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Forward 

The research repart Is the res~Jlt af ~.~cientist Exchar,ge Program 

bet*jveen PawER ~EACTa~ AND NLICLEA~ FUEL DEVELOPrIENT 

CO~PO~ATION(PNC) ,Jnder sr_lENCE AND TECHNOLOOY ACENCY aF 

OOVERN~IENT OF JAPAN(STA) and CHINA NATION.~.L NUCLEAR 

CC*~PORATION (CNNC) Authar stayed at PNC Chubu Work.- far 3 

mon~hs,malnly Proceedlng hls research subject ' Analy.'._~'is af Uranlurrl 

SerJes Nuclldes in ~ocks /~,nd Minerlals " and its reJated 

te,ch,r,i~ues sLJch ~s chemlcal analysis ofuranium and tharlum , data 

processing [Jsing persanal comp,Jter and sa an Durlng his stay wlth the 

staffs of PNC Chubu '~Vorks, especially '~lith the members of Expl<.･r**tian 
and Minlng TechnoJo'~'y Development Sectian, aut**,or's research schedule 

'vva'.~ praceedingsmoothlyWithout any traubles And wlth the he]ps 

and guidances of advisars, he was able to make his experiment*~ 

sLJccessfuJly and exchange some ideas ,on anaJytical techniques 

~~o,t･~,e pragram wl]l benefit his cr.ming work in China 
Meanwhile, authcr has visited PNC's facilities . Hirashlma 

Peacef,JI ~lemorial Museum . Toyota Mator Corporation and other places 

The'.~e vlslts helped author's ur,derstanding greatl./ '~vlth Japane.~e 

peopJ*_-,Japan and ~er advanced modernized sclence ar,d technalogy and 

her cantrlbutian t.o the wor]d Authar ',ever forget Hiroshima,wher*~_ he 

got a great deal of knawled~es abcut Hiroshima's catastrophe at the 

atOmlc bamb explasion 47 ye~trs aga Sa ,the nuclear techn()loy~y an,d 

nuc]ear energy far peaceful use are of the mast Impartance 

ALithor believes that the further co-op***ratian between PNC and CNNC 

'lvlll be increasing thraugh mutual vlsitJng appalntments,benefltlng 

far each cther and r_ontributlng ta the peacefuJ us_e of nuclear energy He 

i~~ asJa sure t!･]at the establlshed cl*'･sed relatlanship between Japan and 
Chln~ and the frlendshlp bet,.!veen Japanese peaple and Chlnese people 

wlll be deepenlng through thls klnd of exchange program 

i 



Abstract 

This report mainly described the anaJysls of uranJum ~~erles nuclldes 

In samples af rocks and minerlal.~ ,glving detailed pracedures aba,Jt 

them The related analytlcai methods and techniques Included alpha 

spectrometry far U-2~8.U-2jl},Th-2j2 and Th-2~a, which emplayed 

anion exchan~e and TBP- tetrachJoromethane extraction methads 

separating ~ranlum and thorium fram m~trix and electrodeposltion 

methad prepar]ng ･~aurce disks; 9amma spectrametry far Pb-2 1 O,Pb-
2 1 4,~l-2 1 4.Th-234 and ~a-226, oxine-cho]arform spectrophotametry 

for total U, in ',.~hich the TBP-kerosene extractJon technique w~~s [Jseri_ ta 

separate LJranlum from ather elements; Arsenaza f f I far totaJ ~j~,wh*ere 

the anlan exc',.ange methad was essentlal to ~~eparate thoriLJm frorn other 

eJem~_nts; their data pracessin~ technici_.!Lles u'*~ing Apple Macintash PILJS 

personal comp,Jter system as well 

Meanwhile,'.~am~_ comparJsons af anaJytical methods bet.vveen PNC and 

CNNC .~lere presented And through the camparisons,same advant･*ges ~nd 

disadvantages af them were discussed herewith ~esldes, '~･-s a report of 
Sclentist Exchange Program under 5TA,samething about nuclear Industry 

Invalv,ng uranlum ~_xploration and nuclear p･Jwer eJectricity were 
mentianed 

Keywords Scientist Exchange Pr0<~ram, Analysls , Nuc] ides ,Uranlum, 

Thorium, Al pha,Camma,Spectrome~ry,Chem lca I ,Spectrophotometry, 

An lan Exchange,Extr~ctl on, Separatlon,Compvter 
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CHAPTER I INTRODUCTION 

1 i At a glance ar nvclear power electrlclty and uranium 
exploratlon In Japan 

.Japan ,as a sLJperer_ano[rlr_al natlon, consurred mor~_ than 7C,*~'* billion kwh 

electricity in 19~o[1] BLJt her resources af energies are very Jlmited , so her 

ener~ies are rrainJ+/ irrparte,j rrorr averseas , more than .'~*a~ af her total 

cansLJmed ener,~ies[ I J For eJ8ctrlcity, the dlstrTb[Jtion af ener~ies can be seen in 

Fig 1 1-1 (The data rr,orn literatLJre[1 l} abvir,_usly, nu･_1ear power electriclty has 

paia an important roJe in Japan No'.Y, there are ~2 reactars in aperatian, 1 2 

reactors under canstrlJcti_･n , I reactor under appJjcation The tr.tal D+Jtput 
capacitv reaches ~h.~5~ ,*,,,!v',:s~e T~ble I 1-1) The[~efc,re, the cons~Jrrlption of 

uraniLJm is al-_o ,~Llite large Fi,~l I --.* ,:The data frorr literatur-*"[2] ･] shov.,s the 
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Fig 1 1-1 Distrlbutian of Electriclty Pawer 

demand for uraniurr. in rrain ,.~evelo~,ed countries ,ncludlng Japan in recent and near 

future years Unf_･rtunatel,*., Japan has still not enough h^*_r own uranium resource 
There are only abaut 770C, tan(U~08 } available totall.y. The shortage af uranium has to 

bA_ imD. orted withcut exception Hawev'*_r, the suppiy of ,Jran]LJm has been unstable in 

rF~_c~_nt years Frorr Flgl 1-~ , it ._-an be seen that the producclon has been less than the 

demand of uranium slnce ~raund l',.85 In order ta er,sur~_ the stabJe suDply of uranium in 

10ng term.Japan has ta da something =Jslng her advanced sclenc~_ and te,c[･,nology , excellent 

rranagement and strong ~conomical support,whlch pro,Jide the pass:bility for developing 

sarr=e more advanced high-tech nuclear reactars s,Jch as ATR and FBR that utllize 

1 



Table I i-i Nuclear Power Ecectriclty Output Capacity in Ja pan 
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uranT,um resource effective ly because of thelr em~]oying econc~mic nuclear fuels {UO. 

&I~'OX for ATR . U & PIJ far FBR) ,Yvhir_h can be recycling us<~]ge after repro-･･.. essinf~ That is 

what PNC is doing, and a way for salvlng the shartar~_e of uranlurn [-eso,Jrce The more 

if~formatlon abaut P~C and its activlties ..-~n be frJLJnd In the literatLlre[~] af c,JLJrse, 

anather way is lc,.･klng fn..r more ,Jranium r~_so[Jrce aroLjnd the ~lobe.ca-operating '~vith 

other riations Thjs wark is belng dane at P~lC-Ch,Jbu 'vV,-_rks,which Is mainly resoons]ble 

for vranium ~/.Dloratlan in the ave[-seas ･Jr Japan Table 1 1 -2 sha'~j.- the main activities 

of uranlum expolration in recent and near future at PNC-Chubu ~.Yorks Due ta aLJthor's 

rese･'-i. rch sub iect metlaned previously, it is necessar'.' to introduce Its analytica' 

techni.･ues for gealogical mater~tia]s herewlth.,~Yhich js an irrpartant part of uraniLJm 

ex~･1,)ration technology For more Inf,~rmati･Jn ab..-ut PNC ChuDIJ Warks ,the reference af 

tnls repart car, be Jaaked ,Jp 

Table 1 1-2 Main Actlvlties of Uranium Explaratlon at PNC-Chubu Works 

covntry Praject Name ~esu I t 

Canada 
Prlucesd riery 

Dawn Lake 
Waterfaund River 

Christle Lake 

are deposit found 

Ore deposit fovnd 
Goad mineralization displayed 

Gaod minerallzatlon dispiayed 

Austral I a 

Niger 

Kinc!* 

Plateau 

Rudal l 

River Early stage 

Early stage 

EarJy stage 

Srnall ore 

explaration 

expar~tion 

exp I orat i an 

Techi I i deposit faund 

Zimbabwe Kariba Lake 

Jiang Chang 

small bUt 

China 

Braz i l Ria Fresco Not 

high grade ore deposlt favnd 

Not yet found 

yet started,under negotiation 
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1 2 Analytlcal laboratarles ror geologlcal materlals 

at PNC-Chubu Works , 
Th_*-reare5anal+1tical laboratories for analysisof geological rnaterialssuch 

as racks,rnlneraJs and ,,,,Jater TabJe 1 2-1 sho,,vs the F~) Iabs and theTr maln 

facillt7es emplo,!'ed Tablel 2-2,Table 1 2-~ and Tablel 2-~ shaw the details about 

their anaJytical items In ~11 thes8 methods ,each has its speclal features 

according to different purDoses But for uranium exploratlon,th,e analyses af 

uraniulT1,thorium ar,d thelr nuclides are very Important Sa, author's researr_h 

warK foc,Jsed an these techniques during his stay In PNC-Chubu 'w'orks 

Table 1,2-1 Labs Show at PNC-Chubv Works 

L~b l~ain Far_jlitie_s 
Refer~*･~nce 

RaCx &M ner~]s ~~na:,rsisL~ib 

Trace F. Ierrents An~]11/~is L~b 

Water AnalySis Lab 

lr*str[Jrlents Lab 

XRF La~ 

RQr_ks ~ +1nerais Testln~ 1 8b 

Ceneral 

t~er,eral 

Cer,~ral,lr..HPLC 

ICP-AES.AAS,I_1*~'-SP 

XPr , ~~P 

A.1pha.Camma.E~~lA 

se~_ T3b:e 1 2-2 

se･- Table 1 2-3 

s~e Tablel 2-･4 
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Tablel 2-2 Analyt{cal Items at Rocks & Mlnera]s Analysls Lab 

l tem Methods Ke y Words 

l, J 

Th 

U-2~S,U- 2~~ 
T~-2~2,Th-230 

Th-2~~ 
Pb-2 1 O,Pb-2 1 4 

Si-2 1 4,Ra-225 

Si02 

~12･･*~ ,~lna2 

Ti02 Ca02 rlgO 

Na20 =K20 

TotaJ re 

F*+.O Fe･~a~ 

H l' 2 O ,:~ :] 

Beta-gamrra counting 
S pec trophot am e tr y 

FJuorophot.^rreter 

Spectrophatometry 

A]pha Spectrametry 
A,J pha S pectro[TI etry 

r.arrma Spectr.･metry 
r,~mma Spectnorretry 
Garr m a Spec trom ~tr*! 

X~F 

XRF 

)*RF 

/,RF 

X~F 

Cherrical ~lethod 

Chemical ~lethod 

~lade by A.ioka 
TBP, [xtract I on,C,xi ne-choJorf orrr . 

Extractian by Ethy] Acetate 

K-~[..*03 .NaF. ,'･Ja2C03 ~lixed Flux 

F1,uorescence at 5･10 nm 

Anlan Exchange.Arsenazof I i 

Chem ica]. .~,ni,)n Exchange. 

TBP,Extr~ctian.Electradepasition 
Arn-21:1 1 . Alpha spectrometer 

Sealinr~_.+._･C,g.High P,Jre ,3e, 
Liquid Nitro,~en. Carrma 
Sp,ectrometer 

Clas-'-+ bead. Callbratlon C,Jrve 

rlethad.BG C~rrect I on.Autom at ic 

Deterrr nation 

Fea: K,'~na~ Titration 

Fe2a3: Calculatlan fram 

'~YeTght ~oss Method 

tatal Fe and Fea 

Table 1 2-3 Analytical Items at Trace Elernent Ana I ys i s Lab 

Item ~lethods Key Words 

Ag 
Au 

V,rlo,Zn ,Cu 

REES 

P20~ 

C032-

S04~-

F-

AAS 
AA* 

I C P -A[S 

ICP-AE5 

Chemlcal r(ethad 

Chemical ~ethod 

Cherr ical rlethod 

Chemica] r",~thod 

Based on JIS~~~ 
** ,:Japan IndustriaJ Standards) 

Standard Solutior, .Calibration Curve, 

Automatic Determ inat ian 

Phasphorou.- Mo]ybdate rethod 

NaOH Absorption and HCI Titr~tlan 

Oravjme tri c Methad 

Distillation and Lanthan,Jm ALC method 
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Tablel 2-4 Analyt~cal Items at Water Analy5ls Lab 

l tem rlethods Key Words 

F , Na3 Ion Chrorratagraph ~lade in vaka{~aw=~ Japan 

Br~ , S0~~ 

Cl~ , POll3~ 

Fe2+/Fe~+ 

S2-

Hazardaus Elements 
(Hg=Pb,Cd,Cr) 

P,a 

Organlc Carbon 

Autamatic _~nd ~ jmlJlt~neous Analvsis 

High Sensi t ivj t:l 

High Perfc)rmance r~ade in Shimadz,J Japan 
Liquid Chromatagraph Hi gh -*_ensi t l,~"I tv 

Automatic Anal**,sls 

AAS Standard ~ethad5 

l an i zati ,^~ n Chamb~_r ~<~S,0~ Copreci pi tat i on 

Sealed In Curle Flask 

Total arganlc ,~lade In 3himadzu Japan 
Carban Analyser High S*_nsitlvity 

*,Jt･,_mati,c Analysis 

8 



Chapter 2 Analysis of Uranium Series Nuclides in Rocks and Minerals 

2.1 Seneral Introdvctlon 

2.1 1 Uranlvrn and thorlum decay series 

There are manv literatures[~.5: jntroduced ,Jraniurr and thorium decav serle･-,tvvo 

of the thr*e nat,Jral radic,a~t] d - ~ v-*_ ecay series. Here, only givlng a few figures and 
tab,es[<l] .hawn Tn rlg2 1 1 &Table2 1-1 and Fi~2 1-2 & Table2 12. 

re5pectively Fram these ,it can be seen that lang half lif~ nucJjdes U-2~8.U-2~~ ~nd 

Th--~:3,"_ in U-series and Th-232 in Th-seriesj medlate half life nuclides ~a-226 and 

Pb-2 1 a in iJ-series and U-2~2.~a-22S and Th-228 in Th-series as well as other 

short half llfe nuclides in both serles 3re included Slnce these r,,JcJldes ~r-･... ,Jnstable. 

aJpha ar b~_ta partic*es ~r gamm~ [-ay are emitted during thelr dec*･ving as the l~~~i 
f4, jn which the ener.~ies af them are characterized b... different 

nu_~1 Ides Thls is the physlc fovndatlan or radiaactlv~ rTi~~surernent of nLJcl Ides 

2 1 2 ~lodes of radioactive decay 

As metloned abave, thF}. mades or radloactlve decay are classfied a]ph~ decay,beta 

decay and ,gamrra r3v errllssion Simply say, alpha decay is the ejectian fram th~_ 

nucleus r.f tw.･ n--_tnons ar,d t.~.o protans bound t･_gether as a He nucleus; beta decay Is 

th*e emisslan of the positive or negatlve e]ectrons from n,Jclel j ana the gamrrta 

ernission is a kind af electromagnetic radid- tion that a nucleus In an excit8d state gives 

up its excltatlon energy and return t,) the graunrJ state For more inf_･rmatlon abr_,.It this 

~h,,e 1lteratur-･._[~] can be r~_ferred t･- Flg2 1-~-., & Flg2 1-~l [4] shavv the alpha dec3y 

and an example af fine structure of alpha particle spe,ctra ; ar,d Fig2 J-5[3] displays 

the aJpha energi~s and intensities of natural nucl ides Fg2 1 -6 [･1]shows the b*-.ta deca... 
spectrum TaDle 2 1-~[-)i expresses the qamma rays aver 100 kev emitted by th~ 

uranium ,decay ser~es in e~uilibrlum ,f/ith its decay Pr,J-ducts 

2 1 3 rleasurement of rad~at~on 

T*,, e characteristics Of alpha,beta and gamma rays are ~ulte different fram ane 

another . Ieading to diffe[~ent methods or technl~*Jes But alpha and garrma rays are more 

usef,JI in analysls, the basic diagram r.f an instr,Jment f_-r their measurement is shown 

Fig2 1 -7 The basic descriptian of f,Jnction for each part can be rererred to 

literat,Jre[~] 
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2.2 Alpha spectrometry 

2 2 1 Reagents 

1 .~plke Tracer Stock solution ~ade in Francelt has been corrected according 

calibration of uranlnit8 ore standard THe chernica] candltlons were as fallows: 

U-232 Activity = 9~ 75 Bq/g ,: Aug ~, J 990) 

Valume =20 cmi 

= I 05~ glcrr,~ Density 

Medi a = 1 55 N HNO~ 

Radioactivity Equilibrium *.Jith Th-228 

Di]uted sol,Jtian The soike tr~cer ,Jsed In the e:<p~rlmer~t was the soJution 

Aug 3. 1,~~0) from the stock s,･~1[Jtlan to 5C,O ml in 2N HN03 media,which activity 
caJc,Jlated as folla'Yvs: 

A(U-2~2) =g3_75 x I 054 x 20 1500 

=~.95 Bq/ml . 

The r8lation actlvlty betvveen U-2~2 and Th-228 .~/as shown In faJlwlng 

A (Th_228) rrh-228] 
A(u-232) rrh-2281 - [u-232] 

T(u-232) 

T (Th_228) - T(u-232) 

=1 .027 

2.2. 

Cansequently, the actlvitv of Th-228 in diluted splke trac~r vvas 

A(Th-22S) =1 027 x ~ 95= ~ 05S ~q/ml ...... 2 

2 HNa~ , aN.(~+1 1) 

~ HCI , 10 N, 5 N,( 1+11) 

~l HF 
5 HCla.1 

6 H2S04 .(1+19) 

7 HN~ H2a ( 1+ I ) 

ta 

diluted ( 

waS 

22 1-1 

1 -2 

2 1-~ 
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8 NaN0~ .(50~.) 

