 40. 30 20
| © MAA-(CH,CI), (3:2) 20% aq.
® MAA 20 % aq.

S
S

T [ TT11

(8,
o

i 10.5 Kcal/me!

o

' |T1IIE

226 Keal/mo! 8.7 Kcal/mol.

Grafting rate at 5 % graft, %/h
=)

l | i 1 1 1 ] ’ 1
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. /T x10®

Fig. 2,11 Arrhenins plot of the grafting rates of methacrylic
acid ontc polyester fibers.
{(®) 20% agueous solution of MaA
{o) MAA: (CH,CI)y: Water=12:8:80
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(a)

Fig. 2.12 Microphotographs of cross-sections of methacrylic
acid graft polyester fiber, (a} G=6,8% (b) G=12.6%

{c) G=33.9%.
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Fig. 2.13 Moisture regain of methacrylic acid grafted poly-
ester fiber at 66% R.H., 25°C.
For comparison moisture regains of cotton, acrylic
acid {an)-graft, AACa~graft and AANa-graft
polyester fibers are shown.
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THREECHGEI4 LNk,
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Fig. 3.1 Grafting of methacrylic acid onto polyester

fabrics at a dose rate of 1 x 103 rad/h at 55°C.
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Table 3.1 Moisture regain and wicking of water droplet
of acrylic acid, sodium acrylate and calcium
acrylate graft polyester fabrics at 20°¢C,

65% R.H.

Apparent graft

Moisture regain

Wicking time

% % sec
Control 0 0.27 3430
Al 3.8 0.49 768

5.6 0.74 1150

6.0 0.85 510

9.7 1.17 342

13.1 1.30 702

AA-Na 3.4 0.59 186
5.6 1.40 5

6.9 1.30 9

9.4 3.36 -

14.8 7.40 5

AR~-Ca 3.0 0.55 534
6.2 0.97 %06

8.7 1.73 694

14.6 1.36 404

Cotton - 5.97 5
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Fig. 3.2 Moisture regain of polyester fabrics grafted
with acrylic acid, methacrylic acid or their
sodium salt at 25°C, 66% R.H.. BAcrylic acid
grafts (o), sodium acrylate grafts (@),
methacrylic acid grafts (4) and sodium
methacrvlate grafts (a}. Dotted line shows

the moisture regain of cotton:

BKEECORBER Y Fig.33Wmnd.,. EMEAA #7527 T, GEEMAA 757 P HC
B+A230THY . FNFNLSF5 7 VR NaBOCERLAZ7 7 P HOERRER EHIGRL A,
AA, MAAZ 7 7 AEDBOKOI O 77 7 B4, wicking time [FREIO
KB C2WT 300 LT, BAKECHEHMIKEL THATLG TS ok AA-Na 757 b
HEBEHBO 757 r ETwieking time{Z 10BT LAY, REZBKETR LA, #7577
GGEFESTRETHEALTIRAEGERL A o/, MAA—Na 757 MO BRKEZL
MAAZ 77 P HCHNBEMELT AL, AA-Na 777 P AICHE~NB L BHTED, 77
7rEPBALTCIBKELE EL Aok, TADLDL, AA MAA, MAA-Na 775 7 FH O
BAMEETHREZERLPBLONEZD o/,
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Fig. 3.3 Wicking time (time required for a droplet of
water to be absorbed to fabric when it is placed
on a sufface of fabrics) vs. apparent graft at
23°C, 65% R.H. for polyester fabrics grafted
with acrvlic acid, methacrylic acid and their

sodium salt. Symbols are the same as in Fig. 3.2

32 T2 VABBLUAZZ Y #7527 P FYZRTAROCRETEY

PETHEOSKILOBENO—2WR, BBSBERHILT AL TdE. BEFEH LT
it BABlICa—R2)—RAEF 5 2F 2 F=%ANT, APETHCEBILAII7+ HOK
EATHEE L, AAZF 7 M, AA—Na 75 7 P HOBEREHNBRER ¢ Fig 340K
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10, 000 .
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Fig. 3.4 Electrostatic charge of polyester fabrics grafted
with acrylic acid, methacrylic acid and their
sodium salt at 23°C, 45% R.H.. Symbols are the

same as in Fig. 3.2
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Kok RHFTS 2/,

S8 YK Eastman Polyester Red BEBWAH L BHBER % Table 33T RT, 757
FPEIOBM FOLDOTAA, AA—Na, AA—Casz 57+ %, ARIAEAPETHLD & &
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mable 3.2 Dye affinity of acrylic acid graft polyester
fibers to catienic dye (Sevron Brilliant Red
B) and fastness of dyed fibers.
Dyeing temperature, 98°C
Apparent D Celor, Day~ Fastness to 2)
graft " naked light ironing, rating
% mg/g eye test fastness :
ratingl) rating?) Stain Discolor=
. ation
Control - \'4 - 4 -5 4
AA 0.7 0.9 Iv - 3 -4 5
2.7 3.4 Iv - 5 5
9.8 17.5 1I 1 -2 4 4
21.3 18.6 X 2 4 4
AA-Nag g 1.1 v - 5 5
2.8 2.4 Iv l 5 5
10.3 19.4 II 1 3 - 4
22.3 19.6 I 1 4 4
TIT : fair, IV : poor, V :@ very poor.

1} I : excellent,
2} The larger the number, the better the fastness.

Table 3.3 Dye affinity of acrylic acid graft polyester
fibers to disperse dye {Eastman Polyester Red
B) and fastness of dyed fibers.
Dyeing temperature, 120°C
Apparent Df Colorz, Day- Fastness to )
graft naked light irening, rating
% mg/g eye test fastness
rating rating?2) Stain Discolor-
ation
Control 11.1 I1I 5 -6 5 4 - 5
AR 0.7 9.4 III 4 5 5
2.7 10.1 III 4 - 5 5 -
9.8 13.1 Iz 3 5 -
2.3 13.8 I 5 -
AR-Na 0.8 8.9 III . 3 -4 5 5
2.8 10.5 III 4 - 5 5 5
10.3 13.1 11 3 -4 5 -
22.3 14.5 I 3 -4 5 -5
Anh-Ca 1.2 g.1 III 5 - -
11.5 11.8 II 3 -4 - -
19.1 12.1 Iz 3 - -
1), 2} See table 3-2
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Table 3.4 Mechanical properties of acrylic acid

graft polyester fabrics (warp direction),

Moncmer apoarent Thickness Tensile Elongation Tearing
grafted graft strength strength
% mm kg % kg
Starting =
polyester ] 0.25 57.6 . 43.3 4 1.4
AR 2.2 0.25 63.6 45.1 1.6
7.7 0.27 59.9% 40.7 1.2
17.6 0.27 62.8 39.2 1.2
3c. ¢ 0.34 62.3 55.9 1.3
AA-Na 2.4 0.25 64.2 47.9 1.5
8.1 0.28 45.4 40.5 1.1
33.4 0.37 52.1 60.6 1.2

Table 3.5 Fade-o-meter test of mechanical properties of

acrylic acid graft polyester fabrics (warp direction),

Apparent strength Tkg) _ Elongation (%) Retention
gragt before after before after of st;ength
irradiation irradiation irradiation irradiation :
Starting g4 56.0 53.6 37.6 36.8 96
polyester
AR 1.0 52.7 53.7 35.8 35.8 102
6.3 52.7 : 41.2 37.3 " 31.3 78
11.6 49.4 34.5 42.8 32.4 A 70
AA-Na 0.8 49.0 51.3 34.2 36.5 104
4.8 44,2 36.8 -30.1 27.0 83
12.4 47,7 29,0 331 34.3 61
AA-CA 8.1 53.3 36.1 39.2 29.3 68
22.4 54. 4 30.6 45.9 30.0 56
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Table 3.6 Tensile properties of acrylic acid graft polyester
filaments prepared by immersion method using y-rays.

1. Starting filaments

Treatment Denier Strength Tenacity Elongation Modulous

g g/d % kg/mm?
As received 2.04 10.77 5.27 45.6 876
1 2,22 10.99 4.95 51.0 615
2 2.11 11.42 5.41 50.4 785
3 2.10 11.15 5.32 47.3 748
2. Graft filaments
Apparent . .
graft Denier Strength Tenacity Elengation Modulo%s
% g g/d 3 kg/mm
AA G.9 2.25 11.12 4.92 ' 55.1 636
10.6 2.86 11.22 3.93 50.8 511
21.1 3.04 11.97 3.62 63.3 501
Ah-Na 0.9 2.20 10.63 4.85 45.8 596
10.6 2.61 10.45 4.01 50.0 491
2l.1 3.76 9.84 2.61 65.2 265
Aa-Ca 0.9 2.20 10.50 4.78 50.0 600
10.6 2.56 11.31 4.43 53.5 605
21.1 3.26 11.18 3.43 69.3 505

Treatment 1. Washed with agqueous solution of 0.1% NaHCO
and 0.1% non-ionic surfactant at 80°C for 2

hours.

Treatment 2. Washed with agqueocus solution of 1% NaHCQO at
80°C for 2 hours.

Treatment 3. Washed with agueous solution of 1% Ca-acetate
at 80°C for 2 hours.
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Table 37 Melting temperature of acrylic acid graft polyester fiber

Apparent graft, % Melting temperature, °C

0 256

AA AR-Na ARn-Ca
16.1 300 353 384
24.2 383 > 500 > 500
46.0 365 > 500 > 500
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Fig. 4.1 Effect of ethylene dichloride on the grafting of vinyl-
pyrrolidone onto polyester fibers. The numbers of
the curves mean ml ethylene dichloride added to 100 m]
aqueous solution of vinylpyrrolidone.
Dose rate: 3.4 x 105 rad/h ; temperature: 23°C;
concn, of copper sulfate in the monomer mixture:

1.0 % 103 mol /1.
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Table 4,1 Effect of copper sulfate on the grafting of vinylpyrrolidone

onto polyester fibers,

Monomer mixture: VPO: HyO: (CH,C1), = 20 : 80 : 10

by vol..

Irradiation: 3.2 x 10° rad/h , 50°C

1. Dose3.2x10° rad

Concn. of Apparent Total Graft
CuS0, - 5H,C graft conv, efficiency
mol - /1 % % %

0 24,5 Very large -
1.0x 1073 16.7 72,1 4,3
5.0x107° 20,7 64,1 5.6
£.0x 1072 15. 8 19.5 21.0
5.0 x 107% 12,0 9.8 21.5
1.0 x 1071 7.8 20.8 13,7
2. Dose 1,6 x 105 rad

0 11.5 Very large -
1.0 x 1073 8.9 58,2 4.1
5.0x 1077 9.7 37.6 6.4
1.0 x 1072 6.1 16. 6 9.4
5.0x1¢% 9.5 12,0 12.1
1,ox 107! 6.6 10,3 9.6
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2 Effect of copper sulfate on the grafting of vinyl-
pyrrolidone onto polyester fibers,
Dose rate: 3,2 x '105 rad/h ; temperature: 23°C;
monomer mixture: VPO : HyO: (CH,Cl), = 20 : 80 : 10
by vol,
20 T T ! |
Irrad. temp.
L 22C. n
/——-0 O-
40C. A
/ Ll
i)
1T .
’/5't"._
®
| 65°C A
20

Irradiation time (h)

Fig. 4.3 Grafting of vinylpyrrolidone onto polyester fibers at

different temperatures,

Monomer mixture: VPO : HO : (CH,Cl); = 20 :80:10
by vol; concn. of copper sulfate in the monomer
mixture: 5,0x 107 mol /1; dose rate 3.4 x 104 rad/h .
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Fig. 4.4 Grafting of vinylpyrrolidone onto polyester fibers at
different dose rates of Y-rays from Co60 at 22°C.

Monomer mixture: the same as in Fig. 4.3
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Fig. 4.5 Grafting of vinylpyrrolidone onto polyester fibers at
different dose rates of electron beams from a Van
de Graaff accelerator at 22°C,

Monomer mixture: the same as in Fig. 4.3
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Fig. 4.6 Influence of dose rate on the grafting of vinylpyrrolidone

to polyester fibers at 22°C,
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Fig .- 4.7 Radiation-induced polymerization of vinylpyrrolidone
at different dose rates at 23 °C in aqueous solution of

20% monomer.
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' Fig. 4.8 Radiation-induced polymerization of vinylpyrrolidone at
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Fig. 4.9 Radiation-induced polymerization of vinylpyrrolidone

at different dose rates at 23 °C in pure monomer,
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Fig. 4.10 Influence of dose rate on the rate of polymerization
of vinylpyrrolidone at 23°C.
x: Munari's result for y-ray polymetization of pure
vinylpyrrolidone8 .

RiCe=rvn) VoDreBERETBbNA X ~—DATREMENE & b B~7%,
R T Table 42 R T, BEEFEEL, EARES~6% L 10 HBOLIATHLNLARF
)~ —DEETFEAFE T B, 50 ~60 FhbBI00FOEAA L, ABHESTHED
i X)) ~—DOHBLPENFTFEZRL %,

1
1¢®

Table 4,2 Molecular weight of polyvinylpyrrolidone

obtained by homopolymerization

1. Polymerization of monomer in bulk
Dose rate Irradiation Conversion n] _
rad/h time % ml/g Mn
min,
5 5
7.9x 10 5 6.3 82,2 5, 7=x 10
"o 10 12.1 87.5 6.3 x 10°
5 5
2.8 x 10 15 7.4 99. 0 8. 7T=x10
" 20 12.9 104, 2 7.9 x 10°
3.4 % 104 45 7.4 128, 0 1,2 x 10°
" 60 12,1 141.1 1.4 x 10°
3 6
8. 0x10 120 7.7 128.7 1.3x10
g 150 10,5 128.6 1.8 x 10°
2. Polymerization of 50 % solution
s [
2,8x10 2 7.2 162. 7 1.9x10
" 5 18. 4 176.6 2.2 x 106
4 6
3.4 x 10 5 5.0 203.1 2,9 x 10
" 10 10.9 212.3 3.2 x 10°




JAERI-M 9481

ﬁ%ﬁ&ﬁ%%@@%%ﬁﬁﬁfﬁvb?é&F@Ailﬁﬁ%ﬂéoﬁﬁ®ﬁﬁuso%

KBWEDOFHH— 0.15, fMiv=ree ) FrOFH— 021 <Hb, AN LA IIAMETHE,

Cﬂ@%/7—“®ﬁﬂ@ﬁﬁktb%hﬁb&%i%ﬂ%oanmmuhgﬂmAIBN
4

&%m%zotmxﬁéﬁz»fnuFy@%ﬁﬁ%@%ﬁgb,CM=4OXM'awéﬁ
DKt Ve / v~ —~OESHBBHBHEREL Tnb,

107 T T Y T T T T

5
—015

T T [T FJ

X~ 50% soln.

1

%
E ~ ) 0.21
z .\, —
5 100 —, 7
2 5L "~ pure VPO
o L -
=
10® 1 eoa Laaaal Y TS oo Lol r 0ol
102 10* 10* 10 107
Dose rate (rad / h)
Fig. 4.11 Influence of dose rate by the polymerization of vinyl-

pyrrolidone on the molecular weight polymerized of
polymer.
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Fig. 4.12 Moisture regain of vinylpyrrolidone graft polyester

fibers at 25 °C.
(®) 94% R.H., {0} 66% R.H..

—61—



JAERI-M 9481

4, # &

C F Nz AFABEOBRKIEEEMELT, Y=ava ) VyOREERERABREICLL 75 7
PERETAEAVWRKOEREBA .

