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Properties of radicals created by 7-ray irradiation of silk
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Abstract The properties of radicals from 7．ray irradlated silk fabrics were mldic(1

bv ekchon 8pin Tesonance me七hod(ESRl The ESR BpectTa of s讧k￡小ric8 kradlabe叭ll

N2 showcd a doublet at room temperature．The doublct becanM a singlet at g=2．0057

after placing the 8ample in air for 24 hours．This can be explained by form砒ion of

Der0]【ide radical8．The radical concentration of七he irradiated 8ilk fabric and thc d‘-cay

rate of radicals are 8ign讯cantly a仃ected by irradiation condit沁Ils，w11ich眦llldc t}111
ab80rbed dose，atmosphere，a11d water content of tlle 8ilk fabric 8amplcs However，1lt】

dose rate e矗bct on the radical concen“&cion wa8 obsetved．The re8ults are of heiI)iJl E)111

practice of property mod讯cation of silk products by radiation graft copolyIner|ZatioIl
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1 INTRoDUCTIoN

DevelopⅡlents in rmcleaT teclulology haⅣe made radiation techniques avajlable to

iIllprove properties of natural曲ers．High ener留radiations，such as 7一rays，x—rays，and
other shortwave Ughts，have proved to be a conveIlient s011rce of free radic“s that can be

ch解acterized by ESR spectra in sill【砧ers．【卜刮In recent years，there has been a growi“g
interest in了、zay Tadiatian即aft cop01ymerization of silk fobtics to血平rove the pToduct in

ter娜of their physical，cllernical aIId mechaIlical properties【5一驯Mos‘papers have dealt
with the graft copolymerization of ViIIyl monomers on sill【fabrics to modify the crease

recovery，dyejng property，color f酗tness aIld dimensjon s￡abmty，whereas others focused

on the effjcts of the physicoche耐cal properties and the矗ne structure of the irradiated
siUc丑bers i。J However。Ⅱttle attention has been paid to mechaILisms of radiation efrects

on sil】【fabrics so k Since 7．ray irradiation can result in che工Ilical degradation to form
stable subsi“d_radicals，i“s of盯eatinterest to jIlvestigate the properties of free radicaJs

in 7．i玎adiated silk fhbrics in an attempt to add to our llIlderstaII妇g of the ra出ation
eff毫cts on silk fabrics，and to expkfe industrial apphcationg of the technique

Radjation昭aft copolym盯ization caII be conducted iIl two ways． One is a direct

method，by wlli出Inononle】?(s)and the polymenc materials茁e irradlated simuhaneou sly，
and graft cop olymerization occms dlIr血g the irradiation Another is an indirect method，

or pre·irradiation method，by whjch just polym盯ic materials are i盯adiated to create
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long life radjcaIs that react with monomer(s)after the irradiation(In the presence of

oxygen，the radiation creates pero】￡idates that react with the nlonomers，too)．1n vlew。f

homopolymerization enbct，wllich is unavoidable with the direct method，and heavy Inas5

of the monomer(s)solution f打irradiation，the pre．irradiation method is more desi啮ble
for applying the radjation graft cop。lymerizati。n technique to the silk fabric inmlstry
On the other hand，with the indjrect method it is possible to irradiate the siu(pro dttct

with electron beams，whjch is more appeaUng to the indust。y and th。pubbc thml a

7一ray faciⅡty over considerations on radi吼ion hazards Therefore，behaviors of Iong hfe

ra山cals frc毗l irradiated sill【f扎rics are of Darticular血terest．

In this paper，we report ESR studies on sill【fabric s锄ples irradiated in di仃erent
atlnospheric or saⅡlple con出tions．

2 EXPERIMENTAL

The sill【fabric used in the study waS bleached Chjnese crepe 12102，a mulbe玎v silk

product made by Wujiang Sill【Industry Co，Ltd，Jjangsu，Chjna The sil王(fabric was

washed血Peregol O and distiUed water，and degLlIIl工Iled successively with ethanol and

acetone solutions of analytical grade．The treated silk fabTics was aUowed to drv m aiT

and cut血to s锄Dles of 14 cm×7 cm

7一ray iⅡadiation of the s啪ples were performed in a 60Co sotlrce of 3．7×101 5 Bq at
Shanghai hlstitute of Nuck甜Researcll The saIrlples，sealed in test tubes with N2 or a也

were exPosed to the 7-rays at room temperatllre at irra山ation positions of known dose

rate．Dichromate dosimeters were used to moIIitor the absorbed doses of the samDles

