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The Activities in the Osaka Laboratory for
Radiation Chemistry

(April 1969~March 1970)

During the period of 1969 the research work of Osaka Laboratory for Radiation Chemistry of Japan
Atomic Energy Research Institute was mainly conducted on the same lines as during previous years. But
there were great progresses and changes in individual studies. A short summary of the studies is as follows.

In order to get an information about the interaction of low energy with solid polymers, a series of ex-
perimental research to determine the optical properties of the polymers such as polystyrene, polyethylene and
polymethyl methacrylate in the vacuum ultraviolet region were carried out. In the case of polyethylene
energy loss peaks were found from the reflactance data at 1900A(6. 57eV), 1625A(7. 6eV) and 1500A(8. 2eV),
whereas in the case of polymethyl methacylate fine structures appeared. Studies or: the energy transfer by
radiation induced luminescence were carried out in the region of high energy for the systems of N.-NO,
Nz-Oz, N2~Ar and in the region of low energy for Nz, CO, NO, CH,, CHsOH, CH:COCHsj.

Radiation effects on metal acetylacetonates: Be (acac)z, Mg (acac),, Al(acac)s, Zn (acac)s, Zr(acac); were
studied by ESR technique and it was found that Be(acac), showed a special effect. Studies on the reactivity
of radicals formed in methylbenzene, ammonia and pyridine adsorbed on silica gel were studied. Polymerization
of methyl methacrylate, propylene oxide, oxetane and diketene adsorbed on silica gel was carried out and it
was found that these monomers were easily polymerized to produce insoluble polymers.

Radiation induced polymerization in the state of low temperature glass was carried out for the system of
acrylonitrile-metal salt. In the study of the radiation induced free-ionic polymerization by conductivity meas-
urement, the mechanism of polymerization of isobutylvinyl ether was elucidated. Studies were carried out on
the polymerization of cyclohexene oxide which behaves as a soft crystal at a temperature between —36 and
—81°C.

As a work which aims at an industrial application, studies on the grafting of acrylic acid onto polyester
fibers should be at first mentioned. It was shown that fibers with hygroscopicity like cotton may be easily
produced by an impregnation method without losing heat-setting property of the initial polyester fiber. Studies
to produce polyvinyl chloride fiber with higher softening temperature by grafting acrylonitrile onto polyvinyl
chloride were also successful. '

Studies about wood-polymer-combinations are continued in two lines: onme 15 to produce flame resistant
W-P-C by the use of vinylidene chloride as a monomer and the other is an employment of diallyl phthalate
prepolymer-acrylonitrile mixtures for the treatment. In the course of the study on the curing by electron
beams, it was found that diallyl phthalate prepolymer was useful when it was used with a liquid vinyl mon-
omer such as acrylonitrile and vinyl acetate. Some experiments were also carried out to use 1, 2-polybutadiene
for the curing.

Most of the above mentioned studies are printed in the form of an original paper or a progress report in
this volume, which contains also abstracts of papers published elsewhere.

Ichiro Sakurapa, Director
Osaka Laboratory for Radiation Chemistry
Japan Atomic Energy Research Institute

Osaka Laboratory for Radiation Chemistry, JAERI: Mii, Neyagawa, Osaka.
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Emission Spectra of Gaseous Molecules Excited by Low Energy Electron Impact

Emission Spectra of Excited Species in an lon Source of a Mass Spectrometer

Motoyoshi HaTADA, Iwao Fujita, Yohta Nakai, Kozo HiroTA

Investigations were carried out in order to obtain information on excited species
produced by electron impact in an ionization chamber of a mass spectrometer. The
emission spectra were reported on various gases such as nitrogen, nitrous oxide, nitric
oxide, carbon monoxide, methane, ethylene, methanol and acetone. The emission spectrum
of nitrogen showed strong first negative bands due to N,* with weak second positive
bands due to N,, while the intensity ratio was reversed in the spectrum at higher energy
electron impact and higher pressures of nitrogen. In the emission spectra of acetone and
methanol, the first negative bands and the comet tail bands from CO*, the Balmer lines
and CH bands were the predominent ones which were probably due to excited fragments
formed by thermal decomposition and or by electron impact from the parent molecules.
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Fig. 2 Emission spectra of nitrogen by bombardment
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Fig. 5 Emission spectrum of methane under electron
impact.
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Fig. 9 Emission spectrum of methanol under electron
impact.
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Fig. 10 Emission spectrum of acetone under electron
impact.
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KFELH-REHE—-CH 5

ESR Study of 7-Irradiated Pyridine-Silica Gel System

Siro NAGA1, Shun-ichi Ounisar and Isamu NiTTa

y-irradiated pyridine-silica gel system was investigated by ESR. It was shown by
use of pyridine-d; and deuterated silica gel that at least three kinds of radicals were

produced; protonated pyridine anion {(ON-H, a-pyridyl (ON and new species

which have not been reported. The ESR spectra of these new species were also observed
from v-irradiated pyridine-d;~D,O system and have a characteristic feature that the

hyperfine coupling constants of nitrogen nucleus are very large. These spectra were

tentatively assigned to pyridine cation {((ON+ having different environments.

;S B

bhbhnid, YY) HI5VRRE LG E IS 2R
HMRDPRLELT, 4ETI, RVEVELZDAFVE
B, a— FRVEYD, PYvE=79 proix) =
—PRERKDNT, BHBEMNSNS ESR 2-</ to
Po, BRT VANDEEEBTEE SR LT X7,

CORETIE, YT v-Y ) h 5 V2D v BRET
ERTEITANE, CYIYBLEEY O v-KEh
DEAIINBE AT FARE BRI LAEREED~
5.

BYIr-2 Y n P RhoERT 35 O hniihs
THLLR, RYEY-YYHhFNREDHBEDOERT
SRKNH . BEORLOE, RVEYOAFAYS
THANBEECHBEIAY, CUIYyDESId, VY
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FXHcBbh 3.

2. E B F &k
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4500 27 taf—2—~%RNT ~19%6C T, TLH
BEBICEY —170°C /5 —50°C T CHlsE L7-.

3. XRBHRLEER
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A7 FPEERT A, LM oT, BERIE ~10-°
mol/grpSE/ L—¥—B|ETTCENZELE Y & 0
YVATNVEPSERLIRENIL R T F % Fg.
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(b)

H
20Gauss

Fig. 1 ESR spectra of 7-irradiated pyridine-silica gel
at —196°C, pyridine content: (a) 3.7x 1075 mol/gr,
(b) 1.1x10"* mol/gr.
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Fig. 2 ESR spectra of y-irradiated pyridine-ds-deuterated
silica gel at —196°C, pyridine-ds content ; (a) 2.3x104
mol/gr, (b) 2. 4x10~% mol/gr.
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Fig. 3 ESR spectrum of 7-irradiated pyridine-ds-deuterated
silica gel measured at high gain at —196°C,

R |

3.2 ZRY MIOBETL

Fig. 2(a) DAY P NDBEEE(LZE Fig. 4 ITR L7
—196°C TREMEEMEFRELTER_ P VREE
CEHENhE, REHEE S ~160°CHEI B LS 5
NVREDOBDHEH BN, R27 b Qi Ht decay 4 3.
~140°C Tit, Q L PELTPEBOR~RZ b



8 REIRWHIEFT I &1 3 AL O ST

—196C X 32
—10°C X 32
—105C X 160

H
’—————
10Gauss

Fig. 4 Change of ESR spectrum of -irradiated pyridine-
ds—deuterated silica gel.
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Fig. 5 ESR spectrum of y-irradiated pyridine-ds-silica
gel at —196°C.
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Fig. 6 ESR spectra of y-irradiated pyridine-ds-D;O
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¥MATEHZ 25.0Gauss T Y PrSRkREhiIcEY 314
X0 20% /hE. PlEDiEhic, s kX rRLS
PABERIENh, VP YAFA VIO ETHITR
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Stability and Motion of Some Radicals on Silica Gel

Siro Nagar, Shun-ichi Onnisur and Isamu Nrtra

Qualitative conclusion was drawn from the temperature dependences of the ESR

spectra as to the thermal stability and motion of some radicals on silica gel. At —196°C,
the ESR spectra were stable and showed the restricted rotation of radicals on the surface.
The decay of radicals and/or radical reaction occurred at about —170°C. Above —80°C,
hyperfine anisotropies, anomalous line widths or line asymmetries were diappeared, and
this fact shows that the radicals become free to rotate on the surface.
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Fig. 1 Change of concentrations of benzene monomer
cation (M*) and the dimer cation (M»*) vs. storage
times at—155°C. Concentrations of Mz* were obtained
from the peak height B shown in the figure and
those of M* from A-(924/792)B.
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Fig. 2 Change of '2f line widths in benzene dimer
cation spectrum with temperature,
A;Mi=2, x;1, O;0, [1; -1, @; —2
HERICE BT EARLTNG.

—196°C KB 5 Mot © 2}7 paid, M* DD
BREFHFTREVY, 13 Ko Af BoORIENELD,
M Qs ERKE DI EEH R . PROSEKD AF
BICOWTHE 4« DREICH T B4UE% Fg. 2 TR L.
MRIBOFEMT ZBEDO LRt k-T/hEL Y,
—70°C HETH T X TORBBIZEAEEHELL LS.
LT, BRTEPRY FEEREOREICS2 b0
EEZONBHN ARI MR -2DZEDEEKED
nizboid, Wonric, bEbLglEORFL Af &
BEEMNE D (@"=2.2Gauss) - HTH 3.

2.2 NH: 550

YRS NVICRE LI NH: 5 Yhaiz, —196°C ¢
RHREREFOELL ESR =2~2 B2 2. coig
BRER, YVA5VET NH: 5 95 0htiisdinEE
REBICH D, TOHEEH 2.8x10cs PITFTHBETh
WSHBAETH BT EAERL IS,

—90°C LB B3R P MBIBREMSEELT,
TYE=TZbr) v 7 RhD NHe 0D RA~~S b

TABLE 1 NH: radicals on silica gel
Silica gel KNH.S0;% Silica gel NH;s
(—196°C) (—196°C) (—90°C) (~196°C)
13,3
ad 33.4, 0 : 19.5 15.7
o (38.3, 1.4, 0.2)
aH 25.7, 22.8 é;’-g 25.5) 25.0 22.8
a¥ 47,9, 0 (égg 2.0, 0.9) 22,6 22.0
SNE .5, 2.0, 0.
PogH 25,0, 23.0 22.6 21.4
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Fig. 3 Decay of methyl radical at various temperatures.
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On The Stability of Polyvinyl Acetate Emulsions Produced

by Radiation-Induced Polymerization

l. Emulsions stabilized with the cationic surfactant

Koji Onpan*, Hideo Kamivama and Seizo OKAMURA

The process of particle formation and the stability of polyvinyl acetate (PVAc)
emulsions prepared in the presence of cetyl trimethylammonium chloride (CTMAC) as
cationic surfactant by vy-ray induced polymerization were studied mainly by turbidity

measurement.

The PVAc emulsions produced from the dilute (1g/100mi) aqueous vinyl acetate
solution were compared with those prepared in the presence of sodium dodecyl sulfate

as an anionic surfactant and with emulsions obtained by polymerization induced by
chemical initiators such as potassium persulfate (KPS).
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REBHIE LTEASETEONB D EHKLT,
BOALBERTCOZERICE L ITE BRI E, B
BEB A F A vHDzwPa v2EZERELT
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Fig. 1 Conversion of vinyl acetate by y-ray irradiation
VAc/H:O 1 g/100 ml.
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Fig. 2 Specific turbidity of polyvinyl acetate emulsions
produced by y-ray irradiation,
VAc/H:0 1g/100 m!
CTMAC/VAc 0.1%(wt) (0. 031 m mol/l).
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Fig. 3 Relations of specific turbidities to the conversion
of polyvinyl acetate emulsions produced 7y-ray irradia-
tion.
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Fig. 4 Relations of particle diameters and particle
numbers per unit volume of polyvinyl acetate emul-
sions to the irradiation time observed by electron
photomicrograph.
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Fig. 5 Relation between the polymer conversion and
the concentration of CTMAC,
VAc/H:0 1 g/100 ml.
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Fig. 6 Relations of specific turbidities of polyvinyl
acetate emulsions to CTMAC concentration
VAc/H:0 1 g/100 ml,
7-1ay irradiation 120 min.
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ERLHEEIE DD, ZhicE b > THFEMASS
ZLTH, HFRETO CTMAC FEIRIZIZ—FIC
RENTHERENSICERELBZDTH S,

KERICER PVAc z =¥ a3 v O BERER 2EK
LR T}, CTMAC B 0.0l mmol/l P FTid
THEETH > CUESEAD OIS, ThToRET
BRECARESEHE LT %, 0.00lmmol/l X0
ERETE, BHEDICRRER PVAc SEE LT, &
EAET TN T a v EBACERTER L T,

3k, RERHE 10 054 b A0 EGERsE
Hohiz.

3.2 VAc XBREISOER LK 3ERmMLAE
D HE

AFE VREEEREAS & UCTEABEBAICED
VAc 2ES X ¥, #F4 ¥ PVAc =2y a VA
Bociid, BUCERIN TV IFETCRED. 2
NREDKS BEAHBHEZAN3ICLTD, &Rz~
WZa vBPELSREETH>T, ERCHLIZLS T
LOBBONB VDL OTHAS LEDLIE. ZhETCO
BEP-2ic k3 EEABBAEENT, Regisnic
EAETEOEINROE, 74 YREEESALENT
bREEDH TP 2 vDELNEC EBTDHOH
T3, '

EABBAICED A 54 v PVAc 2815443
T &3, ERAMKE, FROLSHTvERDSSC
EERBDLIIVE, BERESEIOEETTY, %
DR E—B L BREICT BB OERE LT, U,
=, ZOEBRETIE ok RISH O VAc BERWTH
b 1g/100ml & L7,

3.21 HEBE2EYIALATVYE=IAL(CAN)CLS
55

2 U ic CAN(Ce(NOs); - 2NH,NO; - 4H:0) iz k 3
BEAERSI. COBA, TEl KRLE XS I,
CAN oiRmE% VAc it U TERKE 10% Ll lok
BEL, 260C, 4HHDEAZTE -icbhhdb
57, HEVHVESENB LN, > 21T,
Efz=nya YOBELE L KX TRIFRRED
boRBohish ot

bb55A4, BYRBIHEMALTESEELEDS

TABLE 1 Prearation of PVAc emulsions using ceric

ammonium nitrate (CAN),
VAc/H:0=1 g/100 ml.

Specific turbidity
Conc. of | Conc. of : =1 o=l
CTMAC | CAN Conzr(;r)smn (g l-cm™)
mmol/l | mmol/l o Eaoo koo k1000
0.0312 0.2175 12,7 0.415| 0.145| 0.018
0.0312 2.175 62.9 9. 65 4,12 1.51

4 BHBREACIVBONIRVBRE = VvV 2 Y OLEEY: 19

CEBZFAONIDOTRIVS, FARRY — 248
HTHIERTH L KHRBED O D 272D T,
ZNE LSRR RT b, 7.

3.22 KPS ok 3ES

CTMAC oskiE#k ic KPS o KisH % iIRINEA4 3
&, BEBICBARTAZEL, poEEARELET
5. coTedpd, CTMAC it KPS &Kk L Tis%
SNBLICBbONS. ChdsE0k53BRETHSH
FHEP TRV, CTMAC KERKicH & 3 X5 b
VY LD K5 BHBEDOKEARZMATOLTAEEL
BOC LD, BLBTvE=YsEElBI 4 v LD
BREBREENS T & Tz, KPS 0B (LR A
BEBRLTOS kS iciEEh 3. CTMAC & KPS &ic
KB ZDEHRLETADERE, pH4~9 OREOLH
KE->TRERICHEEBRENENESITH B.

CTMAC ZHAt#E L, KPS itk VAc 2FEAX
®TPVAcZw Y a3 YEERT 34, {Kic CTMAC
DIILER E KPS 0BEAEAMNL DI TENEL
Th, ZOXINUTABSINTV DT, ERx
TN s YVOBEOEREENKD Shitl. 22T
2, SORMENE - 1R, E7 4084 Y (KHP) 73
EDFHBBRIESE CTMAC it kRTHAEZRBICELES ¥
2%, KPS it X BUTADERNEEALNL, B
HEOTHIETTIRETHI LMD 7. D
& 578 KHP o%#it, Thick? pHEFERAOLD
ICREDKEA 4 VBENRRRShILbTREVC &
2, BFREFRF FY v aLick TS LWL pH (DR
BRZERLTRML TS, AULS AR ILYER
BENBWELSC itk ->THhMRVEISHS.

Pl &5 55 #ERICd 50T, c®CTMAC~
KPS ROERTiZ 4~ T KHP % VAc iz 10%
(BER) S L TEAZTRESC &L L.

Fig. 7 & CTMAC % VAc itddl 1% (2E8) ¥+
DLERPOBERRLT 0.312mmoll ©—5E& L, KPS
BRUCNEHEE TV Fy 7 2R ETELEDICELH,
1:1 TMAAL-TRaINE YBOBRELI CTEAS &
EADEARLBENERKRELRLEDDOTS 3.
COERTREERBIC X 3RBROBE AT bl
b=l col

BicREh T3k Sic, KPS BRAEWEAICIRE
BREEST, TOEAERASRDLILSDI3CTMAC
e LiRZSEP FiciRim L8405 TH B, ik,
Eftenys Yy OREERZ, KPS 0074 b FHAS
<, 0.59mmolfl DI FRW =& &, ERBY v —239
RTEELTCLESTZ= TP a vyBESHATH 7.
VAc BEEH 1g/100ml &5 & 5% 5 TukEEks»
5> KPS itk > TEAS €284, & REBRENER
W THHBHEER PVAc SE&ERBO h, =Y
v —BEETIESBCEREN. LEMST, Tk
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Fig. 7 Polymer conversion and specific turbidities of PVAc
emulsions produced by KPS and L-ascorbic acid,

VAc/H:0 1g/100 m!
CTMAC 0. 312 m mol/!
K-biphthalate 4. 9m mol/l.
r
80 ~110
\ / kqoo—/
L & ;‘
AN k 700 )' g
601 ——— E"
S | 3
X =
= =
[*] =]
.E - 1 E
2 40 ©
<3 by
8 \.\ .g
Conversion o
0
@,
20 ~—.
\os —40.1
3
0 1 i 1 1 1
0 0.1 0.2 0.3 0.4 0.5

Concentration of CTMAC(m mol/!)

Fig. 8 Polymer conversion and specific turbidities of
polyvinyl acetate emulsions produced by KPS and
L-ascorbic acid,

VAe/HO 1 g/100 m!
KPS and L-ascorbic acid 0. 37 m mol/! each
K-biphthalate 4.9 m mol/l.

i KPS ZZBICAVEER )~ —DBEML LN
505 &, Bk CTMAC BHEB IhTHEh S
EKizbh a2 Tidis{, KPS & CTMAC EDRIRIC
L BERYY KPS OEEOABIEAEbIFELTHNS
DTHBEZZARGNITIROILNIESS.

Fig. 8 2 U{ CTMAC Z5## & L, KPS B8k U
L-72anvevBic X D BEAEFEbe - EROLE
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Fig. 9 Polymer conversion and specific turbidities of
polyvinyl acetate emulsions produced by H:0, and
FeSOq,
VAc/H:0
CTMAC

1g/100 ml
0. 312 m mol/L.

ERLICDDTHEH, BABBRHEBEE—EELT,
CTMACEZZA/-bDThH5. CTMACREE 0 CIRE
EREFZLEL, WBOL S icc oRETIR B EE
RI=znlavZ2BoEBTEX30TH3H, Chic
LD CTMAC B2 ohac &icky, ELLEE
ERRESFEER S OICIED, FicREELTIL
TavBERLohid it~/ BEA®EIZ CTMAC MEL
BAREERTTAC EBDH ot =g YDEs
NIV FEBREELITE 5ic CTMAC 284234, 3
RICCZZAMT a BB OB ES5KED, ZOREBE
bINEL ot BEARRBETETET LS.

BHBRES LEL > T, CTMAC—KPSZ0iEAicC
DESEERTEGRR I, GEOREERHI
LB35DLELONB. Tiibb, CTMAC k4 3
KPSOENHA 2 ~3f5IC1E 5 & SREICERST 3
SEAND & 5 ERB LA - THEABLEL Eithh,
ERRY v—BEETEXS5ICESYon 3.

3.23 H0: C&3FES

Fig. 9 {3 CTMAC BEEF%—5F (0.312mmol/l) & L,
HABBA L LT H.O—RERE 1 & (FeSO) D v F
7 AF%%, BEZEI TRV EBA0EBERTHS.
T OEE S FRRBRIC X 2 AREROBSR T biEs
7. EARIEBHEE 1 mmol/l §igTEAIICD,
6mmol/l TTHMEEBICEIL - THEBICIETT 3.
COEHIHEMTHLE, HO0: itk3 VAc OoRR4EA
BERELTVWIDTHRWA BB SH S,

T2y a YOREER H0: L0 FeSO; 04y
WEHSMEL, TOBEOHMAICEIESTELNS. ¢
NRBZT OGRS 4+ YBEOEA L 3ERERALSY
TWabTRIWALEBDRS. Fig. 7 @ KPS i
FLHEETZE, HO: OBARKEBECE/LN®Z D
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Fig. 10 Polymer conversion and specific turbidities of
polyvinyl acetate emulsions produced by H:0; and
FeSO4, -

VAc/H:0O 1g/100 ml
H202 and FeSOq« 5.9 mmol/..

0.01

»T, PVAc 0 ik 1§ 2 EABRBAOEEN LT
EBHFTDELODOTREOC Etbh b,

Fig. 10 (& H:0: I & U FeSO, HE%: —% (# 5.9
mmol/l) &L, CTMAC BEAEZ - & X DEREE
T#H%. CTMAC #p 0.056 m mol/l < EARKIC ik
B, Ffz, 0.1mmol/l T HEEIC B/IHENLTHS.
COEDICHBEDHMBIIREREDh 2 L5 ¢ &
iE, H:0: Itk 5T CTMAC MBS 41T = DEEHR
EFTT52HE05L0 3, CTMAC & H:0; LD
BOMEROERUHENFERAER LTV BDEELS
NETHHD. EAEROHMBICEBASELhE NS C
Ld, ALKSICZORBERMHPESEIME TS 720
EEZNTENESLS.

EEBEOEMBOM/NEL D EDEL% Fig. 6 O
HT M LEBTIE, HBOARE VS ATREND
ThEd, MBEOHMEZDOSDIIPIZD AT kX
V., ZTOBHELT, HAA VICLBERERNEL D
ha.

Fig. 11 $ AU CTMAC BEDH 44 AL ThimEE
DERTH 24, H0: LU FeSO, DE4LHID 1/4
PR ULTHEBADODTH . BEABRIOTID
80% Rk TH -T, CTMAC itk s TELiIckE
WEBEZDTHIEL. BEEICONTAB L, BB
EMRESRPIZVERNITHY, ZOBEEL0ERE S
iT Fig. 6 DEEEERICEL T, NFEROBZz0LD
3, BHEBRESTS HO: itk 2 EATHEANICRY
BEDOTRIBNEVSIERNTEZ5THS. LrL,
fiRoF MRS, HO. DREXEOEAIRE TR
WIZLTd, PRYEFICOABLTNT, &icbo~

1 BHREARICLVBONIRIER =2y 2 vOZRl:
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Fig. 11 Polymer conversion and specific turbidities of

polyvinyl acetate emulsions produced by HzO: and
FeSQ,,
VAc/H:0

H:0:; and FeSO,

1 g/100 mZ
1. 5 mmol/L.

ek 37, H:O; & CTMAC & D SUSEE A Hs EET 1E
RERELTVELLVENS CEHEZBLESTE
5. ZOX5iL, CTMACEBEDOEVHRIZ - THT
D2 ROGEENE L B3EADH 5 L1z, BFHEMN
HEERECI-THED SN

3.24 SDSEF{LA&EL, KPSTESZ#/IBE

RETENCEZL TRbLhTVWBE EBDLRS
VAc 0AMEAF B, SDS 520 7 =% v REEt:
AZAMFELTHY, KPS 5 & 0BHEESEAE
BELTIHETHD. LEM-T, #1574 vREEE
FZER U BRI EES oS Er S L Tas
BT, EOXIREAKEEOREETE - THL
TEMBBEEEZS.

Fig. 12 RZDHE% § 2 1:DICTE - - EROZE
ThH-T, T=4 YREERAE LT SDS %, EAMH
BHEE LT KPS—L-72Xanbe vBOL Fv 7 2%%
AVb0TH3. cOERTII KPS 5L L-7x
ANE VRDBES—E (& 0.35mmol/l) &L, SDS
REZEZI. ¥, RHERRPRYBEETFEb
noic.

HBEOHMET, AMMICiEY, FHbb SDS BEFD
RWIHAITE, Fig. 6 DEMTHERBELTEhDTE
BPLIfEZ L > TNT, BAMBMICK 2EE, N0
HENBIZHWRY, CTMAC & SDS LoEiciziz s AL
SBREACEBLVEEZDDOTHE. Zhizdbhhb
57, HEMEFICHORICE T, SDSEEDIE
WEHAIE, Fg. 6 OMENTAHALD I D IENE
Lit-TW3. 2%, 20&ICHAYSTEH KPS o
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Fig. 12 Polymer conversion and specific turbidities of
polyvinyl acetate emulsions produced by KPS and
L-ascorbic acid,

VAc/H:0 1 g/100 m!
KPS and L-ascorbic acid 0. 35 m mol/L

ABIERDBBRERDLTVEEELBDTHS. 20
BECOWTAHBE, 12E21F B DOiF4A, SDS
EQMmmWP?@@@F@éT@CHMC%E
0.05 m mol/l FHEDMEICHE TS, Licht-<T, ZD%E

0.04mmol/l iz, KPS, L-7 2 a, Y& 0. 35 mmol/!

CE-TELRDDELBRET, OV FyJ2RE
FERRANL, SEBEICHRE LT SDS 0 1/10 BE
DHBAZEHE->TVBEELBZESTHS.

3.3 E(» Phase Ratio CtESX ¥ T8 PVAe =
T3 vORBELEHESE

B & T D703, VAc &7k& D l#as 1g/100
ml 055 FTVKERP CEA S TE PVAc =
W a VIEDWTOERERTH 7. CDLS il
BEREOBVWEAIKE, RFHEEOMEERIZEA EHEN
7o, WFHBRICE L Tl4Z84INL 3 /- DI 137
BTH5. Lil, TEMIC PVAc 1= Y s v2l
#E9 5B4&iciE, Phase Ratio 48 50/50 & 2 Mz Zhic
LENEETHZOMNEBIEOT, 20L5EEADT
VI3 YRFERIEDOOVTOERENITEL ¢ &k
BLELTUTOEREI 572,

3.3.1 Phase Ratio & 64524k

Uiz, CTMAC & VAc & %4 % 1/100 (&
B) T—EE L, VAc &kEplhsks 2/98,3/97, 4/96,
5/95, 6/94, 8/92, 10/90, 15/85, 20/80, 30/70, 40/60 B X
S0/50 & LTy BISIC X AMEA RN o7

JAERI 5026

VAc/H,0(wt)
40/60

30/70
20/80
| 10/90
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0 2/98
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Specific turbidity({ g cm)
et N
T

Fig. 13 Wave length dependence of specific turbidity
of polyvinyl acetate emulsions produced at various §
phase ratio by y-ray irradiation,
CTMAC/VAc=1/100(wt)=0. 0027 (mol).
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0/100

Fig. 14 Specific turbidities of polyvinyl acetate —emul-
sions produced at various phase ratio by v-rayZir-
radiation,

CTMAC/VAc=1/100(wt)=0. 0027 (mol).

D55, 50/50 OEFAIGIZER PVAc A3 A5
BELTzvrYa vBIBLNLHh 7. REER 120
STREAERBIEH 95% LIETH - T, Phase Ratio
LDORIC & K—EDOBERHBED St - fe.

HWBBE OREMRRZR LI-DM Fig. 13 BL T Fig. 14
THB. Fig. 132, HE 400me 55 110mp ¢
100mp Z&cHisE Ui #E8R%, —iBD Phase Ratio i
DWTRLADDTHS. Fig. 14 iTid, ®E 400 my,
700 mp B XU 1000 mp D HEEEE Phase Ratio EOD
BFEERL.

Phase Ratio t3k &< #4233 X BFIRAS 3.
L RFLODI 2/98 25 4/96 TTOMT, 2hllE
TREEBICEADRDBDMICHS. 2D &1L, CTMAC
DR I 2 BEH 1. 83X 103 mol/(0. 416 g/l)* T VAc
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TABLE 2 Intrinsic viscosity and degree of polymerization
of PVAc produced at the various phase ratios
in emulsion systems,

CTMAC/VAc=1/100(wt)

VAc/H:0 ) P
(wt) (d?/g) x10-8
2/98 1.42 3.6
5/98 2.05 6.5

10/90 2,83 10.9
20/80 2.68 9.9
40/60 3.72 16.9

EDEAD 1/100 (FB) TH B 5, Phase Ratio 4/98
KNI B EEBERME D £ 5 Ik Bbha. Bic
30/70 7p 5 40/60 iT75 3 & 5t OELDEM A XL 12

D, 50/50 TxenYs yBELNITLIE L ED
BR-THh3B.

RiCZ DEBTE LN PVAc ORE O —icou
T, HEAIBCX O EYBEAEZ R 1-. 20 #E%
TABLE 2 |{T7RT . ‘

CDREXER, 54T, Phase Ratio 8 k2 {7 5iF
EEHERENEBIEADI 2 LIHLTH 5.
Phase Ratio 23k &<{ 155 &, WBEMLSAONE LS
CEHONFERIRELD, NFOREARERY X
HEINZ125. ZoER, KFhTREEZRITY

BRY)=—F THAH, KOHHLLBALTLE7)—

7 VN A LTRROBENESBEISE 15
RITTHY, TOKER RLERENEINEC LI
30CTH55 LEHNE.

3.3.2 Phase Ratio 20/80 T H#k

FEDEERIER D 5, Phase Ratio 235 10/90 -2 30/70
ETOMTIRERNEEEDE/I DD &EHHMIC
HofeDT, COWEERKTZMHEELT20/80 %225
UL TFOERRETIT o 1:.

R U¥ic CTMAC BB % RERICE L THREBE
Alcky PVAc x=n¥a vEERL, TORBES
B L. Fig. 15 B2 OREEERLEEDTHB. 173
B, EAERNOLHEBO 2 Aici@Y 3 5 CTMAC &
EDB &, PVAc 0 B % SEE U TER iCIE
TERMh s fcflizg~T 9% LlETh-T, CTMAC
BEE ORI & KBEERS SN, o 71e.

MicRohs kHic, FHEEESHBIZN T VERIC
BENSDTHBY, ZOHAMD #HXHEIE Fig. 6 O EE
BRIHBEThEIPBROVNEIVHDTHS. bbb,
Phase Ratio 23K & E4&Ii3, CTMAC :28&EicAN
Tod, EOHICREBEOREHZ 1Y s VY LHED
nig. ¥, TORESILHET S L, CTMACE A
REFReEROEAKBCHT 2 v BTRLILCALD
MTR3MD, Fig. 15 O AR D Fhskiciia,»
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Fig. 15 Specific turbidities of polyvinyl acetate emul-
sions ‘produced by 7y-ray irradiation and emulsified
with CTMAC, VAc/H:0=20/80(wt).

KRET, CLAKBTA0RBEY TR, LdL,
CTMAC EZzBfiB® VAc icdd A TEDLTHS
i, MEDERIHBTE2BEDHDRLLS. THbb
ZOXIBRDLLEET B 513, Fg. 15 OEBEDN
Y45 CTMAC #Bfi Fig. 6 TIX LN, S 3 EH
DOEDBEUTECLICIRBEDTH 5, o CTMAC
BETOI-VY 3 YORBERHEOER CIEEICT
WDTHBE. COTEMD, T2wAYs YORBECSK
THORAEEUANBOREELERTIHA, Bile/ < —
BiCHd2RMEBEERERICE208BHHEHES LN
DT EDBLMB.

CTMACE#%{ LTbxzenya YORBED Fig.
6 DEFRLEBL LR EDHENRE, chifFDE
BEZLGZECHEATICERETHLLY. WECh
JaR)v—zerys YRNTFOERBRICET 2R
LEENRDDEELS.

kD EER%E, CTMACORD LT =4 ¥ REEHA
Tdh 5 SDS THWTITE s R ER LD Fig. 16
Th3. Ea%Ed, coBfkcbBblh 95% BlET
Hotc. COT=NY 3 YOUBER, HicRShTH
3L91C, SDSOBEMNEADE & EEND & XT3,
Fig. 15 KR L7 CTMAC FEROEALIZEAEE LY
AREITHAHH, PHEHOBEBETIE SDS * Fu7-Hhlk
BESKEL, EHChbAMULHBREL TS, H
BOERLEKE LT SERITDPPEL, TwPa 0D

- hEENZ2ODRBZEROXEEZDT TS X5 UE

EELTHA.

Fig. 17 {3, REEERIIFE L SDS TH 543, K
BEATRZL, KPS 2HEAHBAL L TEAZTH -
EATHA. COERTIR, BERMILIBEKOR
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Fig. 16 Specific turbidities of polyvinyl acetate emul-
sions produced by 7¥-ray irradiation and emulsified
with SDS, VAc/H:0=20/80(wt).

CDIRF BRI RERADC EICED, BBEhOBEE
B#L.. T, Vv RRTHEITVWOTESEER
PPEL 60°C & L1, KPS olEinEls VAc =/ <
—ICHLTI% (BE &Lk BESEIBBHHRITY
ULTH ofc. WBEORUESRES S &, BHEABER
DEWVEEIITIZ, Fig. 15 BLU Fig. 16 OXET 284
EHBLTHIEEL TS, UL, SDSEED
ETFicEdia 5 MBEOMARANKT, VAc tHd3
ZEH 1mmol/100g VAc kD& IEL 15 &, Mt
EROELLOBALDIBOREBELRT IS ICE 5
fo. COXHISERIL, Fg. 12 KR Dhi-k 511 1g/
100mi D5 FTWVKEE»D PVAc == ¥ 5 ¥EMERE
UVIBa LR e FTH-T, ZOERICEBI T, SDS
BEXEO L SR ZONRERS KPS X - THlisE
BNTVWBRLELEZLDTH 5 #, SDS OEBEHGET
2, L5 KPS BERBO—B L LTEITER%ERL
T3 EEZRTNITESRN. 1©F Fg. 17 0EHD
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Fig. 17 Specific turbidities of polyvinyl acetate emul-
sions polymerized by KPS and emulsified with SDS,
VAc/H:0==20/80 (wt).

MR&ED b SDS BEAZEL LBAIE, 45K PVAc o
KEBABBEL T =Y a YHEBOLRTH o 7.

PE3foz<wL ¥ VIEREH, Tbb, (1)
CTMAC~JBURRE S, (2)SDS~R4tiRES, (3)SDS
—KPS L LB EA D3 20BA0hBENTEERE LR
A&LTHBE, CTMAC & SDS tolliciibEh A
WABNDERRS B LHICREAT, 2h k0D, ik
HiREAL KPS 03T EDEDHFMNITEMICK
EWXKHIKRAS. HERES, &<{it CTMAC %4,
{tHF & 4284, KPS TEAX ¥ 320 ClRRATHER
KO REESEABETH - Th, b —izdE
DHB PVAc 2= a3 »BELWAEEEDH S C
LM DERTHPICE o /cbl3TH Y, ELAHKHIO
Mh%e%7d, AEaEEALERKT0.1%~0.01% &
NS EDOHTLRTH »T, HifkicsEly PVAc oz =
WP a VEBRRESICLIOBETES LS RE LY
BohlcRicEERD 5.

RICTh o 3BD BEEMBTHER LY PVAC 0—if

TABLE 3 Intrinsic viscosity and degree of polymerization of PVAc produced by the various methods in emulsion system,

VAc/H:0=20/80(wt)

b '\.,\Md of polymerization CTMAc—Y-ray SDS—y-ray SDS—KPS
Amount of surfactants ~——__| (7)(dl/g) | Px10° m)dlg) | Px10? mdlg) | Px10-
Dmmol | 1002 “{,‘Xc 430 21.3 3.22 13.4 3.36 14.3
6.4 32 2.68 9.9 3.25 13.6 3.72 16.9
2.0 10 3.00 11.9 2.68 9.9 3.48 15.2
0.64 3.2 3.37 14.4 2.26 7.6 2.84 13.2
0.20 1.0 4.56 23,4 2.06 6.5 4
0. 064 0.32 2,92 1.3 7 o ~
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OFBHC DN T, HENEI & EYESBELERD 14
% TABLE3 ITRT.

CDERERICLS L, (100G TREEEARC
x4 5 CTMAC BEQZEIVPPEETH DY, 28
FIc(3) LB LTHEAREDLOMBONE L5TH
b, FESFRICLTEEN200FicbET 2. REE
HEHDOFTHE SDS THB(2) &(3) ExHBThiE,
(B)DHFBEEAELE T3, botd, (3)KY
REABERERSZDT, cOEBICOWTOZR -
BETERELNESKEDNS.

(D o%&#tid, CTMACBEDOWIRTRERHBIC
LT, KKz CTMAC #3495, RHFBOAEL K
LREEFEHEAELIAREN B L5 EAXREDLH
. DT LR, EroR-XS5iC, ELEREOBESOD
BLEVS T ET—BHETES. chicgLT, SDS
ERVIZEER, BHBES KPSitksEAL b,
SDS AMEBEEEICIT 5 & PVAc BIEEAEICREE LD
HAARED OIS, chBEDXI BB LT T
WBDp, SDETAEATEC LIZTEIIV,
CTMAC & SDS &iF, HVERICET3ERE LTk
HEVELOLZEEREEZBLTVIAES, BARKICHL
TRPBOERSLEHERTOLOVENS T ERELS
DTH5.

4 = & &

PED—EDOEBRRRICL - T, #F+ YREEER
ZIAHE T3 VAc OBHBRAELD, MoFEs
ERULT, RYI=—HNFERKCBELTED XS %%
FoTWahin), BLEOMBSH M LMBT
o, —RICAMERCEBI 3R ) v —KFOERIZL

4 BAREACLVBONIRIERE=rIv Y = v OREY 25

ROERLSDOEEZ ShBBTHEH, 541 VAc
KB OBPREA TR Lictw Y 3 YO RBE
H, REABEEFBELOMIc b TRiBLBGEE->
KBAERT VT &M 5, KEMCRABE#ZLDOTSH
D, BHICRA DD, BARBHEZAVICED, —
BITE L Phase Ratio THALEADTHEDN TR &
DI, 2RATHEERSMD-TWBCEICL3D
ThILERmTET:.

BHBEAK XA AFA vz Y s Vi, EEl
D&, HEOHWRETRICENTE, LrbES
DicHOHERED ETDLHTHRVOT, TEiNicHH
RObEMETH B LBbNh 3.

& =

ARETLIRY > Tk, ATRBHRE—HBicn 5
WA EBORBEERN:. T, EBRO—BiconT, BEE
=4 Y HAEHBRAEFRO, ZOF 4 ILHLVERH%E
Eve. CCREBLTHRMEHT SR 0E T 5.

BB, XEES T, THF3 Y RABEAZHO R SR
{LEA-F18 Rz <y a vOBEE | (KEHERICS
o 3 HEHEM b D EEEFIZE No.2, JAERI 5022 p.37~44(1969))
CRT ARERERRE bO LT 5.

References

1) OwnpaN K. and OKAMURA S.: Annual Report of
Osaka Lab. for Radiation Chem. (JAERI 5022),
No. 2, 37 (1969)

2) JIS K 6725-1956, 3. 2

3) InacaAki H., Yact K, SAEkI S. and OKAMURA S.:
Kobunshi-Kagaku, 17, 37, 135 (1960)

4) Nisul I et al.: Kaimenkasseizai-binran (Sangyo-
Tosho K.K.) p. 131 (1961)



26 RRWIZERUIC &0 3 BUBMEE O BT JAERI 5026

0. HERERICLVB OISR FeRp

vonxz=ny s yOREME

B2H KERRICBIIRHRES

LREE-#MLBE-RAAH=

On the Stability of Polyvinyl Acetate Emulsions Produced
by Radiation-Induced Polymerization

II. Radiation-induced polymerization of vinyl acetate in aqueous solution
Masahiko KitajmMa*, Hideo Kamivama and Seizo OKAMURA

Standing stability and particle growth mechanism of polymer emulsion system, ob-
tained by radiation-induced polymerization of viny! acetate in aqueous solution, were studied.

It has been found that the polymerization without surfactant proceeds with the growth
of the size of negatively charged particles and at the same time of the degree of poly-
merization.

Radiation-induced initiation mechanism does not seem to have special contribution
to the stability of the produced emulsion, and then the upper limit of stable concentration
of polymer is very low and has the value of 0.85 g/l, which can be increased by the

exclusion of remained monomer or by the addition of PVA.

1. H :9]

AESRBKSER TR S 120, ELHEINED L
2, IOEAFELOREZVOBEETHYD, Lid, &
RKEnicR Y = —DBERERENRLE, L OFELE
2TNET &EMDS, FTRIENCOLFIAENTHE.

L L, AEEBBIREECHETHD, 7%
ICHEL IR TR,

BB ORB LI, &/ <—KIKKiICHSa%
BATsCLick-T, KBRRELIF Uhupie)
- CEEBHTEC L, EARINEMGT 3 HRE S
DI >THR. ZOXSIKHEHBEEROEARED

* EEML (BR)
Ranegafuchi Spinning Co., Ltd.

BoEds, B EDE3YEBRVRETHRZ =D, &
KR AEARBORHICRYI > EEL N 3.

BB AMEACET 2 EI 1960 Fi FFELXYD)
X ->TREShE. ThEBR, BALOWEZICE T
BEATbhl, B, FHTHMED STANNETT V. &9
KX ->TRESH, BHBALEAEOBENERNEL
T3, Fi, MEETRAF4 Y RAGEEEREZRL
T, BERAE)=—Z=wPa YEERLESH o7-D
L, BERETREBEERER ) v—2oYa viLE
BRT2ENIREBABREY Lk >THEIh TS,

—7, BARRACEAORBRECET MET T
iz, BLE? ORENRREEENOZELBE LT
WRICBERY, FESRRLMBLANESLR, 5
H B REBESER OO © = VKRR O RS R E
AL T, ERENZRYVERC= VI P2 YO
BEEICHHBEER LS VD, 2RV ERe=1T
ZNY a VRTFORERBZR2 B CEARERHTL -
7.
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2. £ B

2.1 EfBRE-KBREORSRRES

v EBEERBZ “Co 2000 + - ) —BEER V. B
MG ER 9. 2X10% rad/br B EF 30+1°C 0 fEEK
B THhERHRHL, BBEEALE. BEACHVAR
TELLT, BB =re/<v— (BT VAc &85 3.)
3, HEEEHL, 5 T3.5C ML D%, K
BEREKEZZOTEER Uk, VAc KEKROFEEE
AMBRBESREINCTRE o7, £OFER VAc 222¢
Ry T, 2BRART7IRAITHEL . 1 E VAc
DHEZ 0.934 (25°C) & LCEE LY. BEATRER
22mm, £X 100mm OFE N 5 2BORET v Fiic
A ARBESENELEA Uic b OEMEE L, ik kA1,
70 AR, K, BEKEEETE 7.

