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Radiation-Induced Graft Polymerization of Acrylonitrile onto

Poly ( Vinyl Chloride ) Film in Different Solvents

Shoji HASHIMOTO, Akira UDAGAWA, Akio MIYAKAWA?,
Waichiro KAWAKAMI, Yoshio NAKAMURA* and Eiichi KAGEYAMA"
Division of Research, Takasaki Radiation Chemistry

Research Establishment, JAERI

( Received January 25, 1978 )

Effect of the solvent upon graft polymerization of acrylo-
nitrile onto poly(vinyl chloride) film by simultaneous irradi-
ation was studied. Using an electron accelerator, irradiation
was made at dose rate 10° rad/sec at room temperature. Graft
concentration distribution in cross section of the film was
measured by the interferometric method. Mechanical properties
of the grafted film at 100°C were measured.

Initially the reaction rate increases with irradiation
time, but decreases later. Graft concentration in cross section
of the film in not uniform. There is a peak in the center
first, which then moves toward film surface. This is possibly
caused by change of the monomer concentration in the film;
the concentration is determined by consumption rate of the
monomer in the film and its diffusion from film surface.

Young's modulus of the 20 % grafted film is 3-4 times
that of the ungrafted, and tesile strength and elongation are

2-3 times as high.

Keywards: Graft Polymerization, Acrylonitrile, Poly{Vinyl Chloride),
Electron-Beam, Graft Concentration Distribution, Interferometric
Method, Solvents, Chemical Reaction Rate, Films, Irradiation,

Mechanical Properties.

+ Office of Planning, JAERI
* Faculty of Engineering, Gunma University
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D rBRE AT 70 BECOEBRTr BEARVAOR, TEALTERBETRALTS
Zrdickh, 74 LHFEREFEST7 VR T —ORHEE LT BHTHA, Table
22 KEE No BLURKEKBMEZ 77 VEEOBFEAR L. 7777 PRIBEREMICH LT
FIRERNICEMLTEY, ETMEBCLVERBEROBBET U STBEOL KT T T T
FAOMERS, T/ v OESEECLIREEEOEFRER, WThbBEINLL ST,
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242 THRUOELCLZBHREORE _
MEHE Fig. 230RTLICTANI =0 24 FBE L -7 317 -E LA HOFTT 48
N7Fy FORMIC, S AV Lty AL 42 FEoRa4s Fie LTB, Bd, bita®
EoRcbDTHE, RiEKE L TIRBHRERNORE 771+ ~afonr+72 0 YRE
ROt 212720, CORGEROBITTROMECRT Y ~BiFd2R0:, ZKOx 77 1 AN
77y POABLARBEBLESIPTIZET S L, $r ik B CETEHEREL 50T,
BTN YN EREREOBITTEDENRAT VR ELZC OTHBRND S bh, b
BLUBBIE LI > TREBZTBROBIILIE b, EORFP TN EREROBITENSE L
WA TR, Y il 2 TEHELISDNIE{NE, 2T, 74V ADRBRELSL
BHILFBEFFEFORLZRERZEEA Y, THEOMIBERRLOEEL 7 oy F LAKICLD
THROBNB LU AOHTEOEERDNFR, BE, AECAOLERARE TGN
T ANLKAICH LTEATERR TS 10T EDE, TASDT 4 nADT 57 FRY v —4
- THET b o1,
RELEE Fig L4RKHERRET L1, KOBEY B L E 75 - T3 ORE DR
FEOMAKI D TEHEROESHD L, SCEIENARE L E4ERVCEOHMSEMT
CEEBRLTOVS, N oBITRETHEROMLOBRERTUIERBFGRLLEC Ebd S
ZIT, CHHDOEBOPIUZRRARCL-TEL -THEDIE, Eﬂ%<é6ﬁﬁﬂ%bt
B OMENBIL B TH b,

T M7 A NLDEFESR Uﬁmt—w&fUT?UU'bUW®&K$cT%%§n5
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- _ W _ni—ng _ .
(mi—me) T =t t 71 w

Fotl, ny.ne WRIEFE2ABIFRIT 70 0= JDOEFRE, w, , we (27404
BHAEBBEROF VB v BLUER VT2 V0= VADER, G277 7 +RITH 5, Fig.
ZADEBEROABILLIDRDIEREn LR L VERB U n, DE%ZTable 2 3R LT,

@B YT Vo= Y LORFRCHILSROFEELE LT 77 tRICLS T —F

BEILBLETHB, Table 230 56bMB LI, nid7/ 57 FELBVEENIIELE LD,
Fhny (AR, —EEEBEIMNTLDONTED, RATBEELRISAR, 22 TRIETH
BOERDOEFEERDZFELDOOTHRIFETI -7,

