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The Activities in the Osaka Laboratory
for Radiation Chemistry

(April 1971~March 1972)

During the fiscal year of 1971, many studies of the. Osaka Laboratory for Radiation
Chemistry were carried out as a continuation from the previous years Some new. sub-
jects, however, were also taken up. = S SR T

The first part of the activity is concemed with rather fundamental studles of radiation
chemistry. Studies on optical emission from gases by- high energy electron impact has
been continued. Spectra by 1.5MeV electron impact on 60 Torr sulfur dioxide were
observed in the wave length region from 2,000A to 6,500 A. The principal feature
was the singlet and triplet transition band of SO, neutral molecule. .

In order to know optical properties of extremely thin polymer film, measurements
of the reflectance of thin polystyrene films deposited on the aluminium substrate were
carned out in the wave length region from 1,000 to 3,500 A. The reflectance spectrum
was found to exhibit a main peak at wave length of about 1,950 A even in extra thin
film of about 150 A thickness due to the molecular excitation of the benzene ring =
electrons. Analysis of the reflectance data to obtain the optical constants is now in pro-
gress.

The depth dose distributions 0.6 to 2. 00 MeV electrons incident on titanium were
measured. The results of the measurements may be useful as the standard data of window
material of an accelerator in the practical utilization of electron beams. )

The negative ions C- and O- produced in the dissociative resonance electron capture
and ion-pair formation from carbon monoxide were measured by means of the RPD
(retarding potential difference method) using a single focusing mass spectrometer.  From
the experimental results, the difference of the electron affinities of the C and O atoms
was estimated to be 0.3440.05¢V. .

The molecular-negative ion formation of CS, was observed by electron impact using
a conventional mass spectrometer. There are four processes for the formation of CS,-
i e. 1) non-dissociative resonance electron capture, 2) electron transfer from CS- to CS,
molecule, 3) electron transfer from long-lived highly excited CS, molecule, and 4) electron
transfer from long-lived highly-excited S atom to CS, molecule.

Studies in the binary mixture of the trioxane and ethylene oxide and ethylene oxide-
d. were carried out to obtain information about the elementary process of the radiation-
induced copolymerization of trioxane, using a time-of-flight mass spectrometer. From the
obtained rate constants and the structures of the product ions, structure of the unstable
intermediate complex ion which is an associate of the ethylene oxide ion and trioxane
molecule, was estimated. The hydrogen atom transfer from trioxane molecule to ethylere
oxide molecular ion was also observed, and the rate constant was found to be 4. 00102
cm?¥/molecule sec.

The second part of our activity are concerned with radiation chemxstry of high
polymers. Radiation-induced polymerization of monolayers of vinyl monomers such as
octadecyl acrylate (ODA) has been investigated. The monolayers of the monomers were
irradiated with electron beams of a Van de Graafi accelerator either at nitrogen/water
or at air/water interface, and the reaction was followed by surface balance techniques.
The ODA monolayer was found to polymerize when irradiated at nitvrogen/water inter-
face, while no evidence of polymerization. was obtained when irradiated at airfwater
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interface. The findings are further supported by analysis of the film substances by thin
layer chromatography and infrared spectroscopy using ATR techniques.

ESR studies have been carried out on intermediates produced by irradiation in some
complexes of Na- or Cu(Il)-montmorillonite which had been prepared by intercalating
benzene, pyridine, B-alanine, glycine, /-lysine or octadecyl methacrylate, and many inter-
esting informations were obtained.

The «y-ray induced polymerization and copolymerization studies have been carried out
of five monomers: acrolein, acrylonitrile, butadiene, ethyl acrylate, vinyl chloride and
ccmonomer systems thereof in form of urea adduct. ’

As an application of the cationic emulsions obtined by the radiation-induced emulsion
polymerization, their adsorption onto wood pulp was studied and compared with that of
the anionic emulsions for which an addition of salt is necessary for the precipitation.
The cationic emulsions could be efficiently fixed on the pulp without any precipitating
agent and, by microscopic observation, their fine resin particles were found to be well
attached along the pulp fibres. Measurements on tensile strengths of the papers prepared
from these treated pulps have shown that the wet strength of the papers treated with
the cationic emulsions of hard resin is more improved than that of the corresponding
anionic ones.

Complementary studies on the radiation-induced scission of cellulose molecules were
taken up. Egyptian cotton were irradiated and converted to cellulose nitrate. Osmometric
determination of number average molecular weight was carried out with butyl acetate
solution of the nitrate and number of scissions calculated. This was proportional to the
dose; G-value for scission was found to be 3 independent of the presence and absence
of air during the irradiation.

Preliminary experiments of radiation-induced polymerization of vinyl monomers in
liquid thin layer (1 mm thick) were carried out with electron beams from a Van de Grzaff
accelerator. Styrene was irradiated at a dose rate of 1.2x105rad/sec, and it was found
that more than a half of the product was low polymer which could not be precipitated
with methanol by a conventional method.

Grafting of suitable vinyl monomers to polyester fiber for the purpose of making the
fiber more hydrophilic without loss of excellent heat-setting property has been continued.
The fiber was impregnated with a mixture of acrylic acid, water and ethylene dichloride
and irradiated with electron beams for the grafting. The mixture contained in most
cases a small amount of Mohr’s salt to prevent polymerization out of the fiber. About
15~20% gratt, which is a desirabie value to make polyester fiber more hydrophilic, was
easily obtained by irradiation of 2~4 Mrad at room temperature with monomer utilization
greater than 80%.

Radiation processing of corrugated paper board with styrene, methyl methacrylate,
and acrylonitrile is continued to make it more water-resistant.

Application of electron beam curing of diallylphthalate prepolymer/vinyl mcnomer
mixtures has been studied. Thin WPC piled laminates were prepared by impregnation
of thin veneer board (ca. 1. 2mm thick) with resin mixtures (e. g. DAPp/MA/TAIC;BPO
50 : 30 : 20 : 2), pressing the board upon plywood or particle board and irradiation with
electron beams. By this method excellent laminates, particulary useful for flooring material
can be produced.

Studies on fire retardant WPC are also continued. Examples of resins are 1) Copolymers
of bis (2-chloroethyl) vinyl phosphate with other monomers 2) Polyvinylidene chloride or
poly (vinylidene-chloride-acrylonitrile-trizllylphosphate).

Ichiro Sakurapa, Head
Osaka Laboratory for Radiation Chemistry, JAERI
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Radiation-induced Polymerizuﬁon of Vinyl Monomers at
Gas/Water Interface

Motoyoshi HATADA, Masanobu Nisuu, and Koze Hirota

Studies have been carried out on the radiation-induced polymerization of vinyl mono-

mers at gas/water interface using automatic surface balance ‘techniques.
The surface balance is a float type (Langmuir type), and the surface pressure was

sensed by a linear variable differential transformer connected to a torsion wire and recorded
on an xy recorder as a function of area or on a yt recorder as a function of irradiation
time.

Monolayers of monomers were irradiated with electron’ beams from a Van de Graaff
electron accelerator either at nitrogen/water or at air/water interface, and the reaction
was followed by measuring surface pressure-area isotherms on the xy recorder at intervals
or by recording surface’pressure change continuously during irradiation. '

Monolayers of octadecyl acrylate (ODA), octadecyl methacrylate (ODMA), and vmyl> .

stearate (VST) gave surface pressure-area isotherms showing characteristics features for
those of polymer monolayers when ‘irradiated at nitrogen/water interface, while no indica-
tion of polymerization by irradiation was obtained for the monolayers when they were
subjected to irradiation at alrlwater mterface
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Fig. ¥ Apparatus for monolayer irradiation showing A: top view, and B: side view, @ : Teflon coated trough

(150 mm X 650 mm X 15 mm), @ : barrier guide, @ : motor driven shaft, @ : knob for barrier elevator, ® : torsion

wire, ®: linear variable differential transformer, (@ : outlet of overflown water, ® and (®: inlet and outlet

of thermostatted water to thermostatic plate @, @ : oxygen sensor, @ : calibration weight hook, G : ther-

mostatic plate, @ : aluminium container, @ : irradiation window, @ : water container for deaeration, (6} :

nitrogen inlet to the container, (6B} : nitrogen inlet to the degasser @3, and @5C : nitrogen inlet for nitrogen
calibration of oxygen sensor.
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Fig. 4 Linearity test for extrapolated area vs. the
amount of ODA deposited on water surface.
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Fig. 5 Surface pressure-area isotherm for a stearic acid
monolayer spread on aqueous solution of HC,
pH=1.66 at 25°C.
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TaBLE 1 Elemental analysis data of polymers obtained
by catalytic polymerizations in benzene solu-
tions®.

C H 8] N

PODA caled. 7.8 123 9.8 —

found 79.6  14.3 9.4  0.33
PODMA caled. 7.5 124 9% —
found 77.8 12,9 9.0  0.32
caled. 8L0 135 54 —
found 8L6 145 39 —

a) We are indebted to Dr. Ka. Hayashi for his elemental
analysis.
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Fig. 6 Surface pressure-arez isotherms of ODA mono-
Iayers after various irradiation times at nitrogen/
water interface, D: 0, @: 19, @: 30sec.
Temperature: 17.5°C, area at the time of irradia-
tion : 22 A%/molecule (indicated by the arrow).

| JAERISIZ.

bE—KUllk. ZOEHD, ODA HFTFHIL 308
FBahic k0 80% E&LILEIONE. 210K
Hic kD AEORER 17.5C Hhofy 22°C TTERL
fLiEESNS.

—F, ERKRECEHE S /- ODA BT,
ER/KFETRHE SN 72 ODA BMATREAL Rii-
KEBERT IA WRES A 1. Fig. 8 IGRLEES
iC, B ODA MATHO A fhigut, BoHZL
ER-IR O BE I &> CHEL O 5 2 BHESTE
E5Zl. 1, cccBohk IA BGOSR
ACKERMANN L¥ T L - TEK//KRMTCA Z 2T LT
7Y VEET I FEATFRABRELT CREHEA S
EXOBED TA WO ZhLEFHILTHS.

40

30

20-

10

Surface pressure (dynes/cm)

Area (A‘/ ‘molecule)

Fig. 7 Surface pressure-area isotherms of monolayers of
ODA,PODA, and their mixtures (content of
PODA, ®: 0%, @1 50%, @5 0%, @: 80%:®:
10095) and (6): that of ODA monolayer irradiated
at nitrogen/water interface for 30sec, at 17.5C
and area at the time of irradiation : 41 A¥molecule.
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Fig. 8 Surface pressure-area isotherms of an ODA
monolayer afier various irradiation times at air/
water interface, @: 0, @: 10, @& : 30, @ : B0sec.
‘Temperature: 17.5°C and area at the ume of ir-
radiation: 21 A’;’molecule (indicated by the arrow).
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Fig. 10 Surface pressure-area isotherms of ODMA
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nitrogen/water interface, @: 0, @: 10, ®:20
sec.; @ and @ denote the area at which the
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Fig. 11 Surface pressure-area isotherms of ODMA
monolayers after irradiation times at air/water
interface, area at the time of irradiation: 21 A’I
molecule, @: 0, @: 10sec.
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molecule vs. irradiation time; @: irradiated at
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Fig. 13 Surface pressure-area isotherms of monolayers of ODMA @©, PODMA @, and their 1: 1 mixture @), at
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Fig. 16 Surface pressure-area isotherms of vinyl stearate
monolayers after various irradiation times at
nitrogen/water interface, @: 0, @: 30, @: 80
sec., at 18. 5°C and 20 A%/molecule (indicated by
the arrow),
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7T-Irradiation Effects on Monomer—Clay Complex
1. Free Radical formed in Methyl methacrylate and Octadecyl
methacrylate—Montmorillonite Complexes

Shun-ichi SucimoTo, Shun-ichi Ounisar and Isamu NITTA

v-Irradiation effects on methyl methacrylate (MMA) and octadecyl methacrylate
(ODMA)—montmorillonite complexes were studied comparatively with those on bulk

monomers by ESR. The (CH,), CCOOR radical formed by the addition of a hydrogen
to the double bond of a monomer was formed by irradiation at —196°C, but the line
width of the monomer-clay complexes was narrower than that of bulk monomer. The
radical pair in MMA and ODMA-clay complexes and the alkyl radical in ODMA-
clay complexes were not detected. Decay behavior of the radicals in the monomer-clay
complexes was different from the bulk monomers, and the radicals in the complexes decayed
at lower temperatures than those in the bulk state. Broad line NMR measurements
showed that radical decay was related to the mobility of adsorbed monomer molecules

on the montmorillonite complexes.
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2.3 REHE®RD ESR 2<% ML

2,3.1 MMA BT MMA-RsHE 4

—196°C T 1.7MR B4 L 7 E % © bulk MMA,
MMA—*Si?ﬁé{iioakU%/% JaFrA4r (FRER
N) @ ESR 27 b % Fig. 1 IR Uiz, B IZHEE
AL 10 fE ETHEIED peak ZHAMHC LIz A <2 b
WTHSE, CNHODARY PNELETZEROC &8
WohiciE -7z, 1) MMA-E+-HEAEKTIE, BNt
svEY)OFA MBED RO 0wtR) iTh b
59, AN ESR 227 b T3 MMA T4
fes VABERENENS, —J, EvE)a+ A b
Bih2R CERETRHT A LR DOMEDR<Z b
MEHEN 2. #-T MMA-XS LA KTIE, 1 &
/2 —[iK, /7—5 I VHBERLENTSEHD
HEERANEET SO LEEZL TV, RERGHT
$%. 2) —196°C DFHEHKIL, MMA LU MMA-
Ak d 224 Hux (G)® 7TES ESR 2=
FERL, B/ v—0O_HREAIAEOMNMLIET ¥
4 v (CHs)::CCOOCH:® &FjESh 3. bulk MMA ic
{56RT, MMA-RLHARD R R 7 b v OFIRIZBE
¢, tHiy Peak ® AHng i2 bulk MMA 7 119G,
MMA-$+#EKT 5.6G & 2 IZR{ e o it-Es
KPTR S PANEGOATF R0 B EHiREC
HBELDEEZIONDE, V)ALV, BF 54 DD
RETE 7 PPRBEISWAEGTFICER LS CALD
bulk BEHCER U1z 5 2 4 Lt UCTRIEDOR 13

20 gauss
[Am—

Comparison of ESR Spectra.
a) bulk MMA, a’) amplitude -x 10, b) MMA-mont-
morillonite complex, b’) amplitude X 10, c) Mont-
morillonite.
Dose; 1.7MR. Irradiations and measurements were
made at —196°C. Arrows indicate the peaks of
(CHa3)2CCOQOCH;,

Fig. 1

" JAERS5028 "

S
20 gauss

Fig. 2 Comparisén of ESR Spectra.

a) bulk ODMA, a’) amplitude x10, b) ODMA-

montmorillonite complex, b’) amplitude Xx10:

Dose; 1.7 MR. Irradiations.and measurements were -

made at —196°C. Arrows and dotted arrows indi-

cate the peaks of (CHs)zCCOOR and CHzC(CHa)— '

COOR, respectively. - .
3T ENURLVHEERNIA TS, 3) HEigss: 104
ez 7 vk b, bulk MMA Tlik5 Y H st
W& 20D main peak I E 1 -» CERAIZN B
D5, MMA-R AR T IR C D & SHREBOERDIZ
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UTId#%iRd 5, '

2.3.2 ODMA £ KU ODMA-#i+#E&k
—196°C T 1. 7 MR JE4f L 7- ODMA 5 k¥ ODMA-

Kt AKD ESR 227 b V% Fig. 2 iR LTz, - bulk
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PMBRRIZFL /P -2 27 h Y iCERT BTV
F 5 PHNOES peak & —FF B c &S ODMA
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DTERRARY FIVHERT B, TOHRIER buk ©
BAIT L 5T ¢ il peak ® dHng 13 bulk ODMA
T 8.3G, ODMA-$5+#AKT 4.6G TH 7. HiE
o2 EFTHELILR R 2 b VTR, —196°C OR4
EEBICRBENEOBETT VE VT D hick’
peak FHBATE -7z, # - T ODMA-¥ET A
TRTNFNSY H it bulk ODMA ic g U THRR
LitRWEEZ OIS, L LEHicE-TEYEYn
F4 F® back ground AL, #HYUT 3 peak OEH
PREIC S O CTHRESERIRB OGP T
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A NVBEERTT S LR ) BESh. COER
f & bulk MMA ©Zzh % HiRd 3 LHZOFMERE
THELTHh3,

2.4.2 ODMA & ODMA-¥51H&E

Fig. 4 Ic€ O HRHMhM = R U 7. FERlRoEmiE
MMA O ZhicHilL T %58, #H&ktho ODMA &
720D 5 U H R bulk ODMA i Heiig U Chis
DEL 2T 5., MMA-RLMIAKRT 2 C OfEIZ
o teds, i MMA ic{ 5~ ODMA O #&E
R B ORZARTH AR D €/ v — i fic s
BB Eb—EREE>TLED b AAE . B
L7ick5ic, ODMA Tirffmz vhaneErris o
HMNEBICERTE, O 2fEDOF YA VEERIC
ST E2OREMTH S, RVzFLvOoToFLs
FAND 2R v OEREGND peak % EHEIZ LT
ODMA thiclE Ui Tad s Pl it iitE 3 3 &
1x10°R T 0,1.2X10°R T 30%, 1x107R T 80% &
ROBOBMAmMs vArEis o, $#-T ODMA 9=
THAIERTAMAMZ A EMBICERT 2 T4
N7 ZANDERBROLE FHEIKE >TE/LL T

S

B a) =
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Fig. 3 Radical accumulation curves. ‘

The relative concentrations of the radicals produced
in the irradiated a) bulk MMA and b) MMA-
montmorillonite complex:are plotted against dose.
In ¢), the concentration was calculated on the base
of the monomer amount in the complex.

Dose rate; 0.85 MR/hr. Irradiations and measure-
ments were made at —196°C, in vacuo.

2. /) = —RLHAKD v BIRHHER 15

e
T

[\")

Free radical {Arbitrary)

P N R
5 10 13 20
Dose (MR)

Fig. 4 Radical accumulation curves.
The relative concentrations of the radicals pro-
duced in the irradiated a) bulk ODMA and b)
ODMA-montmorillonite complex are plotted aga-
inst dose. In c), the concentration was calculated
on the base of the monomer amount in the com-
plex. Dose rate; 0.85 MR/hr.
Irradiations and measurements were made at —196
°C.

5.

2.5 ESR ZR% ML OBEEL

bulk €/ = —% @4 L B#ER 4 2 Hins vrrid
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2.5.1 MMA-$LESEDESR 2R MILOEBEEI(E

T/ 72—t BHAKOREMES ESR 2~ b
ZAO—PIE LT MMA-Ki+ &K DA% Fig. 5 1C
AU, —196°C THAEh/: 224G D TEH I
—142°C T3 7T BRO F F RMIC AR L. —116
C IKRIET B & splitting PPN 3. COBEEHR
it MMA 5 Y Aantlbiteve)odd bick
Uz center Itk 3 R 24 VBTN D SBEHEIEICH
2T 5. ¥LICRIBT B & splitting 3 & & IwEhs-
T MMA D@l (—48.2°C) & b FEi ~14°C THEK
B3 VD splitting L—FHL, 45°C T TFDRRY
PR SR, —100°C PILETiE, 22.7G @ sharp
MABEMARY PNBERLE, CORRY PR AFL
FOANMCELBEEZOND, ERTRIPBOEETH
Y, 150°C im# L Td—MA R BEE Ui, Bl bk
TRELcEYE) v A P THRBICK - TRLER
BED MBS LBRELRRY FSERAIZ R
DT, CDAFNFTVANGEYE) R F A P (FRE
AN HEBET AEBRBILCELLLDEEZI R 5.

2.5.2 MMA 5 £ MMABSEEAHEOS UL RE
DBEEL L
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Fig. 5 Change of ESR spectrum of irradiated MMA-montmorillonite complex with temperature.
a) —196°C, amplitude 50. b) —142°C, amplitude 100. c) —116°C, amplitude 1,000. d) —42°C,

amplitude 2,000. e) 45°C, amplitude 4, 000.

Irradiation was made at —196°C in vacuo. Dose 1.7 MR.
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Fig. 6 Radical decay curves of irradiated bulk MMA.
a) total radical. b) (CH3):CCOOCH: radical. c)
~CH2C(CH3)COOCH;: radical.

After heating the sample at each temperature for
10 min., measurements were made at —196°C.
Irradiation ; 1.7 MR.

BB, 5770 —196C T ESR 27 b vkl
LTI YA NVBEDELZBRE L. bulk MMA (Fig.
6) Ti7 PANMBER —0CHEETHEEAERSL
BB, ¢ ORELETaRK L CRARETHERL:.

N7 ZHnd TERDFEIMY peak LRES UH D
9+4 BERLRBREWSLODT, £h2Nn0D peak i3 478k

T&3. TORRICK S &, —90C CHINs PHhriz
BHEZHD ~50°C ETHELE. RES Ph v
M7 VANDBFIO>NTHMLT 3 5, —55C 4
HATRHEROL T DA NBED 0% 10, MASH
A THHE L. Marx' @ broad line NMR Ol ®
&hid, bulk MMA 3 —196°C © 4H =5G O—4%
MARY b, —90°C KRBT % & sharp RAMCTH
ICER DiLD, —50°C Tt sharp RGO &ictc b, ESR
KEDBMUI7 PANBEOBENKEE O, 8TT3
REEZ, NMR itk 3 sharp (R4 OZE{L T 3 EEF & b
T50T, buk MMA TRIERTCHELTWESFO
HEMRHEBEINE LI CHAVORELLT O, 121344
FOEHBEHIREICIL S (-50C) L&blc, 594
MEHEBELTLESC &g 3. :
MMA-$L#EAKTIE (Fig. 7), —170°C 605 &
R PVREOERIIZT L, ST LVPEDLIARKL
fz. —130°C TRAVYBED 20% OHEBEL, LTS
(BEMEEBH —T0C Y EThiCREEED .
LU buk £/ =—2LRBHE-T, 53Thro—Fik
T/ 2—ORRLDPEOEEE THEE L . MMA-
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Fig. 7 Radical decay curves of irradiated MMA-mont-
morillonite complex.
a) total radical -of MMA -montmorillonite complex.
b) total radical of MMA.
All measurement conditions were the same as those

of bulk MMA. :
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Fig. 8 Radical decay curves of irradiated bulk ODMA.
a) total radical. b) (CH3):CCOOR radical. ¢)-CH.-
C(CH);COOR radical. d) alkyl radical.

All measurement conditions were the same as those
of bulk MMA. Irradiation; 1. 7MR at —196°C.