9 TBP-cC1~ . CIC,~:.) 

10 Thymal ~lue (i.' 19~.* jn alcohol) 

1 1 Strang A.nion Exchange Resin : 

ProdLJct lr,formatian was shovJn as rallaws: 

L.~atalog Number: A.,･~ I x8 

lonlc F･,rrn: Ch, I orl de 

DrV ~lesh Size: I C*0-20a 

Did- met-*.r(m I cron): I *~5- I SO 

T,ota] r_apacity(meq!ml;: 2 6 

C3pacit.*.Cme~i'ml): 1 2 

~aist,Jre Cont~_nt[~l,:~~-~8 

Densit:/(gm!rrll): r* 75 

A11 r-*agents used in the experlment were anaJytical grade 

2 2 2 Apparatus 

1 C*..-r*eral chemical analysi-_ apparatus,but speclal exchange column,shawn In rig2 2 2-

1 

2 Electrodeposition system: Shown in rig2 2 2-2 

~ Alphd- spectrameter ~lade in SEIKO Er.&G=Japan ,sha'~vn in Fig222-~ , In which there 

are P･ semicanductar radiation detectors vvhose specificati,^_ns are as rollows :( I } Active 

areaCnarmal) ~150 mm2: (2), ,~.]Dha [-esoJ[Jtlon at 5 486 Mev :N.'A kev;(5) Noise width : 1 5 7 

Kev:,:~) Shapin~ tirr-*_ constant : O 5 us, (5) Sensltive thickness :1 OO microns :(5) 

Operating bias : I OT*' .~.oits; (7) N,~rminal resistivity :3 S kj (8) Electrode thlckness :AU 40 a 

ugrr/crn2,AI 50 O ugm.'crr2; and each twa detectors 3hares a I 02~-channel pulse height 

analyser and Its r*_1ated parts 

~ Am-241 standard source disk: ~ade in Arnersham International plc.UK 

Detailed description is given in the APPENDIX A af this report 
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campose(i ceu 

plati!lum A!Lode e 

screw 

1 

~-8T~'L 
i 

II 

SliL 

~ 5mrrl 

Assembly 
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(~25 ) 

Stainless Steel 

Disk Cathode 

lll System Cross Sectlon Vlew 

(~ 7! 15 ) 

Pt Anode 

a. Cross Section Diagram 

((hY20,30,32,40 ) (~22,30,42 ) 

Cylindrical Plastic Stainless Steel 

Cell Cylinder 

b. Outward ¥liew from Top 

(~2,4,30,43) 

Upper plastic cup 
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Flg 2,2 2-3 Alpha Spectrometer at PNC-Chubu Works 

SEIKO EG & G ( Outward View from Front ) 

NOTE: 

MCA 
switch* 

PUMP 
switch, 

CUMP. 
,switch 
in the 

back 
of it. 
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2,2 3 Chemlcal procedure 

;~,s described in (:~ 1 ~, chernl,,_-al treatment ha･.- to be perfarm~_d for ~lpha 

spectrornetry In erder ta separate and enrich ur~nium and thorlum rrom othpr matrlx. 

eiefTents About thi~=there have been many meth,o,Js[~.S,5] de,Je]opF~.d However,the 

b<･-Islc pr=0cedure Is sirriliar , including s~mp]e decomposition, separatlon and 

preconcentration as well as source preparatlon Far sample decompositlon , apen 

mlxed acl~s <jjgestlon and mlx8d ammanium salts rlux[~J rrethods ar-*_ [Jsually used In 

the e･. periment here(P~JC-Chubu 'YVarks), the forrrler was emplay~*-d And f,.･r 

separ~ation and prep3ratlan , anion exchange , salvent extraction and e'!,tractlon 

chromatograDh rr:ethods are usually used In the experiment here, the strong alkaline 

anicn exchange resins ,: AClx**. ) '~*.+er~_ used to seDarat-*_ ,:..~1-farm) ur~niurr 

fract~cn from thorium fraction ar:d separate(Na･,_ --form) thoriLJrr from ather 

elements In th..^rium fr~ctlon ; TBP-r_C14 extractior~ ,./as used ta separate ,Jranlurr 

frorr _~ther elements in uranium ffactlon The sep"(1_rat-*_d U-,::antained ･-olutlo'-, and Th-

canta~ned solutian '･vere precancentrated b,y, mear,s of e,Japofacion rin~ll,:,', iJ-s,J-urce 

,~jsk and Th-s"*=Jrce dlsk vver*_- prepared usin,~ ~-1ectrodepasition technlque ,,./hich Is the 

carrmon mehtod f,~r source preparation ･Jf tJranium and thorlurr Th~_ d~talled che[Tlical 

procedure 'Yvas sh~wn in Fig 2 2 ~-1, ir, which s*"rre speclal descrlpfl~ns w~r 7jAn 

as follo*!!s 

l. About sarrl,ples and decomposltlon 

SampJes rTlust be powdered to more than 2r.,~ mesh In arder to decampose 

completely The '~veight ,Jsed(V/) shaLJd ~~ estlmated aL..-cQrding tO the trace spik-*_r 

activity(SPA} and the the estlmated cont.･+_r,t of uraniLJm(SC) such as f[-c,m beta-garrma 

countir]g rnethad as fallowTng farmu]a: 

W(g)=81 x SPA(~q) /SC(ppm) 2 2 ~-1 

~,jher8, the caefficient "SI " is the the uranlurn ccntent af I S~ radiaactivity intensity 

If samples cantain more silica , the dec,ompositlan shc,uld be repeated 2 to 3 tlmes, 

other,~Yise the result wo*Jld be shifted alJt 

If Preparation af exchange columns 

1 ) Resin treatrrent 

a) ComrflerclaJ product ACI ,":, 8 resln 500 g was po,Jred inta ~-1lter beaker 3nd 

!~ L ･+･eionized ,*vater(later simply called vvater) 'was adaed Into and rrlxed [Jp as ,!Jell 3s 

the upper clear wat8r taken away 
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b) 120 g ~aOH was taken into I L ~/ater and mixed [_Jp ta .~et NaaH solution,then 

paured inta the frlst beaker(3) Ioade.j with resln and mixed up,then the ,Jpper clear 

water re_moved 

c) HC1( I * I ) 2 L .**jas added into r_he beaker(a) and then mlxed ,Jp as well as the 

upper r_lear water remov*_d 

d:, 2 L water was ~dded Into the beak~r(~) and [Tlixed up and then the upper c]ear 

water rerrloved This preced,Jre needs repeating ~ times 

･,.-) Ade~,Jate water was added into the beaker(a) for storage 

2) f*~1-forrr column 

a) Prepare 1,0cDlumns andclean thern A11 ~istons shouldbecoateda layeraf 

vaccum sillcone grease 

b) P[Jt a lay'-~~-r of ,~lass v~aol Int.･･ che b,~Ct.･rri Of each ,column and .vvash them ,.~!Ith 

water several times 

c) Load the resln prepd. red In [1 )J to t,~e half llne of each c_^iumn and th-*.n wash 

down the r~~sln fr,^*m the upper slde of the co]lJmn w]th ,*Yater 

d) Put a layer of glass '･.jor_1 on th~*_ up~e[~ side of the r~siri and tight It= then '~lash 

each r_aJumn ~~*ith water a fe'･.j tlmes 

e;, Pr~pare Hf...~1 (lO M;, 50 ml In 50 ml-be･-ker, then fristlV, ~ ml ,~Jf Tt .~l~s 

paur*_^,j Into the colurnn,fin~ll,!' the left 45 rr.J was poured inta th._* u~per cup of the 

co]urrn Aft*-r the sallJtion passing, the CJ-far~rr r_rJ]umn w･.s ready to use just like the 

sho'~v af Fig22~-1 

') Na3 form co]umn 

a) ~epeat a)-d) procedure af the r_1-r,~fm c,^-]lJmr] above 

b) Prepare HN03 (S ~) 50 rrl in 5a rrtJ-beaker, th-_-n frlstly, ~ ml af It was 

paur8d Intr~ the cal,Jmn,fir,ally the left 45 m] ,,1'-s poured into the upper cup ,,f the 

co]umn After the s_~1,Jtion passing, the ~Ja3--forrn column '~!as ready ta use just llke 

the show of Fig223-1 

lll. About electrodepositlon 

The electrr.d8positlJ-n system Csho'~vn in Fi~2 2 2-1 ) shoud be asserrb]ed before 

use and disintegrat8d ta was~ after electradeposltlan The p]atlnum anode shaud be set in 

the center af the cylinde~caJ pJastic ceJ1, and the electric current sho,Jd be checked and 

adJusted ta preset value during the electrodeposition ~ut <,t the beginning, the electric 

current mav be less than pr^*_se_t value,in this cas*_-, it is nat necessarv to adJust 
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Flg 2.2,3-i Chemical Procedure for Al ha S ectrometry 

c.c 

Sample 0.1-1.0 g 

~--* 
Bake at 7000c 

for 0.5 hour 

M F. 

! 

Pt 

~--

r70)1 Water 2 ml 

After cooling, 

transfer into Pt 

dish 

: DiSh 

J 

~) Spike tracer 

U-232/Th･228 

HNq3 10ml O 

HFloml ~) 

HCIO 3ml 
5 

1 ml 

Pt Dish 

Pt Dish 

Decomposition 

Sand Bath 

! (go on to next page ) 
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! ( continued on previaus page ) 

Pt Dish ~~~ Dned UP and coamn9 

! H a ( 10M] Io ml 

Pt Dish: 

} 

Pt Dish 

Decomposition 

Sand Bath 

} 

Pt Dish '1'~ Drledupandcoolln9 

! H Cl ( IoM) Io ml 

Pt Dish: 

! 

Pt DiSh 

Dissolution 

Sand Bath 

J (goontonextpage ) 
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ed　on　previous　page　l

Coollng

Filtratlon

Porous　silica　piate

U－f『action

　　　マ～

o伊蕩♂‘

Wash　coIumn　w醗h　HC1（10

M）50ml（5×5timeswash
Pt　dish，25ml　store　　in

upPercupofthe　column）

Anion　Exchange

AG　l　X8CI－form

Thηf『action

　l　I

Beaker

　↓

Porous　siIica　plate

レTh－fraction

（9・ontopage32）

∪イraction

日utewithHCI（0．1M｝
　　　　100mI

AniOn　ExChange

AG　l　X8CI・form

　　　　　　　　レ

→唱＝＝＝＝

　　　　　　　　↓

200ml・triangle

　　beaker

（goontonextpagel
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U-fraction ( continued on previous page ) 

O 
- ***= 

J 

} 

l 

I 

I 

l 

l 

l 

I 

I 

l 

l 

l 

I 

Dired up and cooling 

HN03(3+1 1) 30 ml 

Dissolution 

NaN03 (50'/.) 15 ml (~) 

TBP-CC14(10'/.) 20 ml O 

( go on to next page) 
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~) 

NaN03 (50'/.) 20 ml 

( go on to next page ) 

Aquous 

organic 

~'~ 
1 

s'F'2 

(~) 

! 

J 
( continued on previous page ) 

Shaklng for 5 minutes 

y 

sf.1 

I 

l 

l 

TBP-CCI (10'/.) 10 ml 

Waste 
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J 

( continued on previous page) 

~) 
HCI(1+1 ) 30 ml 

~F.3 

S.F 2 

Shaking for 5 minutes 

In a shaker 

Aquous 

Organic 

Waste 

Shaking for 10 minute 
1 n a shaker 

O 
S.F 3 

@ HNq; 5 ml 

~) HCIO I ml 

Aquous 

Organic 

Waste 

Beaker 

Beaker 

Sand Eath 

! 

( go on to next page) 
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! 
( continued on previous page) 

OIKerB*ake* Dlred up and coollng 

H2S04(1+19) 10 ml 

Beaker 

Beaker 

Dissolution 

Sand Bath 

2 N 'H20(1+1) 

! 
After cocling, PH 

adjustment 

O 
Thymol blue(0.1'/o in alcohol ) 1 drop 

(~) H2S04(1+19) 

1 minute before 
terminal, I ml 

NH3･ H20 (1+1) 
is added . 

(U electrodeposited disk) 

Beaker 

} 

Solution's color from pink Oto sllght 

yellow~), then to pink ~) again. 

f 

Wash with water 
and make dtyness 
then bake for 5 

minutes on an 
electric furance 

(1200w . OK ! 
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Th-fraction ( continued on previouspage3 ) 

I 

Beaker 
Dired up and cooling 

! 

HNO (8 M) 5 ml 

Beaker 

Dissolution 

Sand Bath 

+ 

Porous silica plate 

~ 
X 
CQ 
Q, 
CCl 

lll 

l I ,, 

Itjl 

l 

After cool ing , transfer into 

~i 
~ 

~--
wash with HN03(8 M) 50 ml 
(5 ml X 5 times for beaker, 

25 ml store in upper cup with 

porous siiica plate). Flow rate 

0.8-1 ml!min. 

Anion Exchange 
AG IX8 , NO~-form 

Beaker 

Waste 

! 
( go on to next page) 
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Porous silica plate 

O 

@ 

HNCb 5 ml 

HCI041 ml 

! 
( continued on 

Beaker 

previous page ) 

Elute wlth HCl( 6M) 50 mL 
Flow rate 0.8-1 ml/mln. 

Water 5 ml 

Beak8r 

Beaker 

Sand Bath 

Dlred up and cooling (ll,".***' 

H2 S04 (1 + 1 9) 10 ml 

Beaker 

! 

( go on to next page) 
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( contirlued on previaus pagG) 

Beaker 

Sand 8ath 

N ~- ' H20 (1+1 ) 

! 
After cooling, PH 

adjustment 

~) H2S04(1+19) 

O 
Thymol blue(0.1 '/. in alcohol ) 1 drop 

Beaker 

! 

Solution's color from pink Oto slight 

yellow~), then to pink (~) again. 

1 minute before 
terminal, I ml 

NH3･ H20 (i+1) 
is added . 

E~L. _J~i + 

5v 1.2 A 

Electrodeposition 
1 20 minutes. 

J 

( Th electrcdeposited disk) 

Wash witb water 
and make dryness 
then bake for 5 

minutes on an 
electric furance 

(1200 w) . OK ! 
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2.2.4 rleasurement 
The measurement included measu'[~*_m*_nt of backgr,Jund ,calibr~tlon af efficiency 

af deter_tor uslng Am-241 standard s,^._urce disk , measuremen, t af sam~le and their 

data pracessin~(In the later of r.his Cha~ter and f..~hapr.~.r ~ ,mor~*. detaiis '~.ill be given 

) The procedLJre ,ori it was sho'~vn in ri{~2 ･-5 [n arder ta T~,et carrec~. result~, the 
followlng*-* should bp_ paid ~tth,.ntian to 

1). Countlng tlme 

[n order t･J maintaln the counting error o,･~ing to th~= statl-_-ti･_s at l~?., nur_1lde 
peaks In the alpha sp'-._ctriJrr must r.[_'ntaln 100t."a cavnts And the c_~untir,g tlm~ 

requir*_d far such .-f.atistics depends c,n the activity of the source ar th~_ contents of 

uranium and thoriurTl ~].~a,fc,r natural samples, the r_0+Jnting tlrre should be at leasc 

l 0,00 m inutes M"*_an'Yvhile, the blank so,Jrce for backgrr_und shoud be c,'_ur,ted 

regLJlarl*r' far more char th~t r.irre Of caurse, th~ Ion~_er,the better 

2) ~leasurement of background 

he rn~~9[Jrement of background .s ".*sseritial,becalJse the noise In th~_ 

detector,ancl 1lar':/ electr_-nlc and incid~ntal cosrric raV strikin,~ f_rle deter_tar ~.!i]l 

cause fixed background, and recoi] r]*Jclel drif_ ng across the gaF-' b"~~_t,.Y~en th-H_ 

source an*j the det~*.ct,J-r ,.Ylll ca,Jse '~'ariable back~roL]nd Th-*_ mo.-.-t corrm,-_n recoil 

nuciei are tho.-e ef U-232 splke dau~nts.Th-22.S.Ra-:i~~2~}.Rn-22,~1_ and ,^~ther-. '~jhen 

lc,'.v activlty 5arr}~les are c,~,_unted, blank sc.ur_-es ~re ne~*_ded f.-ir the precise kno',fJled~e 

of varlabl~_ back~raund due ta errbedded recail dlffer. Far backgraLJnd measurement. 

the ..-"-,Jntir}g tim'*_ should be ~t l-*_ast 1 5 +,ours fn Che experim*_nt, th~ countin~ time 

farbar_kgroundvYas abo,Jt l..~_^,haurs 

~) Calibratlon af efriclency of detector 

A]pha sp~_ctrr.metr,, for ~uantitatlve anavsis rnust be k~c,vvn the intensl ~ of alpha 

ra,!' But the s･~), ectr,~rrieter r,_nly records the cauntlng ratlos for each channel ff the 

flJll peak area nee･.~ to be calculated as th~ intensity af the alpha ra,.,, th･_ efficiency 
of the detect,~r used mLJst be konwn. G*,.-nerall:~. a standard source , of ,v!hich the 

ener~i~s and ac.]vlCies af ,~uclei are knawn, is employed to calibrat~ the detectar,:s) 

fn the experirnent, Am-2~1 standard source vvas used From the measuf8d spect[-urr, 

the efficiency of detector and its errar as vvell as [he res,J-Jutian can be obtair]e,j (In 

the later of this Chapter= rror8 detalls can be seer,) 

4). rleasurernent af samDle 

~Yh~~n above prrJcedure perform~d, the measvrement of sample is ,~uite 5imple 

~ut the coLJntin,~ tlme must be enough just metianed above_ The spectrLJm can be 

gotten alJtorraticall*!' b*y. the spectr~ameter 

35 



Power On 

1., f)f)wH.r '~tlpPl,/ '2., Relay '3J MCA 

.~] ~ill 'J) Hl Jh, vol tage *6) Vacuum pump 

Back Ground Measurement 

(1. 

[.7 

[: ~_*, 

L4; 

~~, 

6.::, 

1 7-;, 

Er Is~. MCA d~,,a ;:1 Turn vacuum switch 
St~rt coLJnting iGr mare than Iday then 
Personal computer pcwer ari 
Set prograln and data disk 
Displ~y MCAX-SEG*/ (:X= I -4. Y= 1-2) 
Laad alpha '.~pectrum to computer 
Save spectrum to data disk 

Samp I e 

stap 

Measurement 

Determinaticn af Efficiency 
and FW HM for Each Detector 
by Am-241 Standard Source 

fl;l 

[ 2;I 

*+ 3) 

':.4. ,I 

f'6jl 

*::rf 

f::~:I 

1 Repeat 

Turn vacuum switch 
Set ;~-iectrodepasi ted disk on hclder 
Turn vacULJm swi tch 
Erase MCA data "~ Start counting for Iday then stop 
Display MCAX-SEGY ,(X= 1-4, Y= 1-2) 
Laad alpha spectum ta computer Repeat 
Save spectrum to data disk 

Peak Area Ca lculatian 

t:1,l 

1* ~*l 

r3 'I 

!'~,l 

1:5::!' 