243 THEOEMHSORFEORE
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ie = 24 (n-ny) S 2

M XUv2XL0d, 22HETAA

Yo . 2 - 13)
Yzo n—n;

1220, Yie =1 4Ly . Vo =Y2 /4Ly THB, CCTHEBINEC LR y1o BLTF y20 OW
EWEILIKTHD, —F, ni, n; OMER K TH S, TITHERELTIROHII)
XEERE T nOBEERAEGECLORDPNETRL, R LBERLOTHROMEARE
A HUAOEEXSC " POHLIA7 "RiIZI 7o b —aTHY FLTHW,

FRLEE Photo 29 KEAN FEBERLETOTHEROMEBEOMER L, Photo 2.9

DalgAsr 57 b7 40 A—3T, bIRF 57 VE235FDA-28THB, “YohLF477
RIZh s b LIk s 2Rk FOTEa RN Lo THg & odknicEgsn, Mo
GG RL Db, 58, RERELCHE 77 4 vERLTN S, 13 XNEHCTRITE
A LEREBAT 4 rvbs A—3T DO TREE

n; = 15048 (27 47)
ny = 14867 (H#y 77 47)
yi = 161/3 ., v = 22775 "
44, =167 , A&;= 223
Liz#ioT |

Vie=vi/ 44y = 311 ,  ypo =y2/ 4Ly = 491

13 L DRSS LD n ABINT 3 & n= 15360258 5N 3, Table 2 4 ki &F#
KLTRDRFEE OBEFEEAR L. Ch o Ofid Table 2.3 DL A —HKITT E5HED
BB NT LbRIFE IS AT, Livh Table 43 thd7 57 1% 421 %& 606 BOBALT
REFEOK X S OEFLHE L TOEE Loibhb,

244 757 ESHOERLCETIER

THEME AT ST VEET 4 v ABHTEE DERNBEERD B ORI AL o1
pad LS BIFLERRBONNED T, EAE, A—REERVTS, REFIBETEITE
PR, T, BB FPREOT 4 VA THRIFI NI E RS SEGOHET 55D
HEIEREENE SN0 L, COLIBRAERREOIS 22 0RAE LTROBEANEL S
3. Thbb, tEARKRITT T 4 vnBETI YRSt YA TRBIER, £ 5/ -
hicREL, EBAEFRYD, FONES THERBCLIVBELLLCS, 777 FKOGHK
FNBEOHELEOUTEROEMNE S b, COTEND, 7 ¢V LOEIFTRITE OB
LOETRILZEELOND, 20T, REROAEOXEP, WEFORDFVICK > TR
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FIDINEDT b, THEEB—ORBTH-THELOBFEOCENELETHFADI, L
b, CHhoOBESEREOHE, BIENEOHAETHI 33 TENHY, 2 CTEFED
HENLS 757 FEODRFLABEREBMT A LIIRAEEEZ N, 777 ED

SHCETIERIIEHNULOICED LS 28I 5T,

Table 2.1 List of the experimental ¢onditions for grafting
of film
No AN conc. solvent irradiation graft % photo
time

R-107 80 % ethanol 20 sec 20.9 2.1-1
R-108 # 30 27.2 -2
R-109 “ 40 30.6 -3
R-110 o 55 34.7 -4
R-111 v 70 37.3 -5
R-84 20 70 3.6 2.2-1
R-95 40 7.5 -2
R-105 60 18.8 -3
R-26 90 ethyl-acetate 40 29.8 2.3-1
R-28 “ k 55 46.8 -2
R-30 ” 70 54.9 -3
R-41 80 40 20.0 -4
R-44 v 55 35.8 -5
R-45 s 70 61.5 -6
R-15 30 70 8.1 2.4-1
R-54 70 55 21.3 -2
R-57 “ 70 37.7 -3
R-147 80 n-hexane 55 33.2 2.5-1
R-148 s 70 61.8 -2
R-149 60 55 20.5 -3
R-150 < 70 35.5 -4
R-151 40 40 22.4 2.6-1
‘R-129 # 55 41.0 -2
R-132 4 70 57.8 -3
R-115 20 30 30.2 2.7-1
R-152 s 40 40.0 -2
R-121 v 55 40.3 -3
R-122 “ 70 41.3 -4
R~65 100 30 33.2 2.8-1
R-66 “ 40 40.5 -2
R-67 ” 55 46.8 -3
R-68 s 70 52.4 -4
film thickness; 0.15 mm, dose rate; 105 rad/sec
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Photo 2.1 Interference fringe in the cross section of the
£ilms grafted in monomer and ethanol mixed solution

sample; l: R-107, 2: R-108, 3: R-10%9, 4: R-110, 5: R-11l.