VAc kKE#%Z 20ml h— vy P TEASICEA
L, SRZERXTRTIHENTY v, EBRL, Bk
EXRTHRAEEER, BES A VicEW . HERSizE
mEFEIRAE, 10“mmHg T, 545MBS, B#EE3
E#EL, HFERE, 10mmHg FTEAEERMEEL
7.

2.2 ERBRYT—-TI 7N U3 vOBELLUESE
HIE

Baick s TERER-E ) ~—z 2T a V3,
Beckmann DU B MERES CHBELHEL, BE
Z(DRXp oK.

1, I
tz_TlnTo (1)
LT, ¢t : BE
Iy : AR S

I:RIIOEBKEBEBBLULBOLOES
ERICER L 2id I=10mm SR, BEH
40me ITTiR €/ v—HEOBRIMBH. kD
BREBE LW/ EEEAEBBR LS. 1000 my Bl
ETREETH ZKROBORRSHEC 3. UL, EE
400~1000 my Tid, BEOKREKEENDD, ZOME
[% 400, 700, 1000 mg D 3 STRESE, 2hoDE
BE(2)RXTEDL, EREYV =—z =Y 3 vDRE
Heres 4 — 2~ i,
T400—T1000
SP=——z_m (2)
(SP i stability parameter MD#X)
BEICE s TERSh-R)2—z22 0 T3 ¥ 10ml

5. HUHMEAILVBONE R IR =V 2 v DRl 27

R LT Tmol/l 7Y (R Kisk%E 1 ml /i
L, —REBERBLTEY) v—S28BES S8, #52
TANE—TRY) = — %8 L. ®Y ~—2HHKkT
FEHER L, EWMERER, ZRT2HNRESE, 7
BLTEARERBDT-.

2.3 BXHWAE

®/w—BE 2.5g/l ® VAc Kikik% 150 R4 L
TERShERYEBRE=1 BT PVAc &B9) <
TNT g vERRE L, BRALEEBRAET Y YR
HLB-2 #TH 5. BRBIZEE 5+1°C, B 15mA (3%
BEOREMERICE > THSBIEET) THIL,
REMEEEEOERI Fg. 1 O & 5 cREN 2O
(Ag), U YEBEEEHEMNE DB (AgC) ik 7 h Z fufk
. Y YBEE R KHLPO, NaHPO,-12H,0 (&
IR EAWT, 44 VB 0.05 4, pH=7.0 i
REKICEETITR -7-. REOBEIZ 2D PVAC
TeNTavEY VERBEERT 20VolY% KHBERL, &
Na—ZXF a—7 (Visking Co. 8)) AN, —RERT
BT L b O EETREE~TEA L.,

2.4 RUEBEZIOFEHESERTE

PVAc 2~ v ¥ v ITIFR S, BMEBHESLHL
T, 30°C CHELXIEL, EBHE (1) 2R, (3)
A SEHERE (P) 2R t.

(7)=8.91x10~4 Po.02 (3)

2.5 RYKEE=INLTIIL Y3 vORE

&/ <—BE 1g/l ® VAc izl BEER 2, 5,
SR UL TEREhA PVAcz =¥ a v, B
HOSBHETERINS: PVAc t v Y s vihern—
ZXF 2—TicAN, 40°C, 3 BRISBIF LCHREIED VAe
ZHRELEDDEIRSVT, FEBRETT, k&ERE
D VAc EEBREL, BEE L. Bt PVAc =
Ya YBREEICIE B TR, 0O, BE, #) <
—BEEARIE L.

—Buffer solution of phosphatic acid

g— —~AC;BQ
B 7*- Interface(B)
Interface(A)% %
Ty
“Sample

Fig. 1 Apparatus for electrophoresis filling up sample.
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2.6 KRICOHRE-IOER

BAREACER WL PVAc 2w v Y s v 20ml
i 1mol/l NaCl ($8AXK) A#EH%E 1ml HFinL, —
RERTHER, PVAc £ L, HH X OWIUR Fic
PVAc 2%+, HTFEAOKFEFERBELTHRAR
BR2 27 P VRIERRE & Lz, sk T2 PVAe %
BMAMLTET, PVAc © KBr ¥4 2 7 3 Tai
PoeDT, BREOHEIRETPVAcZEES Y,
NaCl niciZ & &, FABWNZ T FVERELT-.
R L3813 Beckmann IR-9 ¢35 3. ERRL1:
PVAc HFrhicE& sh 3 VAc O 283 880cm™ o
VAc RN FR ST o,

KERICEZN TS VAc OFEIZESN PRI R ~
7 PBOITIE o, AL 72 5682 T EPS2U
HTHy, 235mp KBGFERNENL S, & ok LbhER
LTBOWBREBBIC LB -TER LS.

2.7 REMELTRYE= N 7N A—-NEMZI-F
BRE-LkBHROKSBSES

CCTHVW Ry E=rTra—n (BIF PVA LB
¥) i P=500, 4 v{L& 89mol% mfLERIE (s
EZERR) ZAVE. KEROEE, BE, BA&ER
2.1 OHEEAMKTEH 3.

PVA ~D 75 7 PRRIFIFRINZ <7 ko) 3480

cm™(OH) OB/ Fir ok d -,
2.8 XFNAF7HYL— bKBREOKSBES

AFWVAZTZYV—+ BT MMA &859) it
REFREL, B 100C 2R LI b0EERLE. Kk
BROFE, HE, EAKEIR 2.1 DFHEERBETH
5.

2.9 RE=IKBEOMRES

MEDBEERA Y (PIF KPS &859) & L-7 x 2
VEYBBHEEOEIAVA. 21 KERLE LS,
KPS & L-72aue v E % 0.75mmol/l L i
10g/l © VAc JKEHREZHEL, 20ml 27 v FuicA
h, ZREBEKPCHRELE. B4R 40°C DAERKE
PTORHBBEA L. ERUAPVAcTz v Y v
DESEIL 2.1 0EAEREE DI,
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3. XBHR-E8

3.1 MREZLKBRORSHBILES

VAc B 1.0, 2.5, 5.0, 7.5, 10g/l ® VAc Kikik
DBEHBRIAALEAIC D W T O Time-Conversion gt
Fig. 2 IKBIR L7, 7.5, 10g/l it >0 Tk RS IR A8 2
NEN 2045, 55 COBEARLIED LTI,
COUEEAETT > THERINBPVAcT A ¥ 5
YEREET, BHhds 2 WIIRHEERICPVACHER
LTLESODT, &4, VAc BEHS. Og/lpl
TTHNE, BEARY 40% <50 CREEEICES
L, —~ROBREHFShI:, 3BHEENLELLx0ES
I3, VAc @B 1.0, 2.5, 50g/!l T, zhzh 30,
62, 84% &, =/ v —BENEL BRI >ATRALT
N5, CORFRIURTH .

VAc RELEAE L OMBE%L Fg. 3 IKRELE. 24
REBHETICEIC LK -T, VAc BECEEEL, &
AR 85% RIRICEETICEp D, Fig. 2 {C;R9 &
JIE VAc BETEAERENOR, EAFESEN
eHT, BHBIKIEE ) v—0ORMBRBC - TN
tEZbhB.

VIEAEE L VAc I & DBIEE Fig. 4 IKBIRL
. MEOBRREREEL —RICHE T3, X

9.2X10° rad/hr

100\ Dose rate

30+1°C

Temp.

w0
(=]

Percent conversion(%)

Irradiation time(hr)

Fig. 2 Time-Conversion curves in various vinyl acetate
concentrations.
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1001~

A&_7& Irradiation time 24 hr

;S Irradiation time 3 hr
8
[7~]
3
z
I=3
° 50
=
D
()
1 ¥
[
a B
- Irradiation time 20min
s el
/.
L ] 1 !
0 5 10

Vinyl acetate concentration(g/?)

Fig. 3 Conversion curver of polymerization of aqueous
vinyl acetate solution.

Po, BT/ 2—KBEROBHBESTIE, E4EHST
J2—BECHHTECERGN o1,

ELKKEHET PVAc 2w ¥ 3 YRFOSHIRES
Ate. BAR BB REOMBOREEMR, £4
YIFLRY v MiEH 0 2mm, EEAH A TEH - 7r.
Fig. 1 TRI L SUEAE (A), (B) BB EEARET
BEALLD ELY, REA)DEROLLIESRI
pofc. EREER 8mmfbr TH o7/, 8mm Pl E
OEFIFRONT, FHAFE EICHS ©— 7 RKREICEE
EEERST, BFRLD, PBTROALE 1.
DEZBABOLBERENSEL, V VBREFREORE
ZERUICK A L EIGER LT A EZEZ TV A,
LipLEEA 5, REAESBICBEEH L T Eh, D,
HFR2EOEREHUTHEEELI RS,

3.2 AR ULERVBRBE=LITZI Y3 vORER

WEhicBEARL, Hilic VACEELE & - EEEIT,
£i1% VAc BEOKEEEBSHBES LTERSh K
PVAc 2= 3 VOBEDORDF-SPEE: Sy b
LT, PVAc == ¥ a3 VO HBEZER (Fig. 5) %1EH]
L. BBEZERIEREET, —ERBROREBICES
WTHEL . (A), (B),(C), (D) o £MHEBIZTFRIR
BEEEIC L.
(A): BBEREEH®ED L PVAc = w0 ¥ 5 vitEERR
S5 FEE.

(B): —BlgEs i Ecd PVAc 2 =¥ g v
BER S h 3 HEE.

(C): —&RT PVAc 3tk 9 3 PVAc == P 5
Y ERERRT 3 HE. ’

(D): BEHthd 30 iRHES, PVAc BEELT,
PVAc =¥ a VR U HE.

FEEERZAOIZO VA KBROBSBEATH,

5 BAMBEARIVBONARIFR =112V 3 vOREH 29

1001~

50

Polymerization rate(%/hr)

I i
0 5 10

Vinyl acetate concentration(g/!)

Fig. 4 Effect of vinyl acetate concentration on poly-
merization rate.

100

50

Percent Conversion(%)

4.7 0.7
5.00 \N%7 3785 Ld ™———u_ 09
2.3

3o~ T $3.0
) 5 1

Vinyl acetate concentration(g/!)

Fig. 5 Standing stability map of PVAc emulsion system.

ERk PVAc z = v 3 vOTERELIETICSITH,
BESEOEENR PVAc =Y a YEERIEBIC
& VAc BF% 1g/l DT Lizdhiis s, VAc
BEEZZNL ECT 5 L BARMBE LT 3150, &
R PVAc =¥ a YBREEI B Y, S0
thic PVAc B&EE AR LTLES. LT, &
Bl PVAc = w3 vERMBEATCERT 3 IC
&, PVAc BfEd: 0.85g/l DITic i 5 LH5ICEST A
DENDS. £l SPEMNE12B & PVAc ==
VaYORERBE LB LMELS.

CD&Si VAc BE% YT, PVAcEBEDE T
2T avERLC ERRAETH L), 1g/l ® VAc
KEWEFARES L CERINABEAENREZ 3K
D PVAcz 2o ¥ a YT TREETIL, PVAc
I=NYa YOREBERHEOIALZRA . TOKER
% Fig. 60 WKL 7z. BEARICHFEL, PVAc &
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Fig. 6a Effect of PVAc concentration on SP values
in concentration of emulsions,

4.0 "\
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Fig. 6b Comparision of dialyzed-to nondialyzed-PVAc
emulsions,
A and A, dialysed for 72 hr at 40°C;
O and @, nondialysed

BB 3Ico0T, PVAc T v 5 vREMHR

BETL, Ric SP /NS BoTW 3. BELT -

PVAc BEHs 0.85g/l icic3 &, dhic SP{E# 2.6
ETETL, VAc BE lg/!l ORBREKEEEAL
T PVAc BEH 0.85g/l itfssd &, SP fEHR 3.0 i
BotclREBUT B EDS, PVAcze Y v
BHLTOT =Y a YOREEER EN S,

CORR, KRIED VAc & / =—5t PVAc 8 FIc
BACHDIERZEZ 355, ERX 17z PVAc =
RNV 3 V% 40°C, T2 BESEBIF 2T 120, VAe 2=
VaVRPOBRELLODIKOVTEBEFIL -, =
DR % Fig. 6b LR LFz. SPEICSWVWTES &, &
WLTHBRBEDICSNT SPEBETLTHS,
PVAc =P a YORESR ) v —BE 1.7g/l &,
BRI LEVWSOIMAT, 287k 2LTEY =
~BE%Z 7.0g/l TEHELTEBON T PVAc 2w o
a VYRR ) v —RNFOUBERR O, BERECE
DUBNTFEEIRT I EBTER. BIRFLEL T
PVAct=n¥ a3 Vit, BELTELLRY) =—KF0D
BHARBRAETD - 1=

INGDCT Eh b, BEREAICL>TERSNS
PVAc =¥ 3 DR Y =~5F12, KPS R
BEATEACL > TERSWERTF L ~T, FEEC
REVWD, BEREERBOEEZIONE, ¥,
PVAcz=n v a v2ERTALE, BELTEORST

KRBTSR 1) 3 Bes b2 o Emaro
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TABLE 1 Distribution of vinyl acetate in the obtained
emulsion system

Experimental No. I I
Conversion to polymer 66.09% 65.0%
Pesidual monomer
Water layer 30.5 33.0
Polymer particle 1.3 1.5
Total 97.8% 99.5%

VAc conc. 1g/l

Dose rate 9, 2x10% rad/hr
Irrad. time 5hr

Temp. 30£1°C.

TN a3 YORERENENEC LR, KRGO VAc
DB CTHRETE /e TH 5. VAc 8% PVAc =
wNYa YREHET B L, VAe # PVAc B FREOR
BEEURTID, BRELTbI-1Y s vOREER
MEBSHEp T LEZZ.

TLT PVAc z=nPa vHLABH SN TV B ER
IED VAc DFEB U7 #58% Tl iR L. VAc o
KE~DEREBI T DA EVI®, RRIE VAc DX
WA IKBICEEL, LBH PVAc KFICRESHT
WHTEPbhot, L LALERY) w—0 DTA
% 0~100C ¥ CRIEL < & A, 21°C It 5 PVAc
DOH 7 2AEBRABHE L, - ihdd, VAc 28
RY=—HFERELT, RFEEHIETHIC &N
B ol CORDD, RO EBBMAT Sh

3.3 SP & PVAc 0BT EL OBE

ME OBEHRVICHE S, HELLERP B ) v—T = Y 5
YOBEND, TORY v—DFEHRTRERDE. =
LTRYZRFLVYERYE=W VI Y ECHNT, B
Bp oRO IR FRIIEBFARBEEE, S RO E
LXK —HL T3 & HeLLer 03404 LT 3.

Heuler $i3 &9, BADIHMELTO IR TFIIE
THBELREL, HEITE (mp)=1.05(0.05)1.30, &
a=1D/A=0.2(0.2)7.0(1.0)22.0 £ % FW T, ME ®

A S HHEE (7/C)o ZEE L. cZicHkD:
HFE 2 BETH 3.

PVAc 2= P a3 ®D mp=1.10 ¢ HBEh5, m
=1.10 jc>1 T HELLER SAEE LI T/Ch & (3/D)
L DBERE Fig. 7 ITERI L 7=,

KEMR (A), (B), (C), (D) kfiBLTWB 4E
D PVAc =¥ a Vg2 T, BBELEELD
BAfR%E Fig. 8 KRR L. HEH 400~1000my O
AT, chdohiiat Fe. 7 iIKRL A= HELLER ©
HifR BRI —RK L THI Y, ZHERECRERL
N Ep 5, Heler OIS 4B2E 8L
PVAc T OGN FEERD ). Fg. 8 IR difgn
HELLER OHi$fE—B LT > BHO—> & LTI,
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Fig. 7 Relation between wave length/particle diameter
and specific turbidity, obtained by HELLER's calculation.

TABLE 2 Relation between particle diameter and SP

value
Stability region A B c D
SP Value 3.2 1.6 0.7 0.5
Average partide
diameter ; (mg)
I 290 340 570 680
I 280 280 400 500

I: Estimated from specific turbidity using Heller’s
relation
I : Measured from electron photo micrographs,

ERUICRY) v—TonY s YVIcHESGRS L1 &
EAibh3.

BELETHERBER LD 5K 72 i PVAc BT
Bk TABLE 2 TR L 7= SFEO L (AR TREHED
EBLD. L LERD, ZThES L OER CIREFHEX
SEHD RO IMEMNS T TS, PVAcz =
Va VEERL TH oMU - T, BEREAFT
Bolefeth, REVHETEORTFMEBELTLEL, /N
SORFEORTF LABRICENLED e EILREL
TVBLEZS. L UBELETEMEE, ORI
FENTREINET3 L2200 3.

Fig. 8 [CRY 4 BEOMHE, >R EBHRic
% SPlI, ZeElEBcEEE Yhb L55KTs
5Ce¢h5, EESBAVE SPEIEEHT DT
{, ERBHEET 3.

PEDZ &5, PVAcxz=n Y 3 vDIESICIE SP

5.m%ﬁﬁéw;b%5n5$9ﬁ&g;»17w93yoﬁﬁﬁ 31
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Fig. 8 Effect of wave length on specific turbidity in
PVAc emulsions.

100 VAc conc.  6.0g/!
S
=
o
£
2
o
S g0k
2
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Q
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Irradiation time(min)

Fig. 9 Time-Conversion curve.

HP GEERY) v —NFOFHETFRAERD S ¢ & il
T LW, SPEEFEGETFRIOBEEGRS2 &
BAoh, FHNTFERAXNBILSNT, SPIER
NELBBEVRD. COCELRBTFRANEERRD
HRLU. LEB-TBEULT, #Y)-—BEEBLR2
CONT, SPEBPNEL BTV LRETERE
LT, RYw—zons YERBERCLTNIC &1
BHO»THB.
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2.5

Degree of polymerization(X10%)
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Percent conversion(%)

Ei

g- 10 Effect of conversion on degree of polymerization.

34 RUKBE I OREEHEEE

E/v—BE 6.0g/l ODVAc k¥ D Time-Conver-

sion f#R%E Fig. 9 IKBIRL 7z BEAEM 41% <, B

HE®% PVAc @B L%, chBlLEARAEDH
Bh-fe. COEROAED S, EAHEEIL T2%/hr ic
Y, Fig. 4 DRERLIHIBLTV S, copses
ETERS iz PVAc OBEAEAMEE» SRR,
Fig. 10 /R L 7. BEARBEL KA TEAE
bEE-TV3. CORFBMETACR AN
REbDTHS. COBEELTRERDC ENEZI SR
5. KEBICTEIT VAt VAc 2KEL, BALE
BEh3. KEKEATHS 0, EAEENEL, L
POERY) 2 —FBEEE—-HFEILETE. cokS
RUTTERY ~—SBEE LT, NFBHERIh:
®i2, €/ =— (VAc) ki HBL, HFCREL
BRONTFHRESETI0T, BARLLCEAENS
(B -tEELoh 5.
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BROMHBES

SETBRTEL LS, REAFBEF AR O VAc
KBEBOBEBREATIE, ERSNAPVAcz=LY 5
YOREREOTWHEBERICEED /2. 2 CRES
HFITIZILL, KEERY v—C% 3 PVA % VAc k
BRICEMT 3 Lick->T, 20FR%Ea 04 FERI
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Fig. 11 Time-Conversion curve.
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Fig. 12 Effect of conversion on SP value.

FOZEBERALLE SLODRE L.

T/ =—RicH LT PVA % 10% RminL7-i84 0%
i3, Fig. 11 @ Time-Conversion fig kb, EAERLL
#® 20~30 HTEAEYN 90% Llliciy, 2hlisid
DEPIREMIEH 343, 95% BIBRT—F L T 5.
Fig. 12 XY, HAERNF L BIL>h T SP EH/h
7Y, FEAH 0% LIETI SP i 2.0 LTFick
Y, PVAc 2= 9 a YBREFEWKL 2T, DL
3, PVAc 2= 3 vORE®RENO T, PVA
OWMBEEZ 1 FBRETII, TOKEL Fig. 13 1©
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Fig. 13 Effect of PVA concentation on SP value.

TABLE 3 Grafting percent of PVC contained in PVAc

polymer
PVA concentration (g/100 g VAc) 10 20 50
Percent of PVA in the obtained
polymer 501 821]14.3
~U7.

PVA ©EmEH 8.4x10%5mol/l Ll (£/ =—~1iC
HUT 18% RlEThhiT, EAEHN 90% Ll bc SP
fEA23.0 Pl kicis b, ZEISPVAcT v ¥ 2 YRR
ST ki s, ZOBOEE PVAC B2 9.5¢g/!
THD, PVAZEMLTHORICH~TIOED Ficd
EEBEZIG Shi-.

L LZOFEICRBBABEINTOS. ERan
7o PVAc = = 09 s YRIIRBEEY, BEESENC
LTHB. F7bb, PVAcz=Ya VEKRL RS
¥5& PVAc BEET 3, %7 40°C TEES 2 &,
TEHREZ 2ECAPRTLEY, EBRAVBEKE
I TREAEVTIERS L2 T OEICE s T 3.

ZOFHMIERIFZT 210, ERINRY -3,
PVAc, PVA, PVAg-PVAc O BAM L 22 0h 3D
T, FAETTIZ ot Y = — 2Pk th© 5 BRI S
Lick 23, MilABCHEMICERLERY v— 0K
BB R RZ P ICHENT 3480 cm™ DIRIT/ Y FHES

ELTiedp o e &b, S8 L7 Y =—Ricii PVA

FERY = —REBEAEBEEL TN EEREL
fe. 7777 FRY =~ (PVA-g-PVAc) © A iIZ b
B ofehs, 3480em™ ;,n 5 PVA @ PVAc A5 5

5. BAHREAKIVBONARIERE= V1Y 3 v ORER 33

TABLE 4 Comparision of polymerization of aqueous
monomer solutions

N Methods of .
\\ polymerization g&:ln;‘i’:l ?adiaﬁgm
- v-rays,
\ Monomer o) (KPS)
-._concentation (g o
Monomer ~ 10 10 1 -
VAce 90% < 20% | 85%<
MMA 509% >9 Tace | 7%

7 FEOERBLERSL, T ORKEE TABES T % &y
7c. PVA ORMBEMRT2E, 757 rEiFir
->TBY, 57 rRY T—WBEL L -TINS T ENE
Z5.

B REIERIC L 3 150 TSV, KEERY <
—HFETTKBREATACLICL > THBRE-D L
WRYw—x2nya YEERT3EFBERET L
BT EDHD o1z '

3.6 XAFNAFZTZHUL—FOESLEDOHE

MMA 3 VAc LR#RICKBEDE ) =—Th 528,
ZD 1% KiEHKIZ KPS K L3 EARBICBINT, BA
% 50% Tit PMMA 8B LTLES c & 88Esh
T3P VAcOBAIIIEASR 0% BlETbES
ZETHY, ChiBMENRIck33REROLBEE
ZoNTn3,

BUHREIRIC X 2 EADOKICSH, REOBRBIEC L2
DERIFAVBEEMCEE LTI ESI hRE TS5
&, MMA KFERICDWT VAc R UFE TGS
EERBEE LT, ZTORREEBADE 2 ELAETHRE
L7-Dh, TABLE 4 TH 3. [ HEA THE L= PMMA
2, BEEOBALMEILT VAc 04 LFREIIES
PICARKETH Y, ThHMEIC X 2 PVAe &1k
LTHDRDFREETHB. COCELR"FERY v—0
FAEOUEENEAENICRE > TNE T EERLTHA.
L ->T, BEBEADEAIIR, EAMEKRE (=&
A OH 74 n) FHBERCEICES LTHTN
EEZDDMEHRTHAS.

4. £ & »

EREBEUERTZ TO VAc KIAROESBIER, Hulg
R & > TRKETEANBB SO, EREhik PVAe
PBEELTHTFEERTS. cOk5cLTeax-RTF
BKE»SEBICE 5T VAc 2RELEHOESEE
U, BEREEZED 3. TNTFORELRCED, B
EEBELRBILONT, PVAc 2= ¥ 3 VIREE
it o1 EEZ 5N 3.

VAc kBEOBHBESTER SN PVAc ==
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Yav®D PVAc KFRAEDEFEH T TS,
BRHBESTERESN: PVAe = =¥ = ik
BT & B BRI L iR IcERE T, PVAc %
ERED ERH0.85g/l LIEFicH T, T2 ThEE
/v—DBEERIZIPVADC & S KkiflE) v—%
VAC KERICEMT3cEIcL - T, PVAc 2= Y
a¥®D PVAc ZBEBESTET S5 C EM3 1.
EFESEDBHO SPiE» S, PVAcCT=AY a YOF
BHRFREERD SNTh o7 Ub L, BENICETRE:
E¥d2/05 2 —42—-L LT, SPEREHEVLGLS.

ft

ARARETIESCH 1D, BATERRRZE—BEERICH A
HLBUBHE L. THEBRO—BicHIT, HHE
EFRS L CERYH () OBE0 F 2 B2 00 ..
LTI U TRALIE R T 2L 5 5.

1)
2)
3)

4)

5)

6)
)

8)

9
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6. BHMITXEERVIBI L = BR~ADT 2
Jm=bY D77 FEEBLU S5 7
FESHIOHRINBEO Y

MELR - RINELF-HE—

Grafting of Acrylonitrile onto Polyvinyl Chloride

Powder and Spinning of Fiber from the Grafts

Toshio Oxapa, Kanako Kajr and Ichiro SAKURADA

Instead of grafting acrylonitrile onto polyvinyl chloride fiber, grafting of acrylonitrile
onto polyvinyl chloride powder was carried out to obtain graft fiber using a simultaneous

irradiation technique.

The original polyvinyl chloride powder was a commercial product (DP=980, diameter

of a particle=120 ¢). The powder was suspended in water and the grafting was carried
out with a mixture of acrylonitrile and ligroin by irradiation with 7-rays from a Co-60
source. The total solid reaction product which consisted of homo-polyvinyl chloride,
polyvinyl chloride-g-polyacrylonitrile and homo-polyacrylonitrile was dissolved in dimethyl
formamide and converted to fiber under application of a wet spinning process. The
properties of the fiber was quite similar to those of fibers prepared by the fibrous grafting.
The heat resistance of the fibers were much higher compared to that of conventional
random copolymer fiber from vinyl chloride and acrylonitrile and the heat shrinkage was

less than 10% even at 300°C.

1. #

il

FYJEe =0 (PVC) BB FEICE O BELD b,
By MEEZZRZ, LbbMAEES TS, Lk
bRVEMC=VEBOEERDS OEY) =~TH D,
Ufedd 5T PVC Bl ARMSER R b RETH 2. L
i UEESFTA TR, MEkEm s esci%E
HELTOBWAREERRL SN TS,

EECIIREMOPVCHi#cT 7 Y o=} Y v (AN)
2777 VEAL, 757 FER10% BEDDDIED N
T, 7777 FRICEMN, BMETIEcLD, B0
MEEERDL, LhbRAEOT ShgiftsBac s
MTEBTLEERELLY?. 75 7 + RIS e
BoTICBEEC LD, WFhoEasd bhogk

RERID, HHBEENFEOFBBRTHOEC &%
.

AW LEEAE L 3B, BEkiRED PVC & AN
DI 77 P ETIROINEBELBERICERE L THAT
5P EIY, BHRTEHIT, EH, BOELTESD
WELHARED DML S 2 EBTEENE I 0%t
HohIicT 2B THRONE-d0THS.

2. R B K &

2.1 PVC #k

7 RtETE KK hoRESNEBEEADEE
RAUfe. AN 2705~ ABRLPTL T3 diT, %R
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MEZEZ THIVKSG 17T~18% 286 T580%%
OFEFERW. EHEARIZ 970, YR FEIT 1204
LDTETH oM. COBDDIAFNFLLT I K
(DMF) BEICE D 2 BRAGEER (9)=0.767, k'=0.71
Tho'.

2.2 57 rEEFE

Lo & PVC MR 120g (RIREEW 1009
22l 0=Z20%~7370v7 5 2aic AN, Chic AN-
y7u4 YOERRADEHREREML, ZET 16 K
MKEL, PVC K BABERSERE LD Thic
S 5iC 500 7213 650ml DEHEAEEML, T N2
ER IS HHEBUTEREZER Uictk, BBELTN,
ZEULRS, BBRECHER 8. 3x10°R/hr @ v
ZZEIR TH 6 R L.

RIGKTH®, EB#%E 22/ — v T®EEL, REIEODO
B/ w—BXUY ol yERSBEL, 50°C TREE
Blictk, EEZNEL AN 0 BEAELE K.

Rk Lic PAN 05 5—8i3 PVC it 77 rEAL
T3 EFHEIN, EEHIPVC, 757 R =—,
PAN oRE#MITH 2LEELLNE. LK/ 77 b8
) = —DHEERTTIE o THITL,

5B AN B HlREE —EEFAL-b0THD, V7
oA YRIWRERZEZOEEA V. 25FEEH
WM BIDIT -T2 —vERMULEZRLERL -

23 57 bERYOSERE

777 VEBRBED AFvbknvasT i ¥ (DMF) ik
LT 30°C it TR Py FEESc L DIES:
WEL, BBRASEY () ZRE L. HBOHTE -
7o AN OBEHBESTEL L) =—t LT,
30°C TRIEL: () % 25°C ofEicE L, KRick
- T PAN ofAFEZHEL Y.

e 3.96 X104 M, 075
[O]DMF_ -Yox K
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2.4 U357 PERDOMHRER

7' 7 MEERR#) % 60°C © DMF |C I5f% U, REEEAS
200 poise HitkiC 13 % & 5 iCEELHEE L, DMF 50%
IXTEW F fc i CaCle 37.5% KiSHICIE LI L#ikT 2
TEBTE. Biktk 95~98% OKBHT 6~T {ZiC
MU, KERBFNEETTOEEOBERE L
7. HAGEOFMIIERERL L bicB~E. B
RiZEH V1 3 ¥ K K. hRFERIC B O THF L bh
7.

2.5 WhigHEoBOE

100°C /KB T30 43, ZEEETOYY a2 iz,
125°C % 3 it 150°C ¢ 5 SHNEoERBTRbA
7o,

2.6 RBBEEL K UEINEEDNE

MEETT b T B EREIck o .

. R B B R

.1 57 bPERRIE

777 FEREEY AN 2&B &/ PVC AR
DKICHBRSE Ne ZH LN v HERHE T2 HESE
Aol COXISNUFETE LI ERmiisEacid
DMF izisfE Lz, 227 AN ofRDic AN £y 7
o4 YORE\ER WL, FISRDIEL SRMG
+H—c#fT U DMF K SBT3 ERY 2B 5
LBT&IbFTHSB. 1B PVC O AN-) S uaf »
OEERAYICHT B 20°C ekl 2REEIR 231% T
H5.

TABLE 1 {CHiRicHE U 7 PVC 235 7 + R D fERR

TABLE 1 Grafting of AN onto PVC powder
Dose rate 8.3 x10% R/hr,, irrad. temp. 23°C

Sample No. 6 13 10 9
PVC g 73.6 99.0 99,3 99.3
AN m! 110 160 200 260
Ligroin ml 110 160 200 260
Water ml 500 650 650 650
AN/PVC 1.20 1.30 1.63 2.12
Dose #10'R 5.4 51 5.2 5.1
AN conv. % 48.0 57.6 73.3 70.3
(PAN/PVC) %100 57.5 75.2 119.2 148.7
(7} in DMF at 30°C 2.43 3.03 3.46 3.75
k' in DMF at 30°C 0.41 0.33 0.29 0.27
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TABLE 2 Effects of additives on the grafting of AN to PVC powder

PVC 1g, AN 3ml, ligroin 3 m/, water 9ml,

dose rate 8.3x102R/hr, irrad. temp. 23°C
Sample Monomer mixture Irrad. Product

Additive Additive/AN time AN PAN
conv. content %) R
No. by mole (hr) (%) (%)
K-80 None 0 5.7 69.4 55.8 3.93 0.47
K-25 CCL 0. 56 57 78.6 60.4 3.80 0.56
K-33 CICHCCI; 0.58 5.0 79.8 60.3 3.4 0.65
K-41 Cumene 0.63 5.1 54.4 50.9 311 0.32
K-83 n-Butanol 0.48 57 53.8 50.4 115 —_—
TagLtE 3 Effects of n-butanol on the polymerization of AN
Dose rate 8.3x10% R/hr, irrad. temp. 25°C
AN 200 m/, ligroin 200 ml, water 500 m/, n-butanol

Sample 7-BuOH  #~-BuOH/AN Irrad. PAN AN

. time obtained conv. n 4 M,

No. (ml) by mole (hr) (2) (%)
L-26 0 0 6.0 88. 00 45,8 6.51 0.41 4.13%x10°
L-27 50 0.18 7.1 73.97 54.7 3.12 0.35 1.54%10°
L-25 100 0.36 6.1 70.84 4.0 2.30 0.53 v 1.03x10°
Sl 2TRT. TH )= B LATHTRICEZ R ER~ .

AN ZERT/Kic 7% BEEWEM L, Tasel ORHT
iz PVC & B3h i 0iBED AN BEETIDT,
Bz PVC o= b Y v ¥ RARDAHTIEL, KHEHTH AN
DEEMBC TR LELLNRS.

Lz - THE o ERMI RGO # PVC, 77
7rRYw—, HPANORESMEZEZ OGNS, TABLE]
O&ETIRBHEEEZ—EIC L, PVCRFICHRNT % AN
DEEEZ B Eicky, PAN/PVCX100 O (HiHE
DBEADAEPFDIT 57 P RIHBTEETH S.) &
LT60~150 2B AL LB TEI. TOLEHLLTES
hic/ 5 7 FERBERICHE Uk,

cokSicLTEONZS T 7 MERBIZ, RICHR
DERREROTEICTRT L 5 iC 200 poise BED $HikicHE
LikEEES LThE, BERBEEZLEHACAVS
h3 20% BEIDLNSL EEEEBRV. Tlks
#£Y)=— (PVC & PAN) oMEHREETIHEDS 7
TFRY=—DBOHRLTRARY ~— DA FEICD
BET2EELIONE. COLINEKT, F77E
£030ic PAN OfFEEa Y ba—iT5T ENE
F L.

757 PEADSWPAN O FBEa Y ba—nF
BELUTHREBEREIAETIFE, BEUTHEEBEHAZ
BiNT2HEREZOND. COILREBEEEZSLF
BRACHETELOKE, AFREaY PO~ VTBE
HBELTHELTUBEYTRNC EMbh T, ZC
CRMAZEMT 2 HFRICO>VTHRE L.

EFE=NE) 2—DESDISVWSFRERNT 51
Fralf e, AvhFl s 8, Ta— VBTN
TR EBTFREbNE. AN OBz VAT L ViZ
T ) 72— ~OFMEEEB L 3O TEFE LN,

PHEILERED, FYsanvzF vy, $24V9, n-

Z DREMITEBRIERE TABLE2 [T/RT.

AN 1mole iz U, F32FE#% 0.5~0.6 mole jin
ATERLUE. RINABEELTVWESICE~T, M
L%, rY7anzF v yORM3Es, EREER
(1) ZETELH B, TOBERNIV. F2470
BARMEAREDP M) 7oz F LY XD LEHTH
B, =T 2 R CTERUARNFD R LE
Th -t

PVC 0FEZE L2, AN-) /' ug v-KkRickd 3
AN DBEMEBEASICRIZT 742/ — DB % TABLE 3
IZRY.

COEBRBERLDHAE S ZUEB TR Cs O
11.4X104Cdh o e,

124, Das S.K. 5913 AN o 60°C it} 3 5HE
ERBIBOT T E /=D Cs & LT 15.4Xx10™
EWSEERE LTS,

i PVC ~D AND YR XB7 77 VEA&%E -
T8 —=nERMULRTTEY, §ohicsr 77 b4
EAERICHE LI, COXINY Y P EESDICH
WheflE 75 7 PESOERE TaBLe 4 [TRT.

.2 757 MERDOBERERE
rRRoFETEhs 77 P ERYIE, KiBXL0A

Bk LTHEsh 3. AN 0BEARIGH PVC BT
ARTHELZ >T3 EThid, ERFORABRALhIE

T ThB. LD EEEIDHLEDILS S 7 PERBOR

EBXURE SEHEMSECHELL, E PVC, 757

F &4 No. 6, No. 10, No. 9 04T H% Fg. 1,

(a), (b), (e), (d) 1TRT
ETORZRLGEROHUFFTHEERD S &, 116,173,
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Fig. 1 (o) Original polyvinyl chloride powder,
{dHV2=116 p.

&

Fig. 1 () Graft product No. 10, PAN/PVC x100=119. 2,
(dBv2=181 p1.

- ¥

TABLE 4 Grafting of AN onto PVC powder in the
presence of n-butanol
Dose rate 8.3x10% R/hr, irrad. dose
5.2X10%R, irrad. temp. 27°C

Sample No. 18 21 23
PVC, g 98.5 98.5 98.5
AN, m! 200 160 200
Ligroin, ml 200 160 200
Water, ml 500 500 500
n-butanol, ml 100 50 25
(n-butanol/AN) by mole 0. 360 0. 228 0.090
AN conv. 74.5 71.3 79.5
(PAN/PVC)x 100 122.5  100.0  130.0
{(7) in DMF at 30°C 1.60 1.70 2.28

k' in DMF at 30°C 0.34 0.26 0.56

181, 197 ¢ i3 AN OEESMELITONTEALT
WBEZERDbIB. BES 57 VERYbD 7SS
v v FIRRZ 3Ms0FiE, PVC RiFosokii
ETER LI PANRFTHBELELLT, TOKREX
i3 4p BETH -1:. TOER PVC BEEL L AN-
Yy7raq4 v-kETELNLE PAN KFOR&SCEL
.

3.3 57 bERBOHR

TABLE 1 5 K TF TABLE2 DEETCE LN/ 7 7 PERK
Bz 10% © DMF BRETHCEMTE, TheRRE
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Fig. 1 (b) Graft product No. 6, PAN/PVC % 100=57. 5,
@V2=173 p.

Fig. 1 (d) Graft product No. 9, PAN/PVC x 100=148. 7,
(PYV2=197 p.

ICRIEHKE L TORERERE UTRIch, ZHEM 5
BRI LR D S5hie. DMF 3 PVC, PAN
Ea2DRY) =— ke LTEHATHS. L Ligss PVC
@ DMF iid PAN g% chiciB&d5&, »
RoTUSEENH—ERERBIERPESTL. &
A FHEAE 1450 @ PVC & Tase3 @ L-26 @
PAN (EGHEARE 7800) o%BEAM = 70°C THHE
% THRETR > TEMRUH, BiEic 24 BREKELE
ETAHTNVRGDEREMRTS - CTHAEEZBC L. L
L Tastel @ No. 10 © 73 7 FEERMiE 70°C 2in
REBHODLE SN BE 10% OERKIE, ERD10R8
DEDBBICENTHEETHD, HAHEB Sh
ol TRRS 77 MEBRYPLBREETSLEEZLS
NEHDS 77 PR =—DOEEMEADO1-DTHB L
EZohs.

TABLE 1 TEONT-Z T 7 FERMIZIEE L DMF &
WETRLEBTEZRZEBDRDT, THEER
B UTHMEE Ui,

77 7 FER#HEZ DMF (CiEfR L, 60°C il L
%, ¥hE 200~400 poise THEM L. #EEEIRS 57 bE
B#thd PAN O RICk D REILD 10~14% L3 0.
Zh#i 0.08¢x100H o Au-Pt W/ v kb HHL
7o, #HHRBEL Tz DMF 50% Kigik (No. 6, 13 i
L), &3U1id CaClp 37.5% skiEd (No. 10, 9 ot
L) Zf 1. No. 10, 9 © PAN §EsASWHDIT
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TABLE 5 Wet spinning of (PVC-g-PAN) powder (1)

Sample No. 6 13 10 9
PAN content, % 36.6 43.0 54.5 59.6
Conc. of spinning soln., (%) 14.3 13.7 10.2 1.0
Viscosity of spinning soln. (poise at 60°C) 150 180 375 400
Spinning bath 502,1\& 50]‘?A,M£;. 37.0539((:,1;«;. 37.%%2];.
Spinning bath temp., (°C) 42 40 100 100
Spinning speed (m/min) 2.4 2.2 L9 L9
‘Original fiber denier™ (dr/100 f) 1575 1720 1450 1560
Stretching bath temp., (°C) 94 95 95 95
Stretching speed, (m/min) 15.3 15.3 11.9 11.9
Stretching ratio ' 6. 40 6.94 6.25 6.25
Stretched fiber denier®, (dr/1C0 f) 246 250 232 250
Washing bath temp., (°C) 39 40 40 40

a) Calculated value.

TABLE 6 Wet spinning of (PVC-g-AN) powder (2)

Sample No. 18 : 21 .23
PAN content, % 55 50 56.5
Conc. of spinning soln., (%) 19 16 - 13
Viscosity of spinning soln., (poise at 60°C) 185 190 220
Spinning bath 37?5313(4?251(1, 37(.:§(°}¢)lzaq. 37f35a((]/-:;lzaq.
Spinning bath temp., (°C) 95 ~ 100 95 ~ 100 95 ~ 100
Spinning speed, (m/min) 2. 45 2.20 2,00
Original fiber denier®, (dr/100 f) 2100 1970 1750
Stretching bath temp., (°C) 95 ~ 98 95 ~ 98 95 ~ 98
Stretching speed, (m/min) 17.2 14.4 14.0
Stretching ratio 7.0 6.5 7.0
Stretched fiber denier®, (dr/100 f) 300 300 250
Washing bath temp., (°C) 42 42 42

a) Calculated value.

XL Td DMF 80% /kifiix Fll 3 &, #RIEARTHE
TRIEWVD, ERBEBEL, BELE, 7. HREBO
BEWRM 40°C Th 3. oI T 90~95C pkehT
6~T7 fEREMH L, KEL.

KBERITIT R G TR Y, SRk, HEHiEEEER
Bl A 4 Y v IH (X-500) %= 3% BmLTdh3.
TasLe 5 [CEAIROKHERT.

RIC =74 7 —-nERMLT PAN 0 HFEXETF
XEERBIT 2O T D HHREM % TABES TR
60°C icE 1 2 # RIS BE % 200 poise §iiRic & > Th,
FIRBEE 13~19% MR DEL LB ENTES.

BFEOEGED No. 18 0¥ v Ful. chEidlz
f— PAN 8% 4240 FBOE No. 10 & 2 HEL
TH &S, 47w No. 10 [FEEREE 1.9m/5y, i
EE 11.9m/53 i@ L, + ¥ 7 No. 18 g 2h&Eh
2.5m/5}, 17.2m/GTIT1LH C EMTHETH Y, HRo
HEZ LB EBTE. B¥%kiE PAN oA
BR—DEERIEFE 40~50% BELAFKTEbLA
7o,

3.4 JE(REIMES & URILTZRME OSSR

EMEHED L CRMBHEHIC OO TRIBERIEZ TR

ofc. TABLEZ7 T n~-T7 &/ —nERMLUEBWZEOERY
PoBEONIHHEIC OV TOAIERETH 3.