(6 i' 

printer power on 
Load aiPha spectrum fram data diSk I:~: c:f::f {: !T~i::: :1:~:~: :f ;~~f ~~! :~{ If:: 

Chaose colar for th_e RCI area 
R~epeat~fro~ f:~' tc) ':'5;' far ath.er peakS ' 

+1vn by prlrlter 
and i ive tirrie'on data sheet 

d i sk 

and I ive time an data sheet 

Repeat for al I samples 

:' T' 

,4 

:T 

and detach e!ectrodeposited disk 

l Pr inter r..: Computer :1~･.,. Vacuum pump 
High val_ta9e .5) Sin :._6', MCA 

: Re[ay ~_.= Pcwer supply 

Flg 2.2.4-1 Procedure of rleasurement for Alpha Spectrometry (J5- 36) 



2.2.5 Analysls of alpha spectra ar!d calculatlon 

From the m~*_asurement, three kinds or spect[-a , backgraund spectrum, Arrl-2･11 

standard spectrum and samples sDeccra(an ^*_xample sh.･vvn in APPENDf'/: B) . wf~_re 

abtaine,J and sav･_d in tne floppy disk ,Jf persanal comDuter which cQnnected wi th rnaln 

systerr af alpha sper_trameter Usin,~ the software errplayed , the data af peakS ar 

nuclei In the rer~ion of inter~st(~Ol) ,of The spectr,Jm displayed. 3,Jch as counting 

tjrr:~ peaknumberstart h - , , , , c annel,stap channeJ,peak c,_unts, fnt counts and net 

caLJnts(that means the background has been rnln,Js rr,)rr Int counts), can be printed 

o,Jt These data wiJ1 be Drr,_cessed ,Jslrg anather pe['s.~nal c,_'rrputer systerr 

(lnde,~entent from alpha spectram8ter) At PNC Cbubv ~./orks, the r~3cint_~.sh Plu5 was 

used For mar^*_ nformation aba,Jt It. see ~~h~pter 5 

1). Efflclency calculation 

Thp_ ~_fflclency (E) r_alculatl,J-n Is based an f,~llo'~!Ing formula 

E(~i;)=( ps/t  Pblts) x (1ao/A) x (100/B) .. 2 2.5-1 
s 

vvh~r~ Ps Is Peak Counts frorn f:~.m-2~1 st~n~ard spectrufT1 in Arr-241 channelsj 

ts Ts Am-241 Counting Time(sec); Pb is Sackground Counts frc,m 

'･'~d_ck,~roLJnd spectr:Jm in ,~,m-2~1 channels; tb is Backgraund Caunting 

Tlme[sec:]:S Is Branchlng Ratlo; A is Activity af Am-241 standard on 

covnt8d date , c~l~ IcuJated as f,~_llawln~: 

A=Aa e- (In2/T) x t . .2 2 5_2 

wr,ere, Ao is the Activjty of Am-241 on certlflcated date j 

T is Half life,:sec) ; and t is Tlme(sec) from certificated date to caunted 

date. The er~ror of efrl,ciency(dE) Is expressed as: 

,,Jhere, 

l Cs error 

dE=E x 

dA is the erra[-

expressed as: 

SQRT[ (dN/N)2 + 

,~f <'-]ctlvltv af 

N=Ps/ts 

dN= SORT 

A,m-2~1 1 , 

- Pb/ts 

(Ps/ts2 ~ 

(dA/A)2 J 2 2 5-3 

N is the net counting ratio and dN is 

Pb/ts2) 

2,2,5-ll 

2.2 5-5 
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According to abave expressions, the computer program,whlch can give the all data 

required , can be rrade using rlicrasaft F_xcel applicatian saff.,.lare 

2) Relatlon between energy and channel 

Still using A,m-2~11 standard sper.tr,Jm, ther~_ ~r e ~ impartant alpha partlcles 

whose ~*_nergles are shown in (Table 2 ~ 5-1 ) And from the sper_trum, the peak channel 

number of each fIJJI energy Peak can be read , then using the data to rrake a calibration 

curv"_ between ~_nergy and channe] The calibration curve should be a line8r curve ,l~hich 

can be expressed as: 

Channel-a+b Ene[~~y 2 2 5-~ 

Of COLJrse ,the eQ,Jatian r_an easiJy be ,~bt~ined 

Table 2 2,5-1 Radionucllde and Its energles 

P,adlon,JcJjde energies+:Mev) rlJl I ener,~ies(rlev) 

'~,m -2/1 1 

C rr - 24~ 

pu-23'~ 

5 ~142( 1 2 S~) .5 ･48~(8=. 2~~*) 

5 783,:23 6~) ,5 8a6(75 ~~~) 

5 1 o~( 1 1 ~~:],5 1 ~2( 1 5~).5 1 55(7~~~) 

5 453 

5 80 l 

5 1~7 

3) Resolutlon of detector 

rram the Am-2~1 standard sper_trum ,the resalution ad detector can be calculated as 

folJows: 

R(o/a) ~~ X 100 2 2 5-6 
= E 

where , ~:~E represer,~s the energ'/ a' F~,'HM, E representstneenergy in 

the larges~ distribullan of a]pha oar~icles ,sho*,!n il Fi~2 2 5- 1 
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Counts 

C 
rr]ax 

1/2 Cmax 

Energy(CH) 

Fig 2 2 5-1 ~esolutlon af Detector 

4) Actlv~ties of nucJei arid their errors 

hcc.Jrainq to the relati.-r}b~_~,..!~*_en er,er~y zt d ,:hannel [~beve ~~',] rre Knawn 

3ner'~les' inter~ested ntJclel can b,e p~*'._te~ in ~he alph~ 5pectrurr of sarrple and ･･_11 

r･~*lrejd taJ*Jst rre ore abJ-vec-･*nbe rint~do[Jt Then frr_m ~has*_ data , the 

l~jJowT-g caJ Iat In rrr lae Lfr~rn F)rnlul3 ' J ~ to )c; 74, vrlcr arp 

~asv to be rrlade a corrputing Pragram ,JSI g ~l rrJs,~ft Exc--1 ~pplicar_ion software , 

r_~n be aperated In the r~aclntosh P'Ius p**rsonal .-+c,rnpIJ~er s'y.*terr And rir,all*.,,the 

resLJltS can b8 disolzye~ ~~ the screen or orl[',,_~.d ,~ut in the l.~ser'/,riter The sy,Tlbals 

used in the farrr,J;ae '~ver~ l:st**~ In Table ~ ~ =~-~ 

2 2 6 Results 

*he efriciencies of the deter_tors =Js~_d ,.ver~ 3ha'~vn in Table~2 ~:~ 5-1 The 

r~latiori bet,~.jeen ene[~,~ies and ch3nnels '!J'-_-r~ ,~l'.!e=1 ir. Fig ~~ 2 5-1 And the 

ana]yticai resultsof 15rocksandrr nerals samp~es '.!hich /'[~ ~k n f rr hlna 

were listed in Table 2 2 6-2 
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Table 2.2.5-2 Symbols used rrom Formula 2.2.5-8 to 2.2,5-3~ 

Symbals ( I ndex) Explanation 

A+++ 

h -+*/ ~~}*~'~ 

B#T 

~Un 

SRa~ 

~Thn 

BThT 

BUn 

BUT 

DTn 

E$$$ 

R&&& 

Thn 

ThP,n 

ThT 

Thppm 

Un 

URn 

Up~m 

UT 

VaL 

WT 
v*(~) 

"t=U,Th 

n=2,･4.P. 

n=0,2,S 

n=2,/1,S 

n= 1 

n=2 

n=~ 

n=~ 

n=rJ,2,s 

n=0,2,s 

r}=2,~l,i*. 

n=2,~,e 

#=U,Th 

Actlvjty (~~/g)of nuclide "## 

Activitv (~~!m]) of nuclide ' *** ' on date "r~)* r_~f._~" 

Background caunting time. of nuclei "#' 

Backgraund count.- of u-2='･.n 

B3ckgra~nd c,J^unts af Ra-224 

~ack,~rouna caunts af Th-230.Th-2~2 and Th-228 

Back,~raund r_olJntlng tlme ,~f Th-fractian 

Sackgr,~und caunts af [J-?_~n 

Back~round r_auntlng tirre(sec) of u-fractian 

Certified ,date Df s**~ike tracer 

SamDle weighing date 

u-Th separated date 

Caunted date af Th-fraction 

[rror of phys,c it~_rr "S$$' 

Ratl*J ,~f physic item ' &&&" 

Peak counts ~f Th-230.Th-2~2 and Th-22a 

C_.-untrate af Th--23a.Th-2~2 andTh-223 

Counting tlme(sec) *'_f Th-fractian 

Th cantent(pprn) in samDle 

Peak caunts of [J-23n 

Countlng rate ･-f U-2~n 
Ucantent~ppm) in ~ample 

C_~unting time(sec) ar U-fractian 

Added volvme(ml) of spike tracer 

Sample *.!eight(g) 

Chemicalvieldaf' ' ' 

3g 



In2 

AU-2~2/DT~ = A U-232/DT 1 x e ~ ~6525x71 79 
X(DT~-DT I ) 

.2.2.5-8 

In2 

A Th-2281DT2 

A 

l 027 ATh 22~/DTI x e ~65 

In2 

ATh 2281DT2 >( e ~ ~6525 * 1 

US SU8 
U~8= 

UT BUT 

U4 SU4 
UR4= 

UT SUT 

U2 ~U2 
UR2= 

UT BUT 

ThO BThO 
ThR0= 

25 x 71 7g 
X(DT2-DT I ) 

X ,: DT4-DT 2 ) 

2 2 5-9 

Th-228/DT~l 

ThR2= 

ThT 

Th2 

~ThT 

BTh2 

91 ~ 

2 2.5-1 { 

2 2 s-1 2 

2 2 5-1 3 

2 2,5-1 ll 

.2,2. 5- 1 5 

2,2.5- I o 

ThRa= 
Th8 

ThT 

ThT 

Th2 

ThT 

BThT 

5,5x Ra4 

94 5 xThT 

BTh8 

BThT 
.2 2,5- 1 6 
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　　　　　　　　　Th8　　　　　Th2　　　　　5，5×Ra4　　　　BTh8

EThR8＝ThT2＋ThT2＋94，5×ThT2＋諒・・一2・2・5－17

　　　　　A　　　　　　　　　　　　　　　〉OL
　　　　　　 J－238ニuR8×Au－2ヨ2／DT5×　　　　．．．，．，．2，2，5－19

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　UR2×WT

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　〉OL
　　　　　Au－234＝uR4×Au．232〆DT3×　　，…．，2．2．5曹2。

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　UR2×WT

　　　　ATh－232＝ThR2xATh－228／DT4×〉OL．．．．．2，2．5『21

　　　　　　　　　　　　　　　　　　　　　　　　　　　　ThR8xWT

　　　　ATh－23・＝ThR・xA下h一228／DT4×〉OL　…，2，2．5－22

　　　　　　　　　　　　　　　　　　　　　　　　　　　　ThR8x　WT

　　　　　　　　　　Th8

　EThR8＝　　　　　　＋
　　　　　　　　　　ThT2

EAu－238＝Au－238×

Th2
　　　2＋ThT

5，5×Ra4
　　　　　　　2
94．5×ThT

　　BTh8
十

　　　　　　2
　　BτhT

，2，2，5－2」

　　　　　　　2　　　　　　　　2
∪2x　BUT　＋BU2×UT

十
∪8×BUT

2
　　　　　　　　2
＋BU8×UT

　　　　　　　　　　　　　　　　　2
（∪2×BUT－BU2×UT） （∪8×BUT－BU8×UT）

　　十2

，2，2、5－24

EAu－232

A2
　∪一232〆DT3
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EAu－234＝Au『254×

　　　　　　　　　　　　2　　　　　　　　2
　　　　　∪2×BUT　＋BU2×∪丁

　　　　　　　　　　　　　　　　　　　　　2
　　　　（∪2×BUT－BU2×∪丁）

EATh一一23・＝ATh一2ヨ。×

　　　　　　　　　　2　　　　　　　　2
　　∪4×BUT　＋BU4x　UT
十

　　　　　　　　　　　　　　　　　　　2　＋

　　（∪4×BUT－BU4x　UT）

　　　　　　　　　　　　　　　　　，2，2，5－25

EAu一一232

A2
　∪一2」2／DT3

儒8）2・論×、鷲Tlf譜1，・（等，，，

　　　　　　　　　　　Au－234

　　　RAT48＝
　　　　　　　　　　　A
　　　　　　　　　　　　U－238

ERAT48＝　RAT∠18x

一

　　　　　　　　　　　　，2，2．5－26

UR4
　　　　　　　　　　　2，2，5－27UR8

）2

　　　　　　　　　　　2　　　　　　　　2　　　　　　　　　　　2　　　　　　　　2
　　　　∪8×BUT　＋BU8×UT　　　　U4×BUT　＋BU4x　UT
　　　　　　　　　　　　　　　　　　　　　　ナ
　　　　　　　　　　　　　　　　　　　　2　　　　　　　　　　　　　　　　　　　2
　　　（U8×BUT－BU8x　UT）　　　　（∪4×BUT－BU4×UT）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，，2．2，5－28

　　　　　　　　　　　　　　　ATh－230

　　　　　　　RTAO4＝　　　　　　　　　、，，，＿．＿．，．2．2、5－29

　　　　　　　　　　　　　　　Au－234

ERTA・…TA・4・隠・（笥2・・一

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　42



l OOOO x UR2 

YU(~.)= EFU x VOL x A u-232/DT3 

10000 >< ThR8 

YTh(~)= EFTh ~ VOL X ATh-228/DT4 

Upprn = 81 x Au 2~3 

Thppm = 247 x ATh 2 2 

, . .. 2,2.5-~ 1 

.2.2,5-32 

..2,2.5-~3 

, 2.2 5-34 



Table 2 2.6-1 EfficiBncy and Deviation of Deleetor Us,ed in PNC Chubu Works 

~r 
~r 

Am-241 

PeaJ( CH 

120 

1 20 

525 

G29 

626 

6s8 

Half life ear 

Aceurac 

Peak Counts 

1 325 

1 226 

1 027 

1 202 

INT 

433 

2 OO'/* 

Counts 

2.3- 66 2 

24054 

221 1 1 

23546 

N ET Counts 

23635 

23972 3 

2lg84 3 

23468 5 



Y 800 

700 

600 

500 

400 

300 

200 
3 

Flg 

4 

2,2.6- 1 

Energy(Mev) 

Relation between 

5 

energy and 

e 

X 

channel 

E' 

e 

I 

e 

CH of PHAI -2 

Ch Qf PHA 2-1 

Ch of PHA2-2 

Ch of PHA3-1 

y(PHA1-2) = 

y (PHA2-1)= 

y(PHA2-2) = 

y(PHA3-1) = 

775 + 

741 + 

816 + 

775 + 

282 Ix 

24g 7x 

28Sx 

261 Ix 

R 

R 

R= 

R 

1 

1 oo 

1 oa 

oa 

1 .oo 

Lr) 

~r 



Table2．2、6－2 CaIcuIaIed〈ゆha　　Dala

婁ampleName ！1 21　　　　　3 4
EJB2D－85　　　　　　　　　　　　　　　　rEJB21－85， GSS4

　　　　　　　　　　5GSD－11

　　　　　　　　a95Ger［山ed　Ac”〉i1V　o『　Spike　Tracer Bq〆ml
3、951E』B1陥3 95卜

3．95 3 95

ErrororC舶iligdAc廟匙y Bq！mI Q 2D 　　　　o2D 　　　　O2Q 0 20 O 20
Cedilied　Da侑 M D Y 8／3！90　　8！3〆9DI　　8〆3190 B！3〆90 8〆3／go
AddedV。lume・ゆIkgTr㊧cer m　l 可 OO 　　　　　　　1．OO　　　　　　　　I 00 1 00

1．〔｝O

量遡曲
Weighr q 1．00265 1

00751　　　　1 OD435 1QO369
1．OOG97

U・Th　Separaled　Dale M D・Y 10、’13〆92 1D〆1］ 〆92　　　　　10／13／92 1D’13／92 10／13／92
CGunled　　Dala　　Q「　U・lracれon M、D－Y 10／28’92 1D／28／92 　　　　10／28’「92 10’ 28ず 92 10／29戸一92
Counled　［〕are　ol　Th lracrion M D Y

11／2，・「92 1”4！92 　　11／4’92 ”〆4〆92 11、一 6”92
MCA　NO＆　Ellldencyol　U－frac【io口 鵬％ 32．28 3つBII　　　30 16

32．12 32．28
MCA　NO＆　EIliαency　Ql　Th

lraclion
隅％

32 28
32．81

一　　　　　　　　　　3D．16 3212
Coun竃inq　Time　oI　U frac曜ion Sec

15ア055 1570431　　　15ア073 157045 877D1
U

238Peak　INT　Counls Coun亘s 2025 6185 　　　8617 3033 3655
U

234P田k　INT　Ooun電s COL川fS 2396　　　　　　　　6471 　　　　　　　　9445 3236 3567
U

232Peak　INT　CounI5 CounlS 165693　　　　　　　140281 　　　　　　137501 148486
馴776

一CounlinqTime
Sec

4マ0988　　　　　　410980　　　　　　　410979 4IOgB7 410988
B G 』NTCounrsofU・238　Peak CounlS

8日 　　　　　　　23　　　　　　　　50 21 115
B G、INT　Counls　o「U－234Peak Coロ所s 136 　　　　　　　　　　　　86 　　　　　　　　　　　145 61 140
B G

INTColln【sQlU 232Peak
Cou口ls 858 　　　　　　　　　　801 　　　　　　　　　　　呂22 1045 866

Coumin旦」［lme ol　Th・lraαion Sec
239～431 166741　　　　16698ア 167680 167337

Th・232　1NT　Peak　CQumS Coums 1131 5i　　　　　　　　1815．7　　　　　　　　　　　715 244 5
4D36、8Th

230　1NT　Peak　Coums Coun！s ア311　　　15io
81 641 o 4768．3

Th・228　1NT　Peak　Counls OQunts 25947g
　　lt5350 　　　34613　　　　B997 182263．7

Ra・224　1NT　Peak　Coums CounIS 234133 7　　　　100846．7　　　　　　　33216　　　　　　　　16352 175822 2
BackqroundCount

nq靴nerr
Sec 　　　　　　　　　　　　　　　　　410988 　　　　　410988 　　　　　410980 410979

4109BアB
G．INT　Coums　ol　Th232Peak Counts

19　　　　　　　　　32 呂　　　　　　　　　　42 35．5 2日 2
B G INT　Coun！s　ol　Th 23D　Peak

Counrs
32　　　　　　　　　　　15 5　　　　　　　　　　　　105 o

一13 7
B．G． NT　Coun重s　ol　Th 228Peak

Coun【S 1399 　　　　　　　　1387　　　　　　　　　1932 1145 771 8
B G．1NT　Counls　o「Ra224PeaK CounlS 1231 B　　　　1140 8 1346 853 642

U－232　Ac甘ivilV　Gn　Goun【ed　Da曜e Bq／mI 3 8ア 　　　3．87 3．87 3．87
Th－228　Ac竃iviry　on　Separaled　　Date Bq〆mI 3．97　　　　3、97 3 97

3．9ア

　3．87

　3 97

Th－228　AcIlv霞y　on　Counted Bq！mI 3
891　　　　　3

B9
3．89　　　　　　　3

89
］．88

U－238Counr　Ra竃e cps 0
012ア　　　O 0393 O

054ア　　　　　O．0193 0 0414
U
234Counr　RaIe CPS 0．0149　　　　　　0．0410 O　O598 　　　　0．0205 0 04D3

U
232Counr　Ra【e cps ψ

0529　　　　　　0．8913 O
8ア34　　　　　0、9430 4．0444

Th－232CounI　RaIe cps O OO47 　　　0．0108 0 OO42 　　　0 0014 O 0241

Th・23000unヒRaIe CPS O OO30 　　　　0．0090 0．0036 　　　0．0000 O．0285Th
228Counr　Rale ops 1．OT95　　　　　　0．6423 0 潤71　　　0．0437 1 OO20

1

Error　qI　Th－228　Coun［　Rale cps
6

O．0022 0 OO21 　　　　　　　O OO121　　　　　　　　0．0006 ／　　　　　　O 002ア

∪ 238　AcIi〉i【y　In　SampIe Bq、’q O．D464 0．1693 O2412 　　　　0．078ア O．1531

Er「・ro田・238ACliv血幡mPI9 Bq／9 O 0026 0．00B9 0、0125 　　　　　o．0042 0．0082

U－234　　AclivitV　旧　SampIe Bq一ずq O 0546
0．1765 O．2634　　　　　0

0836
O，149、

Error　ol　U 234　Aαivi［y　ln　Sample Bq・〆q O 003Dl OQO92
D、0136　　　　　0 OO45 O．0080

Th－230　AcヒMty　In　Sample Bq／q 0
01131　　　　0．0542 D．0742　　　　　0 OOOO

01惰03
0．OO58E「「。「QITh－230AGlivi『VlnSam魍旦9担 000071　　　　0．QO31 O DO49

　　4DIV’01

U－234〆U・238　Ac1i）i【v　　Ralio 1 ワア1　　　　1．0424 1．0921 　　　1 0621
0．9743

Error　of　U－234一パU－238　Ac＝ivi【y　Ratlo 0 0363 　　　0．0186 0．0163 　　　0 02アO O．0231

Th
23DIU－234　AcIivi置y　Ra【ro Q 2D75 　　　　o．30アO ・ 2醐 D．OOOO 　　　　　　　0 7396

Error　oげ　Th－230／U－234　Acヒiviヒy　RaliD 0 Q174 　　　　　　　　0．0237　　　　　　　　　　0 0お8 ＃〔）IV！O O 0555