FRENTHE, FIzFrrFrvr2v— 1 1OREEH TS L HEbtxF v ORMALICH
777 MEEEEBONEDL o &,

T/ —RBE20~50%0HBT, =/ ~—BELELALIRE 77 7+ BEAEEZNZ
(b, LAV >TE(OCEREE/ ~—BE2 0% THA ok,

/- BERCHBATHRML THRENTEZL*=ESEMRIL 4. L2L FO AL
R, I3 TEHELATZ IV B, A7) »BOBEEEREEEL, FEXK T —O&E
KETE2CHMFT L LdEERAED o/,

BHABE20C~65CORBRBT /77 7 EAEBEBRELNB ALEETT L WIHER

* B,
8.0X10°~0.0X10"rad /WO AV ENEREE T, 57 ' EAREABBEEO IIT—

RICHBIL 7,
HBOZDCIThofed=ra | FxOF2BEELENWTH, KBROEED, M=/ <

— DB, EAOREIBRERDO 6 RICKHAL 7.
BOoNAZS 7V BHEOBREBHR 72V ABF Y ) varss 7 P REREARAWS, 72

AT I bR RED o5,



JAERI-M 9481

5, ﬁUlZ?wﬁmwﬁﬂl%vy7U3—w®fﬂ0U»@
BLNZT I VA 2 RATFNDYT 77 ~EA

1. &

a

MEE T WT, FVxxF A (PET VBRHEOBALEENELT A/ 7 PESKDW
Iﬁ&ko%Cfﬁmt%/7—@@ﬂ%ﬁ%ﬁmﬂ@®lzﬁﬁ%%9%/7—T@D.ﬁ
@GN TOBC 757 1 BEOr T3 LB AsHbnAL, Lrl, 2OXIKLTRS
N s T R T Ay VRSB, TARY L b PETOMAMEDRE D BB
AAZ T 7 VERBOBE, BEOTLETZ7 7 LTWELTSPETO KSRGS BT
BOEHEL £, CNERERETZ 5 7 P RISHRIAZ LT LY, T VHEBRAL S
ﬁoﬁkb&%i%ﬁéoL@%%?ﬁ@%@@ﬂﬁﬁﬁﬁ%@#&i?%/VHﬁﬂ%L%
éiﬁﬁ%%m@.ﬂﬁ7%&@Eﬁﬁﬁﬁ%®%ﬂﬁﬁ%bﬁ%ﬁ:dtmtmx5&%%%%.
HEOREETT AV T2 2 T2 0RD, MTr a0 URETTE2EFLLNL,

FrTHREONEI L/ < — dBALT, ABBIUKLET 7 57 b 3AERT ~ 0 VD
ﬁﬁbn&Wﬁ%ﬁ%éoL#%ﬁﬁ%mkmz,%%%mﬁ&EK¥LTMﬁ@ﬁH@f5
T THREARGFE T L, £/ v HRBUBALE{ WALKEATESFBIRENT LB
@, dAEAERY) ~-PRERECEE LTI RCBT AV bCE, E4RICED
R EC L, ABIKALLI AT/ w—DEEL N,

EETH, T/ v~—bLTHEYzFLryZYa—nPi52 ) v-btRUEVTIZYI V-t T
B bR, chbO®/ ~—EATHC ROEAH_EHAERDL, ES4PCBLITRIGE
e LB, BFHE AL ENMABLFEA<S v —Th b, AFRCEWTHL=F >
sy A HAOELSER 15023 3 TEALTPETHEOREAKLICHTHEERERIIL /L1,
BSmEATEQ v A2 2 Y v—t, ¥yT727 ) v—t QPETH#ERCHEBEALRE, O
EBEBEREEA IO 75 7 RIE, nbh@AERZ I 7 EFELLTEILZLELDN
5, COFRCHEWTE, PETHICHT AEERzEReT, BEWICRA /7 71 2175
LEFAMCERYED

2. ERAE

221 FJT AT A

HR L TR ) zFvF Ly 2V BB A A, MR, RE EA, et ®
s P RIBELLALOT, BFHMCEZEKTI00T, 2BFMEMRL . HAXFTBEHLIITE
SA v F, BI2AE A FTHILBOBFOIOTH S, BFE 00128/ cmTH S,

22 =/=-=



JAERI-M 9481

FY) zF v ja—n. 2iF2 )r—t (BTFTPEGMALBEE ), ¥l zF L7 Y=
—n e PTZ Y v— 1+ (LT PEGMA~A S8R ) WHTHIEEHBONK= AT+ THD,
FEEBLREILT e Ve / AFrz—F A% 60~100 ppm EHL TWWHL, HRILES
BLHEBRETLLEALBNA, TAALZZ VMBI R T EEBORDK=E/ 2 2T W
(PEGMA-M ) €2~ T3dEBE L4, 3 PEGMA, PEGMA~A, PEGMA-M It h¥E
NTEOEERNEEL, ¥l 2FLrr 7 )3 —rBACERE(0)ORAZLLOEHEERC

e A
PEGMA
CH, CH,
! !
CH, = C = CH,
I !
000 — (CH, CH,0), — OC
n=2,3, 4, 9, 14, 23
PEGMA—A
CH, = CH HC = CH,
] ]
cOO— (CH,CH, O)_ —0OC
n=2, 3, 4, 9, 14, 23
PEGMA—M
cH,
1
CH, = C
]
COO ~ (CH,CH,0) — O CH, . n=9, 23

LTI H T PEGMAD n=1 03D {F PEGMA—1G &9 L HCRERET 4, & PEGMA
—23G, PEGMA—AZ23G, PEGMA—-M23GEEFTNEFNEETHRY » 2 2RO EETSH L,
FOMD ST RF A, T/LAFAETNTRETS o/,

23 537 EA
737 VP EREEREAF 65 CTERBHETITI .
EFREBHOBLSEDATE~NSL, PETH ( 10emX 8 em, 1 g ) TPEGMA,
PEGMA—A, PEGMA-M7Z %5~ 15 % BB BEICER (230 ) TH L6 RMEEREL &,
(2 =—BROBHdzrsv 7)) a -2 HHGOELEH 4L TOPEGMA, PEGMA—A,
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FEOMICIHIATED, # V15 Lvr 2B bLATrI=v2BOHBICAL, 22HER
BARL, BH LA, e a3y _TEEL, ¥ 72777 NHFErHDO L5 MeV, 502A
DEFH% 23CTRHEL £, $BEEZ 0.16Mrad sec T b, <tz <TOREDT2
em/min T®H -,
DFdERBHTHLd, PETHICE /< BHR*EBEE, —65 COERBRETO RS
3fT ok, T b, PEGMA 35 A PEGMA A OEBEWXPETHRICERIE, TN
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y&%tfio

25 EBEFTEA LI FLEEORE
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BAEFHAB o/, FZ7 200BHE 7000 " 5Td5, P TEEEZFIEL T, F#E K
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THEEVLFEA TWRNZEDEBTEL, 9G, 14G, 23G OB KERE B 7
25, 0.7Mrad, 4Mrad {3+ 5 CHRHABETS D, 0TMradTERRIB LA LK T nD L
DT 0, BWEOKMBEBOEREME, T2LLAHITOZ5 7+ B (D)ECOHE (D)
X100 D 4 Mrad BEFEOMEE 90 U LKEL, L CTEALAPEGMA (XEH i _FKCE
BIEINBZ Ehibnbd, THHE, =/ ~— Bl EEETH ALDELDET R ICESK
RETDADTH DY, BRCEEL TWAaAWDY, HKEEINA ®/ < —(F 1 Mrad 8 0B
HTL2BPELCESL TWE, FNHl, D/CRAPTOZ 57+ HRFEND 4O TH D
B, APECEHTH9G, 14G, 23GIKBLIEE/ ~—FERLE—ICRE, & O
OB EORENERZRE, T 72bb, €/ ~—FIAEOBWL LB COEOBETS 5,

Table 52 D PEGMA-ADH S, FHEAECBENA—2G, A— 3G, A —4GEHL
Td, 0.TMrad TERV D ADETLTWAL 2800 M% 4 MradlCR+ 5 F R & iz b
BB bhrE, Thbb, FTHESECEASTATADBE, YARZ 2 )L~ L0 b o7
ZIVVv—rOLFHBEREEHNRENEELLNL, (D/C)X1000EE Y 72 Y v— K%
LTHZ3IGERVTI0 L ETHD, 23GH85%H ETH oA, (D/C) X 10000
L2222V = MCHENT YT 2 Vv~ OFBETREN, £Y) 720 v— » HEELD
RV =—THLOEHL, FVAF2 ) v - dHBEEF Y ~—T35505 W2BEK L 2
O S HN A N,

R 74520 v—1 { PEGMA-M) LD NTH o~ E8% T+, 8O ARG ICREK
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A MEEEINA, 23GEH BOBE A HBINTICRECEE INA, +TICHk
WL O, TR/ -t B oA BAE, EAOETELCEBLAERTD, BE S KK
LoT v EBICHBBREINANEZEL LN 57, Table 5. 30BFRRCOEL % L (EHL
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CLTRERBICHEIKBHILC L VREEAINTLE Y RFLe T2 U ABE EOBEIIT
NDB LTI T PERPELDBLENLELLL2IGOLINCHBHSTFEORE e/ <
—HED)E AT VBEACALCENOTHAZWLEEL LR B,

Y ETFLrZ - BBOERGEDCIINM—-9G, 9GKH+ LERER % Table
54T T, (D/C) X 100D e /227 AICHL T 20%LT, 225 40w LT
FO0BULETHD, FOBHEIM—23G, 23GHST2 EABICEL L2,

0

8.2 —~65CORMREBTOETHEBECLEZ 57 +ES
PEG=7/A22 ) v=tHLUPEG=Y T2 v~ OBHEE — 650 ORBIREICH
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Table 5.3 Grafting of PEG~monomethacrylate or
-dimethacrylate onto polyester fabrics.

Monomer : HpO = 10 : 90

Dose rate 0.16 Mrad/sec., Irrad. temp. 23°C

Dose Weight Apparent {D/C)

Moncmer increase graft. x 100
Mrad % (C) % (D) %

M-23G 0.7 : §.2 1.8 22.0

" 2 8.2 1.8 22.0

" 4 9.0 1.8 20.0

23G 0.7 9.1 7.2 79.1

" 2 8.0 7.9 B7.8

" 4 8.2 8.5 891.5

Table 5.4 @ra;tihg‘oﬁ;gEG&monomethacrylate.b§
e e -
-dimethacrylate onto polyester fabrics,
Monomer : H30 =10 : 90

Dose rate 0.16 Mrad/sec., I;rad. temp. 23°C

Dose Weight Apparent {D/C)

Monomer increase graft x 100
Mrad % (C) % (D) %

M=-9G 0.7 6.4 1.5 23.4
n 2 4.9 0.9 18.4

" 4 8.3 1.5 18.1

9G 0.7 24.5 22.9 935

" 2 13.8 12.8 92.8

" 4 14.8 - 14.2 95.9
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Fig. 5.4 Frictional electricity of PEG-diacrylate (A-14G)

graft polvester fabrics at 23°C, 55% R.E.
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Fig. 5.8 Wicking time of PEG-
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diacrylate (A-14G) graft
polyester fabrics.



JAERI-M 92481

Fig.510En=230v A2 ) v—1t, Y72 )v—F, 2/ FAF7)VVv=2D 777
b T A ABRNE NG OER TS L, COBACH, BHERECLAERLELAL
BoAT, 23 CEBET, 757 ' EHB{RL ERBERR OB 2L E NI RBREADAL
#oknCﬂﬁuzzsmﬁétQJﬂiUV—b,ﬁ?ﬂUvHr£UvH§¢Kié&K
HHRELAEALADTHLS D,

FmﬁllkiﬁF@jJZMﬁﬁ@ﬁ@@ﬁ&b?ﬁé%h@:ﬁti?vy%ﬁmﬁ%
EQEIAFE IV —1t 777 HOBRKEERT,

Fig.511ffn=90® /xx5 4, M- 9G, Fig.512@a=230s/ 27+, M
~-23GEHTHERTS b, WINd, —iEfh F vy CHNT ARER WA F T (K
RS AR, Tz F L ZPETORBETS ), BAEOR ) 227 +»ICELT
KA BB AR E~NT A RINESES B0, AREO X = -~ CHAERBLHESSH
L LABN, FOBRRELACTACHILEMRGBBLETEAD,

>180¢
150 F- Irrad. temp.
o 23C
2
x —gsc I 20
- ® 23C
+ —ss¢ [ A6
A 23C  M-23G
§ 100+ °
[+
E
x|
£
©
=
S0 o o
A B8
8
FoA o]
o]
& %;’” s
fay
> ga 3% 1
! ! 1 1
0 10 20

Apparent graft (%)
Fig. 5.10 Wicking time of PEG-dimethacrylate (23G) (o, x},
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Fig. 5.13 Moisture regain of PEG-dimethacrylate {c) and
-diacrylate (e ) homopolymers at 23°C, 66%
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Fig. 5.16 Moisture regain of PEG-dimethacrylate (14G) and
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23°C, 66% R.H. and 94% R.H. PEG-dimethacrylate,

grafted at 23°C (o ,®) and at —-65°C (O, ®};
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5.17 Moisture regain of PEG-diacrylate (A-23G)

graft polyester fabrics polymerized at 23°C
(o, e) and at -65°C {4, 4). Open symbols,
moisture regain at 23°C, 66% R.H.; solid symbols,

moisture regain at 23°C, 94% R.H..
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HERIGE, SR AT KCTEBERL T, BEAHEORAECHEL £, BEIFEDL.
EHNANMEEC LA EREL T, BEEMCLLIERHEMI D KDL, AHEOLDLT
—EHORBCDONT, MEBREE o 7 FHEBEMX - 3B HAATEREREET THL %
HEN L - TR A ERESTHER LB T Table 6.1 WRET, EEHMEOEAT EHTIE
I e eED OENARED LN BFERLEABLATHE, B TEROBES L BHE
HEERELT, AR THEEEMAEL VEEFTERTRD &,

Table 6.1 Determination of chlorine content of radiation-

chlorinated polyester fabric.

aj

Sample No. Dose Cl content, %
Mrad From weight From elemental
increase analysisb)
0 0 0 0
1l 1.086 8.2 7.2
2 1.86 iz2.4 11.4
3 2.76 i6.5 14.0

a) Dose rate 3.36 x 104 rad/sec.

b) Elemental analysis was carried out using a Yanagimoto

Halcgen Analysis Apparatus.

2 4 HHFEALFOFADEODH
WEA T @Bl , KBr 2R ATEMCRBEL, AASKXXESILZ2 1 5B EH AT

Nz ~z b rr@EEL &,

2.5 98 4 B
4AxbruyRRETHEN, 23°C, 65ZRAOFRHETT, XR 1l cm O#MECONTHIR

EFElem- min TETEL &,

2.6 W &R &

EEPET SEDOHAMETANLADCRERBR T T, PETO L 5 2 BERME M
EMBCELTER, REL, ZbB 5 ), 7ARERL. AW IBRRERSSBTLT
KSR, REMCETRETSLR A b LT, BT ERRETS 2000 L 8
B E T BE A N, FLTHRERBEL LT, REAMBMOBEMMTIC L D kkp bkh
AOEBEHELL YD TRANTVWAEEMB- 2y FEEE 45°3 14 1 i, BEURERREL
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LT HRDOFHRC R TARRHOBHREA L, MAMRTHENCERTE % RS AR
wM (LOL) HREHA L.

LMz e MECLAEEFEEFig, 61 GRT. 304y Va2 QDG LR L SAT
b2 0.3 em EHDKE ICOWLAPETA#HL g AfL, 371 -3 #£E50mm)
w2 omEERL, ArkELrE, BARYE. TOLOBHRTE. SWFORBRERE
HEL, poBREAkE (RABARARERZNIDEHRT D) DBENE I EBRE L.
45°7 40 I JIS L1091-DR#- T/, LOLER SEBERASHBORE

M E S RIBHEBION - 1M EAATHE L,

50 mesh metal netting basket
Sample : 1¢ (0.3 cm pieces)
Contact time of flame: 20 sec.

Microburner
Receiver of melt drip

Lot e i ommndim. VA A A A AT VAR A A A Fararaya |

Fig. 6.1 Flame-retardance test using metal netting basket.

2.7 BEBSN
ﬁiﬂ?ET@%ﬁﬁﬁ%ﬁﬁ?%kbm,ﬁﬁm&%ﬁﬂ®ﬁ%ﬁ&%ﬁ%?%%%%ﬁ

H(TGA) i1 -7, st mR A T HEMicro-Different ial Thermal Balance
TGD-3000 #Mn, BLOEET, FEHEES°C/min T, BEEEcC0C F THEL

s

i —87—
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3.1 HEEARD

311 BEOER
EEAEIECRIETREBBOEE T A, ERFFEOETRLALAET, PET 7 4 7
A RAHEEHEN AP TRIBE(23°0) Tr¥EHLA, BEFELE6X] 0 rad/h O
GORFEAE L BYBMOBART Fig, 62 CAT, 7 47 A¥ PEHLTRARHAL 5
mEr, HETHEI6HCEL, BEBEAHHNZIL L ERCEFTIRBCRDIL .
2 OBMACHERTHRE 2207 47 A ¥ M BONE, COBRE, BEFHRLAFY =
FLryFLTZ ALV PRELBELY CBESTLE 0 4BECHLET L, AL T AP S
DA HEELEE . EECELECENY, BHEMOSBCE AEFHMOETOERRT « 7 A
Y ERERARTSE, 20 BRYUBHEOEETAEL L8 $TD - 7.

Fig. 6.3 CERBCETE7 474 ¥ P CETLEFRARLGO FHOGELEREORREZ
Ft. EECOTFHOGEAKBROBME KCERT L, FHDGEO N KB DR
Fig. 6.3 OB TRINDL L O, 1.8Mrad DAFHENTERTRING, COERT R
BO AT 5L EBLETONBAE, 6,=38X10" LnoErEoNE, FRZER
SEADBOT Y BLNA (Fig, 64), ZOBSEG =126xX10° Thotk, DL
EAG, EABONLOHER CREHEHEBETEL > TN AT LERTIOTHE, Bh
A L@ e xFL DT BEHC LA H—REECRECENT, DHGEAL0" ~
10° wElL, @80oums #TGEIRPTEZ LEHEL TE, RAOPETOHSKE
AE—FORGTH L, GEE XY AF vy ORLEOTNO L/10~17100 TH -2,

GxIo™ 1/6 x10%
10 2.0 —10
3 Filaments
o ®
c
o
=
© Fabric
! ' 1 ! 0
0 10 20 0 10 2.0
Irradiation time, h Dose, Mrad
Fig. 6.2 Radiation-induced Fig. 6.3 G-values for chlorination
chlorination of polyester of polyﬁster filaments at 5.6
filaments ( ) and fabrics ' 5.6 x 107 rad/h.

() at 5.6 x10% rad/h at 23°C.
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Gxig* 1/6 % 104
1.0 ~4 10
2.0 —5
o] 0
1.0 20

Dose, Mrad

Fig. 6.4 G-values for chlorination of polyester fabrics at
5.6 x 10% rada/h.