TABLE 7 ITIZEAEE L2 b D, Kb 100°C TEEE
TiT 30 sgEas, KR Tic 30 SRsmsE, o
) 3 Y TERTIC150°C T 5 4RRAE L oo
E, BHE YUY/ EORBERLELBDTH 3.

7kef 100°C D ERTREMEIC BT D D IUERS
COMBEREMU, MEMBETL, BEIREALTHA.
K 100°C DEEIRT, Y 3 »ih 150°C DEIE T CRM
BTREEOEBTRE,THSE. MERVTILLSOH
RUTW3E. REICRT &LBY ¥ Y 3 »ih 150°C Db
ETHIGEEIZE LS ®EINE, Cok5LnER
#HTd No. 9 ZOZ &3 3g/d REDBELL-T
W EMbhrs. Yy RIRMBEBICEL -TETTS
M, 7kth 100°C ©FRIET, ¥V a »th 150°C 0RETF O
METR, TORERNMNTHD. T/ TAeed 048
¥ PAN 8 BE0HBIC LA RENEREICRIZTES
HBHE, 43.0% TH S BIFEEZRLTNEN, C

NG ORERD S REEEMNSC LB,

RIT -7 2 ) —WOFEETIEESEZTI W PAN 0
BFRAEEFT &4 PVC-g-PAN [t D\ vTOME L
BObD, ¥y axh150°C TRETIRMABLALD
DHFE, HREE, ¥/ BoEBiE Tanes RLE.
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TABLE 7 Properties of fibers (PVC-g-PAN) obtained
by wet spinning (1)

JAERI 5026

TABLE 8 Properties of fibers (PVC-g-PAN) obtained
by wet spinning (2)

Sample No. 6 13 10 9 Sample No. 18 21 23
PAN cont. % 36.6 43.0 54.5 59.6 PAN cont. % ' 55 50 56.5
Denier Denier

original fiber 3.07 2,17 230 236 original fiber 3.22 321 2.75

after treatment
100°C, water, free  4.49 3.82 3.39 3.10
100°C, water, str. 3.12 3.21 2.28 2.46

150°C, silicone 3.07 2.74 2.25 248
Strength g .
- original fiber 9.02 9.10 7.96 6.9

-

after treatment
100°C, water, free  7.00 8.30 8.70 6. 44
100°C, water, str. 7.54 9.78 7.55 5.64

150°C, silicone 8.65 — 6.93 5.61
Tenacity g/den
original fiber 2.94 3.32 3.54 2. 80

after treatment
100°C, water, free 1.56 2.17 2.57 2.08

150°C, water, str. 2.42 3.05 3.33  (1.81)
150°C, silicone 2.82 3.38 3.08 2.26
Elongation %
original fiber 18.7 17.1 16.3 12.5

after treatment
100°C, water, free 40.0 36.5 52.3 40.8
100°C, water, str. 18.8 18.7 21.6 19.8
150°C, stlicone 26.2 27.0 24.5 22,0

Elastic modul. kg/mm?

original fiber 392 399 357 323

after treatment
100°C, water, free 153 210 185 200
100°C, water, str. 270 355 307 273
150°C, silicone 230 350 322 274

PAN o&HEZ 50~56.5% THs. E»5 PAN ©
SGTER () 8% >7 No. 10 @ 3.46 o4 7
& No. 18 @ 1.60 ETHEDETLTVBICE,A,D
57, WEMNEERELALETES 2.7g/den DI ET
B5Y, MESFLELAEE TR EMNEDON
B. BiR%EME No 18 BEETH 3 & & 2 ZETH
¥, PAN O FE# C OBRETTETS €35 L
HAERTHB ELEEDLNB.

3.5 EPEES L URLEBEREO RIS

BIBUC TR U TR HE 3 & OV BB EEHE I o W T EIY
YA L. MBI 12 0.01 g/den 0 FiEZH>
T, 2C/Ir D RBHEETRES L, Sit0BEx0%E/(t
ENEFA—F—~THASE 1. EERREEL TAE9 |C
KT

RICARONB &HiC, BB ULSOEREEcE T
b, 200°C Tit 6~25% OWHEE TR TICBEHL. #
PVC @it chUTORETART 2. No.6 ® PAN
EHE 36.6% ORE G 160°C HEIDIWHELYME L
FC¥» 205°C TUITL 7248, M+ v P i+ ~T
NCCE=TRELTHYWIZ B T S512h 7. kb 100°C
O 30 SHEEZRRANETE, LEDINEEECTO

after treatment

150°C, silicone (3.80) 3.30 2.88
Strength g
original fiber 13.2 11.3 8.4
after treatment
150°C, silicone 9.73 8. 40 7.46
Tenacity g/den
original fiber 4,09 3.56 3.31
after treatment
150°C, silicone 2.83 2.78 2.67
Elongation %
original fiber 18.8 17.1 15.0
after treatment
150°C, silicone 29.9 36.9 26.7
Elastic modul. kg/mm?
original fiber 435 435 507
after treatment
150°C, silicone 291 331 340

THETICART 3 MEAR L. Kb 100°C @ 30
S ERBAE T EEE SR MCKEST S, YYay
1 125°C OFRT O 3 HESLEIZ LD EFHTH Y, ¥
Y =2 »rh 150°C @ 3 SFEEMLEE T3 PAN &2 H 50%
TTABLE00C Tike{ EET, 150°C bt
2% EEMFE L, 200, 250°C It Td 4% BEICT
EF¥W. FhZ D ERR PAN 05 FE % No. 10 » b
No. 8 BEXTEABALEEsh TR,

U Eo#EERD» S PVC R ARE TR S RIS %
&Y AN 2737 F Lizboky, BREREFTL
Sclickbiy Sg/den DB, b LTF 20~30% OFE
LMEZSDS, ULad 250°C Ich 0 ThRINERIZ
4% LUTFEDD, DEDEORHBMEES > T 28RS
Boha LBPEShICH o7, HEOB T SEM
PVC #ifftic AN %45 7 + L, 777 FEEM, #
MELI:bDLABENIKALTH 5.

BEACbBRI LS, cakshFETEOREY
77 FERMIE, k757 o PVC, LBOEOS
77 rRY=z—, ANFER)~—DREEYTHS. &
MEDEHTRED S 7 bR ~—BEDBRETETY
B0, ELZNNEDLICEERHLRREEBLD
ZRIL>TWBD, FhBERORERICHT 3 PVC B
LU PAN O TFEORE IOEFTICHONTIIAHRIEA
KR ENBBEND 5.

4., & %

RYVEe=LBEZTI7Va=r Y- Fo4v



JAERI 5026

6. BAMRCEBRVEME=AVRREDT 7V o= Y v 57 R 41

TABLE 9 Heat shrinkage of ﬁbérs (PVC-g-PAN) obtained by wet spinning

: Sample PAN Shrinkage at following temp. °C in %
Heat treatment No. % 100 125 150 200 250
Original fiber 6 36.6 8 16 16 6 broken at 205°C
13 43.0 12 15 15 12 11
10 54.5 11 15 18 20 20
9 59.6 11 20 23 24 24
18 55 8 20 24 24 24
21 50 11 21 25 25 25
23 56.5 7 16 19 19 19
100°C, water, free 6 36.6 -3 —5 —6 —14 broken at 215°C
30 min ' 13 43.0 -3 -5 . —5 - 6 -7
10 54.5 —5 -5 -5 -1 -8
59.6 —4 —4 —4 — 5 —6
100°C, water, str. 36.6 3 8 13 10 5
30 min 13 43.0 ] 5 9 14 15 15
10 54.5 2 7 11 14 14
9 59.6 2 6 11 15 15
125°C, silicone . 6 36.6 3 5 9 10 5
3 min 13 43.0 2 4 9 13 13
10 54,5 1 3 7 10 10
9 59.6 2 6 10 11 11
150°C, silicone 6 36.6 1 1 3 6 3
3 min 13 43.0 0 1 3 8 8
10 54.5 0 1 2 3 3
9 59.6 0 1 2 4 4
18 55 0 1 2 4 4
21 50 0 1 3 4 4
23 56.5 0 0 2 4 4

DESMITREL, chEIBEEFSE, KBEOKKES
BMLTERTYBRERHAL, BohictRy, +bb
RI77 roRVEe=N, FI77 R =—, T2

Yo=trYuFER)=—DREME, SAFLFLA
TIFKHERBLT BRBRICLOEMEEB I EMT
Sl 77 ERADI WV n-T R —-nERML, £
V770 0=tr Y VORFEZHEAMT S L, BABES
K33 CEMBBELhIENT.

PRkt EABMELIEHER BoOoBRBELL b,
L bMBBEDOTCIbDTHIC b otz &
77 bEMEOR YT YV u= b ) LEEIR 40~509% 3t
BUTHBEELZONB,

ABEILBNTS 5 7 FYOSRIZERL 4 2 v HR
SHPRARFICBOTHEDIEEDTH Y, ELR
EiEY
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Infinence of the Dose Rate on the Rate of Radiation-Indnced Graft
Polymerization of Acrylonitrile onto Poly (Vinyl Chloride) Powder

~ Kanako Kaji, and Toshio OkaDpA

Studies on the polymerization of acrylonitrile in the mixture of polyvinyl chloride
powder, acrylonitrile, ligroin and water have been carried out over a range of dose rate
of 7.4x10° to 8.0x 107 rad/hr with the use of Co-60 v-rays and eleciron beams from a

Van de Graaff machine,

Rates of polymerization of acrylonitile in the mixture were

proportional to the 0. 48 power of dose rates in the dose rate range studied. The molecular
weight of polyacrylonitrile formed in the reaction was estimated from the intrinsic viscosity

measurements of the graft product in the solution of dimethyl formamide.

The molecular

weight depended only very slightly on the dose rate up to 2.1x 10° rad/hr.

. %

il

FIRICB L TH Y Ebe = v (PVC) DEETFICT 7
Yym=t Y (AN) v RRBEICEVESL, Z0ER
BEBRMR LTE NS, By TLEEMR, ZhAnm
ETREIC LKA EBRBELL S, T < LTt
WHEE 2R € LW S hic LD,

EEEDHEIZEL LT Co-60 0 YHRERAOTT D
NIcB, BEEET PVC-AN 75 7 FERB 28154
BENCIE Co60 BEL D Dy BOBHILS T, sk 23
LV DEFHROFIAGER SN BT TS S 100,

ARRIZC DX SIEM S Co-60 v 81> 7. 4% 10°
rad/hr X O V.d.G. In#EE L b DEFHRD 8. 0x 107 rad/hr
ZTODIEYENEHOSERICH #2 - T, PVC-AN-
W70 4 Y- KRDT 7T EADEREFE L, AN 0
EGHEE, A TRICRETESICOLTHE~- bDTH
5.

2 R B A5 &%

BED PVC BHEHUCH V- b D T, HEH, wERm

}E%%Tb\fib‘%@'@gié.
21 YRZRAWZTS 7 +ES

PVC M## 1.2g (ERERY 1.0g) 2 EE lem
DOHEBEIZAN AN2.5ml, Y4 a4 v 2.5ml DiRA
BICEHE, BRT—-RIRBO®, HHK 7.5ml ZERim
U, BRE5 0BTV S 4118055 Ui, chzxE1%5
Bic 12 Ho&ECHEE 4 5 B 26cm oMK FicE
EL, MROEIZE A HE B LU v 80 AR FHICER
CBOTHEHERRE 5 Lishss Co-60 & b oy 4
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22 BEFRZRAVEYS 7 +ES

Fig. 1 ITRTIRHHEE?IC PVC4.8g (g TRy 4.0
g) ZAn, AN 0ml, J/afy 10ml ORAES
MATREL, ERT-EREEO®K, %%k 0ml %
Mz, EXRE5AMBECIMh, TL 744 LDEET
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Van de Graaff
|~ Window ’-'

!

i

Fig. 1 Irradiation apparatus for Van de Graaff electron
beams.
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AN DEEGRFHE L.

2.3 HEOIE

RIGRERBEY A Foi v a7 1 F (DMF) ICiEl
U, 30°C 0 W0 TAHR b 70 FESEESHC & b M 2
E L, BRIER D) ke L.

.1 ESEE

PVC 0FETICBF 5 AN OBEAR L BHEER & O
BtrE, vHTRHE LEBAICOVT Fig. 2 IKRY. v
MMOBERRIT 7.4x10% 2.3%10%, 8.9%10*rad/hr D=
BICOWTER UL, DFNOBERICH T &L
LBDON MRS, BEANMHE SN2 L BAEY
30% % TIRIZEBMICRIGHES, 2hierTss g |
70% % T3 FHERSEINT 3 1coh T RISEE A0
HENCTHEARL, ZhllEBESSED EREICHIT 2 &
VW, BERG—FZROEARIBICED SN0 LFERD
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Fig. 2 Radiation polymerization of acrylonitrile in the
mixture of PVC (1g), AN (2.5 mli), ligroin (2.5ml)
and water (7.5 ml) at 28°C with Y-rays.

Dose rate (@) 8.9x10%rad/hr, (O) 2.3x10*rad/hr,
{x) 7.4x103 rad/hr.

50

a0k IOOpA spot
S 2ol
E\/. 30 lOO;zA scanning
Z
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Z
< 10
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Fig. 3 Radiation polymerization of acrylonitrile in the
mixture of PVC (4 g), AN (10 ml), ligroin (10 ml) and
water (40 ml) with 1.5MeV electrons from V.d G.
machine.

Dose rate (Q) 8.0x107 rad/hr, (@) 2.1x107 rad/hr,
(A) 2.1x10° rad/hr.

BBrcE3%. FHPEIBELIZIPRHRGERENAX
RBBERENLILS.
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L5MeV DEFREMANZEL, 100 2A Z£ v },
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BEEIRENL LB, Fg. 3 ICREXNB LS ICEAS
£ HBY% T, BHEMCH LESEENESHhTH
5.

Fig. 2 D YRRICH T 2 EBREE S LU Fig. 30 V. 4.G.
BEFRICHY 2 ERER L O EATHO B S FHH T
THEET, PVCEATICHIFS AN 0\EASETAR
W, BERIZHLT, MARTay 35 & Fg. 4 518
5hb.

Fig. 4 [ BT AN OEBEAME & BF - DB,

A a=0.48 OEH/RTEDTCEMTEZ. AN 132

DR =—H PAN KR LEVE) =—Th Y, B
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Fig. 4 Influence of the dose rate of vy-rays (@) and
V.d.G. electrons (A) on the rate of poly merization of
acrylonitrile in the presence of polyvinyl chloride,
ligroin and water.
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Fig. 5 Effect of the dose rate and the ratio of (PAN)/
(PAC) on intrinsic viscosities of the dimethyl form-
amide solution of the graft product.

Dose rate (A) 8.0x107rad/hr, (A) 2.1x107 rad/hr,
(+) 2.1x10°rad/hr, (@) 8.9x10*rad/hr,
(O) 2.3x10%rad/hr, (x) 7.4x10% rad/hr.
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Fig. 6 Intrinsic viscosities of the dimethyl formamide
solution at 30°C for the mixture of polyacrylonitrile
(M,=1.03x10°) and polyvinyl chloride (M,=6. 06
X 10%).
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Fig. 7 Influence of the dose rate of y-rays (@) and

V.d.G. electrons (A) on the molecular weight of

polyacrylonitrile produced in the presence of polyvinyl
chloride, ligroin and water.

15% ic&1F 5 PAN 0 F&% Fig. 5 ORIEMZRHE L

THE L. PAN 03F&Ii2, 30°C THIE LI (7) %

25°C oIcHBEL, RRPEHOTHELE.
25°C
[”]nm =3.96x 10~4 M?-75

COXSICLTEHAESI: PAN 0T EABBEIcH
T, WA T ey AL g 7 MBohS. LD
MBELMAT L PAND SFRBEBETT25, 20
BEREPTHY, 7.4x10°~2. 1x10° rad/hr T3 4E8
—=0.15 DE#HTHSbEN B, V.G BFEEH I
8.0x107 rad/hr TRER LD ML D FAFTHhTNS. <
NI DORE 1.2x10°rad © DMF RigHs4 4 L,
HERFEOOTOBUEETIE 21212 DTHS 5.

TLREEMICE PVC 280 Ccc oREDGRICH

5 LIMERS, HRRGEBICE LS EbRECLbE
Aoh3.

7. RYVECe=VBRNDOT 7V ez Y rps57 b BB 3 REROESE 45

AN D3 7 BEICBOTIHEESE 102~10 rad/hr
HET, S4F8IE —0.12 Fic ks L, 10° rad/hr iz
—0.12 DEMTRE N 3 EELD /X OHTEHRE
DNBCEBHEShTHE. 9.0

AREOWEBEATHE, COBLD bEMIcASHE
ETsbY, PVC, Yy uq vy, KOEEIZIZLALES
EHEATORBVE S 124 2 3. EF8REOELEY
—0.15 DEHR L D b pRVEVAFEERTOR, |
EOHRRIED T DI BAHE DHICK~F- k )
i, FHDBBREE STHERLTLEC L bZ0ES
D—=D2THAHS.

4. # £

RYVEe=iKET 7 Ya=r Ya-yraqsy
DEGRICEEL, chex s REOKCHELT
Co-60 DY #db 510 iF V.A.G BFRL=EEAH LT
AN DESBREAZTEY, EAEES LUSTECK
BIEBERE /. BREEIZ 7.4x10°rad/hr 13 8.0
X107 rad/hr OFF CTH »7-. ANOELAEEL BE®
D 0.48 FICHHIT B T Eftdo 1= fF, ERBO
DMF &I BHE 34 PVC & PAN &~
HEDOHMTH B LIRELT PAN O FRARDI- L C
5, BFRIZ T.4x10° » 5 2.1x107rad/hr & ¢ B8
BD —0.15 FICHHILTEN L. THRbbRERE
EBMLTS PAN EROSFEOBETREN TS »1-.

References

1) Okapa T., Kajn K. and Sakurapa L: JAERI 5026,
35 (1970)

2) HiroTA K., HATADA M. and OHTSUKA N.: Annual
Report of JARRP. 4, 219 (1962)

3) Harpwick T.J. and GUENTNER W.S.: J. Phys.
Chem., 63, 396 (1959)

4) Harpwick T.J.: Radiat. Research, 12, 5 (1960)

5) PREVOT-BERNAS A. and SEBBAN-DANON J.: J. Chim.
Phys., 53, 418 (1956)

6) BerRNSTEIN L A., FARMER E.C., RoTscHiLp W.G.
and SPAIDING F.F.: J. Chem. Phys., 21, 1303 (1953)

7) Oxabpa T. and SAKURADA L: Annual Report of
JARRP, &, 57 (1964/1965)

8) Dawton F.S.; J. Phys. and Colloid Chem., 52,490
(1948)

9) CoLLinsoN E. and Damton F.S.: Discussion of
Faraday Soc., 12, 212 (1952)

10) Saxurapa I, Ikapa Y. and UEesaki Y.: Bulletin
of the Inst, for Chem. Res., Kyoto Univ., 47, (1)
49 (1969) .

11) Sakurapa I, Ikapa Y. and Hori F.: JAERI 5022,
163 (1969)

12) ONYoN R.F.: J. Polymer Sci., 37, 315 (1959) .



46 RRGFFEFIC 31 5 AR O BRI

8. BMWBITLBAR) ZRFTANDY 577 VES

JAERI 5026

=

FA4H SEREEEREBHICLIEMEIZFLLYFULVLZEL—}
WHe~DT 7 VA BBD T 5 7 VEL

FE Ak - B B — BP

Radiation-Induced Graft Copolymerization to Polyester

IV. Grafting of Acrylic Acid to Polyethylene Terephthalate Fiber

with Impregnation Method at Rcom Temperature

Toshio Okapa and Ichiro SAKURADA

Radiation grafting of acrylic acid at room temperature has been studied by an im-
pregnation method to improve the hygroscopic properties of polyester fibers.
Polyester fabric was impregnated with acrylic acid or acrylic acid solution by immersion

at 25 or 70°C, the impregnated fabric was irradiated under nitrogen with y-rays from
Co-60 or electron beams from a Van de Graaff accelerator at room temperature. Dimethyl
formamide, dimethyl sulfoxide, formic acid and water were employed as solvents of acrylic
acid for the impregnation. The highest value of the degree of grafting was only 8%
at a dose of 6-7Y Mrad in the case of impregnation with pure acrylic acid.

Not only the use of swelling agent such as dimethyl formamide, dimethyl sulfoxide
or formic acid but also the use of water are effective to conduct the grafting up to 20%
graft. In the case of the impregnation of a mixture of acrylic acid and water almost
all polymer formed on the fabric by the irradiation could not be extracted with water

at 100°C. Using aqueous solution of acrylic acid polyester fabric up to 309 apparent

_graft can be prepared with a graft yield greater than 909%.
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TABLE 1 Grafting of acrylic acid onto polyester fabric
Impregnated with a mixture of acrylic acid-
dimethyl form amide at 25°C for 3 hr
Dose rate 1, 6x 105 rad/hr, total dose 6. 3 Mrad,
irradiation temperature 18°C

g?:;ﬂr : d Pick up Weight | Apparent D/C
AA/DMF of ;mxt. increase graft X

fA/DA % %(C) | %(D) | x100

10/0 19.6 15.8 0.8 0.5

8/2 20.8 26.5 8.8 33.3

7/3 34.7 30.4 13.9 45.6

6/4 34.9 31.3 19.6 62.5

5/5 33.2 22.3 13.4 60.0

4/6 34.2 18.3 10.3 56.5

2/8 30.9 7.5 —0.5 —

/10 26.4 — — -

BEACHEMULH ot HiHE 70°C CHRES®R LT,
BEREMES o THDHWBE7 T 7 +EEE L.

T7 YD DMF BERERV 18°C TI3KMHAE X
ERIGEOERERE TBLET KRT. T2 ) Ve
DMFOWlZ10: 0n52: 8 2 CEBELTHS. TABLE |
DET 7Y VERBITIZ 19.6% B IcAB IR TED,
viRREEO EEHNE 15.8% THY, KBIOT S
VVBRBHHEICHE LUTER Sz Ebhs. Lk
LZhzlESKMELTRDS 57 FRBizEbHHT
BLOLT% THY, BEALTRTOT 2 )V ABRELY
BabBREIhicc ek s, chid+CcloAREE 3
B CBOTEME ) TR FvEMIcT 7 )V B, Y S
vf v (5:5 FEEW) ZEAOVCTAR-HERERIE
L, COXIBEETTE, T2 Y ABRRIEEAEH
HAKEALTELY, B/ 57 FRibd, @il
FY v 7 REEDBLONM-T12EEZDONS. CDC
ERANCGRT LRV I RFVFELAANIEEOE
BToEMDONI. T2 Y viEgic DMF 2By 5
&, BOEEEMEML. 727 V0B, DMF #7:3
5 4:6 ETERFEIR MUY BETIELAL—ETH
5. EEMMEFZIBEDT 7 ) VvE-DMF L G D
bOBERINABACTFHEINI LD AL, T2
YVBROBIRBRENEC » TR Ebh 3. HES
Kiic kb, SEEOMRKICK » RIS 2 Bl TE
LRV T 7 Y BD 37% LI EBHH sh, 40
D777 EXT 7 ) VER-DMF 6: 4 0 MR CES
19.6% Tdh o7z. 77 JE-DMF 5 8:2 Tizad
HO757 PRBADEKE-THE. chizRY)z=z
TR DMF iKiEfR4 2 LA RTEEI LN,
iz DMF @D ic DMSO 2RV TEER L. &2
% TaBLE2 [Z7RY. DMSO 0if4d DMF g lid
BT 7 ) VERDBIRBEENTD OO
7o, &E 18% BEDS S 7 b EMSB LN AHTD
7' 7 +%h% D/Cx100 & DMF g4 ER L 60%
BETH -7/, §BZT0°C, 1KMTE -EA0EE
% TABLE3 ICORTY. AA BUMITRERREIL 33.7% g
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TABLE 2 Grafting of acrylic acid onto polyester fabric
Impregnated with a mixture of acrylic acid-
dimethyl sulfoxide at 25°C for 3 hr
Dose rate 1.6x10° rad/hr, total dose 6.3 Mrad,
irradiation temperature 18°C

JAERI 5026

TABLE 4 Grafting of acrylic acid onto polyester fabric
Imprgnated with a mixture of acrylic acid-
formic acid at 25°C for 3hr
Dose rate 1.4x10° rad/hr, total dose 5.6 Mrad,
irradiation temperature 12°C

Comp. of . el Comp. of . .
R | S5 | Mok s 2 RS T Thgen | o0
by on % %(C) | %(D) | x100 by ol % %(C) | %(D) | x10
10/0 19.6 15.8 0.7 0.5 10/2 15.4 11.2 2.2 19.6
8/2 30.8 30.2 17.3 57.2 8/2 25.6 16.3 5.4 33.1
7/3 36.6 31.8 17.5 54.8 6/4 26.6 13.0 7.7 59.2
5/5 37.3 24.2 15.5 63.5 5/5 27.8 11.2 9.5 84.8
4/6 35.9 23.4 1.8 50.6 4/6 27.8 8.7 7.0 80.5
2/8 32.4 9.2 0.6 6.9 2/8 26.8 4.1 2.3 15.6
0/10 29.3 — - — o T T T e

TABLE 3 Grafting of acrylic acid onto polyester fabric
Impregnated with a mixture of acrylic acid-
dimethyl sulfoxide at 70°C for 1hr
Dose rate 1.6X10° rad/hr, total dose 6.7 Mrad,
irradiation temperature 18°C

Comp. of Pick u .

7 p | Weight | Apparent D/C

XK}B?ISO of mixt. | increase | graft
£A/DA % | %(C) | %(D) | x10
10/0 33.7 26.5 7.8 29.4
8/2 37.6 33.2 19.5 57.8
6/4 39.0 30.1 20.1 66.7
5/5 32.9 21.0 13.9 66.0
4/6 36.3 20.2 11.1 55.0
2/8 35.2 7.3 1.5 20.0
0/10 34.8 — — —_
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TABLE 5 Grafting of acrylic acid onto polyester fabric
Impregnated with a mixture of acrylic acid-
water at 70°C for 1 hr
Dose rate 1.6x 105 rad/hr, total dose 6. 5 Mrad,
irradiation temperature 18°C

Comp. of | pick up | Weight | Apparent | D/C

AA/Water of mixt. | increase ;| graft

by vol. % %(C) | %(D) | x100
10/0 29,4 22.4 7.8 34.8
8/2 39.8 29,3 19.0 " 65.1
6/4 29.0 18.2 16.9 92,9
5/5 27.6 15.0 13.7 91.3
4/6 28.6 | 12.6 12.3 97.6
- 2/8 23.6 5.9 5.3 89. 8
0/1C 20.0 — — —

BXEBCEMTE, BEIC 156~20% D777 4
BALEBTEZ L EBbhote. T2 ) VEB-KDI
3 6:4 BRLBEYTH 7. .

2.3 ZFOUNBKEHEERWSESRBEIST MVES

BIEHOEERICE D 77 ) VvEIKBREZRAVQITERIC
BOThH, GRERKDTIS 7 vEATEBC &b
> DT, ThEFMICHRE L.

ETFERC LB cRTE SO cRADICET 2T 7
VVEROBRRE NS BNT, aRRLRE U
%, 256ml OKPIcHRL, T YNMBEERSE, TO
EHEEEERICLDRD I, 70°C, 1E#B LF18°C T
SRS GEORKEL Fig. 1 ITRT.

SBRBIMFEOBEZIE, 18°C 04ROV TIRTX
L ofcds, T0°C K0 SEMEVERETH 7. (70°C
EFEOEADEEEIT TABES (TRLT)

EEIN PO T 7 Y VEBEOEFRE, BREICAN
PO T 7 Y VEBELD SERNEL, BREENEC -
TWEH, TOBERSTOARE{EN.

T YN EKOMBREEEZL TN - ER LD,
6:4 BFI LD TEHTOERBRFEELTZOH
ARV, £Y  xFdeT s ) VBRI
70°C ¢ 1BHEEEL, WEBHICHL 5T% R EET
ERI Ty BERSE URER%E Tase s i, 25°C T3

AA/(AA+water)in fiber, wt. frac.

8 WMHMRICEBERY ZAFNVADSF 7 TS 49

1.0

0.5
I 1 1
0 0.5 1.0
AA/(AA-+water)in soln,, wt. frac.
Fig. 1 Selective adsorption of acrylic acid from binary

mixture of acrylic acid-water by polyester fabric at
18°C, 3 hr (@) and 70°C, 1 hr (A\).
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- TABLE 6 Grafting of acrylic acid onto polyester fabric
Impregnated with a mixture of acrylic acid-water (6/4) at 70°C for 1 hr
Dese rate 1.4X10° rad/hr, irradiation temperature 15°C
T TR he [ e | TR | S | AR | A
%(A) %(B) %(C) % (D)

58.6 39.0 0 2.5 0.8 6.4 2.1 3.2
54.6 36.4 1.4 28.4 24.6 78.0 67.6 86.8
59.0 39.2 2.8 37.2 28.6 94.9 73.0 76.9
57.6 38.3 4.2 32.9 29.3 85.9 76.5 89.1
68.6 45.5 5.6 42.7 36.0 93.8 79.3 84.5
54.4 36.2 7.0 30.4 25.3 84.0 69.9 83.2
58.1 38.7 8.4 34.3 29.9 88.6 77.3 87.2
55.6 37.0 11.0 32.3 32.1 87.3 86.8 99.4
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TABLE 7 Grafting of acrylic acid onto polyester fabric
Impregnated with a mixture of acrylic acid-water (6/4) at 25°C for 3hr
Dose rate 1.4x10° rad/hr, irradiation temperature 12°C
Pick up of Pick up of Weight Apparent
the mixture AA % %%Sfad incoease graft >C<: {]go f 1/(% ><D IIOC(')
%(A) % (B) %(C) % (D) o o
23.6 15.8 1.4 10.0 59 63.3 37.3 59.0
24.6 16.5 2.8 11.9 8.3 50.3 50. 3 69.7
27.6 18.5 2.8 15.7 11.4 67.1 61.6 72.6
25.4 17.0 5.6 14.1 11.4 67.1 67.1 80.9
28.2 18.9 5.6 15.5 11,7 61.9 61.9 75.4
25.9 17.4 8.4 12.4 10.1 58.0 58.0 8L.5
28.9 19.4 8.4 17.2 14.1 72.7 72.7 82.0
25.7 17.2 11.2 13.7 11.7 68.0 68.0 85.4
30.8 20.6 . 11,2 18.7 16.5 80.1 80.1 88.2
L e U
40
—_ ° -
S\i 0/’,\”/‘ = ]
< 10 o
a / — 301
(O] X AA{( water =o/6/ 4
: o = i , 57 o
5 sk / '-s P1CK up, (] -_\cX- o
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! 1 I 1 1 ; é‘ ; \Q‘“ ar
0 2 4 6 8 100 12 14 i " Pure AA,
TS 101~ “ ick up, 45% ge———9
Irradiation time(hr) )/‘ Ve pick up, 45%
Fig. 2 Grafting of acrylic acid onto polyester fabric o b
with Co 60— rays at 14°C by an impregnation method. ¢ 2’ "1 ('3 é 1'0 T
Impregnated with a mixture of acrylic acid-water Dose (Mrad)

(6 : 4, by vol.) at 25°C for 3hr. Pick up of the mix-

ture 25%; dose rate 1.4x10%rad/hr (@), 5.8x10*

rad/hr (A), and 3.8x 104 rad/hr (O); irradiation tem-

perature 12°C.
HRDPOST 7V VBOEREFRES 5 7 FE/CBNT
BHREREBSIBREGOUIBENTERVALEEI SN
3.

PER Co60 ovigEM 2 ERTH 525, KIT
V.d.G. OBFHERW B FEIKOOTHRR L.
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RE3SEBLT, BEREBERULBHPAL, V.AdG.
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Lic. Bl Ezay<7ico+, MBEBHEGT 7. F
BHoBEFRZ 0.25Mradfsec TH D, 1EEFAEBRY
BClicdky 0.5Mrad OBEMREZ SN . BEE
8Mrad ZTCOERERE Fig. 3 IR L. Rh &g
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Fig. 3 Grafting of acrylic acid onto polyester fabric at
14°C with electron beams (1. 5 MeV, 50 #A) from
a Van de Graaff accelerator by an impregnation
method. Impregnated with a mixture of acrylic
acid-water (6 : 4 by vol.) at 70°C, 1 hr (Q), 25°C,
20 hr and pure acrylic acid at 70°C, 1 hr (@).
Dose rate 0.5 Mrad/sec.
£ 4% ObOIKONT, BETFHBHICLE /77 b
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hicfEF (TABE3 $7:12 5) KB W TT 7 I rBODA
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875, #REFZEhEH 0.15Mrad/hr 5 XU 900
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Mrad/hr TH % » O BEFBOFTH 6400 5K %0, —F
APEUDS 77 FE 0% CETICETLIHEERIEIZN
Z# 0.6Mrad, 7.5Mrad TH 3505, FHEMBIIISTF
ROFIyHO 1480 TH D, thibipPDs 57
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20 TRE L.
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ZHEXTIC Co60 Dy #HHB VR V.G LhoETF

8 B LEARYZRFVv~ADY T 7 +THEA 51
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Radiation-Induced Graft Copolymerization to Polyester

V. Grafting of Acrylic Acid onto Polyester Film with

Imprefnation Method at Room Temperature

Toshio Oxapa

Studies on impregnation grafting of acrylic acid onto polyester film (degree of
crystallinity 53%) were carried out by the irradiation of electron beams from a Van de

Graaff accelerator at room temperature. Polyester films were immersed in pure acrylic

1

acid at 20 to 70°C for 24 hr and the degree of swelling of polyester film was determined
to be less than 29 at 20 to 35°C and 8-9% at 50 to 70°C. Polyester film was impregnated
with acrylic acid at 50°C, the impregnated fabric was irradiated with electrons from a

Van de Graaff accelerator at 50°C and almost all polymer formed by the irradiation could

not be extracted with water at 100°C. This indicates that the polyacrylic acid formed

in the crystalline polyester matrix can hardly be extracted with water due to entanglement

of their long chain molecules between the crystalline parts of matrix polymer and is

observed as apparently grafted onto polyester.

1. #%

il
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AESBE - #&ICE, MltRIcE, v —BBALEL
Y, ABEATREC LIMIh Rz &inene
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BolehbdTHB. TTICHHEBICLERY 2 2704
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2.1 RYUTZFIVEEE

RY) 2 2FVEERTEEICHE 17— 7 4 VATH
D, EZXBprodbnitAni. kol »ic T5e o
EI3OFEEZROV-ERETIE 1. 8X10cm? Db D
ZRBEULTHW . BRiz 22/, —vic &L 50°C
T 16 BRI HAEE L, STl e 5K T 2 R Rkilkn
AT > TEBRICHE L/,

CORBEOMERE - n-~T % v % B3 BikE
kO RDEUEIZLIMTHD, chibEEIhE
HRIER 583% Th-1k¥. CoRBIEOHEITT
BHdIIBVEMR Y = 2FEE0Eh & IZIZRE
ETh3.

22 H7IUVNBELULEZIYNBRREICHT 3
R

RYZRFUEEZK, 72 INVE, T2 LBKE
% GEHRRM 6:4) Y2 FMRAF 4 + ¥ F (DMSO),
7 7 Y ER-DMSO 5% GHRkH: 6:4), ¥ A Faukn
L7 I F (MR 6:4), F8ic25°C T 24 g, 70°C
TI1BEREL O LS T, FRTHEL LIZD, B
BHEMERDT, BEEL L EX 50 B8LU0 50
DRI T 2 RERFER % TABLE 1 CRY

FRRIZHTBEEZRNT, 251 OEKICH T 5 ERK
&, RE, EIoZEBRELVThEEEgICE
LT eEbha. PUTERRIITRT 252 0EFES
DOEBICDWOTITE 7. 25°C ickid 5 24 BREI%R R
HERYBBEOAEL, DWEDMFTHD, 252 D
EsoREOMOERIICK I 2 BHEER 2% LT TH -
fo. T0°C 1 R icxtd 3 BBHEERMT 7 ) vBE
DMSO, DMF, ¥Ep & REBEDHEICET BT Ehibhb.

RIT 25~70°C DREIChI > THT 7 Y VEH B
277 ) VBIKIEH (MR 6 : 4) ic 24 BERIREE L -
SVOBEELARE Ui, EEERE Fg. 1, Fig. 2 i

TABLE 1 Degree of swelling of polyester film (25 z and

75 ¢ thick)
Degree of swelling, %
254 thick | 75 thick
Contact temperature and time
25°C, [ 70°C, | 25°C, | 70°C,
) 24hr | 1hr | 24br | 1hr
Water 0.5 11 0.7 0.5
Acrylic acid 1.4 | 9.3 0.3 4.0
Acrylic acid-water® 1.3 57 0.8 2.2
Dimethyl sulfoxide 1.2 10.2 0.3 2.8
Acrylic acid-DMSO» | 1.9 4.2 0.5 1.3
Dimethyl formamide 3.5 9.1 1.0 8.3
Formic acid 8.3 8.5 7.9 8.5

a) Vol. ratio, 6 : 4
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Fig. 1 Degree of swelling of polyester film (25 thick)
in contact with pure acrylic acid at different tem-
peratures for 24 hr (@) and 15 days (Q).
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Fig. 2 Degree of swelling of polyester film in contact
with the mixture of acrylic acid and water (6 : 4, by
vol.) at different temperatures for 24 hr.
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Fig. 3 Degree of swelling of polyester film vs. contact
time in pure acrylic acid at different temperatures,
70°C (), 60°C (), 50°C (@) and 40°C (A).
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Fig. 4 Polymerization of acrylic acid in polyester film
induced with the irradiation of electron beams from
a Van de Graaff accelerator (1.5 MeV, 50 z).
Impregnated polyester film inpure acrylic acid at 50°C
for 20 hr.
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Radiation-Induced Graft Copolymerization to Polyester

VI. Properties of Acrylic Acid Graft Drawn Polyester Fibers Prepared

# by Irradiation at Elevated Temperature
Toshio OxapA and Ichiro SAKURADA

Acrylic acid was grafted on drawn polyester fibers in acrylic acid solution in ligroin
by irradiation with v-rays at 120°C and properties of the graft fibers were studied. From
microscopic observation of cross-section of dyed graft fiber the grafting reaction seems
to occur over the length and breadth of a polyester fiber when the degree of grafting is
higher than 16.3% and polyacrylic acid to be distributed homogeneously throughout a
fiber. Moisture regain of the grafts may be represented as a sum of moisture regains of
component polyester and polyacrylic acid.. The graft polyester fibers is converted to the
corresponding sodium or calcium salts by treatment with aqueous solutions of sodium
bicarbonate or calcium acetate. The salts, especially sodium salt has enhanced hygroscopic
property. Graft fibers gave excellent acceptability toward basic, disperse and metal complex
dyes but with still poor lightfastness. The dry and wet tensile tenacity of the graft are
similar to that of the original polyester fiber. The fiber melting temperature is raised
from 256°C up to a temperature higher than 500°C especially when the grafts are con-
verted to sodium or calcium salt.
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Fig. 1 Grafting of acrylic acid to drawn polyestel fiber.
fiber: 0.5g; monomer mixture: acrylic acid+ligroin
15ml; dose rate: 1.56X10%rad/hr; total dose: 1.56
X10%rad; irradiation temperature: 12°C.
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TABLE 1 Moisture regain of acrylic acid graft polyester

fiber at 25°C

Relative l Moisture regain, % at the following Graft 9%
humidity ——-

% ( 0 8.55 16.1 24.2 46.0

.22 0.05 0.27 0.90 1.68 1.73
44 0.23 0.76 1.25 2.29 2.88
53 0.28 0.95 2.00 2.85 3.49
66 0.33 1.06 2.38 3.26 4.58
76 0. 42 1.67 3.26 4.84 6.80
86 0.52 2.05 4.37 6.47 9.52
94 0.61 2.54 4.83 9.01 10.33

100 2.21 3.94 9.84 15.02 23.98
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(3) AA graft 16.39%

(4) AA graft 22, 295

Fig. 2 Cross-sectional photomicrograph of acrylic acid graft polyecter fiber.
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Fig. 3 Relation between percent acrylic acid graft and
the moisture regain of polyester fiber at 25°C. Rela-
tive humidity : (%) 94%, () 86%, (@) 76%, (1) 669%,
(W) 55%, (A) 44%, (M) 22%. Solid lines show cal-
culated curves from the values of moisture regains
of polyester and polyacrylic acid.
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Fig. 4 Moisture regain of acrylic acid graft polyester
fiber at 25°C (Graft 9% : 8.55).
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Fig. 7 Moisture regain of acrylic acid graft polyester
fiber (Graft %: 45.9).

100 0 0—e—0-e
X X
(AA) 2C8.
X
]
.8
&
(o]
2
<
(v )
59
o
| !
20 30
Graft(25)

Fig. 8 Dye absorption of acrylic acid graft polyester
fibers. Crystal violet: 2% owf, CH:COONa: 1% owf,
CHi:COOH : 2% owf, 1: 40, 100°C, 30 min.
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TABLE 2 Dyeing properties of acrylic acid graft polyester

fiber
1, Cationic dye
Dye Dye Light-
Gg/aft Dyes absorption |[desorption | fastness
o % % Grade
8.9 92 0.8 1
9.5 S bl 952 2.7 1
evron brill.
20.3 Red B 97 4.1 1
29.6 98 2.3 1
29.6 92 4.9 1
9.5 92 2.3 1
13.5 90 8.9 1
16.9 Basacryl 91 8.3 1
21.8 Blue 214 93 8.0 1
25.9 91 7.8 1
26.5 91 9.1 1
30.4 88 11.4 1
2. Disperse dye
16.9 76 5.7 3
21.8 Esiz.tman 58 4.9 3
polyester
25.9 Red B 75 6.4 3
26.5 81 5.8 3
30.4 82 6.3 3
3. Metall complex dye
13.5 Irgalan Brown l 54 | 3.7 ‘ 3

2RL

TABLE 3 Tensile properties of acrylic acid graft polyester

fiber
1. Dry
Graft . [Strength| Tenacity| Elong. | Modulus
% Denier g g/d % kg/mm?
0 2.10 10.8 5.14 44.0 530
9.2 2.27 11.1 4.89 28.9 914
12.1 2.35 11.2 4.77 33.8 644
21.1 2.58 11.0 4.26 32.9 499
2. Wet
0 2.10 10.9 5.19 49.7 507
9.2 2.27 11.2 4.93 35.7 656
12.1 2.35 11.2 4.77 32.1 500
21.2 2.58 11.4 4,42 35.3 422

RSB IUTREZRNED Y -V IS RROEED
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A 7
1.

