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Study of safety performance of the 241Am丑re alarm source

FENG Gen—Sheng

(CA讯o h5zi执ze D，^l。mic西。e唧Ⅳ，Be巧拥g J口别』3)

Abstract Tlle 8afety performance of 241Anl矗rc alarm sourccs madc by 1lsing

pdwder metallur画cal techⅡ0109y has been preuIIlinarily studied．80 a8 to扎terIjdIlP aIl

allowable ma五IImm ene。gy liIIlit value of the alpha particles outgoi“g from this kiIl(1

0f sollrces in light of radiation safety and th8 preseⅡt technology The yielded results

show that 241Am leak has not been f01md when the peak ene。gy of the“pha ene。gy

spectrllm of this kind of sources is less than 4．96 MeV．
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1 Introduction

The 241Am丘re alarm source is used in the detectof molInted m a_Il ion smoke—

sensitive矗re a【arm． The detectors faU into two ki工lds，i e．．twill．source detector and

sin91e—source detector． The ionizing electric current produced by the alpha particles

from the 241Am source in the ioIlization cllaI工l_ber of the detectoT keeps a certain intensity

when there is not矗re nearby．When矗re happens，the alarm signal is given ofF once

the smoke that譬ets into the ionization ch锄nber is increased to a certain degree aIld the

i0Ilizing c11rrent m the ionization ch砌ber obviously changes． The source performance

demanded by individual alarm factory is slightly di艉rent，but the ionizing currents

produced by the a：Ipha particles of the s011rce in the detector are definitely击frjrent

when the缸e happeⅡs aIld not．The alpha particle energies(branchjng ratio)of
n41
Am

are 5．442(12 5％)and 5．484MeV(85．2％)，but the energies of the alpha particles from

the 241Am丑re alam source are lowered beca肛se there is a metaⅡic coat on the surface

of 241Am sollrce⋯． The energy of the alpha particle outgoing矗om the coated souJce

alters when the thicl【ness of metalljc coat chaIlEes The 241Am wm leak out from the

so砒ce and radioactive contaIIlination wiⅡh印pen when the metallic coat is too thm

There are two prim缸y factors that iILnuence the ioILizing ekctric cllrrent iIl the detector，

they are the alpha autput rate aⅡd the alpha particle energy of the coated source ln

0rder to keep the c11rrent tmchal唱ed，the alpha partide dutput rate must be decreased

when the alpha partick energy is iⅡcreased，whereas the sollrce舀Ving out a王ligher alpha

paTticle output rate rnust be used when the alpha paTticle eneTgy is lowered．The sources

whose alpha partide energies are 2．80～3．80 MeV were used by factories before The

FwⅡM of the alpha energy pea】【iIL the energy range of the spectrum of the source

was about 1MeV．In recent years，the users pay more attention to reduce theⅡdstaken

alaTrnjng rate． The production of tllis kind of alams is further normalized a11d the
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ma】_keting coⅡlpetition is瑚Dre intense d8y by d8y 1t becomes urgent to 1王se low activity

241Am sollrces with a better alpha energy spectrllm The“pha energy spectr啪s become

deteriarated with 10weTing the alpha peak energy of the矗弛al缸m souIces[引．The pre鸵nt

resll】ts show that the FWHM of the alpha energy spectrmn can be decreased to less than

or equal to 0 7 MeV when the thickness of the suIface coat of the source is reduced to

make alpha peak energy lligher than or equal to 4 60 MeVl⋯． M0reover，the tM皿er
the sllrface coat of the s011rce，the hj曲er the alpha energy of the sollrce，the better

the咖ha ene。gy spectrum．However，the 241Am wiu leak out when the suTface coat of

the source is too thin TherefbTe，it is necessaTy to study the safety perfbrmance of the

z41Am如e alarm sources emitting 1llgh盯energy alpha particles，which are made by using

pd、vder metamlrgical techn0109y．An allowabk maximllm e工1ergy n珈血vdue of the alpha

partides outgoing from this kind of source can be determined in line with the radiation

safety standardH aIId the techlolo舀caI condition．Systematic experirrIents on the safety