3.1.2 HREOLE

G EEEC R TR EOB BT 34%10° ~13%x10" rad /h OBBECHA-> TH
HL A, BESHRIGE TOERNLL, DHERLEEZREL . BEECHL TEMHT
nerng.as%ﬁhoC®%%K;nﬁ,ﬁimﬁ%@ﬁ%ﬁ@a6ﬁmm%%éc
EENRIEA A TE LT LA ERBE CHEL LTE, B RO E=rEA LR RIDE
%ﬁﬁ%%@&S%m%%?éctﬁﬁﬁéﬂéoKﬁﬁ&S%lb%%m@ﬂ.ﬁEﬁKﬁ
—EORIETHD, —AFELEEEATHLCEERTIOTHSE O,

illfl]

%/ h

0.5

I—I'II|III

Rate of chiorination,

0. I ] 1|Ili|| i N | L L
'o? 5 10* 5 0® 5
Dose rate, rad/h.20°C.

Fig. 6.5 Effects of dose rate on the rate of chlorination of

polyester fabric with y-rays at 20°C.
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313 HEELAPETHRECERL
Fig. 6.2 WRINALOWC, PETOZ 4 54> 1 b0WdBHICHTLERLEESHE

RPEOS ~6BBETHATITY o BNERILEAEZL PCIERE 2B L 2 HIT.
PET %2 B4 A EESTHL, THEEILETr:E, ChuERILERAR, PETHE~OT
ZIVABAEOKHRZ 7 7 P GG~ T, ZHitzF v R EOERMRIEAKETHAD
BECLD, NLHEEAEL (BRTLELE0T TRELIETENA, LOLIRBERLD .,
FFEEAELT, LL22-7t77erx 25 RBATHRM LA, LL22-Ft37 2=
e 2y PETH#HECETLIEBENSEREWELD TAH L, BAH146°0C THENE,
RBUCFHETE2LLLTH 5,

EFPETO7 4 5 A2 b2 5NEERATHMAFCRE. 7T0°cT1IHEMLEL, & L
TRE LA, 747 4>+, BFEMAAHLTIERERERS ~IFOREAVETRIN .,
SBME7 4542 AELUCRECITHERERET Fig. 66 , Fig, 67 UmrRT, »WT
NOWEOmECH L T HEABC LR EEFABRL, HEHEIFROBAHE
Abhtr, BEFOSEREILREML CHEEVER e, BRMEE. EEFHEHLC

N kg EAEREL 2D,

Pre-treated

%o

Pre- treated

%

Non pre-treated

Chiorine ,
Chiorine ,

Non pre-treated

1 { | 1 1 1 ]
10 7 20 0 10 20
Irradistion time, h Irradiation time, h

Fig. 6.7 Radiation-induced chlori-
nation to pre-treated (&) and
non-treated (A) polyester fabrics
at 5.6 x 10% rad/h, Pre-treatment
was the same as shown in Fig. 6.5

6 Radiation-induced chlorination to pre-~treated {o}
arid non-treated {e) polyester filaments at 5.6 X 104
raé/h. Pre-treatment was carried out by impregnating

the filaments with 1,1,2,2,-tetrachlorovethylene at

76°C for lh.
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314 HgrEEORROEE
Mi@%%fPETﬁﬁ@ﬁ?ﬁﬂkm1%%ﬂﬁﬁﬁ@%iﬁﬁ%ﬂ5~6% Bz EL
LTS T~8 BT EA N, i R A S ONTHEEQBELBSL, BD
HEEREND TEANREEL, PETH#LEZORLT AL TERL K, PET HED
Eg%#%ﬂ%ﬂl:33;07:10%%?%%F@ 6.8 R+, BEOPRCEEE—
ﬁi@%&@%@ﬂ%%ﬂ&m#,ﬁ%ﬁ%#zﬁﬁ%czét%ﬁﬁj.miwﬁ&mwk
%mﬁm%ﬁbmfﬁmﬁiﬁﬁ%ﬁﬁ%ﬂ,24%?&&@%8 BEL .

3 1.5 BELFBE-BECLLERML
PET—ﬁﬁDE%%ﬁ7:1@%%?@1.%fﬁi%ﬁﬁ,ﬁ%®r%%%L,ﬁ%ﬁ

ib@bﬁbf%b(ﬁi%ﬁﬁb,ﬁU%%T%&M@I%Kﬁﬁbﬁﬁ#ﬁ%%ﬁﬁoﬁo
%%%%%Fg.69K%To@&59%%@@%?747fvr,%ﬁmﬁb,%ﬂ%ﬁﬁ
iﬁ%%lawalama@ﬁim%&%koC®£5ﬁ%%K;D.%EPETﬁﬁKﬁL,
MEETHEENT T ALE. 20 EEOHEREMLD ET*B5LERBERHTHD D,

= Polyester : Chiorine Gas 201
1:3
| ® 151 [ )
:
E
5| 7 5 o
¥
B 5k /<~  Continuous irradiation
1 ] \ 1 1 L | 1 | ' |
0] 1] 20 30 0 20 40 60
irradiation time, rad/h Irradiation time, h
Fig. 6.8 Effect of the weight Fig. 6.9 Radiation-induced chlori-

ratio of polyester to gas nation of polyester filaments

on the chlorination at (®) and fabrics (0) at 5.6x10%4

5.6 x 104 rad/h. rad/h. Clorination was carried
out by the repeated cycles of
the following processes:
filling~up the reaction vessel
with chlorine gas and irradiation.
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3.2 BERIXPETHORNTAFH

KBr S#FECL - THBSh A 235% 3 TOEEESHERCERMNMBEOFRARII (IR)

=2~z br®Fig, 610 Wmd, IRR~<7 b a@HbNAEILL VU TOMRLELNS,

@ 760cm | FEECC—CH OHFERBICLLIFLABRRERIERL, EEFTAROEK
IR THRESEALTHE,

@ AFrv ECHTLIRRCEATRENSORDICETH 1343 em  WHRT A7,
(CH,) (trans)™™ ORREEEEACD LT & LCRPL, ERLED1 5 5%
CALERRELSDRIVEFTACLETLTND, ARABMDS45cm |, 7
(CH,) (trans)®™ °) 0BRRCIF|OHONE,

® chEHLTAF vy DRERBHIOEDCEFTH1370cm , 7 (CH,) (gavche)
£ 897em ', r (CH,)( gauche Y3 5 pmimg, EPET OREGBAD T,
RN L BEMDE -5 b Lav,

@ 970em | HEOPBRECHEM(» ,, (B, ) F ALy (0-0) )2 ERMT LYK
HELONRRLND, CAECOREZ 990 em AFEAFHLOERAREL AT 0L
BEADA, HBHNE1100em [y (B, ) ##dy(0-0)17) OB ABRRO
EHEEE~D Y 7 VLD ERVBACEHETAO TE 2 LE4L LR B,

@ 1725c¢m KHRTAr(C=0)C£T{(HARBE, ERLOETCILL TERVEE
(% B, FILXBEA — =2 (R-C-COOH) I T80cm 7% &DBILETERDHIE

im%%m%ﬂ?%@f@&ﬁéﬁ#oo

%

16.7

: Lo o

000 800 650

WAVE NUMBER (Ccm'}

L ; ] 1 I L I T )
2000 1800 1600 1400 1200

Fig. 6.10 Infrared spectra of chlcorinated polyester fabrics,
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Eﬁﬁ&ét.ﬁiﬂ&#ﬂc®ﬁﬂ@ﬁ%@ﬁ&bfw%c&#bﬁb.&yﬁy&«ﬁi
MEIEL Thnh EHEINL,

;%vr%ﬂﬁimﬁﬁc%tfnd.%nmifﬁ%%%%®%hmﬁtéﬁff@éo
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FOEEOCEENTFOENTBEL T AL LB RLS > o

%%%ﬁ@f%VVEKﬁ%Té&MﬁQOﬁ&@,Fmﬁ%ﬁﬁiWéﬂkC&Kiém
ﬁ,4?£V%ﬁﬁﬁméﬁf,%%&Lf%%%%@ﬁ?%%k%bﬁ@mm?n#.é%
W BB COBEELL L EBDNL,

Ga s ) gy ArL o rMELRAECARL, EETEAL T HERANL, B-RT
ﬁi%imﬁﬁﬁ%.ﬁﬂ%ﬁ.EWﬁﬁ@%é%®maib,&Qiﬁﬁ%%&@zc?&
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3.3 HEREEODHE

3.3.1 wmEWHH
ﬁ?%%%l53%if®m%(74ﬁfrr)KO%T,471bu7ﬁ%%%%m1ﬁ
EHEE T L2, EREET Table 6.2 TR 7T BEERILCL > TE-AFD TR S LDH
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KE, ERRECOBEZELEETREELLECY, EESEOERLEREANLE T2
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mﬁ@,%%ﬁkémuCﬂﬂﬁﬁmﬁmﬁ.mﬁ#@ccTMéca%%LTm%O@ﬁm
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Table 6.2 Mechanical properties of chlorinated polyester

A} Chlorination of untreated fikbers.

;:zz ;l Denier Str:ngth Te:7§ity Elongation
0 0 2.12 10.44 4,92 53.8
0.84 3.6 2.24 9.34 4.17 38.2
1.1 6.0 2.23 9.03 4.05 32.6
1.0 2.0 2.25 8.73 3.88 30.2
1.8 15.3 2.49 8.68 3.49 24.2

B) Chlerination of (CHClj)gy-treated fibers

1.3 6.1 2.78 8.24 2.95 69.2

332 ® &M
ﬁﬁﬁ%@ﬁim€@ﬁ%@ﬁimmio.PET%%#E@EE%%%(W%W)?%T

N EENLEDCEZECPETHIECREARET 4 » 7.
EBRFHEOHETRNAZL Y CBEMRESRE C2LPETHREORERE TFWF2HELL T,
EFLM AR sy VECLIBERRET o, ERERT Table 63 KT, BPETH
a%%%fbk%.ﬁkSlem%%ﬁﬁb,ﬁﬁmﬁoﬁ%%%@%ﬂaz%ngf,
GMETREATSS Thh, BESHHEIKE( ALLO2RT, BRAFHSBIL . BRS
ER13SOPETHEEOMAKELROLN, FHBFEE(EL AP -, CNLOK
BrhERCCLAMABOBBRABSLTS S,

Table 6.3 Flame retardance of chlorinated polyester

fabrics?!
Cl content After fire Residue Melt’drip Flame retardancyb)
% sec. b4 %
0 31.1 3.2 47.5 N.S.E.
5.0 25.8 4.5 34.0 N.S5.E.
8.5 21.4 £3.1 10.3 N.S.E.
13.0 4.3 80.1 0 5.E.

a) Wire netting basket method

b} N.S.E. not self-extinguishing, §5.E. self-extinguishing
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FIC45° 2 A4 tb LUFLO 1R L B RERREIT - %o BRT Table 6.4 T
16° 2 4 P REBTHBEAEHIEUETABETH), MESAES S ETTTLIELR
TnB, LOLE HESAEDRRBRIEFig. 611 K3RL%, BPETAOLOLL195
TH LY, HESEEFAMATHLLOLBRECHAL, 167% TLOLE295 £74b,
WMESER204% CHALTE ZTRHUEOMIOREXHLFHTHY, LOL=305 Th -
o LOILEN2 TR L AHLEEFEEKT = FCABRT LT EDE L, MetETH L EHEDS

nn
: Table 6.4 Flame retardancy of chlorinated polyester fabric,
Sample Coil methodb)
Cl content LOIa) Number of contaction with flame
%
Starting 19.3 2
polyester
3.1 21.3 3
5.5 22.0 4
7.3 24.3 -
12.1 26.0 4
io.7 29.3 4
20.4 33.5 -

a) Limiting Oxygen Index, minimum fracticn of oxygen in
the test atmospheres which will just support a flame
of the material tested.

b) Department of the Fire Defence flammability standard
test, JIS~L1091-0. Numbers greater than 3 mean that
the sample passes the test.

32

LOI

Fig. 6.11
Effect of €l content on the limiting oxygen
index (LOI) of polyester fabrics.

| 1 !
o] 5 10 15 20 25

Chiorine, %
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1 1 1 : 1
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Fig. 6.12 Thermogravimetric curves of chlorinated polyester
fabrics having d.fferent chlorine contents.
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7.1 <cChlorination of polyester fabric with ¥ -ray irradiation

Fig.
in gas phase at 23°C at a dose rate of 5.6 X 10% rad/h.
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HEESER]11.8% DPETHLDOATE0°CrbH100°C OBBET2HHD LWL 4R
Tan ) ELAEEOETRER P T RT. Fig, 7.2 OARK100°C T7 7 ) IERMEE
Ti BRSO ERRL TR, CNOOMSL, Tor ) ABBREYE (X R, LAERHE)
E{ R ARERRIOKRE ADT LDbob, BEOERI, 60°C THERBRL b TH
CH LY, BEO LA FXCERBRSIMERESCHERTLZ DL, BEIFRELI DA
LTk EANERRLZ, PETEEMIMAKDEERT, BRLAZ LT ERT 4,

Table 7.1 Weight loss of chlorinated polyester
fabrics by alkali-treatment.
1% Na,COj3 solution, 95°C, 4h.

Sample Cl (%) Weight loss (%)
0 0.1
4.1 1.2
4.8 4.5
8.3 9.4
12.2 11.5
20.4 21.1
40 40 )
100 °C
®
391 30}
@
1]
®
5 20 20
5 a0l L
3 o
E
o2l
g 10} 1o
0 1 1 1 t I
60 70 80 90 100 0 1 2 3 4 5
Treating temperature, °C Treating time, h

Fig. 7.2 Weight loss of chlorinated polyester fabric (Cl content
11.8%) by alkali-treatment (1% Na,CO; ag.).
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22 WEF

EEAAE L EENBT A VUEBLAALLO MARTREBL T, 12t e v HBHEY
AT, B8 1 em 51REE 100%/min OFHE TCTHBEEZUE LA, EBERET Table
7205+, BRNABEHIEREFTR122% T THENDLREEALEEIL AN, 204% T
MNEBEREB 6% TH o, HERERCCLVRBCERS k. LOLANSERELEY
»wum&b&%%(c0ﬁﬂﬂTmu’11K%Lk%®ﬂﬁﬂ?é).ﬁﬁ@ﬂ&DﬁF
L, EESHKLB D LD ET A3 VAR THEMATT CRERL TS, HIE SITEF
Bl COZ L, ERENMAR 2nTid, TOREDT ~ 7 ) MIETTTICHTFHO DS
AL 2TWBELETFRLTWVES,

Table 7.2 Effect of alkali treatment on the mechanical. properties of

chlorinated polyester yarn.

Before alkali-treatment After alkali-treatment

¢l Strength Elongation Strength Elongation
retention retention retention retention
(%) (g} (%) (%) (%) (g) (%) (%) (%)
0 287 100 10.4 100 286 100 12.4 100
(Original)
4.8 283 99 8.0 77 182 47 6.6 53
8.3 308 107 7.8 75 136 35 4.3 35
12.2 303 106 7.4 71 186 48 5.6 45
20.4 247 B6 7.5 54 125 32 3.9 31

Tengile properties were measured with an Instron tester at drawing rate
of 1 cm/min for yarn.

2.3 B

s A L CEBIET A7 VLB LARLDN THF 4 v Bl LFARBRHOET 5
geatt x ML .

SR BN EF L EIETT 2 I ARy S PETHBECHL TANAD LEKRTS S,
+hbb, #F 4 BB LT Sevron Brilliand Red B ZAlnk, ROBIHELE
O2%DREK, 10%0ONa ,50,, 03%0 CH, COOH Z8AL, BHF50:1 KabL
BB b OF FAnk., RAREL I8 C, FaEWiIo 0fTHs, SHENE L TH,
Eastman Polyester Red BEAlnk, LOAIBRBERC 2 40RML, REBILED
| g ODisper TLESA, BHETI00: 1L%2%5 5CHBL~, RERFELISOTHRE
BEAL 90T E DL,

T LEAOESAERBC LD S BBC AT THEHNEL £,
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Table 7.3 KHEE({PETORGECRITT T ) ABOEEE RT. REHIADLD
ED S5 SHLATCRBLTRELT DA%, AGRLHCREBTEOBE, EQBLALRE
A ABAERT, Table 734 HHESHREELIHABEDORAEERT, TNECH
Gt AEBEORAENE Fig, 1.3 ORT, BECATRACH~NARXHSLRELLOCED
B BB TRBETH B, LALERLET A » ) MEEH AT LLL D, AREEEDM
kmﬁof.wfﬁy%ﬁ%%ﬁ&%ﬁﬂ%ﬁ%#%%@ﬂ%mﬁokoﬂfﬁy%ﬂmgé
Qe R L ¢, PETOMXASHRCLSHCOOH EEROMRTSHS 9,

hbh?ﬂBki@Fm.T4K@,ﬁi@ﬁ%lLM%@ﬁiﬁﬁKomf,TﬂﬂUm
BEE L EE T AL A BEO LA CR/ETERERLA, 60°C, ARHLENIDBED
E%ﬁ&#@tofwﬁm%#Tf%%éﬁﬁﬁﬁbkgF@.lZ@%ﬁ%%&ﬁ%%é&
B aARCHYS 45 ERBENB LD T A0 VRBEET, BRCRENELZLT LD
BB,

Table 7.3 Effect of alkali-treatment on the dyvability of chlorinsted polyester fabric.

A. Effect of chlorine content

L ) o TTTr T e b}
ol content Cationic dyc o o hisperse dye
é Before alkali- Aftur alkali- lefure alkali- After alkali-

treatment trestmenk Lreatment treatment

o E I C C

4.1 ] B [ B

8.3 C A C A

Z20.4 o4 M C . A
Alkali-treatment was carried ouwt under the sawme condition as that shown in Table 1.

B. Effect of temperature and time in alkuli-treatment

Alkali—treatmentc) a)
e Dycability to cationic dye

Temperature, °C Timis, h

(9]

no treatment

60
60
160
160
100
100

o b = S b T
%)
PR wowo

a) Sevron Brilliant Red B ' Dyeing rank: A very good, B geod,
b) Eastman Polyester Red B ¢ fair, D poor,
c) Alkali-treated fabric of 11.8% Cl cuntent E very poor
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Dyeing test of chlorinated polyester fablic
Effect of alkali-treatment

Cl content  to cationic dye to disperse dye
(¥=) Before A-T after A-T Before A-T After A-T

0
4.1
8.3

204

Fig. 7.3 Dyeing test of chlorinated polyester fabric, effect
of alkali-treatment.