Free radical (Arbitrary)
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Eavﬂ»mﬁmfaﬁgm,mmMMA@%nm<
LRTRPIEDEL —20C #HELLD, HpOZORES
THNBESTHBRD 5% PITF &0, EhBkEE
TROBBLTEE, REOHTIEERIR L.

2.5.3 ODMA & ODMA-#i-+#&HkDS o5 WRED
BEZ(L '

FIRICHES bulk ODMA © 5 &5 NVBEDEALE Fig.
8 IRLI. 250 ANEBEIR, —~110°C ETREE
¥BY, —40°C ©—- A ETEEZER - 7245, 0°C Pltc
SN CRBEEED .. ART P VEHESS &, fFim
7 VA3 —110°C TREEIEY, —20°C THEEL 7.
TrEns2h viz, —80°C HEh O BENET b
HT 10°C LR THEK L 7. REZ YHrig, —60°C £
D SHML T OCHECHIRD 38Y% i b, 3=
DPOPETCHEBELL. - . .

ODMA-# - # A4k Gk (Fig. 9), —110°CH:EH S 5
TANBEOREINEE Y, S BAERETICBE

2 =7 v—HitRAKD ¥ SIAHLT 7
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Fig. 9 Radical decay curves of ODMA-montmorillonite
complex.
a) total radical of ODMA-montmorillonite complex.
b)(CHaz):CCOOR radical of ODMA -montmorillonite
complex. c) total radical of bulk ODMA.
All measurement conditions were the same as those
of bulk ODMA. Irradiation ;s LTMR at —196C.
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—200

TRECHBE LY. ERs VANDZERCEIE -7
B, Mz Chrig —40C FETIIZIHHEL, 208
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b, POTORREM 5 IH VBED 289 BELE
Zohi.

2.6 broad line NMR D¥:R 2D Hois

FIANDBEEL, AT OEEIREL OBELE
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@ broad line NMR 27 b L& L7-. EBOHSE
T-I0C P FTOMERTE o 7z,

2.6.1 MMA-Hit8ESKk

—150°C T dHuma 1G O 1RE LY, —80C ¢t
0.7G, —30°C T 0.5G & REICHEES D L. bulk
MMA D54 O FKx O EFEH —150°C T 4.6G,
—30°C T 0.46G THBC & Hh o, MMA-$5 184 &
T ~I0°C T, 3 TIAL)BHEASTFOERNF
bhTVEbDEZZ 513, ESR = < 4 FDBEE
Eitid, 2O NMR =z <7 WOEAL LERIIC—%
THLEEZTS,

2.6.2 ODMA

Fig. 10 {C bulk ODMA @ broad line NMR -7 }
NVOBEIACE R LI, ~150°C Tit, dHng 13.6G
DIFKRC AH 4.2G OF 4B BB ETR L. —80°C
Kisd e 4H 4.2G O FE, 0.5G 0 —&EE 406
DHFICTEL, 13.6GC D—KZEEMCH 153,
—30°C TR, 0.5G O 1A & 5 2 8L, o
HAGEHW W5 & & b RAMICARILTL B,
S0C T 4H0.5G O—ABOBICH 7= AHO.5G
DO—ARVBIINED 3 &, #Hins Fhahsl,
AHuu 13.6G O—&KHR =7 b LOEHRDT S &7
WENF AN BEECEDS Ui, 30°C Toz~y |
wi AH 0.5G © sharp BI1KBROZ E1BE597
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Fig. 10 Broad line NMR spectrum of ODMA at various
temperatures.
a) —150°C, b) —80%C, ¢) —30°C, d) 30°C.

VILSERICTHER Lz,

2.6.3 ODMA-Bhitiatk

ODMA-#5+- 844D bload line NMR 2<% b0
BEZEE Fig. 11 IR L. —150°C ¢ 4H 12G o
27 bl —80°C T dHua 1.2G O —AfH L 15
Je. %> T ODMA-#E+ A K I bulk ODMA il
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Fig. 11 Broad line NMR spectrum of ODMA-mont-
morillonite complex at various temperatures.
a) —1680°C, b) —80°C, ¢) —30C, d) 30°C.

BLT, —80C TAFR & U BRCEHLTHY, 5
YHub bulk ODMA & b SRAITK & i sesmn
TN ticliEa.

CHNODERPS, buk £/ 72—, £ v—fhti
AROVThE P HLORFRE, < —DFTEhiC
BRELTESbDEEZI SRS,

2.7 STHANHDRRY ML

E=ve /) v—% —196°C CHHET 3 &g 42>
FIZANRBERL, FVHNHEOBEERICYE - TE
5 peak B8/ v —F I HD ESR 227 F DA
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Fig. 12 ESR spectra of radical pair (4M=2 transition).
a) MMA; 15MR. b) ODMA; 15MR. c) Poly-
ethylen; 25 MR.

Irradiations and measurements were made at
—196°C in vacuo.
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Adsorption of the Cationic Emulsion Produced by Radiation-induced

Emulsion Polymerization onto Paper Pulp

Tadahiro Inapa*, Yukio DOI;*,.Kanae_HAYASHI,,
Hideo KamrvAiia, and  Seizo. OKAMURA ‘

Adsorption of cationic emulsions onto pulp ‘Wa,é‘ studied by mixing positively charged
polymer emulsions, containing a cdnyentional emulsifier or a copolymerized cationic
monomer, with wood pulps sﬁspendé;a' in water. In order to obtain purely cationic
emulsions without catalysef residue: all the emulsions were produced by v-ray-induced
emulsion polymerization. Test sheets of paper wére prepared from these mixtures by the
normal paper-making technique.‘ ‘

Adsorption characteristics of the emulsions and tensile strengths of the treated papers
were determined and compared with those of cofreSponding negatively charged polymer
emulsion-pulp systems. The cationic emulsions were easily adsorbed by the pulp without
employin g precipitating agent, and the emulsions with cationic ‘emulsifier showed larger
emcunt cf edeorrticn then thcse centaining a cepolymer of the cationic moncmer. The
adsorption was considered to be brought about by an electrostatic interaction with car-
boxyl groups in the pulp. Some cationic emulsions gave higher wet strength to papers
than corresponding anionic ones. In" addition to the above-mentioned ionic nature of the
polymer emulsion, its charge site and minimum flm temperature seem to be also impor-

tant factors governing the wet strength.
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TABLE 1 Several properties. of obtained emulsions
: . . Electrophoretic
Emulsion Monomer composition Emulsifier ?:llllcd (%) gz;h(c l()3 pH  mobility*
< \70 s (#-cm/volt-sec)
RC-1 EA/St=8/2 Catiogen L (19) L2 0.16 6.1 3.38
RC-3 —s " 33.7 0.18 5.8 3.14
RC-5 VAc ” 28.7 0.27 3.2 5.73
RC-6 EA o 30. 4 0.20 2.4 5. 96
RC-9 St ” 28.0 0.16 4.6 3. 68
RN-1-1 EA/St=8/2 Emalgen 930 (2 %) 31.9 0.17 7.4 0.44
DMAEMA 1 mol%
RN-1-3 ” ” 32.7 0.18 7.8 3.46
” 3 mol%
RN-1-5 " ” 33.0 0.19 7.7 0.37
” 5 mol%
RN-2-1 EA/St=2/8 ” 31.3 0.17 7.1 1.65
DMAEMA 1 mol%
RN-2-3 ” ” 31.6 0.16 7.6 2.36
” 3 mol%
RN-2-5 “ u 33.2 0.17 7.7 3.15
” 5 mol%
RA-1 EA/St=8/2 Emale 10 (1%) 30.3 0.16 4.9 -—
RA-3 » =2/8 . ” 30.7 0.16 6.1 —
RN-3-5 EA/St=8/2 Emalgen 930 (2 %) 3.2 0.22 3.8 —
MAA 5 mol%
RN-4-5 EA/St=2/8 ” 31.9 0.20 3.6 —_

MAA 5 mol%

*Electrophoretic mobilities were determined by the moving boundary method ‘using an U-tube apparatus. The test
sample was prepared by diluting 1 m/. emulsion to 100 mi. with 10-°M KCI, but RC-3, RC-5 and RC-6 were
diluted to the same concentration by Catiogen L aqueous solution whose concentration was equal to that of dis-

persion medium of the emulsion.

TABLE 2 Charge characteristics of the typical emulsions as a function of pH*

H 0,
Emulsion pH mobilig? - C Zeta-potential per partin’ on paritdle
(ucm/voltsec) (mV) (x10% surface
RC-3 2 2.86 40.4 0.923 —_
6 3.14 44.4 0. 372 —
10 2.95 41.7 0. 442 —
RN-1-5 2 4.71 66. 4 1. 42 1.78
6 0. 37 5.3 0. 039 0. 049
9 —2.82 —30.6 0 0
RN-2-5 2 5.19 73.3 1.63 2.04
6 3.15 4.4 0.35 0. 437
9 —1.82 —25.7 0 0

*The measurement of electropkoretic mobility was carried out under the same condition with Table 1.
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Fig. 1 Time-polymer retention curve of the emulsion
containing cationic emulsifier to Nadelholz bleached

kraft pulp (1 g emulsion solid was added to 1g

pulp).
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Fig. 3 Time-polymer retention curve as a function of
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Fig. 9 Microscopic photographs of some cationic emul-
sion polymers deposited in NUKP
a) untreated pulp, b) RC-9(St), ¢) RC-6(EA).

b) ,
Fig. 10 Miéroscdpiq‘photographs of the emulsion poly-
mer (EA/St=8/2) with ionic emulsifier deposited
in NUKP (1 g emulsion solid was added to 1 g
pulp),
a) RC-1 (cationic), b) RA-1 (anionic).

Fig. 11 Microscopic photographs of the emulsion poly-
mer (EA/St=2/8) with ionic emulsifier deposited
in NUKP (1 g emulsion solid was «4ded 0 1 g
pulp),
a) RC-3 (cationic), b) RA-(anionic).
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b)
Fig. 12 Microscopic photographs of the emulsion poly-
mer (EA/St=8/2) copolymerized with ionic mo-
nomer deposited in NUKP (0.3 g emulsion solid
was added to 1 g pulp),
a) RN-1-5 (cationic), b) RN-4-5 (anionic).

b)

Fig. 13 Microscopic photographs of the emulsion poly-
mer (EA/St=2/8) copolymerized with ionic mo-
nomer deposited in NUKP (0. 3 g emulsion solid
was added to 1 g pulp),

a) RN-2-5 (cationic), b} RN-4-5 (anionic).
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Fig. 14 Breaking {lengths of the paper treated with
emulsion containing ionic emulsifier (NUKP was
used), Polymer composition: EA/St=8/2.
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Fig. 15 Breaking lengths of the paper treated with
emulsion (EA/St=2/8) containing ionic emulsifier
(NUKP was used).
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Fig. 16 Breaking lengths of the paper treated with
the emulsion (EA/St=8/2) containing 5 moal%;
copolymerized acid or base (NUKP was used).
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Fig. 17 Breaking lengths of the paper treated with
the emulsion (EA/St=2/8) containing 5 mol%
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ymerized acid or base (NUKP was used).

TABLE 3 The properties of treated papers

9 Ision Weight per .
Exp. Added Toni % emu °18 Thickness Wet breaking
. onic nature added to unit area s
No. emulsion pulp (g/m?) (107%em) length (km)
1 — —_ 0 73.7 1.57 0.23
2 RC-1 cationic 10 69.8 1.55 0.39
3 ” " 50 78.7 117 0.38
4 ” ” 100 79. 2 1.08 0.47
5 RA-1 anionic 10 73.3 1.36 0.71
6 ” “ 50 67.0 1.19 0.73
7 ” ” 100 71.8 1.19 0. 55
8 RC-3 cationic 10 79.4 1.36 1.15
9 ” " 50 62.0 1,47 1.09
10 ” ” 100 63.0 1.42 0.92
11 RA-3 anionic 10 69. 8 1.25 0.81
12 ” ” 50 52.0 0.98 0.33
13 ” ” 100 38.8 0.91 0.28
14 RN-1-5 cationic 10 64.9 1.056 0.71
15 ” ” 20 64.8 1. 05 0.91
16 ” ” 30 66. 1 0.92 0.75
17 RN-3-5 anionic 10 66. 1 1.08 0.36
18 ” ” 20 68. 4 1. 15 0.35
19 ” ” 30 66. 0 1.18 0.51
20 RN-2-5 cationic 10 63. 8 1.13 0.61
21 . ” ” 20 66.7 1.20 0.77
22 o ” 30 50.3 1.10 1.25
23 RN-4-5 anionic 10 65. 0 113 0. 27
24 : ” ” 20 61.9 1.12 0.75
25 ” ” 30 58.4 1. 13 0.78

*Breaking length (km)=(tensile strength (kg)/specimen width (mm)/weight per unit area (g/m?)) x 1073
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PERBLIK, T4 vHEzenys VOBALD
y RS AR PR A ST ol

41 AFFIMIIN T3 VDRI TADEEEE

AEBRTHEA UK S WA L7, g
B 2P bKBTRCHEEL TR C &N o T
5. AFAVEITNY s vHLREBICKEDRY <
—MNNTREL UL EETIC L, SATFDHTEY
WREVESGBOZ BRI SV FICCBCEET 3
&, —FThiHLTr=gvikzenva vz
FAA ey vOFEBERELDVC &8, A%
BRTRONILHED, wWFhdhF4vikzwas gy
EANVT L DR DOHEMEEEMR & VS BEAD» L BEX
ha.

TeNY s YOBRADNKEOE, TwA4va vD
NN TDEEENEN RN-1 Y — X /213 RN-2 &
VX g ofRbE 1 LOBAEIHTELOTSH
% (Fig. 7). EBEHBKIFICHMT 30CEL % T ic
BENIKEA > e BMAR S 1 isL Fig.8 @ pH=8.2
ROMRE, —REDBAEBFELTVELSTH B,
L LIS VT DEDEBHEDHOH MK E v
HOMEECLDET I AvRE YL F vichEL, R
A& Y~ DIRENERTIHE N 3D L, Toay
UTRIBLALERARTEDONS C LAERT NI Fig.
8 I3 EROBBHHEMER &0 S BAL SRS
ns.

COEIRBRRBELAFA MBI T =4 VT
HOBRDOHEHM»S bXHBINS. Tiibb L7 100gr
HODHWHEF Y VEDORH S0meq” BELEKONS
DL, Z2wnda V) =—100gr MDD HF 4 v
HF v~ 23, RC-3 OHTIRATOH F 4 VHEAALH]
M, 22Nda VHFANEE L BADEEIR 12.4
meq THY, —J5 Tase 2 DR.TFY ) OBERH DO ZHME
»5id, 0.1%9meq Lk ON3. BBOEAREL &
BRED 72D # 1/100 KBERE W TE B 120, HELHO
FLKAKBICBH Lz b0 EBbh, EBOEEEZR
DELDEBEWRIR, cOMZOTEOEE LD EHE X
N5, LT W7 LEER, BACE-TIRS S
BROORY v —MWEFHTELVSAEROERR, BE
KHEBHICHAS EROBENORMEGEPOETHD S
BR&ECTELHEREENDS,

Uip LRSSV FCHTBHF A vl Ezwnya v
DEBICR EROBBEHEEERADAORFOSE bE
ZRIF1IE 578, RN-1-1 & RN-1-5 {3fffh § RN-2-1
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LD BRREBBEINS DI L FICiR LD At
EHLERYT (Fig. 7). ChiRIBOEAD S IXEH
NBRO. LZATRN-1 YY) —XD =AY 3 vz R
RETHD, AT R5 ) —~DOFMS 3 12kick 3
WMRICL > THTHREET 3 EBBD LN, coe
L5 RN-1-1, RN-1-5 0AkKiz, Tho ey

a VOREEIBz =Y 5 YD T ADEE A (B
LTWBLEEALNE. 220V a v e LTRRYRE
SEIERC-1 4sA F 4 YHBRRBICEE D 2R 0 5 0
(TABLE 5), L LBHMSZh LDiZiE 2 hic BER
RC-3 X0 EBicsEH T3 &b RN-1-1, RN-1-5
BALABCEB SN S (Fig. 5).

AEBRTHE, 2703 YORLFADEZICHEEH
REUWEEEEZL o, LOUBELLULS TOEERER
D, LrbZORKOEEROIFMNY, Z0% B TIC
BOLEELBEDIAMLRALTHSEC & (Fig. 4), TE
REOXFEMBEHEEOER L BEOTECHSTRLE
THBCE, BTV BEEETTET =4
Loy s VEEBEIRECERMBRNC EAED
o, BRIEECELTHFA vtz 3 VTS
T =g DT EOBEMERET 3, H B NITES
LE->Txz2nya YOEEEZBETSICK DENICE
HERELTHBEEZI LN B,

4.2 R’ F-RYv—-Eekowg

AFA ML= Ya VERNTE LRI EDEA K
DELR, TOBBEHRELBNTT=4 vz s g
YRLOEAKRIVERTVS., chidsF4 vz~
WP a YDED, NRAFIRILEELTOEC & LG
LTWaEELLNS, 72 RC-1 KFHRE—RY =~
MROT=Av#Ez=ny 2 v TChH5 RA-1 LD EEH
BOF - AR EEZ TS, chidRD 2 EApoH
Baha. ¥18bbL 1D RA-1HIEETHTNBUL
HTHbdzw— 10 28, ZHUHBHETLI =Y AL
DFRSh? LROBEEL MM ¢35 R E2EoC LT
b0, ol R RA-1DESIKINEY) v—D =i
YVavid, VLRI AREELTNTS, BT
VI =Y LDOBMIC L > THRPOKR S BEEEREED
WICHELTEET D ETHB (Fig. 10b). LK
PORYT—DI=2Y 3 VTCHRN-2 Y —XDIEA
i}, EhiCEHNTHEHES A VAT o=y Y
930 IZHIFE T =—v 10 D X 5 1D 1B Tk BE B dh 2
MWD AFA oY a vHhoDOB SR HH
BENEHEREEEL W3 EEI NG, T=4 Vi
TTNT 3 YORTRA-3 LB ShEA KO
ATKIFRO/NS NS DHdH 5 (TAse 3 EE; No. 12,
13). zhit RA-3 OLSHFER) = —~D w5
YRMET VI =y AOBRMTEE LR Y ~KTFOE
FEME, RA-1 OO X K VA ICHET L
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DIV THL L ST RARTEMT 310 EE% 00
5. R, HAKDBOBOFR%E Ub_THES & 8%
NN TEEBICRY v —D/NIBBERNE K E S 1
7.

PEx=nda vl n7tOoRBARE->TELNLS
HEKOBHEBEER, vy YOERKOEEOWE
Didds, EATEAMFOESR, BHEL LTS 4 Vit
AMHEFERA LB 20 RB1 4+ e/ ~— L DHE
BICE ety SR Y =~ DWI T b BHRR
BEICE - TREEEZT 3 EBCOPFEICL - THS
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Effect of 7—irradiation on Mechanical Properties of Nylons
Kanako Kaji, Toshio Oxapa and Ichiro SAKURADA

Changes in mechanical properties with v-irradiation were studied of monofilaments
of nylon 6, 610 and 12. Irradiation was performed at room temperature and 100°C either
in air or in vacuo.

As previously reported degradation predominated in all types of nylon when irradia-
tion was carried out in air, whereas crosslinking took place predominantly in the case
of irradiation in vacuo, irrespective of the irradiation temperature.

Tensile strength and elongation measured at room temperature decreased mono-
tonously with absorbed dose. Air-irradiation produced larger decreases in these properties
than vacuum-irradiation. In vacuum the temperature of irradiation exerted very small
effect on these properties, whereas in air its effect was remarkable ; their decreases were
much larger in the irradiation at 100°C than at room temperature. No or very small
increase in Young’s modulous of nylons was observed with irradiation both in vacuo
and in air. Resiliency of nylons also remained practically unchanged with irradiation.

Little or no improvement of mechanical properties by crosslinking was observed
even at an elevated temperature as 100°C.

ﬁ

il

2. RBRAE

bhibhid, 4 0v6, 610 BXU 12 2528+ &

*100°C T

Sy BBHT S S, WTFhOBRFICBNTHI 2.1 & 4
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SHIRE TR ESOHBISHERNTH Y, HFOHE
MEC BT L. ZORBEOMITIE 100°C BE O S AZE L
WZ &, FLARENENCREBRISHERNTHD,
atic ko rvBasELsc e, 2L TH VERIZ
100°C S DOHFBE LT EERE LAY, X51c8E
DOGENT 2 FREABO F L vEDOE ML L 3BA
L MEMICHDC EARRH L.

COWMETIE, 74 0vo v @R X 2 BT
DEALEBRE L.

KUt Sighe2Z0 1o v 6, F4ay
610, 7Moo 120/ 745 AV E2FERLS.

22 [ &

TN6D7 474V MEMBLEIIEYYD, #5 2%
KANTZEZ DB LT 10 'mmHg Pl EoEEhTas
w60 Koy Us, MERIE 4 7x10%ad/
hr ThHs. BHEERISEBLY 1000C TH 3,
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2.3 ERENRE

SEEHBEABE R TRANABED, m-2 LV — BB
Wi 90% FBEROGAIEEREICX DR 1.

2.4 FIUHFEOUE

WHEMEF 126, 610 DEAR 0% FEerhic
30°C T, #4140 v 120841 m-7 v —arhiz 60°C
TIHBRUL, RIS (FA) 2FR, A4 )—1T
FAUeH LIzt SOCORMEFIc—s20ERICH 3% T
%@éﬁt.Eﬁ&fibtfwﬁ$m5§%%%%ﬂ
X100 wRHEN B,

2.5 HeMEIMEE

BT v vo v UTM 11 3R,
MIBE, fhEE, Mi:RE X OMPEEBGEENE L, B
13 20mm, FRAMEIF 20mm/min TH 2., ¥ afFfl
IBEI 0. 0lg/den D—REHfIL% H» o 2 Bik4 2°C/min
DM THLE LA &, MY nicisd 52k0 7.

3. BERBLUEER

TLRPT oy BURM Uc o 4 v v 6 DIUHC & 2 Bk
MET DAL A TaBLe | IC5T. EICIITREE, MhBE, ik
ROfliic, YAHROMEFR L. TTIREED Lick
DT, HEPIHTI, EHLIN X 0 LGRS J7 88

TABLE 1 Effect of gamma ray irradiation in vacuum

on mechanical properties of nylon 6 monofila-
ment (334 den.)

