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HUANG Wei，FU Yi—Bei，XU Yun-Shu，BIAN Zhi-Shang，HE Mei—Ying

(rh5捌州e。，ⅣⅡckⅡr Jp危Fszcs nnd C仇cm坤f删．叫F尸．Ⅱ疵Ⅱ“可。n9 F2J口口别)

Abstract The 60Co 7radian0Il e舶ct 0n spllerical叩cIl-porou8 p01ymethylpllcIlylviny
siloxa工1e foam was studi州in di饪irent a‘nlospheres at room temperature．Thc physic；1】

a11d chemical behaviors of uⅡirradiatcd aⅡd irradiated materials were stlldied bv SEM．

FTrR，TG fthemlal gravi‘y龇lalysls)，Gc／Ms(gas chromatograplIy and nlass spec—
troscopy)，ctc． The prc8eIlt reslllts indicate that the y记lds of gas pro dLlcts Increasc

lincarly with the dose increasi“g．Furthermoce，some fhange8 i11 materm’s mlcru8copi(，

form，composi七ion，s打Ilcture and lnccllanical propcny were observed．hlt the maxi—

rnmn theImal dccu】nposltion temperaturc uf the sam ple alters lmk and the dose glves
f】o efkct 01】jt

K。ywords P01yInethylphenylviⅡyl siloxaIle foam，7一ray irradiation．Ihdiation crosslink

ing，Radiatlon dogradation
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1 INTRoDUCTIoN

Due to orga工lic siloxane materials’resistance to acids and all(“s．antlweatherab山tv．

Low tempeTature re8istance and other advantages，th。y aTe widely used as wire，cable，

seah“g，cushjon mate“als etc SiⅡcone rubbers and smcone foams used in the radia—

tion ambient were studied in U．S A，Japan，Great Brit缸l and other countrjes[1～引 The

focus was about the eHbct of di行brent radiati。n sources and dose rates on snjc。ne rub—

ber，丑uoriIle mbber，natur以rubber，etc However，the damage of these nlateri als and

tlle changes in their structure and properties were n。t血vestigated． The behavlors of

polymethykthyl siloxane foam used iIl 1 radiation丘eld was studied previously㈧and hs

radiation—resistance was found to be not very good．After irradiation at the dose of more

than 2×105 Gy，the material s山bred from radiati。n damage and the degradatjon was

sign正cant As phenyl is better radiation—resistance，t11is work mairLly concentrates the

exper面entalresearch of polymethylphenylethyl siIoxane fo锄and the purpose is to pro—
vide a technoLogical basis for selecting better radiation．Tesistant matenals． At present，
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there is n。reference domestic and abroad on the relati。n between macroscopi。pr。perties

and micToscopic stTuctuTe of polymethylphenylvinyl s订oxane after and before iTTadia“on

2 MATERIAL AND METHODS

2．1 Material

Crude rubber was producedby Jilin Chernjcal Research Institute：and open—por。Lls

polymethylphenylethyl sil。xane foam was processed by Institute of Structural MecllaI眦s

in CAEP(the China Acaderr珂of Engmeering Physics)．

2．2 Radiation

Radiation source wa8 proVided by the CAEP Cobalt Source Radiati。n Techn。1。gy

Co Ld．The dose rate is 131～137 Gy／ⅡⅡn and total dose is 10～1500 kGy

2．3 Experiment nlethods

The samp】e was put into an alnpou】e glass bottle pr8p8red speciaUy with a branch

tube attached so as to draw out th8 gas which wa8 produced in th。process of i丌‘adiatiuIl

and sealed in the b。ttk at the state of high Vacuum(L．2 Pa) This kind of sainple is

named as the sample血the vacuum．In another way，the air m the bottle was extrafted

to vacuum(1 2Pa)，itlert gas(pure N2，99．99％2．67×104Pa)was led into the b。ttIe a11d

the sanlple was sealed． This kind of samPle is caUed tlle sample in inert atmosphere

The dose rate was kept constant(131～137Gy／血n)and the samples were irradiated at

di任色rent doses

2．4】Ⅵeasurements and testing

The por。us structuTes of s砌plesl cr。ss sections were an“yzed by Sca眦jng Elcc—
tron Micr。scope(sEM)(ModeI s一250MK3) The cha“ge。f sample’s clle血cal sLructLLre
was analyzed by Fourier Transformation lnfrared Resonallce(FTIR)(SYSTEM 2000，

P E．1．rrhe wavenuInber raⅡge is 4000～40Q cm～，scanILlng rate o．5 cm／s，and㈣。lutlon
rati。4 cm～ The weight—loss rati。of the sample was ana上yzed in nitrogen by Thermal