Dyeing test of chlorinated

polyester fablic
( Cl content 11.8 %)

EfHfect of alkali-treatment
condition

Alkali-treatment
nene

60°C 2hr
60°C 4hr
|00°C 0.5hr
100°C 1hr

100°C 2hr

Dyeing test of chlorinated polyester fabric to cationic

Fig. 7.4
dey, effect of temperature and time on dyeing.
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2.4 BAMELCERENE
Eﬁ.ﬁ%mﬁ.ﬁﬁm&T»wumﬁbﬁﬁ%zrc.ewﬂm@%#TKSEMLﬁo
A, HEEZ cm ORBALE2 Ve P ERANWTAKE( Ca 03me) ZETIL, THD
EK%QK&ﬂ%ﬂ(ﬁﬁm%ﬁ@ﬁ%%#ﬁ%%éif@%%(mnhngtmw =HEL
#, wicking time 73/& AR, HOBRMEE FKEn, RBHERE Table 7.4 WiRT
EAe L ERELALEES AECEERKE 0 0 EBL T ABERRINZ D » 724,
WEESHE L8 HULOERNLAO T+ 4 VABBEORKCETARMEABIBTH), BK
HAZ L CERLTWDLZ EVREDOLN .,

23°C 76 6%RHL L (F94%RHDAERBIEQ T v 4 — 5 —HE5 BMR- TRRI L AE
SRADORBEORELE T Table 7.5 KRT, 204% 2 CTORKRNMAORBELEAD
%h&ﬁt&&ﬁb%&moﬁﬁwﬁTWwum&?ac&m;@ﬁo@ﬁ@ubf@féé
#%Ktko7»ﬂUM@K;%&@&@%WQQ4%RHK$MT@%%#K%bBﬂEO
L#L&#%.@ﬁﬁ@ﬁﬂﬁ.*ﬁ@ﬂﬁ%ﬁ&%ﬂ%&5ﬁ%bmﬁ®fdﬁ@oka

Table 7.4 Effect of alkali-treatment on the wicking of water-.
droplet of chlorinated polyester fabric.

. . a)
cl content  Wicking time (sec)

¥ Before alkali-treatment After alkali-treatment
0 >600 405
4.1 >600 14.9
4.8 >600 3.1
8.3 >600 2.9
20.4 >600 2.7

a) Time regquired for a water droplet to be absorbed in fabric.

Alkali-treatment was carried out under the same condition as

that shown in Table 7-1 .

Table 7+5 Moisture regain of chlorinated polyester fabric

¢l content

Moisture regain

(%)

Before alkali-treatment

After alkali-treatment

: 66% RH 94% RH 66% RH 94% RH

0 0.2 0.2

4.1 0.1 . 0.2 .
4.8 0.1 0.2 0.4
8.3 0.1 . 0.3 0.7
12.2 0.1 . 0.3 .0
20.4 0.1 0.3 0.3 .B

Alkali-treatment was carried out under the same condition as that

shown in Table 7-1
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25 BETFEREEER

EEN, AL TAHVAEOHNEOPETAOREZTOREL EEEE THER THEN
Fo BNk BBIREEASA-ST THD, €% BFER, MEEE25 KV THEL A,

Fig, 7.5 WEM, 204% HERLLAM, ERMEE 7 v 2 VAEE LAKOBERTOE
ERmd, ERE 2000 T2508, HEAWG TS VABLAACOWTHERDS I OCOE
E%%pﬁoPETﬁﬁﬁﬁmmioT@ﬁﬁﬁﬁﬂﬁmﬁ%%ﬂ&moﬁﬁm%T»ﬁUm
ﬁbkﬁﬁ%@ﬂﬁ(&b%&@%ﬁib.%@%@k%ﬁﬂm%%®ﬁﬁﬁﬁﬁw%®§@
TEh., TOEITERI 0 BECETAI EHbhsik,

PETSGHTERNOET L HCHEMCENMET T L &M, RABRRAXZ b2+ TEES
NHr bR EETREL 7, ETHEESECLI LA LMHE, ERILE Th TS B LEOR
TR rh., TAan) DBABERCAD, PETONKSE, BHIBEL - THERHINLIO

LHEING,

(a) )

{b) @

Fig. 7.5 Scanning electron microscopic photographs of chlorinated fiber
before and after the alkali-treatment. {a) Starting fiber x2,G00,
(b) chlorinated fiber, Cl1 content 20.4%Z x2,000, {(c) after alkali-
treatment of chlorinated fiber x2,000, (d) sample is the same as
in {ec), but with smaller magnification 500.
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3. # &

%ﬁﬁzﬁ®ﬁﬁ¢fPETmmmrﬁ%ﬁ%b.E%ﬁim&ﬁw.%ankﬁiwﬁ@
WT»ﬂUﬁKO%Tﬁ%L.TWﬂUmEE®ﬁE%ﬁﬁL1K®%%%%ﬁo

EEAFAERCESTH T v 2 VHESET T 5, BEAEDHITE STHBERERATI LT
ML ETFLA WS, HELCBET LY QETA EBEMEECR TV DOETEALN L,

EELED T AR VLB, »F A RE, AT A RAYTmEIE, KRHERK
HEI VAT AINABAKEEEL (BRI LD,

ﬁ%m&7»ﬁum&bt%@%ﬁﬁ%%ﬁﬁﬁm;bﬁ%m;b.mﬁwﬁﬁm%ﬁwﬂ
LAMEINT VWAL EBE L E R %, RERCKRE, B AECERKORHRD -HLI O
HMARELLLELD THDS 9,

PET@ETERN S FNCEIBRILECETRLY, TA0Y WABALSE (KD, M
KABEEIN THILAERER IN L & BRBERS,
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Fig. 8,1 Polymerization of oligomeric vinyl phosphonate
with electron beams from a Van de Graaff accelerateor.
Dose rate 1.75}(105 rad/sec.
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Fig. 8.3 Effect of oligomeric
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tion in methancl sclution on
the grafting of the oligomer.
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Fig. 8.4 Grafting of oligomeric Fig. 8.5 Utility of oligomeric
vinyl phosphonate onto poly- vinyl phosphonate vs, irradi-
ester fabric ation dose. Symbols are the
Pick up of oligomer, 25~30%. same as in Fig. 8.4.
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Fig. 8.6 Ggrafting of oligomeric vinyl phosphonate. to chlorinated
and non-chlorinated polyester fabric.
Dose rate 3.3x10% rad/sec.
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Fig. 8.7 Effect of phosphorus on the limiting oxygen index
{LOI) of polyester fabrics.

FTLHLLOIE21.0 L&D, LEBIAONMELECLOIERELHMNT S, AL
ME125% TLOILE265 Thoatk, 24w PECLLIBREXBERZ Table 8.1
CET, bARMEL 2% THACHEAMERXFEINTHRE NG, BRETIES2CH
FaANT b, DAAMELIS (777 b8 PN10%) CTITCECHEAENRNEINT
WET EHbhASE, WR, ERENCHEHAXY 22 FrA8T 5BRECLERI DAL EE
ranTsb P cnRrLOI=25@HEL, VPATREME 2 3 405775,

Table 8.1 Flame retardance of vinyl phosphonate
graft polyester fabrics.a) )

P After fire Residue Melt drip Flame
] sec. % ] retardanceb)
0 13.0 2.7 42.7 ‘ N.S.E.
1.2 15.1 15.3 0 N.S.E.
2.3 3.7 77.0 0 S.E.
4.2 2.0 80.5 0 S5.E.
4.6 2.3 61.6 0 S.E.
7.1 1.2 87.8 0 5.E.
9.6 ¢ 85.8 0 S.E.
11.1 0 95.0 bj S.E.
13.6 0 82.3 0 S.E.

a) Wire netting basket method, sample weight 0.3 g,
flame contact time 10 sec.

b) N.S.E. : not self-extinguishing
S.E. - : self-extinguishing
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Temperature, G

Fig. 8.8 Thermogravimetric' curves for polyester fabrics of

varicus phosphorus contents.

Granzow & 0 HMy T FUyFUT AL NCRDAEREL, 72 EREACRE
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#wmLTd, LO 1 —EBE~EI L pOT EEERLILIND, chEF )z F TV
75V—b¢ﬂﬂ@%%%ﬁf07~®ﬁﬁ@ﬁﬁﬁ£%%@t%i%ﬂéobﬂbﬂ@%
Sld, A) T —@dFE ) A FABENBRTCEALBEANLD, BEEEWmLAVPARY <
R EREERELCEEL Trh, Liepins &) f, ) x4 7 i~ diethyl

vinyl phosphenate #7277 34, 777 M OBREEEF H A A, A-ANECEN
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HEGE, BECETLESBILZHFL, TAYOFTEER Y 2 OREEMR LT LT
HHEBERLAE, PAHONADTGASROKERL, UHEAOE_RBEDORN. TALL A
I2FADRBCENT, REFLRCLALIERRPOHNEGAVADCHFEL L » THHEIINT
nhHT EETRT,

FrTHR~NATGAAFD ERT, MBOEFNHF N AT rHORFIHREHLILE (AL
2 Tnd, BELELFIIRAFAHOBEE, MR L - TR HEEBREESRET L LK
CEBOELREIND, BREIEACENT, TREAROBRETREILL 7 v 7 +EH
RinEFETLHBETRL, WABEOMELFEET A, XL T, 77 PRILK Lo
THAxBEALAZAY 2T AHTE, MBEDYHL, TXVPAF) ~—OB RO
TR EZLNLEBDRBRLNEZAN, 3B80°C L EOMBRTRELIEZR ) =27 O
AWML AHEHIN T, HEARCHEN, 0ALEDZ 77 PHOBREEHRTREA
FEALhTWE AT EFBELNEA - 7,

b) VPA Z 357 FEZEAMAT

FUzFLrerFLr7zar- b QERLCHLT, BELIVACHEDEICL HinhiD LM
BHEABENLPES D TEHRA L2, BETSHEDLWIEL0OZBEBALALHTY = AT
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Fig. 810 @rt,
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A 22 i
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20 - I! ——— Chilorinated, 5%
/ Fig. 8.9 Effect of chlorine
/ ——0—— Chlorinated , 10% and phosphorus on the
4 limiting oxygen index of
18 ; polyester fabrics.
| ] i |
0 2.5 50 75 10.G 12.5
P, %
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C112.0%, P B.8%
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0
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Temperature , °C

Fig. 8.10 Themogavimetric curves for polyester fabrics of

various contents of chlorine and phosphorus.
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HE LTOBRRCHBAADCEATAE EBEbNL, ~e FrFHRL 05 HMEOFR Y x
27 ABTRALO Lt LABF LA, COTEDLDADORMLL » TRERBTCET S
EEHAOBENETLTNAO TR AN CEBEAINDG, EREHBOENHT =X T~
A AT AT EALTS, LOITHAT LRI CPhTHAEIMEL THERIN, ©
NLEDEES - EHTLTIT LY ANEE, DAOTERTHECUHENT LLELS Lo
Whmbf%ﬁﬁmmgofﬁuIz?»ﬁ®@£%@ﬁﬁﬁbﬂéc&E%E?é&,W
SRR EILLEBS, EECERHSTEYD, VARLOHBYEEG TS L,

o) Iy 7 rFE ) T ATFAROM RUEOERREEAR

VPAZS 7 b K 2 F A HORMAMOEBREFTRA~ L, BRAZAROCEEFDIT
b2, EREElgrossmns 7o P05 g ABHS0OmLEHAL, 1 £L0Y
e h— AL, 60°CT25EM, METCHEEL, DT, BERTHREL., RRL
CORGEIRADREC BT L RE B TS T A, 777 P ELISTEHLU265 %D
s R ET D 6E3 TORBRROEET Table 82 WRT, 777 PRI O
kG EEEELLO IR L ASENL A b ok, 265% DRALEIRIOER
Db, CHLOEESLZF 77 PAAGRBAHALHAEERALT N, LERIN
%,

Table 8,2 Home laundry tests of flame-retardancy
of oligomeric vinyl phosphonate graft
polyester fabric. ’

Apparent LOI
graft
$ E 0BL 1HL 3HL E6HL
15.7 3.5 24,0 25.0 23.5 23.0
5

26.5 6.0 25.5 25,0 23.0 23.

3.2 2 WRIEH A& KT 7K B

AR TANAZVPA -CH —CH,-OHEZ & > T»w5B0T, 777 P AILHRKIL Y
mans, Fig, 811 it 22°0, 6 6%RH & b INIT 9 4%RECH T HRIBE L EEENE
@@%%EbkgVPA@J??bK;bTﬂUW%ﬁ§7bﬁUIZ?»E&@E%®&ﬁ
@ﬁﬁ%éhét&ﬁb#okgL#b*%@&ﬁ@.Bwﬁﬂfﬁas%.9%&HT%
4% ad, m o THBLAARERENE TR AL 220 - 7,
KKE@@H%@K@%#éét%i%ﬂ%ﬁﬁ&ﬂ%%%m%bﬁg%izcm®ﬁ%K
BEhvaly  OEENLERKE HMETIL, ACRBARRINLCRT LR (vicking
Lime) FAIE L. COBEAENE, BKEOR AL, EBRERE Table 8.3 WIRT,
757%%@%ﬁ&#%*ﬁﬁﬁ%@@ﬁ??bﬁ,757#%2&%6T%IOO@T@D.

AT BBLE TS D &N A RN,
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Moisture regain, %
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Apparent graft, %

Fig. 8.11 Moisture regain for oligomeric vinyl phosphonate

graft fabrics.

Table 8,3 Wicking test of vinyl phosphonate graft
polyester fabrics.

Apparent graft Wicking time
% sec
0 »180
3.0 » 180
5.8 >180
7.5 >180
9.8 >180
12.8 =180
15.7 180
20.4 100
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rig. 8,12 Frictional electricity of polyester fabric grafted
with vinyl phosphonate at 22°C, 553% R.H.
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Fig. 8.13 Strength(left figure) and elongaticn at break
(right fugure} of warp yarn of graft polyester fabric.

[ ] 0 . P
O
Lm(@’ﬂ“T'“Z&“\\\\ 1.0¢
v
« e
g - §
£2 E
] "
- 2
on | =
%v.. 0.5 g 0.5
5 2
> B
& i 0 Dry = - o Dry
18
ac & Wet * Wet
| 1 1 1 1 | 1 I
0 10 20 30 40 50 0 10 20 30 40 50
Apparent graft, 9% Apparent graft, %

Fig. 8,14 Energy to break (left figure) and the initial Young's
modulus(right figure} of warp yarn of graft
polyester fabric.
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Table 9.1 Swelling and solubility of poly{vinylidene chloride)

fiber in various solvents at 23°C.

Solvent § a) Soluble part bDegres of Remark
(cal/ca) }/? ) swelling, (%)
Acrylonitrile 19.5 4.8 9.8
Methylethylketone 9.3 6.0 14.0
m-Xylene 8.8 3.9 18.8
m—Cresol 10.2 1.3 26.7
o-Dichiorobenzene 10.0 4.3 37.0
Dimethyl formamide 12.1 5.6 _44.% Slight shrinkage
Dioxane 10.0 3.9 §4.3 Considerable
shrinkage
Cyclohexanone 9.9 71.¢ — Fiber form retained
retrahydrofurane 9.1 73.7 —_— Fiber form lost
a} Ref(17)

Table 9.2 Grafting of acrylcnitrile eonto poly(vinylidene chloride)
fiper in the mixture of various solvents.
Monomer mixt. AN : Solvent = 1 : 1, by vol.
Irradiation y-rays, at 23°C.

1) 2.6 x 10°rad/h.

Dose Apparent graft Amount of homopolymer

Solvent formed ?utside of
rad (v} fibers®' .
5
7.8 x 10 11.6 ++
m-Xylene 4.2 x 10° 15.1 .
7.8 x 10° 26.4 —
o-Dichlorobenzene 4.2 x 106 28.§
5
2.6 x 10 6.0 +
S
Dimethylformamide 7.8 x 105 79.1
1.9 x 10 50.9 ++
4.2 x 10" 33.4 .
]
7.8 x L0 §0.2 ++
Dioxane 1.8 x 106 68.2 ——
&
2) 3.0 x 10 rad/h
]
2.2 x 10 105 +
Dimethylformamide Bz lUS 118 -
4 .
%.0 x 10 6.2 *
piaxane Z.1 x 10° 213.5 +
4.8 x 10° 45.0 v

a) large +++> ++>+ small.

—123—



JAERI-M 9481

LORRABH, LORLONTRBECERT B, WINOBEHT RnaHa s, RENBO
BT AN® TR v—HANL, BREASCALIBIORNEM L%, 3.0x10 " rad /
hOBERECHITLERTIE, vA53 > L0bh, DMFRORIEDFVENS 7 7 FEH
Bonrk, ALERTH—7 57 P ETEBT DL ERRECHT 52777 RIEOTH . AN
FE A 2 - DERE DN,

Bty 7 VBT A ST T NDMEFOFBRER D, BEASBBIELD
Tt otes CDLOBRERLESTA AT, MTOERTADMFERANT /7 7 P EGTTZ -
%

3.2 DMFEHTRANL 77748
ANDDMFE#HER ., RBEXEZEL T/ 77 P ESeH 2 -cHEREFig. 91 OF
. MEENS(ALLE, S 7 ESOTPEESERTAE, LALADSL, -5 71
HNETALACETLRELGEESEABL(RD, 72X = -~ OBRELELETH -/, B
ETHR~NALONEBE26%10° rad h CERTH, BEBEW4HM2 THHMLET 7
57 pEGBAKT LS. SEMRLMBELAL - TETFTLAZ, R 1 Mad #2256 PVDC
75 I BEORFEARLBEEL R ARDTHHH ERbNEN, CORTERLAED %,
HEFBMHLTHPVDCHM#E~O 75 7 P RIGTE., BT 1 Mrad LTI AL & DE
FLnTED I,
KBAOESFTRETEERARET Y >

L ESLAGTCE31%10 " rad h TERER
RT3 P ESLAEBRERITSLAE, 727

L
PESEERERE, BRABRERL TS
-7,

Fig. 91 kb 757 ' EGOPVPEETRD, SERCHL THERE 2 » + 35 & Fig.
920 RET LN, A =07 OEHEVBLNE,
BESEACENTE, #2270V 2rBAFLrREOH-RRILTH., ES4XRELREED
0.5 IBIT AH (a=05) T &BEbNTVE, ANOBESRZEOAH—ZRELHFNATHE
mﬂj~08f@éc&ﬁﬁ%éﬂ1méf)C@f§7riéxmﬁm1m.PVDcﬁﬁ
MO EAERILTSH b, 324, PANOEBITHLIDMEFHAEETLOTH AL, «a =074
GAND A A 7ESTGRAENB SN, SO LI ATRE -RRILCEL N TH, HEHO LK
. 22 I EMEOREFTTEHIARETHA28, BFERIEH-HAHI N T « DES
05 Lt bKENELADDTHD EELLATN S,

PV CRE~DANDBEEZ 77 VEALEATIH =065 E NS EHBLATED .
PVDOHBE DL 77 ESTETEc0ES ZOEICEN,

—124—



Fiq. 9.1

100

=]
Ij]Tq

Rate of grafting, %./h

Fig.