Dose Gel fract. | Tenacity | Elong. Modulus
Mrad. % g/den % kg/mm?
Irradiated at room temperature
0 0 6.05 38 202
9.2 0 6. 32 40 105
72.8 53 4,95 28 194
115.9 59 4,83 30 199
Irradiated at 100°C )
2.7 0 6.73 43 182
51 0 6. 43 36 191
9.2 i} 5.96 34 213
17.3 0 6. 12 36 203
19.4 trace 6. 07 33 200
22.7 — 6. 00 36 195
30.6 37 5. 86 34 207
42.5 46 5.64 33 215
57.4 52 4.83 21 - 215
72.9 61 517 .30 217
113.1 63 5.21 29 253

232.2 66 3.72 19 256

4 F A4 v OBRBIIEEIC S LT EHRE oIS 31

BHICEYD, ZERAOHAS 100C, BHEOBAD,
BEBKEEE L VBERT 3. WMES L ORI
ERB LU 100°C, WINORHREICE O THBEL

&%LC’P’P‘MK&‘L‘CD%. ZRMEE, 100°C Batndh
KBENTHH 60% BEDOF LVAEMESH, REEE
BORRORNC EMRbpBY, ZHICE bbb o3 HE
DBRWDPLTHB DI, TTIREED LickSic, Bt
RHCBOTOERBYNSBIEC o THB B LEEL LR
5. MMEROMIMBEHICE TS, 1BEALEL LN
B, POWKTIEETHE. *FA—ERTIZ 100°C
TRHTBHH, BEFXAVERINK & 028, HE, @
B, MMEROZEIICH TR, MBEREOHEIZIZEA
<518 (R A AN

F4mY 610, FLmy 12 {LDINThH, HEHT vy
MEH LT, AROKRRETE 7. ThoOBEL2Z
1€ TABLE 2, TABLE 3 T/, WFNDOHEADL, F4
B Y OE& & RS HERSE S hik.

DEI, EZXRT MBS LT 4 n v 6 DREICE
BRI D IR TABLE 3 ITRY. FEicid, hEF,
MR, REROMICTFHRAEOLE( %R L. Z&h
st 084, JRStc Kk b EHTEABESRBICED LT
B3, WBE, MEDTNIKHBELTRS LTS, o
TABLE 2 Effect of gamma ray irradiation in vacuum

on mechanical properties of nylon 610 monofila-
ment (350 den.)

Dose Gel fract. | Tenacity Elong. Modulus
Mrad % g/den % kg/mm?
Irradiated at room temperature
0 0 4.34 48 232
4,9 0 3.95 45 222
30.8 9 4.18 40 248
120, 7 64 3.7 32 304
Irradiated at 100°C
4.9 0 4.18 43 242
30.8 30 3.92 40 260
41.9 43 3. 82 39 272
57.5 47 3.75 27 270
120. 7 59 4. 09 41 276

TABLE 3 Effect of gamma ray irradiation in vacuum
on mechanical properties of nylon 12 monofila-
ment (274 den.)

Dose Gel fract. | Tenacity Elong. Modulus
Mrad % g/den % kg/mm?
Irradiated at room temperature
0 0 4.50 36 250
0.14 0 4.42 38 226
5.1 0 4,57 33 227
11.6 trace 4,31 30 288
47.7 63 4.31 30 298
Irradiated at 100°C
5.4 0 4,38 31 246
12.5 23 4,35 32 244
47.7 68 3.76 23 268

.38 78 3. 36 22 267
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TABLE 4 Effect of gamma ray irradiation in air on
mechanical properties of nylon 6 monofilament

JAERI 5028

TABLE & Effect of gamma ray irradiation in air on
mechanical properties of nylon 12 monofilament

(334 den.) {274 den.)
D Tenacity Elong. Modulus Dose Tenacity Elong. Modulus
Mrad DP glden % | kg/mme Mrad bp g/den % kg/mm?
Irradiated at room temperature Irradiated at room temperature
0 217 6. 05 38 202 0 83 4.58 36 250
0. 41 190 6.03 34 189 0.14 - 4.55 34 250
1.6 170 5. 87 32 206 0.37 73 4.46 31 263
3.0 168 5. 33 28 183 1.1 64 4.24 30 272
5.1 162 5.24 25 196 2.5 44 3.87 24 279
10.3 164 4. 89 25 209 12.5 22 2.41 12 313
Irradiated at 100°C Irradiated at 100°C
0.12 176 5.80 40 194 0.14 — 4.20 32 232
0.41 127 5.03 34 202 0.37 68 4.28 32 225
1.6 77 3.12 27 237 1.1 4 3.60 25 237
3.0 63 1.76 13 246 2.5 32 2.88 15 249
5.1 55 1.86 17 249 5.1 22 2.22 11 279
13.8 35 1.25 17 240 12.5 15 0.95 5 291
127.4 — 0. 66 5 228
. 8
CEDOEIPREICET 2580, MECETRIICE
HOYMIC L > TV AWhbhr 5. BicEABETO® 7k
. . © Irrad. at room temp.
L 100°C A T3, 2B, MEOETFTHEL L, 10 .
Mrad BEOMMT, HWE, HELd, REHOMEOK 6L s ® Irrad. at 100°C
AO—IT DB, —HHkE I, SE, 1000C, »ih o O\o
ORMEEICENTS, RBRHOBALELALELD § 5r 3
B, PRYMRTIBETHS. HlZIF 100C BT 0
i, BAEAKRRHO 275, 13.8 Mrad Fisiittlo £ 4
BETH L IKBLLTHBC b db b ¥, Bitkx g \
i, REHOBAH 202kg/mm?, 13.8 Mrad iR & 3
&3 240kg/mm? THZ. L LEKES, COBEOR oL
HETIRFM 0 v OBBLEIRIZEA ST &E
AohBPVh0, MUENSERLECKSSELES A L T=Tr— .
SETHIE, CORKBOBEAHES.
FA4ury 610, FMny 12 21 Th, EBHRBT gy 01 ]8 1| |6 ! 1
B UCRBORREF 1 - 7. ZN00KREZR 0 04 08 12 16 20 24 238
THL, TABLE 5, TABLES IC;RY. WTFHOEALF 4 o 100/DP

Y6 DGEA LEKOERNE SN,

TABLE 5 Effect of gamma ray irradiation in air on
mechanical properties of nylon 610 monofilament

(350 den.)
Dose Tenacity Elong. Modulus
Mrad DP g/den % kg/mm?
Irradiated at room temperature
0 4.0 4.34 48 232
0.10 36.2 4.58 47 227
0.44 35.8 4.23 42 231
4.2 23.0 3.74 33 238
12.3 22.3 2. 66 23 236
Irradiated at 100°C
0.10 36.5 4.37 46 221
0.44 20.9 3.63 34 220
1.10 13.5 3.05 26 227
4.2 8.5 1.14 9 228

12.3 5.0 0.47 5.5 221

Fig. 1 Relationship between tenacity of nylon 6 mono-
filament and 100/DP.

DEIC, BE (T) LE4FK (DP) officiz,
T=T*-A/DP (T*BL AiEE) - (1)
BORERSH 2 C LMo TN EY 235, RS
FAo Y6 DBAI, ZOEBEES ey b LzO Fig.
1 THS., COR%EHB L&, SiBRAEH, 100°C BH,
Nd, RELESGEOFROMITHE D Lo BERES
Boh, MRABBEINTVICEBDbN S, OB
ROBHMEIST, bbb, BMRAESAE S 3 &L

T* 1340 7. 7g/den it 3.

KRS F 1 v 610, 12iKEELT, Rikic, %
LEAEOMEE o v | LD, Fig. 2 BX Fig.
3THS. FMurb6LHLLSIK, BITESUEESE
oh, TOMBAESEICBIARE T 12, +4ny
610 DHAEHK 4.8g/den, 7MoY 12 0BAR, &
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5.4g/den VA fHICIES.
DEIK, ERPRHEOEAD, BHCLI2EAEDE
T%, BEBENCHBFT3/-0ic, FHEAFEOFE (W

O Irrad. at room temp.

5 ® Irrad.at 100°C

ot [

[N

Tenacity, . g/den

25

100/DP

Fig. 2 Relationship between tenacity of nylon 610
monofilament and 100/DP.

O Irrad. at room temp.

\ e Irrad. at 100°C
4+ '(%\

o

Tenacity, g/den
%

e 0

100/DP

Fig. 3 Relationship between tenacity of nylon 12 mo-
nofilament and 100/DP.
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500

o Nylon 6, ® Nylon 12
\o\ x Nylon 610
100\ \

; \ 0\0

DP

50
X\ \ \0
| \ \
10—
. 5—_ ' [ BTy | X I L ‘L]
0.1 0.5
Dose (Mrad)

Fig. 4 Change of DP of various nylons by gamma ray
irradiation in air at 100°C.

WEIcEEd 5E) &, BEOBFEEMNE Sy F L1z,
AR RE oW, EREHOEAR, 74
v 6, 610, 12 FhFHICOLT, 12T, EREERE
ohdd, EROAWRZ—FHLE - fz. LhL, Fig.
4 IRT KD I00C TR LIcF 4 o vitBnTiE,
FAovOEHICL ST, ESEHUERBEESESH
3. bbb, F4 0y 6 610, 12 {fiicoTh,
k/DP=[Dose]” (k, ni3{8%0)
ABERRBRIULL, AL 2OE (n=0.4) BBESH 3.

LD EHL, 5 AEBAD LOBETH S 100°C
T, 74 o yOFJICK LT, FIZELSaTEHRE
iKbb, MEOEK, RUX 4 A CEHETNNEC
STNBDTHS ) LERIEES. LhrL, cOF—4
—~KE TR, ThDEOFERTERIHELL,

LhE TORRT, ZREBT IBREEER, +41
nyiE, HERTHEELT, EB3¥Th, FLAEY
BEhThiding tdbhotz. UL, SFHEOBED
TR, FEHOLYBERLTERICE T IBROETIC
AT BRBAEMENRIOT, ThBEHRESVALE
AT, RiT, BETOURETHN 1=,

TABLE 7 X, HZedh, 100°C ¢ v B LK, 74

TABLE 7 Effect of temperature (25, 50 and 100°C) on mechanical properties of irradiated nylon monofilaments

Dose* Gel fract. " Tenacity g/den Elongation % Modulus kg/mm?
Mrad % 25 [ 50 | 100 25 50 100 25 50 100
Nylon 6
0 0 6. 05 6. 05 5.67 39 45 50 201 169 147
113 63 5.21 4,14 3.63 30 25 29 252 194 159
Nylon 12
0 0 4.58 4,16 3. 36 36 38 45 250 154 121
48 68 3776 3.25 2.70 23 28 36 268 182 140
Nylon 610
0 0 4.34 3.97 3.52 48 59 68 232 115 93
121 59 4.09 3.54 2.77 41 - 38 42 276 138 98

*Irradiation was carried out in vacuo at 100°C
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v 6, 610, 12 OREE, {MEF, Bz, REEEE 50
C BLY 100C KL TRIELRERETH S, £2he
NOF A4 v it20T, REHHEE, & 60% Or s
RERTRECOVDTRE Lz, 1B, 2B (35°C) ©
DHERHROAFICRLTH B, MADF 4 oricky
T, 50°C, 100°C Kk BekEs, R, ZETO®R
BE, HELHR BCED, 2B LTINS, 50°C,
100°C it 2WtRS, BEOIBA LREOENT,
Raic kD, BEAEELLEZOD, bTFhicEAkLT
WEREETHS. C0XIic, ZRIVBFVEBECHT
LEREEES, ZBROEALAR, BEOF5 0%
RiEHohizn.,

TABLE 8 (3, EZEhJAM 1 u v 6, 12 Omk:EIEES
%, 1000C TRIELLHERTHS. kikokwic, =B
(25°C) TOMEEBEESRLTH S, KEMYE LT
60% EEDOFVARERTREICONT, 10% #E,
20% fhRICEHT ZHUEHEELR LY. F10Y 6 ©
G&, 10% fRick D 2 MiEESEE % 25°C CHlEd 2
L, RIEHYII8T% ThH B3, 100°C T 112 Mrad B
BULT, 63% 05 vfEeRdREHCONTIE 85,
ZIRT 116 Mrad {4 LT, 59% DX AHREFRTR

TABLE 8 Resiliency (%) at and 100°C of irradiated
nylon monofilaments

Irrad* | Dose ?el 10% elongation20% elongation
o ract.
temp. °C| Mrad. | ¢ 25°C | 100°C | 25°C | 100°C
Nylon 6
- 0 0 87 81 73 68
100 113 63 83 80 64 60
r. t. 116 59 80 82 66 66
Nylon 12
—_ 0 0 80 93 59 71
100 48 68 78 95 57 69
r. t. 48 63 81 94 58 70

*[rradiation was carried out in vacuum.

TABLE 9 Effect of irradiation on zerostrength tempera-
ture of nylon monofilaments*

Nylon Dose Mrad Z.5. %emp :

0 18

Nylon 6 116 213
T»=223°C

232 180

Nylon 12 0 167

Tw=179°C 48 168

Nylon 610 0 220

Tw=223°C 121 218

*Preliminary experiments.
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BHCOWTi 80% &, MEick b 83, L3,
THOZRTH 2. 1000C TREL TS, KB 81
%, 100°C matDatkls 80%, ZEAS DRI 83Y
LBLALEMDITD. F1uy60 20% HEICED
ZRMEREESFE CETH 3.

F4aY 12 DFED, 10% (FE, 20% HE, T
NEBUSHEREES, BitckambREnohi
Y

TABLED (3, M m YDOE¥eHERELE O T
$5. F4uv 6, 610, 12 WFhickWTH, BEIC
5. YofERED LRI S 5N 1. L9ELEE
i, EHOYWBLEBOERE > TWB720TH A5,

4. 5

FA a0 v BREIC X ABRGEE O AR L
7.

ZRWUETIE, HEd, ETRPEHEE S, HwE, g
3, RickoBAL L, 20ROz IR, 28R
DOHBFELN. HEMBHTIR, 2E & 100C B0z
BAoNENDYS, EXRHREOEAIE, 100°C B{HE0K
2, WE, HMEOBMLOMLEBELL, Bk, KN
th, ZSPRE L S, FRICLDIZEA E& LT 0
D, bIPRERTIBETHS. HEhBHOES,
ME (T) LEHEAE (DP) 0BG, k{ashi
T=T*—A|DP L5 Ric kAT 3. %/, =E
1 100°C B TR EHTHEBEOThDOF 4 2 vick
Thd, BEBOB L%, 0.4 ichHfld 3 Eisbbho
1.

BRICHT 5 BENEE ERAEOBE L 20ER
BIZEAEEDLT, REOVRERILDED SN
1.

AR BT 2 BEOETONE RRAELALEST
{LFEMREIC ST BEEETER TS - b D TH
D, CZIKEBTB.
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Radiation-Induced Graft Copolymerization to Polyester
Xl. Grafting of Acrylic Acid onto Polyethylene Terephthalate
Fibers with Two-step Impregnation Method

Toshio Okapa, Yasunao Sumvano* and Ichiro SAKURADA

When polyester fiber was impregnated with pure acrylic acid (AA) or AA-water
and irradiated with y-rays from a Co-60 source or electron beams from a Van de Graaff
accelerator at room temperature, almost all impregnated monomer was converted to un-
extractable PAA, it is to say apparently grafted. However, the percent graft was several
percent, which was too low, since according to our pervious experiments ca. 15% graft
was desirable to make polyester fiber hydrophilic.

When pre-swelling with a suitable liquid was carried out and the impregnated liquid
is replaced with AA or AA-water, then twice larger amount of AA could be impregnafed
and converted to unextrable PAA by irradiation.

Chlorinated hydrocarbons such as ethylene dichloride and 1, 1, 2, 2-tetrachloro ethylene
were found to be more suitable as pre-swelling agent in the two-step impregnation than
conventional swelling agents such as benzyl alcohol, dimethyl formamide, dimethyl sulfoxide
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and nitrobenzene.

When fibers with some additional AA besides really impregnated AA was irradiated
in the presence of Mohr's salt in the two-step method, apparent graft higher than 209%
was easily realized at room temperature with high monomer utilization.
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TABLE 1 Impregnation grafting of acrylic acid onto polyester
fibers Impregnation : 22°C, 16 hr.

Irradiation: 9-rays, 0.32 Mrad/hr, 7.5 Mrad, 22°C
AA/H0 Pick up® Weight Apparent graft c ® D * E ® Dyeing
increase Axf Axf Ax{
by vol. %, A %, C %, DW %, E° % 100 %100 % 100 test®
10/0 7.0 1.8 L7 1.4 25.7 24.3 20.0 v
” 7.6 2.0 1.6 1.6 26.3 210 211 A%
” 7.9 4.6 3.9 3.8 58. 2 49,4 48.1 II1
7/3 10.3 3.6 3.4 3.2 49.9 47.2 44.4 v
” 11.7 4.2 4.0 3.7 51.3 . 48.8 45.2 v
” 9.5 3.2 3.1 3.0 48.1 46.6 45.2 A%
6/4 10.9 5.2 5.0 4.8 73.3 70.5 67.7 v
” 10.6 5.5 5.2 5.1 80.3 75.9 74.5 v

a) Pick up of acrylic acid or aqueous solution of aerylic acid-

b) After washing with water
¢) After washing with 19 NaHCO, aq. at 80°C
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e) I: excellent, II: good, I : fair, IV :poor, V: very poor
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TABLE 2 Impregnation grafting of acrylic acid onto polyester fiber after pre-treatment with various

swelling agents (Two-step method)
Pre-treatment : 70°C, 1 hr.

Impregnation: 70% aqueous solution of AA, 25°C, 16 hr.

Irradiation : v-rays, 0.32 Mrad/hr, 7.5 Mrad, 24°C.
Deg. of Pick up of Weight Apparent graft Cc D E Dyei
. . yeing
Swelling agent swelling AA soln.  increase Ax0.7 Ax0.7 Ax07
% % A %, C % D % E  x100 x100  x100 ‘ot
Benzyl alcohol 20.0 15.5 9.5 8.0 6.9 87.6 73.5 63.6 II-111
Dimethyl formamide 19.9 16. 1 8.9 7.6 6.2 78.8 67.3 54.9 II-111
Dimethyl sulfoxide 17.6 15.7 3.9 4.1 4.0 35.5 37.8 36.4 II-1v
Ethylene dichloride 16.5 16.6 1.1 10.3 9.5 95.7 88.8 81.9 I
Nitrobenzene 15.1 20.9 10.3 8.7 6.8 70.5 59. 6 46.6 I
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TABLE 3 Impregnation grafting of acrylic acid onto polyester fiber. Two-step method.

Pre-treatment : ethylene dichloride, 70°C, 1 hr, pick up of ethylene dichloride 16-18%.
Impregnation: AA or agueons solution of AA, 22°C, 16 hr.
Irradiation : 0. 32 Mrad/hr, 7.5 Mrad, 22°C.

AA/H:O0  Pick up of Weight Apparent graft C D E Dyeing
AA soln. increase Axf Axf Axf

dy vol. %, A %, C %, D %. E x 100 % 100 x 100 test
10/0 17.0 13.8 10.2 8.2 81,2 60. 0 - 48,2 I

p 16.3 1.9 10.0 7.4 73.0 6.3 - . 458 I
" 17.4 11.9 9.8 7.0 68. 4 56. 3 40.2 I

7/8 16.3 10.6 9.4 9.4 01.4 81.0 81.0 I
" 16.8 11.3 "10.2 10.2 95. 0 85, 7 85. 7 I
P 16.8 11.3 1.2 7.9 95. 0 4. 1 66. 4 I

6/4 15.4 9.4 8.6 8.4 95.9 87.7 85. 7 11
" 18.0 11.6 10.8 9.3 100 93.1 80. 0 I
" 17.8 11.6 10.5 9.1 102 92. 1 80. 0 I

For AA/H:0=10/10, 7/3 and 6/4, f=1.0, 0.71 and 0. 64

TABLE 4 Impregnation grafting of acrylic acid onto polyester fiber by irradiation with electron beams,
Two-step method.
Pre-treatment : ethylene dichloride, 70°C, 1hr; pick up of eihylene dichloride 16-189%.
Impregnation: pure AA, 22°C, 16 hr.
Irradiation: V.d. G. electrons, 1.5 MeV, 50 gA, 0.5 Mrad/sec. 25°C

EEC}&AUP Dese Mrad i\i‘lr:rlegahsg Apparent gralt L x 100 D %100 £ %100 Dyeing
A% C., % % D %, E A A A test
18.1 2 5.1 a1 45 28,2 26.0 24.9
17.5 " 7.5 6.7 6.6 42.9 38.3 3.7 I
17.9 4 83 7.9 7.6 46.4 44.1 42,5
17.0 ” 8.9 8.1 7.5 52,4 47.6 4.1 I
17.6 8 9.5 9.3 8.5 54.0 52.8 48.3
18.0 ” 9.6 9.3 9.2 53.8 51,7 51.1 II
16.7 10 10.2 9.9 8.3 61.1 59.7 49.7 II
13.6 ” 9.4 9.1 7.5 69.1 66.9 55.1
17. 4 12 10.3 10.1 7.6 59.2 58.0 43.7 1
18.0 ” 9.4 8.9 8.4 52,2 49.4 46.7

TABLE 5 Impregnation grafting of acrylic acid onto polyester fiber by irradiation with electron beams.
Pre-treatment : ethylene dichloride, 70°C, 1hr, pick up of ethylene dichloride 16-189.
Impregnation: 60% aqueous solution of acrylic acid, 22°C, 16 hr.

Irradiation : V.d. G. electrons, 1.5 MeV, 50 zA, 0.5 Mrad/hr, 25°C.

Pick up of Weight Apparent graft C D E Dyeing
AA soln. Dose Mrad increase Ax{ Ax{ Ax{f
% A %, C % D % E x 100 x 100 x 100 test
16.3 1 6.1 4.9 51 58.5 471 48,8 11
17.1 ” 6.5 5.3 5.3 59. 5 48.6 48.8
17.9 2 9.0 8.0 5.7 78.6 69. 6 49.8 II
15. 7 ” 7.2 5.9 6.0 7.7 59.0 59.8
17.7 4 9.4 8.6 7.8 83.0 76.1 68. 6 -1
16. 8 ” 7.9 7.0 7.4 73.5 64.8 68. 8
16.3 6 9.8 8.9 8.0 93.8 85. 6 76.7 I
18.5 ” 11.1 10.3 9.0 93.8 87.3 76. 1
f=0.64
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TABLE 6 Impregnation grafting of acrylic acid onto polyester fiber by two-step method with excess acrylic acid.

Pre-treatment : ethylene dichloride, 70°C, 1hr, pick up of ethylen dichloride 16-18%.
Impregnation : aqueous solution of acrylic acid containing Mohr’s salt, 5x10-3 mole/1, 25°C, 16 hr.