‘Photo 2.2 Interference fringe in the cross section of the
films grafted in monomer and ethanol mixed solution

sample; 1l: R-84, 2: R-95, 3: R-105.



JAERI-M 7335

Photo 2.3 Interference  fringe in the cross section of the
films grafted in moncmer and ethyl-acetate mixed
solution

sample; 1l: R- 26, 2: R-28, 3: R-30, 4: R-41, 5: R-44, 6: R=45.

Photo 2.4 Interference fringe in the cross section of the
£ilms grafted in monomer and ethyl-acetate mixed
selution

sample; 1: R-15, 2: R-54, 3: R-57.
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Photo 2.5 Interference fringe in the cross section of the
films grafted in monomer and n-hexane mixed
solution

sample; 1: R-147, 2: R-148, 3: R-149, 4: R-150.

Photo 2.6 Interference fringe in the cross section of the
films grafted in monomer and n-hexane mixed
solution

sample; l: R-151, 2: R-129, 3: R-132.
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Table 2.2 Films used for measurement of refractive index

No irradiation graft %
time
A-37 0 min " 0
A-28 30 22.5
A=-29 60 42.1
A-36 90 60.6
A-39 150 ‘ 90.6

film thickness; 0.28 mm

dose rate; 5x10° r/hr (y-ray)
AN conc. in the solution; 30 %
solvent; n-hexane

Table 2.3 Refractive index of the grafted films obtained
from Fig. 2.4

No graft % n n,
A-37 0 1.5395 —_—
A-28 : 22.5 1.5305 1.4914

. A-29 42.1 1.5242 1.4878
A-36 60.6 1.5232 1.4965
A-39 90.6 1.5221 1.5028

Table 2.4 Refractive index of the grafted films calculated

by eq 13
No graft % n
A-37 0 1.5360
A-28 22.5 1.5292
A-29 42.1 1.5222
A-36 60.6 1.5230

A-39 90.6 1.5218
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Mz

a ' b

‘Figqure 2.3 Measurement of refractive index of the film by the
interferometric method

silvered optical flats,.S; sample.

20

20 -
30 + .
1.50 152 1.54 '1.56 1.58

REFRACTIVE IMDEX

Figure 2.4 Number of fringes vs. refractive index of the
immersed liguid for varicus graft %

sample; ©: A-37, A: A-28, O: A-29, @: A-36, G: A-39.
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photo 2.9 Relation between the fringe on the sample and that
on immersed liguid

sample; a: A-37, b: A-28.
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3. 757 bR e—srRE LR TEE

T AN AT ET BT T 7 PR T OSEHRE S RRIEE S OBRRIKOLTRET S
BRI 57 FRTEBED, 757 +EY) v —ONHEREORLEZEOT 4 v ARKDOT
100 CicBd 23R VBBETIL -7, THHDY 4N AR DOEDBEETHIEETR TR
BN bDTHB, b, RES 5T 4T E/ = AFRL, B/ v—BEOXE L 10°
md sec DBEECTIBEBRHEATL ~bDThd, Bohi7 cvadRAFEIHELY
s57 bR v OEMANBSRI, S 1423 ANE/ v - DLERIERE LbDT 10°
rad/sec T 25 BB AT 76D THD, DT 4V AFHBAEIEDP Py » —7I0LE
D57 ) = EAEAR L. S 105« 3135 & LT n—hexane AL, ®/ v-RBE
60%T 10°rad sec , 55 BMOHM AT -7bDTHE, TDT 4~ HIFS 142 3L
T O— FRAT AR Lfre CHABGDT7 AV AEEZ IS mMOLDT, 7777 MERBVTHS
W20 BCH 7o RERIZHBORDKRS 77 F7 4 A L2 THITE -T2, ThsEMDT 4
ARALET v ABEUBEOAIKE ZBENEEOEIC SO TR T 2 0 BERBICR
BEL, B AEERECHREAZTH -7 4 v 6330 TS,