ChemicaI　YieId　or　U ％ 94 38　　　　　　　　　　　70．28　　　　　　　　　　　74．91 75 94 B3 70

ChemicaI　Yield　ol　Th ％ 81 12
　　　　　　　　51

21
　　　　　　　　14、65 3．73 BO．44

ConcemraIion　of　U ppm 3 76 　　13 71 　　19 54 6 37
12．40

Concenlra甘ion　Gl　Th ppm 4．4τ 　　　16 03 　　　21 39
29．99 22．97

Re『erence　Resω竈　Of　U〔Chinal ppm ，1．2 詳46　　　　 芽6 3 6 3 9．1

ReIerence　ResuI【Gl　Th　‘China） ppm 3 4「
』　　　　　　 　 gI 21 7 28

23．3

（go　oロヒo　〔he　neKI　pagel

46



TabIG　2、2．6－2　Calculalad　Alpha　　Dala　（CQnIlnued）

S郵mpleNamg

Cer1111edAcliviじ　o「SlkeTra⊂日r
Error　ol　Cer甘iliod　Ac竃ivi曜

C白rri『igd　Date

卒逆dod VoIU哩o　ol　S2墜旦 工璽cor

顕堕le v週9ht
U－Th　Se　aralod　Dale

CQun［ed　Dara　ol　U、frac“on

CQun［ed　Da曜e　or　Th－1rac“on

MCANO＆EIlicie口c　olUイracrion
MCA　NO畠Ellicienc　ol　Th・lradlon
Coロnlin TimO　ol　U．lraclion

∪・238Peak　INTCoun【s

U・234　Peak　INT　Counrs

B　lm　l

B　／m　I

M、〇Y
m　I

9
M－D Y
M・D・Y

M D－Y

鵬％
鵬％Sec

Coun竈S

Coun曜s

∪・232Peak　INTCQun［s

魎IoundC。u巳1ing
Time

B G INT　Coun［s　ol　U 238Peak
B G．INTGounrs　olリ 234Peak
B G．1NTGounls　ol　U－232Peak

一〇1Th・lradionTh
232　1NT　Peak　Counls

Th・230　1NT　Peak　Goums
Th・228　1NT　Peah　Counts

Ra・224　1NT　Poak　Goun曜s
Back

rguη一B．G、INT　Counls　ol　Th232Peak
BG

INTCoun！s　ol　Th 230Peak
B G．「NTCoun璽s　ol　Th 228Peak
B G． NT　Coun甘s　ol　Ra－224Peak

CQunIs
Sec

Cou飢s
Coums
Goun【s
Sec

CGりn！s
CounlS

Coun置S
Coums
Sec

COl」n暫s
Oounls
Counts

一Counts

u一～3亀一
Dare B　、一 m　I

Th－228　Ac！lv霞　　on　Se　ara1ed Da吐e
Th－228　Aαivit　on　Co】med

U－238Coum　Ra竃e
U
234Goun［RaIeU
232Goun【Ra［e

Th・232Coun竃　Rale

Th－230　CQun璽　Rale
Th

228　CQun『　Ra曜e

Error　o「Th－228　GQunr　Ra［e

U・238　Ac亘ivi亘　　ln　Sam　Ie
Error

U・234 Ac置iviI　In　Sam　le

Error　of　U・234　Aclivi塵　旧　Sam　Ie

Th－230Ac零ivil

Error　of　Th－23D

in　Sam

AClivi【

19

in墨罫甲pIe

Error　or　U 234 〆∪一23B　Acrivi［ Ra【io

Th－230’一U－234Ac！ivl哩RatIo

B　、一 m　I

B　／m　I

c巳s

．里s

C　S

C　S

c　s

c巨s

C　S

Bq∠9
Bq勺

B　／

B　〆

Brイ

B鯉

Error　or　Th－230〆U－234　Activit Rario

GhemicalYieIdolU

Chemical　YieId　of　Th

Concen置ra【ion　o『　U

Concenlra巨or，ol　Th

Reference　RgsuIr　Ql　Ulghl［璽

ReferenGe　Resu甘o癒Th　Chi口a

％

％

m
m

2四．
m

6
G8WO4324

3．95

O．20
a／3”90

マ 00

0．99954
10

’13〆92
10 ’29，’92

11／6〆92
3281

7

EJB18・85
3 95
0 20

8／3 一一9D

1 OO

8 9 10

EJ日22－85 EJB19－85 Y1－04

3、95
O．20

8’3190

←

1．OO458

1．DO

辱．oo422
10／13、一 92 10／13ノ「92

10！29’92

11！5／92

琶2．2β1

30．了6

32．28
87701 87703

10”29〆「92

”〆5！92
32 12
32 81

eア721

3．95 3．95
0．20

O 20

8一一3’90 8〆3／90

1、00 1．OD
1 OO296

1．00428
10〆13〆92 10一ず13〆92

6967

ア115
94ga8
410980

34
101
887

9300
9809

62914

4109ア9
5g

163
884

10、’3D／92 10／30’ 92

11”2／92 11／2／92
2．28 32．BI

32．12 32 81

84748
749

6寸ア5
109762
99120

410988
115
175

1962
1453

3 87

3 97

3 88

0 0794

O．0809

1．0809

0．0086

0．Oア24

1．2135

78102

↑31B9 21319
147a6 18989
57894

41D987
50
81

533
84407 32256

974 1427
3645 10192

34949
29593

51560
44838

8D22G
4109Ba

161
156
ggo

239252
3029

83617

2ア8234

241441．3

78102
33669

33臼94
77161

410980
44
1D5
870

239241

189

19ア6
1433

571
961

15428ア
134250

4109BO 410987 41D980
34

了31

40
82

1925 1023
1359 716

劃
3 9ア

3 88

3．87 3 B7

3．97 3 97

3．8B 3 89

O、1116 O．1502 O．2726

0、1”4 O．16841 O．242B

O．7152

0、0113

0．042ア

0 37ア3

0．5587 1．0247

O
01ア3 O

012旧
0．1236 0．3493

o．oo40

O．2839

o0148

0．2894

0．0151

0．23「6

0、0121

1．D192

0．01ア2

08004
0 0591

85．23

96．93

23 00

6 76

1ア 6
＃44．4

O 5ア31 1．OB90

19
30

1834
1332

3．87
3 97

3 89

0．4310

0．OO23

O．6004

0．0311

0433ア
0、9858

0．OO23

0．OO39

O．6054

0、OO29 O0023 O．0017

O8779 10252 1．6827

O．0453 O　O525 o 0859

→0、5996

O 0311

0．43ア6

O．0235

o．998ア

0．0143

09839 0 9130 16933

0．0506 0 0468 O
086達

O．8337 1 2451 0 0253

0 0432 0 0632 0．0015

刈1207 o 89畦）6 1．0063

0Q134 0 0089
o．ooア7

0729B

O．0544

08473 て 3脇7 0．0149

O0619 009B4
O．QO12

61、35 53 05 82．12． 77 ア3

30 11
44、99 87．08

『

47、39

4B 63
ア1．11 83 04 136 30

2B 57 28．ア7 11、06 3．70

37．1 66 4 862 137 5
29．日 29 4

11、9 1 7
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Table　2．2．6－2 CaIcu旧甘ed　Alpha　Da［a（ConIinued）

ミ趣産Na叩

Cerヒi瞬edAαivll　QI　Sike　Tracer

Error　ol　Ceniliod　Ach）霞

CerUlied　Date
AddGd

Volume　o世S一
螢mpIe

WGi9m
U・Th　S　araled　Da曜e

CQunl臼d　Dala　o『∪．lraαlon

Counled　Dale　ol　Thrracξlon

MCA　NQ
MCA　NO
Counlin

＆E舗cionc　olU．lracrion
＆Elliclenc　orTh－lraclion

Time　of　U一㍑aclion

U・238Peak　INT　CounIs

U－234Peak　INT　Counls
U

232Peak　INT　CQums
旦ackgτound　Coun竃in　Time

B　／m　l

B　，m　I

M－D・Y

m　I

9
M D Y
M D・Y

M・D・Y

鵬％
鵬％Sec
Coums
Coums
Goums

｝

Sec

B．G INT　CQums　ol　U・238Peak

B．G．INTCoumsol　U 234P日ak
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2.3 Gamma spectrometry 

2.S.1 Apparatus 

The high resolution ~096- channel gamma spectrometer used at PNC-Chubu 

Works was made in NAIC ,Japan But the high pure ee detector was made tn 

Phnceton Camma-Tech U S A The b]ock diagram was given in Fig 2 1 -7 , in wh~ch 

the outward view of main processor was shown in Fig 2 3 1 -1 , and the detectar was 

shown in Fig2 3 1 -2 , the personal computer connected to the main pracessor is the 

same as that of alpha spectrorneter but employed gamma speclaT software ror high 

resolvtion gamma spetrometry, the solid -state semiconductor detector is a key Part 

of the Instrument Wtth its extremely high reso]utlon of gamma ray energies, the 

possibility of detecting gamma radiation from other daughters in the natural 

radioactive decay series has been opened up. The u5e of high resolution detector 

makes it posstble to select a number of dirferent energies of gamma rays for 

counting and agreat deal of more informatlon can be extracted from the gamm~ ray 

5pectrum However, the detector(Ge) mvst be cooling in liquid nitrogen when it is 

being operated, this is the main disadvantage. Of course , ariother disadvantage is its 

Tow detecting efficiency, Anyway, compared with Ce(Li)-detector,which must be 

not only operated but also kept in liquid nitrogen, theCe-detector ismore 

conventient 

2 3 2 Sample sealing 

~ast of the ~amma radiations emitted bynuclides in theuranlum series are not 

acturally from U-2~8 but frDm it daughts in the series lrt order to determine the 

concentratian af uraniLim and measvre the activities of uranium ser?es nuclides 

correctly, the radioactive decay series must reach equilibrivm, So , it is necessary 

toseal asample foraperiod t~rne , generallv, more than 2 weeks , about 6 times 

of the half life(3 85 days} af Rn-222 In this work, 10 racks and minerals samples 

from Chlna were sealed for more than I month in the standard plastic bottles for 

gamrna spectrometry The procedure was as fallows: 

1 ) Prepare 10 clean plastic bottles and number themj 

2) Weigh 20g dried po*,Jdered sample and povr It into a bottle and make 

plain; 

3) Cover a piece of filter paper disc on the s~mple; 

4}, Cover the caps of the bottle j 

5) Seal the jatnt of the bottle with adhesive tape 

5). Repeat procedure 2-5 for each sample; 
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7) Keep them ir* a safety Place 

Legend ~. ... 

Oo ' 

~] [J' 

.Adjustment 

. In puuOutput 

PushlPress 

~-

/ 

.Volt meter 

.Switcher 

Flg 2,S 1-i ~lain Processor 

( Outward 

of Gamma 

vlew from 

Spectrometer Show 

the front of) 

2.3,3 rleasurement 

Similiar to alpha spectramecrv, the measurem8nt of gamrna spectrometry 

included energy and F~A,"H~l as *!!ell as -*..ffi..-iency ,~alibrations IJslng I AEA uraniurrl 

scandrad ･-am~le(see hPPENDfX C) : backgr_~tjnd rreaslJrement ; sa[f,ple measurern~nt 

and the autamatic analysis of ,garr,ma sper_trum b,,. the persana] computer system 

c_nnecced to the main pr,-..c~ss_"r Th-~ d-*_t~t-ilA_d prc,r_e,jure was shawn in rig ~^ ~ J-' 

in ~vhich the " C~T-n' (n=1,2 ) infarmatlan can be seen in APP,END!X D In this 

pracedure , the detector refri,~eraticn an,j the counting tirre should be paid more 

attentian ta For the cooling svst･･*.rr., if the Y.,elght of llculd nitrJ"gen Yvere less than t･,: ,e 

r~_~ulred amount, the m~re should b~_ added Into it,ather*.!ise, the detectar wlll be 

dA_stroyed Far th8 counting time, many ~xPeriments should be dor,e so as to select ~ 

praper tirre Ho'vvever, this work has been done by PNC-Chu 'vVork,-=, who gave that the 

proper tirre for natural sarnples ,: such as racks and rrinerals samples) vvas 5ar*'_O 

s8c 

2,3,4 Ca]culatlon 

50 



Outward View from side 

Outward View from Top 

75c m 

Fig 2.3,1-2 

75c m 

90 

90 c m 

6amma Detector used at PNC-

m 

Chubu Works(A) 51 



Oross Section 

10cm 

j 10c m 

L.--~, 

5cm 

il c m 

16c m 

Flg 2.3,1-2 

10cm 

9cm 
Oamma Detector used at 

-1~ 

0.5cm 
ll 'ocm 

+ 02cm 
~ 

1 Ocm 

~ 

i~ 

Lead 
Cadmium 

Cupper 
Acryl-resin 

PNC- Chubu works(B) 
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Flg 2,3.3-t Procedure of Measurement ror Gamma Spectrometry 

Sample preparatian 

1 ,crash sample 

2.weigh 20g of sample inta container 

3 Ieave far mare than 2 weeks 
Detectar refrigeratian 

1 pour liquid nltrgen into vacuum insulated cantainer 

2.pay attentian to the weight of liquid nitragen during 

measurement 
( Full--47Kg , Empty--24Kg, Decreasing rate--1.2Kg/day) 

Power on 

1 , pawer supply on(E-59 1) 

2,high valtage an(E-5a3) 

3.set hefgh valtage dial ta 5a,O(2.5KV) 

Energy and FWHM calibratian 

i,erase MCA data ( E-562 ) 

2,coliect spectral data far Sxl O~4sec using IAEA uranfum standard 

3.PC-980 i persanal camputer & printer power an ' 
4 cannect GP-lS cable on the backside of E-S62 

5,set pragram & data disk of gamma spectrometry 

6,push return key twa tlmes ~ ( CRT-1 ) 
7.seiect "MCA Manitef' by ~key and push return ~~ ( CRT-2 ) 
8 push f-i key and push return (READ MCA) -~ ( CR:T-3 ) 
9.wait far I min (spectrum is transfered to computer and displayed) 

ia select "WRITE DISK" by * key and push return, then input data 

name far example S:[AEAUSTD.D4K and push return ~~( CRT-4) 
1 1 .push f-1 and stop key 

12,select"End" by * key and pvsh return H~ ( CRT-2 ) 
13,type system and push return, then type ecal and push return 

( energy calibratian praram runs ) ~i~ ( CRT-S ) 
14,select "Registratian af PeakEnergy" by * key and in ut ener 
ofmajorpeaks and push stap HIF ( CRT-6) P gy 
IS,select "Autamatic Calibration" by V key and push return 

-~ ( CRT-5 ) 
16,input the name af data file used in energy calibratian and ush 

( peak search is carried out and energy & FWHM is calibrated 

with energy, theresultafcalibratian is displayed ~ CRT 6 7 
17 Input file name of the calibratian factors ( ~ ' ) 

18,select"End"by * key HIF (CRT-5 ) 
19,push stap and aut at same time ,then push stop ( E-562) 53 



I 20,remaveGP-lBcable 

Efficiency calibration 

1 ,type "FCAL" and push return 

2,select "Registraian of saurce" by. ~ key and push return 

-H~ (CRT-8) 
3,input all item requested 

4,select"AutamaticCalibratian"by * keyand push return 
5,input data file name of standard sovrce measurement 

(result af peak efficiency calcurated are dfsplayed ) 

6,fnput "y" and input file name of calibraticn factars calcurated 

( calibration factars for efficiency are printed aut IF pRINT 1 7 select "End" and push return ( ~ )) 
8.remave floppy disks, then camputer and printer power aff 

Backgraund measurement 

1, do same as I to 1 1 in energy and FWHM calibration with na 

sam ple 
~ 2 select "Input af NAeasured Candftfon" by key and push return 

-~ ( CRT-2 ) 
3.input a[1 requested items ( CRT-1 O ) 
4,select"ImputofAnaiytical Candition"by ~ key and push return 

5.input all requested items HF ( CRT-81 1) 
6,se!ect"SG OataAnaiysis"by~ ke-y and pu(3h return~,~ (CRT-2 ) 
(measured canditian and analytical conditian are printed out 

-HI> (CRT- 1 2 , 1 3)) 

(result of peak search and qualitative analysis are printed aut 

-~IF (CRT-1 4, 1 5)) 
(calculated BG data ia automatically saved in data disk) 

7.remove floppy disks ,then computer & printer power aff -

8.push stop and out at same time an E-5e2, then push stop 

9.remave CP-IB cable 

Sample measurement 

1 ,do as same as I ta 5 in background measurement with samp[e to 

be measured 
2 select "Analysls far Flxed Nuclldes" by ~ key and push return 

--H~ (CRT-2) 
( measured canditians and analytical canditions are printed aut 

cantiniously -,F ( CRT-12,13)) 
( determination af uranium series nuclides is carried aut 

autcmatically and the result is printed aut IF ( PRINT-2,3)) 54 



3,select "End" by ~ key and pu."h return 

4,end as same as 8 ta 9 in backgraund measurement 

REPEAT 

CAUTION 

i .Don't remove Ge detector's cap and don't touch 
the head. 
2.Clean up the surface of detector's cap by alchol 

,when sample is changed. 
3.Pay attention to the weight of liquid nitrogen.The 

weight should be more than 30kg whenever high 
voltage is supplied,or Ge detector will be broken 
4.Very gently and softly shut the door of radiation ' 
shielding made by heavy lead 

<<<Specification of high pure germanium detector>>> 

1 .Type ; Intrinsic Germmanium Coaxial Detector 
2.Size ; 48.8 mm Diameter x 38.5mm Height 
3.Effective Volume ; 64 cm^3 

4.Relative Efficiency ; 18･/. 
5.Peak Resolution : <2.0 keV at 1.33MeV 

<0.98 keV at 1 22keV 
6.Manufacturer ; Princeton Gamma-Tech U.S.A. 
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The calculatian Is divided Into t,.!a stages The frist stage is rrlade by gamma 

spectrom~ter data processing station(PC),whlch can offer directly and automatically 

the ca]lbrated data af energy , F',,¥/HM and efficlency ar detector for each interested 

nvclide , the activlties and errors af Pb-2 1 O,Pb-2 1 4. Bi-2 1 4,Th-2]/1 and U-234 

frorr the measured ~amrra spectrum The final stage Is performed in the Macintosh 

Plus personal ,computer system err.ploy*-d Microsoft E<, cel application software based 

on tho~e data , '~jhlch can give the actlvity of Ra-226, the ratios between interested 

nvclides and uranlurr cont~nt in sampl8 

1 ) Uranlum standard sarrpJe for r_alibration 

The main figures af ,Jraniurn standard sampJe used are as follo'~Is: 

l_1 ,concent= ~aa pprri , ther*for* the aL;tlvlty OT U 27~ I~ 

Au-238=0 4 x 1 2 ~4=4 9~ ~q/g=0 OOC) 1 ~j~5 uCi/g 

In the case of 20 g sarnpJe(gamma sapectr･_metry standard wei*~ht), the total activlty 

is O 002229 ,JCi Since the radioactive equilibrlum b~tvveen the parent and Its 

daughts has been certified, the actTvltles of both ~a-:225 and Pb-2 1 O are O 002559 

LJCi Accordlng to farmula i:~ 3 ~l-1, the efficlency r_an be known And from the 

standard spectrurn, the F'*~/HM and the relati.*n b~_cweer, energy and channel can alsa 

b~_ callbrated a,Jtorratir.aJJy 

R,~ "; J~ 

E = 
20 x As** x v 

2.3,ll-1 

where, A~tt is the kna',vn activ~ty af nucllde " *･t" jn uraniurr standard sampl~_ s 