Irradiation : v-rays, 0.32 Mrad/hr, 7.5 Mrad, 22°C.
AA/H0 Pick up of Weight Apparent graft c D E Dyeing
soln. increase Axf Ax{t Axi
by vol. %, A %, C %, D %, E %100 x 100 %100 test
9/1 33.6 28.6 16.8 11.4 94.6 52.2 37.7 | G
” - 33.9 26.2 13.5 111 85.8 4.3 36.3 1
8/2 36.8 25.5 13.9 10.7 "86.6 47.1 36. 4 I
” - 41.3 32.5 23.4 15.6 98.4 70.8 47.3 I
7/3 35.0 23.2 21.0 15.7 94. 7 85.7 64.1 I
” 36.7 22.6 20.9 12.9 88.0 81.4 50.1 I
6/4 35.3 21.6 18.1 11.6 100 84.1 53.9 1 )
” 32.0 20.7 16.5 13.8 106 84.4 70.7 I

For. AA/H,0=9/1, 8/2, 7/3 and 6/4, £=1.0, 0. 90, 0.81, 0.72 and 0. 63,
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TABLE 7 Impregnation grafting of acrylic acid onto polyester fiber by irradiation with electron beams,

Pre-treatment : ethylene dichloride, 70°C, 1hr, pick up of ethylene dichlaride 16-18.
Impregnation : aqueous solution of acrylic acid containing Mohr’s salt, 4x 102 mole/1, 20°C, 4 hr.

Irradiation : V.d. G. electrons, 1. 5 MeV, 50 A, 0.5 Mrad/sec.

Pick up of Weight Apparent graft C D E Dyeing

soln. ll\jdﬁ_ied increase Axf{ Axf Axf{

[} [¢) [¢]

% A % C % D %, B x 100 X100 X100 test
52.4 1 32.8 25.7 24.8 94.8 74.3 71.6 I
48. 6 ” 31.7 23.7 22.4 98.8 73.8 69.8
53.2 2 36.3 28.4 28.5 104.0 80.9 81.2 I
42. 6 ” 27.7 22.5 21.5 98.5 80.1 76.5
44,1 4 29.4 24.8 22.9 100. 0 85.2 78.0 I
46. 3 ” 3L5 25.5 24.6 103.0 83.3 80.5
50.6 5 3.9 25.8 24.2 95, 6 77.3 72.5 I
51.0 ” 33.8 28.0 27.1 103. 0 83.1 80.5
53.9 6 28.7 27.8 26.2 94.5 78.1 73.6 I
43.6 ” 31.5 23.8 23.6 99.3 71.8 7.2
f=0.66

Without pre-treatment
32. 4 3 10.8 4.8 0 55. 6 24.7 — I
36.8 6 18.3 15.8 1.1 82.9 71.5 50 I

219 3 58.1 22.1 14.3 4.2 16.8 10.9 I
211 6 73.0 35.7 25.6 57.7 28.2 20.2 I
£=0.60
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TABLE 8 Swelling of polyester fiber in various chlorinated hydrocarbons
. ) b.p. Degree of Swellowing temperature and time,
Chlorinated hydrocarbon i 30°C, 1hr 30°C, 24 hr 70°C, 1hr
Monochlorobenzene 132 0.5 3.0 14.9
o-Dichlorobeznene 180. 4 2.0 3.0 9.0
Methylene chloride 40.2 12.2 12.3 —_
Chloroform 61.2 T 11.3 9.9 -
Carbontetrachloride - 76.7 1.1 0.6 0.6
Ethylidene dichloride 57.3 1.7 10.6 —
Ethylene dichloride 83.5 11.5 12.5 14.2
1,1, 1-Trichlorcethane 74.0 0.7 1.1 1.1
1,1, 2-Trichloroethane 113.5 5.7 14.9 29.1
1,1,1, 2—Tetrachloroethane 129.5 1.8 2.0 4.6
1,1,2,2-Tetrachloroethane 146 1.0 9.8 46.4
Pentachloroethane 162 1.1 1.9 5.2
cis-1, 2-dichloroethylene 60. 8 111 14.8 —
trans-1, 2-dichloroethylene 48.4 12.3 13.6 —_
Trichloroethylene 87.0 1.9 12.6 13.4
1,1,2,2-Tetrachloroethylene 121 0.4 2.2 3.4
n-propyl chloride 46.7 2.2 4.2 —
iso-propy!l chloride 34.8 19 2.6 —
n-butyl chloride 68.5 0.8 1.9 2.6
TABLE 9 Impregnation grafting of acryiic acid onto polyester fiber. Two-step method using 1,1,2,2-
tetrachloroethane as a swelling agent. -
Pre-treatment : (CHCL);, 70°C, 1 hr, pick up of (CHCIL)2, 48-55%,
Impregnation : aqueous solution of acrylic acid, 22°C, 16 hr.
Irradiation : v-rays, 0.32 Mrad/hr, 7. 5Mrad, 22°C.
AA/HO Pick up of- Weight Apparent graft c ” D * E ® Dyeing
AA soln. increase Axf Axf Axf
by vol. % A % %, D % E x 100 100 %100 test
10/0 30. 4 23.8 13.3 10.3 78.3 43.8 33.9 I
” 30.7 26.1 14.5 12.9 85.0 47.2 42.0 I
8/2 26.1 20.8 15.8 15.4 99, 6 76.1 74.0 I
” 22.6 17.2 13.6 - 13.0 95.2 79.1 72.0 I
7/3 22.1 16.1 12.6 12.0 104 78.4 74.5 I
” 24.0 18.5 14.1 13.2 109 76. 4® T72. 49 I
6/4 23.1 15.8 11.8 11. 4 114 74,70 72.29 I
” 23.0 15.8 11.7 10.4 115 74. 19 65. 82 I
a) For AA/H:0=10/0, 8/2, 7/3 and 6/4, £=1.00, 0.80, 0.71 and 0. 62
b) D/Cx100
) E/Cx100
TABLE 10 Impregnation grafting of acrylic acid onto polyester fiber pre-treated with various chlorinated
hydrocarbons. Two-step method.
Pre-treatment : 70°C, 1hr.-
Impregnation: 70% aqueous solution of acrylic acid, 25°C, 16 hr.
Irradiation:  7-rays, 0.32 Mrad/hr, 7.5 Mrad, 24°C.
Degree of Pick up of Weight Apparent graft c D E Dyeing
Swelling agent swelling AA soln.  increase Ax0.7 Ax0.7 Ax07
0,
% % A% C %D % E 0 xw0 x0 e
Mono-chlorobenzene 14.9 14.3 9.5 8.2 7.2 95.0 82.0 71.9 I
o-Dichlorobenzene 9.0 4.1 6.0 4.2 4.1 60.8 42.6 41.5 I
Chloroform 8.02 15.0 111 9.6 0.5 106 91.5 —_ I-II
1,1,2,2-Tetrachloroethylene 3.4 1.5 5.0 1.3 3.0 62.5 53.4 37.3 I

a) Swelling temperature, 61°C
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Fig. 1 Microphotograph of polyester fiber grafted with
acrylic acid by two-step impregnation method
using ethylene dichloride as a pre-swelling agent.

Apparent graft 7.99%,.

Fig. 2 Microphotograph of polyester fiber grafted with
acrylic acid by immersion method. Total dose 3. 2
x 10° rad ; apparent graft 8.49%.

e P ——

Fig. 3 Microphotograph of polyester fiber grafted with
acrylic acid by immersion method. Total dose 8. 0
»10°rad ; apparent graft 26.19%.
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Radiation-Induced Graft Copolymerization to Polyester
Xll. Grafting of Acrylic Acid onto Polyester Fibers
with One-step Impregnation Method

Yasunao SHIMANO*, Toshio OxADA and Ichiro SAKURADA

Polyester fiber was impregnated with a mixture of acrylic acid (AA), water and
ethylene dichloride and irradiated with electron beams from a Van de Graaff accelerator
for graft polymerization. The mixture contained in most cases a small amount of Mohr's
salt to prevent polymerization of AA outside of the fiber. About 15-20 % apparent graft
was easily obtained by irradiation of 2-4 Mrad electron beams at room temperature with
monomer utilization greater than 809.

The graft fibers were dyed homogeneously by cationic dyes to deep color. Cross-
sections of dyed fibers showed that when the time of steeping of the fiber in the mono-
mer mixture for impregnation is short, only the periphery of the fibers was grafted to
show colored rings, whereas sufficiently long steeping resulted in homogeneous grafting
throughout the cross-section.

Trichloroethylene, 1,1, 2-trichloroethane, and 1, 1, 2, 2-tetrachloroethane can also be
employed for the impregnation instead of ethylene dichloride, whereas dimethylformamide
and nitrobenzene are unsuitable for the purpose though they are good swelling agent
for polyester fibers. Ethylene dichloride and the other halogenated hydrocarbons above
mentioned do not only act as a swelling agent to increase the diffusion rate and amount
of AA in polyester matrix but also accelerate the rate of polymerization presumably by
free radical formed by their radiation induced decomposition. It was experimentally
confirmed that Mohr’s salt inhibited homo-polymerization outside of the fiber only, be-
cause it could not enter into fiber matrix so that it could play no role in the graft co-

polymerization.
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TABLE 1 Grafting of acrylic acid onto polyester fiber with impregnation method.
Impregnation : AA~H:0-(CH:Cl)z containing Mohr’s salt (4x 103 mole/l), 26°C 20 hr
Irradiation: V.d.G. electron beams, total dose 6 Mrad
1. AA-H,O0-(CH:Cl): (60: 40: 28, by vol), AA 46.1 wt. %
Impregnation . . Pick up Weight increase Apparent graft C E Dyeing®
temp: time %, Bw 9%, C 9%, Db o Eo g X100 —5-x100 test
26°C 20hr 28.1 27.9 23.9 22.1 99.4 79.1 I
” ” 27.1 27.2 23.6 21. 2 100.5 78.4 I
70°C ihr 21.9 21.7 18.5 16.8 99.1 76.7 I
” ” 24.6 - 24.9 20.6 19. 4 101.0 78.6 I
2. AA-H.0-(CH:Cl): (60: 40: 28, by vol), AA 46.1 wt. %
26°C 20hr 27.3 28.0 24.6 22.1 102.0 80.5 I
” ” 27.4 26.9 23.6 21.3 98.0 77.6 I
70°C 1hr 18.1 18.4 14.6 1z.5 101.8 69.0 I
” ” 20.8 20.4 17.3 14.2 98.2 68.3 I

a) Pick up of AA
b) After extraction with water
c) After extraction with 19% NaHCO;

d) 1: excellent, II: good, III: fair, IV: poor, V: very poor

TABLE 2 Grafting of acrylic acid onto polyester fiber with impregnation method. Effect of dose on the

grafting. (electron beam)

Impregnation : AA-HO-(CH:Cl): (60: 40: 28, by vol.) containing Mohr's salt (4x 103 mole/l),

26°C, 20 hr.
Irradiation:  V.d.G. electron beams, 1.5 MeV, 50 yA, 0.25 Mrad/sec. temp. 30°C

Pick up Dose Weight increase Apparent graft C E Dyeing

%, B Mrad %, %, DV E® B % 100 B = 100 test
35.6 0.5 25.7 210 18.8 72.1 52.8 —
30.1 ” 24,4 20.0 17.5 81.0 58.1 1
20.2 1.0 16.9 17.3 12.9 83.6 63.8 —
18.1 ” 17.2 16.5 13.7 95.0 75.6 I
43.0 2.0 40.8 30.9 30.4 94.8 70.6 —
29.5 ” 28.5 23.3 21.9 97.0 74.2 I
27.3 6.0 27.9 23.9 22,1 102.3 81.0 —
26.3 ” 27.2 23.6 21.2 103.5 80.6 I

“a) Pick up of AA
b) After extraction with water

c) After extraction with 1% NaHCO;

BEPBLILE b7, EhT57 v EiMEE A F 4
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Fig. 1
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Conversion curves of polymerization of acrylic
acid in the process of impregnation grafting at
different dose rates of electron beams.
AA-H:0-(CH:Cl): (60: 40: 28, by vol.) contain-
ing Mohr’s salt (4x1072 mole/l): (A) 0.25 Mrad/
sec., (@) 0.05 Mrad/sec., (O) 0.025 Mrad/sec.,
AA-H:0 (60: 40, by vol.) containing Mohr’s salt
(4x1072 mole/l): ([J) 0.25 Mrad/sec.

Irradiation time (sec)

Fig. 2 Effect of ethylene dichloride on utilization of

acrylic acid in the impregnation grafting at differ-
ent dose rates.
Symbols are the same as in Fig. 1.
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TABLE 3 Grafting of acrylic acid onto polyester fiber with impregnation method. Effect of dose on graf-

ting. (v-ray)

Impregnation : AA-H20-(CH:Cl). (60: 40: 28, by vol.) containing Mohr’s salt (4x10~3mole/?),

21°C, 20 hr.
Irradiation :

8Co 7y-ray dose rate 0.32 Mrad/hr, 21°C

Pick up Irrad. time Dose
[+ a)

E

At d. Dose, Welgg}ot, mé:rease JAO/I:?HISS': graft %, B _%_ % 100 E-x 100
22.0 3.8 0.02 13.3 13.3 12.4 57.3 53.9
14.5 ” ” 8.0 8.3 7.7 55.3 53.1
19.0 9.4 0.05 15.2 14.5 13.7 79.7 59.5
24.6 ” ” 21.7 19.0 17.2 88.0 69.9
21.3 18.8 0.10 22,1 20.4 20.1 103.8 94.4
25.9 ” ” 23.3 21.9 20.5 89.5 79.0
21.3 37.6 0. 20 22.7 20.7 18.7 106.7 87.9
28.5 ” ” 25.7 23.4 20.9 103.2 73.5
21.9 93.8 0.50 19.0 19.0 15.3 86.8 69.7
17.6 ” ” 17.5 17.1 16.3 99.8 - 92.9
15.6 187.5 1.00 15.4 15.5 14.3 98.9 91.6
21.1 ” ” 21.1 20.3 18.7 100.0 88.4

a) Pick up of AA
b) After extraction with water

c) After extraction with 19 NaHCO;
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TABLE 4 Effect of ethylene dichloride in impregnating liquid on the grafting of acrylic acid onto

polyester fiber.

Impregnation : 26°C, 20 hr, conc. of Mohr’s salt 4x10-% mole/!

Irradiation:  V.d.G. electron beams total dose 6 Mrad, temp. 30°C
A%;I—&S.—(CHzCI)z E/:;?kBEP WEIgLZ, increase Appgz:en}t3 bgraft % %100 Dyeing test

60:40: 0 15. 4 15.4 2.0 13.0 m

” 18.3 18.3 1.1 6.0 iig
60: 40: 2 13.0 13.0 10.3 79.3 I

” 19.7 19.7 12. 4 63.0 I~1
60: 40: 10 22.2 22.2 16.8 75.7 I

” 19.2 19.2 15.2 79.1 I
60: 40: 20 21.3 21.3 18.1 84.9 1

” 26.9 26.9 16.2 60.9 I
60: 40: 28 27.9 27.9 22.1 77.9 I

” 27.2 27.2 21.2 76.1 I

a) Pick up of AA
b) After extraction with 1% NaHCO;

100

50

Utilization of monomer (%)
Swelling (%)

0 : l 0
0 5 10 15 2

Impregnation time (hr)

Fig. 3 Effect of impregnation time on degree of swell-
ing and utilization of monomer.
Monomer mixture : AA-H:0-(CH:Cl)2 (60 : 40 : 28,
by vol.) containing Mohr’s salt (4x10™? mole/)
Impregnation - 26°C Irradiation: 0.25 Mrad/sec., 6
Mrad.

M Dbz F L v DBRINBEO RS
BEFHEND, 7279 vEEHSES
g 57, 6 Mrad JHE L 7-. fhERE
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cc T LT 2cc MMA/2FT 60% PlE&E7 D, 10cc
(10.4 wt. %) PILECTREET D LD Euphh
5. 757 bEEogmE, Bz FL R NAL
WEAERBBONES 57 M RINSVWTEbH-T, 1
EAERFE SO, 10cc PEMAZEDTIR TR
b — TR REICERE - 1.

S5, TRk F Ly 0,5 10, 22% OBRETE
TE/ ~—EEER EHE, “Co LHDBER 3.2x10°
rad/hr © v RERH L, TARHHET 7 ) vBOE LR
BLRUE/ = —FIBLEOREFEFH 7. 8% Fig. 5
B LU Fig. 6 iIKRT.

Fig. 5 OMRM S, ZHbzF v v ORMBEE N
BOLT I INVBOBEREENKREL B Ebh
5. ¥ Fig. 6 ORR LY, ZEkzFLrvEHLE

R di~<to. Mshic
IKEA LIORIETH:
TABLE 4 {C7R T
= (e ol S A
R LT, K 100

b)

Fig. 4 Cross-sectional microphotographs of acrylic acid
grafted polyester fibers.
Impregnation: AA-HO-(CH:Cl): (60: 40: 28, by
vol.) containing Mohr's salt (4x107% mole/l) 21°C
Irradiation : 0.25 Mrad/sec., 6 Mrad
a) Impregnation time 0.5 hr, apparent graft 14, 7%
b) Impregnation time 1.0 hr, apparent graft 16.19%

VAR E, = ~FIHEN 50% REICLHLESLNLOD
KL, ZitzF L vyofime & bicikL, e
ETMAIIHEIEH 80% IKEET 3 & hbhd
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Fig. 5 Influence of ethylene dichloride on polymeriza-
tion curves of acrylic acid in the grafting of
polyester fibers with v-rays at 3.2x10° rad/hr.
Monomer mixture, ml of ethylene dichloride ad-
ded to 100 ml of 60% agueous solution of acrylic
acid containing Mohr’s salt (41073 mole/l):

(®) 0, (@) 5.2, (A) 11.2, (Q) 28
Impregnation 21°C, 20 hr.
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Fig. 6 Influence of ethylene dichloride on utilization of
acrylic acid in the grafting of polyester fibers.
Symbols are the same as in Fig. 5.
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Fig. 7 Comparison of polymerization rates inside of
fiber (grafting) and in absence of fiber (homo-
polymerization).

(A) Grafting, AA-H:0-(CH:Cl)2 (60: 40: 28),
Mohr's salt (4% 107 mole/l) (A) homopolymeriza-
tion, AA-H20-(CH:CI): (60: 40: 28), Mohr’s salt
(4% 1073 mole/) () homopolymerization, AA-H:O -

. ~(CH:Cl)2 (60: 40: 28), . . (&) homapolymeriza:
tion, AA-Hz0—~(CH.Cl);, (CH:Cl). 0-5 %, Molii'fs
salt (4x1073 mole/!) (@) homopolymerization,
AA-H20 (60: 40).
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TABLE 5 Grafting of acrylic acid onto polyester fiber with impregnating liquid containing trichloroethylene.
Impregnation : AA-H,O-CHCl=CCl> (60: 40: 7, by vol) containing Mohr's salt (4x107% mole/l),
20°C, 20 hr.
Irradiation:  V.d.G. electron beams, temp. 21°C

49

;:?kBI:)p Dose Mrad Weng;l{::, m(c::rease .:%Zf)aga‘gt graft %, B _g__ % 100 _g_x 100 D{g;rtlg
2.5 0.5 6.4 BT 5.8 23.3 21.1 I
21.9 ] . 6.1 5.5 5.5 47.3 - 42,6 - —
22.9 1.0 12.6 10.7 10.1 55.0 44,1 I
26.6 ” 13.9 11.4 10.3 52.3 38.7 —
27.2 2.0 23.5 17.8 16.5 86, 4 60.7 I
27.4 ” 20.5 14.4 13.2 74.8 48,2 —
25.6 4.0 23.9 19,2 17.6 . 93.4 68.8 I
26.6 ” 24.6 18.8 16.4 92.5 61.7 —
26.2 G.0 22.3 14.8 12.6 85.1 48.1 I
29.1 ” 27.2 19.1 15.6 93.5 53.6 —

a) Pick up of AA
b) After extraction with water
c) After extraction with 1% NaHCO;

TABLE 6 Grafting of acrylic acid onto polyester fiber with impregnating liquid containing 1,1, 2, 2-tetra-

chloroethane.
Impregnation : AA-H:0-(CHClz2)2 (60: 40: 20, by vol.) containing Mohr's salt (4x 1072 mole/l),
21°C 20 hr.
Irradiation:  V.d.G. electron beams, temp. 21°C
;::kBL:)p Dose Mrad WEIg%l;l,t lgcreas é)/ﬂf)aga:}t graft %, E __g_ % 100 -%—x 100 D);g;rtlg

315 -0.5 24.0 15.0 13.0 76.3 41.3 I
36.0 ” 20.0 11.1 9.7 56. 2 26. 9 -
37.8 1.0 31.3 19.6 17.3 82. 7 45.8 1
35.0 ” 3L0 19.6 17.3 88.6 49.4 —
36.4 2.0 35.0 22.6 20.6 96.1 56. 6 I
33.9 ” 33.1 21.0 18.8 97.7 55.5 —_
33.4 4.0 33.1 2L7 20.0 99.0 59.9 I
28.1 ” 28.7 18.4 16. 3 102. 3 58.0 —
30. 4 6.0 30.4 20.1 18.65 100. 1 60. 9 I
29.2 ” 29.2 19.7 18.2 100. 2 62.3 —

a) Pick up of AA
b) After extraction with water
c) After extraction with 1% NaHCO;

TABLE 7 Grafting of acrylic acid onto polyester fiber with impregnating liquid containing 1, 1, 2-trichloroethane.
Impregnation: AA-~H:0-CHCICH:Clz (60: 40: 20, by vol.) containing Mohr’s salt (4x 1073 mole/l), 21°C,

20 hr.
Irradiation:  V.d.G. electron beams
Pick up Weight increase Apparent graft C E Dyeing
o, BY Dose Mrad %, C %, DW %, EO 5 X 100 5 X 100 test
27.3 0.5 9.8 7.2 6.2 36.0 22.7 i
25.1 " 21.2 15.4 12.6 84.5 50.2 —
22.2 2.0 23.7 17.3 14.6 100.6 65.8 ) 1
22.3 ” 20.7 ) 15.0 11.6 92.8 52.0 —
25.0 6.0 25.2 18.8 16.1 101.0 64. 4 1
21.2 ” 18.0 13.9 9.4 85.0 44.3 —

a) Pick up of AA
b) After extraction with water
-c) - After extraction with 19 NaHCO;
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TABLE 8 Swelling-of polyester fiber in various liquids

b. p. P Degree of swelling at following
Liquid i v temperature and time. %
C (Caljce)”™ 20, 1he  20°C, 24hr  30°C, 1hr  30°C, Zdhe