Grav“y An“ysis Instnlment(TGA7，P E) The rate of temperature increment ls 10

。C／mill． Tlle temperatllre ra“ges from r。om temperature to 750。C．The gas pr。ducts

from the irradiated samples w盯e analyzed by Gas Chronlatogr8phy(HP6890)and Mass

spectroscopy(FinrLigan MAT08 B—E)(Gc／Ms)using Hydrogen Flame Ignition Detect。r

(HFIDl and Thermal Conductivity Detector(TCD)．The stress relaxation was deteI‘

n正ned by Electron cre印／relaxation testeT(CsS一237)at the temperature of 25。C and
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The FTIR b11ilt—up spectrum of the polysiloxane foam after and before the i”adi—

ation is shown in Fig 2 The positions of the same peaks in di龀rent spectra cⅥe allke，

but the relatiVe iIlten8ities of the s唧e peaks are differellt It is seen clearly fronl t11e

69ure U1at there is a tTipk—pe矗k at the waⅣenumber of 2963 cm一1 in the 5pectruIn of

the unjrradiated s鲫1ple． The peak at t王Lis place changes into a single peak after the

iⅡadiation HoweVer，the single peak transforms into a tripk peak again when the d。se

gets to 1 5×106 Gy．The peak at 2963 cm一1 belongs to the stretchjng vibration of CH3

in the side chai工1．The peak at 1260 cm一1 is the bending vibration peak of—CH3 Th8

two peaks at 1020 cm一1 and 800 cm一1 are the characteristic peaks of Si—O uILit．For S1 0

peak at 800 cm一1 is relatively stable and there is little cha“ge in the position and inten—

sity of it，the height of 800 cm一1 peak is chosen as the refbrence peak to calculate peak

height ratios，and the relationship of peak(一cIi3 peak at 1260 cm一1 and si—O peak aL

1020 cm一1 1 height ratios of the i丌adiated s锄ples witll the dose 1s discussed．As shown
in Fig 3，the-CH3 peak height ratio reduces wlth the dose rising，but the Si—O peak

height ratio increases a肌d then decreases

Fig．3 Si—O pcak heigh‘ratio of the samples

irradiated in different a‘Inospheres at rooI rl

temperaturo

·一CH3，。。Si．O．

1葫——苈矿—1蔚——菇矿—1茹——穗矿一
Te⋯pe口【um／℃

Fig．4 TG curves of the irradiated saIllI)l(、s

1 0Gy，2 2×105Gy1 3 5×105Gy．

4．1×106Gy．5．1．5×l(】6Gy

The TG curves of the unirradiated and jrradiated samples aTe iUustTated in Fig 4

CuTve 1 corresponds to the unirradiated s锄pk，and it is di能rent fTom any other curves

of the irradiated sample．It re丑ects the clla“ge of component and state in material after

irradiatlon Table l hsts out the relation between the maxjmum thermal decomposition

temDerature of irradiated sam口le with the dose

The reslllt in山cates that the dose has Uttle effbct on the ma五mum thermal de—

composition temperatllre of polymethylphenylvinyl siloxane foam Comp缸ed with the

thermal property of p01ymethylvinyl siloxane【4I，the form盯is sup町ior to the latter

o；E镕o=cg当>
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Thble 1 Relation betwecn the ma)dHlum thermal decomp08ition temper砒ure(。c

o“hc 8ampIe aner irradiation and thc doses (×t04Gy)

199

In geneTal，the stress Telaxation Tatio of the crosx】j吐ed materials takes a decreasing

trend with the dose increasjng．BuL￡o p：’1ynletlly】phenylvinyl siloxane foaIJl(jn Fig 5)，

that is not the case It decreases：。a ITdninmnl pojnt(about 1×lo“0y)，and then rises a

littk The crossliILki“g and degT羽ation s立nV】tane(n1E!y exist in the couTee of radiation

With i11creasing flose，radiatj011 d89radati(}儿l，eccInt!j pred。丌1jnant an(1 results in the

reductio工1 of stress re】a=aLjoit ratio．It call bo seen in Fj2ure 5 that stress relaxation ratlo