Derformance of this kind of sources ha、re be done．

2 Equipments

2．1 Alpha 8pectrum measuring and analyzing equipment

The alpha ene79y spectrm measⅢing and analyziIlg eqllipmeⅡt used for the 241Am

丘re缸am s。urce js a specid one equjpped with a special software．The eqllipment holds

a埘xed standard source c衄tailIing 241Am，238Pu and 244Cm nuchdes and a precision

puls盯(type 8210，cANBERRA，u s A)．The linearity of the precision pulser is better

than 0．4％iIl 2～6 MeV．The FWHM of 5．484 MeV山ha energy spectrum measured with

the。quipment was 17．4 keV when the bias is 150 V and the shaping time is 1ps．(2l

2．2 Equiprrlent fbr rneasuring low alpha background

The equipment for measllring low alpha back铲ollIld consists of aIl alpha low back—

ground detector，a NIM machine frame，a type 570 ampl讯er，a type 1031 10w—voltage

power，a FHl008 single-charmel analyzer，aIId a FHl仉1 scaler．The av日age backgraund

of the eqll主pTnent is o．70 counts／m主n

2．3 MeaslIring equ岫Imnt for alpha particle ou七put rate of the
241 Am丑re

alarm source

The eq证pmm￡for meast耐ng rdative a王ph8 particle。utput rate of the 241Am缶e

alarm sollrce is a special one and it is mted with a siHcon barrier seIIliconductor，a fast

pTe吼p盥er，and a fast ampMer．The dead thne of the eqllipmen“s less than 1_【工s．【4j

3 Results and di8cussion

The experiments on several major items of the s“jty perfo皿ance of the 241 Am

矗re alar工Il sources e工nitting higher alpha ener百es haVe been done in accordance with

the practical uses and the rehted demands．AU the alpha eⅡergy spectrum data jn the

f0Ⅱow血g tables are average vaIues obtailled的m five measllrem吼ts．
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Fig．1 Schematic structure of an 241AⅡl矗re

alarm source

1 241Am sourc8 piece，2 Stainle8s steel 80urce

gheli，3 A spaceo

v()11l

3．1 241Am kak exDerinlents at the

condition of di艉renc8 peak energy

of alpha energy spectrum
The present fire alarm sollrce was

made up 0f a staillless steel sheU aJld

an 241Am satlrce piece(see Fi91)． The

Diece was cut f}om an 241Am source belt

The source belt was roⅡed bv resorting

to the Powd盯metaUurgical technology

The radioactive 241Am Diece was sand．

Wiched between a s11rface coat(gold or

gold·pauadim a110y)and a silverbottom

layer㈦
Six conlmon source pieces with a diameter of≯7 nlm were used in the present exper—

iment AfteT radioactive 241Am contanl血ation and leak of the s(mrce Dieces were tested

accordjng to ch血ese national standards GB4076(sealed radioactiVe sources gen盯a1)
and GBl5849 fleak test工rIethods fbr sealed Tadioactive sourcesl，each standard source

piece was put into a sollrce sheU with a window diameter of曲5．0mm．The a1Pha enefgy

spectrum 0f eadl somce piece w粥measwed．Tal【ing out the source piece from the sollrce

Table l Energics and their FWHMs of the alpha particles outgoing from the Hre alarm sources

and 241Am 1eak testi“g data

4 71 0 59 × 4．07 0．46 × 4 06 0．37 ×

4 75 0．59 × 4．95 0．39 × 4．98 0．32 ×

6 4．71 0．52 × 4．92 0．45 × 4．97 O．37 ×

—1而西瓦可i五赢忑孤i面万五磊再再i瓦画百百万瓜忑i丽面五面鬲两百而面o
leak tests for one source piece，and×indicates池at no 241Am kak js found
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sheU and romng it agaill with a r。lling蚰U，to m&ke the surface coat thjnner and the

alpha particle energy hjgher．The radioactive kLk test of the soⅥce pieces was done and

then onc。agaill after 7 days，After the sollrce piece was nxed at a certaiⅡpositjon iIl the

sollrce sheu，the alpha energy 8pectnlm of every s011rce w越measllred．The experiments
。n every so世ce pjece were done se他ral times in the foⅡowing sequence： rolling，leak

testjng，and than me∞u血g its alpha energy spectrmn 11Iltjl the 241Am leak from the

sollrce piece was wen师rmed．The data of experiments are hsted in Table 1

The Table 1 shows that the FWHMs of alpha energy spectrllrm naTTow and the

peak ene。gjes of曲e alpha 3pect珈ms rjse after roⅡjIlg and romng．241Am 1eaks out w五en

the peak energy of alpha energy spectmm is more than 5．00 MeV．

3．2 Leak experinlents in the舳tural circunlstance in Beijing

s奴¨41Am矗地ala舢sources(havjng the sheⅡs)whose alpha peak e丑er百es be be—

tween 4 95 MeV and 5．00 MeV were chosen． The s。urces were put 0n a platfom in

a norm“1aboratory，where people go in and out often，and the active s11rfaces of the

sources were faced up The ka】(test缸g was done once every mon也，and the alpha en8rgy

spectmms of these s011rces were Ineasured at the begi皿ing aIld end of each test． The

dataforl2testsⅪemangedjll Table 2．

Table 2 Leak e3perimentaI data in the natur“circuⅡ18tance

Note：In the table，A is th8 peak衄ergy of出pha energy spectrum in unit8 of MeV；B is the