Apparent Graft, %

JAERI-M 9481

150
5.9x10* rad/h
!
100+ \a_oxno‘ rad/h
S0
2.6x10° rad/h
VO
1.5%10% rad /h
N 5.5x10° rad/h
i i !
0 5 10 5
Irradiation time, h
Grafting of acrylcnitrile onto poly(vinylidene

chloride) fiber at different dose rates at 23°C.
Monomer solution AN:DMF = 1:1, by vol. x: Grafting

in a stretched state at a dose rate of 3.1 X 104 radsn,
other symbols: grafting in a slacked state.

ijllll

T

T

) el il 1 o L] L v la

10* 105 10°
Dose rate, rad./h

9.2 Influence of dose raté on the rate of grafting of

acrylonitrile onte poly{vinylidene chleoride) fiber

at 23°C. Monomer solution AN:DMF = 1:1, by vol.
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32 TrVe=rYal 7 b EHOBEYE
BIED HEC L - Tl 7 77 P EC TS, BEE, 808, HAETHRFL %,

3.21 % <

PVDOM#OEREZLTI0 THh, SEHB#ET T HE-FEOCHECET L, PANODE
BEld117 THb, ANOZ 7 VERLL D, BEGLRAT L EFAIHEIN L,
FEAEETHAVWT., 25°CHnWTHIELAZY 7 7 + #EOEHE £ Table 93 KFT,
EHROHEBIP VD OSBEOERE 1.70, PAN OFE 1.17 AW, mEEzHEl TEL
LA TS5, ERAMEAHERL VLR, 2LBEVKENLO>TH L), BIE—HL
Tnbd, FHES D, PYDCHMEOCEEYANDO > 7 P B4 LRI LB MR
EEEDh B, 737 PE1ICOSOBBEOFEEI 140 TH Y, ChiEx) =22 7 1B
DEERCHEST L,

Table 9.3 Densities of acrylonitrile graft

poly({vinylidene chloride} fibers.

Apparent pensity '(g/cm3)
graft, (%) calc. obs.

0 1.70 (1.70)
33.3 1.56 S 1.533
53.6 1.50 1.489
73.6 1.46 1.425

104.9 1.41 1.394
PAN 1.17 (1L.17)

3.2.2 HMEMKEE
@B 30%x10  rad h T30, 5.0, 7. 2BMEHL_TBLALYF 7 M EBERCONT
B 2P EDO@ET Table 9.4 MTT, BEIE®22%x10° rad Td 5,

Table 9.4 Tensile properties of acrylonitrile-graft
poly (vinylidene chloride) fibers.

Apparent Denier Strength Tenacity Elongation Initial Young's

graft, modulus
(%) (9) (g/d) (%) (kg /mm?)
0 34.5 6l.3 1.78 72.0 89.1
33.3 46.8 64.8 1.38 66.0 239
73.6 58.2 64.9 1.12 67.1 238

104.9 78.5 75.5 0.96 69.0 152
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%E%ﬁwﬁﬁﬁb.f57riémi%§§%mﬁ$ﬁédmdlmdféé&Tnﬁ,ﬁ
ﬁ%fﬁ7b§%&EWRﬁbﬁmﬁb.C@iﬁ&ﬁ%ﬁgﬁﬂﬁ%ﬂéoﬁ£Mi?7b
BEASWC LR EAEERILLAED o,

Gueomily >y rEE, 777 PEBCLYERL &,

y 5 v EIIBOBEDT v FEE 230kg /mm TH Y, ZOEEREMROH2 5 HEX
X WMETH L, ZHEPVOHM, 71 0 vk, EEQY ¥ FRICENETS b,

323 BoER
AN%%??rLkPVDoﬁﬁwm@Kﬁ¢é%$%%%ﬁ,ﬁmmiﬁ.ﬁﬁ@ﬁﬁ%

BEEAMN (TGA)IT L » THRETL 7.
F@.93m73w5y;yrz@ANﬁa7}PVDC&%KW%&TGA@%@%%@
FL7. PAN@AN-DMF ( 1 : 1 &M ) ORGUWE BTy BEHICL - THOALS
OThH., EECRLAMBAIPVDCEP AN BB ENCRICET D ELTEE
LﬁﬁﬁﬂﬁfééoFg,&a#%b#éiﬁm,PVDC@@%%@ISWAQOT#%
Bahs4+ 5 A, PANHF - LBWRE, 240~250°C TBAHETREL R, - TF 7 7
b%®25wcuFfﬂCéE%ﬁ@E&bfPVDC@ﬁ%ﬁmxé%@f@éo
PVDO@%%%%%&@AN@797ri%mib&?bfméﬁ.25w0u$®PV
DG@@%%@AN@%37rﬁﬁmﬁ&&g%gﬁﬁﬁfmtwozswcuioﬁgfa
ﬁi%ﬁ&@.7?7F%KO%TH,%ﬂ%ﬂ@*%ﬁﬁ?-@ﬁ%ﬁ&@ﬂ£b%¢mo

1.0

0.5

Residual weight fraction

D 1
120 200 300 400 500 600
Temperature, °C.

Fig. 9.3 Themogravimetric analysis of AN graft PVDC fiber
at 5°C/min: { =—-— ) PAN; ( —-— } PVDC; { — )

AN graft PVDC fiber, dctted line indicates the

ecalculated curve from PAN and PVDC curves, assuming

the same composition as that of the graft fiber.
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LRI ah, AND VS 7 1V EFELABEIFBOEELBLALA, +42bb,
ANDZ7 7 ESE, PVDCHEEOBS,BEBRERBETETFTI LA, 250°C M ETES

NENDO AR = OBGELLTFRINL L) SBPUCEENTLEENIBHRIBONE,

S5 R - OMABEBRAEAPVDCOANL VS ATTAOME. PVDCO RS
GAM, 75 7 RECLOVPVD CRCTHUBBENL ALINLRECEENEL LA
5, 2530°C LN TAPANSOCHEARILHELEEOREKT, PVDCOHFELPANHO
B AT HEERS S HE L BRLTnd, PYCOBRAMIEER T L » THET
Do BTSN TN, ERABAEMESP VD COBE
CRARIET &L TR, 250°C M ECEH AT, PANOBRAMESYHERRTOER
#LLTHAL, PYDCORABRENAD E WO MBNELLADL, WEBZ 5 7+ VI
e = OBRABCEL T AR AREC L HREENIREIA TS,

324 BREEE

@y T P EOMBT L ARBEEFRMN LA, PVCHEORESX, ANDI/I7HE
SR L EL (BIRERFHBETE L EHREIATVE ™ PVDCEELIPV C#
W~ TERNEEEF - EAAT A, ANOZ S 7 P ES LD R CB IO &E 538
EANng, EBRERET Fig, 94 @R+, 77 7 LIDRHLNEIGECLOERT 220, &

40
20 - PVDC
/\X
0 1 i | 1 | 1 1
20 -
68.9 % Graft
0 I L i’ 1 1 1 L
@
1]
x
£ -20F
£
v
- x
@ -4t
T
20 ~ 110.37% Graft
0 I 1 . i i i |
0 50 100 150 200 250 300
Temperature, °C.
_20 - .
-40 L

Fig. 9.4 Heat shrinkage of AN graft PVDC fibers after
heat-treatment (5 min at 170°C in silicore cil} in

comparison with original PVDC fiber.
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ﬂ@ﬁﬁZ@K%EOHT%ETK7§7}ﬁE.$%£Uvd®%fﬁg®@ﬁﬁﬁﬁoko
5 VBT ) 2y a4t T, 170°C T 5 AHBRAREL FEPVDCM#EILIS0C
fﬁmﬁﬁﬁﬁfls%mﬁu,16w0f@mﬁﬁbﬁc¢a7bz69%®m%umﬁf
%ﬁbmﬁb57WCﬁﬁib@ﬁ%b17NC%Cié&WUﬁ%kb.19POT%@ﬂ
ﬁbkof§7b%110%®ﬁﬁ%m%fwﬁ?éib%nbéﬁﬁb.19W03Tmﬁ
E%@lO%MTT@D.ZDNC%CKé&%ﬁﬁﬁﬁﬁ%k?%ﬁ.SOWGKELT%
BRETIE L &,

PVOREIZANG 75 7 P EAR LY BUEHELEL(BASL, 7727 BT0%D 77
S PVOEER150°C THOWMMEESBUTTHY, 200°C THBEERERS, 100
%ML@%??b%fﬁﬁWﬁﬂ&b&(&b,BOWCKﬁoT%ﬁ@L&ﬁoﬁGPVDC
ﬁﬁ@%%mm.ﬁ%%ﬁﬁ?é%%ﬁ,@@ﬂﬁﬁﬁ@iﬁ@Pvcmm&é&yﬂokﬁ.
PVCS@DBaRE, 75 7 B4 LY BUURIEORE - BRYIFRE O LA S 5N

3.25 W £ &

ANZ5 7 FPVDCHBRE(7 ¢ 7 4t ) CETLHBEEOHERMRET Table 95 R
4+, EPVD O, 75 7+ %K538% 2 TORBIAKLETRETL LELBCHAL L,
/57 RT36%(EESHEL433R)CRMTBRAERIBHTHAL, HOCHAETRE -
Aok, 75 7 R110.3%0HME, BEr BT THRARKE .

%ﬁQﬁbKPVOﬁKAN%7§7FE%b.%%ﬁ&@%bkoEﬁ56@%m2®
PVCHEAN— ) 71> (1: 1 BRE)BEHECEREL, rHEBHLTZ/ 77 PES
#11% = s

Table 9.5 Flame retardance of acrylonitrile-.graft
poly (vinylidene chloride) fibers.

Apparent graft (%) €1 content (%} Flame retardance

0 75.2 s.e.
12.9 66.6 s.e.
36.0 55.3 s.e.
54.0 48.8 ; s.e.
73.56 43.3 . s.e.

110.0 35.7 n.s.e.

s.e.; self-extinguishing; n.s.e.: not self-extinguishing,

a) extinguished 3 seconds after removal of flame.
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PVCO-ANZ 7 7 r HMOBRHREHBECLIHRBEMOHELERE T Table 9.6 WRT, &
PHOHELLAET EL, PVCEM, 75 7138 11.5%, 35.9% OFLEAETEETALE
LLHEkTE, Thbb, ACHAETE A, 253 7 1E6 0.6 OB EC B AAER
Krbh, BEZ LT TRELA, /777 P HOBREEFEV4 0B U TELALE A HAKE
BERAbhfe, REEBEL 777 ' ERB( - BHER L, LBODALZDHWT, MPANFOR
e BR Lk, PANAOREz LIFTALEILRARE 4,

ANZS5 7 PVDOf#, ANZ57 b PVOBEED CHEETFEEN4 0 TTICRDL
LECHE K AEADLND,

TR LHALINTNALOIC, PVOMMICANE 75 7 P ESLTHET NETHAR
EHEBACIE, ANET0~100%27 57  EL4THLTLPLETHL, TOLIZEEA
N 75 7 ESTALPVOEBEOBCHAENKZONL,

Tabhle %,6 Flame retardance of acrylonitrile-graft

poly (vinyl chloride} fabrics.

Apparent Cl cont. Weight Flame Burning rate
graft{%) (%) (mg/cmz) retardancea) {cm/min}
0 56.0 5.6 s.e. —
11.5 50.9 20.5 s.e. _
35.9 41.7 21.8 s.e. —
60.6 35.4 23 g.e. 24
90.2 29.8 25 g.e. 36
PAN 0 —_— n.s.e. 40

a) The same as in Table 9-5,
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Table 10 1 Effect of ethylene dichloride on the graftimg of

acrylic acid onte poly(vinyl chleride) fibers

I. Monomer mixture, AR : Water = 60 : 40, [Fe++] =2 x 10-3mol/I
Irradiation Apparent Aamount of homopolymer
Dose rate time Cose graft cutside of fiber
rad/h min rad . %
2.6 x 105 - 120 5.2 x 10° 0.3 Small
3.0 x 104 960 4.8 x 105 2.1 Small

II. Monomer mixture, AA : Water : EDC = 60 : 20 : 20,

Fe™1 = 2 x 1073 mol/2

2.6 x 107 5 2.2 x 104 19.3 Very small
" 15 6.5 x 104 28.4 .
" 30 1.3 x 10° 44.2 Small

3.0 x 104 5 2.2 x 103 3.2 Very small
- 15 §.5 x 104 15.5 "
" 60 3.0 x 104 22.3 "

5.5 x 103 15 1.4 x 103 6.5 Very small
- 30 . 2.8 x 103 10.1 -
- 60 5.5 x 103 14.1 -

PVC-AARO /77 7 ' EGNHRBTH AT Lz AHlLA, AA-K-EDCOCERKEHMG60!
20 120 O/ v BEWEFERN, 26%x10°, 30x10°, 55x10°radh OBEERT
K Hy77 VESGOERETR -/, TOMED Table 101KFRT, & FK) = OF
REdE /- —BEBOKEIGHRE L, COL Y2/ ~—REETANEL, TR
- —DEBREMELTEBRBCAADZ 7 7 PESVERURL, EHERCHTLHE &L 00T
Dy 77 P EOHEBTFig, 101 KARlLAZ, BEXRPFBCALBZELBL 77 7 VEPE(
BELERMBALND, ALEBOABEFig, 91 €30x10  radhTEnT, 745 4>
bEBCELT, 7 —ORBTy 77 P ESLABRIRLTD S, RECRBTHEL I
s 7 EARENKE N, PVC-AADZ 57  ESHEEEAKE(, 26x10° rad/h T
HREREEI 08T 77 7 P R 14 B E LA, COEBTIHELAAAFR=FR) ~—OR
FEEBER Td ok, 277 7 B4 4 BODEBTCONTILEH ES KT 2EHEMENAETHA
ep, TR IZERBHEIBEE Thott, BB TR ~AL 90 =—2 BT PV OE#H
RNE~EEALANDT, RERTOCES T, BENBRTOES ML, TLEHMT
EHRLAFEN < — O FRFETIRLOT, FOMEBREIFTEL ZLEEbN S, LAB
STEAEE, A=K ) ~—OERFEERTLES 77 P BECEREEREROCE AV EF]
Thh, AL/ 7 VESGNEEF s/  ~—ROHAM, E-2IE0OBEOCERET DA THE

CHRET Lo
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Dose rate, rad/h
O 286 x10%
X 14 xi0*
[¢ ]

Qa0 xw

A 1.5 x 104
A 355 x10°

%

Apparent graft,

80

Irradiation time, min.

Fig. 10.1 Grafting of acrylic acid onto drawn poly (vinyl
chloride) fiber at 23°C.
Monomer mixture: AA-ethylene dichloride-water
(60 : 20 : 20, by vol.), [Fe*™] = 2 x 107? mol/%.
Solid lines refer to the grafting in & stretched

state, dotted line refer to the grafting in a

slacked state.
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EAOERBEES Table 10200FT, RAPNERORKBTr 1 ABATLH L, REXE
0.05Mrad scc, 0.1Mrad/scc TREBRLZFTAFN01Mrad HLF02Mrad L7k b, 7
5o b EACORET20~308KE L ko SREHVRENFIAZ 77 F EEEE THEF KE
e LA LAGLBELSEA AT/ ~—RICHT 22757 VEGLE/ <—ROEE,
thbbe/s - FBEERL, £/~ —EBEH200%, K5 0L, TALN20~50
%, T5~85%THh ok, BEH08Mrad 2T 77 7 P EOEOARSRL NG 57,

o« 737 \EOEFLHEREOBER |
Tﬁﬁ%%&%@ﬂ%%ﬁﬁﬁ&®f§7bﬁ%®%%%%ﬁ%.7§7bE%®W%E§
Bk, SEECHLTHEME 7=y P+ 5 & Fig, 102 O&RVPBLNDL, P ITREL,
BEEC I D HNEEOAAGBELN2 00 50OEBRBERERML £, B2b7 77 EEYD
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HBEEOCBREREAE PR TER 3072 Tdh, E—ETCHALALOIXLTFI AT A
GBHE~DAAKBEEANLZF 7 P ESGEFNTa=0T50EEBTNLD. PVC-AAR
Dr3 7 PESCHFNTIRIT—KTLELELONLL,

Table 10,2 Impregnation grafting of acrylic acid onto pvCc fibers
Monomer mixture: AA-H,0-EDC (60 : 20 : 20, by vol.)
Fe™ ] = 2 x 1073 mo1/2
Irradiation: V,.d.G. electrons ‘
a. Pick up of AA, about 200%

Dosa rate Dosa Apparent graft
Mrad/sec. Mrad %

0.05 0.1 l 27.4

0.1 0.2 32.9

0.1 0.4 36.9

0.1 0.8 l00.1 g

b. Pick up of AA, about 50%

¢.45 ' 0.1 19.4
0.1 0.2 29.5
0.1 0.4 31.0
0.1 0.8 37.8

10®

o
[

Rate of grafting, %/min,
=S

Ol 1 l 3 1 i 13 1 14 i 15 1 6
A 10 102 10 10 10 10
Dose rate, rad/sec.

Fig. 10.2 Influence of dose rate on the grafting of
acrylic acid onto PVC fiber at 23°C.