J
|

F 4 v Ykt

2 '

Sevron Brill. Red B 2% owf
NazSO, 109 owf
CH,COOH 0.3% owf
Baracryl Blue 214 49% owf
NaSO;4 109 owf
CH,COOH 0.3% owf

100 : 1, 120°C, 120 4%

%7:i3  98°C, 120 4% (SevronBrill. Red B 0 4)

2. v—vvy
E 5,93 3g/l, 100 : 1, 80°C, 304
B. A
Lo
! Eastman Polyester Red B 4% owf
| { 5 4 20— TL 10% owf
t

100 : 1, 120°C, 120 %3
2. V—Evs '
5,493 3g/l, 100:1, 80°C, 304

L Zf
{ Ingalan Brown 2RL 29% owf
Na.SO, 109 owf

100 : 1, 120°C, 120 4}
2. v—Evy
5,3 v 3gll, 100:1, 60°C, 304}

AFA YRR LTRSS 77 FEI% T Tk
DOERET 90% LIEThHL, Rt shi. 38
D12 Sevron Brill. Red B et LTidinTh -7
75, Basacryl Blue 214 [t L CTIREDIBEREH > 71-.
HF A RRICRT ATEREERE, 2. chid
EEES 08°CHo 120°C It ER L THHESAEL -
7o, AEgdeshica LcbRekiRr s Th D, REER
LB ThHEH, THEREERCPE T, gl
KL TdhREIhs, HERBREERRITRIL.

DEDHBEIOT 2 INVES S 7 PR Y T RFUEHE
OERBHEFHCH T A REFRIALOFNRTHIEY, £0
WHBEERSDVWTHAESTHY, SHKHREET
5.

26 FHUNERYST MEHORBE

T YANRS T T PEHFR Y TR FAREORS XU
BOBBEBLUY vy /Es TABEL (TR, T2 YN
BD/ 77 FOI0EEL BRBORETRIES 5 &
EEHBC 3. FDH cDEBICHE Lo RkhizdicHE
ELTIHEOBCoRVWLSBERHFTS 77 FRIESE
THEOhigficdd28RTH 5. '

WA, BEOICEBMEIZEALEE TR,
BMEIZS 77 MCKOEMETLT WL 38, 21.2% @

TABLE 4 Melting temperature of acrylic acid graft
polyester fiber

Graft % Melting temperature °C
0 256
AA AA-Na AA-Ca
8.6 248 295 274
16.1 300 359 384
24.2 383 >5C0 >500
46.0 365 >500 >500
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| 9.2%Graft e x
10 ? ~Original fiber

21.1%Graft

0 10 T T =
Elongation(%)

Fig. 9 Load-elongation curve for acrylic acid graft
polyester fibers at 25°C, 65% R.H.

777 +ROFETH 4g/d D EDEES TS, T
JUNBRS T 7 PCXD IR DEKELIShTD, B
KUBOBERRZEIA LT 7. LEHERSS7 +E
ARICEDETL, FEED 4% 2 0% wiROME LI
3. BUBEREHEIORSWVESTRTR, 57 b e
FOETT2HARLMEDEALAMTSHSE. Y
Ri3ws, Bed 10% BEDS 77 bETHEAL, &2
RO Y VROBMMBA S, 35157 FERL
EARBLEBARETL, 7777 M 20% Ti2EdHE
X D RDENVEETRT.

Fig. 9 [TIZJE-ERE, 9.1% "5 7 Mkl 21.19% 75
7 MEHOBBERRER L. 9.2% 75 7 i
FHEGE, 21.1% 2775 7 ML BAR SR OB e
HIBRERLIe. 7777 PRO.1% TREY T2 ) LEIL
HEOHRICY Y Rier5 7 LTB D, 21.19% ©
BRYVT 7 ) VBRGSO EICS —~ 9 G LT 3
B, COESBAHOHMESBRBERBEORICKET 3
CEBEZONDN, HEMIZIOXRH2ET 3.

27 FOUNBLELOURTIYIEYS 7 b
e

TZ2YNBHBNEED Nals, Ca 2757 F L
TeRY) ZRFNVEHOBEEZRE L. BEIZROLS
TS 7. AR SH 10em 22D, zhic0.01
g/d OIFEZMA, HELED » IRCHITEL » S
WREBRTINATEIC LickD, B SiRICEmML -
BHEOBASMBESNE LS5 IC L. 0.55C/HDEE
THREL, #EotNTsBEANEL:. A%
HETS00°C L kicin#h g 2 2 L TE1 A - 7z, SEEX

JAERI 5026

WRA TABLE 4 JTRT. EE ) RF MBI TH)
LRI 256°C ThH D, < hidCEHED br{—&
LT3, 77 YAEE 16.1% 757 F LEREOR
RAiZ 300°C TH Y, 46.0% it 365°C IC&ET3. 77
YyVEE-Na 3, Ca %2757 b LicabHIsrs7 122
24.1% THIAIZ 500°C DIkicis 3. BT 2 ) vihis
D777 +OEBAEDS T 7 FRIIENENOBROEICE
035757 FETRLTHA.

3. ¥ &

ERR)ZRFAEHEET 2 YLEE-Y) o v icE
BEL, 120C Try@zRBE LB OIS T 7 1 EiED
BEAH A~

28777 FEGEOESRSEELD, /57 K
BRSNS TESL, 2p0DS 57 1E 16.3% T2
FYVT 7 YR, EWHENESEKIChI > THELTH
5T EiEbpotc. T2 YMERAE Na ¥, Ca H#icd 3
CEREDTREHRZELLEATS.

77 7 MRS, (FF A4 3D, S
kL SBIEIURNCH LT RIFR R i 2R MR R AR
RARDTH 7. 7777 1&E 20% 2ToditoRE
REEEbic 4g/d LLEDEARL, 777 Mckbik
NOETRBC SN p ot ARSI 7 FlokdEL

. (HERL, 77 VB Na $Edh 50003 Ca 52 24% 1)

L7757 b ULI-BE0RAR 500°C LIETH - 7-.
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Radiation Induced Graft Copolymerization to Polyester

Vil. Grafting of 2-Hydroxyethyl Methacrylate onto Folyester

Fabric as a Stain Release Treatment
Motoaki Urakawmi and Toshio Oxapa

Grafting of 2-hydroxyethyl methacrylate onto polyester fabrics were carried out with
v-rays from Co-60 or electron beams from a Van de Graaff accelerator. Graft percent
in the irradiation at room temperature was 2% but above 80°C the values were greater
than 109% when aqueous solution was employed for the reaction. The change of hydrophilic
properties with grafting of 2-hydroxyethyl methacrylate were studied by moisture regain,
Grafts of 2-hydroxyethyl
metacrylate showed greater hydrophilicity than original polyester but they were less
hydrophilic than graft of acrylic acid, as measured by moisture regain. Static electricity
and water contact angle measurements showed that effective hydrophilization could be

static electricity and water contact angle measurements.

obtained with the grafts of 2 to 49%.
release rate for oily stain.
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ARG OHEENIHOFMRSE LTEL ANS
NT350iE, T/ YNVBORY=—H50NET7Y
NBREDE v —DRBEEAKTHS. bhbhd, 7
7Y NVBREAVABREBRBRICXER ) Z X FAHEHRD
BFEMIICOWTHHE L, To—8zdTiiiRLL.D
—fzic -COOH, -SO:H, -POH; 0T & SR AHT
BEY=—BHENLICEGTHLC EMEFFELTA
E3INTV3.2Y bhbhiz7s WV vEL EEite/
7SO REROBPFENLICEREE, =—IC
DNTHELRIKBELZFTS -t Vot vy FN
AR Y= BEBICKRARS 77 VEAICEDARY

Also grafts of 2 to 4% were found to show high

IZFAEHOMEFNOEBEMTIZMAET 201KHE%)
THECEARBUIOTHRETS. TUOLEAHET
BRYVZRFAEAND 2-e F O+ YT FNAZT YV
— D7 YEAELGICS T 7 rHORER, FE
H, FhBEE EoREFRICOVOTEAS.
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TABLE 1 Effect of solvent on the grafting 2-hydroxethyl
methacrylate onto polyester farbric
Monomer mixture 2-HEMA : Solvent=1: 9,
Dose rate 1.8x%10%rad/hr, total dose 1.8%10¢ -
rad, irradiation temperature 100°C

Sovent Graft %
Methanol 0
Ethanol _ 0
Diniethylformamide 0
Dimethylsulfoxide ) 0
Polyethylene glycol-400 0
Water © - 11.9

DTH%B. - FafyzFrs87 ) L— i 85°C,
SmmHg TREZEE Lc b0, hoRERTRERS %
ZOEEMVL.

2.2 YRIEBIRERZTSTVES

4x5cm® OR&E X DA #HEE leom EAEICAN, =
J T—BRERMUCRIEL, EX052RERIGRICS 4
MEUT, BEEARMCGEOELTHR, HEL, a~u
b 60,2000Ci KDy HBEBBKLTI 77 FESERT
T ot BE%, AICHBELER) =—BFETWOHEBO
7o, 50°C THKEB X U * 2/ —THiE L ThEE
Y=—%BREL, BEERENES-THEMTIDS 57 +E
& L7,

TaBlEl BEADBEELZHA VB 757 tEAOERT

HB. B/ w—LEEOHEKELIE 9:1 ¢, 5% 1.8

X 10 rad/hr @ v 2 % 100°C < 1 BsfABE LAz, # 4/
—W, TR =, FAFNEINVLTIF, PAFLR
WERFVEF, RVZFLYI54a—0-400, kEFH~
TKUADERITIR S 77 EARS B O »
7-.

KEBELLTHWEES, E/~—BEDS 57 |
KISICRIZTEE% Fig. 1 1CR9. REEEZ 100°0C T
558, T/v—BEEOHMLEbILs T 7 FEREA
LEe/=— T0~80% HIETY 77 FRICEANS 5.
REEFABBHTH 2P OMR, 280FES/S 7 1 £y
T—MERTS. 20% Dt E /) v—BECEAIZH
THERERY v —DHBBEHLETH 7. /'57 b
YZRTFANHES T 7 3 10% RETHIT D EEOMIER
LiE o7z UL LBRICHRY & 5 IcENBRENERIC 5
2~4% D777 FVETIFIZ LALBMBEEEDIT.

10% @ 2-E FafsxFu 87 Y L— hKiEKE
RAOT, 777 F RIBIKRIZSRHEEDEE L~
fo. EBMERE Fig. 2 ICRY. 26~50°C i i 3 Mgt
Tk 77 r R 2% BEICTELON, 80°C HiEL
D777 FRIBAKAEED, 120°C THALEY,
SORFRBITLLBLTS. COBBIIT /¥ VvEBBOR
R Y T AFVBHEAD 7S 7 FEAICBLTA DN
TEDLEMETH -7, 10% KiEHAEH, 100°C 1c 50
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Fig. 1 Effect of 2-hydroxyethyl methacrylate concentra-
tion in aqueous solution on the grafting onto polyester
fabric by irradiation with ty-rays. Dose rate: 1.8
X 10% rad/hr ; total dose: 1. 8% 10 rad ; irradiation tem-
perature: 100°C.
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Fig. 2 Effect of irradiation temperature on the grafting
onto polyester fabric. 2-hydroxyethyl methacrylate
aqueous solution, dose rate 1.8x 104 rad/hr, total dose
1. 8% 10* rad.

TymzeRE L, BEBEEL/ 7 rE2oBEEL+H~
2. BEHRIZ1.8x100rad/hr TH - 7=, EBRERZ Fig.
3IERY. BEBRICIEEEDNE 12 SoFELHD
Bicy 77 PRIBRECY, REORICBOTIRS 57
PERIIBHRREE & HICIITESMICIEA L, & 2558
D& 12% D57 bRICEL, TALBRIZEALEN
Lt

23 BFREAVIEBEYS 7 ES

TIREDD, TENCAYLIBELNIMERLDDE
THREAVBREREICLE7 77 FEAICHOVTRIEL
fo. 8x10em DA EZZOREE 2-+ FaxzsFrr i
79 V—  OBFBICE, EEBT 20 BERE /<
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.Fig. 3 Crafting onto polyester fabric in 1094 2-hydroxy-
ethyl methacrylate agueous solution by irraddiation
with y-ray at 100°C. Dose rate: 1.8x10%rad/hr.
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Fig. 4 Grafting of 2-hydroxyethyl methacrylate onto
polyester fabric by an impregnation method. Impreg-
nated in 50% 2-HEMA in formic acid at 18°C for 20
hr, pick up 41=3%. Irradiated with V.d.G. electron
beams (1.5 MeV, 50 A) at 14°C, dose rate 0. 25 Mrad/sec.

[y

— ARSI ETFRICRIAT, BEOKREFRSLIZD
Eatith, TN T 44 VT o1 BlIcAN, EX%E
EHBUT, BEAEBOH LgHMA U, Van de Graff
IEEL DD 1.5MeV, 50 A OBTFREER (14°0)
TREE 2 v Yicos THRMICEE Uic. BEEA
BT HEBEZET 0.25Mrad/sec Th »72. REIEDE
) w—, TR Y v—ORBRELFIROTELFTE 1.
50% 2-k FafyxFur87 ) b— b-¥FEREKER
WTTTH - 1o RERER % Fig. 4 ILRT.

A0S 57 PRIZBHEE ESIKHEAL 10 Mrad
oBHO%, ¥ 10% KELTWHWE. Ehdosr 77 ¢
RiHicE o€/ =—3 10 Mrad it BV THEREN
fre) =—0DH 3% THote. FBBEIRIZZATIOD
BEFIELTENTH S, SR 3EMERED
BEMNHBOTKIERER NS GREI DV TRIL
fo. KIBEOMEL L 7 7 7 PEEOBEEHE TABLE2 (TR

TABLE 2 Grafting of 2-hydroxyethyl methacrylate onto
polyester fabric
Immersed 2-HEMA aq. solutlon at 20°C for
20 hr
Irradiation: V.d. G, electron beams 1.5MeV,
50 pA, 14°C, dose rate 0.25 Mrad/
sec. total dose 5 Mrad

Conc. of Pick up ‘Weight | Apparent

2-HEMA | of liquid | increase graft 1,) /C
“vol. % 9%, 9% (C) 9% (D) *100
2/8 28.7 2.1 . 0.3 14.3
4/6 3L.8 3.5 0.7 20.0
5/5 37.5 3.4 0.5 14.7
6/4 38.4 3.6 S 1.2 33.4
8/2 41.0 5.5 2.9 52.8
10/0 45.5 5.8 2.5 43.1

T. FEDe/>—BESEOES 77 PEBERL,
£ ) =—, JKOWKLH 8:2 T2, 757 =iz 3%
Th -7z B, BB TEEEMEZ, BEER, &
BOAHETTEV. #) 2—OMBBREETE - THIN
FROEEHMETRT. KBREAVEEEDd, T/ <
—RBRRZHLHEL. REECLS yBEHOEE&D 7
57 FPEADOHMLHEMBESEL SIS 77 PR
EricmtbdstBbha. 18, HToXEL 10%
KIEEARANS vHO 100°C OB TcHEB Iy 7
oW Tffiibhhic.

24 B OB M

BB LU/ 77 bIEIRE 25°C, HMEE 66% &
94% B LI 7 vy —# —thTRES ¢, EEHM
IC & DIRBEZRE Llc. Fig. 5 KERERERYT. &
57 P XVBREHRZEINL TV 248, HEIEE 66%,
4% ItBF ZREER, APFDS 77 PEIY% T
heh 1.2%, 2.0% Ths. LEoiwnic 0% 77

YRS T 7 PRV IRFAROREBESR L. 2-E

FovzFn 22y b—r577 bRV TRFAM
ORI, TZ7INVBTSF 7 FRYVIZATFALEGDZTH
B LT/hEN,

Moisture regain(%)

Apparent graft(%)

Fig. 5 Moisture regain of 2-hydroxyethyl methacrylate
graft fabrics at 25°C, () 65% R. H. and (@) 94% R. H.
Acrylic acid grafts (A) 66% R. H. and (A) 94% R. H..
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Fig. 6 Static electricity vs. percent graft 2-hydroxyethyl
methacrylate at 25°C, 65% R. H.. Electric charge after
rubbing against cotton fabric for (@) 60sec and (@)
30 sec.
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Fig. 7 Half value period for static electricity after rub-
bing against cotton fabric at 25°C, 65% R.H..
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Fig. 8 Contact angle to water for 2-hydroxyethyl
methacrylate graft fabrics. 5
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PROBEGRERLIELDTHS. MEFER, T TICE
ELcEBOTHBY. RMBHRFENEIFEOSHEN
25 |THY, REABLOFENHE-TH LDk
L, 39% /77 1 T4, 4.4% TASHLIZLAL
TBEKBEIN TR Ehbhd. #EMH, kit
DRIEIC KD 2~3% D/ 57 VBT, BLEEGEKE
BB > TOEEFEE, MEFholEoREER
LigE{—HLTWE. 94bb, 2-k Fa*vzFu
A2 L— Mk ABHEOREMBIC LY, oL E
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TABLE 3 Stain release rate of 2-hydroxeteyl methacry-
late graft polyester fabric

Graft 9% Stain release rate
0 2.5
3.9 4.0
4.4 4.5
10.6 4.5
14, 2w 4.5
21.4 3.0

b) irradiation temperature 120°C, others 100°C.
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Radiation Induced Graft Copolymerization to Polyester
VIil. Grafting of Acrylic Acid onto Polyester Fabric by Electron Beam
Irradiation and the Properties of the Graft Fabric
Motoaki Urakami and Toshio Oxapa
The grafting of acrylic acid onto polyester fabrics was carried out with an impregnation
method. The fabrics impregnated with acrylic acid were irradiated in nitrogen atmosphere
at 60 to 100°C with 1.5MeV, 50 A electron beams from a Van de Graaff accelerator.
The grafting onto polyester fabric took place very smoothly in a very short time of
irradiation. At 100°C only 2 sec was required to obtain 25% graft. Hygroscopic properties
of graft fabric were studied by moisture regain, contact angle of water and frictional
electricity measurements. Stain release property was also measured. Sodium salt of grafts
are highly hydrophilic as measured by moisture regain. Fabrics with a small amount of
graft such as 4% showed enhanced static dissipation in air and excellent oily stain release.
Fabrics with percent graft greater than 4% had a good acceptability for basic dyes.
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Fig. 1 Effect of temperature on the grafting of acrylic
acid onto polyester fabric with electron .beams from
a Van de Graaff accelerator.

Electron beams: 1.5MeV, 50 ¢A, 0. 25 Mrad/sec, total
dose 0.5 Mrad.
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Fig. 2 Moisture regain at 25°C of acrylic acid graft
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(@) 94% R.H. Na-acrylate graft: (A) 66% R.H.;
(A) 94%: R. H. Moisture regain of cotton at 94 (upper
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Fig. 3 Contact angle of water for acrylic acid graft
polyester fabric at 20°C in air.
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Fig. 4 Static charge of acrylic acid graft polyester fabric
at 20°C, 65% R.H.
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Fig. 5 Half value period of static charge for acrylic acid
graft polyester fabric at 20°C, 65% R.H.
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TABLE 1 Stain release rate of acrylic acid graft polyester

fabrics
App afs/“)t graft Stain release rate
0
0 2.0
3.9 4.5
6.7 4.5
12. 8 4.5
21.2 5.0
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Unéatalyzed Grafting of Acrylic Acid onto Polyester Fiber
Motoaki Urakami, Toshio OkapA and Ichiro SAKURADA

It was found that not only homo-polymerization but also grafting of acrylic acid
took place, when drawn crystalline polyester flbers were heated without an addition of
catalyst in a mixture of acrylic acid and ligroin at a temperature between 90 and 140°C.

. The polyester fibers. were picked up from the mixture and thoroughly extracted with
boiling water to remove soluble homo-polyacrylic acid; the weight increase was regarded
to be due to apparent graft. According to our investigation, which are to be published
elsewhere, only a very small fraction of the apparent graft is truely chemically combined
with the backbone polymer. The main fraction is not a graft copolymer but a homo-
polymer formed in the matrix of the backbone polymer and is insoluble in a solvent of
the homo-polymer due to molecular entangelment.

Effect of temperature and monomer concentration (M) on the rates of overall
polymerization and apparent graft copolymerization were studied. Activation energies in
a temperature range between 100 and 130°C were for the overall polymerization at the
monomer concentration (M]=3.0 and 7.4 mole/! and for the apparent graft polymeriza-
tion at the monomer concentration [M]=7.4 mole/l, 15.7, 12.3 and 17.9 kcal/mole,
respectively. The values are close to those found in conventional catalytic polymerization
of acrylic acid. On the other hand the activation energy for the apparent graft polymeriza-
tion at the monomer concentration of 3.0 mole/l was 28.1 kcal/mole, a value nearly the
same as that for the diffusion process of disperse dyes into polyester fiber at 60~100°C.
Up to (M) =11. 8 mole/! the rate of apparent graft polymerization was proportional to
the square of the monomer concentration. The rate of the overall polymerization which
can be regarded roughly the same as that of the polymerization outside the fibers was
much more strongly dependent on monomer concentration. It suggests that the mechanism
of polymerization outside and inside of the fibers are different. When ¢-tay irradiation
was additionally used for the reaction, the promoting effect for the polymerization was
remarkable especially when the reaction temperature was below 100°C or the monomer
concentration was low.
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Fig. 1 Effect of temperature on uncatalyzed grafting of
acrylic acid onto polyester fiber.
(M) =7. 36 mole/ ; polymerization time: (@) 60 min,
(O) 10 min.
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Fig. 2 Uncatalyzed grafting of acrylic acid onto poly-
ester fiber.
(M) =2. 92 mole/[ ; temperature : (O) 130°C, (A) 120°C,
(A) 100°C.
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Fig. 3 Overall polymerization of acrylic acid in the
presence of polyester fiber. Fiber: 0.2 g; monomer
mixture: 15ml; (M)=2.92 mole/l; temperature: (O)
130°C, (A) 120°C, (A) 100°C.
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Fig. 4 Apparent grafting of acrylic acid onto polyester
fiber,

(M) =7. 36 mole/l ; temperature : (@) 140°C, (O) 130°C,
(A) 120°C, (A) 100°C.
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Fig. 5 Overall polymerization of acrylic acid in the
presence of polyester fiber. Fiber: 0.2 g; monomer
mixture: 15ml; (M) =7.36 mole/l; temerature: (@)
140°C, (O) 130°C, (A) 120°C, (4) 100°C.
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Fig. 6 Arrhenius plots for the apparent grafting of

acrylic acid.
(M3} : (O) 7.36 mol/l, (@) 2.92 mole/i.

Il >/, Fig. 6 BE&HT DS 57 FEAICHTEdD
THB. CHEDE/) - —BE 7.36 mole/l 35 78 2.92
mole/l ITHE} 2 % p i OFMLz I vF—ZEhZH
17. 9 keal/mole, 28.1kcal/mole & N S{EHRES h 3.

Fig. 7 3R Y 2 A7 VlMEELETICB T AT 7 Y VEED
AEAREEICET ATV V=Y R Ty FTCHB.

LEAGFIGKET & bYOERMI I VvE—lZE/ =
—{BE 7.36 mole/l, 2.2 mole/l L ZH Fh 12.3

JAERI 5026
5
(M)=7.36 mole/!
12.3 kcal/mole
104
5 {__
2
2
<
Q
3
]
&
8 .
1075 \ {M)=2.92 mole/!
5.—
15.7 keal/mole
\
6 I I ] ! |
1o 2.3 2.4 2.5 2.6 2.7 2.8

1/TX103

Fig. 7 Arrhenius plots for the overall polymerization
of acrylic acid in the presence of polyester fiber.
M3} : (O) 7. 36 mole/l, (@) 2.92 mole/. -

kcal/mole, 15.7 kcai/mole T& »7z. 77 ) VEROES
RIS 20 TIBHET v E=v 4 (APS) 2l & 43
KERRTOMENRS 2P, ZOMFIILEI NGO
RISDEE/L T & v F—IEABRE 40°C »5 55°C ©
HIFA T 16. 2keal/mole Th - %, ABHETHOhEIZ
12. 3 keal/mole, 15.7 kcal/mole CH 25, IZITCOME
I 100°C~130°C ik} 3 HEAOBBRIGDOERE
bt ¥ —i2, 40°C~55°C et 2 APS 25
WEREBRRIEOZTN I DEFNENC DB, S
0777 PEETHROLLR) TR FLBENTTOT
7 ) VBROEARIETIE, ®/ = — B 7. 36 mole/l Tit
17.9keal/mole TH Y, 77 )V VEBOALBEARKIEYT
L A v F—DEITEN?. —FBHhE) v—E
Bf 2.92kcal/mole TR A&ALT DFEHIA T Fr¥E—iT
28. 1kcal/mole & WSRO RENETHS.
ROV THEDHZ0RRY = 27 vigEER~D
HEICE LT iR, SHdsodsHdsE0ERLY
60~200°C O#iFH T 30kcale/mole & WS HEBE I T
BY, COEHIMEHEE (2.92molefl) iItB T 27557 b
Ribo Rrg oEEbE#E 3T —BTEE0HITCLETh
3.
PDEDEERXY, Rz 27 v@ERTOREARIS
i3, &€/ = — BB T3 IKEuREE A3 UG HBE I XM
BEBELBEZ TOADTREVHERDRS.
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TaBte 1 Effect of temperature on the molecular weight
of polyacrylic acid
(M) =7.36 mole/l (AA/ligroin=5/5 by vol.)

| i | G| @ | x M,

90 120 4.7 1.09 0.89 2.54x10°
100 60 5.0 1.87 0.57 5.60x10°
110 60 5.0 1.79 0.65 5.39x10°
120 20 5.3 1.94 0.71 6. 33 10°
120 3= 6.6 1,94 0.65 6. 33X 10°
130 20 5.6 2,25 0.69 8.02x10°
140 40 4.8 | 216 0.68 7.53x10°
140 60 12.6 2.23 0.91 7.90x10°

a) Irradiation with 7y-rays at the dose rate of 1.4x104
rad/hr. : )

TABLE 2 Effect of the concentration of acrylic acid on
the rates of overall and graft polymerization
onto drawn polyester fiber
Fiber: 0.2 g; monomer mixture: 15ml; tem-
perature: 120°C; time: 10 min

AB/ lig;clnin M) (’:l;x::{a’l Arglf)t Apparence of
y% mole/l % . g % solution
1/9 1.47 — 0 transparent
2/8 2.94 0.09 1.2 ”
3/7 4.41 0.2 3.2 turbid
white ppt
4/6 5. 88 0.9 8.1 formation
5/5 7.35 1.6 8.2 ”
6/4 8.83 53 17.1 ”
7/3 10. 30 9.5 16.4 ”
8/2 11.77 12.0 30.1 “”
sticky white
9/1 13.27 6.8 20.0 ppt formation
10/0 14.71 3.7 — ”

3.2 HFRICREBTEEORE

i, RY)z2FNVEHOEETCOREAICEINT
HHEABTEALLT 2 VVBR Y v —lcDW T, fn#k
BELHELHATFE - OBERERH~ ..

&/ v—iBE 7.36 mole/! It d 2 FEEREEE A TABLE 1
IR, EAERNSY FIEORY) v—OEREL DS
FEZRELL. 90°C &b 130°C FTELSEED LR
EEBRBTRIZPPAEEBERICH 3 A3, 100°C
PIETREAECRRTRECEEIZNIZEARE IR
3. 120°C IKB DTSR ESA LA ESTER L
RYT7IVVERDSTFEE, BREATERLIERY 72
YVBROSTEE, 2EAESERELVLLDILONT
HE U/, MEESELE6.33X105 LS4 FEL
fEZRUI. cDC &2 DREIBICE O TS IE R
TS, EEPBRENEL UTHTFRERELTHS
FLERTHOTH S LEDNA.

13. #Y) R FAEHADT 7 ) VERDRIIE S5 7 S 77

[
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1
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o
10‘4 .
)
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@N
~
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Fig. 8 Dependence of the rates of overall polymerization
(@) and graft polymerization () of acrylic acid on
the monomer concentration at 120°C.

3.3 EAEERLRETE/ v -REORE

120°C T 10 43/, M#T s ELick->THTBRY
IATNVEHDFEETOLELALR L AP T DY 57+
K, BLUOKBOAEL OGS TAE2 KR, &F
BE, AhPDsr77 rREBILE) v —BFIck-T
L, =/ =—8BE 1.47mole/l /5 11. 77 molefl F
Tk, FULBLAHMATE. cOBEXCLELERT
ZERptoBNEEEoL VW Db s, KEED
BOSDICIED, 2EAE, TS 77 bEREBIC
KT9 5. #7727 1V vBdoing 10 SEofici, &
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RABKERETHD, £Y) 227 VLS 2 ¢
LBTEUp 1. DEOERERE EICLT, BES
EE MR L—ETH 3 LIELT, 2FAE
EEXU777 1 EAEECBEOBRE % log—log 7
Oy 43 Fig 8 DEEBRELNB.

CoFry b XYVLEAEE, Bbd0ss5 7 rBS
HEEICODOTEMIRZOAZEN 5 2.1 L3 ERELR
7o TABLE2 ITRL 7o & SREB T CRAESEERRIE
BHEATCOEARELS LY. -7, BN oES
HESE/ <—~BEDIZIIS RICHRNTZ. BEEAKS
U 3HEBRREBEICOVTRRAF LY DBALT DI
BHEBTEbh, BEAEERE/ ~—BED 2~2.5
RICHATICLEBRBEINTNEY, RPEicE
T, T7IVRBRORPGDS 5 7 VESTROBEHERA
HREODVWTREAEERE/ ~—BED 2.1 Fic kM
LTW5. 2RLRY 27 VR ClRe ) ~—BE
BT 7 VVBOBREEREICE >T, SEOABORE
BLEE >TWATHAI T EARETIRENS 3.

T7YNVER-Y) /o4 YORTREFLAEENE ) <
—REOSEICHATEEVSERERTHE. O
RBESHEEII—ETH5 & LT, — e
DEREPOLRDONIMETHS. LihsT, 727
WVEROBEAICEADOETICE 1S IES R ¢ &
THhiL, SREVIEZOLDICEKRERDS C &IEH
HThs BEQLCELR, HHENOEAICH~TEEN
DEADE/ v —BEREERAE VL EV S C 2TH
5. ZOTZ LDV TRROBREHESEI SR LS.

TR, 77 I VBIIKEEESEERLAASLYT
WE/2—TH0, 77 VB Ciiznxs
T—RIESTFREEL TR, EBEORETEH 3 Y
a4 YITBERLIEEADHBLLALTV A LT
Ehs. BRELTY 7 uf vERAVKESICEE ICE
D, WRRESESELT ELICO VTR ELFFIEST
BoTHRVY, PYRBEICEDEHESERNIEZD
RECELL, 2HFLEPOERUNAS VL LS,
REVEEREEBS DT LIVDITES. Ei
ESLAERICRY) v—REL, XSICRET 3 A
DHBTEIEREETB. i, HHATRESAER
BLL, EefE/~—NEBEATEETHE, 2FLY
DEBREEGOEELALL, EAEEN2 1 FICHHIL
TABLE 3 Dependency of molecular weight of polyacrylic

acid on the monomer concentration (Polymeriza-
tion was carried out at 120°C).

Comp. of Monomer Conv. __
AAlligroin | R (7) k! M,
by vol. mol/l %
5/5 7.35 5.3 1.94 0.71 [6.33x10°
6/4 8.83 5.3 2,39 0.77 |8.80x108
8/2 11.77 16.2 2.04 0.87 }6.87x10°
9/1 13.24 2.0 5.24 0.49 |3.00x10%
10/0 1471 0.9 6. 26 0.59 |3.96x108
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TEL->TWNBRCEBBNELEDNS.

DTN LTS, WHRORESICIL~T, S0
REQR =/ ~—BEKEESAS VDD, ER0KT
B2~ DERERBLEIZAT, VbWESFT b
ERZfTE5 VW5 BMIKCE, =/ ~—BEds: HE
CBOEBEE LODITS 5.

3.4 BFRICREBTE/ I-REORE

B/ v —RBREOHSTRCRRTEEL, HENAEEAY
KOWTHIE LIfEEE, TBEes Rd. EhoHE
PIRTEL 7.35mol/l 5 11. 7T mole/l & TOBET
BATFEOEIELTH 545 18. 24 mole/l ic123 L 5>
TERBOWB LB LABFALTLS. UL LENLEAE
Edona K5 BREVEBINL. T7ILRBROL
SRLEHDOREVE /) ~— DBl RARICE T 3 ES
BISICon T, SR #McHE S g hiZ o,

3.5 MBERCHEIIHHNBBRHODS

BEEMBIC L5777 VESLMBATCET 288
F 1L6X10rad/hr Dy BRMIC L 2557 FEALE
WB L. 2.92mol/l it} 3 100°C £ 1T 120C ©
DEBHRERZ Fig. 9 IRT. vyROBSHRIHESLIS S
7 MPRBEZNBELS L RET S EBb®B. 77
FRUSOFIIAFEE T v B ic & b 100°C T 40 {5,
120°C T8{5IKis s T3, 7.36 mol/l T 3 120°C

| TOEERMRE%E Fg. 10 ICRYT. COBETI vERE

BLIZH 777 PRGBS BT 348, vHROREICE
b,mmiéﬁﬁmsﬁmﬁkbrma.?ubz,f
/=—RBERBENZE, BEAREMENIZE, ¥Ry
DERMHERIcE DN, FoBdicit, Biickz a8
BI85,

50
(M) =2.92mole/!
40l 120°C.with 7—ray§tr__
N 30F
] ]
& @ 100°C. with y-rays
g: 201 ) Py
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) T s o
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Fig. 9 Additional effect of the irradiation on the grafting
of acrylic acid onto polyester fiber. Temp. 100°C: .
(O) with v-rays, (@) without y-rays; 120°C: N
with 7y-rays, (A) without y-rays. (M)=2.92 mole/l;
dose rate: 1.6x10*rad/hr.
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Fig. 10 Additional effect of the irradiation on the graft-
ing of acrylic acid onto polyester fiker. Temp. : 120°C;
(@) with y-rays and (Q) without y-rays. M) =7.36
mole/!; dose rate 1.6x10%rad/hr.

4. B &

EMINIHERERY) 2 2F vli#E2 RO T 7Y
VRO Y ol YIREICEREL, 90~140°C icin#d 3
cEicky, /57 VEATERCLARABLE. o
BNLBCET 7V VBOLES, AHhPDF 57 +E
& (HHATBC3EE) Co0THEMIcKRE L. |

®/v—BE 3.0, 7.4mole/l KB ZLEL, E/
v —BE74mle/l TEY BANTDIS T 7 FELDH
P OFEREL R v —1F, 15.7, 12.3, 17. 9 keal/mole
THYCHREBOBBEATRHEIN TV B HEICGES

18, #Y ZRFABHADT 7 Y VRO WAL S 5 7 F RS 79

o, LipL, 3.0mole/l LB} 2A000r 57 FE
BDTHIL 28. 1keal/mol T H b, =/ - —BEEHREL
BE07 77 FEARLEEEICKEIN30TIRTL
PERDNE. BAREOATRICRETES LGN
DRIpote. T YME-Y S 0f YROE) v — 25
147@51L8mkﬂ§faww7®¢57bﬁéa,
B/ —RHE2IFCHALTHEAL, 2EAEEIRS
BiCE/ v —RERFEENAEL, ThllloBETk
EAHEERODLABTTEC E0bh o1,
MATICET 2 v ROBHIZ S 5 7 P RIE% (R 5
5. v ERBHHC & B RIS REDTREF, BAEEAE S
BBRE, £/ v—~BEMBENZE, FETH 7.
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Preparation of Wood-Polymer Corﬁposife by lonizing Radiation

V. Radiation induced polymerizufion‘.of vinylidene chloride

impregnated in lavan
Masao GoTopa and Noboru TAKESHITA*

As an extension of this series on the preparation of Wood-Polymer-Composite (WPC),
the present investigation was undertaken to examine the radiation induced polymerization
of vinylidene chloride (VDC) impregnated in lauan. Lauan, being imported from Philip-
pine, was selected because it is one of the popular and widely used wood in this country.

Experiments were carried out in order to elucidate the effect of (1) the amount of
moisture presoaked in wood (ca. 5% and 20%), and (2) type of radiations, i. e. y-rays
from %Co (9.95x 10%rad/hr) and electron beam (EB) from an accelarator (0.48 and
0. 024 Mrad/sec) upon polymerization in the wood and also the hygroscopic properties of
WPC thus obtained.

It was found that degree of impregnation of VDC in lauan was about the same in
beech, and presoaked moisture promoted the impregnation.

The conversion of VDC in lauan was nearly 100% by y-ray, while it was very low
by EB irradiation especially at high dose rate, and the presoaked moisture did not affect
the conversion in most cases except by EB with low dose rate, when strong bulking effect
was observed for WPC formed.

Hygroscopic properties of WPC thus prepared were shown to be generally improved.
The studies on them being done in relation to the polymer loading, also proved that the
required polymer loading was much reduced by presoaked moisture, especially in the case
of EB with low dose rate.

1. #

i

TNETARMDEMRIL, THELZENLENE T E—E
DHELLT, Hlke=95 v (VDC) #Ekt T 3=

* (Lo 7 (BR)
Sanyo Pulp Co.

/T —DAMABRHBRES, 51BN AMRY =
—# Ak (WPC) oRBHEI >V TORMETE-T
XD, HRAMLE LTERBS KUAHAESD
BELBAMTH 2 70l xEE LTRHOTWVAS.
AEBRTRAMLELTI 7 vHE s, BMERSET
BV, ZOMBEREBIRICHESELEBANESH, Kic
BELLTFHMOEARY LoRBICEWTHRHEEZR S
7o, FO9VYHIRT7 4+ U v EVEOMAMTH 35, HH
HTRLELAVONTWARHD—DTHY, hoF
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TABLE 1 Effect of moisture upon impregnation of VDC in woods
Moisture in Wood ca. 5% ca. 20%
. Impregnation species of wcpd e Lauan Beech Lauan Beech
v )

VDC, impregnated % (g/e) 162.6 147.0 195.3 162.9
ditto, standard deviation : 8.1 2.3 6.8 2.4
VDC, impregnated/void volume of wood (g/cc) 1.00 1.02 1.19 1.18
ditto, standard deviation , _ 0.03 0.02 0.05 0.02
"specific weight of wood (glcc) 0.437 0.523 0.434 0.524
ditto, standard deviation : : 0.01 0.00 0.01 0.01

FRRUBTET, 7 W LT OB > AEH -
T34, WPC OFRHRE LTRSS bOLEL
5h3.

2, £ i3

KRR JUERIRES IATHRY L ANER TS 5.

kL : KA#ficiz~=FE 3x3%0.5cm (tangential X radial
Xaxial) D 7 4 ) v EVESF 7 »OAMEER Lz, ¢
DR ZFRY 1T U1 hs o TR 5% B XT520% 1o
B L. RMPOXKSHBELRE 10 TH 3. 728
L, COKRSERIBE/, v—8RBKICE, aRII0EZ
BE#EECLD, ThZhis 1, 2~3% KL LT
B LEMBERNICHEDON TS, VDC £/ v— 38
FULZEERD» S ORMEZT Ne Kifidh T —HEEZEHBH L
lboaEER L.

BE: vREE LTk 2kCi ®Co 2EH L, HER
9.95x10%rad/hr THHE £ T 7. WFBEFHEEL
Tit, ~Y - F 7 7METMHEBLZERL, HEBE
0. 48 Mrad/sec, (1. 5 MeV, 100 zA) & X 75 0. 024 Mrad/sec
(1.5MeV, 5pA) THREZTIE 1.

AMBRHhNDE/ v —DER, BROTHI=Y A
FANEEBIUCZORYE, REEE) v—0OBREZIR
TRTEROThIT Lich -,

WPC oRiB4sik DRIE : REK =B EEE (40°C, 90%
RH) ofEBEhiIc RBEREFHICEL-BOREES
KURIBICH &S THEBALMER - K L L THhE
WE L. CoTHERKEIT 50°C, B2 (1~2 mmHg)
BRESHEBTRE - 255750 TH 3.

3. REEREIUVEER

31 VDC o539 »~DEE

VDC 07 79 vHP~DEFEKRHYVWTHEH~, 7+H0O

LAl i, WREETE -k, R IR 2 R
Kk, 16 KO SR 2T -7, #EBE% TaBE1 TR
T. CORMPODNBLICEKIEROREOH 2
/Z—2RELZV. ChiZKDMck2AMOEER
DIcHTHHS. T FHekiidsE57 v Hok
BEPTDOEFREBEZD. LALCOERICERALES
7 ryBLUTFHOLEREhENY 0.4, 0.52 T&
D, THHOEM LAZEER (void volume) #7: H D
T/ 2—SRBTHRTBLE, 59V, 7HEBIBEA
ER—&EEB. COCENSFT VH~D VDC =/ =
—DERR 7T M ELEMEENEETH2Z E8bh -
7. :

3.2 VDCoOv#ELUVEFRRSICLES 7V HA
B4

TF M TO VDC D REAICE T 2EN%RIL
/) v—DEAFICRIILAEZELEZ 14, WPC
(EQICETFREBHICKZ) oRBHEICASTEEL
BEZ 3z lEFIOADNIZRERBLTVAY. c0ER
BRZZBHLTI 7 VOBAK DV TORIE U TS
7. v#BHICLS VDC DS s BB LT 7 v H
NESZTTIE o, R Fig. 1ITRTCELTHD s~
WIEATIE 0.6Mrad, 37 Y#HRNEATIZ 1. 4 Mrad
TEAEIIZIZI0% KEFT S, chickhid7+#o
EALERICT 7 YHMTH VDC 0EAMEEANL S
h, VIHESGEEREVM T FHDEELEL IR
BEASZIIE (BLAE 100%) c bl o7, &
7- VDC © 5 7 YHHEZITB T 3 KMAKIOZE|12
TFHMOBAELEARIEIEAEED LRI,
RICBFHBHICL?Z VDC D s 7 BAB LTS T
VHARESATN . COXW, SEBREkEEEZHE
HT A BHENSO_EOBRERICL 1. SHEE
2 (0.48 Mrad/sec) O & 13 Fig. 2 It R"T L5 i 24
Mrad R4 LCHRBZESTIIERIEL (8 10%),
FlmnIEBEEET T/ MNESDE, BLUAMAK

DOEEZRDONED 12,
RITERRERE T4 (0. 024 Mrad/sec) M0 B & D5

BRiER~T Fig. 3 CRY. VDCoBARIEMBERETF
MIBARED SEHOMN Y RBHEI D DD hITEL.
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Fig. 1 Effect of moisture in wood upon Y-ray induced
polymerization of VDC in lauan and bulk polymeriza-
tion.
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Fig. 2 Effect of moisture in wood upon electron beam
induced polymerization of VDC in lauan and bulk
polymerization.

ElARMPORGOEENEBCEDONS. HEoE
ERT, VDC 7 7 YMAEAKBWTYyHB LUES
BREFREHETRKSOESEDLNT, OGBS
EETRHETOARMTOKSORENENS &S
CEREREN. LALBSSCOEBRAHETHD
HICHRFZHRTETETHS.