Table 3 1 CRIEERATR LI, 05, X777 b7 40s 20 TRBRIRET OO
WEIIE AL, Y UER, BIERE, MELKERE—ETHBLLDYE, —H, 7
57b74WAfm#VV$uifﬁ7r74”A®3~4%.ﬁ%ﬁﬁﬁ&d@ﬁu2~3%
L aT D, BV 3ESETHD, WELABELS, —F, #IT7 )=t )1l
%%ﬁﬁuvwfﬁmﬁﬁ%wcﬁbé,fﬁ?bK&é#Vﬁ%ﬁiUﬁ%ﬁE@%ﬁdﬁ%
7b£U7—®%5K5%&%ién%o¢57b74»A¢T%K55%4®ﬁﬂ®?yf$
MEODIZT ST VEANT 4 MAREICER LTS ENSS 77 b v —HORKE
BDr 57 b7 4 LTHRN D EEAOND, 7777 7 4 v L OEER—RICEINT
LD 5T FEARICE T b RICREENAC LT HE,

ST A - DA E T v s OBIRIN, H3 02K REBEL L OYROEER & OBK
KON EEROREHIHETH L0, REDH, BlEfER S, SBROMENLEL

’ %Z: Bnéo

4 WRF0—BE, EoF, vol 13, No 146, 384--388 ( 1964 ).
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Appendix - 9'57'|‘ 74 VNLAEFGROT IS FOo73ehicsitdRmeEt
L3457 bRy 7v—aHmoRN

F+IFeFaz sy (THF).JiTJ’iUﬁ‘fEt’:)bPVC DEBETHEN. £V T I )o=}Y
W (PAN) M LTHEBRRTH D, 20710H, T2/ Ya=} AT 5T FEASHEPVC
iz THF 54 3EUHNEILLND, 75 7 M EEEL BRI THIEET0A LS
Fhoh, EHRRIBEALEBLEOVEIICE 2T 3, £ TRFERSELHE - T THF F
B BT 4 AT ORBREORENELSEE L, TORKE, 74 v AHEAKS
W57 77 bEY 2 OSHRESERNICERET 5 CEBTER,

A. 1 EBFH

S0 b ATEIHI ol LkiEtI R4 7 vt 7~ b LiICO¥, A —-772%L
Db, 2OTEEmE THF 2 1%L, COL20BBRBLEHHME ( = 3 STR—KeH)
AHNTREL SECELT2OBMARELEERE L, BECHNERTANE/ =
- DLAEIEEE LTERAEZID 7 4 VA 37 VEAEELEDTHS, Table 1IKHAR

ODREEFES®E2R LI,

A, 2 HRBIUEER _ _
Photo 1(tE X 027 mm®D 7 »r!l/L\GC%?JJﬁEE%%ﬁJL‘ 10° rad/sec T 20 B DRH AT
STEBENIS T T M7 4 M AOHEDH OEBRELZRLAbOTH S, THF KRIELO
BYRELICTEI SR LIZUY, RBCHRAEEELTOE, KBENERHTRERN
TH+ 5, cOCEMS, 777 PRIFLEIBEL, Lorb2REbl -THENS 77 +ET
FBECEDOOE, COREBIRTACERIUANBRIILIED -/, BB, RFTF7T 7 40
AOWEYAIZ, THF EAR, +TEBTRAKER L TRAM A -7, Photo 2~ 5idFhoto
| EA—RET 2N 30, 40, 50, 0D OBHETH-RHOKBEHETRLLLOTH
%. BESRsA2 BBIC Lcdi~>T THF Bk, EREEE LTSEEMKROMEICER
PR EE S TE-TVAEINHE, COC LRI T 7 PR > —BEORKEIEED
huLOERICHD, HRdE7 4 Vv AREREROTALENLVBNMEL L > TS EERLT
W2, ¥, COF— 27BN AS LI LN -T, UHOAR, §LbLT7 1 VA
EFEHI-TEHLTWL, ChEDBRRIXT7 (v slANORNBEICET 5%/ 7 - OHRBHE
B BBk B R EE ORI EA L 5B S 155 Photo 6~ 8 HEX 014 mm® 7 (A4
Wy 57 PESSEEA®, £/ Photo 9~12REX0I1lmmD7 & DBREOEEEY
ELELTVE, CHALORELSbRELICENT 4 AR EERMTZ 77 FRY ~—FE
DE—IHT 4 VARECEHL, TOLEO7 57 PROMEMEN, CAE, BT 41483
ErORCE /2 DEBEELNEE D TH b, & 5ILT T THELFCDVTHR~IPhoto
1312, AN n—~F#4v=1 ' IOBARFAVTREEZTE-1BEDOEDTHS, D
A WEBLOS S 7 PEMEEICEORY, PLBRERL, TAL0PPANTIRERR
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4 B pERIT T, $7, BENETRS I 7 R v - 0BENEL TELALERLLIVE
W, AT - Ti&ikicii 5, 72, Photo 1413 0°CDANIKT (v %REL, TORE
CREAEFGE ~1-BADEDTHL, 0CKBNTIET NV ADEHEEEHIBH TES, 7 41
AOEIE LDE /2 -HBELTORORETRE SR A0, 777 MR 31 BLEREL
B8, 757 bR v - RE RS LTHD, L7 - T O BORERS OB BRE T IR
cfwéc&ﬁbméomﬁ,Pmm]5~17MT@E1Kﬁbtﬁﬂ®$%%@£m%%b