Pick up of AA, 200%.
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312 PVOEE~CZ77 ES
PVO%%ZEKQWT%EE%%@E%E&%??7b@%%%ﬁ%@%%ifﬁ#k%

BE% Table 1030ET, AT EL T A BERBAEL, =/~ HEHEIRILT,
FOEEFOAMAEERERBPTETS BN LA, BEET T/ 77 VESL ABESE B
BEC L, COERMLCBETLIIEBRETOAEBEVW, 2 7 P RH{BLNBT Db L D,
FNELTh, BHOHEAEE Y 45 A2 VERNTZ 7 7P ESHEV NI o/, 727 4
52y OBELSEBEMA0SEME]l 6 RUOMIC 7> 7 EEEBEOERIREALL
Protett, BOBAIE, Table 1030ALNALE ST, SREMOBELINE N, TNOLOERA.
CAOBSE, R LB DD. 75y CHENTHBEA~O T/ v~ —ORERE /NI
NZ L EBVOEEDR A,

; Table 10.3 Impregnation grafting of acrylic acid onte PVC fabrics
|
| Monomer mixture: Same as in Table 2

Irradiaticon: V.4.G. electrons

1. S.S.mg/cm2 {thickness)

Immersion timea) Irradiatig? Dose rate Dose Apparent
h condition rad/sec Mrad graft, %

7 A 0.05 0.4 4.5

31 A 0.05 0.4 13.7

31 B 0.05 0.4 24.8

2. 21 mg/cm2 (thickness)

0.3 A 0.05 0.4 10.9
16 A 0.05 0.4 20.0
16 ' B 0.10 0.4 28.6

a) TImmersion at 23°C before irradiation

b) A: in a stretched state, B: in a slacked state
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321 mELHEE
Ay =z }arXBEE AN, 23°C, 65%RH OE£HETTRELA, ABEL om ., FIRE

E1em/min ., 2 0EBEOEHEE Table 1 040CRT, BMEORAL., 777 PHES O
~60BETHETLAV, 777 PEHRL1O00HBTHEI EEFTL, 727rR112% T
AEGEDHN116e 2586 gl BTLA, 777 PEARK LD HERIERL . o
Crs 7Y MERECIRLASEELAVWEZELLNL DL, BEDARETTLT L 0HE D,
@%u737%%80%§f@ﬁ&&52m€f.1L2%f%%%kbﬁoﬁ%®m%¥y
SRy 7 EAERTLERPET TS, 11 2% 2757 TAEBUMAL A,

Table 10.4 Tensile properties of acrylic acid graft PVC filaments

Initial Young's

Apparent Denier Strength Tenacity Elongatién mod
graft, % g g/d ] Kg/ﬁmz
0 3.00 11.6 3.87 37.17 370
20.9 3.51 12.6 3.58 33.8 390
32.0 3.54 10.0 2.82 39.6 378
52.1 4.50 11.3 2.51 39.8 297
62.0 4.59 10.5 2.28 35.0 - 274
85.0 5.60 3.5 1.70 34.2 214
111.9 5.61 8.6 1.53 50.6 354

3.2 2 BIBEE
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d. wms" L AAE s 5T N LAPVOMEE SMEBETME T & LT LY BK
Mtz EL (MALT LVHERLTZ LEHREL T A, Fig, 105RIEAAR Y 57 8,
Ca BRERL A 75 7 P BEOBIEAEKERE R T, 777181 LISTHRRS 0%
@@ﬂﬁ&%bﬁﬁ.159%f§7%ﬁﬁ@ﬁ&ﬁ%@lO%E%f@b3ow0§f%@
WL R, SAE, MBESOHEY LoBLTHE,

MERSEBREST TOERERTD LD, KB T 2 HWHEEORNELRET Tavle 105
R, EBRGHEFADICR IBMBELAR, RIOEMLLREETRE L &,
AARZ7 57 L A33OME, 75 7 r#Na BERBLAERMD, RPVCERELFAEED
LN LATILRKREMMELA, L LANLZ7 7 PEOBAE, Ca HEREALEIN
BANEEE A EI T LOLEH TS AL EHbhh, Na SEREEBLE CAEAESERTL
DTHKERELREL(ALOTHS 9,
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Heat shrinkage, %
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Fig. 10,5 Heat shrinkage of AA-Ca graft PVC fibers.
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Table 10.5 Heat shrinkage of acrylic acid graft PVC
fibers in boiling water.

Apparent

Fiber graft, % Shrinkage, %
Original 0 40
PVC - AA 19.7 29

" 43.7 38

" 85.0 30
PVC - BRA
After H.T. 150°C, Bmin 19.7 22
" 50.0 22
" 111.9 4
- After H.T. 180°C, Smin 5.0 13
" 111.9 0
PVC - AANa 19.7 g
" 43.7 42
" 85.0 37
PVC - AACa l 19.7 ]
" 43.7 9
" . 85.0 - 13
3.23 W & H

AAﬂ57bﬁﬁ%&2gEEésmn®iﬂﬁb.Cﬂ%*ﬁ%m<<boﬁf%b.?
sy b 16mm OSKET]1BHEERIL, HOMKktELS B0 E D0 FHEBL 7, Table
1&6mﬁ%tﬁb,cCTﬁﬁLﬁfﬁ7rz112%1?@%%@?&Taaﬁkﬁ%ﬁ
ﬁLTW5C&#b#okoT?UH:FU»%¢57rLkPVCﬁ%ﬁ.%57%%60
praEEkErEnbhesY AAZ 7 L PVCHMOBEE, 777 PEHFLO0S
i TLECHAEZREL THnb,

ﬂg.MWH%?7F%20%®AA¢97FPVCE.AAJ??P%C&@K%@%@
LkPVGﬁ@W%&%%TEETééa%ﬁﬂ@ﬁél&m1@ﬁk%mlﬂﬁﬁﬁé@ﬁo
ML EOEkEERALTEHD, AA-Calli7 5 7 PR KRCILINARICET LR

ﬁﬁ%b(&émc&#%éﬁ1m%cCtﬂﬂﬁéﬁ#okﬁ.AA%MEJ?7%H%AA
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Table 10+¢6

Flame retardance of acrylic acid graft PVC ftbers

JAERI-M 9481

Apparent graft ‘Cl Content Flame
§ & Retardance
0 56.8 S.E. ¥
11.7 50.9 S.E.
34.2 42.3 5.E.
53.8 36.9 S.E.
70.2 33.4 5.E.
112.4 26.7 5.E.

Starting

Fig.

* Self-extinguishing

PVvC_C

lc. 5

Flammability Test

Flammability test cf acrylic acid- and AA-Ca-graft

PVC fabrics.

PVC - AA
- G=20%
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3.2.5 RiEgl, KR+ 2/ —rEE%
f§7rﬁﬁ@ﬁmmwaﬁtbfzrcmkﬁé@ﬁﬁ.m&@fﬂz—wmﬁ%%@ﬁ
rfElL &z, Fig, 10.7 M IDE 6 6%RIURF 94%RHCEHITHAA Y 57 P LS
K757+ #Na B2 501 Ca EUERLABEOREBEEZRT, AAZS 7 MEEDNa
Bt 15~2080 757 F RTAMEZLORERGBONE, AAZ 77 tHRiE, 777 MR
Ca MRS 75 7 PEE KO REESBAT LY, 66%RHTIH 7 77 1 EHEB0~50%
94%RHTII 60~TO0BLBL AV EARBAAORBEHEBLN RS/, TNHLDAATT
7%PVC$%®&E@K@?%$ﬁﬁ,%)ﬁﬁﬁ&kAA7§7belz?»W%®%
NEVRTRRTD b,

weE 737 PO kT AEMETRIE LA, 77 7R 23°COKALREL .
24ﬁﬁ%mUéiﬁﬁﬁ%@mﬁ%bk%ﬂwm%ﬁﬁfﬁm@afiﬁﬁm%b.mﬁ%

BnThkEBETENL £,
| ARBROEE - ARENO TR
KRR = PENOER
66 % RH 94% RH

10 F 20-
X
£ n
I I COTTON  _ __ - COTTON
; __________
25 10
2

f |
50 (1 50 100

Apparent graft, % Apparent sgraft, %6

Fig. 10.7 Moisture regain of acrylic acid graft PVC fibers

at 23°C. {o) Acid, {e) Na salt, (A) Ca salt.
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EREEREY Fig, 108 R+, BARBEHOBRELARTAA-Na 777 P 0 KERE
HAFEV AR, AA, AA-Ca 79 7 vk, TN XL DE2ADAI (., PREENKEN
BEOKEBYFTE LA, F77 PEI0VHAA-Nas 77 P BETTNBEKOER L FRD

KEEEBINA 5,

KB rs 7 VD2 2/ — TR T AREETHIE LAk, PAAL A2/ — 1+ CEED
Lt n, ERMEES Fig, 109 CET, AAZZ 7 vpid A2/ —r L TLAL
W+ 57, AA—Na, AA-CaZ 7 7rps b5/ —rTHL TIREAERBEL DD -

o

PVCT74ra~DAZ2VABO 7 7 vk, PYVCEERY £ 220 vBgEEOCHIT
MAEEEASS D, BFY = - LEH) -~ OHBEHEBRRETH D, K, 2 F/ -2 THL
T R AN BEINTNESY UL ARG, AAZ T T PV OHREDBEIK
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250 +
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o o
X b
0 ! . i ! ! o i ] 0 it ! ! ! ' 1 ]
10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
~ Apparent graft, 9% Apparent graft. 2%
Fig. 10.8 Swelling of acrylic Fig. 10.9 Swelling of acrylic

acid graft PVC fibers in
water at 23°C. (0) Acid,
(#) Na salt, (a) Ca salt.

acid graft PVC fibers in
methanol at 23°C. (0) Acid,
(®) Na salt, (4) Ca salt.
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Table 11.1 Grafting of Ca-acrylate onto poly{vinyl
chloride) fibers by method I.
Pre-treatment? ethylene dichloride: methanol
= 40 : 60(by wt.), r.t., 1hr.bfionomer solutionyg

Ca—acrylate : water = 30 : 70(by wt.).

Dose rate Irrad. time Apparent Appearance of solutiocn

rad/h h graft,% outside of fiber
2.2 x 10° 0.5 - Solid

2.5 x 1ot 0.5 - "

1.0 x 104 1.0 4.0 "

4.6 x 103 1.5 5.0 "

Mbu]JiKﬁEﬁﬁM@ﬁ%%%Tcﬁ%bkﬁ%ﬁﬁ%lﬁfﬁ4ﬁ£5K£UIz
%»«@AA@757biéwﬁmﬁﬁféok%®f®éc@Eﬁ%m&&m%%ﬁ.20
10° rad/h OBRBET I BMORHTH = Y v —ARKRCHRK, =/ < BREELL
fbiWﬁﬁ%@ﬁfC&Mﬁ%&ﬁoﬁ#.ﬁ%&@%ﬁ&m2&&.m%ﬂ®$%ééﬂ
%L(ﬁﬂéﬂ.f??bﬁﬁ%@%%@ﬁ¢6&#ﬁ%koﬁﬁ@ﬁ#%ﬁibﬁ%ﬂ%ﬁ
%#ké<,%%ﬂ%ﬁa7r%%¢é<ﬁofwéﬁ.ﬁUIz%»«@AA@f97bE
%wﬁﬁé%ﬂk%ﬁolﬁ&ﬂﬁ®%,%ﬁ@ﬂﬁkﬂﬁ@%ﬁ%m737r%m%bfu
GEAE BN AL -, Table 113 7, il TESB LT+ REMALS
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Table 11.2 Grafting of Ca-acrylate onto poly(vinyl

chioride} fibers by method I.

Effect of addition of metallic salts.
Pre-treatment; ethylene dichloride : methancl
= 40 : 60(by wt.), r.t., 1 h  Monomer solutiony
Ca-acrylate : water = 20 : 80(by wt.L
Concentraticn of metallic salt; 1072 mole/%,

Dose rate; 2.0 x 105 rad/h, Dose, 2.0 x 102 rad.

Not added - Solid
CuCl 10.1 Slightly turbid
Cus0y 8.5 Transparent
FeCl, 16.7 Turbid
Mohr 's salt 17.2 Turbkid
FeCly 16.5 Powder-like solid

Table 11,3 Grafting of Ca-acrylate onto poly(vinyl

chloride) fibers by method I.

Effect of dose rate.

Pre-treatment ethylene dichloride : methanol
= 40 : 60{(by wt.}, r.t., 1 h. Monomer solution?
Ca-acrylate : water = 20 : 80(by wt.)

Concentration of Mohr's salt; 4 x 10 3mol/&.

Dose rate Irrad. time Dose Apparent Appearance of solution
rad/h k rad graft,% outside of fiber
2.2 x 103 0.25 5.5 x 104 18.1  Turbid
" 1.0 2.2 x 10° 23.0 White ppt..
1.0 x 104 2.0 2.0 x 104 13.7 Turbid
" 5.0 5.0 x 104_ 19.1 Powder-like solid
4.6 x 103 6.0 2.8 x 104 23.7 n
" 24.0 1.1 x 10°  38.9 "
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6T, BrOBRELLWTIBLNAZ 7 VELBREBOBENOE / < —BROERFET
Lz, tOBErLEALLICPVCHETEDCOMeOH BHETHEREILAE, EaR
FEEL T -2 R RMLAE / ~—BHEEFERTHC LD, HEERER - RAR
BT 10~40%0 757 P EQOBBABEBCELNL, 22X10 radhOHEX T 5 HH
OPHBRT18%D /5 7+ RKXZETH, CHIZEDCE=— A EEMALAAKBRTHND
PYVOHE~DOAAD 75 7  EAOBCE LN 2B RECEHTHIRE N 7 7 P EGH
ET®H b,
HECPVCHECEBEANTHLEDCES bbb/ ~—HHROPILNAL T E, FEE
LR LRI T VESTHL RS, AA-CakKBHRACHLEDCHBERLAZ VDT,
EDCHEMRISLABT. KEBCMeOd TMAkY, BEESOHR,Ib=/ ~—BH&
CHEBIEAA-Ca tH,OIMeOHIEDC=16 13913916 Whot, 0L ICHMTH
EHILRAT, BRAHOA-2E/ <~ BRCBELT 777 VEE3ILLHETHEN &
%+ 5. Table 114 HEINR LY 75 7 tEAFTRAABEOCEBERNOURETT,
SGBEDTND ANIEEM, BN e £) ~ - BRKBCHEK, =/ ~—FREEMLLTL
9, LHLAEEL 25D, S RETOCFRE LA PRELTETS -k, T 0
B (BENDT ) ~—BHRCEDCHA-Tnbid, EEBHBHRCLY . BENO S =
ﬁvqﬂwﬁ%%ﬁ.EHIQKﬁﬁQQO%%£b@#<&oﬁkbfm&m#tﬁbﬂég
L#L&ﬁ%ce%%.%6#Kﬁmmm%ﬁuv—#ﬁ%bfméwﬁﬁﬁféf.%5ﬂ
hZ 7 VREOCPAEDLTE L, EBEETMADL L, WEND re £Y < — OEMEEL
Wﬁ%ﬂ.ﬁi?bﬁﬁ%ﬁ%ﬂ@ﬁ?i&ﬁﬁ%koE%ﬂﬁﬁ%@ﬁﬁﬂﬁﬁ%ﬁibﬁ

Table 11.4 Grafting of Ca-acrylate onto poly{vinyl
chleride) fibers by method II.
Monomer solution? Ca-acrylate : water : methanol
: ethylene dichloride = 16 : 39 : 39 : 6(by wt.)
Concentration of metallic salt? 1072 mole/ Ly -

Dose rate) 2.0 X 105 rad/h; Dosej 2.0 x 103 rad.

metallic sale ABERETSR Apmeanancs of sejution
Not added (18.8) S50lid

CuCt 9.4 Slightly turbid

Cusoy 10.5

FeCl, 13.0 "

FeCly 14.7 Powder-like solid
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i, KBEBOBECHRAO Chohe— LV ETHBHE L2, Fig. 111 LHEI TESEL
Mol TFeCl  2RMLABCOENBENE 75 7 » EOBREFT, 21x10° radh
2010 rad/hANOBEEREL AT, BETHCEATRREHFME 0 7 5 7 b RH
EBANKE(A-Twnh, COLHYT., =/ = -~BHROPLEMCEHEINTHLEDCLE
S LA THLIEBEEEMALT LN L T, BENADFE R ~—OEREHIE L. BHE
L7 VESFECIEIT S HkA,

30
- ©)
2.1x10° rad/h
& 20—
-
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[=%
< 10}
2.0x 10% rad/h
0 } I | l 1 I 1

2 4 &
irradiation time, h
Fig. 11l.1 Grafting of Ca-acrylate onto poly({vinyl chloride)

fibers by method II.
Monomer solution; Ca-acrylate : water : methanol :
Ethvliene dichloride = 16 : 39 : 3% : 6 (by wt.).

Concentration of metallic salt: 10_2 mocl/l.

3.2 57 rHEEONHE
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Ui, 170°C TIHRAERT 0% 2L, REATHITAERBELLCEATHD. 19070
CEMYE L, 777 E20%08 OERBBECHNTRRERLEL (&FEI N, EX
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f,%kmﬁﬁﬁlo%.SOWOK&oT%ﬁ@@%LKMﬁ%ﬁ%%ﬂQDAA%MEE
%fﬁyhbﬁ%%@ﬁ#.AA&/97rbk%%%Lﬁ%%;D%.m%&%ﬁ&%m%
Er s PEGCCRENE, AADZ 57 b ECa BEL LY TOOBEE D ICMIEIL
TELEWSFAED 5,
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%@ﬁﬂ%%?Cﬂkmﬁﬂﬁ&ﬁﬁ%ﬂé@$®~ﬁ@ﬁ%<.%%ﬁﬁﬁ.m%&mﬁﬁ
E%?ﬁ%%&?%%%#ﬁ%mﬁbfﬁﬁmﬁ&EbnéoiﬁA&%mﬁﬁWf@ﬁﬁe
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80 Starting fiber
60

20

80 20% Graft
40 b
20 |

Heat shrinkase, %

60 34 % Graft

20 |
0 | 1 I | 1
4] 00 200 300
Temperature, “C.
Fig. 11.2 Heat shrinkage of Ca-acrylate graft fibers.

{(—) Piber grafted directly with Ca-acrylate.
(---) Fiber grafted with acrylic acid and ccn-

verted to Ca-salt.
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S oo BEOEET 100 0EORBENBIEMBE THRE LAHERE Fig. 11.3 TR,
PVORAARZS 7 LARKOSELREP VCR#HORELHALL STRALY, AAE
Oa BEEEBL ZHRETAA-CaOBELBFEINL, BEAA-Ca® /77 P LA
AA—CatiiEOEECINTE - HAALTWTAATZ 77 LAKCa HMUEBL LRME
FOENT L LN A o, MERED AA-CaDRMIC W TH S IR VL E TH b,

{e)

Fig. 11.3 Scanning electron micrographs of graft fibers.
a. Starting fiber.
. Fiber grafted with acrylic acid, 16.9% graft.
c. Fiber grafted with acrylic acid and converted to Ca salt, 21.4% graft.
d. Fiber grafted directly with Ca-acrylate, 23.8% graft.