Methylene chloride 40.2 9.7 14.7 13.3 12,2 12.3
Chloroform 61.2 9.3 12. 6 119 11. 8 9.9
Carbon tetrachloride 76.7 8.5 0.9 - 1.1 0.6
Ethylidene dichloride 57.3 8.9 2.1 3.9 1.7 10.6
Ethylene dichloride 83.5 9.8 10. 5 12.6 11.5 12,5
1, 1, 1-Trichloroethane 74,0 8.8 0.8 1.2 0.7 1.1
1, 1, 2-Trichloroethane 113.5 9.6 0.7 12.2 57 14.9
1,1, 1, 2-Tetrachloroethane 129.5 — 2.3 2.0 1.8 2.0
1,1, 2, 2-Tetrachloroethane 146.0 9.7 0.5 0.6 1.0 9.8
Pentachloro ethane 162.0 9.4 2.8 3.3 L1 1.9
cis-1, 2-Dichloroethylene 60. 8 9.1 13.4 12. 4 111 14.8
trans-1, 2-Dichloroethylene 48.4 9.0 12.4 13.3 12.3 13.6
Trichloroethylene 87.0 9.2 1.0 5.5 1.9 12.6
1, 1,2, 2-Tetrachloroethylene 121.2 9.3 0.2 0.5 0.4 2.2
n-Propyl chloride 46.7 8.5 0.8 0.2 2.2 4,2
iso-Propyl chloride 34.8 — 16 2.0 1.9 2,6
n-Butyl chloride 68.3 — 0.5 0.6 0.8 1.9
Mono-chlorobenzene 132 9.5 1.3 1.9 0.5 3.0
o~Dichlorobenzene 180. 4 10.0 3.6 4.1 2.0 3.0
Benzyl alcohol 205. 4 12.1 6.2 6.3 6.4 6.5
Dimethylformamide 153 12,1 2.9 14.3 6.8 16.3
Dimethyl sulfoxide 189 12.0 5.9 7.5 7.2 817
Nitrobenzene 210.9 10.0 7.2 10.9 7.0 15,5
Formic acid 100.8 12.1 0 0 8.9 11.9
Acrylic acid 142 12.0 0.6 3.1 1.0

4.6
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RBY) 2 T7TNEHE 0.2g 22/ = —AIE 4ml ICFE
L, ZF&%TIC °%Co L YD 0.32 Mrad/hr @ 7 %% 22
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TABLE 9 Immersion grafting of acrylic acid onto poly-
ester fiber in aqueous solution of acrylic acid
_ containing various liquid.
Monomer mixture: 609% AA aqueous solution
(Containing Mohr’s|salt, 4x
1073 mole/l), AA : Solvent=
10: 1, by vol.
0.2 g fiber in 4ml monomer mixture, y-ray
dose rate 0.32 Mrad/br, irradiation temperature,
22°C

Apparent graft at following

Name of solvent irradiation time, %

10min. 25min. 60min.
None 0 0.5 2.8
Methylene chloride 2.6 29.1  36.4
Chloroform 3.8 29.5 32.3
Carbon tetrachloride 5.7 3.2
Ethylidene chloride 19.5 29.2  33.1
Ethylene dichloride 21.4 27.6 34.1
1,1, 1-Trichloroethane 0.6 4.1 a)
1,1,2-Trichloroethane 22.2 28.5 41.8 a)
1,1, 1,2-T etrachloroethane 11.2  20.8 a)
1,1, 2, 2-Tetrachloroethane 16.7 23.0 33.8 a)
Pentachloroethane 7.0 12.8 29.3 a)
cis-1, 2-Dichloroethylene 19.6 27.3 313
trans-1, 2-Dichloroethylene 13.0 21.6 2.0
Trichloroethylene 3.2 8.0 29.3
1,1,2,2-Tetrachloroethylene 3.6 38.5 a)
n-Propyl chioride 2.1 19.4
iso-Propyl chloride 1.9 33.1
n-Buty! chloride 10.6 32.2 a)
Mono-chlorobenzene 19.0 26.3 a) 41.4 a)
o-Dichlorobenzene 22.7  28.6 a) 37.8 a)
Benzyl alcohol 0 2.0
Dimethylformamide 0 1.1
Dimethyl sulfoxide 0.5 0.7
Nitrobenzene 0.2 1.2
Formic acid 0.3 4.3

a) Large amount of poly acrylicacid was formed in
liquid phase outside of fiber.

WEER LB RELRDT, AT -Ekz7FL v
ERATERLL.
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Radiation-Induced Graft Copolymerization to Polyester
Xill. Grafting of Methacrylic Acid onto Drawn Polyethylene
Terephthalate Fibers with Immersion Method

Kanako Kaji, Toshio Oxapa and Ichiro SAKURADA

Radiation-induced grafting of methacrylic acid onto drawn polyester fibers was studied
with an immersion method. Polyester fibers were immersed in the aqueous solution of
methacrylic acid containing copper sulfate as a polymerization inhibitor and irradiated
with y-rays at a temperature between 19°C and 150°C. When copper sulfate was used
for suppressing formation of methacrylic acid polymer in the liquid phase outside of fibers,
grafting reaction proceeded readily at a temperature near the glass transition temperature
of polyester, i.e. ca. 75°C. Either below 50°C or above 120°C, practically no grafting
reaction took place. For irradiation above 50°C no formation of methacrylic acid polymer
in liquid phase outside of fibers was observed when copper salt was present.

When small amount of ethylene dichloride was added to aqueous solution of metha-
crylic acid containing the copper sulfate grafting tcok place even at room temperature.
For the mixture of methacrylic acid-ethylene dichloride-water containing copper sulfate
at a concentration of 5x1072mole// grafting proceeded readily at 40°C wherein very small
amount of polymethacrylic acid was formed in the liquid phase outside of fibers.

For the grafting systems the rate of grafting steadily increased in the initial stage
of the reaction. The autocatalytic effect was greater when the reaction system contained
no ethylene dichloride. The rates of grafting at 5% graft were propertional to the 0.5
~0. 6th power of the dose rate independent of the content of ethylene dichloride.

The appearent activation energy was determined to be 22. 6 kcal/mole between 50°C
and 70°C, and 10. 7 kcal/mole between 70°C and 86°C for the grafting in the aqueous
solution of methacrylic acid without ethylene dichloride, where as 8. 7 kcal/mole between
20°C and 50°C for the mixture of methacrylic acid-ethylene chloride-water.

Microscopic observation of cross-sections of the dyed graftfibers showed that poly-
methacrylic acid was located either in the inside-periphery of the fiber or penetrated
through the whole section of the fiber, dependent upon irradiation conditions.

Hygroscopicity of sodium salt of methacrylic acid grafts measured by moisture regain

was similar to corresponding sodium salt of acrylic acid grafts.
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TABLE 1 i€ # 2 7 Y WEED 20% KEiEiCiim L 7- ks
SHORBEEEAEHE L TCERUAERERYT. 1Ry
BEIBCRIERMSHOMCEINB LS, 57

TaBLE 1 Effect of copper sulfate on the grafting of
methacrylic acid onto polyester fibers (1)

Monomer mixture : 209 aquous solution of methacrylic

acid, by vol,, 0.2g of fibers in 5 m! of monomer mix-

ture ;
Irradiation, 3. 6x 10*rad;hr, 2 hr, 75°C.

Graft

Concn. of Ayyarent graft Total -

CuS04.-5H20 conversion efficiency

molefl % % %
0 — very high —
1.0x1073 53.6 28.6 39.5
5.0x10" 56. 3 o 17.4 72.6
1.0x102 52.4 ' 13.9 83.7
5. 1x 1072 45.8° 9.5 - 100 -
1.0x 107! 39.8 8.5 100 -

- a) Fibers could not be separated from gelled homopolymer
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Fig. 1 Effect of monomer concentration on the-grafting
of methacrylic acid onto polyester fibers at 3.6
%10 rad/hr at 75°C.

Concn. of copper sulfate in monomer solution,
5x 1072 mole/l.
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Fig. 2 Grafting of methacylic acid onto polyester fibers
. at 3.6x10*rad/hr at different temperatures.
" Monomer ‘mixture, 20% aqueous solution of metha-
crylic acid containing copper sulfate, 5 10~2 mole/l.
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- Fig. 4 Grafting of methacrylic acid onto polyester fibers
ﬂ 2.0~2.1 at 75°C at different dose rates.
for the grafting . Monomer mixture, 20% aqueous solutioh of metha-
o1 I atl temp. of 65786 c crylic acid containing copper sulfate, 5% 10-2 mole/l.
.0' 1 L L 1 0‘5| L ll 1 1 ] 5 1.1} '10
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Fig. 3 Log-log plot of the grafting curves shown in
Fig. 2.

TABLE 2 Graft-and homo-polymerization of methacrylic
acid in the presence of copper sulfate (1)
Monomer mixture : 20% aqueous solution of methacrylic

abid containing copper sulfate, 5x 102 mole/l ;
Irradiation: 3.6x 104 rad/hr, 2 hr.

Irradiation  Apparent graft Total Graft
temperature conversion efficiency

€ % % %

20 0.5 10.0 1

50 0.9 0.2 100

65 23.3 5.1 100

70 47.1 10.0 100

75 45.8 9.5 100

80 39.9 8.4 100

85 31.2 6.7 100

100 9.5 2.1 100

120 0 0 —

REDP 2NTHBY, BRI 57 VEAICEY 3 NS
BRERTRETH 5. BHRE 65~86°C DRIPFATIE
B—EThh, f=2.0~2.1 Tk 7.
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Fig. 5 Log-log plot of the grafting curves shown in
Fig. 4.

otz T YNBEKEEERNE S 57 rBATI,
BHICEC 3 FEEAZRACI TS LRERSET
Holehs, 247 Y VBEOBAREETHY, cOC &
bEl, TI/UNEBLRIEZATHS.

(e) HMEFEOES®

5°C DRHRECE Y 3 * 2 7Y VEDSS5 7 + &
BRI T 3 BREROEBICHET 2 ZRES S Fig. 4
oRT.

EAMBIRANLSERTHY, REMENEL L3
L—EEICET 3. COMRIBRERZOR, A
A,

COfEi% log-log oy + 43L& Fig. 5 BBSH 3.
ERES QWS A=2.0, C O EIZBEBEZRHELTD
BIZ—FETh 1.

Fig. 4 ORER LD, BAVMIO S 5 7 v EAREIR S
77 PROBKA LIRS 288, —EDS 57 bEIT
BYB7 77 PEAEELZ N, £8ERcBT2 S



56 KRIRWFERRIC B4 B ORIETE -

o)
< 50

g\a/ ./

5

g 2=0.51

1] 10k ./.

- 9O

. o a=0.55

B

1] /O .

2 1

%0.5: b L] NP B R
& 10 5 10° 5 10° 5 10°

Dose rate (rad/hr)

Fig. 6 Effect of dose rate on the grafting rate of me-
thacrylic acid onto polyester fiber.
(®) 20% aquous solution of MAA, irradiated at
75°C; )
(0) MAA : (CH2Cl)2: Water=12:8: 80, by vol.
irradiated at 19°C.
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TABLE 3 Effect of tne ratin of methacrylic acid to ethylene
dichloride on grafting

Monomer mixture: 209 aqueous solution of MAA~(CH:Cl).

containing copper sulfate, 5xX1072 mole/l ;

Irradiation : 1. 6% 105 rad/hr, 20°C.

MAA : (CHzCl)z Irradiation time, hr

by vol. 1 5
1:9 App. graft, % 2.9 7.1
Total conv. % 33.0 64.8
2:8 App. graft, % 4.8 8.0
Totrl conv. 9% 46.5 66.9
4:6 App. graft, % 12.0 26.6
Total conv. % 30.6 89.8
5:5  App. graft, % 11.9 41.0
Total conv. % 46.0 83.9
6:4  App. graft, % 10.7 64.9
Total conv. % — 100
7:3 App. graft, % 4.5 24.3
Total conv. % 25.3 —
8:2 App. graft, % 1.6 245
Total conv. % 22.0 —
9:1 App. graft, % 1.4 9.2
Total conv. % 20.6 " 76.9
10: 0 App. graft, % 0 0
Total conv. % 2.8 . =

TABLE 4 Effect of copper sulfate on the grafting of

methacrylic acid onto polyester fibers (2) - -
Mbnomer mixture, MAA : (CH2Cl)2: Water=12: 8 : 80
by vol.,, Irradiation, 3.6x10*rad/hr, 2 hr, 30°C.-

Concn. of Apparent graft Total Graft

CuS04-5H20 conversion efficiency
mole/l % % %
0 5.0 68.6 2.7
1.0x1073 1.9 47.2 9.1
5.0x10"3 11.7 i8.4 22.6
1.0x1072 11.9 11.8 35.7
5.1x 1072 11.5 9.5 52.2

1.0x107? 5.4 1.9 100

FEIER 2.7% EWVAHNIWETH 2 45, HiEE%E 1.0
x10~2mole/l FEind 5 &7 7 7 +FHFiF 11~12% DI3IF
—EDHILETHAL, 77 7 VBRI THEERORNE
DA EILITHRT 3. g% 1.0x10 ' mole/!l £ T
mMzz&E, 757 pahEEI3 100% 15508, 757 b
125.4% IKIETT 5. UTOERTR, k7L v
ALKV E, 2 —REEOES L Al 51x1072
mole/l DR % 7.

(¢) 77 7 rRICHT 3 RHBEOREE
[REHEREA 10°C &b 65°C 2 CLHEATERULLER
% Fig. 7 ITRT.
ZEftzFvyEEMTAC itk 19C TS 7
7 FPRIEMBEBG L LS5 it 5. BEERESEYT
30°C, 40°Cizd 3, 57 PRIERISIEBTHRT
K153, EHMHRT SFERERYT. 50C iKizs e, &
SREN 7 7 FRERBMARTANELSB 777 ME
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Fig. 7 Grafting of methacrylic acid onto polyester fibers
at 3.6x10*rad/hr at different: temperatures in the
presence of ethylene chloride.

Monomer mixture, MAA : (CH:Cl)2: Water=12:
8:80, by vol, concn. of copper sulfate 5x10°2
mole/l.
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Fig. 8 Log-log plot of the grafting curves shown in
Fig. 7.
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TABLE 5§ Graft-and homo-polymerization of methacrylic
acid in the presence of copper sulfate (2)
Monomer mixture, MAA : (CHzCl)2: Warer=12: 8 : 80,
centaining copper sulfate, 5x 1072 mole/! ;

Irradiation, 3. 6X104rad/hr, 2 hr.

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

20 4.1 7.6 21

30 115 9.5 52

40 43.2 10.8 99

50 29,5 10.4 100

65 13 2.1 100
50

1%
o
T

1.6X10°rad/hr 3.6X10*rad/hr

o/o —T
— 1.9X IOZLad/hr
//A/
o
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w
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Fig. 9 Grafting of methacrylic acid onto polyester fibers
at 19°C at different dose rates in the presence of
ethylene chloride.

Monomer mixture, MAA : (CHzCl)z: Water=12:
8 :80, by vol., concn. of copper sulfate 5x1072
mole/l.
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Fig. 10 Log-log plot of the grafting curves shown in

Fig. 9.
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Fig. 11 Arrhenins plot of the grafting rates of metha-
crylic acid onto polyester fibers.
(®) 20% aqueous solution of MAA
(O) MAA : (CH:Cl)2: Water=12:8: 80
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Fig. 12 Microphotographs of polyester fiber grafted with methacrylic acid.
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Fig. 13 Moisture regain of methacrylic acid grafted polyester
fiber at 669% R.H., 25°C,
For comparison moisture regains of cotton, acrylic acid
(AA)-graft, AACa-grafted and AANa-grafted Polyester
fibers are shown.
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Modification of Papers by Radiation-Induced Polymerization

of Vinyl Monomers with Electron Beams
Hideharu OnTsukr* and Toshio Oxapa

For the purpose of improving wet strength, kraft papers were impregnated with vinyl
monomer such as methyl methacrylate, acrylonitrile or styrene to 15~209, by weight of
the paper, and subjected to electron beam irradiation from a Van de Graaff accelerator
in nitrogen atmosphere at room temperature for polymerization. Methanol was added to
the monomer to accelerate penetration and polymerization of the monomer in paper.
Radiation polymerization took place also very readily in paper containing a small amount
of water. Polymerization rate by irradiation decreased in the following order : methyl
methacrylate>acrylonitrile>>styrene. For irradiation dose of 2 Mrad, methyl methacrylate
polymerized up to 95% conversion. More than 80% of the polymer formed in paper was
non-extractable with acetone.

Wet tensile and wet ring crush strength were measured of papers after the poly-
merization treatment. Wet tensile or wet ring crush strength of about 10kg are values
sufficient for the usage of this kind of paper in wet condition, these values were obtained
with 33 g/m? add on in the case of methyl methacrylate and 18 g/m? in the case of
acrylonitrile and styrene.

On the other hand, folding endurance of paper decreased notably with increasing
amount of polymer loading. To alleviate such decrease in folding endurance, effect of
an addition of butadiene prepolymer to monomer mixture was tested but the results were
unsuccessful. To increase wet mechanical properties with small loss of folding endurance,
styrene or acrylonitrile are preferable to methyl methacrylate.
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MELTAEZBEMETIRFE~NEEZA ST, E&
LTAZ 7Y NEF TFLOBETHERHEAICK 2HAmM
TIOOLTERLE. REOHIIT Yo=Y,
RFUVYERWCERSETTE -1

2 R B F K

2.1 EEHTEEZNE/ 72—-ORHBES

211 HH B/ v-RUSRE

FERALUCERIERNEE k) K314 —7T, R 220
gm®> DDTHY, T2 T0mmx120mm (% 1. 8g)
TR BHR L CRBE LULEP 1. A 427 Y 1E:
AFu MMA), 779a=1+Yn (AN) BXURF L
Y (St) BEDE/ v~ THERLE-TIEEHL, K
LicdDTH3. #2/7 —n3ZHRERREZOE
MUk, 749z 7vEY<— (PB, P,=1000) |3H
AEZEE NISSO-PB %2 L ICHETEC LN ZDE
EJ:1AY R

2.1.2 ETERHICLBIES

211 OREZRWCTHERAE/ ~— k4 AR
(B/=—: A48 —n=T~8:2~3) LTH<. Ett
IRAE(22°C, 65% R.H.) Iz 24 BEDI B L7-FH &
CRIEERELTHOARIZFLYS IXx—bT 3
=YL EDOERAEEATHEL, KEESEHE/ v —&IC
BRBET NV IRICAN, RBOESEEETERT S,
ZO®, THIRBIUBHERSKOERLI DEICES
Li-EisEEERky 3.

KICV. LG MESLYOBEFH (8E=0.25Mrad/
sec) ZERT 1~10Mred BH L T#, kKIsD=/ =
—BRTGAZ /7 —nFk T0°C JELRRICT 24 B
BHREL, ToBREEREICT Z-HRETIC 24 B
BETS. BERUECIDEICHELTESLIBEY =
—EBERDELSGELZIRET Z. LILOFIES Fig. 1 ICR
L.

2.2 HMOBEMMZORE

HOBEARFELE LTEADONH 208, Tkl
FHET BICHE LIcdD & U TEBEB{ESRE (wet tensile
strength), @Y 77 5 » ¥ = (wet ring crush) Zfi
Wic, SREOEREEZFEMST 2 o & LTivbiiny
i (folding endurance), Wiy Ptk (dynamic elastic
modulus) ZHiE L7:.

FlEFERROBEY TH 3.

JAERI 5028

Weight determination of original paper.
(70X 120mm, ca. 1.8g, 220g/m?)

Impregnation with monomer mixture.
20°C, 5~10sec

N, flushing.

Irradiation with V.d. G.electron beams.

Removal of monomer and solvent.

Conditioning in open air.

Determination of weight increase.

Measurement of properties.
Wet ring crush, wet tensile strength
folding endurance etc.

Fig. 1 Experimental procedures
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FE&E3E 10 mm/min
ABOKDRZEEE 60 4

. By

~N47ary DDV-II B (EFIERE) RO
HAETHE 50 mm (R) x3mm (§5)

IREIEL 11c/fs

AR EEE, 8 (kiz 15 48K) o0
THlE L.

- D EITHEE

MIT 24 b P RBRRE A0,
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HETE 100 mm (E) x15mm ()
Fodids AEHE~&13BE

Ol HEEE 175 double fold/min
o B 1kg

3. EBRERELLUEE

3.1 RICEBXHI= MMA OES

Z9HBOKIC MMA 23 T0g/m? GEOERICHL
TH 32%) 2E4E &, EXhds0RERPCRE
2 0. 25Mrad/sec DET &4 12Mrad = TEEH L5
MMA OEARIBLAEBC O 1. fEk, AL,
r—aryig~o MMA © 7 57 FE&IBILT, A
F7 —nOEMPBEAZELIMET 2 EB@5NT
AV-L8

ZCZT MMA IC A 27 —naMA-BESEEROT
EBRLL.

T MMA & 22/ - OHERAEZ CTERBL-&
5, MMA DEE (B8 » 10~85% TELSHE
BEENBEONS C L Bb o7z Fig. 2 iIKii MMA
D 80% # 2/ —nEHEERD, KOoERBIHELE/ <
—Haf 0% ARSI EEROEET L O CIKERELR
TTETREBHLLBAOEAMBETRT. TX0E
#H MMA 0 BEERIGEMHL, ERERBOLOR
2~2.5Mrad T 95% PILOEALEEZRL TV BDICH
L, ZROELETCIE 5Mad T3 30% LHEALT
AV I AN

B Fig 2ICHEMICERI LB LR ZDTETE
FPTRHE L MMA O E4ZOKEELRLE. i
ERUVEREOBHICHRTESGREEICENC E35h
»B.

< 100 oo~ | %
§ °/°’° 60 é
gEn / 0
e |7 203
% 50F / S
3] -« S
o 3
£ .- : (a2
0 1 2 3 ¢4 5 6

Dose (Mrad)

Fig. 2 Polymerization curves of methyl methacrylate
as an 80% methanol solution impregnated in paper
in Nz (O) and air (@), and of the same solution in
the absence of paper in Nz (x).

Irradiation: V.d.G. electrons (L 5MeV, 50 zA)
0. 25 Mrad/sec

8 WEFHREAVIE/ v—0lisnmic k5 \oUsg 63

=8
22
§§ 201

2y
o9 b
EE 1o
= o \

0.0% 0.05 0.1%5 055

Dose rate (Mrad/sec)

Fig. 3 Effect of dose rate on the polymerization of
methyl methacrylate as an 80% methanol solution
impregnated in paper in Na.