3.3 S9V-PYDCHEEEDNEVTHE

CCTANFYITHIREOIDIZ, T/ v—DKRHA
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Fig. 3 Effect of moisture in wood upon electron beam
induced polymerization of VDC in lauan.
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A: Wood, containing ca.20% moisture
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fig. 4 Bulking effect of Lauan-PVDC Composities
prepared by y-ray irradiation.
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Fig. 5 Bulking effect of Lauan-PVDC Coumposites pre-
pared by electron beam irradiation with higher dose
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Fig. 6 Bulking effect of Lauan-PVDC Composites pre-
pared by electron beam irradiation with lower dose
rate.
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Fig. 7 Relation between hygroscopic properties of

Lauan-PVDC Composites prepared by 7y-ray irradiation
with PVDC loading (%) dose rate: 1X10°rad/hr.
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Fig. 8 Relation between hygroscopic properties of
Lauan-PVDC Composites prepared by electron beam
irradiation with PVDC loading (%) at lower dose
rate(0. 024 Mrad/sec).
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Preparation of Wood-Polymer-Composite by lonizing Radiation

Part V. Effect of solvent extraction of wood as a pretreatment on the

Y-ray induced polymerization of vinylidene chloride in wood
Masao Gotopa, Tadashi Tsuyi* and Shigekazu TovoniSHI**

As was shown previously the extent of impregnation and polymerization of vinylidene
chloride in some species of wood low and the reproducibility very poor, the solvent
extraction of woods as a pretreatment for the y-ray induced polymerization of vinylidene
chloride in wood was carried out. The extraction was effected by hot water, methanol
and benzene as solvents at 80°C.

The increases of the extent of impregnation of vinylidene chloride and the repro-
ducibility of the impregnation of the monomer were observed in the case of Yezo spruce
and cedar by solvent extraction, but in the case of lauan the effect was less remarkable.

The effect of the extraction on polymerization in woods was remarkable when the
wood specimens were long in the axial direction.

Although in the case of lauan, hygroscopic properties of the wood itself were im-
proved by benzene extraction, generally the effect of solvent extraction of wood on

hygroscopic properties of WPC was not remarkable.
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s DYEIEE FUARH O BRI AR £ 7T 5 - % BA D
VDC OMBAMA~DEEB LT YHBES, d5IKED
12 WPC oREHKEICRIZTEEORF 2HHS /.

2. RBEITEE

21 R #

Kbt: ERICRAVEAMBEED VR, ¥, BXU
J4 )y EVYEDF T VOEBTHY, ERICKKE-
T, 1mmHg @ BET 50°C Mm#kic & 0 72 kiR
L, EBBLUTEZARE LTSV, CORGEEL
EMTBRCEET S, BB, THRUERS/7ax—4
— (K 0.0lmm) Ttk -7:.

AMBRERROEOTHEDOHDTH Y,

AR F: 30x30x5 mm (tangentiel X radial X axial)
BRIz : 5x20x100mm ( » X #» X » )
BRIV, E8XU57 VM, BERBIVREX

Uy vHiczhZnEm L.

) v—BLUMEE: VDC 2EFML¥ KK obo
FERFPCT-EEBELUEMALL. BEELTONYY
vEIUCzFTa—wdTHRERREEDEE, K
BEECLIBEBKEZRZNERLL.

2.2 AHERFOBEHE

FROEBRAMRS %, HHMTR~I A 7 RS
VDC &&Mic At, # 1mmHg © BET ic 1 KRR
SL, ROTHBERE EB» oML 5. 2RF8ES
BETLEITME 3 &, EFRFHAL, —KEKDE
L. 20 BsRIE L, RARBIEENER TS L HicT 3.

wiT, COBEEERFEMBBEEANTH 2R
BAHIEMAED 237 5 2aikcAh, 80°C 30 Eomik
B AT,

D, BT EE S IEEBENRBABETS
50T, COMMBEIEE 5 10, 20 RFEBIChILL, &
FRAEORSBEECL D ABOBEEEAROEB L,
FH75AIRNOBRESTFEHELLOMAT, BEMBE
feiRiTT 2 % & 1.

PR EE TR, fiBcBkERVBAREENE
Bick 25, Bngsr2805m, 40°C, 90% R H.
DEREBEATHR 2 ICBKL, Bikic, FBROFET
BAEGRIC X > TRKBRE L. £/, FREEEZAD
BEARERAKREBIC X > TABAOEELERE LD
%, ABRETZRICX > TEERHBRE L.

15, BUAHRC K3 AHM R Y = — WA KD 87

2.3 KHBRFEOE/v—SBBLURS

FOEE XCHBEFE S, 25°C, 60% R H. 0fgR
EBERIC2EHEEE LEE LTV b2 ER
Lic. Z ORBAR EHIREROBRIEICLY, ¥ VDC
ERMEIcANK 1mmHg OFRETT 2KHEORSET
TV, WWT VDC #iA, 1 [REEHETIC 20 REKE
LT VDC 0 &&%T1E - 7.

COERBF CHIRARKE / - OERBHILE BRE
MDtd TN =T LETODH, 1.5KCi ®Co itk b
AR 1r3t LTI2 5. 1x 104 rad/hr, BRRB et LT
i3 7.2x10'rad/hr OBRBRIC LD ZThZh v RERHEE
112 o 7=, BE%, iR, HEZRICIDRRIEE
/ 7—®%£%ﬁ7‘£ Y

2.4 KREH LU WPC SHEORBIFEDIE

BEAMB LUZ0 WPC R EHEZARI IOV
TITIE 7=, BIRERE, sRcheaiRHEL L, 40°C, 90%
R.H olEEEEEC 10 BKE L REBICXDEML
EEBLUTEEZAEL, ZoEmEBOXMEHEK
BT 3 kR L o .

3. XBREBRLEE

3.1 VDCoxvi, ¥, ST UHA0EBRELTRE

a

3.1.1 VDC ofxHE~0ER

R 3FAM~D VDC OSFEA T~ LT H, TasLe
1 0L EBRLEL. ERiciz A, BAEEEAW, B
RoZEBx-bhBETHCEL LK.

TABLE 1 Impregnation of VDC monomer into woods

Wood Type of Monomer impregnated t?;:?adt?;g
species woods 71 B Jc
gricc | ' gr/ec grice
Japanese B 0.56 0.76 0.12
cedar A 0.83 1.07 0.03
Yezo B 0.62 0.93 0.90
spruce A 0.79 1.07 0.24
Lauan A 0.72 1.01 0.03

o : monomer impregnated gr/volume of wood specimen
c.c

: monomer impregnated gr/void volume of wood c.c.

: 30%30x5 mm (tangential X radial X axial)

: 5X20%100 mm ( ” )
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H5.
LEEF 31, VDC 0&RIKREMFHEOEVAM
DHBERBEBTHD, o3 vF_ LB LENS
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HEBRRBABhstc I &ICLAS.

3.1.2 78Ik 3 VDC OAHAES

HIfiTRI: VDC &RER £ v #BH L, £ oM
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BICH LTIV RAEATR® /) v —B{LEFICkES
Rz, BEREARELHITEL, ELL{HEIAT
WBETEERLTVS. ZHICRL, ABRABOEEIL
Fig. 2 (BXU TaBLE7) DT L TH-T, BEDTY
BTRE VI DEEEREBITVD, BREARDIZY
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BADRKER >TED, IR 8O HSFALHTIC

BE—DEERLRT L3I T 3.

Conversion (%)
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HADESDDEBEMTH B EMbhb.

3.2 AHoFEHEZE

B BT, AMick -T VDC o0& BB LUES
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o—BhE LTHIAE & LTOBEMESRE KRR

Az

3.2.1 RiHBICEIKHEOTIE

ERo=oARHicH L, =HBokHick aHbBEeE

KX AHMME, BLUCHMBRoRROTHEE(ELUE
MABESEHEL:. BRIL TBE2 0L TH 3.
COMHMBRECLIMBE KRMOEER) IRICR
5TEL 1568 10% IKEL, =FrTra—nDiE
EHMBERES L, BABRBEMEzFLTLI—LT
B UIEAT 9.6% Th -7
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HEBIECE 2 v+ v FHRICEHBEOREE 515
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OFi: Tasled TR 2 kS5ic, BAEREOESRRAE
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Fig. 1 Gamma ray induced polymerization of VDC in
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TABLE 2 Weight loss of wood and increase of monomer impregnated, by solvent extraction
b :
g)’l("gi tSsPecies and extraction })Zti’;os:s ?rlfnc;rigrgn:;t ed Mo:omer impregnated gégg;igl
extraction % gr/ce gr/cc grice
Yezo spruce
not extracted A? — 187.3 202. 4 0.79 L.07 0.244
B® —_— 108.5 238.6 0. 622 0.93 0.90
extracted by hot water A 2.60 214.1 229.0 0.85 1.87 0.113
B 0.63 161.7 246.6 0.80 1.08 0. 097
extracted by benzene A 1.10 193.0 206. 3 0.79 1.07 0.024
B 0.23 139.5 210.5 0.69 0.92 0. 090
extracted by ethanol A — —_— e — e
Japanese Cedar
not extracted A  — 232.8 263.8 0.83 1.10 0. 026
B —_ 135.3 233.9 0. 56 0.76 0.115
extracted by hot water A 2.50 255.9 289.3 0.85 1.08 0.031
B 3.2 253.6 290.5 0.90 1.15 0.034
extracted by benzene A 1.74 253.6 275.6 0.83 1.06 0. 033
B 4.6 202, 2 300.4 0.82 106 0. 081
extracted by ethanol A _ _ _ -— —_—
B 9.6 176.5 270.7 0.72 0.92 0. 096
Lauan
not extracted A _ 153.1 180.6 0.72 101 0.028
extracted by hot water A 2.0 171.0 205.0 0.77 1.07 0. 020
extracted by benzene A 0 — —_— o —_
extracted by ethanol A 2.8 164.3 197.9 0.74 1.04 0.024
A & B: type of wood (30X30x5mm and 5x20x 100 mm)
a@: monomer impregnated gr/volume of wood specimen c.c.
B: monomer impregnated gr/void volume of wood specimen c.c.
TABLE 3 Change of volume and void volume by solvent extraction
Extraction [Wood Japanese cedar Yezo spruce Lauvan
Xtraction |Woo %) an B ) HEE] I
solvent [type Y/OI' yoolfme s.d* Xﬁfme 5. d.** “(';’l' xfme s.d. yo(ill;lme s.d. ‘gﬂ' yoolll:ime s.d. \Yt:)l::ime s.d.
° % % ° % % ° % %
A% 77.8 0.53 73.8 0.69 70.8 0.84
ron BY 76.6 1.10 74.3 1.68
hot water A 0.63 1.87 0.17 —-1.11 0.74 524 2.64 1.8 0.92
B 0.40 0.87 0.58 2,76 1.35 121
benzene A 3.12 0.58 0.26 -0.74 0.11 0.20
B 1.58 1.13 1.58 1.84 0.41 0.78
ethanol A 0.81 1.48 0.80
B 0.28 1.87 0.70 -2.12 0.53 0.37
1) size of specimen: 30X30X5mm 2) size of specimen: 20x5% 100 mm

3) void volume of wood.

* standard deviation.

4) increase of void volume by extraction.

** standard deviation of void volume after extraction.

TABLE 4 Dimensional change of woods by solvent extraction

Solvent Japanese cedar Yezo spruce Lauan

extraction - - tangen- .- -

20hr, 80°C | tangential radial axial tangential radial axial tial radial axial
AV B®» A B A B A B A B A B A A A

hot water —0.90 0.67 —0.90 —0.30 2.30 —0.06 { —1.8 2.59 —1.2 —0.46 2.7 0.19| -0.37 —-0.18 3.22

benzene 0.271.04 0.19 0.47 0.40 0.07| —-0.42 0.69 —0.17 0.19 —0.26 0.03

ethanol 0.28 0.05 0.04 —0.04 -0.37 —-0.981 0.15 0.19 0.49

A & B: type of woods, just as in TABLE 1.
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Preparation of Wood-Polymer Composite by lonizing Radiation

VL. Improvement of thermal stability of polyvinylidene chloride and
flame-retardancy of wood-polyvinylidene chloride composite

Masao GoTopa and Noboru TAKESHITA*

To improve the thermal stability of polyvinylidene chloride in wood, experiments
were carried out to find suitable stabilizers, which did not hinder the y-ray induced
polymerization and retained its stabilizing ability in the final WPC product. Among the
stabilizers tested, phenylglycidyl ether was proved to be the most favourable, and the

JAERI 5026

minimum required amount of addition was found to bhe 3% to the monomer.

Wood-polyvinylidene chloride composites were prepared from Japanese red pine and

beech to test the flame-retardancy of the composites ; char length, afterglow (time to

cease burning), and weight loss by burning were measured. It was found that these

properties were much improved with the polymer loading of ca. 70~1009% ; self-extinguish-
ing property was observed even at smaller polymer loading.

Finally, the tendency of smoke evolution of Lauan-PVDC compositie was studied
by a photometric method, with the results that more smoke was evolved from the WPC

than from the original wood in the lower temperature region of combustion, while vice

versa in the higher temperature region of the combustion.
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Fig. 1 Assembly of apparatus for thermal stability
test of polymer.
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Fig. 2 Assembly apparatus for combustion test of WPC.
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Fig. 3 Gamma ray induced polymerization of VDC with
stabilizers.

TABLE 1 Effect of stabilizers on thermal stability of PVDC

Stabilizer E(g:/lgfvgflvggl’ymer
0 2,81 3.07
Epic 828 (Epoxy compound) 0.53 0.59
SA 60 ( ” ) 1.46 1.59
Cc-221 ( ” ) 1.52
2D (Dibutyl tin maleate) 4.66
TVS302 (&;ﬁgﬁgm’) 5.15

TV5C-16(Cd-Epoxy compound) 4,41
TPP  (Tri phenyl phosphite) 2,72
Cadmium stearate*!

Glycidyl methacrylate 2,12
Phenyl gycidyl ether 0.47 0.50
Reference
VDC-VC (80/20) copolymer*
powder 0.66 0.78
plate 0.31 0.55
ditto (powder), irradiated
by 1 Mrad 0.74
Chlorinated polyethylene** 0.41, 0.50. 0.36

ditto, irradiated by 1 Mrad 2.63

* supplied by Kureha Kagaku Co.
** supplied by Sanyo Pulp Co. (Cl content 69%)
*! was found not to he compatible with VDC.
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Fig. 4 Effect of addition of phenyl glycidyl ether on
stability of PVDC

& Epic 828 5 VDC OZEH & LT ShTH 33,
%EFlZ VDC Lo HAKICOPHANSD, BB, ch
SDRPTRT z2=2nd Y O P NI —FuiBde &
NTNBENI T ERbD-7T:. '

78, BIcRaE5IERIEEY 7L izlEIck
DEZEBNETTE0IKK L, VDC-VC #EAKIZR
B X 2HREBETHEEALTNC EIZHBEZE.

3.3 Tz YL =T -FLRINRO
PVDC o#&settm Eshe

UEDERTT7 2=y ) ¥z —F L2555 %)
ROBEEHTHBC LMD 10T, ZOHRERN
BOBRF T o1, ¥E% Fg. 4 [T5EF. VDC 100
e U1 MoRMCTHEBRRIZAXLBLL, 2~3
BUERMUTOHRBIFIEHALEL. DlogR
5 VDC 100 fict LT SHMBED 7 =Y & 2
—NI—FNRIMCED, HIEDoEEERE LN S
ZEBbhh 1.

3.2 Z7x=0YYYT—NT—FNFENVDC oA
A r RES

AMELVTHRB, Z7FHEHOT 220 Y Y P—
T—FNERMLYE VDC 0 Tho~DEBBLT v
BESETIE o1 VDC 0AM~DLBIIRA 2 BRh,
R 16 KEORETIT R -2, ABRRIIHROES
229% (HFHERZE 19.6%) 77 04 112% (E#efEs
6.2%) ILE L. RicCoEBAHD v (GEK



98 KERBRSRERIC 354 3 Mt o Elaie JAERI 5026

100f 100
Japanese red pine Beech o o
~ 80F _ 80+
S S
g r
§ 60 ',% 60
> &
2 __ g o
S 40- / S 4o
A o
201 o 20
L 1 1 L i 1 1 [
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
Dose(Mrad) ‘ Dose(Mrad)
Fig. 5 Gamma ray induced polymerization of VDC in Japanese red pine and Beech.
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Fig. 6 Burning test of Japanese red pine-PVDC composites.
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Fig. 7 Burning test of Beech-PVDC composites.
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3.3.1

TABLE 2 Effect of burning temperature upon evolution
of smoke C, from Lauan-PVDC composites

Temp,
P, \ 350°C | 400°C | 450°C | 500°C | 550°C
Sample
Lauan 0.064| 0.085( 0.159 | 0.174 | 0.166
pPVvC 0.176 | 0.252| 0.274 | 0.472 | 0.243
0.1 WPC 1 0.257 | 0.209| 0.232 0. 061
WPC 2 0.239 | 0.218( 0.212| 0.173| 0.113
WPC 3 0.162 | 0.08L| 0.090 ; 0.042 | 0.051
WPC 4 0.174 | 0.109| 0.079 | 0.044 | 0.053
Lauan 0.064 | 0.149| 0.174} 0.237 ) 0.064
PVC 0.125 | 0.167 | 0.167| 0.200| 0.182
0.2 WPC 1 0.038| 0.438 | 0.018 | 0.028
WPC 2 0.247 | 0.029{ 0.014 | 0.028 | 0.021
WPC 3 0.362| 0.078{ 0.059 | 0.031L | 0.016
WPC 4 0.279 | 0.079{ 0.062| 0.021) 0.011
Note:
No. of specimen Irradiation Polymer
dose (Mrad) loading %
WPC 1 0.5 36
WPC 2 ) 37
WPC 3 L4 147
WPC 4 ) 157

16, BT X3RN # ) = — WA KROTIR 99

TR EHbh 1.

3.3.2 74— PVDC E&thoMint

HETHER L 7H— PVDC BHAKO RERERER
# Fig. 7 TR

8, THHTRFMRHEICH LT VDC o &R EMHL
e dARFhD PVDC o FElEEREL, coZ8x
R LENEEMoEBEZRLTHS. L,
THHRERE EHE LT AR 2T, PVDC
FeIRED 20% THRILEIL 15cm THHH 100% kis
3¢ 3em ECEATS. F/ 50% DIECEARRIL
0 L DENEEHEXEERT. SOCHRBRFOTH
BoOREEC X 5 BEFHADRIZ PVDC FIEEH290% T
10% L d5. ch o OERER,IOHKT B &R
BHMOBEA&X VL 2%E { © PVDC HlEERLEL,

0.4F
0.3F
w1
[ @]
>
g 02r PVC
o
2
g o1t
@ x Lauan
0 550
0.5}
0.4+ Po,=0.1
oul
[ )
Z o3l
2
[+
v 0 2 =
o U.
O"E. \!\XLauan
0-1F i::}ﬁé::&:§\%
[
ot 2% 50 550

Temp. ("C)

Fig. 8 Effect of burning temperature upon evolution of
smoke (Cs) from Lauan-PVDC composites.
note: @ PVC

X Lauan (non-treated)
QWPC1
A WPC 2
[ WPC 3
¢ WPC 4
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3.4 WPC iRl & aRiE

7 7 ¥y—PVDCEAKIC >\ TN O SeE B ot
T -0z, RBORDEBOED 5 9 VB X UHRD
BYEEe= VDT HERETE o 7.

E, COERICHNVS v v—PVDCHEAKICIIE
EHRFBRMLTOEY. LT5T, KKK LTRgh
DORRSERBLI TR LBELI O30T, FESH
DBRRSEZEED HE (Pu=0.2) &, HEDIENE
B (Po,=0.1) & THAEERSD RBE = HERIE L. &
H% TABLE2, Fig. 8 ITiR3.

ERFSEOHEGRIENES 7 vHE WPC L LT3
DERET S L, 350°~400°C o HBIEIR T DB EER:
Ti2 WPC O BRERERS L, 500C B EoFETD
BEERSTIRARLEM O HRE L. WPC T3 PVDC %
WEBEOEREEND. REERESEQEAIIZ
WPC LRUBHOER S SICEEICL 7. Thbb
350°C Tik WPC pREREHS <, 400°C Bl Tid
BHOHGREN. WPC K3 LAREBZRL LT
75, PVDCHEHBOZ W HNRERELPPE L, EHE
RAETEEL B4 LB DBAICE > T 3.

COEBTHELRER & EBEO KR RERD ST
BEOHEBEERY, REL-EORAT E R EH

Z<, BRAHEREHTCINTERO. L LS,

HBEERE CTREES € -8 81c WPC o i Rm B 0%
WZEDPD, KEOTIAICRERNE LB C &haTH
S, BRMEMHE LCERT<SE052C L ERE
LT3,

4 %

i

E3 *ﬁ—PVDCﬁé{zmﬁiﬁﬁxﬁ%&%Ta
D DREH OBRMMERRZTE 7. VDC @ &
HERCBXIZTES, Boiht- PVDC D #ZEtico
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WTRE LIeBR 7 == 0" ) v Pz — 5 o ptfitzn
mpRSBEN TS C &, BITRMEAIZ VDC 100 3
XL 3MHBBYETHY, ThI LEMLTIHRDL
BT ERbh ot RickHeE L, FRBLUETF
HERVIER LA —PVDCH & kO MR+ 10
7. FRAOBERY v —FHE 70~80% THILES
15, MBEIC X 2BRRORNIBICIID, BIFLERE
ERLI. 7rHOBARE Y - —Fergn 90~1009
THEDEE LABREREREE:. BN IBD R

Y v—NMTHESWHALED WPC 8B o0 3 ¢ & %8
Uz

S 5IT 7 7 Y—PVDCH A DB D RIT R iz > 1
THNIAER, WPC R IC & ~T hEkiEa
f@%ﬁ%ﬁ%@ﬁﬁ%(,Eﬁf@%ﬁ%ﬁ@ﬁm@
B2 HEAEE .

DED#ERES LiCLT, bhvbhizs HIKTX B,
FVDEORY v —FICRBHL  BRESRS b,
SOICTEZEREN: WPC BB o3 L5, A
ﬁfmvms&ﬁgunm%/v—&mmﬁﬁﬁﬁém
DNTERETRTH 3.

%DK%O,K%ﬁwﬁﬁémﬁ%ﬁmﬁbﬁﬁﬁﬁ
EET S - EBRYAMBIED BEZA BLUK
HOMBERERE L LCHO - H R A YHED
MRICEL R oBR+E L5
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Radiation Curing of Mixture of Diallylphthalate Prepolymer
and Vinyl Monomer

lli. Studies on electron beam curing of mixture of diallyphthalate prepolymer
and multi component monomers, and its application to decorative laminate

for wood veneer (part 2)
Kenji Yoxovama*, Masao GoTopa, Takashi Kobama* and Yoshimi Kono*

In the previous report of this series, the possibility was investigated on the applica-
tion of the electron beam curing of the coating composition, DApp/VAc/MA/AA/BPO
(60/30/10/4/4), designated as “C” composition, to the preparation of decorative laminate
on plywood. The performance of this product proved to be excellent and comparable
to that of the laminate made from DAPp resin by the conventional hot press method.

In contrast to the procedure adopted in the above experiments, the irradiation was
performed in open air or in N, without resorting to pasting up the surface of the coat-
ing composition with plastic film, in the present investigation. This was done to simulate
the condition nearer to a practical, high speed continuous process of electron beam curing.
However in absence of the plastic covering, foam formations took place. This, together
with the retardation of curing due to oxygsen inhibition, posed serious problems. To
avoid foam formation, the addition of surface active agents was tried and among the
additions tested, MODAHURO (Nihon Monsanto Co.) was found to be the most effective
in producing bubble free surface which nevertheless caused an uneven, hammertone
appearance. It was found that oxygen concentration in the atmosphere during irradia-
tion, should be reduced to less than 5 mole%, if complete curing with a dose of 6
Mrads is to be achieved. With the exception of the performance in a heat cycle test,
the decorative laminate for plywood thus prepared was proved to be as excellent as that
of a high quality commercial laminate of polyester resin.

Further study is in progress in order to prevent the formation of hammertone uneven

surface, above mentioned.

* KEREE (BR)
Osaka Soda Co.
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2. RREIUHME
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DLHEEERE L BEA X 3 0AR Fici & L.

R&HRE, ~v7F75—-7mES (L5MeV, 50 zA) ©
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T, —DOBRMELLSE. Lpl, / v—DHRE
BiE, REROTEIAICREIRES ET3IKiE, K
BEELZ FdhiERWENS Lt 3.

T CTRBICE 5 D IZLHHE~ ORI OBEBETH
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A 2BEME (BE) BART, (LKA DORBEEH
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T 3.

LLAT, EEDE/ v —DRRBERENMLICI D
ZPERFL A, Fig. 1, 2 DT L &5ERAE). Fig. 1
ld€/~<v—% DAPp & OB ZRIC LI-BED#ESR
EORBELERD-DTHD, Fig. 2 FZhh ik
HUBEEREREAD £/ v—& DAPp DHEDOR
BELEZRT. WITRICLTHIRER (&K=
v —BEORVWHRIBKRICEBNT) ELIT EtbhD,
EROMEROIERAEBRELDP T S C LOEER
BEETELS.

B, EROTERAETCERCOII CEBEKET S
CEREBZONGVY, BERERZRZDICDLD
TREBICOZ2EERT I DOTHS.

3.2 REEMEAAMR

BIRICR /- B EER O LEHEN~N D RSB, BhiiE
L, {EEAZEREOBRERELH T 512, TABLEL IC
AT &5 REEAEOEBREELH ORI EOBRE
RS T

SEEICIIATEE 3 B oM gi (BPO fEHD 100 ikt
L, BEREEERZ 0.05 0.1, 0.3 5 Xk05 1.0 H5
mu, 77V 5 —2— (MR 0mil) LP—a—%
— (No. 25) 2T 80 g/m? O {bHEHKEZRETS L7 AR
(15%x30cm) £4 L, BOME, REFEHNOESESL
FURNE, REROEHOBELLE L>D, ®AGH
DRBEFZ L. BMRLLTROC EMbDh o7,

i 7TvRY=—50wt% D EEaLHEBRYITIE, B
HickaBEEHBRZRONED 1.

i Fvk)w—40wt% #EOERYTIE, €470
— 005, 4 LIRTYF7ux 102, 1.0 Hp
WINBERTH > 783, BEOEABIENEE L.
EXTu—ERMUIESR, BERAORENER
BREKBONEH, chzRBHickt LELE LY
FEBARER N Y= — b~ YROM AL UMD
REJBBEMABE L bIckE{ o7, ib=s
7u—% 0.5 R LicEa, WEECRER
HOEBRMBEEINS. HEZ0.05~0. 1 FEET
H5.

17. 72-WBITINTVRY 2—. E2E )2 —BAYOBMSELICET 255 103

L inital ratio of monomer,/ DAPp

L X 6,4 /x
200 45,75 X

04,6

150 X

i a

L N////,
oo ,/”/’/””
A

Monomer vaporized(g/m?)

wa
(=]
T

Time(min)

Fig. 1 Vaporization of monomer from monomer/DAPp
mixture coating on the decorative paper on plywood.

%

1.4+
initial ratio of monomer,/DAPp
X6,/ 4
1.3 A5 /5
04./6

1.0+ &

Monomer/DAPp ratio of residual resin
o -
¢ %
— . .
X/

Time{min)

Fig. 2 Change of monomer/DAPp ratio with time, cal-
culated from the amount of vaporization (cf. Fig. 1).
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TABLE T Surface active agents

Name Manufacturer Remarks on component
ANCHIHUROSU F 102 DAIICHI KOGYO Poly Glycol
F 103 SEI YAKU ”
F 233 “ “
F244 2 P
EPAN 410 ” Polypropylene Glycol-Polyethyle Glycol Ether
470 ” ”
710 ” u
740 ” P
SORUGEN 30 _ e Soribitan Sesqui Oleate
50 ” Sorbitan Mono Stearate
NOIGEN EA 170 ” Polyethylene Glycol-Nonyl Phenyl Ether
EA 140 ” Polyethylene Glycol-Dodecyl Phenyl Ether
EA 130T ” Polyethylene Glycol-Nonyl Phenyl Ether
NONION NS 208 NIHONYUSHI Nonyl Phenyl, Ethylene Oxide Condensation Product
NS 212 ” ”
NS 215 ” 7
RAPIZORU B-180 ” Sulfo Succinic Acid 2-Ethyl Hexyl Ester
KACHION SA ” —_
MODAHURO NIHON MONSANT —_

TABLE 2 Effect of time after application of coating, upon the solvent-proofness of cured coatings
on decorative paper applied plywood

Monozﬁxﬂp ratio ' 4/6 5/5 6/4
;igﬁ;;:fég; (1\]?[2;3) ‘Azﬁfl;* C?Jf;f’; Crack** Dent** Atg;t C;g:g: Crack*¥ Dent** ﬁgﬁe* C?Olg;c’); Crack** Dent**
4 X A O X O X O X O X O x
2 min 6 O @) O X @) @) O X O O O x
8 O A= O X O O O X O O O X
t10o]J]o ol x|o]lololx|alx 1ol =
5 min 6 O o4 O X O O O X O A O X
8 O O 0O X @) O O X O @] O X
4 A X O X A% X @) X A A O X
10 min 6 A X O X O @) O X 0] @) O x
8 X X X X ®) O O X @] O O X
4 A X X X A A @) X X X O X
30 min 6 O O X X O A O X O O O X
8 O o] @] x O O O b @) O 0] X
* Solvent-proofness, tested 1 day after irradiation
** Defects of coatings, caused by the solvent.
cm DIEHEERER AW Eic/cv—a—2—ic X DR (16 MNfchbEiT~TI7 v 7 OREDEDHORE LD
C) iceekl, 22 h 4, 6, 8Mrad BRP TR Bdbs.
L, Hllhoe/ v —BEBEBOT /) <~ HRICE v BERMICET, HESEICE 2 mERtoERR S
5 RRHBEDFE(LE~DEE LT, $E% TabLe 2 EDED LRI
b7 o
HlicFig. 1,2 [CRUBEBROE/ v —HBENEE HNEOBEIOVLTOC L1555,
BUoD, RoZTL s tiERINS. i ®/~<—/DAPp pltRE 4/6 I 6/4 TTEZT
i BEROBEHMIZ, 670U 8Mrad OB TIZIZ SEEAIE RS BERRENY, chides =—
. HERTX3. BPRVERLERETCORBEEZABRLTN 3
i OWIhOBAKLEMOHRNI S LI MBI EE S kHEEZONE. DL &, FEHEIERTG
ns. TELBEEEAY, €/ v—DRREBIL 118

i ¥®/<%—[/DAPp DI 4/6 DA, HEALSREC A T/ =—-R0HMc>h TZORERRET T
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BERRIC & B EREOZE R SN 788,
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L AL BT EHS o1

3.4 RAUDBEROZERtLELIITHE

AV TRIOEAEEL Bbh 2 RS sEE S

nt.ccvu%m%@%ﬁmm%&éa<TE®%$
E&Eﬁ¢mm%mﬁﬂ%xn@%%ﬁ%ﬁaﬁit
A YRTERBORBEEAS LY, W{LBEORALIM:

HE L7,

KERG M

tile#lk% DAPp 60 wt% o b o (BPO #&im)

BEEME =R (I5C) TF, TV AS—2ick 3

BH REEICA 5 —7 s v a2 BT
5X25x35cm DTN I WAR

BERE SRBIUVBRZLV~ILOFELHS0R

B REDLY, ROA%BE TS
20ml/sec ICHRETL 20 3R L. AR
AOBHIEICH T 3 BB BEOE LI
HEESHE (B3 RMU-5®) CikiL
7 (Fig. 3), A AMBEHCXZH 2D
BAMNERETH S L bRMTEICE S
THER L.

T/ =—DER BBRAOET/) ~—DERRIEENE

WK - TEBL Fig. 4 ICR L7,

WEARE FH1a%5L0 10 akicsR
B E
ﬂt@%ﬁ%%#?f,@i%EO#BZMMwéi

2,4, 6Mrad 0 3%

TOSEOBHASITICE D TREE L4 Lidt 2lic-
WTTHARIRBREERE L. #5212 TABe 3 DTELT
H5. CNPSLUTOC EMONERINS.

i

M EAIRBR D AT & 2 RO IR 12 L 10
mol% DIFTiRIZIREEIhiLo,
TAKRRED 7 5 v 7 REQPIE D Dre5 w248
4515 BRGHERE 6 Mrad T, O J4BF 2.5 mole%,
UTo#cref@B b ohizn. 24, 10 B0
BERTIEZ 7 v 7 ORELIZORIRE .
WTeb>, 7oakvaBBRicaBdaics, B
58 6 Mrad © O, J5f 2. 5~5mole% LI T <4 3

N.7&—»@&70»?v£97~-E:w%zv—ﬁé%®MMﬁﬂmmﬁ?6W%

O, conc. of atmosphere in the vessel (mole %)

105

Do
(=]
L

flow rate of N,
0 10m!/sec
x 20ml/sec
4 33m{/sec

[
[4;]
T

sy
(=]
I

93]

Time of replacement(min)

Fig. 3 Change of concentration of O; in the irradiation

Monomer vaporized (g/m?)

vessel with the time of introduction of Na.

initial ratio of monomer,/DAPp
150 X 6/4
A5/5 X
04,76 x/
5 x/
100
L A A/
501 a
Il ] i I i 1

5 10 15 20 25 30

Time(min)

Fig. 4 Vaporization of monomer from monomer/polymer

mixture applied on decorative paper on plywood with
time of introduction of N2 in irradiation vessel.
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i

MEABRRCHE S H 2 REOMMIEER I S hic
BRBEICKEL, O HEF 10moled% LTz
HohiLn,

R 1 BRORBHRBICAR S ¢ 201}, B
B 6 Mrad CHEBEEL 2. 5~5 mole PIFiciz 3
BEBSZ. CORBTREEDY 5 s kDT
BEEIhED. CCitRoh3~TI7 9 7135
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TaBLe 3 Effect of Oz conc. in the atmosphere at irradiation upon the solvent-proofness of cured coatings

on decorative paper applied plywood

Dose (Mrad) 2 4 6
Oz cone. mole % Acetone’ C?gg}i" Crack | Dent |Acetone C?gf;f‘ Crack | Dent [Acetone C?c}f;f' Crack | Dent

20 X X O X X X O X X S O X

X X X X K X O X O X O X

10 x X O X X X X O X —% x O

A A O O YAN O O O O o4 O O

5 ¥ X X O VAN X O O O~ A O O

X X X O A A X X O—-4 O x O

25 X X X O X X X O O—-al O O O

) X X X O @] O O O ] O O O

0 X X X O X X X O O O @) O

X X X O O b O O O O O @]

Figures in the upper line denote test, done 1 day after irradiation and those in the lower line denote one, done 10 days

after irradiation.

LT L TOROEAICEEShEL 5 TH -,
4Mrad DITO RS TRH 1 REORBTIZZ 5 v
IREBTDONZH, 10 HEDORBRTIZEAD O
T, CDAT I 5y 7RBERED L HWEiIC
Roh<Thbh, =2/ ~—0ERICLL-TTEE
DAPp CBECHBICHRT2bDTHA 5.

3.5 BbEEOMERE

Pl EORRE THEKEANY, 41— 7 CHRER

TEHRLL > TRIFUB(LBE LB 2 D DORME T

EHBHL

1. #8Rk#%h o DAPp % 40wt% &4 5.

2. ®F7v—7% 0.05~0.5wt% FRERINT 3.

3. RHZEIFORKBEEZLL &b 5mole LT
IZHE .

4 REHRERADLEDS 6Mrad L33,
ZHhODEEFILD &L ST TROERSHE TR %

feBl L, HAERERIC VTR L.

Hig#  DAPp 40% O bDitE 47 u—3 k8 BPO
ZZNZNRIEH 100 #iz 0.1 3 X 05 4 iR
.

BERY: 2R (15C) F, 7SV ~4—ick 3

BHE 110~130 g/m?

BEEE 6 Mrad

s HE 1.5x21x32cm O ABAICERE % AR 20

mlfsec T3 HHMEZEN R EFBLCH, RS
5. COIDDOERFEPEET 1moleY & HEE
gha.

BohkBBEIFROZ L, nve—F— RN

hDHBbDTH5A%, JASHEBICA - CEFtLERE

TSV, TOMERE TABLE4 IR L. CchEDEES
PRI, BHREY 2 RFVERTHSZ “F 5 2

TABLE 4 Performance of decorative laminate for ply-
wood, according to Japanese Agricultural
standards (JAS)

Plasban?®

a
&

Item tested Cair?

X
X
X

Resistance to heat cycle A
” B
Water proof A
” B

Resistance to heating
under humidity

|
>

[
>

Marproof

Scratch hardness test A
” B

Colour fading

Stain resistance A
” B

Chemicals proof
against 1% NazCO;

against 5% acetic acid

OO0 O 0000 Xx0 O Ox x x
OO0 O O0OO0OO0COX0O OO
OO O 0OCOOXx0O O OX0O0

against paint thiner

note: 1. Electron heam cured under atmosphere con-
taining Oz less than 1 mole %
2. ditto, under air
3. Commercial polyester resin decorative plywood
(by Nichiei Kagaku Co.).

v R LU TER DELEABERO TR, BRAS
DHEEBHICE 7. CDEHL VR URRICAKE
NCERBERAEOHVETDZ v 7ickadn L
Aoh3y, ChRREEMETLC LI >TRET
LT EMTHETHS. Kichi- kS5, ke <
—DHERIT L > TREXEIC DAPp KB A FHEELE
THLEEZONDH, COLSMRBTRHEELLE LD
G, EBEOEKE LN THBRICENDSSC &
BURTHSS. Likh-T, EHL VELRBRICHT
B LB N L BNHRDOEEN SEREFEICI T v 7
BRETZHDEEZ OGNS,
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4. B 15

BERICB O TEEIRERNT, Wb W 3 #ER, DAP/
VAC/MA/AA[BPO (60/30/10/4/4) #I5¥ B, TFR
RBEZTEY, B8O bEROEREELRE Lk
#, REHIcL? DAP {LERIC Tl 2 B o h
BTEERM L. UL, COTEEEEL 2 L8R
BERWEC LIIIE 2 ORI, & ICEFHELE
DRBLTEIESA VAL — FoRlABET I 3R
ZThhdbs.

TCTARTREMEEEZRA VB W T, LaEf#Ekc
DAPp REAZE A DZbDiILD W T, A—FVTH
%, BEZTRES HOELREORFETE 1.

XY, COFATHBELR3REREOBa%:E2E
T, HMEROIERNORBLEET 2 - DOREE
BRI OIRMZHRZEFH~, HIREBODAPPBEA2RS L,
T4 7n— (AR=EY4 ¥ FKKH#) 208BRNT3 &
BrICEZTH 548, BETEEICH~ =~ YRoy

17. 72—VBITY VT VRY v~ v2ne ) 2 —BANORGEIcHET 25 107

EETERMELGILS C Enbr ot 1F, =/
v — DT - HBRIERTE © #lgss DAPp 538
{00, BEHEEL LTEMDDELIHH AL
WHIRBEBETEC & &7,

TRARORBEROBRE T2, REOB/(LE
BIRITHREREOEELHA~, BRShOBIREL
10moleds PTFEFThiT, BECLZEAHERES &
B ORIEER TR BT EE 572 bicid, 6Mrad
ORHATRITIKROBEASKPOBERE LS L& 5
mole% LITFIc B> SEMH BT &4E -7,

128, BAZBROEZBEROERR Y = 27 M LR
HAEROIERIL, F#L VIR LRRDIS T Bl B iF i
EBEE-ObD LN I,

SHI 5K, FRESE OIS LD BREEERE
PR DB OME TS BRESB IR TS,
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18. 724~ B T7INFLE)=— . Y=
®/ = —BEWOBSBREILICE T 2R

EAR 72— 1B TIANTLEYv— )2 —
BEY DOAM AR BREEL

REREIER « (L B - 8 76 E

Radiation Curing of Mixture of Diallylphthalate Prepolymer
and Vinyl Monomer

IV Studies on radiation (especially electron beam) curing of the mixture,

impregnated in wood, for preparing wood-polymer composites
Masao Gotopa, Kenji Yokovama and Sigekazu TovonisHI

Radiation curing of diallylphthalate prepolymer/monomer mixture impregnated in
woods (birch and beech) is d:veloped for the purpose of preparing wood-polymer com-
posite by electron beam irradiation, and studies as to the homogeneity and hygroscopic
properties of the wood-polymer composites in relation to the preparing conditions were
carried out. Diallylphthalate prepolymer/acrylonitrile (1/1) mixture, mainly used in this
experiment, is easily cured by y-ray but rather difficultly by electron beam of high dose
rate. In the latter case, however, it is nearly completely cured by adding benzoyl per-
oxide. The ratio of 1:1 for this mixture was found io be favorable for the curing of
the mixture impregnated in wood.

Homogeneity of wood-polymer composite, i.e. even distribution of the polymer in
wood, is attained by the pressure impregnation of the resin mixture.

Experiments on hygroscopic properties of beech-polymer composites, prepared under
employment of various mixture of acrylonitrile and methyl acrylate as monomers in the
impregnant mixture, show that acrylonitrile is very effective for the improvement of
these properties; the dimensional stability of beech is much improved in proportion to
the polymer loading.

ERELDIE/ - DEARLBODTHED?, &

HBESREOREREEEN SV >TERE) v—0

. & & A & SERERIEEA S LThiE, BUHREE LTk v st

REXD, BFRERBEEIVS T &iL3. LhL, &

IR, BEHC K3 ARME R Y ~—DEAOHEN WS ETIRITENICY » TOEREE 2 DD ST, BF
ERENBVEOMESBONEN, 2D% L 3K DEMBHTHEC LiIZBELNLTHS.

LT ATEM BTMICXDRBMEYZZFLOR

" éﬁ?‘iﬁ%o FUYBRERDETEL ) Tv—DE 7 = —RIEHE
o EEEAST LB2 C LA ShT k.
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dhE, A#-RY < —-EHAEK (WPC) BT 5
bNBRTTHS. bBEAA, HWLillEokit:odEs
HEORWIDTHEMNEROBLAATHAS. MITTINEN
¥ RERERBRRY 2 2F VD RF L YIEKRDAMR
v BMELETRY, AMOXREFEL X OTHEEESR
LT3 ELEBEHTVE. VBRI -Thhbhid7z 4
~VEBRITYNTVR)=— (DAPp) - €/ =— HAWH
DETHRELLES C E2RAB L, ROTIER~OE
AzRs, RFEEoboNEOoNE Cc &2 BHB L
1e®. ZCTChICBISHNT, &/ =w—& LTAME
SNDOBEMUEBF L EZ 5N, »> DAPp oM
BRVWEBDLDRBTZ YV u=FY (AN) cEHL, C
DEBROAMAEBRAUOBTREICL 2R - R =
—HALOREE Y ROBAEH L o>>RA b L &
Lic. 35548503 WPC oificid DAP #igic
HERL OB LN T2 BIFREE, g, ke
ENFETI20LAF LI LB bBHATHS.