ESIt Ineasurements were conducted ilmediatelv after the irradiations at room tem
peratllre on a Varian E X-baIId spectrometer． Most of ESR scaILs were traced witll a

100kHz field nlodlllation of 4×10一4 T姗phtude，with theⅡdcrowaⅣe power level being
1 mW．Radjcal concentrations of sill【sarrlples were calclllated by a corrlput盯code usillg

strong pitch as a reference．

3 RESUI厅S AND DISCUSSION

3．1 ESR spectra of di任毛rent irradiation atInospheres

F培1 a is a typical ESR spectrum ofthe sill【fabric iHadiated iIl N2 at a dose ratc

of 5 kGy／h for 3 hollrs．It congists 0f a strong doublet，whjch featllres si血larly to t11e
EsR spectrm of s弧硒ers irradiated in vacuum at r00m temperatIlre in Ref[4J F『oIll
the fact that about 50％arIlino—acid—residues are舀ycine，the doublet can be attribute to

冒 旨
——NH————cH，——岂——NH——6H——岂——

radjcals foⅡned at a-carbons of the polymer main chains．

HoweVer，ESR spectra of the sil】【fabric s鼬ples irradiated血h瑚ned oxygen(tlle
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tube had been sealed with air)are difFerent from F培．1．a，as shown in Fig．1七．The s(Ⅷple
was i玎adiated to 15 kGy in 3 h011rs and measllred r培ht afterward．It is dso composed
of a strong doublet，but the second peak is rnucll weaker than in Fig．1 a．This hdicates

that a considerable part of the radicals was destroyed by the oxygen diffhsed into the silk

丘bers of the samples．When the saIHple was measured aga主n after 24 hours，the doublet

tllrned to a s血glet as shown in Fig．2．a．The iIltensity of the sjnglet became only a few

percent of the doublet，with most of the radicals being elimiIlated by 02 The value of

g—tensor is 2．0057，which nearly eqHals to that of th8 peroxide radicals formed by the

reaction of 7一irradiated siII【fibers iⅡvacuum with 02 The resuJts suggest for玎aatjon of

the foUowing pero虹de radjcals．

目 8
一NH—c心一c—NH一9H—c一

占一o．

Fig．1 ESR spectrum of 7-kradiated 8ilk

fabrics

a．Irradiated and measured at room

temperature in nitrogeⅡ，b．Irradiated iⅡ

limned oxygen a王1d measured a￡room

ternperature

Dose：15 kGy，DOBe rate：5 kGy／ll，scan

raIlge：100×10“T，耻ceiver gain：1250

2船104T

Fig．2 ESR spectrum of 7一irradlakd silk

fabrics

a．Irradiated in Iin证ted 01ygen an(1 meas11rc

24 hours aftcr irradiation at roolIl

￡emPerature，b．Irradia‘ed抽open“f^￡

room temperature

D0se：15 kGH Dose rate：5 kGy／11．sc。m

range：100×10—4T a．‰ceiver gaill：156¨'
b．Receiver￡ain：144()

The 5i11【fabric sample irradiated in open air，however，gave rise to even worse oxida

tion effbct．Fig．2．b depicts the ESR 8pectrum of sllch a sanlple after 15 kGy 1rradiation

3．2 Radical concentrations of different irradiation or sample conditions

3．2．1 Radical concentration of diⅡIerent doses

The sill【fabric saⅡlples were irradiated in N2 at the same dose rate to different doses

of 1—50 kGy for their ESRmeasllrements．Withjn the dose raIlge In船s11red，the radica】

conceⅡtration increases with血creasing doses．As shown in Fig．3， the radic址
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co丑ce丑tratjo丑mcreases sharPly iIl low

dose raIlget whereas the increase rate be—

comes sm“er in hjgh dose range．h thjs

case，it is practical to perform radiation

graft copolym盯izati皿0f sill【fabrics with
s血table low dose．In additioⅡ．silk fab-

rics exposed to hjgh doses would undergo

physjcocheznical dlanges，as we partiaUy

observed at doses hjgher than 20 kGy，in

their yeuowiIIg iⅡdex，tensile properties，

strength，elongation at breal【，th唧a1 be-
bavior．etc

Do∞m铆)