, E Is the efficienc*/' of detectn*r for int~rested peak af the nlJclide' ",Y is the #~t~t 

branchlng ratia or yie~d of interested peak af the nuclide" " , "20' is sample ### 
used welght(g), P~#* counting rate of the nuclide"'t~fit 

2) The actlvitles of nuclides and uranium _.-ontent in sample 

The actlvities of nucJldes in the samp!e can be expressed as follaws: 

R### 

A t ･, ~t ' """2. 3. 4- 2 20 x E x Y 
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where the symbolsare thesameas formula 274 1 but A*** meaning the 

activities of nuclldeS "###" e_xcept for Ra225 , whose activlty is 

expressed as formuJa 2 3 ~-~ 

ARa-2･e *- = [ Apb_･,.14r 41 ･~ ke~) Apb 2]~~ 95 kev, ' Asl-21~(5c~kev) 

･ An.1--~1~l(7e87kev) ' I , ~ ,･･･, 2,~ 4~3 

wher8, N is the nLJmber of nuclides of Pb-2 1 ~ and 8i--2 1 4 which have dlfferent 

energles And its error Is: 

EA~a-,~b SD( Error of A b 'l~ Error of AB _214 ) ･2 ~ 4 4 

where SD( ) is a calculating function of standard deviatlon ~inally the uranlurn 

content In sample is: 

Uppm = 81 x ATh-234 ･････ ,･2,~ 4~5 

2,35 Results 

The caTibratians were glven In Fig2 ~ 5-1 ,rig2 ~ 5--2, Fig2 ~ 5-~. Table 2 ~ 5- 1 

and Table 2 ~ 5-2 The analytical results of nuclides in la samples were given ~n 

Table 2 3 5-3 
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File 

Sarn le Name 

Sale NO 

Name of Saved Sp_Botrum 

Volume 

Sealed Date M-D-Y 

EJB21 -g5 

EJB21 -85 D4X 

20 

1 O!9/g2 

Tabl~ 2 3 5.3 

CDunted Date 

Pb-210ActiYit 48 

Pb-~1.4Aclivit (241 

5KeV 

9KBV) 

Pb-21 4A~~~~~~i~29 5 2~(BV 

Pb-214Aotivit 351 9KeV 

Bi-214Aclivit S09 Of(eV 

Bi-214Aclivit 768 7KBV 

Bi-21 4Activit ill~~~eV} 

Bi-214Activit 1238KeV 

Bi-214Activit 1764KeV 

Th-234Activil 63 3KeV 

Th-230Activit b Al ha 

Ra-22eActiYit 

Pb-21 OActiYil 

Ra-226!Th･230 Ratio 
Pb-210/Ra-226 Ratio 

U C~2111~~li~2rrL,~234 

U Content b W8t Chem 

U Content b Al h~ 

Calculated 

CBW04324 

2 

GBW04324 D4K 

20 

1 O!9/92 

Camrna Data 

M-D-Y 

B! 
Bq!g 

1 1 !27192 

Determined 

O 1lg 

a Og21 

Error 

O O~8 

O 0131 

12fl,g2 

Bl 
B 

B! 
Bl 
Bql 

o 

o 

OS81 

Ogll 

o, 

o 

0229 

0143 

8 

B 

! 

/ 

B 

B 

/ 

/ 

o 

O 

o 

o 

ogg4 

ogg 

l91 

0742 

o 

o 

a 

0408 

a 1 3G 

o 1 74 

004g 

Determined 

a 285 

a 225 

o 23T 

o 237 

o 222 

a211 

o 25 

o 168 

a 231 

a 317 

a 2316 

o 

o 

a 

a 

a 

o 

o 

Error 

olgl 

O1 47 

aa81 8 

00649 

oa71 5 

a299 

0214 

o 

O 

0382 

021 

B 

B 

! 

! 

1 

1 

o 08 

o 12 

080 

,484 

a 

o 

o 

o 

a2 

02 

225 

36g 

a 

a 

o 

1 

22 

2g 

96i 

28a 

a 

o 

o 

o 

,02 

02 

113 

1 5g 

m 

m 

m 

15 

no data 

lg 5 

1 

no 

26 

23 

go on to the next page 
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Table2．3．5－3CalcuFated　Gamma　Data　 ：contlnuedl

SampleName
Y1・04 GBWO4110 GBWO4116 GBWD4112

SampleNO 5 5 7 8
Fi！e　Name　or　Sa）ed　Speotrum Y1－04，D4K GBWQ4，10．D4K GBWO4116．D4K G8WO4112．D4KVoIume q 20 20 20 20

SeaIed　Date M－D－Y 10／9！92 10／9／92 10／9！92 10！9／92
Counted　Da匙e M－D－Y 12／4192 1215！92 12／8／92 12〆9／92

DB匙ermined Error Determined Error Determined Error Detgrmlnod Error

Pb・210Activity（46，5KeV） Bq／q o
0．00249 2．56 O．0709 O，716 0，064 0

O．00471

Pb…y（24f ．9KeV〉 Bq！q 1．74 O．0339 2．98 0．0428 7．97 O．0738 7．7 0．0694

Pb・214Aotivity〔295．2KeVl Bq／q 1．79 O．0209 2．91 0．0252 4．02 0．0374 7．76　　　　　　　　　　　0、G42

Pb－214ActMM35LgKeV） Bq／q 1．85 O，Oで48 2．9 0，0て97 4．21
Bi・214Adivity〔609．0ト（eV） Bq〆q ，，75 0．01ア7 2．84 0．〔〕227 4．04

0，025Q．0307 ア．767．51 0．03050，036

Bi－214ActMty〔768．7KeV） Bqlq
1．58 0．0775 2．46 0．0987 3．48 D，174 6．56 0，162

Bi・214みctlvityl1120KeV〉 Bq／9 1．81 0．0473 2．88 0，059 4．09 0．0733 7．65
Bi・214Activl電y｛1238KeVl Bq／q 1．86

『。ゆ餌
O．0892 2．91 0，114 4．01 O，155 7．43

　0947

〇，173

Bi－214ActM電y（1764KeV） Bq！q 1．78 O．0532 2．86 Q．Q631 4
O．0854 7．66 0，102

Th・234ActMty（63，3KeV｝ Bq！q 1．54 0．0464 2．95 0．0609 2．13 O．0845 6．81 O．0937

Th－230ActlviMby　AIpha） Bq〆q 0．0253 0．0015 3，082 0．1574 5．7449 0．2933 9．5301 0．4837

Ra－226Activlty Bq〆q 1．77 0．08 2、84　　　　　　　　　　　　　　0，15
4．48 1．34 7．50 〇．37

Pb－2盲OAc璽ivitv Bq／q 0．00 O．00 2．56 0．07 0．72 0．06 0．00 0．00
Ra・226／Th・230　　Ratio 69，960 5，268 0，922 O，068 0，779 0，236 0，78ア 0，056

Pb－210／Ra－226　　Ratlo 0，OOO ＃DIV〆O1 D，901 O，054 0，160 0，050 O，OOO ＃DIV！O！

UComent（fromTh・234） ppm 125 4 239 5
≦73＃＃ 7

552　　　　　　　8
U　Oontent（bY　Wet　Chem．｝ ppm 12ア 244 477 688

U　Conミent〔byAIpha） ppm 136．3 272．9 503 617

9Qontothenextpage
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Tab[e 2 3 5. 3 Calculated Gamma D~ta (oonlfnued) 
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Chapter 3 Chemical Analysis ofUranium and Thorium in Rocks and 

Minerals Samples 

3,1 Brtef outllne 

~y now, many cherr ical analysis rrethods fDr U anf Th in rocks and rr,inerals samples have 

been deve]oped depending on tne contents of U and Th ,the establ Ished rr,ethads mainly include 

valurnetric metho.is for hlgh cantent,spectrophotametrv far mlcro content and fluorimetrv 

f,~r trace content For ~_xample,ferrous-ammonium '･'anadate titrimetric method ror 

U()~or_,ppm ) :TOP0-8xtraction separatlan, ~r-PADAP spectrophotometry for U(( I ,0-~0C, 

ppm ) and laser fluorlrretry for u(< I Oppm): N-263 excracr.jon chramatograp~ic separati_~n. 

Ars~nazol f f for Th( I O-]OCDprn) and ~larin flur.rirnetry f~r Th(( I ppm fDr w･*t8r sarTlpl~_,far 

rocks and minerals, bein~ ･~tudi~_d) 

As rocks and rninerals samples cc=rrplicated, the decompasitions a_ nd separations af 

samples are vA_ry Important Alkaline f,.Jsian, rrlxed arrlrranivm saJts flux and acids 

dlgestian ar~_ ,Js,J~l-1lv ernplo,･.ed for der_arrpositlan c,f s~]mples Since urani,Jm Is easler ta 

dTsalv'*. than thorium=it is ~ossibl~ ~a iJse ,~ni,y, acids digest,on metf-lod But fcr thariurr,. 

especlaJly when sam~les are carr,plicat~d= t,･e acids d~~estian rray ･,,ct dec･^mpcse th~ 

samples carrlpletely , resultlng in big~_er err~r ~elati..,~.1,.., the mlxed arnmonium salts 

flIJX meth**d .*+/culd be better 

Separatian and preconcentratian for rr lcr**J and trace analvses are necessary The 

common methods are solvent extra,ctian ,lon exchange , extraction chr,~matographic and 

c-,-preclpitat~an methads Slnce the chemical praperities of iU and Th are q,Jite different. 

~ene[-ally. It is easy ta separate U-rractl･^n frDm Th-fractlon But it Is mare 

camplicated to separate U frorn its matrix and Th fr･-m its ca-exlsted elements such as 
re. Zr ,~EES and so ,-_n Therefore ,both salvent ex traction and ion exchange metinads or 

extraction chromatographic methad are ,Jsual ly Performed 

In the experiment here, the mixed aclds (HF-HN03-HClrJ4) digestion method ,*Yas 

used for U and Th decampositon.-, while T~P-kerosene extraction and stang alkallne 

ani"･n e>:change techni~ues vvere independentlv used to separate U frorn its matr~x and 

Th fram its matrix,respectlvely ~,nd th~_ meas,Jrement ,~J3s based on that oxine reacts 

uranium in chlorofor*-n media to form calaur complex which maxlmLim absorptl･Jn at 
330 nrn ; Arsenazo ll I reacts thoriLJm in HCl(8r() m~dla to form ,coJaur complex which 

rraxrrium absportTon at 565 nm Finally , the abs_*rbance was measured in the 

spectrophotometer, mean'~jhlle , the _-alibratlan was al~30 rrade 

3 2 Deterr~llnatlon or Vranium 
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3 2.1 Reagents and apparatus 

1) HN0~ .(1+10) 

2) HF 
~} HCI04 

4) NaN03 K!03 

5) (NH4:,2SO.~(25~) 

5) HN~H2a (1+1) 

7) EDTA(2Na)(5S;;) 

S) T~P- Keros8ne(~+7} 

Ail rea~ents used in the experiment were analytical grade 

g) pH-rr=eter 

l C) Clinical spectrophotorreter(UvIDEC-77) 

1 1 ) Other generd-1 analytical apparatus 

3,2 2 Procedure 

The procedure incl,Jde,J open mlxed acids digestion decompostlon. TBP-

Kerosene extracti･,.r, s*-parat~,~_n, ax~ne-col･^ur and measurement The detailed 

procedure was s~ovvn in Fig ~ 2 2-1 . in which the callbration was as follc,ws: 

Take O, I Oa.1 50,200 ~nd 3ao ug uranium standar'd sQlutlon into I OOml-

~eakers and add I ,** ml HNC,3 , th,en evaparate in the sand-bath till dryness The next 

pracedure .1!as the sarne as thase of samDle Cafter sample decc>mpositon) Finally, the 

calibratian curv-*_ '*Yas able to be given as fol]aws: 

A= a+b C . .. ..3.2.2-1 

vYhere . A is the absorbancej C is the arnount af U In sc,1ution : a and b are the 

coeff icients 

3 2.~ Result 

The results of S rDcks and minerals samples from China were glven in Table 

~ 2 ~-1 
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Fig3,2,2- 1 Chemical Analysis Prc,cedure for Uranium 

rTO)1 Water2ml 

(~~¥~)2 10ml HN03 

cc ~l~~,TT~l 
samp[e 0'1-1.0g 

_1_ Bake at 7000c 
tor o 5 hour 

M F* 

! 

After cooling, 
~1~~~ transfer into pt 

dish 

Pt ! Dish 

'T 

! HF 10 ml (~O)3 

H CI04 3mi 4 

Pt Dish 

_;__'_=__ ~ Decomposition 
Pt Dish 

sand Bath 

! (go on to next page ) 
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1. Transfer 
~ 

ll 
1 

! ( continved on previous page ) 

Pt Dish IH~ Dried upandcooling 

H N03 ( 1+10) 20 ml 

Pt DiSh' 

; 

Pt DiSh ~tl~~~~~~~~ 
~~ ~ '~ ~'~ 7~'-1 ' ~'Dlssolutlon 

sand Bath / 
} 

11_ r~] 
Pt Dish ~coollng 

! l') 

~) /2 washlng wlth hot water 
r' 

o 
L~' 
~::~ 

~ IF Flltratlon 

!( ga on to next page ) 
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! 

{ cantinued on previo~s pa~8) 

Evaporatlng till 

about 30 ml 

! 

r~I~~ 
~~Lcl'~g 

I 

~~laNo log O 

~) Transfer ~-~ -~' 

'1~ 
TBP-Kerosene (3+7) 25 ml @ 

l 

l 

i IJ l 
l 

l 

l 

I 

! 
( go an to next page ) 

3 
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; 
( cantinued on previous page ) 

Organic 

S F.1 
Shaking for 5 minutes 

in a shaker 

-~~~T~ 'TltL:~~~Aq"aus] 

Disposal 

( KI03+HN03) 

solution (*) 10 ml 

(*) Kl~ 5g/HN~ (3+7) 100ml 

I f 

I 

I 

S Fl.1 

l 

l 

l 

l 

r~~T~Tl 
Wash]ng 

lh-- [ ' ~ s 

Organic 

A uaus 

(~) 

A 

(NaN03 + HN03 ) 
sclution ('*) 10 m[ 

( **) 500g NaN03 in 1000 

ml HN03(7+100) : 

S.R.1 

Repeat another time 

Disposal 

Washing 

Organic 

( go on to next page ) } 

Aquous 

Disposal 

Shaking for 2 mlnutes 

4 
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(NH4)2S04(25･/.) 
solution 20 ml 

Aquous 

NH4 OH(1 +1 ) 

10 ml 

! 

( continued on previaus page) 

l 

I 

l 

l 

SIF.1 
[ 

l 

Organic 

f¥~1~- r~~:TAquoL'rlsLl 

rl~I~rl 
Dlsp0=~LJl 

arganic 

Disposal 

Shaking for 2 minutes 

1 n a shaker 

! 

50 c c 
Beaker 

Add Water Till 40 ml 

Beaker 

Concentrating Till 25 ml 

Sand Bath 

J ( go on to ne!xt page) 

5 
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EDTA(2Na) (5'/.) 5ml 

! ( continuecJ on previous page ) 

-i rF~~~T~rl 
:~ei:::LB_eL_:k::e_:_ ~-cooilng 

I 

N H4 OH ( I ~1 O) 

Beaker 

} 

PH Adjustment Till 
PH=80 t 0.2 

Beak 

1. 

2. 

Transfer /,'/ CZ) 
Wash beakerwith ,: 

', ~j(:) 

a little water , ~ 
I(2) 

PH Meter 

[~l 

---1F 

) 

~dd Accurately 10 OO ml 
1'/. Oxine -Chloroform 

sclution 

f 

~･F.2 --~ 
-11,-*= 

( go on to next page) 

! 
Shaking for 2 minutes 

e 

73 



Organlc 

! 
( continued on previous page ) 

¥~{iT~T~rl Aquous 

Disposal 

~ 

! 

~ 

l l'Vldeo 

¥' 

Absorbance 
Measurement 

Conditions: 
Wave length=383 nm 
Flow eell length=10 mm 

Reference=1･/. oxine 
-chloroform solution 

UVIDEC-77 Clinical Spe,3trophotometer 
(View from the front of it .) 

7 
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TARLE 3 2 3.1 Chemical Anafylicaf Flp-sults of Uranium 

~t 15 ~ ~Ii~L(~:~ 

3 

7 

17 5 

o~g 

-2 1 

43 

Undisolved 

Noto 

material existed 

tr) 

I¥ 



J.3 

3.3. 1 

Determlnatlon of Thorlum 

Reagents and apparatus 

1) HN0~ ,S~ 

2) HF 

7) HC], Iarl,5M 

4) H2r_2 04(5~;) 

5) Arsenazoll I (O 2~) 

5) Anlan '-*_xchange resin AC Ix8(the same as cherrlcla procedure for aJpha) 

A11 reagents ,Jsed in the experiment vvere analyticaJ ~rade 

7) Cl inlc~l spectraphatometer(UVI DEC-77) 

a) ather ,~eneral anaJytical aDParatus 

3.~,2 Procedure 

The pracedure incJuded apen mixed acids digestian decompostion. Ar~ I xS anian 

exchan e g sep~ration. ~rsenazofl f -cola,Jr and measurement The detai]ed procedure 

Yvas shown in rig 3 3 2- I , {n '*'jhich the callbration was as fallaws: 

Take C,10 ,15 .2a ug thorium standard solution into 50 ml- beakers and add 

l O ml HCJ , th~n evap*"rat~. in the sand-bath till dryness The ne>(t procedure was the 

same as those of sarnple (after sample dec,-,rrposlton) FlrtaJly, the calibratian curve 

was ;~*ble to be glv-*_n as fallaws: 

where , ~, Is 

coefficients 

A= a~b C , .,,,...,3 3,2-1 

the absorbance; C Is the amount af Th in E;olutirJn : a and b are the 

3*~ ~ 

The 

~ ~ ~- 1 

Result 

results of 8 rocks ･-nd mlnerals samples fram China were given in Table 
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Flg 3,~,2-1 Chemical Anal sls Procedure for Thorium 

Sam ple 0.1*1.0 g 

! 

J 

Bake at 7000c 

for O 5 hour 

~~ 
After cooling, 

transfer into Pt 

dish 

Pt ' 

! 

Dish 

rO)1 Water 2 ml 
i 

HF 10 ml (~1~)3 

H CI04 3ml 4 

r~L~/2 Ioml HN03 

Pt Dish 

Pt Oish 

Decomposltlon 

Sand Bath 

! (go on to next page ) 
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　　　　　　　　↓（C・ntinued・np「eVi・uspage）

　　　　Pt　Dlsh　　　＜喝　　　Drledupandcoo”r19

　　　　　　　↓召N．31，ml，HF1，m置

　　　　　　　　　　　i

　　　　　Pt　Dish・

　　　　　　　1聖

聖7一．隅i，㎞
Sand　Bath

　　　　　　　÷

　　　Pt　Dish　　　『『喝『　　Dried　upandcooling

　　　　　　↓フHC11，mI

　　　　　　　　　　　　　　　　　　　　　－　　　rq一　一　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　「

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　i

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　I

　　　Pt　Dish

　　　”♂・r－　　　　　　　　　　　　　　　　　　　　　　　Repeat　once

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　I

　　　　　　　↓　・　　　：

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　［

　　　　臼Dish　〈　Drledupandc。dlng一一

　　　　　　　↓

　　　　　　　　　（9。Qn！・neゆage）　　　　　　　2

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　78



（c。r亡inued・npre）i。uspag9）

ク
　　　　　　　HCI（10M10mI

Pt　Dish

壷

臼　Dlsh

Sand　Balh

Dlssolution

↓

Pt　Dlsh ←
CoOling

一　　　　マ1　　0伊

〔　　　』』　r ▲ ■

“

　“－　　　｝　　　一　　　　一

　一　〒　一　－　一　一　　　　■r　II＼＿　　　ノ

一ン q十

　レBeaker曳て∫ヲ

1

↓

Porous　si肝ca　plate

TranSfer

Th・frac“on

Wash　column　with　HCI（10Ml

50ml（5×5times　wash
Ptdish，25ml　store　in

u　　e『Cu　Of電he　cOIUmn

十（goonlonextpage〉 3
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! 