LEOERIIBEE 0.25Mradfsec TOERTH 3
#, MMA o #th T ESRIEOBREREELE~
fo. BEET 0.025Mrad/sec 7 & 0.25 Mradfsec O
BICEZTERL, TOBELY 1009 EAELEST 2
Bk, L, BEAEESBERO 12 ZHlICH
T s, 0.5 kB3 RTTHS. EBRERR
—0.7 THY, co LB IR EMEIYIREIVENS
AT TEEERLTVE. CNREBEARKEREOHTH
BHNBIDIIFICHL B-50EELZ NS,

COXDICHEIE MMA 25828, BHIE X-T
MMA ZEL4£I¥3L, KL MMA RYy=—i31
BiEero— 24 FLFRICHEE LTS 7 ML
D, EEENCEra —RGFIREELTVEL L
B —ZAGTEOPLBZENTOMICEY, AR
BICED o~ Z23TDZ MY v 7 ROBICfExH
THsEBbha. ZTCTTFYFAL 16 BEY »
7RV—IHREFEREL, FOBESIZLDYWE Y57 |
HELTWEhERELI.

M 2.5Mrad CEAOHER 47g/m? ORBEH
WTERLILCH, kR Vv 7R v—BECHEsh
3 PMMA i34 PMMA E80& 15% T3 Y, 85%
R TELWC &b, CORGTRATHOD
PMMA B U0bwW3E /37 FEALTHEELZS. K
ED7DICEIC PMMA © < ¥ ¥ YEEZEGLTEY
26g/m® FHxE, Ter B EFL-7. 20ES
IZi2 PMMA 3 4ic filikEd o nt.

Ea—Z2ADT57 VEERBNTR, KOoEES
T/ 7D —ARB~DBEEZREL, F57
RISZMBICEDZ LIKERITSH 3 2 EFmshTn
59,

AFEKEELSOTRLTLLE Y 7 7 FREOLEHME
T5H5DTRLEVY, BRCERREZRICAEZEESEHEIT
FHTHLS5CEMHEShD.

ZOEHIBPPELY, 227 —ZHNZTELLT
HRELICBE LI LTSS, TS5 MMA =/ v —
LIRS ETCHRHTIHEZRBE LE.

HETFHRICENT 2P, GVEROTFvr—2—th
EEDZ EZED, kGEROERIZHL 15%, 22%,
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Fig. 4 Polymerization curves of methyl methacrylate
impregnated in papers containing different amounts
of water.

Impregnation with pure methyl methacrylate.

38% &F ¥, Kicki MMA =/ v—~icBi%L, Ba
TR - TELSS . EBEEYL Fig. 4 ITRT.

EETEBEBRCEDE 5% OKA2EET S, Fig. 4
IZiE 5% OKFERET IHRNOEBROEEL R L.

ZORRLD, 5% BEOKS T MMA oS4
BEAEBCZLE LA, 15% Tit 3Mrd OBHIC k
b MMA BQIEE A EFELICERTECLEDIS. K
TR 22% 15 & MMA 22884 3¢ 31l 2Mmad
DBRHTEATHED, ISIWKGEELTELEELEE
BBICETT 5.

COERE 80% MMA-2 2 / — Vv EEE V3R
HEEHETEE, KRG 2% KBY2EAEELIZT
—BLTCOACEBHASHERE 1.

3.2 HICEREEE MMA-T ¥ ST LAY 7 —
ROES

BRI BL51, MMA 2 RICABSE, 473
HAERAET 58, HodHTFcHLTREY, Ffh
5 3%, COREEFHSBNTEREZL-E510
KRY T2 v FvRY=— (PB) 22/ v —KICHK
MUTEA L. EBEROFZ Tase 1 ICRT.

RY T2 VvORIMEBERPORHCRES TR
SEZH, ERPOBHTRRY 2V voFnse
S w20 10% 22 5L LAMET S,

Fig. 5 I2E/~—EOBORY T2 v0HE%
8% E—FEIKLT MMA & 2 2/ —noBREEZT-E
EDEARCREIESBLZRLE. 22/ -20ERE
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SMrad
100f- E—-;_(-———{—'_&=
g& 2Mrad in N»
E
&
Z
3
= ~SMrad
E:s- - o —t
ﬂ/l/‘/-. \2Mrad in air
0 5 10 15 20 % 30

x (wt %)

Fig. 5 Effect of methanol on the polymerization of
methyl methacrylate impregnated in paper.
Monomer mixture: methyl methacrylate/polybuta-
diene/methanol=92—z/8/z, by weight

100l ;ﬂ\m W z
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g J AN 1 =
= end
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5 ° = e g
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g 50-/ / .
o . t g
s _ g 20 §
e 3T / 'E

A/
0 2 4 6 § 10 12

Dose (Mrad)

Fig. & Polymerization of methyl methacrylate, styrene
and acrylonitrile impregnated in paper in Nz
Impregnation with 80% monomer in methanol,
pick up 70 g/m*

B A% =T, A2/ nERBERICEAERES
NETEZRLTNHE.

3.3 WMICERIYE St ESUIC AN OFES

MMA R3340, St $30M3 ANZZHT
ho80% * 27 —niERicESL, 0g/m® BESRS
CTEXBROGRTREEY, BAETH-7. 2B
#2% Fig. 8 ITR7T.

MMA i3 2Mrad T 95% DLEB& S 2 54, Stiz
10Mrad ORI THESEIT 65% BEFIZ T XY, AN
2 95% DIEOESFCET B3I 5Mrd AETH-

TABLE 1 Polymerization of mixture with different compositions of polybutadiene, methyl methacrylate
and methanol impregnated in paper in N: and air.

N Composition (wt %) Conversion (%)
- .
PB MMA MeOH 2Mrad in N2 | 5Mrad in N2 | 2Mrad in air | 5Mrad in air

1 0 80 20 92.5 99.5 11.8 35.3

2 5 80 15 69.2 100.0 1L 4 2.7

3 8 7 i5 86.4 100.0 13.8 21.8

4 12 73 15 74.9 €3.5 20.2 39.5

5 25 60 15 68.2 95.3 35.5 5.9
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RY.
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5., COZLEDLLRBHEHBRUE IR EhEE SR
V. o B D S Hhid 2Mrad 2B O B S THOEE
EINICEMBETHEEEIONS.

b. &fie/ v—MTHEDBIERS

MMA, AN LU St £/ v~ %S B S ETES
Licb®, BXE St, MMA it PB 7 L # ) =—%3
MUb D2 KICERSETEALALZLDICDNT L

HMEEHEL /. Fig. 9 13 MMA MIKOEERE LT
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Fig. 7 Change in tensile strength of paper by irradia-
’ tion with electron beams. in air (O) and in N: (@).

Dose (Mrad)

Fig. 8 Change in folding endurance of paper by irradia-
tion with electron beams in air (Q) and in N: (@).
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30 0(._o"ry

Dry tensile strength (kg)
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=
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Polymer loading (g/m?)

Fig. 9 Effect of loading of polymethyl methacrylate on
dry and wet tensile strength of paper.

B (ki 10 3pR#E) OFIERETHS.
HRBEIHEEBEMUL T EDOLRRHLTHTSH
2%, BERERESHICERLTHWECLibh3.
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HalakmEED 10kg L2 HIgEEZRD 5 &, MMA 3
3Bg/m® L1315, RNEO KD 220 g/m? THEMLOH
EREMAERIT 15% L7405, BT AN, St HicHow
TERESIREE LN EEOEEKRE KW 3 & Fig. 10
BRSNS,

ZOREY AN, St FORMBITREME S 10kg iTis 51

BRZRD B LROMELI 5.
AN 18 g/m?
St 19 »

St(9)+PB(1) 24
MMA (9)+PB(1) 43 »
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Fig. 10 Wet tensile strength of paper treated with
different polymers.
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Wet ring crush strength (kg)
T 1
\
. NO

1 1 1 1 L

0 10 20 30 40 50
Polymer loading (g/m?)

Fig. 11 Effect of loading of polymethyl methacrylate

on wet ring crush of paper.
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Fig. 12 Effect of loading of polymethyl methacrylate
on wet and dry dynamic elastic modulli of paper.
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Fig. 13 Effect of loading of polymethyl methacrylate
on folding endurance of paper.

D% H B & RMIDHL O IR 0 B ks B o flihs
bolbEL, BMIENERBE LB ICHVMETT2H
Michz. BEEROBHHEBERITH 3 MMA &R
THAIGEL, bosbEVAEIR MMA 334 30g/m?
HELILBEAETHS. :

e. omFEIOAE

MERE—VFBICINIT 28548, 30 EHREAL
ZBAKMTONBI»EDT, MOERWEEEILT
FofFict LT EBERESNHS.

MMA LU 7RI 20T b i 2 8lE Lo
#5 Fig. 13 TH 3.

CORE DY o e IR & iIC X D BERIIET
THA3HMICHD. ChiZEDOErvo — 2RO~
H, HLTHAVMIEEMNET 2 LIt k->THRED
n, ERESEKEONELDTHELEEZONS,

RILEHEAHSHY 8, 000 B diFicZ 2 h 3 et
LT, 55g/m* ® PMMA f#ic kb 1 EoH b ic



JAERI 5028 8.

N

[son]

[=3

(=)
T

x: Polymer loading necessary
for wet tensile strength of
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Fig. 14 Folding endurance of paper treated with dif-
ferent polymers.
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Fig. 14 ICR Lc x BNIEEBIREME A3 10kg 121 3
MIERERTOW D TUHMESEZRLTNS.
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+PB 42 30 ERRETH 5. HENBEESFE—Tbh
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THiZ, PB OFEmMosiRizz=mw ohiL,

4., ¥ ¥

oAk EBR E LT MMA, AN, St 7 &A%
KaRaYE, VAGETRBHNICIZES T 1.
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Optical Radiation from Gases Excited by High Energy Electron

Vi. Detection of Optical Emission from Sulpher Dioxide
Yohta Nakari, Koji MaTsupa and Torao TAKAGAKI

Spectra by 1.5 MeV electron impact on ~60 Torr sulpher dioxide was observed in the wave
length region from 2000 A to 6500 A. The principal feature has been the A ('B;) —» X (A1) and
d (*Bi)) - X (A1) bands of SO; neutral molezule,

Quenching of Ar—2100 A dimer formation peak and the second positive band system (C — B)

of N, were observed in Ar—S0, and N;—SO. mixture due to collisional energy transfer.
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Energy Dissipation of Electron Beams in Titanium
Torao Taxkacaki, Yohta Nakar and Koji MaTsupa

The spatial distributions of energy dissipation of electrons in tit'anium were measued experimen-
tally for well collimated electron beams of 0.6 to 2.0 MeV.

The extrapolated range values of the present work joins smoothly in the atomic number curves
of previous ones. Comparing with the Spencer and the Kobetich, Katz, theories, it is found that our

experiments are generally in better agreement with the former theory than the other.
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3. Study of Negative lon Formation by Electron Impact

II. C and O~ lon Formations from Carbon Monoxide

Kazuo Arakawat and Toshio SUGIURA

.

The negative ions C~ and O~ produced in the dissociative resonance electron capture (DREC) and ion-
pair formation (IPF) from carbon monoxide, have been measured by means of the RPD method using a single
focusing mass spectrometer.

A Hitachi RMU-6 mass spectrometer was used after modification for measurement of the negative ion as
described previously’~®. A ten-stage Ag-Mg secondary electron multiplier was used for ion detection, the
detectable minimum ion current was 5X107°A. For the collimation of the electron beam, a source magnet
of 150 gausses was used. The over-all sensitivity of this instrument was 5x 10~2cm? in the minimum detectable
cross section of the electron capture measured from the ion current difference using the RPD method.

The RPD technique has widely been applied to the investigation using the electron impact since after it
had been established by Fox et al®. In the negative ion formation by electron impact, the shapes of the
energy dependence of the cross sections are shown in delta functions in the resonanc> capture while they are
shown as step functions in the IPF., Therefore, the resolution of th> electron energy is sharply demonstrated
in the negative ion formation than that in the positive ion formation. Ths purpose of th: present work is to
establish an adequate method for the subsequent investigation of the negative jon formation, and for this
purpose, the negative ion formation by electron impact from CO in the DREC and IPF proc:ss2s have been
measured by the RPD method.

O~ ion formation in the DREC from CO had widely been studied®~™, on the other hand the C- ion
formation in the DREC had received little attention because of the small cross section for the C~ ion formation
from CO in the DREC. In the IPF process, no correct energy depzndency of the cross sections has been
published so far.

The formation cross section of the C~ ion in the DREC from CO is about 10~% times less than of the O-
ion formation at their peak maxima. The C- ion was formed in linear proportion to the sample pressure in
the ionization chamber up to 3x 104 torr, therefore this ion is neither the product of the ion-molecule reaction,
nor the survival ion by the collisional detachment. Figure 1 shows ths energy depandencz of thz cross saction
of the C~ ion formation in the DREC from CO (closed circle), and this is compared with the curve of the O~
ion (open circle) normalized the magnitude at their piak maxima. Each C- run is refered to an O~ run both
of before and after the C~ run. The same results have also bzen obtainad for th: ¥C- ion whan using thz
sample of “CO (569%) (purchased from the Marck Sharp and Dohm= of Canada), and n> isotop: effect has
been observed for the cross section whithin the accuracy of this study.

As seen in Fig. 1, the shape of the resonance curve of ths C- ion is very similar to that of th: O~ ion
at the near threshold, so that they are probably vertical onset, and thsrefore ths szparation of thz threshold
energies between the O~ and C~ ions gives the same interval either onssts or intercepts by linear extrapolations.
This difference of the threshold energies has been estimated to bz 0.34+0.05&V. Then, by using thz value
of 9.55+0.056eV of the appearance potential of the O~ ion in the DREC, the appzarance potential of the C-
ion in the DREC is given to be 9.89+0.05eV. These two processes have bzen explained as the following
relations.

CO(X'3*)+e,»CO*->0~(2P) +C(*P) (1)
N
C~(*S)+O(P) (2)

f Japan Atomic Energy Research Institute, Takasaki Radiation Chemistry Research Establishment
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Fig. 1 Electron energy dependence of the cross sections in the DREC of C- (—e—)
and O~ (—(O—) ion formations from CO by the RPD technique. These curves
have been normalized at their peak maxima.

The shape of the energy dependence of the cross section in the DREC represents approximately the position
and slope of the potential energy curve of the compound molecular-negative ion state in the Franck-Condon
region. The fact that both processes of O~ and C- ion formations in the DREC have vertical onsets and
maximum cross sections at their onsets suggests that the repulsive potential energy curves for the compound
molecular-negative ion states CO™* cross in the Franck-Condon region to their dissociation limits. In this
situation, both of the C~ and O~ ions have not translational energies at the thresholds, therefore the difference
of the onset values of these ions must imply the difference of the electron affinities of the C and O atoms,
From this view point, the electron affinity of C atom was determined to be 1.22+0.05eV by using the electron
affinity of the O atom of 1.465+0.005¢V obtained by Branscomb ez a!.® and Hall and Siegel®”. The present
value is lower than that of 1.270+0.010eV obtained by Hall and Siegel®. The disciepancy of the shapes in
the higher electron energy side in the curves of the C~ and O~ ions suggests that the compound negative ion
states of these ions are different in nature.

The energy dependence of the negative ion formation in the IPF is shown in Fig. 2 for the C~ (closed

circle) and O~ (open circle) ions from CO. These ion intensities are also proportional to the sample pressure.
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Fig. 2 lonization efficiecy curves in the IPF of the O- (—O~) and C- (—@—) ions
from CO. The ion current difference values of the C- ion are magnified about

20 times. Arrows show the possible transition processes estimated from the
spectroscopic data,
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The ion current difference of the C~ ion is one-twentieth of the O~ ion at 32eV electron energy. The curve
of the C~ ion is levelled off above 35eV electron energy. Both of the curves show the step functional shape,
then these curves suggest the excitation function of CO by the electron impact transition which produces the
ion-pair by autoionization as shown in the following relation.
CO+ep—>CO*+e4—C(or O7)+O*(or C*) (2)

The arrows indicated in Fig. 2 show the energies of the possible transitions in the IPF estimated from spectro-
scopically obtained values!®. TaBLE 1 shows the obtained values for each processes (Ap obs.), together with the
values (Ap spectr.) estimated from the spectroscopic datal®. Each values obtained are in good agreement with
the estimated values.

From this study, it is believed that the RPD technique used in this work has sufficient utility in the
subsequent works for the negative ion formations. (Published in Mass Spectroscopy, 20, 51-62 (1972).)

TABLE 1 Possible transition processes in the ion-pair formation of CO

CO(*2*)+e,—>CO*+-e4—

Products Ap obs. (eV) Ap spectr. (eV)
O-(2P)+ C*2P) 21.0 +0.1 21. 04
O~(®P)+ C**(*P) 26.3 +0.2 26.38
C-(*S)+0*(S) 23.85+0. 1 23.59
C~(*S)+O**2D) 26.8 +0.2 26.93
C-(*S)+O+(P) 28.7 +0.2 28, 61
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4. lon-Morecule Reactions in the Binary Mixture
of Trioxane and Ethylene Oxide

Minoru Kumakurat, Kazuo ARAKAWAT and Toshio Suciura

The ion-molecule reactions of trioxane and of ethylene oxide have already been investgated in order to
elucidate the active species and their reactivities in the initial process of the radiation-induced polymerization of
trioxane.

In the present investigation, the ion-molecule reactions in the binary mixture of the trioxane and ethylene
oxide was carried out to obtain information about the elementary process of the radiation-induced co-polymer-
ization of trioxane.

A Bendix Model 12-101 time-of-flight mass spectrometer was used after modification for study of the ion-
molecule reaction described previously. The closed type ionization chamber have been constructed and used,
therefore the vacuum in the drift tube remain below 2x 10-5 torr., while the pressure in the ionization chamber
rise to 5X107% torr. An RPD electron gun system® was used for comparison of the ionization efficiency
curves of the primary and product ions. The delay time introduced between the ionizing electron pulse (0.2
sec. width) and the pulse which withdraws the ions to the acceleration region was varied from 0 to Susec.
During this delay period the source region was free from external electric fields. Two kinds of the samples
were introduced individually in given pressure to the ionization chamber through two separate leaks from 5!/
sample reservoirs. The partial pressure of both samples in ionization chamber was indirectly measured in the
reservoirs by a MKS Baratron 90-X RP-2 capacitance manometer, and corrected by the known rate constants
of the ion-molecule reactions of the methane®.

Trioxane and ethylene oxide were obtained from Celanese Chemical Co, and Nisso Yuka Industry Co.,
respectively. Ethylene oxide-d; from Merck Sharp and Dohome of Canada Ltd. was of at least 989, deuterium
atom purity. These samples were used after vacuum distillation for several times,

As reported previously?, the polymerized trioxane ions have been produced by the association reactions of
the protonated trioxane ions with trioxane molecules, however no product ion larger than the protonated ethylene
oxide jons in the ion-molecule reaction of the ethylene oxide alone has been observed.

In the ion-molecule reactions iﬁ the binary mixture of the trioxane and ethylene oxide, the ions having
the mass to charge ratios 73, 74 and 75 have been observed as the product ions other than the product ions
of the ion-molecule reactions in each individual component. The delay time dependence of these secondary
ions shown in Fig.1. These ions were produced in linear proportion to both sample pressures of the trioxane

and ethylene oxide in the ionization chamber, and the dependence of the electron energy of these ion formations

M/e

r °73 o”

A 74
n ®75

Ion intensity (arbitrary unit)
T

Delay time (usec)

Fig. 1 Delay time dependence of ion intensities of the secondary ion
formed by ion-molecule reactions in the TOX-EO-do system.

T Japan Atomic Energy Research Institute, Takasaki Radiation Chemistry Research Establishment
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was similar to that of the ethylene oxide molecular jon. Therefore, it has been concluded that these ions have
been produced by dissociation of unstable intermediate-complex ions from trioxane. molecule with ethylene oxide
molecular ion, as shown in the following relation.
EO"+TOX-—(EO + TOX)**
—>Product ions + Neutral fragment (1)
where EO and TOX denote ethylene oxide and trioxane, respectively.

In order to determine the structures of these product ions, the ion-molecule reactions in the binary mixture
of the trioxane and ethylene oxide-d; have been measured. In this situation, the product ions corresponding to
relation (1) have been observed the ions having the mass to charge ratios distributed between 73 and 79. The
delay time dependence of these product ions shown in Fig. 2, except the ion of M/e=75. The obtained rate

M/e
- 8 73

o 74
- o 76 //
a 77 ./0
- ‘78 /o
e 79 o////,//’

Ion intensity (arbitrary unit)

B —
A/—-'f-':ﬁ—’/-—:—
¥ » »

0 0.5 1.0 1.5 2.0

Delay time (usec)

Fig. 2 Delay time dependence of ion intensities of the secondary ions
formed by ion-molecule reactions in the TOX-EO-4ds system.

TABLE 1 Rate constants of the ion-molecule reactions in the
TOX-EO-dy and TOX-EQ-d, systems

TOX+EO-do TOX+EO-d,
Products kX10-10 Products kX10-10
Ml/e cm®/molecule sec. Mle cm?/molecule sec.

73 0. 052
74 0. 195
73 2.20 75 0. 260

76 1 13
77  0.364
74 0. 255 78 0. 295

75 1.74 79 1.43

constants in these reactions are shown in TABLE 1, on both systems of the TOX-EO-d, and TOX-EO-d,. As
seen in TABLE 1, the summation of the rate constants of the ions produced in the mass to charge ratios from 73
to 77 in the system of the TOX-EO-d, is approximately equal to that of the M/e 73 ion formation in the
system of the TOX-EO-d,. The ions having the M/e 78 and 79 in the system of the TOX~EO-d; were o0
produced at the approximately same rate constants to the formation of the ions having M/e 74 and 75 in the
system of the TOX-EO-d, system, respectively. These correspondence between the ions in both system suggest
that the structures of the product ions corresponding each mass to charge ratios have the configurations as
shown in TaBle 2. According to the above consideration, the unstable intermediate-complex ion produced these
secondary product ions has been supposed that the charge is delocalized in the complex having the structure
like as shown in Fig. 3.

In the ion-molecule reaction of the binary mixture of the TOX and EO, the protonated ethylene oxide jon
was formed in linear proportion to the pressure of the trioxane. The precursor of this protonated ethylene
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TABLE 2 Structures of the product jons of the jon-molecule
reactions in the TOX-EO-do and TOX-EO-d; systems.
X denotes H or D atom.