FwHM of alpha energy spectrum in units of MeV；C is the 241Am kak testing data of sources

in units of Bq，alld×indicats that no 241Am leak is fouⅡd

3．3 Humidity旺periments
si)[M1Am如e alarm sources(having the sheus)whose dph8 peak en钉gies 1ie be—

tween 4．95 and 4．97 MeV、阳re chosen．The sources were moVed i工lto a lasting temperatme
aIld hu蹦dity box immediately j工1 whjch the temperatllre was k印t at 40±20C and the

relative hurnidity wa8 kept at 90％～95％for 96 h after the somces wer8 put in a dry box

to山y for 30Ⅱdn at a ternperature of 40土5。C 241Am 1eakage aIld alpha energy spec—

trums of the sources were tested befbfe and afk叮the experiment．The ej【perjmenta】data

w耵e listed in Table 3．In the Tabk，D is alpha p缸ticle output rate(“pha particles

／second)of the 241Am矗re如rm so址ce △A is th。peak eIIergy cllaIlge rate of alpha

energy spectrm，△A=[(A2～Ai)似I]×100％．△D is the change rate 0f alpha Particle

output rate，△D=[(．D2一D1)／D1]×100％峰j．   
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Table 3 Experimental da七a for hu血dity

Vbl 1

Note：Inthe table、the Hleanin鼯0f A、B，C and×arc山c 8anle as iIl ttle Table 2

3．4 Distilled珊ter ilnnlersion ex口erinlents

Si]【241Am缸e alarm s011rces(havjng the sheUs)whose山ha peak energies are

between 4．95 and 4．97 MeV were chosen． The sources were put in to a contailler with

distiued water．The active suIfaces 0f the souIces were faced up and the 1iquid surhce

was 3 cm hjzher than the upper surface of the sollrce The container which the sources

were in was put in to a lastinE tempeTatme box afteT the containeT was covered．The

sources were taken out after the te脚erat砒e血the box wa5 kept at 30±50C for 144 11

The 241Am le a：k of the sources、舵re tested and the alpha energy spectr咖s of them

were measllred aft盯the sources have been dTied naturaⅡy．The experinlental data were

D10tted iIl Table 4．

Table 4 Di8tilled water immersion elperimental data of七he 241Am nre aIarln s叭Ⅲ

Note：In恤e table，the meani“gs ofAl B，C and×are the same as m Table 2 and tllc

meani“gs ofD，△^and△D arethe same asinl、able 3

3．5 Seawater．acetone and trichloroethane inlInersion experiments

The experimental procedllres using seawater，acetone，and tTicu。roethane in札ead

of distiⅡed water，respectively，are the s锄e as described in Section 3．4．The experimentaJ

data were separately舀ven in table 5，Tabk 6 and Table 7
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TBble 5 Experimental data for 8eawater immersioⅡ

No协：ln the tabk，thc meanings of A，B，C aIld×are地e s4me as in Tablc 2 a11d fhe

meanjngs ofD，△4 and△D arethe 8amc asin T汕le 3

Table 6 Experimental dah for acetone iⅡⅢ1ersion

Note： In the tahIe，恤eⅡleanings of A，B，C aIld×are the same as in 7Ihble 2 aIld tb

Ⅱleanmgs ofD，△A and△D arethe same a8ill Tabk 3．

Table 7 Experimcntal data for trichloroethane iⅡlIIlersi。n

Note：In tlle Table，the rneanin98 ofA，B，C aIld×are the s锄e a8’1l T扎le 2 aIld tllc

IIleanings ofD，△A and△D arethe same asinTabIe 3

4 Conclusions

The experimental data listed in’rable 1 show that the 241Am rIlight leak out when

the surfhce coaC of the source piece was too thm，that is to say，when the peak ene。gy

of alpha energy spectr眦of the
241Am缸e ala珊s011rce was higher than 5．oo MeV The

experimental data in the TabIe 2 display that the 241Am lea血fr锄the source p工aced in
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the natural circumstance iII Beijing f缸as long as a year was found when the alpha peak

energy was 4．98 MeV．The e)叩eriments for h1】皿jdity'distiued water immersion，acetoIle

im瑚ersion，aIld tri出loroethaIle岫ersion testiIlg血dicate that no 241Am leak was found

under the present experiIneⅡts condition．Howe、陀r，241Am kak from the source iⅡⅡnersed

血seawater was f011nd as the peal￡energy of alpha spectr啪was 4 97MeV．Therefore，
241Am sollrces whose peak energies of alpha energy spectrms are 1ess than 4 96 MeV

may be considered as having rnet the s如ty class矗cation test．
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