{ continued on previous page ) 

Beaker 

Sand 8ath 

Beaker Jrl~1~~~r~~T~~l 
~ L~:Dired up and coollng 

! 

HNO3 
-H 

(8 M) 5 ml 

8eaker 

Dlssolution 

Sand Ba[h 

+ 

Porous silica plate 

~~~ 

~ 
l I tl 

ll l 
After coollng, transfer Into 

~n!ash with HNC3(8 M) 50 ml 
(5 ml X 5 times for beaker* 

25 ml store in upper cup with 

porous sillca plate). Flow rate 
0.8-1 ml/min. 

An ion Exchange 
AG IX8 , NC~-form 

seaker 

! 

~r ~~:~~ ~ ~Jiwaste 

( go on to next page) 
4 

80 



j ( contlnued on previous page) 

Porous sfllca plate 

~IJl_ L~~~~~T~~~~~~i~ 
F:low rate 0'8-1 mllmln' 

~: 

~~rl water 5 ml 

Beak8r 

Beaker 

Sand Bath 

} 

J".*'*.* 

! 

<~ Dired up and cool~ng 

~CI (6M) 10 ml 

Beaker 

! ( go on to the page) 

5 
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! 
( continued on previous page ) 

Beaker 

Dtseofutlon 

Sand Bath 

Beaker 

! 

~' 
l' c!' 
'I '~' 
Jl' s' 
" o~~ 

r~~~~T~ 
-1-Coolin9 

volumetric flask 

5a c.c 

i. 

2. 

3. 

H2q2 04 (5'/.) I ml ; 

Arsenazo lll (0.2･/.) 2.0 ml 
Make graduating (5G ml) 
wlth HCI(6M). 

! 

- JI~~~T1~~1~~~T~] 
~l~jWalltln9 for 30 mlnutes 

( go an to the next page) 
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! 
(cantlnued on previous page) 

Wa8te OUT 
1*-~ Prlntor 

--'F 
Ga5 IN 

Pu3h 

C~C:] L:]C~C] 
CI[:! C]C][:I 

~' ~ i 
~ 

L'I*~"'"" 

Absorbance 
Measurement 

Conditlons: 

Wave fength=565nm 
Flow cell length=iO mm 
Reference= Reagents 

solutlon 

A :. ~C;_~~:c:_ 

UVIDEC･77 Clinical Spectrophotometer 
CView frcm the front of it .) 

7 
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TABLE　3．3．3－1 ChemicaF　Analyτical　Resリlts　ol　Thor「urn

No． SampIe　Name脚劇ql Detgrmined〔ppm）Averaqe（ppm）

9Re脚1
GSS．4 O．51777 21．8 22．O 28．0

O．5GO26 22．1

2 GSD－11 0．50959 23．6 22．7 23，｛

OI

0．50427 21．7

3 GBWO4324
0．30764 4．6 4．1 5．O

■，

O．30735 3．6

4
EJB18－85 O．50067 18．1 20．9 21．9

”

0．50464 23．6

5
EJB22－85 0．50402 29．4 27．1 28．8

”

O．51ア02 24．8

6 GBWO4110
0．49574 25．1 24．3 25．O

”

O，50マ63 23．4

7 GBWO4116
O．51463 676

595．0 202

0，50辱49 513

8 G8WO4112
1．00016 10．9 9．ア 11．0

閥

1．00172 8．5

9 GBWO4111
0．49812 2ア 26．9 26．0

”

0．50147 26．ア

10 GBWO4115
0．51335 264 300 313

0．49958 336

”Determin劇in　CNNO－BRIUト

Error％

　一21

・1，7

18

・4．7

・5．9

一2．8

　　　　　　　　『　■

3，5

・4．3

Notg

マ
①



Chapter4 Comparison of Analytical Techniques for UraniUm 
and Thorium in Rocks and MineralS Samples between 

PNC-Chubu Works and CNNIC-BRIUG 

4.1 Analytlcal results comparlsen 

From the data* in Chapter 2,~, the r_omparison of analyticaJ resu]ts was able ta be 

made and sho'~Jn In Fig4 1 - I =~ 1-2 and 4 1 -~ From these rigures, it can be seen that 

mast of the results have no big deviatian or error. However, the results af Th for a revv 

sarr,ples were not satisfled, mayb8 resultlng from sampie dec~mpositian and separation 

uncampJetely (* The dat~l marked by' **" '~.ere cance,l]ed In the flgures ) 

4 2 Analytica~ rnethods comparison 

In arder to compare vvith the analytl,._-a] technlques for IJ and Th as well as the U-

series nucJjdes in rock3 and mineraJs, it Is necessary ta Intradu･_e briefly the 

established ar*alyticaJ rrethads at C'J".J'C-B~]UC Since It was born in 1 9503. CNNC-

B~IUr. has established and ~eveloDed a Jat ~~f analytlc~]] ter_hnl~,Jes far them Table 42-

1 and Table ~ 2-2 sho'~" the analytica] methods rar urani,Jm(U-serles nuclides) and 

thoriurr ,respectively Consldering trace analysls of U, the standard addition laser 

fluarlmetry is exceJJent ,~r,e, which does nat need chemical separation and has very high 

sensitivity w it~out int~rfef*_-nce No'~vdays, this meth0,~j js being used wldely in most labs 

in China Anyway, the Th and U-series analytlcal meth,)ds are sirrTlar to these of PNC-

ChLJbu Warks except for their decomposltlon and separatlon techni~ues Table ~ 2-3. 

4.2-~ and 42-5 demanstrate the r_orrlparTsan ab,~ut th{} methads attached at PNC-Chubu 

Works 

4.3 Advantages and dlsadvantages 

Through 3-month vvar~ at PNC-Chubu ~.Yarks' Labs, in author's apinian , the 

advantages and disadvantages for the techniques attached here can b~_ concluded as Table 

4 ~-l 
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Table 4.2- 1 Ana]ytlcal methods for uranlum at CNNC-BRIUG 

No rlethod Key wards 

1 

2 

Ferrous/stannous/ 

titanouslrr~thad 

Sr-PADAP 

Br-PADAP 

~ Arsenaza[ [I 

spectrophatometr'y [ 

spectrophotometry I l 

spectraphatametry 

4 Standardaddition 

fluorlmetry 

5 

5 

S 

laser 

Beta-gamma caunting 

~amrrla spectrometry 

Alpha spectrometry 

Neutron activatian analysis 

Ferraus/ stannousl 

titanous redvctant. 

ammonium vanadat~, 
tityirr,etry , ~a~~ H3 P04 

K~)Cr207 , indicatar 

TOPO, e,xtractlon separation, 

aO"*~ alcohol media. Br-PADAP, 

absarbance, calibration 

TPB, extractlon chromatogr~phic 

sep=~ration, irr,pLJries washed by 

HC~(5~l), U eJuted by water , 

40 ~; ethanol ar acetane rredia, 

Br-PADAP,absorbance, cal I bration 

Strang alkaline anion exchange 

resln, impuries washed mixed 

solution , U eluted by water, 

!~,rsenazolll ,absorbanc~, calibration 

rlixed aiTlmanium salts decampositian, 

PH 7, special fluorescence reagent, 

standard addition technique, very 

hl gh sensl tivi ty 

~lade In China 

U-series nuclides, r:ade In USA 

U-serles nuclldes . ~.ade In USA 

Made in USA 

8g 



Table 42-2 

Na 

l Arsenazal]] 

Arsenazoi I l 

Arsenazal I I 

2 Mor~n 

~ 

~ 

5 

Ana]ytfcal methods 

Method 

spectrophotorTletry f 

spectrophatornetr'/ I l 

spectrophotarretr~' I l 

f luorometrv 

Camma spectrametry 

Alpha spectrametry 

Neutran activatlon anaJysis 

for thorlum at CNNC-BRIUG 

Key 'vlards 

p~(~P ext:raction in PH2, b~ck-

extraction and colavring in HCl(4N), 

Arsenazoffl ,absorbance, calibration 

N26] extractian chrorratagraphic 

separatian, impuries 'v!ashed by mixed 

soJution,Th eluted by HC1(4 N) 

Arsena~1,~1] I ,absorbance, calibratian 

Catian exch~jnge resin, impuries washd 

HCl(5-5M),Th eluted by ammoniurrl 

axalate, Arsenaza I I i, absorbance 

*'*_a] f brat lan 

Water sarrpJ~_, N･~:_63 -an line 

preconc:entration, fluorescence 

spectro~)hatom~try , special 

fluorescence reagent, hi,~h 

sensitivjty, caJjbration 

~ade in US,~ 

Made in USA 

~lade In USA 

ga 
i 



S~I~le'Weighl~~i 

Oeco~1!lBL~silion molhod 

Decom osi~ion time 

Dissolution 

~~p~1~tion method 

Table 4 2-3 COrT7pRrison ef Ch9micaf 

PNC Chubu Works J an 

O 1-1 

mi~e(1 acids 

more than 3 hrs 

HCI 10M 

~n~~ILJe y_ch~I~Ilge~~1~d solv~ntexl racton 

Cl-rorm anion exch~n e column 10 M HCl 

HCI 10M ,10 ml 

H~!u~MJ50 ml 

Proceduro for 

m_ixed 

l~ss Than 2 

reverse a 

exlraclion 

extraction 

aluminium 

tarlaFic 

Alpha SpecTrome[ry 

N,ixTure of U and Th loadin 1 

LQadin 1 

W~~~L!hinl~Jl) 

Effecl 

On eolumn 1 

IIL~~lulUl~1~1L 

Elut~~L fl~L~~ee~n~lrlL_ 

Intefes[in elemenr 

Elutale 1-2 for column 1 

ll~~!~~sr~lLin ~lement 

Further use of column 1 

Trealment or solulien 1 

Process of elualel 

se aration for U-fraction and Th-fraction 

U and olher Blemenrs 

ThJl~nd_ olher elemenls 

HCI OLLJ~, 100 ml 

Proeess of Bluatel-2 

U 

nol nee{led 

no 

no 

d in u tor nexr anien exchan e s aration 

d r ing J~~ f~~Jl~e x!soIY~lILJexlraolionsBparat~on 

no 

Page I of lhe 

s~~~~i~UiL~Lllor 

U and Th 

other elemBnls 

HCI 5M~Li2C' 

Th 

sodium fluorid8 

U 

es afler 

useless 

d~!X~li ng J~~~fer 

d in u ror 

rable 

ol 



Column 2 

Loadi0~(~2L 

Was~lO~hin 1~L 

E,uale2 

Process of eluate 2 

Sol,venl exfraotion 

Or anie haSe 

A uous hase 

Eaek~ex!raotion soiuTion 

Proc+~ssor_b_2~Lk_ exlraotien 

Full rooBdure lime 

Source r ararion 

CheTT'cieal~~,ndlions for U 

Chemical eQndhions tor Th 

T~ble 4 2 3 Co~parlson or chemical 

nllrate form anlon exohan e column S M 

nilrcic ~~Li~~~ML~~5ml 

nirricac~9{d8~~L50 ml 

HCI 6M ,50r711 

dr in u ror Th 50urce re aralion 

TBPiL~~CC,4 JI!~rhod~tw!~& exrract0~L 

TBP CC14 10"/. , 20,Tll Isl .10ml 2nd 

sodium nilrate 50'/. 20ml+nilrio acid 3+11 

HC~~U:1 Iil 1_1 ;~Dm f 

soullution d~(~!ingJ~p for ~L~ourceJ~r~~aralion 

4 da s 

elBctrode osilon 

ammon~ia,sJlruroio aokd.PH=2_V_olume=12-15 

ammonia,sulturie acid.PH=2,Volume= 12-1 5 

nitrio 

ml 

ml 

30ml 

aCid 

Procedure tor Aipha Speorromelry 

1 da 

eleoTrode ,osilon 

ammonium chlorid~!~:'/~~iammonium 

ammonium chloride 2*/* +ammonium 

oxaalar~r~:'/.~~HS*Vol=12-1 Sml 

oxalate 5y. pH=2,Vol=12-15ml 

(¥, 

Q1 

Page 2 of lhe lable 

I ~' 



Sam le Wei ht 

Decom osition method 

Decom osition time 

Dis,_.__solution 

Se aralion nlethDd 

Mea5uremont rTlethod 

Sensltrvit detBction limit 

Full flow time 

Table 4 2･4 Comp~rison of Chemical Analysis ol Vranlum 

PNC Chubu Works J~ an CNNC BRIVG China SeB APPENDIX 

O 1-1 

al 
o en mixed_ acids 

closed mixed acids 

more than 3 hrs 
less than 3 hrs 

nitricacaid(1+20) 

_ nitrcic j~LId(1+2) 

TBP-Kerosene extFaction 

non 
Condit rons: Bodium nitrate+nitric acid 1+10L 

Ist washin : otassiurn iod~te 5･/. +nitric acid 30~~ 

2nd washin :sodium nitrate 50'/. +nitric acid 6.5=~!'/., 

Backlp-xtt[~Llior~: ammon.iY~L sulfaet (25'/.) 

oxlne chloroform s ectro hotom8tr standard addition laser fluorimetr 

Conditions: EDTA-2Na S'/. .FH=8 O,axinB-chlorofs~l Condltlons s eclal fluorescence rea ent 

low m level 
hi h b level 

4 da s for 10 sam les 
2 da s for 2S sam les 

r, 
a 



Table 4 2-5 Comparison of Chemic~l Analysis ol Thofiu~ 
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Tab]e 4.3-1 Advantages and dlsadvantages c*f the technlques 

No Techniques Advantages Disadvantages 

1 

2 

7 

4 

5 

6 

Decom psl ton 

Separation 

~leasurernent of U 

(by chemical method) 

Measurement of Th 

(by chem7cal methad) 

A,lpha spectrorftetrv 

Gamma spectrametry 

7 Data processlng 

system 

Low b]ank Uncarrlpletel,/ 

far corrp]icated 

sampJes 

Simple reagents long time 

Simple reagents High acldity and 

arganlc soJvent used 

bad far both health 

and envlronment 

Long Pracedure 

Not speci~l reagents Law senslti,~.ity 

Linear range nat wide 

Nat specia] reagents High acldity 

High quaJjt+/ costly 
instr,Jment , 

ti.~ detectors, Iow background. 

Automatic anaJysis of spectrum 

High qualitv ,high resolution costly 

instrument, Iow bac~(ground. 

High pure r.e detector caoTing 

anly in aperation, automatically 

Canvenient,easy Dperation 

~ulti-functional 

Excellent softwares 
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Chapter 5 Computer System fcr Data processing 

S.t Abovt App7e rtacfntosh Plus system and the sortwares used 
ror data processlng 

The Apple ~tacTr',tash Plus svst-･_m , a po'werf,JI pE.rsonal camputt,^r svstem, is wldelv 

being used at PNC-Chubu ',!Vorks, IncJuding data processing, database managing system 

. OA managemenr_ and so on The baslc parameters are as fol faws: 

CPU: 6SC,20 

RArl: ~ flS 

Harddisk: ~0 ~lS 

F]appy disks: 7ao KB X 2 j ~ 5 inch 

Manitor:Mono I J jnch 

Keyboard: App]e 

~lcuse:~O I OO 

aperating/ri l~ system: ~IAC as ,:V5 r'J:5~ 

The saftwares used for data processirtg are mainJy ~lircrosoft Excel 2 2 and Crlcket 

eRAPH I 05 For mare infarrrlation, folJa'~/ing references ,_-an be loaked up 

1 ) Microsoft Excel ~eference ,:Microsoft ExceJ auic,k ,~eference r.uide): 

Complete Spreadsheet with ~usiness Craphics and Database 'Jersi 

( Far !~pple r~ac]ntosh) on 2 2 
2) r~etting Starced 'fjith ~licrosaft ExceJ :CampJE:te Spr_･^adsheet wlth 

Business Graphics and Database ',/ersion 2 ~] C ror AppJe Macintash) 

3) ~licrosoft Excel Functlans and Macros (For ,~pple rlacintosh) 

~l) Cricket r.RAPH Presentation Graphics for Science and ~,Jsiness 

5.2 About appllcatlor} system for this report 

This repart ,~Yas prepar*..^d in the computer s,.st 
r em, jncluding vvards , pracedures. 

diagrarns, figures and tabJes The empJoyed saftwares ,lvere r~ 

l~crosoft V/ord. CJaris 
MacDrawl I. Cr~cket C~,~.pH and Micros･~ft ExceJ Far rriore infarrrlatian , th 

references metioned above and fol fow ings can be found e 

1 ) Macintosh System Soft,,.jare User's Guide Version F~.. O 

( Far Apple rlacintosh) 

2) CLARIS ~acDra'~/ 11 ( For Apple r~acintash) 

~) r･,jcrosoft ,vVard C( Far Apple r~acintosh) 
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C: 

D: 

E 

e: 

Am-241 Standard Source rar A]pha Spectrometr~ 

An Example of Alpha Spectrum ---1: U-fraction l]:Th-fractian 

fAEA Uranium ~*_tandard Saurce far U*amma Spectrometr'l 

C~T-n Shaw ror Camma SpA-ctrametry 

Alpha Spectrorretry at CNNC-BRI uc 

Cherfiical Analysis of Uranlum at CNNC-B~IUC 

Cherr,ical Analys~s af Thorlum at CNNC-~Rluf.~ 
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APPENDIX C: IAEA Uranium Standard Source for Gamma 

~ ~~~ ~~~~~:il;vP 

INTERNATIONAL ATOMIC ENERGY AGENCY 

REFERENCE MATEFlIAL 

FOR 
GAMMA RAY SPECTROMET]RIC ANALYSIS 

OF 
GEOLOGICAL MATEI~IALS 

IAEA/RGU-1 

CERTIFICATE OF ANALYSIS 

COMPONENT 

Uranium 

Thorium 

P a ta ~Sl u m 

CONCENTRATlON* 

40C Vg/g 

iessthan I ugfg 

iess than 2a ~~f/g 

CONFIDENCE 
INTERVAL** 

t 2 Vg/g 

. jExpressed on dry weight basis (constant weight at 1 30'C) 
At a signiflcance levei af O 0~ 

DESC RIPTlaN a F MATERIAL 

RGU-1, RGTh-1 and RC~(-1 are Lntended far use tn calibrat~ng 
laboratary g~mma-ray spectrometers far the deter:niJ:Istion of rJ, Th and 
K in geological materials. RCU-1 was prepared by the Cansda Centre 
for I~leral and Energy TechnolGgy (CANMET) under a contrsct with the 
lrLternatlonal Atomie Energv Agency The n~aterlal was prepared by 
duution of Canada Certifled Reference IV~aterial Project (CCRM}) 
urarLium ore BL-5 (7.099~ Lr) with a flaated 5ilica powder of sirallar graij:l 

size distributlon. EL-5 hss been certified for ursnium, 226Ra and 
210pb confirrning that it i5 Ln radiaactive equilibrium. The compiete 

descriptlon OE the prepsration and certlficsti.on of RGU-1 may be found 
in the reference. 

RBFERENCE 

Preparation OE Gamma-ray Spectrometry Reference Materlal5 
RCU-1. RGTh-1 and RGIC-1 Report - rAEA/R.L/148, Vienna, 1987 

This report m~y be abtained from: 
INTERNATIONAL ATOMIC ENERGY AGENCY 

Agency's Laboratorles 
Analytlcal Quality Control Services 

p,a Eox 100 
A-1400 Vienna, AUSTRIA 

l 02 
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APPENDIX D: CRT-n Show for Garama Spectrometry 

<<< CRT-1 >>> 
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~L 
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1:;L -(~r ･1 L I '~if= 
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Toda,y is 1 991 -OI -1 e 

if OK push return 

Time is 1 7:09:1 5.00 

if OK push return 

:7~) 

<<< CFiT-2 >>> .~ 

Input of Measured Condition 

Input of Analytica] Cond[tion 

Anal]Isis of Unknawn Nuclides 

AnalySls of Fixed Nuclide 

Anafysis of BG Data Analysis 

MCA Maniter 

NLAE: Command 

END 
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CRT-3 
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<<< C Fi T-5 >>> 
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Energy Calibration Program 

i .Automatic Calibration 

2 Energy Input 

3 Factor Input 

4.Registration af Peak Energy 

5 End 

<<< OFiT-6 

Registration of Peak Energy = 

>>> 
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Result of Energy & 

Channel 

<<< CRT-7 

FWHM Ca:ibration 

Energy (keV) 

measured caicura[ed deviatlon 

>>> 

FWHM (keV) 

m8asured calcura[ed de'Jiation 

Calibrated Equatian 

Energy(k8V)=ca+Ci x ( channel )+C2x( channel )^2 

FWHM(keV)=C3+C4xSQRT(8nergy(keV)) 

File name of en*~gy calibrated data -
L ~~E 

-- J 
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<<< CRT-8 

Efficiency Calibration Program l 

>>> 

l 

-, r r T~ 

1 .Automatic Calibration 

2.Calibratian by CPS Input 

3.Calibration by Factor Input 

4 F:tegistration of Standard Source 

5.End 

il!. - :/ ' r+ i*'~i~ t, 
*l J i , L~i i ~-1 

J 

e n e rg y 

<<< CRT-9 

Re~o~;tratian of Standard Source ~-
activity branching ratio halfelife 

-tsc, 

. t 

>>> 

certified date m easu red date 

bou ndary e ne rgy 

peak search area 

sensitivity of peak search 

+* is 

-t 

*~ 

l~r 

rrr-ilT 

T :~~~~~: ,~, 

-- i~J ~ , ~lj r 

i * 

~;*1+ -- 'r tjliritr= 
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data size lvlC4 
¥~-~ 

sample ID 
¥~~~ 

sampled date 

weight on sarnpling 

efficiency of sam pling 

flow rate 

cornment 

<<< CRT-1 

Input af Measured 

O >>,> 

Condition 

~ 

l. 1 

[ *L_ J 

L:!1 

j 

sample name 

-, measured date 

weight on measuring 

height of sample 

time for samlping 

~_r--i. 

<<< ORT-1 1 >> > 

Input af Analylical Condition 

name of data file =. ~-: -_ narne of BG data file 

arA.a af peak search , _ . , _ __ -- ~~~~;~~ sensitivity of peak search 

library mark . * . - - -- - - ---- p rio rity 

Fl~,H, ~~ factor of scatered area factor af peak width : [ ~. - :_ 

name of iibrary file . -~. _-~~~; ~:~; *.= , . ___ __. .L[ decay compensation factor 

filename of energy calibration . ~:[_ _ ___ file nam e of efficiency 