TOXIJI_ /EO-do Structures of products TOXIJI_ /EO—d4
CH:-O-CH.-O-CH* 13
CX-0-CHz-O-CH.* 74

73 CX2-O-CH-O-CH* 75
CX-CX:-O-CH:-O* 76
CX:-CX-0O-CH-O+ 77

74 CXz-CX2-O-CH2~-0O* 78

75 CXe-CX:-O~-CH:-OH* 79

.',.
f CXo—CX; )
o \Q
clziz CH,€
. O\CHZ/O/
~ )

Fig. 3 Possible structure of intermediate complex ions.
X denotes H or D atom.

oxide has been determined to be the ethylene oxide molecular-ion by the measurement of the energy dependence
of both ion formations. Therefore, it is postulated that the protonated ethylene oxide has been produced by the
hydrogen atom transfer from trioxane molecule to ethylene oxide molecular ion, together with the proton
transfer from CHO" ion formed from ethylene oxide to ethylene oxide molecule? as follows :

EO* 4 TOX—(EOH* + (TOX — H) (2)

CHO* + EO—(EO)H* + CO (3)
The rate constant of the reaction (2) has been obtained as 4.00x 10-° cm®/molecule sec. The reaction (2) has
also been observed in the system of the TOX-EO-d; as the M/e 49 ion formation, and the rate constant of
this reaction has been obtained to be 4.18 % 10-° cm®/molecule sec. These rate constants are about four times

larger than that of the reaction (3) which is 1.02x10-° cm®/molecule sec., obtained previous study?.
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Molecular Weight Distribution of Poly (a-Methylstyrene) Obtained by

Radiation and Photo Induced lonic Polymerizations

Masahiro Irie*, Setsuko TommMoTo* and Koichiro Hayassl

Rigorously dried a-methylstyrene was polymerized by either ionizing radiation or photo illumina-

tion. The molecular weight distributions of polymers investigated by the use of GPC indicate that

propagation reaction proceeds by free ionic mechanism in the case of radiation but by both free ion

and ion pair for photo illumination.
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Fig. 1 Gel permeation chromatogram of poly (a)
methylstyrene. Polymerization tempera-
ture. —T4°C.
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6. Optical Absorption Bands of Color Centers in Irradiated
Anthracene Single Crystals

Tomochika MATSUYAMA,* Hitoshi Yamaoxa* and Seizo OKAMURA

Specimens of anthracene single crystals grown by Bridgman technique were irradiated at 77°K in the dark
by Co-60 y-rays. The optical absorption measurements were made with a double beam spectrophotometer. The
irradiated samples were annealed at intermediate temperature between 77°K and about 400°K in the dark. All
the absorption spectra were recorded at 77°K.

In a spectrum at 77°K, absorption peaks at 450, 465, 500, 518, 538, 649 and 680 nm were developed by
the irradiation. The growth of these absorption peaks was found to increase linearly with the increase of
irradiation dose up to 38 Mrad. Recently, Akasaka and coworkers? reported bands at 470, 500, 537 and 608
nm in anthracene crystals irradiated at room temperature. They also suggested that the band at 470 nm is
responsible for the dibenzocyclohexadienyl radical. The first three bands of them are in agreement with the
present bands appeared at 46%, 500 and 538 nm at 77°K. In the present study the absorption bands at 450,
518, 649 and 680 nm are newly observed at 77°K. After warming up to 282°K it was found the absorption
at 465 nm increased, while the absorption at 649 and 680 nm decreased. By analogy with the results of
naphthalene single crystals irradiated at 77°K,® it seems probable that the anthracyl radical which is an
anthracene molecule missing a hydrogen atom was produced in anthracene at 77°K. If the bands at 649 and/
or 680 nm observed at 77°K correspond to absorptioﬁ of anthracyl radicals which is probably unstable at high
temperature, it is reasonable that those radicals converted to dibenzocyclohexadienyl radicals by the warming
process up to 282°K and consequently the band at 465 nm grew at 282°K,

When the crystal was warmed up to 353°K, the intensity of background absorption increased in all wave-
length region and a new peak appeared at 588 nm, reducing the bands at 450 and 465 nm. After warming
up to 399°K, the bands at 450, 465 and 500 nm disappeared and new bands appeared at 525, 565 and 610 nm.
The bands of 588 nm at 353°K and 525 nm at 399°K, which are newly produced in warming processes above
room temperature, have not been observed in anthracene crystals irradiated at room temperature. However, it
is not clear so far what color centers are responsible for these optical absorption bands.

Identification of absorption bands and investigations on color centers in anthracene single crystals are in

progress.
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Radiation-Induced Polymerization of Cyclohexene Sulfide in the Solid-State

Tetsuo HiramoTo*, Masanobu Nisui, Koichiro Havasur and Seizo OKAMURA

Radiation-induced solid-state polymerization of cyclohexene sulfide has been investigated. By the

differential thermal analysis, it was found that this compound had a phase transition point at —74°C

and behaved as a plastic crystal in the temperature range from —74 to —20°C (melting point). By

rapid cooling, this plastic crystal was easily supercooled and realized below —166°C a glassy crystal,

i. e, supercooled non-equilibrium state of plastic crystal. In-source polymerization proceeded in the

plastic crystalline state. The post-polymerization of glassy crystalline monomer irradiated at —196°C

occurred in the phase above —166°C (glass transition point) during subsequent heating.
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* ERETEGD
Sumitomo Chemical Co., Ltd.
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Appendix 2. Progress Reports
1. Reflectance of thin polystyrene film-aluminum system in vacuum ultraviolet
region
2. ESR spectrum on copper (II)-pyridine complex formed on the interlamellar
surfaces of montmorillonite
3. Effect of graft copolymer on demixing of immiscible polymer solution
and emulsion formation in a good solvent

4. Synthesis of polystyrene with acyl chloride end groups by radiation
polymerization

5. Radiation-induced copolymerization in urea adduct complexes
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Reflectance of Thin Polystyrene Film-aluminum System

in Vacuum Ultraviolet Region
Koji MATsupA, Torao TAKAGAK! and Yohta NAKAI

Measurements of the reflectance of thin polystyrene films deposited on the aluminum substrate
were carried out in the wavelength region from 1,000 A to 3,500 A. From the reflectance spectrum
of polystyrene films of various thickness between 150 A and 2, 300 A, it was found that the effect of
aluminum backing decreased with increasing thickness of polystyrene films. And the reflectance spect-
rum was found to exhibit a main peak at about 1,950 A, even in extra thin film of about 150 A
thickness, due to a 'Aig— 'Eiu molecular excitation of the benzene ring 7 electrons.

Spectra of glow discharge polymerization films showed a different shape from thermal polymeriza-
tion samples.

An analysis of reflectance data was discussed to obtain the optical constants z and # of thin poly-

83

styrene films deposited on aluminum substrate.
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Fig. 1 Experimental arrangement for reflectance measure-
ments of thin polystyrene films.
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L ~—Brass

Fig.2 Schematic diagram for glow discharge polymerization.
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Fig.3 Reflectance of thin polystyrene films with various thickness vs wavelength for 70° photon incidence.
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Fig. 4 Reflectance of thin polystyrene films with various thickness vs wavelength for 20° photon incidence.
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2. Cul) ==Y w4 itz L7 Cu(ll)-Pyridine
2y 7ry 272D ESR 2~<=7 o

KFLWB-ATEBE—-CH B

ESR Spectrum of Copper (ll)-Pyridine Complex Formed on the

Interlamellar Surfaces of Montmorilionite

sifo Nagai, Shun-ichi Onnisut and Isamu Nitta

ESR technique was used to study the adsorption of pyridine on the interlamellar surfaces of Cu(II)

montmorillonite.

=2.07 and A,=184 gauss suggest the formation of a square-planar complex, Cu (pyridine)?*.

The parameters obtained from the spectrum of the absorbed sample, g, =2.26, g.

Angular

variation was observed in the ESR spectrum due to the complex in the oriented films.

. B

B2, WEITICHRED V) A5 VEEROD ¥vIEBEET
B, BESFHOERT 25 V1 ol RibblURe
H, BXCEBIREBICOLTREL, B#ELTELY™™, Ch
SL—HOME,LD, YVAFMI, ERF IV HIrEHTIEE
{HFERIE PV TS, SYINVOERBEBIc RS TREED
DCEBHOMIIE T, e, BERF Y ANORIGHEKBEL
Th, AFARVEVAFAVYOEI<w—hFA v~DEL
FL3DFREBITENTELY BLOEA, Biicks
RIGHDETAED S,

XT, BRERICBEIES Y HAVvoRBEREBLT, 20
BRI OIEBETIEHMICHLTR, YY) A5 vDLS
IEEEGE LD S, BAMEREZ L HHEEZREERE LTH
WAHEPEHEEDNRS. BREEEL OB LIEMIE, ToT
Wi v — OBERIKEADAF B H W 3 “intercala-
tion” k> THAMNIKEA LTRET 3 C EBHS5hTH
39D7T, AR-HIEAKOBESREERNTICER C
DBEDLOLLICEELEZLONS,

COWETE, HESmELTCu(ll) =y utd i
A, 208EXRBIC 74 VALHTEEY ¥y ORBEXETHE
ESR z2~<7 P oRE LI-HREEZDO~<E, ESR itk -TH
TEHOBETER L3 v 7Ly 7 ROBRRESEH L0
&, COREDBRIITHS.

mj

2 R B K &

Cull) E¥EY a4 M3, HATEHOFZXERX N (Na
evEYut4t+) & 0.1N CuCle KiFIKHTA 4 354 L,
EELAME, SHEEAELTARUL. 3~Fx b Y —ick 25140
DER, Cu* OB 0.272mmol/g TH o 7-.

Cu(ll) evEY o4 D7 40alk, # 0.1% OKY =
Ry aVT Y Y ATNTF Y r— 2~ CERLTER LA

ESR OB, 2D 7 4 A% 3x20mm DA Z XiCH]
b, 10~15 BEialz d O & i,

vy ¥ i3, ESR ofhroid, FELTAvsBEey ¥
v-dsERW, CullEvEYui4 bE2EBHA013400C
TH3HHEEETCHKLOL, o UHBEFA LYY
Vv-ds ERTREIETREELE %1, EFovy Y
v-ds 2B, Y)Y YRERERTRIZ LAEH bk
BE L7z,

v SREEIL, 2,000Ci ®Co ZAWNT —196°C T o7z,
g HOHER, TREHICX >TRZ Fu v EickERT 3
¥ Y 1D defect (AHpa=2~3 gauss, g=2.0013') & ¥
Ui, COFERE? gERIEEZBNET S vHRHIIS 0.2
Mr, %7, v BB X ZRECY Yy hoOERF AN
2R 28MeH LTk 0.8~1.6Mr & L7z, ESR X
7 b3, JES-ME-X 27 boAt—2—%FA1, 100ke &
HTEE LT —196°C CRIE Li-.

3. RBRRLEER

31 BERAH

ZETHAL: Cu@l) Y=Y a4 bEE (OLF, CuM-
RT &Es9) oEflsHh3 ESR R~<% b, Fig. 1o iC
RE&HIE, ¢=2.10 KHENRIE DB, BRBICBILENTT
FRLUTVWA, chid, B Etdo C* FHoR~<7
P E, EREORNICIE SCu itkd hf GORERLOH
A, 01=2.10 O3, dHwa=157gauss C, ®Cu itk 3
hf BREEEESICRHORKAELKEEPI THIENX
s -7,

400°C cliARE (ZoxEk%E CuM-HT t83) 552,
Skl pale green i grey KEMLL, ESR @ &7
FRABRERBLUT Fg. 1b 0 RN F BRSNS, ¢
=2.29 oRIIL, PVA FuthcREE hic Co**t 41 ¥ 7
FRE—QVTFN (=222 LH|ELTW3, X, TO
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TABLE 1 Magnetic parameters of Cu(Il) montmorillonite and Cu(II)-pyridine complex
gu gL Ay Ay Ay references
Cu(II) montmorillonite 2.39 2:10 140G — — This work
Cu(pyridine)2* -
CuCl,-pyridine (in chloroform) 2.241 2.079 160G 1G 4G 14)
Cu(I)Y zeolite-pyridine 2.24 2.03 185G —_ 16G 13)
Cu(TI) monotmorillonite-pyridine 2.26 2.07 184G —_ — This work

i :
(a) 100gauss
X4
(b)

Fig. 1 ESR spectra of Cu(ll) montmorillonite outgassed at
room temperature (a), and at 400°C (b).

H
100gauss

(a)

Figi..z ESR spectrum of Cu(IT) montmorillonite+ pyridine-d.
(a), and spectrum after the adsorbed sample was eva-
cuated to remove excess pyridine-ds (b).

BOHEICE-T, YT ABEBBLTICER, Cu® OF
FTLHBVE C® OF 1 v —HERVERETZ4DEEZ O
5,

CuM-RT ic€ Y Y vy 2 REX &3 &, RBoFHaIT pale
green /p5 blue it£ b4 3. ZOBRERED ESR 2~
W% Fig. 2a [URY. ZORRY P hoHIEL 2S5 A —&
—~%, B YBREFOESICHOZETCHRE SN Cu (py-
ridine)® 2 7Ly 7 ADfEE ESIT TABLE 1 [TR9. o
Tasle HLHLHELSIC, Y Y >0 CuM-RT ~ DERE
K&y, EHEEE% S Cu (pyridine)* BERT 3 &%
TREELT 3, COSEEKERIT, ®Zico~x3 Cull) ==Y
BF4 D74 BRSO IEREDS I N D,
KiZ, COREREPOBEDOECY S VvERLDICEN 24
5&, EHDERIIS I LY, FERic Cu(pyridine)* iz &
% ESR 273 rBBELREL LT, ¢=2.003 {:Ricy 7+
WESEELTEIISh B (Fig. 2b),

—h, CuM-HT B Ric v Y 9 v 2 BEs47-841i,
CuM-RT 0RALD bBOERERLAH, 0 ESR 2~
7 PVRBEREBLAEEUEP -1 ¥, ORI
BRAZLCTAEDOYY ¥ 2B E, YI/FLVBEORLIDS
sEREh.

RiC, BRECY I 5o yBREABKE-TERTE 7S 0
ZREfLic. 29, CuM-HT BKic 21Ty & vty
BRUEY Y yREY, B LIRS —196°C THERIL

(a) . l

50gauss

(b)

Fig.3 ESR spectrum of vy-ray induced radicals in pyridine-
ds-Cu(IT) montmorillonite (a), and spectrum of the same
system in which excess pyridine-d; was removed before
y-irradiation (b).

Fig. 4 Angular variation of spectrun: of Cu(Il) montmoril-
lonite films. The numbers shown in the spectrz indi-
cate angles between magnetic field and films.

JCRARY P % Fig. 3ICRT. LOR~Y b iz idE 30 gauss
D3EEE, FOR<RZ FC 38 26 gauss © 3AZIEHbh
T3, 286 28D hf BAENE D 3ARIL, D, o~
YA NVBEZTERA LSO LRLT, HEEb 2Ly
MITHANCRESNE. hf HAEROHERE, 5900
B DHEEERICE 2 LRI BY,

—7, CaM-RT Oo%&EREH, 512, CuM-HT 04 LR
LR L6Mr CREY Yy HOLoERSs PHAVRERNSH
T, BRSSP ALORFICIR I S IcEBRMNELEI DN
5. COERER JoBsicHsT 3.

32 BAZ4lA

FRECTHEALZ Cull) vV aF 4 to740ahbid,
ZANLEHEBBOUTAEOICEET SRR FAdERE
hle. —196°C T 30° FHicqle Lo s E{LE Fig. 4 1I5RT
ERANEOEAC L {AUAKELBENS h:, 0=180°
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Fig.5 Angular variation of spectrum of pyridine-d;-Cu(ll) . .

montmorillonite films.

—a QARY bt O=a OEBEAI—FK LT, 6=0° @x&é
P, ¢=2.10 @ 1ART, cmﬁ&iﬂﬁiﬁﬁbbﬁiﬂjén

7z go E—HLTWA. 7419L§-l§]$§b’(‘0>" ‘a0° IESY )
BicoN, Co 1 KROBREGH S ICHD LT 90° HECHh B
it 4, Cn&ﬁ%lcﬁm%ﬂﬁ!&lﬁ#ﬁbn% {Elx’&fza@t"—f

7 OABEFHTIRITNE, g=2.30 B LT A140 gauss $%
Hoh, Cﬂb@ﬁ‘iﬁ*aﬂb‘ bjkbf‘. Gu *3‘32(; Au &
ZELL. '

vy ¥ yRERR D S bBEUoARE B s hi-. 0=0°
DRRT bdpd g=2.07, 6=90"0

KB PoKDI gugn B A & ZRThELL, &’E
HEPOBREOC YV Y ERT AT B L, ¢g=2.0T. X0 ¢

=2.26 QA7 P VOAEEMBLVEFCENSh S (Fg..

5). =90°DZRR7 BN Td- LbERBICEHONEE
—7i, 0=2.26 DRfFBOI>B01XTHY, ZOMEHR,

gDz CuM-RT BiRKBRE LYY ¥ YOREH» 58
HOvY v v 2RO BAICENS NS =2 003 GBIRKE

DAY bipns .g=2.26 -
BIU A=184gauss BB oh, ChoDMEIRCOBAILLE

AR 2. FOSUR . L~ 89

E—H LT3,

T, TAaFEHM ESR 2= b iCHREREE TS
LEpS, EVEY IS PROTAI/ Y F~ b, B&
CZOBMIcEH 3 Cu?* LABBOREYIY v Epa v7L
» 7 2ABBRGICEFI T3 2 DAL HTH B, Ta2
/)=~ EORMIKRMLY ORBRIENSZ EEZ bh
50T, @EAILEAEEIZGISBR Y 7 vy 2 20REH
REE-BRTIORRETH 5. LHLENES, 0=0° BXo
90° OBAIZENE N gu g DAY VAEYHERIShB T
Eb, BEIT Y7Ly 2RB7AVEE, LEMB-TTFLS
I~ P REREAEFETCEA LTV R EEL TN E
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Effect of Graft Copolymer on Demixing of Immiscible Polymer

Solution and Emulsion Formation in @ Good Solvent

Fumitaka Horu, Yoshito IkapA and Ichiro SAkuraDA

A study was carried out to learn the effect of a graft copolymer on the demixing of solutions

The graft
copolymer used in the present work consists of one backbone polyvinyl acetate (PVAc) and one branch

from two immiscible homopolymers and to find critical conditions for emulsion formation.

polystyrene (PS). PVAc and PS of various degrees of polymerization were used as immiscible homo-
polymers. The common solvent was benzene. When the concentration of homopolymer blend was not
sufficiently higher than the critical concentration for demixing of the blend solution, no stable emul-
sion was formed even when a considerable amount of graft copolymer was present, and the added graft
copolymer merely reduced the demixing rate. However, as the blend concentration was increased, a
stable emulsion could readily be obtained by addition of rather small amounts of the graft copolymer.
The radius of emulsion droplets was inversely proportional to the weight ratio of the graft copolymer
to the dispersed component polymer, in accordance with a theoretical prediction. It was concluded that
the emulsions were stabilized against coagulation by the graft copolymer molecules fixed strongly as a

JAERI 5028

monolayer in the interface of emulsion and thus acting as an emulsifier.

1. &

[}

737 bR - RBR—FTHERELS 2V O EE
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777 b RY>—RBEDPERERLI. RickdE, FLvF
BRI AT 205 wt % OBA, 757 bEY 7 —ORE
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Blend conc. (wt%;)
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S 8/0 O/
10 / o 13.8
O
o
12 —9 ° .

] I
0 0.025 0.050 0.075  0.10 0.12

GP/PVAc (g/g)

Fig. 1 Effects of the graft copolymer content and the blend
concentration on the time for incipient demixing (PVAc

[PS=1/4).
0.25 T T T
-+ —Critical conc. for demixing
|
0.20}- | \o -
C | \7
o0 1y 2
~ 0150 ! 3 §
[3) |
<C 1
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£ 0.10- ! o 1
[a¥) I
5 | A\
0.05/- | % §
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0 1 1 ~ 1
10 15 20 25 30

Blend conc. (wt %)
Fig.2 Phase diagram of POO-emulsion (PVAc/PS=1/4).

Fig. 3 Phase-contrast microscopic photograph of an emulsion
(PVAc/PS=1/4, GP/PVAc=0.10, Blend conc.=21.5 wt
%)-

BEenya YREBRIALBOK, PROHOT 57 PR v—
BIMEhEIIED Sh, RBAFESHYEL LS.

32 TYNYavOBEMEES

Fig. 3 REETL =LY 5 v ONBERMEERAREL- L0
T, HWEBSH PVAC T, KeoiB3idds PS Al

HMTH3. PVAC/PS Bbx Yo 135 i i b E, TOREE
i Fig. 4 KHONBLDICHET S, Fig. 53, T7ads

Fal vz LbR—} 91

Y 2

AVt e
,.»,,,,‘ :
&5",’$ w{«
;;..,.*s;_; ¥ ot

B

L SRl & 25 Chry
5 P s ih  ielbt ¥ S
Fig-4 Phase-conirast microscopic photograph of an emulsion

(PVAc/PS=4/1, GP/PS=0.15, Blend conc.=27.4 wt 9).

A

A ., L s o PN

Fig. 5 Electron microscopic photograph of an ultrathin sec-
tion of the film prepared by drying an emulsion (PVAc/
PS=1/4, GP/PVAc=0.10, Blend conc.=21.5 wt 9§).
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Fig.6 The plot of reciprocals of droplet radius R against
the graft copolymer content W,/W. (PVAc/PS=1/4,
Blend conc.=21.5 wt 24).
YhOEERYECEER LD, BRSO PVAe FBE
LAEHLETHERETHE LA H0TH 5. BEREcsL
THEEMEIHERI TV BT Ebh3,

3.3 TNV vRNTREIRETIRF

IeAY s VEFRERET S 57 bR ) ~—ROoEE L
Fig. 6 IToRL7e. Mk oh 3 & 51, GP/PVAc 3y 0.1
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.Fig.7 Influence of the degree of polymerization of the homo-
polymers on the droplet radius (PVAc/PS=1/4, GP/PVAc
=0.125).
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1 ‘1 L 1

2 .24 26 28 30

Blend _éonc. (wt%)

Fig. 8 Influence of the blend concentration on the droplet
radius, -
O, @: experimental resulis
: according to the eq. (2)
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Synthesis of Polystyrene with Acyl Chloride End

Groups by Radiation Polymerization

Yoshito Ixapa and Tomoe KawaHARA

Styrene was polymerized in the presence of small amounts of acetyl chloride (AC) or trichloro-

acetyl chloride (TCAC) by gamma-radiation. The number-average molecular weight of polystyrene was

measured by a vapor-pressure osmometer and the amount of acyl chloride groups at the polymer end

was determined by titration.