FADTHL, oo b d L) ICRHBENENIVHOTIRS 77 b v — OFEEHHED
LB TEGE . FHE A S 155 EMEOHLICH LTHIEMBI S 77 bR
e s pEPh, 6O 7 IIMHBEL L LRPYFOmK, THbL7 4V ARENL

BELTW5, COoBRITHF tl2BBERECBREr B ONARE KT S, 7777 1

£Y v —OAHRTEEMEEFAVIFNLVEZENTH S0, THF Tk s BHREORLE
ST AR ORESEETHS VI ATHRNAETHS EELBNE,

Table 1 Films used for observation of graft
concentration distribution

No thickness AN conc. irradiation graft %
time :

A-9 0.27 mm 100 & 20 sec 21.6
A-10 30 42.6
A-18 40 - 49.1
A-20 : - 55 55.8
A-16 - _ 70 62.0
B-12 0.14 : 30 ' 43.8
B-15 40 55.7
B-22 70 : 78.6
D-6 0.11 30 34.7

. D=9 40 . 58.6
. D-18 55 73.6
D-21 70 88.0
B-3 0.14 10* 55 21.9

A-17 0.27 100 55 3.1 **

dose rate; lO5 rad/sec , reaction temp.; room temp.

* golvent; h-~hexane
** reaction temp.; 0°C
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Photo 1  Swelling behavior of the grafted film in THF

sample; A-9, time; 1: 0 sec, 2 7, 3: 15, 4:25, 5: 110.
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Photo 2 Swelling behavior of the grafted £film in THF

sample; A-10, time; 1l: 0 sec, 2: 6, 3: 14, 4: 37, 5: 158.
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Photo 3 Swelling behavior of the grafted film in THF

sample; A-18, time; 1l: 0 sec, 2: 22, 3: 43, 4: 72, 5:

245.
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Photo 4 Swelling behavior of the grafted film in THF

sample; R-20, time; 1: 0 sec, 2: 16, 3: 42, 4: 198, 5: 318.
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Photo 5  Swelling behavior of the grafted film in THF

sample A-16, time; l: 0 sec, 2: 37, 3: 57, 4:150, 5: 492.

- 32_
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Photo 6 Swelling behavior of the grafted film in THF

sample; B-12, time; 1l: 0 sec, 2: 22, 3: 38, 4: 83, 5: 240.
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Phote 7 Swell&ng behavior of the grafted film in THF

samplé: B-15, time; 1l: 0 sec, 2: 4, 3: 32, 4: 96, 5: 362.
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Photo 8 Swelling behavior of the grafted film in THF

sample; B-22, time: 1l: 0 sec, 2: 39, 3: 79, 4: 222, 5: 601.
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Photo 9 Swelling behavior of the grafted film in THF

gample; D-6, time; l: 0 sec, 2: 14, 3: 25, 4: 48, 5: 67.
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Photo 10
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Swelling behavior of the grafted film in THF

sample; D-9; time; 1l: 0 sec, 2: 27, 35 70, 4: 144, 5: 554.
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Phote 11  Swelling behavior of the grafted film in THF

sample; D-18, time; 1: 0O sec, 23 17, 3: 137, 4: 425, 5: 685.
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Photo 12 Swelling behavior of the grafted film in THF

sample; D~21, time; l: O sec, 2: 81, 3: 354, 4: 618, 5: 975.
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Photo 13 Swelling behavior of the grafted film in- THF

sample; B-3, timer l: 0 sec, 2: 14, 3: 28, 4: 100, 5: 352.

du
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Photo 14 S$welling behavior of the grafted film in THF

sample: A-17, time:; l: 0 sec, 2: 13, 3: 25, 4: 41, 5: 327
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Photo 15  Interference fringe in the cross section of grafted
films ' S

3
t

sample; 1: A- 9, 2: A-10, 3: A-18, 4: A-20, 5: A-15.
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Photo 16 Interference fringe in the cross section of grafted
films

sample; 1: B-12, 2: B=-15, 3: B=22,

Photo 17 Interference fringe in the cross section of grafted
films

sample; l: D-6, 2: D-9, 3: D-18, 4: D-21.