increases a Uttk This ls the characterisLic of polysiloj：ane foam．

D／1矿Gy

F追．5 Stress rel馘a幽ll rat沁《tIlc

saInules irr{ldiatcd in difIernnt

atmospheres and d‘)8e}；

o rn vacuum，·Ininert g舢

Fi《．6 G：Ls：!lr—mia：n"tLI山y of tllt。。洲nplc¨ra(1La‰

at the do：f，(1f 5x：05G)-i【l vacⅥ1㈨l

rL．CIIq，h C：】14，c C2Il?，d C?H6．c C3H6，

g．thc s‘“go of tcnlperatllr‘、in(：re“1cllf

The gases produced by irradiation of materials were determhed by Gc／Ms to be

made up。f hydrogen(H2)，methane(cH4)，ethylene(c2114)，smcone(cH3siocH3)，

acetykne(c2H2)，ethane(c2116)，propylene(c3H6)，etc．112 is detected by TcD，and

other gases are detected by HFID(1etector．Figule G is Lhe gas chomatography of the

sample irradiated at the dose of 5×1 05 Gy． Usi“g an external standard metll。d，the

outputs of H2，ClI{and C2H4 were auajyzed quantit＆tivcIy by GC、Fig．7 shows the

innuence of dose oB th8 gas yleld Ⅵ7ith iIlc，eagi“g dose，the content of gas increfLses lln—

early AmoIlg the gases，the yie!d of C2H4 is lligh，0h。t of I{2 js higher，and that of CH4

is the highest Furthermore，nle gaj：∞ntent ofniateria¨rr3diated jll incrt atm05phere】s

誉、o!】巴言；∞量Q《
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Iess than that in vacuum The reason may be that the inert atmosphere llas sonle ret：lrd

ing function。n the radiati。n degradation During the irradiati。n d89radation．the itec

radicals are produced and they have chance to bump each other and c01nbjIle t。gether

IrL N2 atmosphere，the free radicals interact，aIId N 2 moleguJes als。haVe probabllity
t。

buTnD with the fTee radicals So fTee ramc“s di8appeaT moT8 quickly and th8 ylelds of

gases aTe less in N2 than in vacullm

Fig．7 Relationsh．p bc LwccIl tho gm ylcld an(1 t}le dosc

1 CH4．2 H2，3 C2H4

口／TFGv

Fig．8 Yields of CH3SiOCIl3

o lrradiated ln vacuum．

·Irradiated 1n inert gas

4 CoNCLUSIoN

S1nce the standard re±毫rence Ina—

terl al of CH3SiOCH3 was unav砒lable

CIl3COCIl3 was used as standard and Lhe

relatjve out口ut of CH3SiOCH3 was falcu

1ated according to the re5p()nse raftor【)I

CH3COCH3． Fig．8 shows that the rela—

tive output(r)of cH3siOcH3 increases

with the d。se rising and the q11antlty of

CH3SiOCH3 in vacuum is more than that

in ineTt atmosphere This js sirml盯t。the

increment of vields ofH2，CH4 a以d C 2H1

The only difference is that the increase of

CH3SiOCH3 o矾ets hne a nttlc

The spherical p。re ofpolymethylphenylvinyl sil。xane foam suHbred fr。m irradjatl(】Il

obviously The fact is that the triPle．peak of—CIl3 at the wavenl】mber of2963 fm一1 b昭l T1s

from e血stence to山sappearance and then reappearance jn FTIR and the Variance of—CH3
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and Si—O cIlaracteristic peaks indicate5 that the transform砒ion
of che和cal札ructuIe

。f the sam口le aner and before iⅡadiatl。n is doI血nated by Tadiatioll cr。sslirLl(i“g
and

degradati。n ln the same conditi。n，the conteIns of gases pToduced in 50Co 1
irradlati。n

ofP。1ymethylphenylvinyl siloxaTle foam are put in the foUowlng order，CH4>H2>(：2H4

The vields of these gases are improved with the dos8

The 1 radiation dose has little e舵ct。n the m埘Inum therma】dec。mposltlo“t。m—

perature。f p01ymethylphenylvInyl s订oxane fb锄a王ld the thermal stabihty of tllat j 5

exceⅡent

The degradation tendencies of p01ymethylphenylVi“yI silox‘Ⅶe foanl irradlated
1n

both vacuum and inert atmosPhere show正ttle difFerence，but
th8 gas yield ln lIle rt

atmosDhere js less th a工1 that血vacuunl，which iⅡustrates that the inert gas
has s()TT】。

jnhibjtjon eH色ct on the radiation degradation

Reference8

1 sc口ucIli T，Hashimoto s，Arakawa K ef nL Radiat Phys cheIIl，1981．17(2)：195～2(儿

2 Gillcn K T，c1。ll甜1 R L．Polym Pr印1990，3l(2)：387—341

3 HaIllscll F，Maler P，0kada s cf nf．RadIat Phys ChcnI，1987．30(1)：1—9

4 Huall卫w．FLl Y B waIlg c Y“nf J Radiat Res Radiat Proccs(in Chillem、)
2””1

19f21：00～104

   