dimension ofactivity* IF ~-i* ~ u~1. _~ rr; * ~;: ~L*. : [~~ 

activity/weight or total activity(1 :/weight 2:tctal) : L l 

out put (1 :CRT 2:printer 3:CRT+printer) : ~~~ 

content of output (1 :result of anaysis 2:a[1 information) 

~ 
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samp*8 ID 

sampl8 name 
name of data :il8 

dala si2e ~ 

MCA 
samp]ed date 

me~sured da[e 
w8ighl on samplfng 

v,efght on measurlng 

8i:iciency af s~mo]fng 

h3ight of sarn oie 

flc,*v rdt3 

[[me for saml~lnr* 

cam,Tlent 

<<< CRT-12 t)~¥ 
~ Measured Condition - ---~[ 

: 1. 

1 

l r 

area of pe~k se~lrch 

sensl.1vity of D8~,~ search 

fac[or of Deak widlh 

fac[Qr of sca[ered a,･ea 
nam e of ffbrary fiie 

,'ibr~ry m ~r!-

fiienarn e cf *~* 
*,,*r~y c~!lih.ra:fan 

p,'iorfty 

narn,e of E(~ da~a fffe 

fl8 ~am e of efffcfency 

dimensfo*1 Qf actfvi:y 

energy calibratian 

<<< CRT-13 
Analytical Condition 

>>> 

fo rm u la 

Energy(keV)=Ca+CI x ( channel )+C2x( !hannel )^2 

FWHM(keV)=C3+C4xSQRT(energy(keV)) 
i 

efficiency calibration forrn ula 

energy(keV) <= KNEE 
log(EFF(-))=C0+Clxlog(energy(kev))+C2xlog(en~~rgy(keV))^2 

energy(keV)>KNEE 
log(EFF(-)).=_03+C4xlog(energy(keV)) 

*. * 
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~*.*. 
data name 

camment 
region of analysis 

caunting time(sec) 

peak center 

~ ~ 

･<<< CRT-14 >>> 
~ ' - Resultof peak search 

. l'+11 

~ '~ 

sensitivityofpeaksearch : ~' 

peak area peak area__jcps _ 
, .' ~1, 

scatter e rro r FW H M d e te ctio n limi 

<<< ORT-15 >>> 

data name 

COTn m e nt 

decay eom pensatiDn factor 

decay tim e 

I: - peak center 

F]esult of qualitative analysis 

energy 

t~-

FWHM nuclide factor of decay carTl pensatian 

i *= ~~ 

- I ~ 

IIO 



<<< PRINT-1 

_ Result of Efflciency Calibration 

energY : e ff icie n c y . . 
measured 

> > :> 

calcurated deviation 

Calibration curve for peak efficiency 

File name of peak efficiency: [ ~ J] 

tTt 



<< PRINT-2 >> 

__ Measured Condition 

samolp- ID 

sampl8 namB 
nom8 cf dat~1 f]]e 

F!1CA 

samDled da[8 

m easvred da[e 

',Yeight on samplfng 

YYeighl on measuring 

e[liciency ()f sam plfng 

hefght of sam p[e 

flo'･! r~t9 

tirT~e fQr sam:~ n~ 

corrlrrient 

Analytical Condition 

area of peak search 

sensfti.Jity Qf p8ak search 

lar_tor of ~)8~k Y.,iC1:h 

f~Cicr or sc~[er8d area 

na,Tle o{ Iibrar)' ~jle 

Ifh_rar'.. m;].rf･. 

f] erl~rrl 3 cf en~rgY ca[ibratian 

p,'iorit*f 

n~m~ CF ~C data 1le 
fffe- narrl e Qr efficiencv 

dimEnSlon of ac[i,Jiiy 

energy calibration fo rm u la 

efficiency calibration fa rm u la 

~il~: 

J! 
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<< P Fi I N T-2 >>> 

data name 

comment 
counting time (sec) 

:'. f f~ ~.; *1 - ' 

~, Calcuration of peak area r 
f ,'~ ~~ ~J Iitl ~: :li 

~l'~ ~' I t~j, f -- ~i 

._~)4i ~-

f~i 1 ~l* :t~ f ~., 

I･~ [ ~~ ~~ 

f 
+ 
~*-

data name 

comment 
sarnple weight 

date of sarnpiing 

date of counting 

decay time 
nuclide energy 

- - Result ofquantitative analysis 

decay cop.factor efficiency activity 
detection lim it 

r i 
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<<< PRINT- 3 > > > 

data name 

comment 
3am piQ Welght(g ) 

sampled date 

counted date 

decay tim o(sec) 

nuclides 

- ' Resultofnuclidesdetermination - -

energy decay comp .fac. 

+1} , 

efficiency f activity 
* 

detection lim it 
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APPENDIX E: Alpha Spectrometry at CNNC-BRIUG 

~etermination of Rz~dioactil,e ~{it,*,- r'f l~'1 l" 
･~･･ J uf U and ;;. Til/'L1'Th in rJeoloyical 

S ilmp I es by P 3 5 O Ex trac t i on C ･ , ~ hromato~Faphlc SepfL1 atlon rl ha-Spectrometry 

I. 111Lroductio~ 

:'i. Purl']~sE Ind ,lppli~~iil.it,,, 

Th_s metha(_i i.s llse(1 for f.he 1_ssd ' of L'atics ofs71~C/;;8u and ;'erhfJL'L'Th 

ill 9ealc]Biciil sd~I[lles ',fith separ~tion and ~rp~:oncp=ntr~ition ~inrJ emDloved ~~rl 

EiPha-s~8ctrom8tr'J'. LJealayical sampl~s incllJdiny '~tlter,r'.cl,Is alnd lirL~_rnls fc}rms. 

Isatapic ~lcti~rl ies s'nculr] he 8r~Iter than 1 ~iE-:~ ~,Ll,'"L fal' ~~t~i' s._..",~l[]l~s ~n~ 

~ 15E-~ Er_{f'L far sclid sampl8s. Ir. IddiLicn, ~;,?T}]!L;lr~,1 *ati=~l shallld ~ct. be 

8r~.'.ter thdn 15. 

TJ. Sunl~ar:}' of ~{ethod 

i~Tatsr sil~t~leo~ h=ere tr~=it=d ' I h ･,~+ . ~-1,*1 {>*r-i* ch"=･rl~E1' "= '* 'r~-..*, - ** * ,~ * ,+*~llc - . * *- *+* +=* ' -' Ll . .-- '-=-1_+~~L,, +* m~anl:jm 'hlortd* ,o f,~* '*,.- -.-d~~cnT~ r'*'-' * ' + *-- *;~ '- - - ~ - .+,:, *L,* ~L~pit[~te,~~an th~Lt th~ fR+rl'ic 
hydr'JxlCie iJreclpit~fe rnn ~ n~d '**=1n'ui~ 'nd 'T*^･ ･, L･:*}. , i~ Ee~~l'ated fl'c,m *'~ +~ * + * *++ ~ ' *** l.*.vllLill,Itl]l~.. f[1~ ~u~**T'n=* - . ' - - *- - .llLi ifr~'-shpd Th;'~E h:*1" "i~:*" - 'l ' = ' ~-- '~ * ' l'- * * --*L*-~ e;r,~[ thp Le * ~ , * .= .* (: *1 o~'ecT ' -" - tJ '--. l"'~ ,1'_s *~ in c~licentr~i ~eu ll~rlc acid ~r'i~ }rJ~~~,i :]nTa L P3 r riu'cLnatorJrlp~l_ calumll 

~o*Id si]l~_Iji '~~l'!~ ~ =c'+~p['sed ' ~ 4' = * * . rt.._1 ~iiieli ~irl~of[ u~ s~ilts ;~l~d ~]reparpd in a 

~ ~=d sol,- ^･, ,~' *',*~-, ..~ ~, , ,. , ^vh ' '~~ '* ~ *L+**. ,,lLi I ' I ~ ~ * f * r -+ * T ~ , **+ ..*~ , *-LL'-- - -+*'1 -~ Im .l_tl*iC_ L1[J,o".+- Li*+.. ~lcl*~~2~) ;}_~d 
cnt.~ d P35,~ =~}]r*~at.~r*~)L:~Lc 

･+-+-- - ***-~.** , -..L .-a~~~ ,~ r t er ~,it,s___~ -1~~ou~n .ile c'Jlu~nrl ~ll~ =~ashec~ T, find Th ~=er~. separated a*1le 

<' ' cm ~-trl} ~-d ~r~･･ *' *"~"'*- --'- *1 ' *'cL ' ._ '*_.~*r ,_.e~~,n_ts. Sn,urce of f l~=~* Th ~t=ere made b~i 
{Ise i]r **1'~ci~~~s*L,loll ~n*1 cster~l ned ii~, noh pAC o~ptri'. Th~ l' . ~~+ I r.s 

~*:uiate~ lrc~, thF ~i~ha s~cctr~i. 

I. ~~~8~ ,l~ ,:ll]~aratus J**) ~' 1 

. ~~~..L Its 

l. ~li,=.ed d~~onium sdlts,prapor~tion is as fcllows: 

}:HYF: (~,.'H,/):LSOtf : XF4tC~ ' LfHY=~O; ::3 : O . 5 : I : I ~ried (･:TO C) , Jro~nd . 
2 1201 :]r H-5 ~esin (pal}'~:]hen:,lethvl ~at]i~) ,50-P.O ~Gsh 
3 . ~1*i-~eth~,lhept.,~,1 - 1-methylhept~'l Phosphonate /~350) 

~. 20C# ~-ercsene 
'. ** / lzlnO and ,bashinfJ sclutlon:t~rt~-~c * 

L ･*'~if~o 
" ) +r.i+ 

i] L~-I~ln~ sc I ~t_lo~ : ~lu~llnlll~ ~it.ra~e," I Co!) ~T.~rt,ar_ _ :."!) +ni t r~ 
.c 'fir](li'/~ 

T. El*~~e for t]lorlll~:h~~~rncl:lL;_'1c ~cld (J ~~lfL~ 
S,. F=u~te f'~1' ul'n.r.lul:~c~: !m ~luori~e ['n ) 

S. F~rl'lc cnlOi'_ti~ fl~~ ~1/'~. ) 

IC I~clll LII r~ *-* 1'= r･~ ,' 1 ---i--+-- . . ~ ~l+ 
i L +t~uilanl d 

-J. rl!ui'oclliorl~ ~cld 
i~. ,1ltrl~ dc*d 
_ l. F$i'c.,lJrlu .;~^j 

IJ. .~mr,a~I~m ~~'7 =Lc' '*'~! *" ~ "+* ~".~ n*,, Ilj 
1~. ELcc~l'r_~l,t~ solutioll for '~: 

2J ~:nmoiliuln chlloride an'*1 ~~ a~maniull oy.~*':･~*te ~i'e ctissloved in 1_OO ~l 
deionOd 11=ilter and fld~llSted PIJ:G h.th h~'drO(:hlOric ~cid. 

17. ~l~ctrolyte sclutian for Th: 
, ~J u~mcnluln chlcl'ide ~nd 5U ammonium axa]ate ii'e dissloved in IDO ml 

delcrl~d ~at~r ilnd iLdjusted PH=2 :1'ith hydroc'hlul'i(, 'tciti. 

B. ~ppui'iltus 

1. l,ljllJ Spoctrc~e_~rr~~~l' l_n :~f~cl~itl' ~:_T~iT'L T¥:C:.) "cjuiped 1,fith Is rclloltfs 

(1) . ~u-~i ,=1'rf:lue L]~rr:pr se~l'"nd~*+~T. .1' f * +i * ++- I ** **~. ~e+e..Cor 
15 
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!) 

~. 

~,. 

(2). ElectFic charge sensitive head amplifier 
(3). Hain ilmplifier and plllse shd~Pr 
(J). [olllse r]iscriminator 
(5). ,tDC 

(6). 10~ti cll~nnels pulse hei.,ht anfllyseF 
(T) . Corn~)E uter s~'stem (POP-11) and its Fl_xtoral equipR::er,t( dis~ de~'ice 

printer ilnd ,,,,ideo et.al.) ' 
(S). ,~.,ha ',accum ch~mber 

([]) . T,';lccu~ !]ump 

i. PIELtil~Lim ~I~ct['orJc 

,i. St~inl~ss sL801 ~lisc 
i. Direct currpnt constan' valf"Oe ~"~~e" ql]1))1 ' 
~ TlecFrcdeprJ~ ~ *- * -" ' ' - I L 
* LL * i-_n3 c~ Iinder cell, ,ol[Im8 :O Tl 
~ ,~~rl':*11]~ * ... * ' ~ '-*** . .*~P~Lilu:Ire '~tdter bath 
,. Column: T TU ill~ 

'~ Ot~*r (' -- ' _ *. .*^ ~iei,~ra. aprJ~irltlils ~:~e~l In l_,~bcratt)ry. 

II. Prar.edure 

l. Prepar~itlo " 135D cr_lLmn n *_ 

a_ Pul*it. :]f ~~'L}l 

50-SC ~es:1 J~J'I Ice L ~:1~el*i~a ~l .llr.~ fJf ~"]sil) is t~ken in ,1 be~l~~ ~ l ~ ~*.. e l' 'r,d 

El~n ~,~vous ~lco~.ol is ~iti, ~~ illJ f.r~l~sferl'~d ilto a di,'*･,t 'U~ie. ~~d :'r'~ L;..* s~lrr 
rhe Lt~c.')hcT ~,. ,-**+: *11= a~ ~~* + *' - +:) *~,lLirluu-** ~ t~ t' "ish i~!~iir_Ll~'-. till non 'elloTf cal '. ii L~iT' ~L = - ~ + I aur ' ___ .:~ 'OflL , ,Is -~iil is tt~ii~il 1~ut ~Lr,~ I i!_1 In ~ln .~'tJ~.. '.'essel azl~ dl'ied at 
TO-~O , tcil~l H_,.ists l' *] ~Jn.,J i c;s lri~ _t =L,li~ ~];l~'e _"I i~ stored in ~1 cl8an y * 'e*l J S~ 

~ 1 . _j~~ ,j t) '~=el~i~13ci i]1 _. c_~~rl ~e~l~~~r lo ml 20C~ J~ern.sene is Ifir7ed ~nd f"50 .~ 
*e~ t,o , v+~*sol , * ~ ~0.5'~ 3_1 

* ~ir~~t}- 2-rJct･t.nol are ~d~1*s*1 ~,r. :issi(~~ and stirrerl .ll~ ~[' --L iissol~=e ..Ifor~.F3~0 salutic,fl is obt~ine ?_ 

=t~ pur~ ~2r"I Is ~fei8hed dnd pc.[_[r~~ -,,;rT l' p.1 ~' '-'LI irtc ~,..!~ - J,jt~~~ ~r_1.~r 
in ste~ * ~ ~nd sl_T' Pfl _r _*+ i~~]e'+~iat ._Iji.~. n ~~n~'t~)~ In~ r ' " I ' 

* ~_*- ~* __*r_+ ~i **, * *. Ir. ~3~C-~~OI I ~~ ~1*tt~~ ~ i~ ~~ir'iral c'.nditicn ,~ntill ~orl. sln ,r-i ;1. 

kerosel_ shou::~ :1,e se~.leJ~ in a ~lz~ss ccnt~~ 8sln r.clll e,,Is~r,*_ '^i~L~ .~ r L-P:~O) 
T*,~r ~. _ ir _L-P350 i~. ~)) t.o ~cl*allz~ fcr ~ hr_ur~. 

Plc _~~S~ [1 Ich haE; i]ssn preT~,ared i~_ step d ~bol~e, .* ,:olu~n[: T~;TO~l; ~1=ith CL 
!1;dke flo~ 

~'ate I 0-1 ~ ･Ll,,"min, ~'"Id 15 m,1 (TT i ~~ ' .- I ~ ~~en re~tiJ,, t.O iJse ~ "~ ~""' LO ~qvallze iL. ~l~w, it. hH_s 

[. S~i~Fl･~ !- pre~)* aration 

l* sd:~jt*~ 

i='1~ J i ** =~'1~*,. ;; **'= =" ~+h . ~: -~ - - _ ~1 ,;;.*. ~ ' I ' ' . - * ~ , + .. --*-* t]een ~*~ f*~ .*..1 L ~n u , -rl +h n~fri* Ic~.~ {+ ._1* *=. j .. , , - '"* 'T+* '+. * . +., +i* ~ l h' I~o .'.._ . !l~_ * *. *-~** ~ ,** , " ^ lcl~ ~For~ r'T ~ 1 Incl "~ rlr-T , 1"I ' 
*: ' " =*** ･-･ ･ ･~+ L... , * .L- ~ _*. :lr!(i z:I~h~oni[i ~hilf~ sLlrrirltl ta ~*ci~ust .nH: S-~. 

~fne~ FefOH) prF'clp_.at in~,olvlnc] 
~ i*I]r* 1'1 '+1' ' ;* ~~,,.. . + _. , __ *, n+ ' ' Il F + ~ -__* r]+T h~ 1. *,*. , * -* -_ ' * +_ *' I ~ *~* '~* * ~ .lr* ThF'* ~* c:*'*'*l su~r~rndt~ ~~d * ~;~; ::) -'~* + ~~ " + . ~T ' +~~*'** - - I . .*-- i,~' 1'1 ' Il]l 't~ I 11 -' I "~ - "' -+ ' ~ -'~ .-* .-. L a ~ ~ ~, ,~ . . .. .*~ * . , _ - + ~*r.c* ILi._. .. n+ill*_ <1LIL~, Irl ~L ~uJ-~' + "** -'+* **" ~~ ' ~ ~ * ' - . ~ . ,~ u~~ll + . ** t~[ tf , . T " -' ' '** -* -- .+_L ~ :~i ill ILll:Im~ l,iltl :L~1J 

tL･lc acil ~nd :~ :ul ~~l l m; h~'drc, Iu()ri~ ~lc J tL,= -- . ., . ... *<' ^ ' ^ * - -]J*n :3Lill ~Lul'r..L[L~ ,_lL l 110ri Ifllil*E s~nke. The mi:~ture 
vl L Ls * -~' *Y- '- * *~ *., 'T' , ~~ *1- ~r* *** J + l -~~* **~',1.v . 

L. Solici S~mL)le-:,lii~ef_1 Irnmonlum siilL~ ~]eccm~asition 

0.~0 s~Lm'Jt l~ Is ~'ciJ=he~ iil a 150-ml lie~l{er and lOg (II.il.i) mi~ed. in unifol'm. 

Set i'Lc.un an electi'ic fur~rlce be l]e~ted u~till nan white smol~e e~ists rool till 

~ . .L~Ld L,-lO mi _'~~erse ilqiia re~la ~llJ heat :untill narl L'hite slnoliu occurs 

rtnotl'ei' ~-~ ml ~*･***,. ･ ･ ･ -a , :_ '_.st Ifll-i~L Le'JL,t l~ l]erl FL~ld ~f_i:[] h~atp(1 [Intill ~n.n whit,e s~ake 
oxist,' Lty'i~1, , ',,, .:....~* ..,t -" , ,' . ' (, *+., i i~,1 L""" ' " ' "" ' -_ - _~cl .~ o{1[1. .[ ~1,t n.. ~cl[I~d ,o ~1lsslol;e t}lp_ l'esidue 
ilnd ,,,,~l'~ u~.,Lll~[! I] nl (II.,1.5; ilr8 :.idded :Ind heatE}d till slLiJ~t bailiny. 

~er]~L':l[ t* ~cluElii 

lile sa~ple sai_LLcn ,repeLrcd _n stelJ (III.2) iEi poui'F'_d into the colu~ri 1 
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prepared in (III.1.0). tlfter the solution passinB,wash it with 15 ml (II.A.5) 
solution 2ml (II..~.T). 20 :HI (II.A.7) is eluted (divid8d 3 times) and cnll'ctef] 

lll a SO-~l be~ker Th I t ･ -. e so u lon Is usp_d far tho]rluu:! electrcdepasltian 

1.5 ~l C Z: ../A ･ 8_) _ is added in the column ~ilerr thoriilm bas'been elut,ed 
Itllen it has passed,lO ~l NaF(II.A.S) is added ([]i"irJ~d 3 times) to f~lut.e ~lranillm 
and coller.ted in a 50-ml beakcr. 'The s[l]utlon iti llsed for lirzlr]iLJm electroclerl.a-

sition. 

4. Saurce preparnf_iun- t~13L~.'nTileLJosic=J l 

zl- Sou e fJr ljrln u~ 

l ~ll nitric acl+f ~inu n_5 ~L , ' ~~rch.lL*Jri[~ ~ r_~L,j ll'e atlr]~ll _n t:l~ ~ll-
~olltulrliri~ ur~~i!im SoILL.Jil sel'~r[l~3'_1 in (IIT.,"'1 :]nrT e',~i~]trzit~~ Llll l~:_'il I e 

smaite . rc[ Irji'j_. L.I~] l~{ JL1:~~] Illti ~ aparlt.!~,1 ~*] l.ft~r ,toclin~ sl+~ .t, I ~l hlc{ 
inci~i~nt ,ir~'ness at a l.w t"~E]F:.L'~tur~ ~ ' ~ 'n " I r_!i'~l~te ~c]'u+,o,lrll. i lr..) 

. * Lv ~+ 1. to tlissol~~ s~l:Its lift~l' J:len. _i)J, t_~1!~ s[)lTlti(]n int~ 1_ electrod,3-Liool_:jl" sli*;-*f 

po(:~+= * *., -T ~ I _= ~ tc]:~~[;_ ~ _ I _. . ~~ ~1!i!_] --*_n7 _*_ f . ~~~~ ~'I~ ~]l :] 
*e~-~~~turB *Eit,*･･_r i~~li,h 

(II u'+.~; dt T~'C ~1"LL*'i lrl li:~~ EJ[]',1el ~,l~~ rl'_nt ･*.p_ Q*.~) l 3 CLI * 
:! ~~.oi * 1 . Cf] ~II,tr_~~ l ~.L_er, [,he P~ =11la~~ b tc, d L_,dil tc ! ,= h~,= 9lett~'~-~ :~~mr,.r.i~ 1,= '*cl+~~d iLn(1 ~cE~f:l~1.* T_Tr_=~ , 

-' ~-* 1? , ~ ~ill~t 3.*os+ *.* Iu+ .- I c,ff th- r~n ~" T ~ ~ LLlt)u cu ~l ~]~e Lath ilrl~] ~qh L~ ~+,h ,lH on~ci ~, Ind [..].~:'~'I~~ ci _._*.rJ 
*_L~r ~ I Il b 

fl]r t]~ 

i ~* i~l~i*lc LL:1*~ I ~ n ~ ,~ ***~1* .~ * , l(1 ~Lre i~~H_~ in th~ p:_. _ l ** *' - * ~ ' - ~*1=-'11Ji*c ~:_ 
*J J ,* *,'* J'*'**== *' I =+=..* .~.. 7 ~. ' -. + . *-- Tm + I T , ,. ,+ .* ._.L_ rT r, TTT '¥ ~ . apor~Ite'~ t,lll n='~_1" 11=}lit~ '--- - "*+_.._*_ _.+ +*_+ .j , rj* *_. 
s~]u e I **" -' *T ~= l ~l h$drc;r_hloric flcl=i is ~lt+1ded ~ind e~*;i~1)rated ro * '* ' '*1'** *ou*i..J SiLu..L, 
** In =* -"*'* + * . ' . * ,. , -^**- ~s ~L T * * rJd 10 1[ F~.let'trol._*te solutiar'~l.i.lT) * ---* *+~'*-- * * _Jlf LPll'*J.8.~~Lul_ 
ta ~i~sui=,e s~l~s after coollrl'l sli~ht.Then -'-our th't:. srJlutir'.n intc a electrod8-

PcSi i~~ c'll ,'-' -' ~ ~ ･ '*+ '. ' ~ * -~ ..- . ,.-i.3.01 (: * ' '"* = ' "' . -. .r.o _e. _he __1. .II a co~_)~~nt teT,peTat~ie w~t.er bzit}, 
(il.E.5) at TO",. S~,iiLcn on the paTfF]_r sUppl}= (II.3 4) an_d set tt.s current be 

l. 'iA 1lnen o.H af the sol,Jtiorl shrJuld 'Ue '._. ~O minutes later,the FH r.hanSed fram 
2 to S then tc '+* ,at this ti~e,3 drr_,p~ cf ~~mania is ~dded and caltlnu'_ el~ct~o-
de~ositian fa-L 3-5 ~inutes. Tu_n aff the power(TI_B.~~ aod t.~ke the r_Eltha~e 
disc aut of thF~_ h*ath and Lfash it ,,fth deirJ~ed w~t:er an~ rlumb~~r it. 

~. }leat~*~ire~ent 

~ ' ~elec+ian ,~',F -' * * 0.1 . * * . -* ,,p~..~*In~ ccnditi.tir.s 

~. Ener~:,' r'escjlut_on: S~ ' ~~ 'J~' LT cr Th s~tallci~ir~L a'~ha "sourtp into the cFla ~e I E I (~)] ={,u~~ i_ill *+*,,* ' "e 1: ~]~1.~en~I~re i_ts ~.'Jh'l-s~e*._ *. In ~L~c!~m f.~~ l 
t e ISL rr! IT.~_.~) Tl]e ell~r_l~' r lll,tion ,iall i'P ~~1]f~lill~rl ~s '~1_l[Jil's: 

(~;,= ICO l * .bE*'F-

hhel c E is the maxi~um aL el]e r 4 E is sncrOy ~iidth at half clistribution of 
maxi~u~. ~ should Le less than ory 

b. Select opern*tinO 1'alta~e of the tletectar : ChanOe bias volt.zlue and 

ruu~srue the ener8y resolution at this volta~P-･ rhe best ener~y resolutian 
should bE, ,obtai~efl . Thorefore, tt,r' }Ji.~Ls "oltlr.l~ f7,t the tlest ~ner'rJ:' l'F.solution 

i~.' the c}loice. 

~. C,hari~o LLmlJliflnO ~aill ~if lin8~r rt~[]1ifiei' to let the spectlum on fhe 
:IidJIL, iif L ide~. 
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5.2. C{~libration ol~ inst['urnent 

Set a known ;lpha-source with acti~-it~' I l]q In the v~ccum chamber ~nd pll~p 
to make Yaccum degree 13 P~l, me~sLire npll~ spectrum a[Id calibrate Lhe channe~ 
number uf the knoh'n enei'~iBs shuwn In T~lble l. ' 

Trtbl~ T , ~' and Th isof_opes zlpha sr,er_tril 

:{llcli*Tps ull~ ~ ticles e~e'r~ies,1,le'.' InteTlsities(~) 

s'S T ' 

*j~, 

4Lf h 

J!"Th 

4le~ 

ll4T 
I*f 

,~ 

-T_IT~ 

ITo', 28 

401' 

13 

* *) 
~e,S~ 

~ jj I S 

Te 

23 

3 rour.tilr"* ' * fl I c i ency 

S~t ~L knoTir_ Lrinlu~~ aT)'.I~ii source in th~~ chanlber an_~ pu~tp ta ~ak~ L=~ccuJII 

~e~ree 13 pa, ~easuT~ ar~rl~ spectru~ of"SL: ~*,ds~h, to calculat* coli"t~n "' '~ 
*nc~ snJ'r'n as loliOh=s' g **+__+-

Countin~ efficiency(~)= lOrJX ntua cau~ / Ln~ r~ca _*ur~p_ 
our r f stand(~"'rd ~f~ 

~~.4. J'~ack~rounti of tctal prace'dure 

pr8pare not less thdn 5 bla~k L1 and Th apha sr*urces accardinr] ta pi-Dcedi.lr9 IIT 
ta meausre their bacl~~round counts Their IEe~l'urin~ times shou~d he Or~'>ter L Ian 

I~ Io hours.T1]e mean count of these bac]~uround col~nts is re8raded as back~round 
value cf total proce~*ure 

.~. ~1easllr8~ent of LlrnT)l 

Fristly,calcul~lte measurin8 t.ime(t) ar_cordiny to the r8lativA_ errJr r~l 
~~" ';Tm']le count~ntJ "*+ ' '+ :)* I * * -**e(~) sncT1'n as follaws: 

L:11::ll ~L) , 

tner* sct ur~r]iull cr tharitlm apha source of sample ir,t,a the th~mber ~nd .]u:np 
vacc'Jm till 13 Pa , ~P_asl]rF}. its ~Phzl sl]F'.cttl!m rei~ rred to meFisurir~o time 
calculated mentioned abal'e. ~e;Id pBak int.eOrnt,inJ 1_reas r,_f2~f~, }'eu, :~'s!Th a '1"Th based cn the spectr~. nd 

I' Calculation 

Isotopic rat.ios are shown as fallol"s: 

~L: a;'1'/ ;'s L'=x/~' ( 1+f) , 

~Th: l" T}~/ J~'~Th=~/y ( I +,r) , 

rlere "tU , ~'t~, "eTh anf-] "LTh aFe peak areas(minus back9Foun9) of . _ 1 18 
~~~~'~~:F~~~f~~:.>1~{~~:1}~~~--t ~ ._i _ ~~ .~..:~~~.~~"~._~~:;~i" !' = ....~~-~J~'~. .. 