2. EBBITEE
21 R ¥
2.1.1 & #

ANBLXCTFOAMTTROTED b O 2 HERAL

7.
Kind and dimension of woods, tested
Kind of wood Dimension mm
Species tangential radial axial
Birch 50 1 50
A 10 20 20
B 10 80 20
Beech
C 20 10 80
D 40 40 6

Zhoi 50°C, 1mmHg ORTFHIRET 3 HESE
L, #EERBICTEZUEL TS, 20®RERKC
BARKELTEOWTER L. AMo~FEfIsEici2 0.01
mm ECHERMER A 70— —%EH LI,

2.1.2 E/2—, FULYv—-KLUME

TZ7Yu=ryw (AN): WIRD AN 2BHELK T T
P LTHER.

T7 YERAFv(MA): TR0 MA ZRE#LE LTE
B.

7E2—-VBITYNTF VLR Y =~ (DAPp): KR 2EE

18. 72-WBYTYNTVRY v Care/ < —BAYOBMSTIcEY 3% 109

At WE. 30CILBF 3 xF L F Ny b v 509%

TR ED 100cp. £>FH Mn 8950, H4E Po

36.4. KEMSB.loboEZDTEHEE.
EEALA ¥4 —v (BPO): (b2 2k 5 KK 8 p#tiEs

98.5% DbDEEDE TEM.
AMERICELTR, EEv=r%T/v—ic DAPp
(BEICIE UTBPO RN XS BEABHE LY, &
B — BRSO AER L.

22 EBA®

2.2.1 FEAHOBEE

AMATORIEELEE, $LUE 502 WPC o
BAFHEICRIZTREAMNOKABELET~Z 120, &
HOEBBAO DL, SEADLDLO"BHEOLO%
HEfE L. '

BEEKE (5% OARHOBEBILGEAME 25°C,
60% RH ORHTTBRHEDIERE L, 208k
FEREBICEL-bOEER L.

BAKE (W 10~50%) OAHOBRIRICRTEE
HEZAL, 4RENICAMEZAN I BREBS LB
HAKIC 1T BERELADEEE L 2k, 40°C, 90%
RH ofEREBBHhTHR 4 ICER ¥, FEOLKEK
BH LW B FHICK 1.

2.2.2 Kff~o#EEosR

BRIITERAR O FHIC KDY, H3LOoF T REFT
Yi—2—%FRAL, TOEBICHFAUEEEEE
HRICKD, ROCEL ERBEOENEMLATHE »
7z.

FERR: LEAREN ICB(EAM £ Ah 1 nmHg
LFOEATHERBER Lk, HELG-22T
AMBFRIRS ETTHIEREML, IOEELBAL
—XEEL L, WITHEREETRES.

MESR: LREIAKOFEICLD, Bisikic 1E
B UIctk, BEECEA—rrv—TheBLESS:
BALVOSKEOMET CHITHEEEEZTLS. &
BEBROFFORIUIITIE > T,

2.2.3 HEHRRHEL

EREBLOROUMLABRRERICHELTV 4
FORIEHEE T 7 ABETRNED, Trizyakd
NTEZERES, ZOKTDERVBEHLODE) =—D
BRZM o —FTHE L, chENYFS
7 — 7 &% (1.5MeV, 100¢A) BFHR (BRBICX
LZRBTT) BLU 2kCi%Co v fitic kb, +hehs
RTHRM L. ShilEoBae, 7rHTREMOEA
BREODOT, REAPEREEETCLIck-T, EX
FrEORHEROEELEE - 12,
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wIT, AMPBEIRBORERE LTRIEDO 4 DHRIRE
AEBRLRAL .. ThicBBEEEN 727 v VR
BEHALLbOZRHEAR LD B FEICL 7. B
HiAo—2 )Ry FICKPEETCHREERTEEE
MESEROEL, S OIKA4 VERRYFPHERICK
H» 10mmHg DITFTOHRETTRKEEE SERVEL
T -t RERERERBOFER X o7,

BHEABOLEL XU/ v —B{LRAE: BE®7
WIKRANBBVRTFRAT YT NELOBRNE, &
5 A 50°C, 1mmHg TREZRET IV, RRIGE
/) =—%BREER UEEROE ) ~—S0BIKEBLT
/) v —E{EEEZRD ..

2.2.4 WPC HOARY T —SH0OAIE

ABXUCHITFHo L xERE (BEiliFm =k
ZH, WPC HOAERRY v—DRHRAIEETIE o172
B, Fhic3ko T &k PWC 2484%L, 20K
- —FEEEZRA Y, REHFAOHHERD B EILKD
TRt TRhb, &k WPC 0oEFBICHBZLELRY
- —ZM OB -8, 50°C, ImmHg OREHRE TS B
MERL, TOEILFHBEMUE LS, BiARAKCES
i 10mm HRICTI O R - TEER (10X20%10mm)
ZHUSBAREREL, ERLABEZHEL, coM
SERBOLEARD, FhiokRickd, ORISR
Ho®y) <v—FiEE P.L) 25K Lk,

- w__
P.L=p——1

T W: #i9 WPC SHoES

Vo:
ds:
ZTT, Voo

AR OB
BEAHoE
do R OAEE T O ABLOERL

JAERI 5026

L: 40°C, 90% RH TFCwmA#, WPC o~k
Lo: sk cozhEho~ ik
DSw—DSwec
DSy
DSw: EAMOFHEE/LE
DSwec: £0 WPC o~FEEEE (L

A.S.E.= x 1009

3. XBRRRLEE

3.1 DAPp-AN(1/1) D v BE L UBTFHIE(L

AFASRRETOEILERICEN - T, TTHED
A DHEGHREAFEMAZTEY, L ICEDBBRKER
%#§~dz. §7H b DAPp-AN OEEREYD v &
(1.0x 10°rad/hr) B X EF# (0.037, 0.073, 0.183,
0.365Mrad/sec) REfick B £/ = — i{bEh S BEH
BLOBFRERD, Fig. 1, 20T & &R %28k, ¢h

100 /.-- L] o

1l

60

Dose rate: 0.1 Mrad/hr
40t

Conversion(%)

LTk®IzbDTHBH, WPC (LD xVF v I%)
Rick D KRERZAREEM (LB ->THERS) LT
WEDTHBEICRZODDTRIVAS, REDL AN
EREEOTCZDLH K LTRD:.

2.2.5 KM LU WPC OIS ED RIE

DE7F+#HEZRi WPC e 2 B W, Wi &
LTREBREXUREI S &3 THEEEDORE T
Lot Zhicizco WPCREloERHEICIZAE L
RY z—, ILRAHPORY = —BEhH—Ti K
A=Y, JIS HEOTEEZEEREROTET
H5 3I0x30x5mm & L7i WPC #EfbE, £9558H
50°C, 1mr.Hg ORXUTCRELRL, hiLERLTE
ZRDTEE, Ric 40°C, 90% RH olfaBiagstic
0PHKEL, Bk, BEBRETEHEZRAE L, Lokl
REZS LI LTRIBEE & U~HEEER (DS)P %3k
», SSKEEDSTELERR LR & L THifiER
A.S.E. (Antishrink efficiency) ZEH L7z,
=L—L0

L

0

DS

x100%

20

1
0.2 0.4

]
0.6 0.8 1.0

Dose(Mrad)

Fig. ! Gamma ray induced curing of
DAPp - AN (1/1) mixture,

-

\S/ 60 oDose rate:0.037 Mrad/sec
E . " 0.073

S 40} °o 0.183

(§ ‘ x 0.365

e —

0 2 4 6 & 10 12 11 16
Dose(Mrad)

Fig. 2 Electron beam induced curing of DAPp + AN
(1/1) mixture.
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dhid, v#Tid 0.4 Mrad BEOEHRE TEL2E(L
T35, EFHRTHEREEDS bREAEENRTHIS
B, LERERKEL, PORMBRBAL LLICELE
feisZEgohisi23.

3.2 DAPp:AN D7 /"HA, BFREL

P EOKBHREZZR U, Rich HRICERE LY
EEROETFREAORITEZVE) v —DhEL LT
i BPO RINZIRDEH» 5715 - 7e.

3.2.1 DAPp-AN RO A /HAOZE

DAPp-ANBEIR OB EE=BD b Dic> T, H
TRV SERBESEHEHOKETHR O EFESEET
TV, ERBOAREETRE - ERR, WEBEMBEIFLS
BEMEEL QUERE 10~84).  ccHkrbho i
ERIER A, B, CizzDEFICc DAPp olE®EM kL
ROMEREL 35720, ERENETT2ETFESA
BIERL, ABETRCHBALE TS, chidsi
ERCLBAMRE~ONENESLBEDLEZ LN
5. ERBEEAEHEBRICELCOABO T ENELS
f, ThoDmE» S (BIBRBDHED 52 DAPp 0% 1N
FNBFLWA,) DAPp EAN £/ »w— i3 1: 1
MBRELEZLNS.

H, AMAKFIIAZEEROREERESHIOMAETR
L, BRBRRICLXDED ULLHEEERT. chididd
PULORSKEESKEECOBREEARELTE &
(Fig. 3) ThoMSEHELIETH 5.

3.2.2 DAPp-AN RO A/ HAOETFHEEIL

HISICBVTERBERDLERER AL, EFE
(#2823 0.48 Mrad/sec) BE{tLZ RS, Fig. 4, 5, 6 DT

20
_ 186_

16
14
12
10

Moisture content(%%)

[T\ I R = W .

[ ] ) L

0 20 40 60 80 100
Evacuation time(min)

Fig. 3 Effect of evacuation time (at 1 mmHg) upon
moisture content in birch (50% 1 x50 mm).

TE-ABITYIANF LR =~ B2/ = —REYOMSRTLIcE T 2 e 111

L E&RRAE . DAPp & AN OHBOEEL I I
Fig. 4 OfERIC LN, AN A8 50% DITFCilin{bsess
ELLEVLS, ThllbEtsd BT 10Mrad &2
100% < 725. DAPp - AN (1/1) 0% Tid4ko Fig. 2
OHRESELORRLIMHLTAHZ L, ERBER:
BoEL, BLERLVENRTTH20EL -
TVE3DRBEKSHE. < HATEMRIEBRERESH
2bDEELOND.

Ric BPO R4 ~=7- Fig. 5 ORRIc kNI,
BPO 1% BEOHRMICX DELRENET (% 6Mrad)
L, 2, 100% # DEREBBONE T EBbH -
7. ¥ HIC BPO 2 1%&L, »D> AN oL Z S
BIERD Fig. 6 DEFEAR 5 &, Fig. 4 DEMIETR -
M LTHTANEGEDEZ WIBSICIE, MEE(LEED
BALERGEEEDR EBAHONS.

UL o#R» 5, DAPp-AN % T3 AN OHEHRK
FWNEFELE/MED LS, 50% LT &L, 52> BPO
TEMTaCLitkd, HBRA/MEBTEAENLES
T EMhh o7

100 —C
g/--——_g:
[ ]
80}
[o]
s
< 60
S *
2 —
2 40r b H
5 /
© . DAPp: AN=6:4
"1 [ o p: =6 .
201 ./ P " =5:5
[ ] n =3 : 7
0 71 58 10 12
Dose(Mrad)

Fig. 4 Electron beam induced curing of DAPp « AN
mixture in birch (50X 1 x50 mm).

10

N SN s
,/ x o <]
-
./ e »
/ ] 3
80r f
— x
NN ‘s
£ ;
£ 60 Jh BPO content
o ’ o 0%
2 x 7 9 .
8 40 o/ ° 0-17
;’1 x 0.5%
/9 . 1%
20
/.
P x
1 L L 3. L »
0 2 Kl 6 8 10 12 14

Dose! Mrad)

Fig. 5 Electron beam induced curing of DAPp . AN -
BPO mixture in birch (501 x50 mm).
Dose rate: 0. 48 Mrad/sec.
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100

[oe]
(=)
1

X
//ﬂ
X BPO content : 1%

Conversion(%)
(w)]
(o]
1

40
DAPp: AN
s 6.4
20 o 5.5
X 3.7
0 2 4 6 8§ 10
Dose(Mrad) '

Fig. 6 Electron beam induced curing of DAPp - AN -
BPO (BPO content: 1 wt. %) mixtures in birch
(501 x50 mm).
Dose rate : 0. 48 Mrad/sec.

3.3 DAPp-AN(1/1) D7+ HABSRE/L

LIE, DAPp-AN Z#BIEHROHHR A ~HABFEES
DOBREETIL o728, ROTEEOKEA, B, CH
THHICL 2 ER LEL, KMNOERSR ) < —537H15
EORBEETHRBE LU v BERAVTR - 72

3.3.1 DAPp-AN(1/1) RO TFHADEER

FTHARE—E (1) &L, BESE (FFE)
OEREAB LU CHRABCOWTHEAMOLE L OB
BETHENRILCAFR 7 DT EL 157,

chitkhid, FEETREEREEAELTHERE
BOBAIEDNC L, BIUSRBICEREENBZ L
(ToMEY) T &bt 88, BEAHMoKED
REVWHBERENE MERMRL 3 DITEBEIE.

ZCLTMEERCX2EREZEAABRE A, KR
B 1R, EX 10 KETORE ITEEHo&ETEE
2120, §iEEE, BEAMoRELOBETRDI-&C
5, Fig. 8 DT & FERAB . chickhid, §FEE
CHUTERBREFLIREREEEBIC, HEELR
FEts5. £1, EREOBOERENOAMIEERE
ﬁ‘m( RBEEVIERANRERERT L HICLE. EFE

- 150

S

= 130 . X

5 .

£ 110+ . xx  °f

S o* ° ximmersion time

g‘ e o o ° 3 hr

£ %0 . o 17hr

= 70 ° X 40hr
047048 049 050 051 052 053 054 055056

Specific gravity(g/cm®)

Fig. 7 Effect of specific gravity of wood upon the
impregnation of DAPp . AN mixture in beech
(size A, C). :

JAERI 5026
180
RN
ey ]
= o
£ 140 o os .
L) N o0 & [+7°Y
3120- ° & ARt
g ge o
100%

04«048 049 050 051 0:)2 053 054 055036
Specific gravity(g/cm®)

" Fig. 8 Effect of specific gravity of wood upon the
impregnation of DAPp - AN (1/1) mixture in beech
(sizz A).

Impregnation : Evacuation for 1 hr at 1 mmHg
Immersion for 17 hrs under 10atm.
Nz gas.

ETHOEANREN, mOE 52BN, A
N TOMBRICLIENBEESTS. 7iibt, KE
DREVHABERADAEVLAHOFTNER LBV H L
bEZZoNE. IhEBECIZAETOEELE SE®
LCHKRO S 2METH 2, HEOEZIAELE
ZoNd. REERAEDITHYD, S%OWMEICHF DS
ENdHHI.

3.3.2 DAPp-AN(I/1) a0 7+ HAKSEE{L

HIfiOMEETEShcHEESR 7 +H (AR % v
BELOETFHRTRAL, TREZHEE. BE88
i3z Fh 2.0x10rad/hr £ KTF 0.48, 0.24, 0.096
Mrad/sec Th »1c. BFRBHOEA%E Fg. 9 ITRT
2, ChiIZIhIMRERES (Fig. 2) B XU 74
NE(LES (Fig. 4) ICH L THELEENEN & WV S5H
RET ol TOFERELTEZ SNEDRAKES L
REWVKDOBEFHREBHNARMELLNS. 22T
HO I khRD SN 1.5MeV BFSORHES LT
ANF-BOEEFEN D, FHBRN A vF-Z2ER LR
ETH, ANEEHD T L EHRDEBAD0L2BEICA
N Ehbhoik.

ZCLTCCOBRBREATE -HEEL, vEOEAL
DR % Fig. 10, 1N TR L. chic AN
Btz Ay, 73ofEic ks FEUOEREZRLTH

" 100

00
(=]
T

/

X Dose rate
* 0,096 Mrad/sec
o (.24 ”
x (.48 "

Conversion(%)
S
*

0 2 4 6 8§ 10 1z 1
Dose(Mrad)
Fig. 9 Electron beam induced curing of DAPp - AN

(1/1) mixture in beech (size A).
Immersion: 17 hr under 10 atm. N: gas.
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3. %7z, Fig. 10 KRB T &L, vELOEE, H
RELEARKELTAMADOTBENY, hid—oi
RBEBEOHBESBRIEOHETEREFRENRS D EE
Abh5.

LROBED» >4 EEROBETFHREA ICL 5 WPCHR
EERBENESIE, BHAFMICRY) ~—S/H2HLE
HICH LTABRDWET TR, RAaMicd AN
DNENSRE—-REDERBLEIONS. dBAA
RBaticEARR (L AERBoMER) TllcoZE
BRWEEILGND. |

3.3.3 7#-P(DAPp - AN) HESHERNOKRY 7 —5%F

WPC HORY) = —DHBEOHEE 50D, K
FHTHADT, BEFRAICENTF#D WPC izoin

100 = °
e Q
-/
/
8ot/
- N
S et
§ 60h
-'3 ~"
1 3
e |l -
S 405 ———— Bulk polymerization
|
u
l
20
i 1

0 0.4 0.8 1.2 1.6 2.0
Dose(Mrad)

Fig. 10 Gamma ray induced curing of DAPp-AN (1/1)
mixture in beech (size A).
Dose rate: 2. 0x10° rad/hr.

TE—NVEVTINT VLR v — . Y2 E ) = —BAMOKS ST 27 113

TEDORY =—AHIERIFTERREGB LUBRBEYRE
DERET T o 12,

R Y = —531i% 2. 2.4 Tih~7- X 5ic WPC £#53 L
TEZEOHEHAETTLEEHI LT3 L, FRHAMEBSOR
ESGRETHEENLS. £CTA, B, CRHo7+#
2T, EIHMORESMEHE~ LA, Fig. 12
DT ELBHFABENA, CRITIIE—Thah, BE%
FAICENBHEDOLDORXROC EUMBOFROERE
Bi-.

UTF, A, B, CE7FHERAL, EELETHEEL
7 WPCIZ2W0 T, ThERBEORY) v—DH~DEE
EH O, BRI Taeel TEMEL. T BRiE
DERICLIDABIUVUCEO D> TREMAHO
A% Fig. 13 ITRLE. CZ THREDOERIZT~T
SEMOBEZEHSZ 1KEEL, a, bRERERMA 3
MELT, #FRBEKDIC BPO £iEm, iR LA
WHDTHY, ¢, diz BPO 2B M T2EEEERE
—D 17Tk & LT, BHRERZLZILLDTHY,
c i3[AHM: BPO 2R mME 3, SBMEEE LT 10 B[
L, BHEHEBEGDL a~cdtA—¢LEbDTEHS.
RCR3 X EoRR b zohOMESTLEL LK
SOTIRAVOTHRIIRETIZIH 20, Rhobhrs
LS ILBHICN ST, R Y 2 —BEEHFHOHLRIC

0.8

0.6

e
o)
T

Size B

0.6 o

W
!

Specific gravity (g/em?)

ee P
00
i

Size C

0.6f

0.4

0.3

100
i .
. 80_
3\2
5 60f
‘@
=
z
S 40+ Dose rate
© 0.096 Mrad/sec
/ ® 0.24 "
20 &7 %
X x 0.48 "
/ ’
l. 1 1 1
0 2 4 6 8 10
Dose(Mrad)

Fig. 11 Electron beam induced curing of DAPp - AN
(1/1) mixture in beech (size A).

0

2

4

Distance from the end of wood(cm)
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TABLE 1 Impregnation of DAPp-AN mixture in Birch (50x1x50mm)
Evacuation time (at 1 mmHg): 30 min, Immersion time: 2 hr
. T Moisture content Mixture Standard
Saﬁple Number Zf DAPp : AN : BPO ;"Slséosslgkgg AV B» impregnated deviation
o. specimen » st % 9% 93 %
A 10 30:70:0 0:10- 6.5 2.4 116.4 14.2
B 10 50:50:0 1.35 6.0 2,2 109.5 8.9
C 8 60:40:0 3.78 6.1 2.3 123.0 6.6
D 10 50:50:0.1 6.3 2.3 112. 4 13.1
E 10 50:50:0.5 6.8 2.4 107.9 13.6
F 10 50:50:1.0 7.7 2.8 109.1 10.5
G 10 30:70:1.0 8.9 31 97.2 6.1
H 8 60:40:1.0 5.9 2.1 132, 7 12,7
— 1) Moisture content in wood before evacuation 120
2) Moisture content in wood after evacvation for 30 min O"O——O—OWH\O
under vacuum (ca. 1 mmHg). i~
3) Al Wsx100 ".\'_.—._._. ./“.
A: Weight of mixture impregnated ir wood. 100
Wo: Original weight of wood (completely dried)
a
80+ ra
120 120 r-ray 1
< a Size A 8 [« Size C 70 L L L L 1 L L
QE*’ 100f, . . %uwor S 120}
= & . x| 235 L) q
T sof, * R . o _e—0_—=¢ «—®
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S 60 ° .2 8 el i O\U‘W
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Fig. 13 Effect of the impregnating condition and dose g 1 ‘ [ ' . 1 l \
rate upon polymer loading of Beech-P(DAPp - AN) —
composites (size A and C), prepared by electron beam b 1201-
curing. E
a b c d e > B o
Impregnation : O @ O X A (= 9 ./
Evacuation time,hr: 1 1 1 1 i 100} ~—~g—=0——e @0
Immersion time,hr : 3 3 17 17 40
Dose rate, Mrad/sec : 0.48 0.48 0.48 0.024 0.48 -
BPO wt. % 0 1 0 0 0 c
80 electron beam
140 140 : 70 I L 1 1 I L L 1
* Size A N Size C 1201
&0 X X —s | &0 d
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Fig. 15 Effect of dose rate upon polymer loading of

Beech~P (DAPp - AN) composites (size A), prepared
by 7 ray and electron beam curing.
Impregnation: Evacuation for 1 hr

Immersion for 17 hr under 10 atm
Nz gas.
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B, REMTHEOWRICEWHAZRLTHS. 5, BRI, MESRLILGE&ICOVT, RiKogg®R
BEHAHDOE—Rb0L LT ARla, CEd MBS HELHERLDTA:. ABRTFHER, 1EEE
naH, BHORY) v~AOBERENSV > THIER & 10 KETF 17 BB IEE FL -7 b0% 9Co v &
OEREBEDOZ N HON, B—LHEAZRTLIITHE.  BLIUBTFRLAVEEREECHEATT --#RIZ
ZLTEBBEROBAORMEIYT, vHABHICLS TAE3I BLUFg 150054 THY, BEEICIEEE
FRA, SBERIOBEBETTN - THL. BRI Taee2 CEEFOCEENE—BEY) ~—2FonBESh-.

BEU Fig. 14 DL THY, ARINEC K 2ERE L, SBBRSZVEEENE— WPCBESH
DEVBEHEY = —D ARG —EHAERL 57085, CHEERROESESE—LLDL, dBIEK
e HHROEBRSBDL, RRBRERENSD 5B BRG]

TABLE 2 Preparation of Beech-P (DAPp-AN) Composites by electron beam curing and the polymer
loading (size' A, B and C)
- . . Evacuation time (at 1 mmHg): 1 hr

. . - Irradiation . . Average polymer
Moisture |Immersion| Mixture Conver- | Specific gravity | Polymer rage po.y .
Sample | content time impreg- | Dose Total sion loading loading in WPC | Plots in
No. | in wood nated rate dg;: wood | wpe | in WPC ™ Fig. 13
; 2 .
% ‘hf % ’ Mfaélsgc Mrad % glem?® | glem? X,V X2% 2%
A-1 2.8 112.5 94.6 0.526 | 0.905 109.5 72.0) 23
B-1 2.9 3 92,1 0.48 12 98.1 0.523 | 0.836 91,7 59.8 9.1 a
Cc-1 2.8 : 78.0 9.0 0.498 | 0.752 76.4 51.1 13.1
A-2¢ 4.4 - 9.0 ' 100 0.498 | 0.878 98.0 76.3 13.9
B-2% 4.6 3 97.6 0.48 6 97.6 0.505 | 0.869 92.0 | 721 7.1 b
C-2x 4.6 83.5 ' 92.3 0.492 0.771 80.3 56.7 15.6
A-3 7.8 103.9 77.9 0.515 | 0.851 92.4 65.2 6.5
B-3 6.4 17 118.5 0.48 10 69.7 0.495 | 0.870 100.6 73.7 5.7 c
C-3 7.4 91.2 : 91.5 0.513 | 0.837 91.5 63.2 9.8
A-4 7.9 98.6 100 0.501 | 0.932 98.6 85.9 14.6
B-4 6.3 17 110.8 | 0.024 10 100 0.486 | 0.985 110.8 102.6 17.3 d
C-4 7.4 113.3 + 100 0.528 | 1.069 113.3 102.3 3.6
A-5 1.1 93.5 74.3 0.504 | 0,780 81.5 54.7 16.0
B-5 1.4 40 109.5 0.48 | 10 65.6 0.516 | 0.850 90.6 65.8 53| e
C-5 1.1 73.2 82.3 0.535 | 0.773 66.8 43.9 10.8
1) X=A/Wox100 A: weight of polymer loaded Wy: original weight of wood (completely dried)
2) X=(W/Vo-da—1)x100 W: weight of WPC V4: volume of wood dy: spesific gravity of wood
3) standard deviation of X
* 1wt% BPO was added in the mixture.
TABLE 3 Preparation of Beech-P (DAPp-AN) Composites by 7Y-ray curing and the polymer loading
(size A, B and C)
Evacuation time (at 1 mmHg): 1hr, Dose rate: 2,0x10%rad/hr, Total dose: 1.2 Mrad
S. le Moisture Immersion Mixture | Conver- Specific gravity Polymer | Average | Polymer " Plots
amp content impreg- sion loading | in WPC | loading in
No in wood | Time |Pressure| nated wood WPC |in WPC __ .
) % hr atm. % % glem? g/cm? X, % X, % » % Fig. 14
A-6 4.4 125.6 100 0.515 1.120 125.6 117.6 4.5
B-6 5.5 17 1 105, 7 95.0 0.498 0.947 103.1 90.3 13.3 f
C-6 6.4 101.5 100 0. 495 0.930 101.5 87.7 9.6
A-7 6.0 134.5 91.8 0.510 1.107 128.9 117.0 5.4
B-7 5.4 ST 10 123.9 93.5 0.501 1.103 120.0 105.6 13.4 h
c-7 6.1 132.7 92.1 0. 509 1. 096 127.5 115.3 10.1
A-8 1.0 135.4 . 89.3 0. 470 0. 985 128.2 109. 8 13.1
B-8 1.4 40 1 109.3 91.7 0.515 0.953 104.8 85.0 13.8 g
C-8 1.1 103. 8 93.2 0. 526 0.928 100.3 76.6 13.6

Note: X, X and are the same as in TABLE 2.
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Fig. 16 Effect of specific gravity of wood upon the
hygroscopic properties of beech (size D) at 40°C,
90% RH.
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TABLE 4 Preparation of Beech-P (DAPp-AN) Composites by 7-ray and electron beam curing
and the polymer loading (size A) ‘
Evacuation time {(at 1 mmHg): 1hr, Immersion time: 17 hr under 10 atm. Nz gas
Sample Moisture | Mixture Irradiation Conver-| Specific gravity | Polymer | Average | Polymer | Plots
Pl | content | impreg- Teradi sion Jloading | loading |in WPC in
No. |in wood nated ;:'i‘:) r:- Dose | Dose wood | WPC |in WPC _
. % % source | Tate Mrad % glem® | gfem? X, % X, % , % Fig. 15
A-9 6.2 118.7 2. 0% 108 15 97.2 0.523 | 1.066 117.0 103.9 1.1
o ¥ .
10 5.8 123.7 | 7 | radfhe | 93.5 | 0.534| 1.113| 119.6 | 113.7 1.3 a
11 4.8 130.6 0. 096 9.6 0,519 1 1,067 127.1 101.9 2.8
Mrad/ 10 b
12 5.0 133.2 sed 94.7 0.515 | 1.072 129.7 107.4 1.7
13 5.7 136. 6 lelectron| 0.24 14 98.6 n,494 | 1,058 135.7 | - i10.2 3.2
14 5.6 121.8 beam Mrad/sec 93.9 0.519 | 1.045 127.8 104.1 1.9 ¢
15 4.9 117.8 0. 48 16 88.9 0.554 | 1.029 111.3 83.9 1.4 d
16| 4.9 127.4 Mrad/ | 81.0 | 0.532| 0.995| 115.3 8.3 | 2.0

TaBLE 5 Effect of moisture in wood upon the hygroscopic properties of Beech+P (DAPp-AN) composites (size D)

prepared by electron beam curing.

Dose rate: 0.48 Mrad/sec,

Total dose: 9,75 Mrad

Sample Number | Moisture | Conversion | Polymer Moisture Dimensional stability

No of igm::ggg loading absorption tangential radial axial
" | specimen | % b.%| % S.%| % S.%| % S,%® S\:;'/‘:elhsn'gc";J A%E” SV.;:lllél’g‘;/; AOSAE" s%rellm,g:/;

B-1 4 0.5 05611 6.2)101..9 42| 9.5 0.7]|43 05| 42.7 |2.0 0.2| 41.2 0.1 0.1
2 5 3.8 15|82 331144 59| 82 3.5|2.8 02! 62.7 [1.4 0.2| 588 0.2 0.1
3 5 145 5.2(8.9 1.9)1228 7.1|11.1 39|21 02| 720 |13 0.2! 61.9 0.1 0.1
4 5 22,1 7.8!84.6 421154 53| 80 2.7(2.4 07| 681 |1.3 0.1| 619 0.2 0.1
5 4 49.1 16.3|55.9 8.5| 97.9 54| 9.2 0.8[4.4 03| 41.3 | 2.6 0.5| 20.6 0.2 0.1

a) Moisture content in wood before evacuation
b) Moisture content in wood at irradiation (assumed)
S) Standard deviation.

TaBLe 6 Effect of moisture in wood upon the hygroscopic properties of Beech:P (DAPp-AN) composites (size D),
prepared by 7-ray curing.
Dose rate: 1.63 X 10°rad/hr,

Total dose: 1.4 Mrad

Sample Number -| Moisture | Conversion | Polymer Moisture Dimensional stability
N of i;mxggg loading | absorption tangential radial axial
specimen |, o0 ool o g, %l % S,% % S.% sgv:lhn'gg/; AOSZJ" s&ellglyg:/; A.OZE" sg\;ellm'g:/;
B-6 0.5 0.5]|33.0 4.5|116.810.5]|10.5 0.4 |4.7 0.4 37.4 [ 2.4 0.4 29.4 0.2 0.1
7 3.8 1.518.4 25|1189 45| 9.4 0.8|4.6 0.8] 387 |22 01| 32.4 0.3 0.1
8 5 10.8 4.0 90.5 421199 3.4 9.4 1545 03] 40.0 2.2 0.2]| 324 0.2 0.1
9 26.6 9.4(89.7 111128 26| 7.9 06|41 0.3| 45.3 |2.1 0.3] 35.3 0.2 0.1
10 48.4 16.6 |86.2 10.9|121.0 4.2 8.2 0.8|4.0 0.6 46.7 | 2.4 0.4 29.4 0.2 0.1
Note: a, b, and S are the same in TABLE 5.
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Effect of polymer loading upon the hygroscopic

properties of Beech-P(DAPp-AN-MA) compo-

sites (size D), prepared by electron beam curing.
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Radiation Curing of Mixture of Diallylphthalate Prepolymer '
and Vinyl Monomer

V. Studies on the.upplicaﬁon of electron beam curing of monomer/diallylphthalate

mixture to coating on metal, especially to shop primer on steel panel

Masao GoTopa, Kenji Yokovama*, Kunio HiwaANO**
and Koitsu SuimMovama

An appication of coating composition of the mixture of diallylphthalate prepolymer
and vinyl monomer to electron beam curable metal coatings especially to the so called
shop primer is studied.

As a constituent of vinyl monomers for this purpose, the mixture of acrylonitrile and
alkylacrylate was chosen and in addition various organic vinyl phosphate was also employed
as a comonomer to improve the adherability and corrosion inhibition of steel.

A composition of diallylphthalate prepolymer/acrylonitrile/butylacrylate/bis (2-hydro-
xyethyl methacrylate) acid phosphate (50/10/40/2) with benzoyl peroxide, was found to
give a suitable result in the physical properties of the cured coating.

By examining several pigments, iron oxide was found to be suitable for the combination
of the vehicle of this mixture to prepare the paint, but active pigments were not suitable
for. the application. Electron beam cured coating on steel panel, prepared from this resin
mixture and iron oxide showed an excellent performance, when cured under atmosphere
with reduced O, concentration. . .

Moreover, overcoating of the so called vinyl shipbottom paint was found to be able
to be applied over this cured coating.

However, a problem remains to be solved that this cured coating is occasionally easily
stripped after salt water immersion; it seems that the further improvement of the ad-
herability of the coating is necessary.

T/ 72— REYOBTRELOILERA DL ZRS,
BYTEEE/ v—, MESOERAICXY, HtEtkik

1. - < * KRG (k)
A2 g Osaka Soda Co.
* hE k()
TR Db RB 72— BT YL LEY) w—. Chugoku Marine Paints Co.



122 kﬁﬂ%mmswamﬁﬁméogﬁm%

EREE LB LERMLEY. 2CAT, BRGE
CEBEEL LT, 205 HAMADHEEDSE S
T, EBRBEBBREEHENTVA. chicikEKEDRE
BT BREERBEN TR L 0 5 Ad 5 BiREA~0
HEENDWE I va—F 4 Y7L, BEREEM G AR
?T%5tbi£%kmﬁﬁﬁgbfmégﬁﬁm—&
B : 7u3ﬁ$&utﬁzb

P««‘,_

%

RS Bﬁ%)Qﬁéifﬁméﬁﬁﬁ%&m6j

ZLCONOLNE 72— VEIST YN VRY v—-
%/ < —BANOETHELOBE~OBAL LT h
AEEINETTAREOERB~OERICEE L.
ZOEMAE, CoOEEEOmK Wrvh Y Wik
RIRIFIC &, BRURHEY TolriT e, =/ %
—ELTT77 Y a= YRRV EE, WENESE
BHEEME S, BEMLICEREEZ GNP B TH 5.

LLAT, TOEIRYasv T34 <-— KBRS
Bife- LT—E L LToltEDEd,, &{iIt—iX
FICAARIE SO L LTIROFEABEZ GBS,

1) ik

2) PEsEME (& ICEMBSEHE)

3) I & DEE M

4) EFEoHEoEhTHhaCE
COR D BEFRENCEOEEARZEZOSNZIDIA
THOERBNETHLE, MELEEDE 2) BITTH
A9D.

ZCTCORELIC 2), 3) KERLT, UTFock
EIEFCTHEMBERMELZRSBCEE LK. THbS,
EFTT72- VBRI TINIVEY) =T Y=}y
nEIT2E/ v —HROBRIIC L 3BT HBELEHED
#E, Ric, chicEaT 38 0%RE, soicchk
LB LN IELEEEEORROIETS 5.

CTT, WNE L OmELD JOHEEEE 3 Hik
LTZBEOLBETO + V' — b BROFEANEL SR
A. f2&Z1X, RoperTsoN® [F xR+ vEAHT AHE
AN MR RSS2 LB 2T VR Y
-—%8, chEAVLBEREELEEEICTSNT
WACLERBLTWLA. &7 LEwis 59 RY et
vryo&RLoEEER Fic, IEBiiBHEcks
QI FINEZNKRT 22— VEDBMEE, =—DFF
7 FEABEHHCLERB LTV A.

ETAT, ERbSTNALTFIe—2LTHIOHN
TWEEDRIA v ¥ 2FF4=—MNbb. chlify
v=NVTF 7 VERIREIRICY) YBERINT A Lick
S TEBREICHBRBEAEE L, FHICRERERI
ERR LT, BEEEETVIL0THS. Ch
SORPOEAT, BYHRELCBEALBI b DL L
T, HBE=LTZAFNMCEBL, ThERESEELD
T, COEMEZERTLDHERLOMEOBEEDS LT,
CNODEADREZNFLRABRT AT Lic L.

\

. TSEE

JAERT 5026

2. ERBIUEE
EXTD- S
211 BieEH

TE—LBITYNTLEY v— (DAPp): KIREE
KK #p 50% AFnvzFuy b YERKE # 9cp
(B80°C) »bDOT, KEMM 55, FEATE GEREDE)
T~OX1CEE0bDEZD T EHA.

RIC, THIESTEIEEE/ ~—REUTOsOEE
Blezc il znEEFERALE.
T7Z7Yyu=tYw (AN): ERIEEKKHEHOHDT,
FERHELTNAFRR) VEI A F LV Z—F I 35~
45PPM &F.
FTrYBTrErzT 0 (Alkyl A): 77 ) LB
AFw (MA) T/ Y Bz 7 (EA), 72 Y8BT F
W (BA) 0=fF. VLIFNL=ZFELRKKBO DT, &
EFERELTNA FrE) YE) A F N T—F ) 35~45
PPM &7%.

BERIL~ 4 v (BPO): filiilh & LCTHER L BEL
R4 CEKKEO S OTHE 98.5% b

‘ DTH5.

Wi, V) vBRr=rzz7F v LTRBRICELEZ D
i,
A 2-e Fo$:vzFu-2AR247 Y L— -

b

VY e &

0
CH,=C— COOQH&}—P<
| (OH).
CH:

thigs& KK 8§ HEMA-P' T35 5.

B. 2~ Fud¥zFu-72 Yy b—b-) YBz2z

CH»_CH—COOCzI-LO—P\
(OH);
Hmiss s KK & HEA-P Ta 5.
C. 2-eFaFvzFr-227Yyv— - BB R5F
n
misEsS KK8PTHD, LE&%%EK&?%%
DD &L ThA.
D. 2 @-EFR&xYTFNAXTIY - )=y ¥
Bxzxsn
C—COOCH\0),— P {
I (OH)
CH;
Bkt TEKK#H JPA 514 ThH-TEET TR
TEERS (B 80%) LU, 2/ zRFr (|

(CH:=



JAERI 5026
20%) 2LEHETEHDTHSE.

-

- #ov s (REBRD : MgsH:(Si0s)4(3Mg0-45i0,-H.0)
ZERFLTEIHDOTHAL M KBOLDTH 3.

RABER L IL I0: Wb 3RV 5 =@EELE
CHEALL 205 bBMESEN 137 2 v TR KKS
BRIREER MAPICO RED R-220-3, I 3 [F4kmehikegst
MAPICO- YELLOW LL-XLO, Il |3/ mT3 KK
KN-320 T - T, £hEh JISK-5100 v /5 12,
25, 15HE%ETH5.

BEMEN L I EEEEN I EERL, 205
BIFEMERL [ 12 ZaCrOs - 4Zn(OH): % £tk & 437
FRERACHBMEHRTE KK MY ¥ 2 70—
ZTO TV, M % K:O » 4CrOs - 4Zn0 - 3H:0 % Ffk
ETARRBRATRAEMY Y/ Ry 2V avs s
A—FZPCTH3. #heh, JISKS5114 ovyy
nA—MERHO 2EBLC I BEHYRTH B.

EEBEE: TAriz=vaRERT T VBT L =
VAETRELEL TS 3 (INBESY 65%) 40T
HETVI=vAKK 70—z} 3100XA THD,
JISK-5906 ®RIATLI =v A 1 BHYETHS.

78uyT=vER: f74n v T = vy ROETE
KK #l74ns7=v70— FP Tk -7 JIS K-5241
72uyT=v 7 v— (BRD) IBHEYSTH 3.

2. 1.2

2.1.3 k#EbZH

JIS K 5634 #HE OMME e = visdisikl 1 248y
mTH-T, FHE=VRE L Sk (hEe KK &)
ZHER L.

1.4 BERARIR

JIS-G-3310 #k#A# (70x150%0.8 mm) % £120 4 v
FR——TE &, Prz YTHhIEL, ERTHRSRE
Lo, YV AFXvEANIT U — & —~C{EGEHER L1

2.2 H¥oRY 2ELLIURSH

L5 DAPp % &/ = —KiBA, OGRS EERL
B—HEHRE - bDEERT 3. S oEEERS
UBRMET 2iCid, LEBKRICEEMART VLY b
IMCTH 20 R L, B ABE LY sz
7.

RicehForE, BERBROZ®EICK -7-.

1) HMESRICREEES, E3600E) 2570
7 4 WAEED, BE—E (W50~100p) L1125 X 5
BELTHoEEBEEL, chickh BHROBERAL
LUE/ v —DEREHELS 3L 51 LTRES 3.

2) W LiIcERRE AT, v—a— a2~

19 TE~ABIT YT LR Jv— Ezne/ 2~ BAYOKRSSELICET 2HE 123

T3 20) ZAVEMBL SR 2 EEhTIDE S H
#9535 CoOBE BHETBEBABLUE, v—0%
iz 3.

3) 2) OhkicksBELE 10x20em PR Y x
TNT 4 WEABOBEEDSDTHES L.5ecm 072 HoD
FICAN, 240MEREBERL, BELICENT 3. BHE

. AOERMOMEBER 0.76% BETH -1~ (BHE

ZERMBEIE 99.98%).

JR&HZ Van de Graff jmskse (1.5MeV, 100 HA) iC
LU, avRT7 (BEREE 0.72m/min, Mrad/pass) %
RALTITE -t BERIUERIZEIC 6Mrad L L, =
BEQBHAET 0.48 Mrad/sec T - 7-.

HREEROBE, BEOERSRISMHETO <y
JRFrZ )T ICEkb ek BORTTHEH, @
IELTWigL,

2.3 BILEEOEEELS L UHEESE
1) TWHEKE: 3wt% oiEkic BN = Rig L,
| ERETORE, 77 v O RELE
. ~B.

2) Tzt 4wty OHFHE Y — FKIERICBE
U, BEDH{E, £, 77042853
FYLYICRIEL, BEoEEOES
BLUBODOMEEZTE~S. .
BF7ZF 4 7 TR 1 mm FD o
NYHI00 5 %24, RECES S
fckn 7 — 7% 45° FRICa%icE] -
0 REEx 2, BEMETA~E.

3) THIEHIHE:

4 wEHQ):

5 HENQ2): MEOARBTHEHRE Wmm 0 5+vz
O EEE 0T~ TirT.
BBNQLOTE - LEETHMT 3.

6) Wk TR RERRBREAOHE: 0.5

kg 5503 1kg, % FHERE: 500 mm,
BOEE: 1/2inch T 2EICHEAN
Z, BE%XenF—7T 45 HHicH
L-BOKRATHET 5.