11 3

Fig．3 Thc e舵ct of dose on radkai

concentration of'-irradiatcd silk fabrifs l rJ

nitrogen at room temperature

3．2 Radical concentrations of di妇krent atn帕sphere

The sill【fobric s aI】印les were irradiated to 15 kGy at a dose rate of 5 kGy／h in N2，
liInited 02，and 0pen air，respectivdy．Radical c叽ceIltrations calclllated from their ES R

spectra甜e舀ven in Tabk 1 Radical concentrations 0f the sill【fabric saⅡ1ples irradjated

in N2 is 162％and 219％hjgher thaII the s硼pks inadiated in lirnited 02 and open airl
respectiVely． The higher radical creation rate of irradiation iII N2 can ensme greateT

graft yields of mo丑omers onto 5j】1【fabrjcs．And jnferior propertje5 of sill【fab“cs can be

jmprayed to desj|able extent by 10w dose irradiatjon，wjthout sacrj矗cjng th西r supe“or

Properties．

Thbk 1 E艉ct of atmosphere on radical concentratioⅡof silk fabric

Atm08phere Relative radic“concentration f×10161

NitrogeⅡ

Limited“ygen

Open air

3．68

2．27

1．68

1)The relative radical concentra‘10n8 were obtained by usi“g Btrong pitch as a rcfercn(t、

3．3 Radical concentrations of di舵rent water content of the siⅡc samples

Sil】【fabric samples of dj行erent water contents were irradiated in N2 at a dose rato

of 5 kGy／h for 3 h011rs． ESR measllrements of the irradiated sampks were done aIld

radical concentrations were calculated． The reslllts are Eiven in Table 2 The radic al

concentration decreases sharply with incre粥缸g water content of silk fabrics It is inter-

estinE that several percent of the moistllre content resulted血huge losses of the radic出

concentratio工L This indicates that in pre．ra出ation graft cop0lymerization of sl|k fab“cs，

the material sh011ld be kept血dry conditions dtlrinE the jrradiation

These silk fabrics were kept in N2 at room temperature to measure half-life of the

radicals．The reslllts are Usted血the ri曲t co】1】mn of TabIe 2 The hamhfe shortened

r鲁x)c295■§ie＆
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greatly with increasmg wat盯c。ntent of sill【fabrics It can be specmated that radic als

react with water to accelerate the decay of free radicals in irradiated siu工fabrics

Table 2 R￡lationship between th。proPerties and water contcnt of silk fabr记

(dose：15 kGy，dose rate：5 kGy／11 J

(1)Relative concentration．as noted．m T铀le 1

3．4 E珏毫ct of dose rate on radical concentration

Silk fabric saⅡlples were irra山ated at the di睡rent dose rates to 15 kGy iIl N2 The

ESR rneasurernent reslllts show that there was no dose rate e矗kct on radical concentration

up to the dose rate of 30 kGy／hr under血vestigation．

4 CoNCLUSIoN

h conclusion，from ESR studies of the sill【fabric 5a皿lples irradiated in di艉rent

atm08phere and sample conditions，we haVe had a better understanding of properties
and behavior of radjcals created by the 1-ray irradjation． The radical concentrations

were Featly疆毡cted by晒dation dllring iⅡadiation．And even a few percent of water
contents of the s舢nples reduced the radical concentration siP皿mcantly． Besjdes，the

sanlpks’water cantent also accelerated the decay process of the radicals． In additi。n，

no dose rate e任毛cts on radjcal concentrations、张re observed within the dose rate under

mvestigation． The reslllts are of help in ollr practice 0f property mod讯cation。f 5ilk

products by radiation P口aft c叩olymerization
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