3.2.2 [ o5
777 P02 g EI6 cm OEIED, hEARBARLCILCIDFTHL, Tk

pEA16mm OAKRC—BHHERIL, BTHAESE O TRBL o B8O RBAE
DEEERC LY., BABMEL 0 BLLT, 300°C A - TLEMUBKLAD 7, 777
VE3 4% CORBERBLAL, MR ACHAETS - 7,
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gﬁﬂ%bﬁaﬁﬂﬁlcm.ﬂﬁﬁﬁlﬂ%/MHféoﬁo%%Eﬁbm]JEK%TD

ﬁ&lﬁ@ﬁ%lf%ﬁTKBMTii7ré€kﬁﬂﬂﬁmf,ﬁ%ﬁ@®&%mﬁ%&%
30%@?57b%§f®ﬂ%&ﬁoﬁoﬁﬁﬁfﬁ7b§%ﬂ£b&&&£ﬁmbﬁﬁoto
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BT,

Table 11,5 Tensile properties of Ca-acrylate graft

poly (vinyl chloride} filaments

Apparent Strength Tenacity Elongation Initial
graft Denier modulus
% g g/4 % kg/mm2

] 3.00 1l.6 3.87 35.7 357

1) Prepared by method I

20.0 3.67 10.3 2.81 29.3 333

33.9 3.69 11.3 3.086 31.1 310

2) Prepared by method II

23.8 3.88 11.8 3.04 30.5 317

31.3 3.88 12.4 3.20 32.4 375

3.2.4 H & H
757 VBT v F A B Sevron Brilliant Red B ANWT I8 CTEEBL £, B

PVO%%@@(%&%&@Ok#.f§7b%20%@ﬁ%@ﬁ%ﬂ%@f%ttﬁﬂ%f
@’cho
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FEACELTERENEEALE RELY, F1 ey 6 OBEHTHHRY srEEILTH
LEETH A,

$ﬁ%@%l@E%ﬂ&%ﬁ%%%fAAm%PVC@%K???F?%théb,%2
OHGEERE T HE D T & 7% HBIREE2RE EEkL 0 EO PRI THLETH L,
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2.1 BEHZLUCHE
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BEREALALEEE 0.5 % NaOHKIESHT6 0 CT 2B 7 A )V INKSEL (MASRECERE
ﬁ&ofwﬁm),le%ﬁ@wwvamﬁﬁK50tf7ﬁﬁﬁﬁb,ﬁwvakb
THEBEL %,
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rELEbDTHL, /7T —BRICEDCEMAAWERE, 154, 302, 6 0HOH
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Eﬁﬁﬁ%?ééoEDC@ﬁm%#¢<1m@ﬁﬁ%ﬁﬁ<&b,mﬁmﬁw%/v—#+
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O TR BERBEZLCR b,

Table 12+1 Effect of ethylene dichloride on the grafting

of acrylamide onto poly{vinyl chloride) fiber.

Irradiation: Co €0 y-rays, dose rate 2.2x 103

rad/h.

1} AAm : MeOH = 39 : 61 (by wt.)

Irradiation time Dose Apparent Appearance of solution
graft outside of fiber
min rad %
15 5.5 x 10" 0 solid
30 1.1 x 10° 0 Solid
60 2.2 x 10° 0 Solid

2) AAm : MeOH : EDC = 26 : 41 : 33 (by wt.)

15 5.5 x 10% 21.0 Solid
30 1.1 x 10°5 31.7 Solid
60 2.2 x 10° 12.7 solid

C@;6KLAAmdh0H%MKEDC%miéC&K;ofya7rﬁﬁ#%%ﬂ&#,
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Kﬁiﬁ®ﬁﬁﬁ®¢,CuMh&FuwsKQWT%E%%E@J57b§%K&HT%
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Table 12.2 Effect of metallic salt on the grafting of
acrylamide, onto poly(vinyl chloride)} fiber.
Monomer mixture, AAm : MeQOH : EDC = 26 : 41 : 33
(by wt.); concentration of metallic salt,
107 %mol/L. MeOH; dose rate, 2.2 x 10%rad/h;

dose, 2.2 x 10°rad.

Metallic salt Apparent graft Appearance of sclution
% outside of fiber

None 32.7 Solid

CucCl 35.1 Turbid

CuCl: 37.2 "

CusS0y 42.4

FeCl. - 36.8 "

FeCl;, 44.7 "

Fig.1 2.1, CuS0,%107°,107%,10 'mol/{ -McOHAML 7z AAm—MeOH—EDC
BHEEBALZ 27 VRIGE T 757+ B BABREOBRFEZRT, MUOBELENT
b, BAREEskcrs 7 v EERER Y, —ERMECEINTARET-EECEL L, B
ST, SEEBEVS ALE, 757 VEGRECENY, —ERFFEREL
FlE+ A5 7 VBESBEBEABEAED o7, TNHLORERI, 777 PERH, =/
e DRSO E, EAELPRLORAENTRESEBLNERBSE D TR
bh, ESOBCEATH, BACEE D Fe £ =—DELTNENDT, BER~DE
e QU H AN CBEC AT T2 THY, BN ~—HA-ZERECESR LR
ODEHF T P EECEBERITL, CusSO, BEVAEWE, 777 P EPE(RLLNIHK
B kb, hin CORTH, #BLs/ ~—BRCESTDELL BB L (EELTHD,
ABELESWED LDBBERIC BHA - TWbEEZLLNL, BEFRETOEZE,Z 7 + BN
CuSO, BEZABWEENOE, EERESEVBEEMMENMICH A ) < —HREICH
%,%/7—ﬂ$<ﬁ%éﬂfbiwiﬁﬁ%ﬁUiﬁiﬁwﬁ,ﬁ%ﬁ%ﬁﬁ%wgﬁﬁﬂ
TR reHY) = — ORISR, BERAE D=/ = —OREVSAROBVEIES 57
NEAB LN AEELLND, LPLCusSO, BEXENRT, s2FY <= —DEEDPLE
£/ v — PRECBBINTWAVWCIALDLE, 7577 P BHRELC V44 7T 5O
HEL (777 PRIBSETRONTBEC T/ <~ BHRCHT LEBESETLTE/ =
DHERA~CBAPERCALLDEEL N L,

Fig.1 225 FeCf,®107°,107%, 10  'mol,/¢ MeOH% =/ = —HWICHML7HBE
TH b, HAKLCuSO, DEALIEFERTS - 7%,

L EOSBEORNSDEOER LD 10 mol,/f-MeOH Ml FOBE THHETLHIETS
ﬁﬁ%@ﬁﬂ@¢%ﬁuv—@iﬁ%%ﬂbfﬂ%%ﬁﬁ7ri%&@cg@%c&ﬁ&%&
b ok, MTORBRTHLMOKE TS E2FeCl, THEBL %o
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Irradiation time, h
Fig. 12.1 Grafting of acrylamide onto poly({vinyl chloride)
fiber at 2.2 x 10° rad/h.
Effect of Cu80. concentrations in monomer mixture.
Monomer mixture, AAm : methanol (MeCH) : ethylene
) dichloride (EDC) = 26 : 41 : 33 (by wt.).
60
10" mo! /1
B0 -
%
- 40 — -2
£ 107° mol A
P
e -y
% 30 | =
-E:s none
W
&
o 20 |-
< @
107 mol /1
10
0 | | | ! |
0] 50 100 150
Irradiation time, h
Fig. 12.2 Grafting of acrylamide onto PVC fiber at 2.2 X 10"

JAERI-M 0481

rad/h.

Effect of FeCl: concentration in monomer mixture.
Monomer mixture, AAm : MeOH : EDC = 26 : 41 : 33
(by wt.).

—159—



JAERI-M 9481
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PESOWHEEL KD, BEROHEFRERNE e v+ LAOHFig 126 T 5,0
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30k 1 tix108 23x10° 0O
rad/h §  rad/h
1.2 x10° rad/h
e 20x10* rad/h A
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. 20
£ Al
id
:_’f A 3.9x10° red/h
5 O
5 ’y
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& 10H A 4.6x10° rad/h
() /%
A
!i’. Al
0 ',/ | i I i
0 I 2 3 4

Irradiation time , h
Fig. 12,3 Grafting of acrylamide onto PVC fiber at differ-

ent dose rates with y-rays from a Co-60 source.

Monomer mixture, AAm : MeOH : EDC = 26 = 41 : 33

(by wt.); [FeClz}, 1077 mol/%. MeOH.
35x10° rad/sec 1.4 x10° rad/sec
0}
30 O O

™)
=]

8.4 x10° rad/sec

Apparent graft, %

2.6 xi0% rad/sec

0 10 20 30 40
Irradiation time , - sec

Fig. 12,4 Grafting of acrylamide onto PVC fiber at differ-
ent dose rates with electron-beams from a v.d. G.

accelerator,.

Monomer mixture, AAm : MeOH : EDC = 26 : 41 : 33

(by wt.); [FeClz], 107% mol/%. MeOH.
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96 % 10° rad/sec ®
Q °
1.05 x 10° rad/sec

.05 x10° rad/sec

} |
0 i 2 3 4
Irradiation time , sec

Fig. 12.5 Grafting of acrylamide onto PVC fiber at differ-

ent dose rates with electron-beams from a trans-
former type accelerator.

Monomer mixture, AAm : MeOH : EDC = 26 : 41 : 33

(by wt.); [FeCl,], 107% mol/%f. MeOH.
108 |
2
§|0 -
N
39' lo 1
o
s
5
L8
4 107 -
h
o 12|
1073 -
1 | 1 1 } [ | ]
10! ] 10 o2 10° 0* 10° w* 7 08

Dose rate, rad/sec

Fig. 12.6 Grafting of acrylamide onto PVC fiber at differ-

ent dose rates at 23°C: (o) electron-beams from
a transformer type accelerator, (o) electron-
beams from a V.d.G. accelerator, {A) y-rays from

a Co-60 source.
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Tabhle 12.3 Tensile properties of acrylamide graft

poly(vinyl chloride) filaments.

Apparent Denier Strength Tenacity Elcongation Initial

graft modulus
% g g/d % kg/mm
0 3.Q0 11.6 3.87 35.7 357
8.0 3.10 10.9 3.52 37.7 370
31.8 4.29 12.2 2.84 36.7 361
56.3 4.46 12.4 2.78 37.8 379
3.2 2 BiEHE

757 FBgEOBKILOBRE LT, 23C 66%RHELFI4%RECEHT S AMM 7 77
PV CHRIEDORERICO VW TR LA, 777 t R EBEBROBEKE Fig 127057
PVCHEITBEETIELAERATNY, AAm 2757 b+ 2&, 777 PROMMEHR
CRIBHEEERSCEML, 40~50%075 7 P RTABAZHOBREBRHET T L OICE L,
COBRBMEAAZ S 7 P PVCHMETELAADEBIEAKTS S, BICLPVC-AAST
S PO T F U7 A% (PVC-AANa ) ORBHIRLTHAHL, Tl 0HPO7 77
PR TABELO CREMERLTVWA. PVC—AAM 7 7 7 ¢ M NaOH TIHAD T 5
FAA-NaZ7 7'Mt rsdFchh, HAKEOHEALBFRINL, TCT, PV{—AAm
757 %k Na OH THASBEL TRIEEEWEL . THEAD, fnAk A O RIE M
AAmMZ7 57 b L b k&l Aok, LALASFLAA- Na 777 tOREBHICREAD >
k. CAEPAAM #EACEHNKABINTHANLD TS 5 EBHN L. K RO F

¥, E?i’(%ﬁbflﬁtﬂ%i@@@ﬁ@ﬁi@%%ﬂﬁ?ﬁ‘ 2,
op 66 % RH 94 % RH
2
=
= =
on
d
v
| .
2 10
=
2 lcotton /S
0 ] ] 1 i | ] [ i | |

0 10 20 30 40 50 0 10 20 30 40 50
Apparent graft, % Apparent graft, %

Fig. 12.7 Mcisture regain of acrylamide graft PVC fibers;
(g1 before hydrolysis, (e) after hydrclysis,

{4) ABNa graft PVC fibers.
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Fig. 12.8 Heat-shrinkage cf acrylamide graft fiber, effect

of graft percent and heat-treatment.
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Fig. 12.9 Heat-shrinkage of acrylamide graft fiber after
alkali-hydrolysis and treatment with agueous

solution of calcium pcetate.
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Table 12.4 Flame retardance of acrylamide graft
poly({vinyl chloride) fibers.

Apparent graft Flame retardance
%
o self - extinguishing
15,7 "
36.1 "
51.4 n
61.0 "

4. #& ¥

PVCHME~DAAM OHHEBICLL7 7 VEETHRD, BONAZ 77 VKO, =
OHETREELTROBRTB 2.

1) PVCHE#O AAm © 777 B4, PVCORBERELLTOZEf=7 v ik
Me OH% fiifh & L, B OFeCl, #HM L7 AAm—Me OH-EDC OREBMEERT L L
L BBCITS T Eli®A,
2) TOFXFEBVAEE, 10610 rad /sec DEWBEREGHCDAEZD, 757 tEEOD
HMEETREEDOLT 6 BICLHIL %o
3) /Y37 VEASO, BMEOBEMNEEICERETEB8E/03I, /777 P EH6 0 %FTHS
BETLAEL oK.
4) AAm@© 7 37 PEGRK LD, PVCEEORKELA EL, 50 %BED 727 FETK
BAEAPOREELE ONA, Z77 7B TA2 VIIKGET A LCL Y, S LEEREEOR
FEE»L T EDEEL.,
5) /57 VE1O %M EOMMEE,F A v B THBCRETETS » .
6) AAmMmZZ 7 + PV CH#E, BIEELAREIN, /777 ' BNMAKSGEL, IHKCCaR
BThIETL Y, BIREEZEL (3T BT LMK/,
7) /37 VEACLYREAMTEADNY, /57 FE6 0 %OMMES, EPVCHE#EOD
DE SHAEERS Tnk,
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LT ALE~OEBRTIT > k.
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Table 1 3. 1CPE7 47 A v PCHR L TEB T/ 77+ EGa e bR TRT. DD
ROhLOC, T—AEOHEETTE/ < —BRSF AT LROBEST, BHLTIHL
hot 7357 VEMES MET, BREREIL7I 7 PEAEEHERG LI ELEDLD,
Bd, FHO7 45 AV OEZEH 220 pmTHEZ0.946 T2 » &

WEOROIT, BEEPET (MARKERT/ 77 PEGERASPAHKERE Table 1 3.2 KR
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TH b, 100smOESD Y 41 LOBEMEESL) ORTHAE Table 1 31 THWZ 4742
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Table 13.1 Grafting of acrylic acid onto polyethylene

filament at room temperature

Monomer solution : AA : H,Q : EDC = 50 : 25
(Concn. of Mohr's salt: 4 x 10™ ‘mol/%)

Dose rate: 1.5 x 10°rad/h

Ir;adiation Apparent graft Appearance of soluticn
time, h % cutside of fiber
0.25 0.2 Slightly wviscous
0.6 0.2 "
1.5 0.8 "
2.5 1.2 small amount of gel
4.0 4.9 Gel

Table 13.2 Grafting of acrylic acid onto polyethylene

filament and £ilm at room temperature

Concn. of Mohr's salt : 4 x 10 °mol/4

Dose rate : 1.8 x 10°rad/h

1) AA : H20 : EDC = 50 : 25 : 25

Irradiation Apparent
time, graft
h % -
Filament (g = 220 um) 8.0 1.7
Film (thickness 20 um) 0.5 11.7
2.0 32.8
Film (thickness 100 um) 0.5 0.8
2.0 30.5
2) AA : H;0 : EDC = 350 : 50 ¢ O
Filament (g = 220 um) 8.0 0.9
Film (thickness 20 um) 0.5 2.9
2.0 34.4
Film (thickness 100 um} .5 0.8
2.0 12.1
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Fig. 13.1 Grafting of acrylic acid onto polyethylene filament
at 1.8%10% rad/h at different temperature.
Monomer mixture: AA: H,0% EDC =50:25:25 (contain-
ing 4%x10"3 mol/1 Mohr's salt). Irrad temp.: RT(0),
40°C. (@), 50°C. (28}, 60°C.(a), 70°C. (D), 80°C.(m).

Fig. 132 Fig. 131:ABKBHAFME 77 7 r BORGET HL=F VvV EFER
NWAAKBEEBNT, BNAERETRT. COBE, MO/ 7 PEGEECTH=F
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feo WERATHRLALOC, EHAEV=2FABMECAA, 227 ) B, EMFVEMAE
SAMBLT 7 VABPSEETHRERZ 5 7 VERTASS, ZHI=F vy OFEL, &8
HEYV = —% BRI/ 57 EAFRETLORKERAVEN S o, LrL, FRRTHW
FEWEPET/ 7 45 A P CELTH, MEZRE T o ABETEEL (HRENLZEHRE
ZiL B Ao e PEZ 4 22088 Table 1330638 brRL 2T, 7474 T
e L T b= v v ORMBREI s AP BOONRL IO TH L,

Fig 131, Fig. 13.2 CRLASBELCrTLRHEREL 75 7  BOBERKRL D, FHS
ST VELREERRD, TV —=Uv A7 3 b LAEOHFiIg 133 Thb, 777 r EEEE
OfiER, —HEbksF Vv i abe /s R —BREYERBLABEOLS, “HRik=vyvvesd
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mol TH 5,

EomTARL A AT ABE~OAAKBYRERE 757 r EAOBE,18~40CT
8.0kecal /mof, 5 0~90°CTldkeal /mofOFEEAL=F 4 ¥F-OEVH/LNTND. PEND
AADZ 57 VEATHELNLRBOK ENBHLTOBEM= 2 ¥—id, PECEATHY
43fvbﬁ«@AA%/7—@%ﬁﬁﬁﬁf@éctwﬁ%?é&%zBﬂéc
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¥

40

Apparent dgraft, 9%

o 1 2 3 4 5 6 71 8 3
Irradiation time, h

Fig. 13.2 Grafting of acrylic acid onto polyethylene filament

at 1.8}{104 rad/h at different temperatures.