P EDRERZRD 5 BeREIC 577 3745 L 7=

k] BT e o 2| 'am&
3 i) pRf=3 Cpee ]
A1) :/“E -
© gﬁf:‘/ﬁﬁﬂ"liﬁj—;‘/ 81;;% REry A
INT Y U e 61~80 |1
O REED PPIEADPEEE oo v T
TE = 41~60 |4+ L v
© |77 Vﬁ‘p"bg’;ﬂ'x& e _—136— AN
A 72 VE E%E‘P"P 21~40 /\h‘pg
#HH g (H~sy 100 A
r& A
A - aF~y| 0~20 &
* %%usazr 2y wo |~ B




124 o REFIEFTIC B0 5 R L0 EBmx

2.4 BHICEBT/2—-KIEEDOAT

FEE 2HOBBRTRIAEML, BEELBER
WehEL, BET (2mmHg f3F) SET 20 BRK®E
Us REIGE/ =—2ERBRER, fkitzcot hz/<
—&E{bRERD .

&/ v —E&{EE%)

‘ =(1— ERE/ -8

BREREGhOE ) ~—BGIER)

)XIOO

3. IRERLER

3.1 DAPp-AN-Alkyl A ROBETFEF{L

100

&
T

(2}
[
1

W
(o]
T

Dose 2Mrad

2
t L \A“-~__..

l H { : { : ]

Monomer conversion (%4)

JAERI 5026

T/ =—LLTANDAZRO3 RO IS
KBS, Thefldid Alkyl A 2z, B fEDR
HZETRY, BESHROERERS -,

2% BHEIR)ZZ2F 07 4 VAR BFRCHEE
#9100 BELLALSiICL, 6Mrad B LI Ba
#, 60°C, 6KEBELETHVELMBLH 1D
KOV TRESRETER L 7. BEFRELUHERES
i, 20°C, RH. 75% OEERE G »7-.

HEERIETEE el OTELTHY, chick
i,

D 77VVMBIRFNDIRTFVEDRERMNE S
W5 LEbic, BEOTEEIRA LT 288~ 0EE
HREFETS 3.

2) T7YMBIRFAOHREOEMICREY, ®E
OREHIRBIFLET S

100, '
6\\!\5 °

57
gof \O/ o

60 Bl

40~
Dose 6Mrad

20

0 20 40 60 80 100

Alkyl acrylate mole (%)

0 20 40 60 B0 100
Alkyl acrylate mole (24)
b

Fig. 1 Electron beam curing of Acrylonitril - Alkyl acrylate/Diallviphthalate prepolymer.

Note

O:MA, @: EA, A:BA

TABLE 1 Effect of the composition of monomer/DAPp mixture upon the performance of electron beam cured coatings

Composition of resin solution Performance
DAPp AN MA EA BA BPO }_‘gggf‘ltﬁzt Cycloid soratch
50 50 4 X ©
” 5 45 2 X O
" 10 40 “” % A
“ 25 © 25 ” % ©
” 40 .10 ” X O
” 45 5 ” X ©
30 50 4 O A
" 5 45 2 @) ©
“ 10 40 ” X D
o 25 25 ot X A
" 40 10 y X o)
” 45 -5 n X ©
50 50 4 O A
” 5 45 2 O ]
” 10 40 ” o) X
” 25 25 . " X X
” 40 10 ” X O
” 45 5 ” X O
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TagLe 2 Effect of addition of various organic vinyl phosphate to acrylate/DAPp mixture upon the performance

of electron beam cured coatings

Composition Organic vinyl phosphate Impact test Cycloid scratch | Appearance of
(wt. ratio) A B c D Load: 1kg curve test the mixture
X ©
DAPp-MA-BPO 2 x © milky
(50-50-4) 2 X (@) ”
2 X ©
2 b4 ©
O AN
DAPp-EA-BPO 2 O © milky
(50-50-4) 2 X © ”
2 X A
2 O (@)
O A
DAPp-BA-BPO 2 O o milky. :
(50-50-4) 2 X © - "
2 s @
2 O 4]
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TABLE 3 Effect ot addition of organic vinyl phosphates to the performance of electron beam cured coatings
of DAPp-AN-Alkyl acrylate

Composition Org. vinyl phosphate D%gfree Immersion® test cc::,ss Impact test
(wt. ratio) . A* B* C* Load
' D E F curing | 43 days | 15 days | 15 days test 0.5 kg kg
DAPp-EA-AN 2 © X O
-BAP -2 O x O
(50-46-4-4) - 2 O X O
DAPp-EA-AN 2 O © © A © O ©
-BPO -2 . O Ay O X O /) O
(50-40-10-4) 2 O )] © X . O A O
DAPp-EA-AN 2 A © .0 A © © ©
-BPO 2 X © © X X A A
(50-30-20-4) 2 X © O X X A A
DAPp-EA-AN 2 A © © O © © O
-BPQ 2 X © 2 A X A A
(50-20-30-4) 2 X @) (] X X A A
DAPp-BA-AN 2 : © X O
-BPO 2 O X Q
(50—46—-_4—4) 2 O X O
DAPp-BA-AN | 2 @] © O O © @)
-BPO 2 @) O O A @ © ©
(50-40-10-4) 2 O O © O ©
DAPp-BA-AN 2 X © O @
-BPO 2 X D O X
(50-30-20-4) 2 x o) © X
DAPp-BA-AN 2 @) © O A @) © @)
~-BPO 2 D O O A © 0] B
(50-20-30-4) 2 )] © A X A A A
Note A*: Immersion in xylene
B*: Immersion in salt water
C*: Immersion in aq. alkaline solution.
TABLE 4 Pot life of the pigmented monomer/DAPp mixture
DAPp-BA-AM (50-40-10) 80 80 80 : 80
Pigment 20 20 20 20
(Organic vinyl phosphate D) 2 2
Benzoyl peroxide 2 2
Storage time (hr) 48 72 48 72 24 48
Body (Talc) © o) O X O O
Iron oxide I © O @) X O O
Inorganic - © O Q % © Q
o8 I © 0 o) X o) o)
pigment -
Basic . I © o} o) x o | A
pigment II © O O X X X
Alminum powder O X O O X X
Organic Cu-Phthalo-
pigment cyanine Blue O O O O X X
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TABLE 5 Effect of pigmentation upon the performance of electron beam cured coatings

Composition of coating Immersion .test Cross cut Impfg; dtest
c N . Ax B* test N
omponent wt. ratio 5 days 3 days 0.5kg 1kg
80-20-2 X @ O O O
S-Body-BFO 85-15-2 X ay © O O
90-10-2 X @ © O O
S-Iron oxide 1 80-20-2 O 6 © ©
_BPO 85-15-2 ) e © © ©
90-10-2 @] (&) © @) O
S-Iron oxide II 80-20-2 O e © © o .
_EPO 85-15-2 o & © © O
90-10-2 0] ay © © O
S-Iron exide III 80-20-2 O X ©) © O .
_BPO 85-15-2 O B @) @) O
90-10-2 O 3 © © O
S-Basic Pigment I 80-20-2 O x % ® ®
-BPO 85-15-2 @] b O O @
90-10-2 @) X @) O @
Note: A*: Immersion in salt water
B* : Immersion in xylene.
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Fig. 2 Effect of pigmentation upon electron beam
curing of S composition with BPO.
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TABLE 6 . Effect of the amount of added. organic vinyl phosphate D on electron beam cured ‘coatings

:'_Cdi‘r'gbdsrition’ Immersion. test: Impact test
‘ . . Aiw B Cross cut test |— Load
S-Iron oxide ‘I—YP.- D-BPO 70 hr 91 hr 0.5kg lkg
80 20 2 2 A A © © O
80 20 4 A A © © O
80 20 6 2 A A © © O
R 20. 8 2 A A © @) @
80 20 10 2 iy FAN © O @

Note: A*: Immersion in salt water
B* : Immersion in xylene
VP - D* denotes organic vinyl phosphate D,

TasLE 7 Effect of coating procedures upon the performance of electron beam cured coatings

Composition Coating Immersion test } Impact test
Cross cut test Load
. A¥* B*

(wt. ratio) procedure 25 days 9 days 0.5kg 1kg
S-BPO Film over lay @) ()] @) Ay A
(100-20) Barcoater C O © ) e
S-Iron oxide I-BPO Film over lay O @ © ad e
(10-20-2) Barcoater O @) © O O

Note: A*: Immersion in salt water
B* : Immersion in xylene.

TABLE 8 Effect of the irradiation atmosphere upon the performance of electron beam cured coatings

Coating film Immersion test Impact test
Atmosphere | thickness X BF Cross cut test Load
- H 15 days 4 days 0.5kg 1kg
S-BPO
(100-2) N 60 o) o © o) N
” Adr 60 ()] ) @ O o
S-1 idel-BPO|
Ty N | e 0 E ° o | o
o S . Au- 60 @’ @ @ @, O

Note: A*: Immersion in salt water
B* : Immersion in xvlene.
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Radiation Curing of Monorn.er/Polybutadiene Mixture
l. Fundamental studies on the electron beam curing
of the monomer/polybutadiene mixture
Masao GoTopa, Tkuo AzaTo* and Tamotsu TAKEUCH*
For the purpose of finding a new type of radiation (especially electron beam) curable
resin, monomer/oligo-1, 2-polybutadiene (M. W. 1000~4000) mixtures(ca. 1/3) were taken
up and the effects of M. W. of polybutadiene, kind and amount of monomer, and addition
of comonomer, peroxide catalyst and crosslinking agent were studied.
Methylacrylate is the most favourable among the monomers tested, and acrylic acid
(and maleic acid anhydride) and trimethylolpropanetrimethacrylate are also effective as
additives to improve the curing rate. Addition of small amounts of dicumyl peroxide
also promotes the curing and increases the gel fraction. The gel formation is also
influenced by the M. W. of polybutadiene and increases linearly with it.
The dose rate effect was also observed. In the case of v-ray irradiation, required
dosage for the curing is low and gel fraction is very high.
Themal curing under suitable condition after electron beam irradiation was found to
be very effective to increase the gel fraction of electron beam irradiated specimen to
nearly 1009%.
DEALEICHEAT A HIE TS ETICARIA TS 60
BREBOATED, o, 7UrRY=— (124
T=v—) L/ <~ HOREUTHBBEANE .
1. ¥ = RREELL >TOAEREMRY 2XFLORF L v

B, L CETFRBM L 2 sOmLIE, £k
OMBEEIC T TENICRATRN A FAR S F o h
5. LI oT, BHBEIFLEONFTREZ LS
EEEZBUZ ODBIRMESTRLONTET L 3H, ¢

* WE~A 2 b () o
Toéa Paint Co.

BEAYITE, BRkCHEEMCYRRANS Y, KE
LD ERMCEED i3 F - k0RO SENR
o5,
CHETRGYTL— 72—} LV EY2—DE
/=—BAEHP, =YL yn2nd Faii
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JAERI 5026

2¥A ) T=— (PB) 0/ =w—BEAHIcEB LT
ZOPBRIXXDTELEXL,2-R) T4V vaxFhkeE

TEERTHALRATHD,
— CHe—CH—(CH; - CH)—CH,—CH—
o m dm
b b

CONEO C= VERERTH Y, ETHRREICLD
H#ETIAv=LE)v—LRIBL, TOEAER/BICLY
Bk s &8RSN S, fidh, fAEE{L PB &gl
BLod i, LI XERETHRE BRIEH,
AERBESNEL, BEEOIE B DL, pHoWE
FRRIFLEOE{ OBBALH L THEC EBEIoh
WaY. choDiEkII PBicE, ~— 2 MA BT RE
fLLI-BacbELErbDETFHEENS.

ZC T, AHETIE PB £/ =—BAMOBTRE(L
OERMIBREZ, 37, MBI IEEMHEICLD
€/ v—DORBREBLXUCERNE, PBOEAE, MiEss
UEBHBRNEORFTERA, ROT, ChickhBY
HEh- RO EFHRBHICK 3L NV, sy
FHE,SBREFL, S vyRENOBEALOHER K
UCHinAHREoRF RSB L E L.

2 = E&

2.1 K- #l

RYT2V v BAHZEKKBET TABLE ! [TRT

£57%, BEAEORER AL D (HFEH 1,000~ .

4,000) 4BEERLE:. chid Vv rBEAER
LOWELIBODT, R TFEASENEECY +—7
THHLbNITHEY. 1, ARCETFLES
73%E Richardson #8511, 2-B ) 74 vty =
v—LEEREA YHEFOY AR ) TSz E Y
Tv—ZdHBRIER L.

T/ v—: B/ v—BIUOBBAHLE L TCOL Skt
/7—ROIShETHROSDOTHD, iHRFEE
TABLE 1 Physical properties of polybutadiene

Polybuta- | Molecular Visg::ity Structure
: ight*
diene weight (45°C) E;r?nyl h fans 1,4-cis
B-1000 1090 725 89.4 10.6 0.0
B-2000 1960 4000 90.5 9.5 0.0
B-3000 3030 22800 90.2 9.8 0.0
B-4000 4170 97000 92.0 8.0 0.0
Ricon 150 2050 5090 82.6 12.3 5.1
Cis-PB 5670 1.6 5.8 93.5

* Number average molecular weight.

20. RY 72TV 2/ v BAYOKHERILICET IHE 131

CXUERBEHL, #E3Z0TEERALE. B
T/ 7Kk~ V1 YBROHIREEIC K 28
TS o 7c.

BERCABE: TIRREZ0F EERLE.

2.2 RERESLUFE

RHENORE : BETREMICIZEAE, 7Y K&
FitH: 65%25 mm, 413 50x10mm, EX 0.8
mm DTN IEDYE, ZONICE/ ~—/PB BA
MEZZEAN—MICTS. ROTChETHI=
YLETE - CRER D=/ ~—0EHB L OES
ToBRRICLZ2EAREENILT . vHEBHICK
BEAR, AEHN 0cc OF SR T ¥y Frig kR
BABEHALLBOZHEALL. 03T YT
VADEGRTTIRERES Ac XV BFBHRU-BH
L. BEOREBEETCOHYE, REIEVEL
BRI AHEEESEL o2DIE, EERRAE
WEX#B-DTH 5.

BH: BEFREHOBARI NNV TS 7 — 7 &R
(1.5MeV, 100 gA) it kb, ERTHASBTESL
27, I YNTHE 12 mm/fsec (1 Mrad/pass), #&
#H 0.4Mrad/sec ®d & T, LLROTIRICLT
AR 2R L vyREHOBEAR 2.0
kCi ®CoffFic kb, BETHEET. 2x10%rad/sec
DHET, EROFTSFSATYTIEARELRESL
7z.

B EDFE: ERoRREF LT, TR
o &5 Rigkkic X 2B TELEERIC XD,
BIEEROR 7 Y —= Y 72T -1, Tbb,
1Mrad BiEICEEZ2 7 v I =y aE LH oHE
THLTHTHESEL TEBEALRZTHIE, Bl
4 (©), R AEBisEALEBS L5 Thh
i, BIbRES (X), &L, coEEZERDLSI3
BT TERT 5.

©>0>0Q'>A>X
ik, /) v—0x2iEtRIEEONERE/
2—DENMZLY, OO LEL L7 (20D
BoRRE) CTEAELLEZbDET 5. —f
K, ChiCET 2 8BREBICKIELBELEEL
PREL. :
RICE(LEDOERNFEGEE L LTREBHEAEDS
VEEAEICE o7, ThiciR T, BHREE
50°C, 48 B E T CIMA L, RREDERE=
»—2BRELREIEE/ 2—3EEZRHB. KT
SEEHTHRT FAICRKRLTY AR EIBL, S
SRERDS. COMBERIEDT 20 BEBA TR
W, #HlSH0 &3 ETRVET. BRERIZHANE
HETT 50°C wm# LTiEiEsRE Ly virEz:
ke
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3. ERERLEE

3.1 PB/EJv— (31) REVOETFRE/LOELEN
5

iz c OEOBRAYOETHELTRE,) v — 0D

WEBERTH SR, HUToEBTRe/ v—& PBL
DRER, ZOERELOBENS 1:3 —F &Lk
*t, BT, AHOERIITRTT M IRICLIALR
R B OIEMELHEIC X -7z

FJT—-DEE

PB LiAHA€ THEILEBEDBROE , v —ZRE1IY,
2)=—LLT, AE 7Y VvBAFNV (MMA), 77
AE 2 F v (MA), EBie=n (VAc), 2F L ¥ (St),
7#Yya=tYyw(AN), F7, PB & LT B-1000, 2000,
3000 B LT 4000 5D AARIC K BTk
BOBRNZITIE 12,

BBT 7 YNVBIRFAMTH A FAMLNOERTVF
WMDIRFIN, F2EZETIYNMBIFABLIUTF
12 PB i § AN RESTH o 1o fcdd, KERD
BB L, £ AN § PB e x4 B a8 ESEHD
ClESTFEO B-1000 15 LTF 2000 & DAATOEER
OHTR -7 B, #EHA PB h, H4TFEOEGEN
B-1000 i3, ¥ DE/ v—LDHEAAEOEATHET

311
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DREHERRDILHLEBDLNS. TCTUTOEERTIR
&) 2—¢LTC, MAZFEELLTAVWACZEE L. &
7= PB 0RFEBHEAL & b ICHEFLREBETET S
BMERAER L. T, O ERTIEE Y I3 RTE
HERLE B25L, REE PBOFEDKDHLEDL
s,

3.1.2 ZHUNLEBENSE

FifioEEL* R 3 & LEFLBEBFEHXRE VD
T, ZDETO—HELTIE) v—ELTT 7 Yy VER
RINRAZFTHI.

AZERTI3, PB (B-2000 %7-1% B-4000) 3%, MA
%7213 MMA 13fic AA 0.2%fn% 72 PBIMMA (&
7212 MA)/AA(3/1/0.2) REAHOEBEILS XUE/ <
— R EER .

HRAMMET AL TABE3 O &L CHHBBIR—&L
T, TAslE2 OEE & B LT AA Rinick Y,
2~4Mrad BLBEBBET T2 EPBbh 7. B,
AFEDHRICOVTVWARRHIOFELHEERR—TH
348, BT~ FmEEEEED B-2000 OIFSTIED
- B-4000 TRED S, o7

3. 1.3 BE{YRERNE

XM EFELREZETE LS50, RO=ZHOB
BLmEORINIREZBRE L. bbb, BEL~
4w (BPO), AFNIFNF bR —FFHAF

TasLe 3 Effect of addition of acrylic acid to PB/monomer
mixtures on their curing

Irradiation dose (Mrad)

Skl (20 Mrad 2 TORBHICEB) 2REU, S PB | Monomer
1o X 1 2 3 4 5 6
EEALEELEGMES Z L TABLE2 DT & { THBHH, & B-2000| MA X A OOl O |0
e/ v —51, MA X0 MMA 255 b LA E S, MMA | x | x| *x|A]101]0
PB LEA#I34 10 Mrad €3 5. LALMMA B-g000| MA X X o, 0] 0|0
BARE LM EBFEWKE 1557 PB & PMMA MMA | x | x | AJOJO|O
TABLE 2 Effect of M. W. of PB on the curing of PB/monomer (3/1) mixtures
. L Irradiation dose (Mrad)
PB Monomer -
3 4 5 6 7 8 9 10 11 12
MA X X x AN AN O | O @]
MMA X X X A A O O ©
B-2000 VAc X x x X X X X | X X X
. St X. X X X X X. X X X X
AN X X X X X X X X O @)
MA X A A o O O O (@]
VA_c 4 X % X X X % X X X
St X, x X X X X % X X X
. B-4000 MA X X x O 0 o
MMA x % X O @) ©
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TABLE 4 Effect of addition of dicumyl peroxide to PB/
MA/AA (3/1/0. 2) mixtures on their curing
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TABLE 5 Effect of addition of TMPTMA to PB/MA &
PB/MA/AA mixtures upon their curing

Efﬁeri- Kind of PB Irradiation dese (Mrad) -
. %“ogr\DCP 1] 2 3| 4] 5|86
PB
A | B2000 [ A O | O| O] O:
B300  A{O| O |O|B®]| O
B4000 [ O'| O} OO | © 1 ©
DCP o
0% x| A|lO|O|O.| 0
4B 1% o\ O 10|00
2% Oroj|o0o|lo |0 @
3% o O O © 0| O

4A: DCP 1%, 4B: B-4000 as PB.

(MEKPO) XKUY 7 3 —nse—+ + 4 4 ¥ (DCP) %
%9 PB/MA (3/1) EABICHEM LEFRRAZRS 72,
ZNBD 55 BPO Rz DBAMICRIETHY, LI
> THEALRER R AR ST, MEKPO 3T 22
BERsE, 5. L L, DCP 3¢ 0RAHMDFIE
BLEEEZ ERS L3 X5 REAERLE. 2CTB
Bitifiig L LT DCP %M\, Zo PB/MA/AA(3/1/
0.2) BEU~ORINZEE PBOSXFEBIURMED
BEOTEP SR LTAH). B, DCP oRmEl:
HIETIE 1% —5E, %#%ETI0,1,2,3% & L7

HRITTBEL4 DT L THY, HEF(LEEIZ DCP
1% #HINT 6Mrad 5 4Mrad (EF U728, £/ =~
HERBIIENET 6Mrad TH 7. chickhid,
DCP DB EEOMBICENTHELS5TH 5.

118, MERMHE OB & LT %SERE o MR
HRmEdbA bl BEHELTNYY 4 %2 PB
(B-2000)/MA (3/1) BAMICH 0.2, 0.5 BXf 1% =
Lt BEERABRTAE L, ETFHEEM L
5, BALHEERL 10Mrad &0 RMBIRIZRE AL D -
7z.

3.1.4 REBFFME

BERELCHIBOSEREE, ~— 2R NT3 C
ERKVBHBERRESh A LT TIcRlgs
NTVBEZATHEY. T, P AFo—nFo
Ny PYART 7Y b—t (TMPTMA) ZiofEx &
L, PB £/ ~—BAEMICHRML 7 BE0E(LEEDE
RO 6 MR T L.

No. 1 B-1000 :
TMPTMA=3: 0.5
No. 2 B-2000: MA :
TMPTMA=3:1: 0.5
No. 3 B-3000: MA :
TMPTMA=3:1: 0.5
No. 4 B-4000 : MA :
TMPTMA=3:1: 0.5

Irradiation dose (Mrad)
Condition : -
12|13 ,4|5|6]7|8|91]10
No. 1 XIN|OOJO|O|0O|O|0!l0
2 X|A|OO|O|O
3 ATO|NO|© 4
4 AONOI@|0|O ©
5 ATONO|I0|00|0|0|0|0
6 AJONOO|00 ©

No. 5 B-4000 : MA : AA :
TMPTMA=3:1:0.2:0.5

No. 6 B-4000: MA : AA :
TMPTMA=3:1:0.2:0.5

RRERIET DL TBES ODCLTHY, LEGEL

BRETETLLEITHBH, T/ v—ilkicES
LHMBERPL > THALK 10 Mrad & 77 5 7-.

o, COEHBEL L CEERSZDIE, chE
TRONKCEIMIOEREEENBEE L CETH-T,
Ty (LLCEREBHT) OBAERELTNS.

3.2 PB/£/ 27— (31) ;'E‘%%mﬁ?ﬁﬁﬂz@iiﬂﬁ
et ,

AIEDEMENEERICKY PB/E/ ~—BAYONEF
{LIEEZETHE LD 5 D OMIEHEKO TR aEE
ZHLEELT, YVAE (XIS1RREE/ v—48E
ST WGE) Al X 2REICE B 1S BLBROK
HETREICLE L. 455, PBIKEETARE) =—
& LT, FIEOKRNS MA 713 MA & AA B
G/ =w—IKREL.

3.2.1 B-4000/MA/AA (3/1/0.2) B&¥ 0 BFLE
i

B-4000/MA/AA (3/1/0.2) A%z DCP % 1% iRin
LU, EFRECES XY v E0RmETEH~ L 5,
fig. 1 OT L XERAEE /. chickhife/ =—1BEK
BAICRAD UK 4Mrad TH%T3. ¥ udEoRd
BLUTNVREOHNMECORBEITHELL, chbl
LOBRBORHTREMNIZEHETHY 8~10Mrad TL
w7 UELLEL RS, Tibb, Sy vitd
AITH S IR

3.2.2 DCP Fimohs

Hifli O3B T B-4000/MA/AA (3/1/0. 2) iR &1 DCP
19% &mMUE8A, 10Mrad RETEHLLD O/ Va3H
BETHCEMDP 72, 22T DCP oikMBOHR
HERS 5720, DCP HmME 0,1,2,3% DA 6 Mrad
BE LBy VvAEROBEMEREL: & C 5, Fig. 2
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Fig. 1 Electron beam curing of B-4000/MA/AA (3/1/0. 2)
mixture,
80
i °
75 .
°
3 / * ¢
CN s *
[ 2
701
i *
- A}
| .
65/~ \
I ! ]
0 1 2 3

DCP added %

Fig. 2 Effect of addition of DCP to B-4000/MA/AA
(3/1/0. 2) mixture on their cuoing.

DT LEBREBL (i, BEE/ ~—5FEiR0Th
b 0% TH-7). chickhid DCP oEmREICIIE
BEBSYD, THLULETRPZ > THADERETT2
zEWhin ot

3.2.3 PB 0B FERHE

HIE 3.1.1 (TABe 2) T PB/® / ~—RAHIOETFiE
B3 PB ONFBOKOIBEETHLC Litbho
fo. ZCTXDEEBNEMEEES YD, Fis.2-HEHE
#iEko PB/MA/AA(3/1/0.2) iBA%ic DCP 1% &L
725D, PB % B-4000 Ll4to B-1000, 2000, 3000 &
LiiEAatohB~RA AT, REZFER 6Mrad 571 5
IRERIE Fig. 30T ELTHY, ¥ Vi#EIL PBOSF
EICERMICHAT S E0REh. 5, B-1000 ¢
L RARRIEE/ v —BBE (W 1.5%) T84, oo
PB CREEBEL DML o, BHChBITEL
B-1000 O RIGHMBEL B ERbh 5.

3.2.4 KT ULA VBENHE
PED 3 1LI1~3 @§iClde/v—& LT MA [T AA

JAERI 5026
100}
80-‘ ./
/
N 60
j’-a_';‘ ./.
40f /
of 7
01000 2000 3000 4000

Molecular weight of PB
Fig. 3 Effect of molecular weight of PB upon the curing

of PB/MA/AA (3/1/0.2) mixture,
ZERMUEDDOERAND, AADORDICEK=LV 4 ¥
BRMAA ZRMLIBAEOBREBRTF LTAH . ERE
ZHERREE & L B-4000/MA/MAA (3/1/0.2) iB&%
(DCP EiRim) % 6Mrad RS L84, kDT E %5
BREl o7z,

BEE/ =—0E%) VuREG%) TSrag%)
0.4 8.9 90.7
0.4 10.4 89.2

T 7 Y NVEBEOBAICHART, FASRIARS A,
BEHAIORBAYOMENEL, REERZ LA
5.

3.2.5 PB o{bFiEnEE

Pk, 1, 2BE&0XKRENLZ PBILOVTERZETR
> TC&EkM, LAREORELTE Ly TABEL TR
L 7- Ricon 150 8 & ©¥ Cis-PB % A\, REkEH oMM
oD PB/MA/AA (3/1/0.2) iB&%wc DCP 2% &=L,
6Mrad EFHRBEHEHEZTN /LT A, TALES DT L &
BEREBL (FEPhoMER 2HEAMOESEME). chickh
31 4E5AHAEEBICRBERETT 3. ¥/, Cis
PB ORBERE L { B, FraEBHEHRES A
HSEBEAEEL. 125, Ricon 150 0igd, REEOKE
SRMBREOH, ERBEEETFHTIIF UL RIGHESEA
THCEDBhPE CORBREFUHIBELRETH
D, SHOBFHEET S LEDbDNS.

TABLE 6 Effect of structure of PB on the curing of its

mixiure, PB/MA/JAA (3/1/0.2)
Irradiation : 6 Mrad -

. Degree of curing
. 1. 4 vinyl | Dose rate
Kinds of PB e

% |(Mradjec) Mono- | 55106 | Gel%
B-2000 9.5 0.48 0.0 | 55.6 4.4
Ricon 150 17.4 0. 48 3.6 | 72.5 23.9
0.24 0.7 | 57.5 41.8
Cis-PB 98.4 0.48 18.0 20.8 61.2
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TaBLE 7 Effect of addition of TMPTMA
Kinfds Composition Unreacted Sol Gel
O
polybutadiene PB MA AA | TMPTMA | monomer% % %

2 B-2000 3 1 0.5 0.8 48.5 50.7
3 B-3000 3 1 0.5 0.0 27.1 72.9
4 B-4000 3 1 0.5 0.0 24.8 75 2
5 B-3000 3 1 0.2 0.5 0.0 12.8 87.2
6 B-4000 3 1 0.2 0.5 0.0 8.6 91.4
X B-4000 3 1 0.2 0. 5% 0.0 7.3 92.7

* Ethylenglycol dimeth-:rylzte was used instead of TMPTMA and also the dose rate used was half of that for the

other samples,

" TasLe 8 Effect of post curing of electron beam cured
PB/MA/AA mixture

Adg';_tion Dose | Thermal Degree of curing
. Unreacted
dicumyl Sol Gel
peroxide (Mrad) | cure mon(%mer % %
none 0.6 30.3 69.1
4 80°C 1.0 3.9 68.1
120°C 0.4 18.7 81.3
0
none 0 28.5 71.5
6 80°C 0 28.4 71.6
120°C 0 15.8 84.2
none 0 30.9 69.1
4 80°C 0 29.4 70.6
1o 120°C 0 3.4 96.6
[+)
(]
none 0 24.8 75.2
6 80°C 0 35.4 64.6
120°C 0 0.6 99.4

* curing time: 6 hr.
** mean value of two samples.

3.2.6 REBHIFNZHR

ED 3. 1.4 TITIE > L ERBHRMEIRD S HICEEN
RRFEEZENEL, BHTHAVEEE No. 2~6 BF&
BRZETE - BEOSr VAEEZE L. Ik, BH
HBEZESHTE, v —HECE L %8 10Mrad &L
7=

WRABETAEE TE7 DL ThHh, BlLER
ERELThBZ ERbH 5.

3.2.7 #MAHR

$2iC 3. 2.1 i © PB-4000/MA/AA (3/1/0.5) BE&HD
EFHEFEICBE LT Fg. 1 IK/RL2C &<, 10Mrad BB
HTHTrNVGEBI0% ICEL BT L5t 22T
COENEX GICED B2, BHEBOMSMBHENT
HEhESHOBRHERAS. B/ v—HBEERETHS
4Mrad L5 NWGEBBEKICIT L 8 5 6Mrad B LT
%, 80°C BT 120°C it LT A7, 2RI Taee s
DTELTH-T, 80°C OMETIZHELD TR LD
120°C oMEAZEZHTHY, &< ik DCP EEDOEAIL

100f
- " A =
XS 80r
2 goll
@ p A:Sol %
g 0 \ B:Gel %
UG 4 Y C ! Unreacted monomer %
\
20 C&'X\\x\_ B )
x.
R 60 80 100 120 140 x107ad
Dose
Fig. 4 Gamma ray curing of B-4000/MA/AA (3/1/0.2)
mixtures.
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3.3 v#RBHICKBE{L

PtEo PB/E/ =—RBEAMOBTFRELOERICE L
T, TOBEMARBICIRAED ORBERKEEDSZC &
BHEEIW. Z2CTCoAZHIHITT 3 BT, v
BRACLZBAEERTH.

B-4000/MA/AA (3/1/0.2) B&%% 2.2 DEBREED
LTLATRRAEISWENFAT I HAL Y B
Licb DO v ESE L BHEE E OBGEATE~.

HBREFg 4DTELTHY, T/ -—-HEEBX
Ur Vit ENBEFREBHOBAICERTE L LB
Ebhhd. IHICELS MLIBELRW, BhER
B NVHTERETREHOEARKLTELLKXTH
% (0.96Mrad JRSHT 91.6% ITiET 3) T FHBEEN
B, T8, YABENI00% e onBHO—EL
T, BROBRERARFED K -1 CEBEZONDN, T
NoSDADRIFRSBOMECELLBEZLITL.

4.

o

L2-RY T2V vy Tw— (4FH 1000~4000)
DE/ v—REVETFHRELOERNBEE, L iKd
) T=—-0FE, BET~REE/ v—-0OEH Bk
S L OEBHIRIMSIRS L OEMEIC B THREL
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L HEENECIZ Kz 3 A ¥ —~BF oW EhTo
TANF —HREROHEICET 35

B2, RFLV-XZ 5 YLEEA FNRESEKDOR I ERIE

FAEET] - RFREEA « EERYE - Ak —

Study of the Energy Loss Function of Elect}ons by Vacuum Ultraviolet Technique
Il. Reflectance of Styrene-MMA copolymer
Koji MATsupa, Yohta Nakal, Torao TAKAGAKI and Ki-ichi Kimura

Measurements of the reflectance of styrene-MMA copolymer in the wavelength region 1000~2000A
are reported. Shift of the energy loss peak due to the concentration of 7 electrons was demonstrated
by changing the composition of styrene and MMA.

Disagreement was found between observed shift and calculated shift based on the free electron
plasma theory. This result shows that the observed electron energy loss peak in such polymer may

not derive from simple free electron collective excitation.

HIED T, REEAECLZET L F—BFOWEHT
DI 7 F — L EEROMEER % R~, KRB ORY, b
LT, BEIEMELT, RYRFLUREORSRERDE
DHUERRERE Ut REER, HEHFL—B=HL70
T, WEORRE, FHREICERETR 742 27 L YORSRD
WE, BXT, RFLYAZIYABZFL (MMA) #£E A
DEBRDRUEETIEY, RESKDICE T 3 T ETFORHE
P27,

MRORFVvYE /2~ MMA /)2 ~%% 4y bo—5
EBET, ThTh 2 @EREETRD, 4BOERE (RS
) oK EE 7. EAROMBLRMAMEREOTES
e (C.H.N I—%—, MT-2®) 2RI THRDI-. ZOREE
%z TABLE 1 1IR3 4Bkt 7 AN OYD, LA =

TABLE 1 PMMA content in styrene-MMA copolymer

Sample I | Sample II | Sample III Sample IV
C:H, 100 51 18 0
CH,0: 0 49 82 100

RITE 7 te, MRS XCRICH T TES S DA
LBEE, oy s RICEZE TR (G 10°rads) %7155
& B, B3VRIEEAEBRO:D, HREDEEDE
BBLONIOTHAEAIC L IHHOBERIE -1 WEAR
80°CT L:BRIfTIS » 2. HEAKIE, 77 rh oIl L, i
BTER 20mm, EX 3mm ObDELHE L, hff 1500 B
BR—re—TH S 7o 20%EE, 3000 BOL ¥ 2B~
YHTT, D UREROC TN EENTE 52 THEL:.

FREDT = v 7 BHIHY OFB T -7, HREESIY
TERTHY LR U ARTH 30T, KEgT, ERRE
AL, TRCDNTOERETIS. Fig. 1 BRYZFLvo

Energy{eV)
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Fig. 1 Reflectance of polystyrene vs. wavelengh for 20° and
70° incidence (solid lines), and calculated characteristic
electron energy-loss function, Im (1/&), for polysty-
rene films results of absorption measurements by

Buck er al.* (dashed lines),

RGiF 70° B &0 20° iexfd 2 Rt dhii©H 3. Widic b
NI XD IGELENCIE, A ¥ —iR% N Im (1/8) 1353
BEhHIL, kRILERADEL, Thbb, KA 00
RHBOMBCEELZONZDT, ChddT i —iRk
HHOEEFHELTH LU 11.5eV, 9.1eV,6.3eV c—2
BRONDZH, EIL6.5eVDOE—-2BRYRFLIYDRY
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HVBRO T BETFOERBRERLDE T DEIhTHE?®,
—7% SWANSON® B} 20keV OBF%# Y 2 F L ¥ OHHIC
EBXE, TEAVF—BRORRS bps 6.97eV iCRIL
P— 7280, TR YEryPe0HRRICEREIN LS
MR, 37bb, BMoFHEFICLABETREVAE
VWHBERELTWS. %7, Buck ¥R YRFLy/OMH
Wiz d 3 BRI RRY b5 T4 e — BEEHZRD,
6.92eV iz — & %EBHTEH Y (Fig. 1). LAVILLAP % CARTER
5 OHD & 5 i HHEFIC & ZHEHER (77 X<&E) ic X
350THA5E LT3, Buck S OMEIL, EEHELS
EHSEbNOIDOE6.3eV L3S LThTHED, MBI
& Bulk &%, Fibb, HEOE&OBEEIC L IBER
Bo¥E, SREEPHTEEEOREE, %/ Bulk 084, it
OYFIC X ZREREORE, UEBECEROVTINLIOEED
- OHEOHEOEEERTLES POBEEENL -TL 3. L
L, bbb E@LL Buk R Y 25 v 2 HOTRHEED
BEZTTIL o 7= CARTER? 53, A F—iBEKEE Im(1/e)
2 6.5eV EWHHAIEREERLTED, HENIW—FER
T3, 22 THLZOY— 7 it BFOEMBIEIC & 338
Wicd E S b0 THNE, 77 X=R/EHO T A F—i3,

wp: AR

n: B oBELTHWAETFY

e: BFOEN

m: BFOEE
2METEEELONS. 22T n (MiAEboBEEL
T3 T BFE) ZEALEEORBRIRE~7, §ibb,
73 X2 LR N FE—E Fo(eV)BED X S i T 5 hak

HBitd TABLE 1 LR L 4B OIEAKERED, HERIT

¥—7 2L U EEE OLBET 57, Fia. 2 KZ0ES

Energy(eV)
1110 9 8 7 & 5
0.4+ 6.11eV
5.95eV
b 6.22eV
§03 6.3leV
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= ,
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o1 . PMMA
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O e o o 4 ! ' )
1000 1500 2000, 2500 3600

Wave. length(A)

Fig.2 Reflectance of styrene-MMA copolymer.
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ZRT. PMMA 0z ~<7 b idSlEnEmEsEsRL, BF
KL OBREEHBSTR TS 1. B EDES,
AFUVBEROBAEDE—~7 6.3eV T AT DPEVHBR
WEAxNVF~ZRL, RFLVOHLEBLIEZICLichio
TZOHAMR L ->THE, ChiZEodiLbXd, %=
BTFREORLEEDIC 77 X~ REIck s EFBE T 70
F—EBEEBLLTWAC LI 3.

(REY 77 R=BRTF M~ fio, 1T 2 DEHIRIZHK
FILIMEELTEZ. Fig. 312(2)RD SEE LI fo, LERIEE
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=]
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]
. e N
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Fig.3 Effect of PMMA content on energy loss of styrene-
MMA copolymer.

ZRT. FPEREVENETE, xFrryofifkisBb 342
CT&iCd »THBRINT 3 4 F— BB LA, SHEMEIZES
hegbnceline Edbh ot ChiZEHEAEHE R
BFREEENRR LT E0T, BEEFLELTOD 2BFOHF
PMEDHEERALELA THARTAERESENEBDbh 3. £
T, HEZAERTORI RN bR & E—0&ET
TRETICERED IS ICHE DI EES.
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Tunneling of Low Energy Electron and Electric Properties of Metal-Thin Polymer-Metal System
Il. Transmission of Photo-electron through Thin Polymer: Films

Torao TAKAGAKI, Yohta Naka1 Koji MaTtsupa and Kiich Kmura

Polymer films deposited by glow-discharge were sandwiched between aluminum electrode films.
Photocurrents through these sandwichs, with thickness between 100 and 400A, were measured in the
range of photbn energy from 10 to 15eV and with applied bias voltage at 0.5V. Ratio of the
photo-current, through upper and bottom electrodes was measured as a function of thickness of upper
Al electrode. Maximum ratio was observed at the thickness of 420A. Transmission measurements of
the photo-electron through the butadiene films exhibit the electron tunneling effect for the very thin

films and the high photon energies.

£E-R Y v —HE-SREROCEBOREL KPERNTER
W DBIE S REL XD T, ROBEME L THEEEAHER
DRI & BREBEFOR ) = —FHpOFBBIC DO TREETIR »
7. ®/=—2 1,3 butadiene # HHL, Su—HEkick
S THEBEZHELE. 2othoRREERIETHRY LRETH
B8, EOMEShAEOT VI = a— L2 BHOEIEEDT
BROEBTFERESE, R)w—BhicBATILYN, ES
ZOBVAELIETCHEL, BEROESERD . FLERN
SERER LB REEEAMNRBOKERBRL - TRS
1% 800A~2000A ofEROXEE, AL THERT
il otz 7= a—rORETFREOYBIFIFY KRT
BYTH3.

Fig. 1 BRI BOEETHA S W ER Ok 350
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Fig.1 Ratio of the photocurrent yield detected at the bottom
electrode and upper electrode vs upper electrode
thickness for different wavelength.
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Fig.2 Ratio of the photocurrent detected at the upper and

bottom electrode vs polymer thickness for different
wavelength.

20
Polymer 1,3Butadieue

Upper electrode
thickness 420A

Bias 0.5V
Wavelength
0 926A
210484

x1164A

—
ol

[y
(=]

Ratio(%)




140 AR B 5 Rt b o ERusE

Vv —EOE IR 3L AOCBEETEAIhtBRok
TRINTNS. BRIZEENETRARICRT L5, #Y
2 —EOHE Y ENERT F v A RSB h T3, 4
BhoBF 2 3AAEEEX LICENERTEONESS
BLEDNEH, KOOI NVFE—ININIDTFRERLL
BELIE 7. KEORBICIZEEENAXOEBEERY
800A T X BICEBERDORRANY v AEZ ERLRFNIENS

JAERI 5026

BOHBCNRESBOEESE Uiz, LxL 900A oic k 25
SETI 1008 BEOBET F YA VGREOEASEDR T
BT EMEDHOLNS.
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Emission Spectra of Nitrogen and Carbon Monoxide Excited by Low Energy Electron Impact

Iwao Fujira, Teiichiro Ocawa, Motoyoshi HaTapa, and Kozo Hirota

A new electron impact apparatus was constructed and the emission spectra of Nz and CO were

observed. The results were discussed in reference to Frank-Condon factors in order to clarify the

mechanism of transition.

HHCRERMNHOA A4 vEEHRLEBEHAN. BE
HADEEESTFREFRICLIBERZ PVERELH, T
DEBIRIZNL SPDORABSZDT, ZRTRHETHREL
HE LR 2R 3.

FLWEEE Fig. 1 GRT. BRELEFHOSMKbHAT

pump

quartz window grid filament

t

Fig.1 Electron impact apparatus.

sample gas
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B, TOZOMELDDOTHS. BIEFREOBETHE~S

1%, REEEEOEMBE% Franck Condon Factor 725§

BLUEEEEL. —BIC2EFATOES,
M(o)—— M**(z")—>M*(v")+hv
DBREAEZ5 (Fig. 28K). 2T To, v, v BTHTHOD

/,/
Q\
1

M+

Fig.2 Schematic diagram of electron impact followed by
photon emission.
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Fig.3 Relative intensity of emission spectrum of N,. First
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Emission Spectra of Methane and Chlorinated Methane Excited by Low Energy Electron Impact

Teiichiro Qcawa**D, Iwao Funta*, Motoyoshi HATADA and Kozo HiroTA

Spectroscopic studies of a molecular beam bombarded by a low energy electron were carried out

for a few simple organic molecules.
and electrons were accelerated at about 270V.