The polymerization rate suggested that the initiating species of polymerization were mostly solvent

radicals and that the radical chain transfer to solvents occurred predominantly in the case of styrene-

TCAC, but insignificantly in the styrene-AC system. The number of acyl chloride end groups per one

polystyrene molecule was found to be in both cases approximately unity. The polymerization mecha-

nism was briefly discussed on the basis of the experimental results.
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Fig. 1 Relative rates of polymerization of styrene in AC as
a function of the mole fraction of monomer (dose rate
=1.8x15% r/hr, polym. temp.=25°C).
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Fig.2 Relative rates of polymerization of styrene in TCAC
as a function of the mole fraction of monomer (dose
rate=2.1x10? r/hr, polym. temp.=50°C).
—o—: experimental, ---: theoretical
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Fig.3 Fraction of rates of initiation by solvent radicals as
a function of the mole fraction of monomer (solvent:
AC).
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Fig.4 Py of polystyrene formed in AC and TCAC as a
function of the mole fraction of monomer.

Taste 1 End group determination of the polymers.

Mole fraction _ COCl groups
Solvent of r?rgr)lomer M, per i g per polymer
polymer chain
AC 0.36 6.46x10-* 1.94x10°* 1.25
0.50 519 ~ 2.09 ~ 1.08
0.85 7.71 =~ 1.69 ~ 1.30
0.95 9.74 ~ 1.23 »~ 1.20
TCAC 0. 66 3.10x10-* 1.88x10°* 0.583
0.83 501 ~ 1.47 » 0. 869
0.91 5.29 » 1.3¢ ~ 0. 709
0.95 7.54 » .02 ~ 0. 769
0.95 1.7  » 0.512 ~ 0. 599

KEERELD Cs 2kp5bE, AC OESE Cs=0 TH

9, TCAC Cit Cs=0.12 ThH 1.

3.3 SFrhoskiE -COCl Eo

LicB ok Re BLU Cs OEBERIZ, AC 0,
BHEIERY TCAC OBAKRBAREICEALT 3T
EARFRELTNS. COREHRICTBIHIT, K LIEY
+—D-COCl R+ ER L. Bohi % TABLE 1 ¢

CH,; COCI1-Styrene System

Initiation ,
CH; COCl ~~~— H++-CH,COCl
H + M —HM-
+CH,COCI+M—-C10CCH, M-

CCl1;COCIl-Styrene System

Initiation

CCl;C0OC1 ~n~—Cl1-++-CC1,COCl1
Cle + M —CIM-
+CCl,COCI+M — C10CCCI, M-

Chain iransfer
P-+CCl;COCI—PCl1+-CCl,COCI

Fig. 5 Proposed mechanism of initiation for the radiation-
polymerization of styrene in the presence of AC or
TCAC.
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EELDRERY~—L0DN o 7Y ¥ RISEZHERTH 3.
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Radiution-lnduced,Co_polymerizufion in Urea Adduct Complexes

‘Kanae Havasht and Koichiro Havasui

voq

" Binary copolyrﬁerization_s ‘;qefé }:érried out in urea adduct complexes using five different monomers
as acrolein (AL), acrjiqqi’;fi_]e (AN), butadiene (B), ethyl acrylate (EA) and vinyl chloride (VC). The

following polymers were obtained for eight systems in which polymerization took place at low tem-

peratures (—46~—78°C); a. one type of homopolymer: AL-VC, b. one type of copolymer with a

small amount of the _s_e_cond component of comonomer: AL-B, AN-B and EA-B, c. mixture of
copolymers : AN-EA, probably, >A,I;—'AN, AL-EA and B-VC. IR absorption spectra of the copolymers

- showed: that there exist different configurations which were né¥er observed in polymers obtained by

the adduct polymerization of a single component.

Lo

RE™S, FARESD, N~ Fdb)72=Lr9 0 EK
BEINE=MEAHDBURRBHICEDES L, ER LK
R Y = —BIEEC RN AR EL D2 ERELAGIONT
WA I, BELAMORSEECELTREE LTXR
EHTIC & D PR ORRMSELNTED ™, EARTCOHM
IELREETRC b B CHbh TN G,

COQXHRAFPICBT 3EARICBRIGH KT S €/
T OHAEESEE - TE D, poEHOERS—HMICHE
SNTS. CRRRIESFFHBEHB~OHHE L EED H HE
ZHDE—RTOERICL STHEMAL ERALSIHhI-DLED
OBRABIRECOREAS LR EMBTES. —F, TORT
DEAICBIAHIENLER L LTHETORSHEESI S
ONTEVEBETCOHARGROVBEETEATEICEBE T o1
3 BECOBEARTORENGE L TARMTAMARRIIZE
AEBOSNTVY, MEEREEEGDET L TH BT LIcHE
HLTEODTHEEOCHESE TH 2.

HHEOIRFELBENESDEEST /0L, v (AL, T2
Yo=t Yy (AN), 77 YyrgEzF(EA), 722z (B)
Eite=1 (VC) 5 BT/ v—Bo 2 tkTEEERSL, =
Y v— DR EZONEEEE LS5~/.. ¢ B, VC &
BHMBEATRIEECIARAIOSWRY -2 52 50 &5
MO TEHVI?, aRFY 72— hoDHEHOHELD
HERNKICHEECETZHLOAIRBEOhE S, Ry <
~DHEGHBIT ¥ 7 PERBIKZObIEDZThsE/
T— ORI L DET B0, B—FZTOfESGLRBREL -7
Rk EEEEbDIRY v —NEohsc L bliELS 3. B
r, REDEOTFHRALBERERELIBSATORLEETD
HiEboEENG o/ cOTHET 3.

2. =2 B

RERZA2/—NVEDEERL, BohictHRERTAKT
ToELTHEALE AL AN, EA osSlidsEiEy, B, VC
BFEry~xEkbh —78C cftxETEbHLZOT T HERH L
A

“EOE/w—%EAE 11 T —T18C TRAL, CHIC
HohLHBRALTEOEREEMATHE L (BRFET),
FEDEETHEMKRELTE 7 tOEREZE -1, “Co
BB T 7 POEREBCR 7D EE CEET 5-9x 104
rt/hhr OBBET T, BHER Y =—R A2/ -0
TRIK TR BEH LTREZHRE L, 50-80C < 1 HPLER
FER L Bohiaf) v— @S EEFEZANCIAR
tvozszr—fdBrscisn, BRDRIEAZEAREE S
THlR L7,

Y v—DHERRTEMTICL DERE L. RARBRROA
i3 KBr §E#iiEic & b, EA 25 &84 0% NaCl iF E
KR LIz ZAvaick BT 7,

. 8 ES

3.1 Ef&Lafuv—oiEmk

AL, AN, EA, B, VC oRFZaEEGPbicEY A0k E
AoVt E/ w—H 1: 1 TOLEAOFEES TABLE 1 |
Ry, AN DBEARHE LAN ot 1oLt skl —78C ©
BEALSUIEHRELADICA—5 BTSN T
Bh, L=MB-TT7T4#7 FEREELDEL ThiL TABLE 1
OEANENE SN RAMMT 29k HS. —F, &
AWNERBEFICRENGETHY 1Mrad EFORE TG
RNECELCEPBaLOTHE?. BUEBRRETCRER
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TABLE 1 Polymerizations in urea adducts
(M1+M3)[U 1.0, M,/M,=1.0 (mole ratlo)

Store and Irrad. Storage Polymer

Dose -

- ime ONnv.
M;-M; Tempzeé:;ture ‘-'(flays) (Mrad) C( %'57
AL —78 3 1.4 - . 46,0
AN —78 6 1.3 89.4
EA -8 2 .0 20.8
B —46 3 1.0- 3.2
vC —46 3 1.0 .45
AL-AN —78 3 1.4 26.4
AL-EA —18 © 3 ‘14 5.9
AL-B —78 3. 1.4 9.5
AL-VC -8 3 1.4 - 8.7
AN-EA —78 3 1.9 18.0
AN-B -8 2 1.0 3.9
EA-B —64 3 1.9 24.6
B-VC —46 3 1.0 5.7

TABLE 2 Analysis of copolymers obtained by the adduct
polymerization of 1:1 monomer mixtures

. 1
v, Bxmcton  Jble M,00n .00
%) Part Part

AL-AN ZnCl, aq. soln 87.4 32.6 67.5
AL-EA  Methanol 79.4 ™ ™
AL-B — — — 97.5

" AL-VC — — — 100
AN-EA  Methanol 66.5 ~10 81
AN-B Cyclohexane 96.9 *2) 96.7
EA-B  Methanol 67.1 >95(*3) >05(*3)
B-VC Cyclohexane 53.9 51.2 40.7

* not yet determined.
*2 no polymer was collected.
*3 by IR spectroscopy.

FOBACROWThoBAIRY~—BEohishoi.

BEATIE, —78C TR AL AN, EA TERY v~
Bonih B, VC BEA LB/ B, VC TRTF 7 b
B, Bats —46C TREVEY v—REShE ChbO
£2)7—i3 —T8C CRTE /I OEREELRE DD TEN:
HRY 2 —RELEP7cDTHAS.

AL 2—Hok4E LTaT 4 20DFE S F it AN-EA,
AN-B 0% Tit —78C TOKE, Biickh &Y ~—»ES
Ntz BWEASTIE —78°C CTEAT S AN, EA 2 —FDR
SELTAEDRTS B, VC DEAECLDEABBC LN
5. THOLLREOEEICIDV TS 7 FOERSEESHS.
—78°C CEA L7 -7 AN-B, AN-VC, EA-B, B-VC o
4 DDFRICDNT —46°C TTH 7 FMEREREEESC -7
LT A B-VC oRTcoHRY»—-SBEOoNf, ZokKOTH
D 3DPFRICDONT —64C CTEEELBZ MLy EA-B ZTHE
aMBsEDORI. <

{ELZTESISEOR Y ~— L ELMNEATHEEE
iy, il BEOXTESHRTTESTICIDBRELE
(TABLE 2). AL-B,AL-VC ZTCRRYv—{BL1L, 7
BECTRBLLEADE DB RBE bl ads 1
AN-B Lot S heR ) =—BBS I EbhL v o R
Y 7~ OB HKRITS >, AL-EA ZCTRIEEAIC L S
C,H,N 02tz  EEMTIC & 2RO e ERE
THH, IR RCKZER L 25 Lo bR HK IR
TH5. EA-BRTCREEZREMORLERENESHL
{HEERETH 2D IR BIRZRZ bACRBIc k3RS

Wik 2. oSz vl—} , 97

{Ehchy BERRI MR 5% DIALHEEESN S,

Kiss &% 3 AN-AL RTRE/ v~ AR EEACE
BROARY 2~DBERTE EEHELTEVRLOEREF
BLTW3.,. 2oL I BEROELEERIEDE LHLTHENH
StBE/ T —HREEZTIDELVERE B LS BEND
%, AL-EA ZTR IR BOBRL Y 2ENORE 350D

RY v —HBRELTVWEC LEIREDP T H 5. AL-B, AL-VC
DFTREONIRY =~ DERICAL KEBIC it X ->TH
D2@EROaRY) 72— EETHTHERIZ LY. AL-EA %
OV TRTTICHIS Y oMESES b, PRV 2EHD 3R
Jv—NBELhAC AN TS, AN-B, EA-B Richg
LCREEMCR IBEEZELTENTEHSS. B-VCET
F2 7903 RY - DHRIEOFRICL SNTHEIEL, 2
BHOIRYT—LERBLSZLEINPOHENS LB L
nise,

- 3 2 RUT—-DEE

@&EAT%L Y77 o l//f v (PAL) ®» IR 2~% b 1
(Fig. 1 (1)) RV HVEATELLY v—"D2hick {§l
THY, E=rFi3-C=C-icLk3kpBaLtpondiz
AERERCE=LVEALTWA3bDEEbN3. 1170cm™?
A E— 7 % FOEE  BORIIZE Z & flilfio-CHO DR
WL DERLUEAERI—FTic X 2 b0 LRSS h 3.

RBY 72 Yu=1Fyn (PAL) 0 IR RLIES? 0B
HREAFMNCRL S, L4 BERICEYELIFF 4 2
VEBIRAED ORI H - 108, M OB L 3 (>C= N—).
oA X 2B 1750cm™ B Xt - -

RY 77 Y vEExFr (PEA) @ IR X7 b (Fig. 1 (d))
372 HVEATCEONLERY=—CDrh Ltz 2bDH
TRIEI-TN3. BESAICXERY -—13 865 1035, 1265
cm™ QORINERE /N { 1100cm ™ ORI ERENc &L,

- TR T . >v' ] 2 T <
2,000»__ 1,500 o . 1,000 ... 5003
A @t ... n
Fig.1 IR spectra of PAL; (2), AL-EA copolymer (methanol
insoluble part); (b), AL- EA copolymer (methzmol solubxe
. part);-(c), and PEA; (d).-
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FiC 1035 & 1100cm™ OEMNBEORIOBEREETH
D, DEOEBENCER 78 Y = —HHEK L‘C!nza z &%T
HE LT3,

FYT42I v (PB) O White® 3 100% 1,4-} 5 ¥
AEATHITLEHELTEDRL OB IR 27 g
FEEETH-7-.

R Y#EE=n (PVC) ® C-Cl ORIYiZ 610, 638cm™ iz
TAREVWE—JERTDHTHB. BRSPRTHI S ORI
C-Cl #Awx LT trans OfIEIC H H2:3ickL 34
DTHY syndiotactic WIALBERICZ R =—THBC
EEHEoMLLTNE.

KT TABLE 2 IR Y =—0D FhZFhicoT IR Rk
DZOBEE Lo~ EREEET.

a) AL-AN %

FALERAAAUKIARIC X A HIIEBED IR 27 + rizas:
EATHONL PAL & PAN RX3BOERS D 13
BREICLMBTES, —HHl#o IR 2<2 b v R§iEic
< 5 1100cm™ O ¥~ 7 QWAL TED ChizB 254
AL @ CHO BN EEDOLBNCE24DTH 2 5.
AN OF7 ¥4 IVBEATHRIZEAESLED S 1L 1,

>C=N— EA0RNOFEII AL OBRWIC ST /21 nan—cx -

Hehs.

b) AL-EA %

A& —NMBE S CIEED IR 2 % 7 b a3 500—
1800cm™ QILWEFRICDI-DHEICKE{ EED, O Th
4 PAL, PEA OERSDETCRFBPALIBTVBE S 3
(Fig. 1 218). fic 800—1150cm™ DEFRD A=Y F LOER
BIEBICEEETH 5. PAL OfifioEAIC L3 BRESICH
&3 LTS 11T0cm™ f:381IC ©— 7 % & DI IRIY
BaIRY=—-TREEHLILE, —HEAid &S5 EED
15 1035 & 1100cm™ DRINOEREHIZ PEA taRY = —
TRRESRI-TED, HBic A £/ - LlllHDEAF S A
NVEEGTE OGN PEA [t HEREOEES &= LHHER X
N3, AFLvBICANFE=LEOBRNOLSTEERZN
BUESHFERY v —0OELOBER S ShTHL,

c) AL-B %

&fkic PAL IR 2_7 P XT3 HBD L5
2Z-1,4 FEHL I ZRNHHEL BRI SHh 3,

d) AL-VC %

1550, 163Ccm™ DIENRINEE AP PRE 5 iz PAL &3
EAER—®D IR 227 tnzBz, C-Cl #aick 3RV
grshisun,

e) AN-EA %

A&7 —NHHYLBRERPPELB IR X2/ b ri5s
5. LLWTFnd 1035 1100cm™ RIGEEDS & b Rix
SO RKORPMEH S iz, # %/ — i Tid 1600,
1620, 1680cm™ ICSEENBINASL Sh 28 BETIRS OhN

&, —J% PAN DE#Cid 2250, 2370cm™ jz —A&® CN
ic & 5 EOBUNDS S 2 B G CRETEDNZIEA ERML
TOBEVFERY v~0D IR 2<7 F LOOA S LIHEST
b5 ThHEaIRY-—rFr4 I vRERAED O S
7 BCN ORISIKE BRICDOVTIRBE LTI,

f) AN-B %

V7ot drERED IR X</ F LI HROSIH
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SR, BOFSVR-1L,4 BBILOESLLEbh 3
BAH 9T8cm™ BBl S My -1, 4 1T 5101 t’::ugac
LBBRPIRS ED SN ot. FAN DI F V4 3 ~,CN
DEAK L ZRBEIC I 3RNLER S fLiz PAN ¢ 1105
cm™ 0)&1[]1]53 R Y=—Ti 108lcm™ ~Kkx{v7 LT
¥, FaRY<v—Ti CN 2k 3 2250, 2370cm~' —
ARONEESEEICE M1

g) EA-B %

28/~ BREREKICELAZACIR <7
Z5X%. WIhb EA thTHO BRFOTL-TB T
LERLTVE, BRYZ-L4 BEDOHTHD 5 2-1,4
B&EDH O, F/- AL-EA, AN-EA TEDBA LR
iIC EA [Kd &3 EBbh3 1035, 1100cm™ OADEIY
DEERBZIZARE TS -1

h) B-VC %

Y7 unFH VB ERBREICATMICBR T & 1
IR2R7bMEEZE 3R v—CREEEASHIE-PVC
TRASNITH 57z 615cm™ DRINAS 635ecm™ DEhk hH
CCOMFEREIB > 7 o4 YHIMBOFBE D K & o, E35d
650—700cm™ DEFIRIC X Hic C-Cl OEANHH 3 & 5 i
BORINEE 2 73d & SHTHEOIS »C bREICIIME
DWERNTHSS. —FBovi-1L,4icks EB D3RI
2 680em™ IHEDHDHNI b+ 5 R-1,4 BLTIZ PVC

oD 5970cm“ OENEER B pbh oy, E=altick
BBPRRSED SN,

4. £ =

TABLE 273 5 T8Iz IR BIROER L D =, ZORCIREDD

FHFTH B PHLELAOERR—RROL S ICEHIN LS.
A 1EHOEY~—BELhER
Al. —/5OBAOsERY) =—: AL-VC
A2. aEy<=—: AL-B, AN-B, EA-B
B. 2@H028Y v~—0Bohi%
AN-EA, z5< B-VC, AL-EA, AL-AN
~8C TOTH 7 MR, BAT 1 BEOR) =—LiEs.
hiliipoic AL-VC, AL-B, AN-B @ 320FRWThe—
FHORFIC ~T8C THEMTRTEZ FEERLIBNES <
—%8ATV3. EA-BOROLTRIEY ~—DBLhI-
—64C T BHMTT 7 M AERT 0L S5 HPREEDM-
TR, —H2ENHoaIRY)»—pEoh-LBbhsdo
ORTROTNETF 7 L OFRBTWEDE ) = — & LHET
TH#7 PERRLD ZBETECHbhTNS.
hoDE/ T —BEBESCBWTRY v -2 8%+ 28
EROCICEAINELD, E/7—0T5 7 FORKLYT S
BAOLSBEMETHB LEEINS.
AL~AN>EA>»B>VC
~—75 TABLE 2 & Y HEHHEIROF IR Y =—0BSh T W
3%E LTI AL-AN, B-VC & ERBH DS RICOC LD
& LT AN-EA #b35. ThPMEsRelo AL-EA %%
DEVTWThb—HORSG (AL, AN, EA ouvihd) 4
EhHTERSITNTHS. DLOSEL LZOTH 7 FRE
EOKL DT &7 FEREOHR e/ v —O#&E TR
HECEEREO IR Y =—252 32 &b 3.
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—HaRyv—o IR RIROER LD EEAIC LD kG
FEEINBIBEABENC Eobh-7, ALIZBELTIRAN &
OaF ) 7~ DE[LERKERAER BloaR)=—i3
900—1150cm ™ OBINicE L TREMEATE S hi- PAL &
A% TH3 AN o) v~ HERE, EA oafy
Z— (A4 /-, BEOWEEL L) TR offilkic AL
K ESSBENWRIEAES ShE, CoBRIND AL O
ORISICEVEUERRT—FriclE L b0 s THiT AN
(HihEE), BEoaRY v—RREMN AL 2% 4fk
CHO foRIGEETLPT N LT OREELFHCE R
THAW, AN cBLTiRBEDa R v—DEH 1, 4 B
CX>THR LIy 7714 3 v #&28AT5. CN fiio
ERILE DAL B -C=N-EBAK DWW TR ANVF=VEDORI
L3R IBEBEL{ BT VARBELLEL o1, Bizow
TIREA VC LY =~T LV IESOREMBALD
ol FIETIR L4 5 Y AEALBR I BEETRAR
HTH3. EA 2802 R)v—RUIhimEATEGR
7c PEA LRI ZHEE & OEHEESNS, VC 2438y
7—iiBLOEEATOLE SN HYMES L7 syndiotac-
tic PVC Tii& 5hisy C-Cl DRIRAsH®H L &b ohd-.
BEDLCARBAZTRY v—OVKEEICELEELS
BRI X o0 TRHEL. AFthitsld 3E/ <0 sequence
DEYHOBATIRE/ -~ SFHOENEREOIIPRE:
/T~ EBEAREDI- DIOPF L RIS 1-EBEL LY
PTNCLEPEEINE. COSERFTE-Dicizaky =
~fDE/—ER, 7oy /oFERIIEEELL LEXE
HEBHS. HEIVREAOETICLD I F hicE LR
DE L) ORFF/FIEREOEBI >R TREICHITL 31
», TOF vFhEEg UTEEREcHnd s/ <~4
FIHT2EMEFHPERINICLEBDE LS. BhES
DEATH AN CTREABEN —18C kb ELK3Er T
YA I VBEEBEATL 3T EBBEIhTNE?, TS
DETIC L BITNERHFEMULER LioB Y = — oicih
FEUPITLEECEEEZ OGNS,

AN, AL o540 & 5 ik i o RIS Bid 2 WRIN%E Tk

Hig 2 FasvzerE—} 99

EEERTIHOEEICHAL IBAICRTCILORAHAE
HAThri 5/ v—HROIRY v —2f1n3 BEND
5. F—BACO > THIEBEOT(EEETR&E/ <
—RAHEIRY) 2~ THE OB BOHBREATFICLBE
BELOoRBIHRR#ELEEDN 3. 4% NMR t&0F
BLHEALTZIAEhOZRIC 20T X VAR BSIETSH
3.
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