Monomer mixture: AA:H,0=50:50({containing 4%1073mol/1

Mohr's salt), Irrad. temp.: RT(0), 40°C.{o), 50°C. (A},

60°C (A}, 70°C.{Q), 80°C.(m}.

o
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ED

1]][]!‘
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| 1 i

] ]

2.8 28 30 31 3.2 33
/T, x10°

Fig. 1343 Arrhenius plots for the initial apparent grafting

Initial apparent grafting rate, %h

<

rate of acrylic acid onto polyethylene filament.
Monomer mixture: -concn, of Mohr's salt=4XlO_3mcl/l,
BA:H,0: EDC =50:25:25(e) , AA:H20: EDC =50:50:0

(o).
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Fig. 13.4 Grafting of acrylic acid onto polyethylene filament
at 70°¢C. at different dose rate.
Concn. of Mohr's salt: 4X10"3mol/l.
Dose rate: 3.0X10° rad/h (o), 1.2X10° rad/h {e).
4.6x10% rad/h (a), 1.7x10% raa/h (a).
ERBECHTLVM/Z 7 VESRETRL T, "EXLOMT, W7o » N LAOS
Fig . 135T® A, _HB{txzFr LY BAoTwnbeE/ v —EBREER LALLM AoThni
e/ T —BREEALABESLDL, 772 7 VESEELZRKEAD, 207 o b i dE
LHZOSOERICESL. 2O ELD, TOCRPTLIF 7V EAOBERERISEERD
0.5 FICHAT+LHT £ D5,

&, %h
1.}
o

T

7 C.50

Initial apparent grafting rat
wn

||0‘ 10°
Dose rate, rad/h

Fig. 13.5 Influence of dose rate on the grafting of acrylic acid onto
polyethylene filament at 70°C. -3
Monomer solution: Comcn., of Mohr's salt = 4x10 mol/1, AA: H_O:

EDC = 50:25:25 (e): AA: HZO: EDC = 50:50:0_(0). 2

—172 —



JAERI-M 9481

3.1.4 7357 4v7 47 A O BERESRE
5L v OFOBRERDE TSI 7 VESHEFSL TWAERFE TAADIC, 7

PEZ 4
SaurhhFA o RECRELTEFONBEAFEBECEREL .

7 F7 4

Fig 136 L= iEfb=s vy e/ v —BEEMAT, 80T, 1.8X10 rad/h T
S5 EAEFRoRRBOT 474/ P HEOBEMEEERRY. 777 P ROBEREK
Ko 45 A r ORBHERBICHD > TAAOHBRLD > TITLT LD 5,

(c) )
Microphotograpns of eross-sections of acrylic acid

graft polyethylene filament prepared in the absence of EDC.
{a) Starting PE, (b} G= 9.7%

{¢) G=20.5% (d) G=38.4%

Fig. 13,6
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Fig. 13.7 Schematic illustration of cross~-sections of acrylic
acid graft polyethylene filament
Prepared in the presence and absence of EDC.

3.2 53 I7+743 0 FOHA

3.2.1 BHINEHSE

S5V T 4T AV OREREFBE T L DI, BBEOUEET Lo/, FEGE
HKOBEY TH b, ThbL, BMECL01g /dOMHEEHMT, 2C/ min TREL T, &
HEOELE Lt A —F —THABML. BACEEHHETEESL300CETTD 5.
EEAEEE S Fig 1380CHET. BPE7 474 vt T 0OCLLIMERMKRLT, 120
CHEBADEZELWIMEERL, 130CkMALEHRILL, WECLYHEL, BMRWIO
137tfﬁﬂﬁﬁbfbiﬁotC5ﬁAAt%30%f§7%?6tﬁﬂbfﬂﬁ?éﬁ
EH2z0ci3CLATA, /5 7 P EAWS 0% AL E, BRRNMERITL0PEETD
AODKEND, 300CHKAE-TLERIBLAE (AL, /27 P RHTORTEHE18B0
CRETEZOSUTORMET, 300 CKA> TIHEMOW L AT 474V P oROLN
éoC®£§KAA@757rE%K£D.PE@W@&%%L(@L?%C&ﬁ%bBﬂﬁQ
RICE S IBEORI T LD DK, AAFZ 7 V7 4547 P ORBETA S 7,
335 BAAST T T 4T Ay QROAEPORIMEHEL Fig 13.90CrRT. RARBE
B L TH (ERMOFREC LREALNEZVWY, BRANEEIRABCHEI(ZD, 180
C OBMETEERNEIMEELISE2 0 CETTS, BRUBRENV200CCELE, 747 4
S HECRBEL A h. oT /53717 42 v P OFEREBKL->TH, AADT T
SN EL L AFOROBMBEOES DY, HEAEUBOAMAFRTHLIOILCELLN S,
FTE1 0ETR~NA LI, AAZ T 7 F B0 = A BEC AARS T Ca BT
&?éCtmib,ﬁvﬁmfzwﬁ%®,mﬁﬁﬁﬁﬁ%b<ﬁ£?%ctﬁm%ﬁo%c

-~ 174 —



JAERI-M 9481

(36 €£=D) sazuswe(TF sualiyzsitod 33exb proe oT7TLIdR
Jo obeyuTAYS-3IBeay SYU3} U0 Julwiesiil-3eay JO 3091y

Q. ‘adnieladwa)

HEUQ x
aoe 052 002 0sl 001 0§ 0
_ T ﬁ T T T a
+40¢
Mea.uq x 1o
2.002 409
juswleas}-jesy | o
~ _ _ _ T u 0
02
Hoy
2:08! g
1UaW e} - 183
Yealq 108
H “ X _ # T 0
0¥
J.0€El 409
1UBWIESI]- 1BBH
Nes.lq x 208
T T T g T 0
102
—10¥%
—409
juawieas}-jeay oN  [og

6°tT *Bta

9% ¢ Bafexquliys -jeay

*S3USWRTTI

9,  8injesadwa)

suatlyzsitod 33vab proe oFTAIDE JO 8beljUuTiIys 3IesSH

ace 0Se 002 0s1 oot 05 0
) | k“\\\\\h\\\\\\1\|1 a
14BIS VY %899
T # T T
Nea.q x/ UBIB WYY K0 6¥
_ _ T T ;
Aealq Vﬂ 14esd VW %S EE
[ T T T

3d Suilels

1

B*E€T "b1d

o o O o o
W T o~ o
9% ¢ 9sexulays 3eal

o
[#4)

0¢
of
09

—175—



JAERI-M 92481

TPEOCHES, AA7Z7 YPEOQOAARDLERBECERT LT LERAK. Fig.1310
W23%AAZ7Z7 7 'PERMMET IHEONatll, [MiOCaiR, Sr LV REOC AL BITEREL
rRERBOBRENBE TR T, HCAdEBROADICEBECERTLHHCAALAS 57 » PEO#
NEHEBROITR LAk. ANOEEEORE S, AAZ77 P PELEMRIEH 2 0 0 C THERBMIIE
LTLE %2 L2 BARBEREIEEEOEAE13~15%LAAZ5 7 PEOBSTH
THEL NI AL,

soL Acid

40+

20} ‘*///;q“ﬁ\

0 I 1 = 1
60+ break

401
L ek
60 -
AD —
20~

| break
o L . ] | !

60 Sr salt
A0

Heat shrinkage, 9

20+

ﬁx break
0 ] i : | 1

80F Al salt
40L

20+

»] L i i 1

0 50 10 150 200 2k0 300
Temperature, °C

Fig. 13.10 Heat shrinkage of metallic salt of écrylic acid
graft polyethylene filaments. (G=22.8%)
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7T 4TFAVYIVCITIT LSO ERANL,

Table 1 3.3 &2y vy VEL LARBEABR LB O/ 77 VEOAA/ 77 FPEY
4T AVE CONTH o EReRd. BEPERAKLCEMILLLEDICHRALD, &
%%MT%%iﬁﬁ,ﬁxﬁvb¢®ﬁﬂﬁﬁ<ﬁéCtK£927@%%%&?%0EUﬁ

Table 13,3 Flame retardance of acrylic acid graft polyethylene
filament (Wire-netting basket method)

Agg:;int After-flame  Residue Melt drip Flame .
“ sec % Z retardance
0 27.1 0 62.0 N.S.E.
14.2 39,4 0 38.3 N.S.E.
30.1 52,6 2.3 21,1 N.S.E.
42 .4 47.4 2.1 19.6 N.S.E.
68.8 24,4 2.0 24,7 N.S.E.
80.3 29.6 3.0 17.9 N.S.E.
94.7 11.2 68.6 0 S.E.
102.1 10.6 79.0 0 5.E.

* N.S.E.: not self-extinguishing, S.E.: self-extinguishing
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C&Kgéo757b%ﬁ%%%(ﬁ%&%ﬁ%ﬁ#ﬁ#(toﬁoﬁﬁﬁﬁPE@%ﬁmo
CHBE, 757 VENBBOBUTFTOAAS/F7 P PETHE% ToD, 777 P HEHI 0%
yiﬁ&é&ﬁ@@%@%b(%ﬁ?éocﬂMQO%u¢@f§7b$fPEﬁaE%kﬁ
ChbhOTE L, BERETEELSZ 7 FEQER L ECRBICA (ALY, RESAETDEX
ﬁﬁtégo%ui@f?7r%f@é<@@ﬁT%%éﬁ<ﬁécﬂﬁ,ﬁﬂﬁ?%@ov
Hofee

ﬁbhi34%@AA%30%¢57thPE@AA%ﬁ%Iﬁ.ﬂﬁé&w@ﬂﬁ@ﬁ
b@ﬁ%ﬁmﬁﬁbkﬁﬂmomfﬁmﬂzﬁyr%f%ﬁaﬁ%ﬁﬁoﬁ%%%%?oIﬁ
@Naﬁ@%%ﬁPEK%ﬁbf@@%T%@#ﬁDﬁ&bfmé#.%ﬁﬁﬁﬁkﬁf&%o
LasLAdb, 30%AAZTZT7 ¢ PESMg,Ca,%n,8r,Ba (BMEIMm)>&L0AeC
M) BEOBS, BB THEELTEESHAETS 2.

TOLEO, AAZZ T H PE#I@MXAY MiOoEBEE CERRL LBE, N FEHE O &
CEMT B A0 %D 77 F ETHEMAELSBL MR, 7, $BEOHRS, HELH
KBOSELADVBELETE VL TPHE TS 5.

Table 13,4 Flame retardance of metallic salt of acrylic acid graft
polyethylene filament (Wire-netting basket method)

Type of Agig;int After-flame  Residue Melt drip Flame
metal % sec % Z retardance*

Orig. PE 0 27.1 0 62.0 N.5.E.

Acid form 30.1 52.6 2.3 21.1 N.S.E.
Na 33.0 51.8 19.8 2.2 N.S.E.
Mg 31.2 0 44.5 0 S.E.
Ca 33.1 4,0 55.6 0 S.E.
Zn 30.5 0 80.5 0 S.E.
Sr 34.0 0 54,1 0 S.E.
Ba 34.0 0 58.2 0 S.E.
Al 1.9 0 82.3 0 5.E.

* N.S.E.: not self-extinguishing, S.E.: self-extinguishing
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Fig. 13.14 Moisture regain of acrylic acid graft polyethylene
filaments at 23°C.
(¢} Acid, (&) Na salt, (e}Ca salt, (4) Al salt
3.2 4 B

EPE@ﬂ%tV%ﬂ%ﬁbf,%E@%ﬂ?@%@b%wﬁ,AA%fﬁ?FE%T&C
F L b, AFAvEREasrEBETEDL, £CTHFF %M Sevron Brhiliant
Red B #BWT60CT2hiEfs Lz, EPEXE(fELALoAY, AAVIZ7FHPE
VHRAFOCEBEREN1 %077 7 + R THRICEAET LT EPAEET S o o

3.2.5 HEMEE
fvAre vEEEREN, 23°C, 66 % RHOEH FTREELREL .
TmmlasK@fﬁ7r%%5o%gf@AAf§7rPE74§/yrmowf®ﬁﬁ
EM%%%%%TC%#%%#ﬁgém,ﬁﬁ@ﬁ?7f§%%;b&&&££%bﬁwo
g/ dTELRENL 7 7 PEGICLD F oo — AR TEDTADT LET LT AL,

Table 13,5 Tenslle properties of acrylic acid graft polyethylene filament

Apparent graft  Denier Strength Tenacity Elongation Initial

% kg g/d % modulus, g/d

0 337 2.19 6.48 25.9 51.4

3.7 371 2.11 5.69 26.7 47.3
23.6 418 2.24 5.36 26.7 48.6
30.3 439 2,31 5.26 23.3 52.9
41.5 479 2,28 4,76 21.3 55.6
49.0 502 2.17 4,32 22.2 49,8
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i, 777 VEFOBEERTCH N LA TH L, HEHE /727 +EAGRL VREAE
feldabhi v, MIElY v 7Rl g/ d TELINTWE S Db, 727 PESICL -
TlREAEERL AL 5o '

Table 136, Table 137TWIEAAZS 7 PEDCaERU AL HOBRBEMNEER T
T RHOLGELHARLOWK, CatBdANHALBE~OERICLY, BHREZETLAWV.: Ca
BWOHE, i~ v /7Edg/d TELLTHLIC 2L 777 ROWMKEFKITHK
LTvide CNICELL, Call LA+ vRBOHREEL LN S,

Table 138 WIZAAZZ? 7 PEONa i OHMHEREER 2T BEOAERKEFG6 6
% RHOE S, BACHEZCaEPABECHEE LA BE~OmBT LY EAL Tniing
o, M~ v 7R 75 7 VRO ERCBI A LD bad, THRIEZAA-Nas> 7
PPEDBWREMICHET L LFL LN L,

ZDOLOWCAADIF 7 v, TOEBE~CERICLY, FEPEOY 0ENARENEEN
kKRN BHT EdK Do Fo

Table 13.6 Tensile properties of calcium salt of acrylic acid graft

poelyethylene filament

Apparent Denier Strength Tenacity Elongation Initial Young's
graft, % kg g/d % modulus, g/d
(@l (2l
0 0 337 2.19 6.48 25.9 51.4
13.6 17.2 395 2,12 5.37 28.6 54.7
20.2 26.0 425 2.19 5.15 27.4 52.5
33.5 42.1 479 2.28 l 4.76 22.5 55.5
49.0 60.0 53% 2.29 4,25 19.7 58.0
1) acid form 2} calcium salt

Table 13.7 Tensile properties of aluminum salt of acrylic acid graft
polyetylene filament

Apparent Denier Strength Tenacity Elecngation Initial Young's
graft, %
} 2) kg g/d % meodulus, g/d
{a)'’ {b)
0 0 337 2,19 6,48 25.9 51.4

7.6 10,8 374 2,38 6.36 23,1 53,2

28,2 40,6 474 2,38 5.02 23.0 51.3

41,0 59,0 536 2,23 4,16 23.8 50.2
1) acid form 2) aluminum salt
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Table 13.8 Tensile properties of sodium salt of acrylic acid graft

polyethylene filament

Apparent

graft, % Denier Strength Tenacity Elongation Initial Young's
(a)y'  (m?) kg g/d % modulus, g/d
0 1] 337 2.19 6.48 25.9 51.4
15.9 20.8 407 2.29 5.63 21.2 41.5
30.8 43.0 482 2.26 4.69 20,0 31.1
1) acid form 2) sodium salt

BEODLHK, PE7 424 O OBNARBENEEY, 777 VESTLVELDLN
ANC ERERBCETABWERETE»O DN,

RECHEBTOBRERELCL 27T, y77r747x/rwﬁﬁmﬁﬁﬁ&®%ﬁw@%ﬂﬁé
PEBH LA, ThbL, 777 b7 45 AV b EYYavEA o, 100°C, 130°C, 140
TJ5OT®%E£T%ETTSﬁ%%ﬂELﬁ%,Eﬁfﬁﬁ%ﬂ%bﬁﬂaMe1&9K
AAZS 7 +E3I 2%, PLUFA4B8RDPE7 47 AY b, AAZ7PEIZ%ZDPEY 4
5AvrOCalBICHEL THREETBLB L ASSGORNOENETR T ROLHELHZ LD
EPEOMAL 34 CHUTORER T AIBLEBICSI > T, EPES /77 + PEIRUMLE
KLILHBAOOETEALART, HLAbTAARLBEREAIEDLLND, FEPEORAKLYE
W140CRE15 0 CTRUBTIZECLABES, BEPETERAEL TLEn, BLER
%Tébﬁ,fﬁ7fPE@%ﬁT@%ﬂﬂﬁﬂ%féoko140Tfﬁﬂﬁ%igcbﬁ
57 PREORNEHENEL ANBHEOMHTE, 15 0 COXTNEAMNIEOE TS o7
L 2H TR LICAAZF 7 PEDTOCa 31 4 0 COBE TR T TLEROM
AR o Twnh, *NL bbb T, BOAEBRENEALRZIVREZEANERLTRNEC

Table 13,9 Effect of heat-treatment on the strength of

acrylic acid graft polyethylene filament

Apparent graft Strength kg

No heat- Temperature of heat-treatment, °C
% treatment 100 120 130 140 150
0 1.95 1.99 2.15 2.15 * *
32.4(PE-AA) 2.09 2.16 2.18 2.22 1.50 0.88
31.5(PE~-AACa] 2.09 2.08 2.16 2.22 1.38 0.76
47.6 (PE-AA) 2.06 - - 2.28 1.586 -

* Melted by heat-treatment.
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Fig. 13,15 Strength of acrylic acid graft polyethylene filament
at elevated temperature, (0) starting PE, {(O) G=32.4%

(x) G=44.5%
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