The collision chamber looked like that of a mass spectrometer,

The spectrum of methane showed lines of excited hydrogen atoms and bands of excited CH

radicals.

Those of chlorinated methane showed lines of excited chlorine atoms and bands of excited

hydrogen chloride positive ions in addition. Even the spectrum of a mixture of methane and carbon

tetrachloride showed bands of HCI**,

The dependence of emission intensites on target currents and gas pressures indicated the origin

of these excited states.

Excited hydrogen atoms and CH radicals were concluded to come from a

direct fragmentation, while excited HCI* from a bimolecular process.

* RERKFBETMEFER

Department of Chemistry. Faculty of Science, Osaka University

1) BEE: BETEE, JLATSS (Present adress: Faculty of Engineering, Kyushu University, Fukuoka, 812.)
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Observation of 11B---.-. CH3z Radical on Silica Gel Surface

Siro Nacar, Shun-ichi OunisHr and Isamu Nitta

ESR spectra observed in a v-irradiated methyl iodide-silica gel system revealed the presence of a
new type of methyl radical in addition to physically adsorbed one. The former showed a hf inter-

" action of an impurity atom, probably boron, on silica gel surface.
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Fig.1 ESR spectrum of v-irradiated methyliodide-silica gel.
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Fig. 2 ESR spectrum of vy-irradiated methyld, iodide-silica gel.
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6. Polymerization of Adsorbed Monomers

Il. Radiation-induced polymerization of methyl methacrylate adsorbed on silica gel
Akira Sumvizu*, Koichiro HavAsHI and Seizo OKAMURA

Methyl methacrylate adsorbed on a dried silica gel to a concentration of 2.6 x10-2 mol/g silica gel has been
polymerized with ®Co ry-rays at 30°C. Different from a conventional bulk polymerization of methyl metha-
crylate, the polymerization in the silica gel system did not show an acceleration of the polymerization rate due
to the gel effect. It is hardly considered that the termination in the polymerization of adsorbed methyl metha-
crylate proceeds by a bimolecular termination at high conversions, since the polymerization in the silica gel
system is probably regarded as a two-dimensional bulk polymerization. This indicates that the propagation
reaction is diffusion-controlled and the termination process tends to become first order. This explanation‘is
supported by the intensity exponent of 0.8 at high conversions.

The polymer formed in the silica gel was extracted when the polymer yield is higher than 0.13g/g silica
gel. The polymer whose concentration is lower than 0.13g/g silica gel was difficult to desorb. This indicates
that the polymer chain entangles with the silica gel surface. These results suggest that the polymerization
proceeds initially in small pores of the silica gel and that later on the outer surface. The reason for the initial
fast polymerization in pores might be the enhanced initiation reaction due to the energy transfer which is
supposed more effective inside pores than outside. The polymer conversion showed a maximum value at the
monomer concentration of 3.0 x10~% mol/g silica gel. This concentration corresponds to 354 of the cross section
of an adsorbed methyl methacrylate molecule and is considered a monolayer concentration.

In order to elucidate the initiation mechanism of the polymerization in the methyl methacrylate/silica gel
system, radical species were measured by ESR. The initiating type radical which is formed by the hydrogen
addition to a methyl methacrylate molecule was observed at —196°C. This radical changed to the propagating
type radical by raising the temperature from —196°C, which was stable at a room temperature. ‘This result
suggests that the grafting of the formed poly (methyl methacrylate) to the silica gel is not probable.

* Mitsubishi Petrochemical Co.
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7. Polymerization of Adsorbed Monomers
ll. Polymerization of Propylene Oxide Adsorbed on Silica Gel
Akira Sumizu*, Koichiro HavasHI and Seizo OKAMURA

It has been found that the preheated silica gel showed a catalytic effect on the polymerization of propylene
oxide. The monomer was adsorbed on the silica gel to a surface coverage of =1.7. The monolayer concen-
tration of propylene oxide on the silica gal (surface area, 630m?/g) was 1.64 x 10-3 mol/g silica gel as determined
by BET method. The rate of polymerization at 30°C was great initially, but the polymer conversion was
saturated at the conversion over 60 percent. A part of the formed polymer was possible to desorb from the
silica gel by a solvent extraction and was identified as poly (propylene oxide) whose degree of polymerization
was about 10. The polymerization at a monolayer concentration gave only an undesorbable polymer.

The mechanism of the polymerization of adsorbed propylene oxide is considered mainly cationic from the
following results. Firstly, an apparent activation energy of the polymerization was 1.5 keal/mole. Secordly,
the polymerization was inhibited by the addition of ammonia, but not by the addition of oxygen. Hydroxyl
groups on the surface of the silica gel seems to participate in the initiation step, because the temperature of
preheating of the silica gel had a large influence on the polymer yield and no polymerization was observed on
the surface of the silica gel whose surface hydroxyl are esterified by n-butyl aleohol. The one fourth of the
polymerization was however hardly inhibited by the addition of a large amount of ammonia. This result
suggests a coexistence of the polymerization with a different mechanism from a cationic one.

Several cyclic ethers such as styrene oxide, 3, 3-bis (chloromethyl) oxetane and diketene were also possible
to polymerize in the same manner.

8. Free-lonic Polymerization of Isobutyl Vinyl Ether by Radiation
Kanae Havashi, Koichiro HavAsHI and Seizo OKAMURA

Radiation-induced free-ionic polymerization of isobutyl vinyl ether in bulk system has been studied by
dilatometry and electrical conductivity measurement. Some refinements in kinetical treatment to estimate the
propagation rate constant, %, from the rate of polymerization and steady state conductivity were attempted.
Polymerization of superdried monomer which gave a half power dose rate dependence of Ry was carried out
at 0, 25 and 50°C. The kp value obtained at 25°C and an activation energy for propagation were estimated as
(1.20.4) X 105 1 mole™! sec™! and (9.6+2.8) keal mole™, respectively, In isobutyl vinyl ether, a propagation
reaction in free ionic mechanism was found to be characterized with a high frequency factor and presumably
higher activation energy, compared with ion-pair mechanism. Discussions were also made as to several contrast-
ing behaviors between the polymerization of alkyl vinyl ethers and other vinyl monosmers as styrene both in
free-ion and ion-pair mechanisms. (Submitted to J. Phys. Chem.)

9. Radiation-induced Postpolymerization of a-Methylstyrene at Low Temperatures
Hitoshi Yamaoka**, Satoshi Hasumoto**, Seizo OkaMURA and Hiroshi Yosuma***

In order to study the active species by irradiation in polymerization systems, electron spin resonance (ESR)
measurements of irradiated organic glasses containing 2 small amount of a-methylstyrene (a-MeSt) were carried
out at —196°C. In 2.methyltetrahydrofuran (MTHF) glass, the electron transfer occurred from the irradiated
glass matrix to the monomer, giving anion radicals of a-MeSt. The anion radicals give a spectrum with the

* Mitsubishi Petrochemical Co.
** Department of Polymer Chemitry, Kyoto University,
*#* Research Reactor Irstitute, Kyoto University.
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width (peak-to-peak in derivative curve) of 14 Gauss, which is readily bleached by visible light. In 7z-butyl
chloride (n-BuCl) glass, the positive charge transfer from the glass matrix to the monomer occurred and cation
radicals of a-MeSt were formed. The cation radials give a spectrum with the width of 35 Gauss, which is not
bleached. The cation radicals in #-BuCl glass decreased with the addition of a small amount of MTHF, and
disappeared in a mixed glass of #-BuCl and MTHEF.

For the purpose of investigating the correlation between the ion radicals observed by ESR measurements
and the initiating species of radiation-induced polymerization, the postpolymerization of a-MeSt in glasses was
carried out in the temperature range between —196°C and —120°C. Preirradiations were done at —196°C in
the dark by a 7-ray irradiation source. A typical example of the radiation-induced postpolymerization of a-MeSt
is shown in TABLE 1. ’

TABLE 1 Radiation-induced postpolymerization of ¢-methylstyrene

Monomer cong. Additive Polymer yield
Glass (mole %) {mole %) %)
MTHF 4.4 none 0
BuCl 15.0 MTHF 15.1 0
BuCl 15.0 none 2.4
Preirradiation dose 1. 07x10°R

Postpolymerization temp. —150°C
Postpolymerization time 20 min.

No postpolymerization proceeded in MTHF glass or in a mixzed glass of #-BuCl and MTHF. The post-
polymerization was found to occur in 7-BuCl glass where the cation radicals were present. In n-BuCl glass,
the polymer yield increased linearly with the increase of the preirradiation dose in the range below 1.0 105R,
and attained a maximum at about —150°C of postpolymerization temperature. The mean G value for chain
initiation, which was derived from (polymer yield)/(molecular weight), was estimated to be approximately 1.0.
Furthermore, the good correlation between the concentration of the cation radicals determined from ESR measure-
ments and the number of the polymer chain was observed in #-BuCl glass.

It was concluded from these results that the radiation-induced postpolymerization of a-MeSt was initiated
by the cation radicals of a-MeSt, and proceeded by a cationic mechanism.

10. Radiation-induced Solid State Polymerization of 1, 2-cyclohexene Oxide
Tetsuo HiraMoTO, Masanobu Nisun, Koichiro Havasur and Seizo OKAMURA

It was found by differential thermal analysis and X-ray diffraction analysis that 1, 2-cyclohexene oxide
(m. p. —36°C) has a phase transition point at —81°C and the phase between melting point and transition point
(T is a plastic crystalline state. Radiation-induced polymerization of 1, 2-cyclohexene oxide was investigated in
the rigid crystalline state (lower than T%), in the plastic crystalline state and in the liquid state; G(—M) at
the initial stage of polymerization in these three states were found to be 17800 (—98°C), 240000 (—78°C) and
628000 (0°C), respectively. G(initiation) values in these states were also evaluated to be 1.3 (—98°C), 47.8
(—78°C) and 60.7 (0°C), respectively. These G(initiation) values observed suggest that in the plastic crystalline
state, chain transfer reaction to monomer takes place more frequently than in the rigid crystalline state. While
the overall activation energy of polymerization in the rigid crystalline state and in the plastic crystalline state
were regarded to be equal (0.6kcal/mole and Okcal/mole, respectively), the initial rate of polymerization in the
plastic crystalline state was larger than in the rigid crystalline state by a factor of ten. These facts seem to
indicate that the value of pre-exponential factor of propagation reaction in Arrhenius equation increases extremely
at the phase transiticn point. This may be supported by the characteristic nature of the plastic crystal in which
it takes place high molecular motion, i. e, the intense rotation about its center of gravity.
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11.  Study on the Active Species Trapped in 7y-irradiated Glassy Methanol
by Differential Thermal Analysis

Masanobu Nisan, Koichiro Hayasu1 and Seizo OKAMURA

The heats of reactions ascribed to the reactions of the active species trapped in fy-irradiated glassy methanol
were evaluated by the differential thermal analysis, and the temperatures where the trapped active species reacted
were determined. In the traces of the differential thermal analysis of thé glassy methanol irradiated in vacuum
by v-rays at —196°C in dark, two exothermic peaks were found in the temperature range from —1i80 to
—160°C. One peak was found at the temperature just above the second-order transition temperature (T) of
methanol (—170°C) and the other at the temperature slightly below T, The exothermic peak observed at the
temperature below T was not found in the case of the irradiated glasses containing an electron scavenger such
as oxygen or carbon tetrachloride. When the glass irradiated was photo-bleached by the visible light from a
high pressure mercury lamp, this exothermic peak was absent. These cbservations suggest that the species
which showed the exothermic peak at the temperature below T was the trapped electron, and that the exo-
thermic peak observed at the temperature just above 7T was ascribed to the heat of reaction of the trapped
radicals. The trapped electrons after mobilization by the thermal energy may react with the solvated proton
according to equation (1), and the trapped radicals may be consumed by the combination or disproportionation
according to equation (2).

em~-+CHsOHy*—— H++CHsOH+ AH— 1/2H+ 4 H:, (1)

2CH,0H— z(CH0H):+1/2(1 — £)(CHO-+CH;OH)+ 4 H.5 (2)
The exothermic peak observed below T indicated the sum of two heats of reactions in eq. 1 (ie., AHy+AH,),
and the other exothermic peak observed above T indicates 4H;; in eq. 2. Apparent heats of reactions were -
evaluated from the observed calorific values with G-values of the trapped electrons and hydroxymethyl radicals
which were reported by J. TepLY (1969) and C. CHACHATY (1964), respectively. The evaluated value of the
sum of 4Hy and AH;, was —155-+25 kcal/mole. This value was larger than the heat of reaction estimated
as a difference between the proton affinity of methanol and the ionization potential of hydrogen radical (4 Hy =
—134kcal/mole). This difference between the observed value and the estimated value corresponds to 4 Hi,.
The observed value of 4Hys was —T76kcal/mole. This value showed good agreement with the heat of reac-
tion estimated from G-values of ethylene glycol and formaldehyde which has been reported by J. TEPLY (1969)
and R.H. JonnseN (1961) (—70+8kcal/mole). When the glass was warmed to 7%, the radical concentration
may increase by the radicals which were produced by the abstraction of hydrogen atoms from methanol mole-
cules by the hydrogen radicals produced according to eq. 1. In case where this addition has been taken into
consideration, apparent heat of reaction (4 H;s) corresponded to —60kcal/mole. It is considered that the trapped
electrons were mobilized by the thermal energy and reacted with the cationic species in the glassy state, and
that the hydroxymethyl radicals did not preduce ethylene glycol or formaldehyde by a combination or a dis-
proportionation in the glassy state.

12. The Study of lon-Molecule Reactions in Iscbutene by lon Cyclotron Resonance

Masahiro IrRIE* and Koichiro HayasHi

Radiation induced polymerization of isobutene has been proved to proceed in cationic mechanism in liquid
and gas phases.

Recently, ion cyclotron resonance technique has been used in various systems and succeeded in the analyses
and interpretations of complex ion-molecule reactions. The purpose of this study is to identify ion-molecule

* Faculty of Engineering, Hokkaido University
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reactions ‘in isobutene in detail by ion cyclotron resonance and clarify the initiation mechanism of the radiation
induced polymerization in gas phase. v

The ion cyclotron resonance spectrometer utilized in this experiment was a similar type as the conventional
one and was constructed by Japan Electron Optics Laboratory.

Ion cyclotron single resonance mass spectra observed at 3x 105 torr gives similar results as that obtained
at 6X 1073 torr by a high pressure mass spectrometer. The intensity of the parent-pl=s.one ion (m/e=>57) is
about fifty percent of that of total ioms at 3x10~5 torr, and dimer ion (m|e=113) is also observed at this
pressure. These results indicate that ion-molecule reactions take place at verjr' low pressure and are observable
by ion cyclotron resonance spectrometer.

The over-all scheme obtained by double resonance experiments is shown in Fig.1. CiHs* reacts with iso-

butene through two processes; one is the addition reaction to from dimer ion (m/e=113), the other is the

C4H5+, C5I'I7 + C4H7+

/

CcH,*

C3H3+

C3H5 +

C4H9+ R — C4HB,+

| v
i C.H,*
CBH17+
Fig.1 Reaction scheme in isobutene observed by ion cyclotron

double resonance. Arrows show the ion-molecule reac-

tions with isobutene. Solid arrows are observed reactions

and broken arrow is estimated one.
decomposition reaction to CsHs*. The decomposition reaction is a sole process to produce secondary CiHs*.
Therefore, the increase in intensity of CsHa* with increasing pressure implies that the decomposition of C,Hg*
to CsHs* by collision with isobutene is dominant process at low pressure. At higher pressure, C;Ha* reaches
maximum and then decreases, while C,Hy* shows a minimum and then increases with increasing pressure.
Existence of these maximum and minimum suggests that the increase of pressure emphasizes the contribution
of high order reactions in respect of isobutene. CsHs* reproduces C4Hs* through either CsHs* or CHg* as
intermediates, which is the second order reaction.

CiHo" has been considered to be produced by proton transfer from parent ion. The double resonance ex-
periments clearly show that CiHo* is produced from CpH,*, CsHs*, CsHs* and CiHs*. These fragment ions
must play important roles in the initiation process of the polymerization induced by ry-irradiation in gas phase,
because the ion-molecule chain, which starts from z-butyl ion (m/e=57), is possibly the first step of polymeri-
zation.

The authors would like to express their thanks to Professor J. Souma, Dr. K. Aovact and Dr. T. MiYAMAE
for their collaboration.
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Radiation-Induced Polymerization of Vinyl Acetate*

Ichiro Sakurapa, Yoshito Ikapa and Yasuko NisHIZAKI

The radiation-induced polymerization of pure vinyl acetate was studied in liquid-phase over the wide

temperature range from +62°C to —78°C. The activation energy for overall polymerization was found

to be 3. 69kcal/mole. The formation of branching from acetate groups was negligible in the conversion

range below about 209, and considerably high degrees of polymerization (about ten thousands) were

obtained in the polymerization at about 0°C. The degree of polymerization—temperature curve was

found to exhibit a maximum. This maximum was attributed to a very low activation energy for

initiation at the radiation polymerization. The 1, 2-glycol content in the hydrolyzed polyvinyl alcohol

decreased with decreasing temperature of polymerization and the 1, 2-glycol content—temperature curve

was in accordance with those found for catalytic polymerizations. From the kinetic analysis of poly-

merization, the Gg-value of vinyl acetate was found to be between 1 and 2.
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* Bull. Inst. Chem. Res., Kyoto Univ., 48, 1, 1970.
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True and Apparent Graft*
Ichiro SAkurADA, Yoshito IKADA and Fumitaka Horn

The true and an apparent percent graft were compared for the system of polyvinyl alcohol
(PVA)—methyl methacrylate (MMA). The grafting was carried out mainly by mutual irradiation
technique onto dry or water-swollen PVA films in the presence of methanol.

It was found that the difference between an apparent percent graft (A) and the true one (3)
was considerably large, the fraction of true graft (B/A) ranging from 0.02 to 0. 57. The true percent
graft and the branch length were also discussed in dependence on the methanol content of the mono-
mer mixture and the degree of swelling of water-swollen film. The observed fraction ‘of grafted PVA

suggested the average number of branches to be unity for each graft copolymer.
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Radiation-Induced Vapor-Phase Grafting of Methyl Methacrylate onto Polyvinyl Alcchol

Ichiro SAkurADA, Yoshito IkapA and Yasuko NisH1zaki

Vapor-phase grafting of methyl methacrylate (MMA) was carried out onto polyvinyl alcohol (PVA)
by a mutual irradiation technique. Strips of dry or water-swollen PVA film were placed above pure
monomer or monomer-swelling agent mixture in a glass tube. The swelling agents used were methanol
and water. After degassing, the tube was sealed and put in a thermostat kept at 60°C. The film
part was irradiated with gamma-rays from a Co-60 source to a dose of 1.1x10°R at a dose rate of
4.0x104R/hr, the monomer part being shielded with lead blocks.

Graft films were extracted with boiling benzene till no more extractable polymer was present, and

conventional percent graft was calculated. To isolate the pure graft copolymer from the reaction

* To be published in Makromol. Chem.
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products, alternate extraction was further carried out for homo-PMMA with benzene and unreacted
PVA with water-n-propanol (75 :25) mixture. By this procedure we could determine the true percent
graft and the fraction of grafted PVA.

When grafting was carried out onto dry films, no appreciable weight increase was observed in the
case of no addition of swelling agenis. However, grafting took place, though not prominent, when
swelling agents such as methanol were present. On the other hand, at grafting onto water-swollen film,
high values of percent graft were obtained irrespective of the presence of swelling agent. For example,
the apparent and true percent graft were 1509 and 30.7%, respectively, when a water-swollen film
(water/film=2.28 wt, ratio) was grafted using pure monomer. The fraction of grafted PVA was about
0.19. The large difference between apparent and true percent graft indicates that a considerable
amount of homopolymer is formed also at vapor-phase grafting. Chemical compositions of the jsolated
graft copolymer and viscosity-average molecular weights of the mother PVA and homo-PMMA. suggest
the average number of branch per one graft copolymer to be unity. It can be concluded that mo
significant features different from the conventional liquid-phase grafting were observed in the present
work except that molecular weights of the homo-PMMA formed in films were lower by one order than

JAERI 5026

those obtained at liquid-phase grafting.
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Radiation-Induced Graft Copolymerization of Styrene onto Polyethylene Terephthalate Fibers*

Ichiro SakuraDA, Yoshito IKADA and Tomoe KAWAHARA

Styrene was graft-copolymerized onto undrawn, amorphous polyethylene terephthalate (PET) fibers
by a mutual irradiation technique. Addition of methanol to styrene was found to accelerate the grafting
reaction more significantly than that of other swelling agents such as acetic acid and formic acid.
Molecular weights of the homopolystyrene formed in the matrix of fibers were so high as several
millions, that is, about hundred times higher than that of the starting PET, irrespective of the presence
of methanol. This high molecular weights could be reduced, however, by addition of a small amount
of carbon tetrachloride (CCly) which acts as a chain transfer agent.

To characterize the graft copolymer, a graft copolymerization was carried out under the reaction

* To be published.
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condition that the grafting yield is as high as possible but the molecular weight of polystyrene is so
low that the osmometry may be performed with sufficient accuracy. The grafting condition was as
follows. Dried undrawn PET fibers were immersed in a styrene-methano! (50 : 50) mixture containing
CCls by 0.05 mole ratio to styrene. After the mixture was degassed thoroughly, irradiation was carried
out at 50°C with gamma-rays to a dose of 50X 10°R at a dose rate of 1.0x104R/hr. The graft co-
polymer formed was isolated from the reaction product by alternate extractions of homopolystyrene
and unreacted PET with benzene and phenol-water (85:15) mixture, respectively. The residue
remaining after all the extraction steps was regarded as pure graft copolymer.

It was found that the apparent and true percent graft were 20.5% and 0.46%, respectively and
that the graft efficiencies were 8.9% (apparent) and 0.14% (true). The weight fraction of grafted PET
was extraordinarily low as 4.2x 1074 The molecular weight of branch polymer separated from the
graft copolymer by hydrolysis of the backbone PET molecule was determined by osmometry and found
to be 20.3x10% This was in good agreement with that of homopolystyrene. Since the molecular
weight of separated branch was just equal to the sum of molecular weight of branch part in one graft
copolymer calculated from the molecular weight and chemical composition of the graft copolymer,
it was concluded that this graft copolymer consists of one grafted polystyrene and one starting PET
molecule. Comparison of ‘reduced osmotic pressures of the separated branch in various solvents gave
a further evidence of grafting.
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Graft Copolymerization of Methyl Methacrylate onto Polyvinyl Alcohol by Persulfate*®
Ichiro Sakurapa, Yoshito IxkapA and Yasuko NisHizAx:

Recently we have made clear that radicals are produced effectively on main chains of polyvinyl
alcohol (PVA) by the reaction with persulfate ion. It is, therefore, expected that grafting may take
place when monomer is present. Grafting of meihyl methacrylate (MMA) onto PVA was tried in
three different ways, namely, with film imbibing potassium persulfate (KPS), with agueous solution
containing KPS and with dimethyl sulfoxide (DMSO) solution containing KPS. The reaction proceeded

* To be published.
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heterogeneously in the former two cases and homogeneously in the latter case. All the graftings were
performed at 60°C under a degassed condition. The removal of homopolymer and unreacted PVA was
done by selective extraction method. The graft branch was separated from the graft copolymer by
oxidative cleavage of 1, 2-glycols of PVA. Molecular weights of the graft copolymer and separated
branch polymer were determined by osmometry. The chemical composition was caleulated by hydrolysis
of the acetylated graft copolymer.

Basing on the results obtained, it was clarified that the graft copolymers prepared by heterogeneous
graftings (film and aq. solution) have only one graft branch of considerably high length. On the other
hand, the homogeneous grafting onto PVA in DMSO could produce the graft copolymer having several,

JAERI 5026

short graft branches. As a result the fraction of substrate PVA participating in grafting was very

high ccmpared to that at the heterogeneous graftings.
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Optical Radiation from Gases Excited by High Energy Electrons

ll. Improvement of Apparatus and Detection of Optical Emission from Carbon Monoxide

Yohta Nakal, Koji MaTsubA, Torao Takacaki and Ki-ichi KiMura

A new improved apparatus to measure the spectrum of light emitted from gases has been const-
ructed and tested. The overall sensitivity of the apparatus is larger than that of previous one by a
factor of three orders of magnitude.

Spectra by 1.5MeV electron impact on 430 Torr carbon monoxide have been observed in the
region from 2000A to 6000A. The principal features were the singlets (C'3*—AlJ], B'Y —— AT,
and A'/[—>X'3*) and the triplet (b*3*—> a3]]) bands of CO, as well as B23+—s A2]] i and A];(——
X25*) bands of CO* which were predominant for the low energy (~200eV) electron impact at low
pressure (~102 Torr).

VEE, FICREL L XENUEROES CH LTSS

l
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Fig.4 Energy level diagram of CO and CO*, arrows show
the observed transitions in the present measurements.
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Optical Radiation from Gases Excited by High Energy Electrons

It Collisional- Excitation Transfer in N>-NO, N:-O;, Ar-MN: Mixtures

Yohta Narar, Koji MaTsuba, Torao TAKAcAKi and Ki-ichi KinMura

Spectrum induced by 1.5 MeV electron impact on N2-NO, N;-O; and Ar-N» mixture have been
studied. Collisional energy transfer from the A3S* state of N, to the A23* state of NO has been
observed in Nz~NO mixture at the total pressure between 20 and 300 Torr. The second positive band
system (Cllu—>B*llg) of N has been quenched by the oxygen gas in Nx-O; mixture.

The results of Ar-N; mixture experiments suport the notion that the energy of electron-excited

argon atom is transfered to the C3[], state of No.
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ESR Spectra of the Irradiated Beryllium Acetylacetonate Single Crystal

Motoyoshi HaTtapa, Siro Naca1, Shun-ichi Ounisur and Isamu Nitta

The investigations were carried out on the irradiated single crystal of berillium acetylacetonate
Be(acac), to identify the species produced in the crystal. The crystal irradiated at 77°K gave a double-
septet ESR spectrum which was similar to that observed for Be(acac)s powder, showing small

anisotropy. The crystal irradiated at room temperature gave a well resolved spectrum showing strong

H CH;
anisotoropy. This spectrum is tentatively assigned to CH:-CH:-—C—C<O radical occupying two sites

of the crystal.

Be
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Fig.2 ESR spectra of a Be(acac), single crystal irradiated
at TT'K.
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Fig. 3 ESR spectra of a Be(acac), single crystal irradiated at
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TABLE 1 Spin densities of the acetylacetone radical

0 CH,
CH,—C=CH—C=0 ,
B | ke | 1 2 3 4 5

16 0.8 { 0.36 | 0.07 0.23 0.23 0.11
16 L0 | 0.37 0.05 0.27 0.19 0.12
1.6 1.2 | 038 | 0.04 0.31 0.14 0.13
L2290 0.8 | 0.36 0.08 0.21 0.26 0.07
2.0 10 | 037 | 0.07 0.25 0.22 0.09
207 L2 038 | 0.05 0.29 0.18 0.10
2.4 0.8 ! 0.37 0.09 0.20 0.29 0.05
2.4 10 | 0.37 | 0.07 0.25 0.22 0.09
2.4 1.2 | 0.38 | 0.06 0.27 0.21 0.08

H
d.C. - |
I}C/C\ C/CHa
- i
O\Be""o
LBRHEZETS. 07TV RLEEBRIT 275, Be
FFEERAL TR Y v EE2 Hickel MO :CHE LKk, 20
A TABLE | TiRLJ:. CZOHEPD, COWEDOFT AN
THREMR7 P VRBBATERNCEBELHTH 3.
Pk, BEFTORMERERALEY, 227 b vofEL
{LidsERicEl e, RITREEZXbHTW 3.
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Radiolysis of Cholestanol

Jun’ichi Takezakr and Kozo HiroTA

Rediolysis of cholestanol was studied in air and in vacuum at room temperature. The total dose
and dosc rate dependences of products were investigated. The identified products were water, hydrogen,
methane, propane, 2-metbylheputane, cholestane and cholestane-3-one. The mechanism of the product

formations was discussed.
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Fig.1 Thin-layer chromatograms of irradiated cholzstanol,
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Irradiation Effects of Oxytocin

Shun-ichi SuciMoTo, Shun-ichi OHnNisHI and Isamu NitTA

Irradiation effects of <y-irradiated oxytocin have been studies by ESR. The main ESR spectrum
irradiated at both —196°C and room temperature consists of the same doublet (splitting 20. 3 G. measured
at. —196°C). The radical for this doublet can be assigned to glycine radical (—NH—CH-COONHz).

Radical accumulation curves were measured in various environments. Initial Gg values of the radical

formation were 2.1 and 3.4 at —196°C and room temperature respectively. Decay curves of the

radical and the doublet splitting in the intact oxytocin and in the performic acid-treated oxytocin were

different, reflecting difference in the molecular motion in the solid.

Hhvbhi, EERESTFUEOBUHGHREOWED D, %
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Fig.1 Change in ESR spectrum of v-irradiated oxytocin.
Radiation dose; 1.4x10°R
(a) Irradiation —156°C, Measurement —196°C
(b) Irradiation 18°C, Measurement 18°C
(c) Irradiation 18°C, Measurement —196°C
All experiments were carried out in vacuum.
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Fig.3 Relationship between decays of radica! concentration
and changes in doublet splitting of native and per-
formic acid oxidized oxytocin. Both samples were
irradiated at —196°C in vacuum. Irradiation dose;:
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THERELE -/, ChRAF VP UDBbAFY v viT
BRENTVS 7 P LOEMREOSFERHICHEEL TS
HEFERENG. AFY YU BTFLEHEBT B, BibA+
VP UHFR, YAFUEAIBREShIN LD, Bk
BWEREDN, 43¢y 20 JEBTHTEEIEE 2 /-
BIT, SEEP 7 SHNOBITREESL VERETES O
EEZONDG. 5B NMR 27 b VOBRETLEBEESH T
MELIZWEEZITHAS.

2.4 BEIBIFIFOUDER

BRHEAFY PoiclE, VYo v o hpkgesc &
Y TG~ IcH, COREEHET LI, A2V v v
7Yy vy BERKRCEET 50T, BEEAVTSY v i
EDBEOAFY P v EE-TY B4L, 20 ESR 27 |
WERBEDA +FvvD ESR 217 b & i 5408
nH5.
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2R 52237°C T I8 BIIRIG S ¥7:%, Sephadex % T
FuFBEFEY, 2537A OoRREREIILT, S0
Elution 26 F8ILTHML, EEBERLTlE-7:. BBk
BH%Z { OROFF OB S hic 4 KHCONT, Hhsme
R4t ESR BIEEZTTIS » oo Fig. 4 IKRL7-. ZoflE

Fig.4 ESR spectra of irradiated oxytocin derivatives. After
hydrolyzed with subtilisin, oxytocin was resolved six
fractions of elution by gel filtration with Sephadex
G-25. Each fraction was hydrolyzed 6x-HCl and
composed amino-acids were analyzed after ESR
measurement.

(a) Fraction II lacked glycine residue
(b) Fraction IH. no amino-acids analysis
(c) Fraction IV. contained glycine residue
(d) Fraction V. native sample.
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&5, doublet 27 bR vsSantEETER



JAERT 5026
WML IZZRATELDOLELITVE. SERRHOBESHTE

CRBENL, LVERLSIETE->T, ZOKREWEIC
LicnEEZ TS,

6. 77 3
B2/ 773

H38 FaS VR vi—t

167

References

1) Sucimoto S., Ounisur S. and Nirra 1.7 JAERI 5022, 2,
185 (1969)

Jarvis D. and due Vicseaun V. : Science, 143, 545 (1964)
Drew R.C. and Goroy W.: Rad. Res., 18, 552 (1963)
Tuepy H. and Micar H.: Monaish, 85, 1011 (1953)

2)
3)
4

I v ORRR

v SRR

BAf— - ATE—-SH B

Irradiation Effects of Gramicidin

Il. Dilute Aqueous Solution of Gramicidine

Shun-ichi SuciMoTto, Shun-ichi OunNisur and Isamu NitTA

Gramicidin becomes insoluble when irradiated in dilute aqueous solution. Formation of the insoluble

fraction was studied as functions of dose, dose rate, and concentration. The minimum dose for the

formation of the insoluble fraction was 4.3%107R in 0.5wt % aqueous solution.
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Fig.1 Relative eliition intensity of irradiated gramicidin

soluble fraction. Sample; 0.5 wtd aqueous solution,
Irradiation; Co-60 y-rays at room temperature in
vacuum. Gel filtration and inteasity measurment
were made with Chromacord used Sephadex G-25.



168 ‘ KRBT 51 3 B SUE L O RETi%

L, TOHRBRBICEHS U TRIBLEBTEH S 4.3X10'R il
KT LM CONERSREBAIREBL T .
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2.0

S+v§
\\

Lo /'

Duse
Dinsoluble

o=

Fig.2 S+v/Svs. 83=D/Digarou. curves of gramicidin insoluble
fraction (D; irradiation dose, Dinsaiane; insoluble dose).
Sample; 0.5 wt% aqueous solution. Irradiation; Co-
60 v-rays at room temperature in vacuum.
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Fig.3 Insoluble dose vs. concentration curves of gramicidin
aqueous solution.
. ; Irradiation in vacuum.
; Irradiation in air.
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1.05x10°R/br ORIERICH S SO &5 54, BREEDY
RRHEVRNZ L Bbh -1z, 1L05x10°R/hr OFESOE
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Studies on Radiation-Induced Free-lonic Polymerization by Electrical Canductivity Measurements

Il. Styrene (Preliminary Report) -

Kanae HavasHi, Koichiro Havasur and Seizo OxaMuRA

Free-ionic polymerization of styrene in bulk system was carried out at 0,25 and 40°C. Although,
in our samples prepared, the superdry condition has not achieved in strict sense the apparent activation
energy of polymerization has been tentatively estimated. A crude evaluation of activation energy for
cationic propagation reaction was also made and it indicates that the propagation reaction of styrene
in free cationic process may be characterized with lower activation energy as compared with that
in other mechanisms while the frequency factor does not change so much in its magnitude from these in

radical and free anionic mechanisms.

AFLYRIVHN, HTF =AY, TV—-T=Fv, 3tH
FEY, 7Y— - AFFVOTHhOBRICLZEEIBCHS

CEFRMONTOAMENE = -/ 2—Ths. 17"

J— - B F 4 vBECEATOTTE, ThZhOBEICL 3
HEOEHZHMERMEREL DBHE I TED, 20458
fEICET2BAELFZ0. LIMsT7 Y~ - AFAVICEER
F v YOESGOEFAZMMEEZ B, OB L2HS
DEA&LOEEZBCEIC &R, ThFciREAFTOAT
WIEWT Y — « #FF VICEX B EAOBBERAD -BICIERIC
BREOHETH 3.

EESRITRAYVTFN - K=+ 2—-FLIEBNTES
FEHERNELT+ 7 2 ) —2BALTHE OhDEETOD
L RRUSHEBEES, ke ZFML 120, KETRERRFLvicBL
THRROEBRERS 183, WL DHOER EOEBED DR
HERIT ke OFMEZBCRHICRES T, EERIGOEE(LL
FE—% b THBUTCFHEERS CHEROTI Y~ #
FAVESGLIEDBIICL2EA OB AT - 1:.
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AFUVIEEICLOEHBEES 4 v h ek kL i
v aXizer$ 25— —7 (Linde 3A) L it
CODBAUTHKRLE. RHOHEB, F+ 5 b2y —fdU
ICESERD UEEB LIC20 TR TIChIcEL 2202, g
Hid 1.5MeV BFEOE 5 —4 o FEHHC X 3 HBEM X &
RV
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Fig. 1 T 25°C (e B5i) 2 EAGE (R DREFERGEHEZL
»¥. A~NERZhENEREORE 28 TH 5. REAT
2 R BRIZBEFED 12 FICHEFALVWHO IO “superdry”
RN 2. A—REECETS R, £ L5 o080,
BELTH 3L, bhbhoBi{Eil 23 Eicd &9, K
WS SHHRORMMS S EERLTHS. LHALEFSD
KBRI “Co Lk 2 HBRHICLZbDTHY, RFLvoid
GICHEAROEBU L ZERT 24BN 255 LK.
B, C(25°C Cit 1 A0 %), D, E L RMONBEQIE Ficoh
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Fig.1 The rate of polymerization, R, of styrene vs the dose
rate at 25°C.
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BHTH, R OREREERRZ1THY, LitsoTT
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Fig.2 The rate of polymerization R, of styrene vs the dose
rate at 0 and 40°C.
B~E OSSR Fig. 1 0zhidiiLTR—0RKcH B &

BEKL, THEROMBIC 255C COERELLBLE. RF

VYDBHAVTFNE= e T—FAD L3 ERD Ry
T AREDHRIITHRI{ BN EMbhs. TR
¥ BDEA 25°C & 40°C ORI ETTHEC LD, &
AEIERIE (B4 4 E0hREFHEHD~DH 54 v BE) ©
L 3 MU~ OBEAF L SOBERIEO BT EEIC L
DEEFVEEESYRVCEBTEENS. BERLCESD
ST DOFEEALFVE 2L THE A, EFBEC

&V 1kcalmole™!, E DA dkcal mole™? BT, §°

BHbH Eap=(2x2)kcal mole™ LEMHETE 3. COEIZA Y
TFN - T—FLICET BEY ~10kcal mole™? & ¢
RTIEEITME .

AF UV OBAERBEEDRRERMOE ) v —L HRT
BETRV. FRDOBEREOEF KA Ohmic T,

JAERI 5026

TR ZOMERE L REHOFERLIZ LS, BRECIRBEE
FOAF v EGERETICLBRBETCHZ. -7 LENED
BEZRICET 35 P OB 3 04—, E. 325 B,
C, D it5T (2.3+0.5)kcal mole™! ¢ - 7-.

3. £ =

V= AFVERICBYZERFIGEETH, iz OR
KK DOEETEBY. :

ko= (N/10 [M] GI)-(Ry/ty-) (1)
LZT NG, I BENENTEHF O, 7Y —- 43 vEK
DGl REFTHE. T/ 0y BREBTZ7Y—-44
YEGTHOEERE, o E0(2)RickbHEZ 5037,

Ty-= (E/ATE) - 0~1 - ' ; (2)
LELERFZROBFEETH2. (1) KoM Lo E LY
U/T) THAThIE, '

dInke/d(1/T)=d n RyJd(}/T)—d Int,-/d (1] T)
—d In[MYd(QT)—d 1n G/d(YT)
—~d1nIjd(T) (3)
&35 ALDE3,FFTWTILS dlnp/d UYT)icEST 25
o (0: BE), £EOFEMR i vE—, E i
Ey=dIn Rp/d(1T)+d lnc/d(1T)—d In G/d (1T)
—2dn p/d (1/T)—d Ine/d (1 T)
=Eup+E.—Ec—2E,—E:¢ (4)
BB ZFLVIEBYET7Y)— 44 VERD G EiIR@S
NTOREN DR EYTO ALLEND ORIEE I VELR:
Ge=1.5%0.3kcal mole™* £\ 1. % 7= E,=0. 4kcal mole 1,
Es=0.4kcalmole™ TH 7. Lt-2K-T
E;=(2+2)+(2.3+0.5)— (1.520.3) —2x0.4—0.4
= (1.6+2. 8) kcal mole™? ) (5)
ARohs. LlEok51 E, st EARREROICN D
PORERVLEMEREICS ESVTNE. Lid-TooE
BICEANOBEMNSEL TRV C L, Rk 381K
LEIEREOFEEICHLTLY 3848%, A—REcikEnc
KoF—ELLkT L, bhbhofEL L BHREL D), @

TABLE 1 Polymerization of styrene

Solvent | catalyst (mole Iﬁl sec™t) (kcal Ex};ole“) a mg?g'fl;ec")
Free radical Hart® bulk BPO 35 (20°C) 7.8 7
Pair anion Szwarch THF Na 80 (25°C) — —
Szwarc? THF Cs 21 (25°C) 5.7 5.35
Szwarc® THP Li 53 (25°C) 4.9 5.3
. Free anion Szwarc® THF Na ] 6.5%10° (25°C) 5.9 0,05
Szwarch THF Cs g ¢ . y
Szwarc® THP Li 5.9%7.3x10* (23°C) 5.1 8.9
Pair cation Kanoh® (CH,Cl), I, 1.8x10-* (20°C) 6~6.5 1.3~21
Kanoh? (CH.CI), SnCl, 4.2x10- (30°C) — —_
Freg cation Ourse:w bulk radiation 10%-10" (25°C) 1.6+2.8 7.5+2.5

a) MATHFSON M.S. Auver E.E. Beviacqua E.B. and Harr E. J.: J. Am. Chem. Soc., 73, 1700 (1957)
b) SumMomura T., Tolle K.J., SMip J. and Szwarc M.: J. Am. Chem. Soc., 89, 796 (1967)
c¢) Damrton F.S, Ivin K.J. and LaFrair R.T. : Europ. Polymer J., 5, 379 (1869)

d) Szwarc M: : Carbanions, Living Polymers and Electron Transfer Process’

Sons, 1968)

e) Kavon N., Hicasuimura T. and Oxamura : S.: Makromol. Chem., 56, 65 (1962)

£) Imbs FH, BEE: ESTEE 19, 181 (1962)

g) ref. 6
h) this report.

p. 419 (John Wiley &

o~



—

o K

JAERI 5026

RICHEETZCLORBEREMBELTHS. Lol )R
ZENTHREEDE/ v —BERDBAADC & GP1,- DIRE
HEED—BCHTOARE L, LA bHEENBENICITHE
L& Ry DA OBRERERIPED/AS O &M HRFL
3%, 1L ZBAVTFN = 2—FWOEE Eup i
BEAE E, LD -1V, ZF Ly OESbEBZL4H

®THY, EROFEE/T R VF—5 2keal mole™ BETH

B EBIREHEBEVEVEELONDS. COfIRA4VTTF .
E=vs T—FNCETBER 9.6+2.8kcalmole™? T S~

10

Free Anion
.

[ ]
(Li-THP) (Na, Cs-THF)

i
1

o Radical

Free | cation (bulk-BPO)

(bulk,|radiation)

o o
S5 T (Li-THP) (Cs-THF)
,_téo Pair anion
Pair cation
i

0 5 10
' Activation energy, Ep(kcal mole™)

Fig.3 Polymerization of styrene in various mechanisms.
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OIS 5 T EHHENIhTHED. Lict-TEADOE:
ftkxvtot—, Ap(molel-lsec™!) LB ihiT, log 4=
7.5+2.5 pE S, TABLE 1 [CHix DEIBIcL 3 RFL Y
DEZICBT S kp, Ep, log 4, 2 LHT. ZFLvD7Y—-
AFAVELEOEHE, AdBIPhN, 7Y—-T=FVE
ALBRABEOREBETH VNS E; HMEO0TFhol)
AEONENZETHY, Fig. 3 iLEh S OBEERRLL:.
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