-･ *~~~,.~,~,~~~~~.*,F'~"~..'~~,~ ~ '~~*_li~~ ~ ,~f~~~ 
,~ 



each isotope: r is 
l$~U ori"Th: cr is 

peak areil 

relativE 

of ;!;4LI 

standard 

or 21'*Th ; 

deviELt.ion 

y is *JIP-zlk area of 

expressed as: 

r 
~Yhere r.r/ is 

~J 
r7 nl;~ 

r'r;~ ~~ 

,T/ 
, d~q ~s 

f+ 

~ rcr_._y~l 

~~ 
~'I~ 

) 

~~, 

~~~~ ' 
t, 1~i',~ 
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APPENDIX F Chemlcal Analysis of Uraniurrl at CNNC-BRIUG 

Det,~rmlnation of Trac8 Ur~r',ium in r*eolooic~l Saruples 

b~, Standard A(idtian LaseF Fluorimetry 

l. Intraduction 

,~. Purpose an"J I~~lic~Lili+,, 

This methcd is used for the ass~y of trnce uraniu~ in ･eol081"*l 
sl*mples without any separation imd precancentraation. 
E. Su~l~Iar~.* af ,fet{lo~ 

Samples ar~ di9est.ed in open mi~ed aci~s H~03-HCIOY-HF zLnd pL･epared 
in "LH='T sol,Jtion far TJeterminatian usin8 Iaser fluc}rimetr~' ~'ith standard 

additicn techniclue Th8 ke}' is th~t e~plol'e'H- SPECI ' FL~ORESCENT RE~r.E~T 
which ,~as devp.lcped by Zhan9 '~an'an *_t al. (Eeijins ~esoarch rnstitute ol 
Urani~m Oeal08~') ,reacts with uraniLun to far~ a cc,mplex Lhat can emit 
inter*sive fluorescence by excitation af litrcsen E!olecular laser.The 
fluar8scence intensity is direct proF]oratian~l to ccnc8ntr~tion of , ~ -

C. ~escriptivB Infu~r~atic~ 
The assa~' must be rT.j'n :*'it.h a~propriat~~ qualit~ ccl~trol ~tandards 

Sanl[ilr'~s with hi~h cantent ura,nium {5･O'. )i~!~ In solid sa~ple) must bF}_ run 
'/ith ~ larSe dilution factor.Co~sequ'rlti~llv the 'ccurac" and rec<s' 
d"' ~o~se +~e + * ' * '~*' ' " * P * *on 
･- . , recGI!me~d t,**･~t oth**･ met ,･,~,. - - -･ ･ ' ~ ,-･ , ++.,~. ･ucn ~~ ~erraus-anmc,~nlum v~na-oate .1.rimetri~ ,~l~-'~ho~ and Ta,'~'1] ex-Lr~ction separa'tio~-~r-P,~DAD s*'r~ 

p*hatometry uhe r'plac*'* * + ･ ~ ~ ' ~*~~ro-- + ** IL+ *hat cas~. 

l ~ease~ts and App~ratUs 

A.Rea~~*n~s 

l. H~C*~ .HCI0~. HF * 
2. U standard solutio*l 

3 j-', c * ** . ** **J* eclai l*uore+*~cent rea~ent 
E . Apparatus 

1. Laser Llranium Analyz8r:JU-1,~ade in China 
2. OtheF common anaL.,.,tical appartus. 

III. Procedure 

A.Sample Preparatian - Open Hiled Aci~-s Di8~stion 
O.i ~ s~mple was wei~hed in a 50-ml PTFE crucible. 5 ml H~Oi ,1 ml Hr.lO~F 

arld 1.~-2 ml HF were added and ~ix8d in horrlc5･ne'ifTh8 ruilture was set bn 
arl electric plate-heater to be heated tc incipient dr},~ess.~.nd then 5 ml 
H~03(1+?~) was added io dissolve the ~ii,ture. The mil~tJre soiution was trans-
feFrA_d inta a 50-~l volumetric flasl*. and made tc volu~e ~ith deioned ~ater 
and shakp_n,awaited one nioht tlntill it coUld be ~easured. 

B.~easurc~lent I','ith Standai-d Addition Tech+･-*ique 
l. Turn an the ,v*n~l~'zer and wait for 8-10 min. 
2. Turn on LLtser s~,itch ~nd a~just P~{T to let th,e mete~ of ener~'J' of }~ser 

irldicate 60~-70~ and ~ait for 40 min. 
3. Take ~* ~l (e.g. 0.5 ~l) blanl{ salution in the reacticn cell and add 

Special Fluorescent Reasent till tatal valume af the cell to be 5.0 ~l 
and ~ix them. Set the cell in li8ht path p05itlon. CleaF zerc and set 
the counter on and recorde the intsnsit~, af fluorescence Fc 

4. Take out thE oell and add b' ml uraniun standa]rd solution H~ich cancen-
tration is Cs' and stir the mixture. Set the 'c(~ll in liSht Path position 
a8ain, clear counter zero tind plJ_sh the counter an to recorde the inten-
sity of fluDrescence Fc' . 

S. Ol~nk solutian and ro tLre re[)lacH(] h$' s~mpl~ so]ution and F1 in ' 
3 ~liove r~spF}.ctivel~' and repe~t tllp. ~t.ep, step 

5, b' ,Cs' and ro' arB rA.placed ~y b,Cs ancl FZ in t;t8p 4 abcve respectively 

1 20 



r~r- T-~. 

IV. 

and rBPeat the 

Calculations 

The uraDiun] 

s tep . 

conteflt in sclid sa~ple is 

b 

wher8 
b' , Cs, 

C (u8h] =S~ [ FlbCs/ (F2-FI ) -Foh' Cs' / (Fo' -Fa) J/(VG) , 

"50" is dilution volu~e(ml); C is wei8ht of sLlrrlple(s) 
Cs'and ~,' ~re represented as stpe 3-6 ~lentioned above. 

; Fo , Fl , F2 , 

) 

, 
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APPENDIX G: Chemical Analysis ofThorium at CNNC-BRIUG 

DBterruinfltian of Tr[lce Thorium in Ceolo~lczll Samples by l,T2G3 Extr~ction 

Cl~rom~tc~Jra~hic Sep~lratiar. Ars~nazorll Spectrophotomp-try 

I. I~tl'oducCioi] 

i.. pl]L'[lcse ar*d ~pplic;rbiliL~. 

This method is used fcr ttie assay oi tr~cp. thcrium in ~Aa]o l 

sa~ples ~lth se~ar;Lti･_n and preconcentraation. 

B. SuDlmar}' af }le~hod 

Sa~Ples are decol~posed by al:~ali fLlslcn or :~ii~ed ~m~or.11lm salts and 
.~lssolved in *'1itl'i_- acid_T[1e s,Jlution is ~asse~ t}lro~~h chro~ai.o'J*r~LPhic 
calu~n.~horl.I~ is abscrbed in t:his ~~~,' ~~~ 

~e'..'1..rat~H* frcll ~L I~rse *~_ma*Jnt 
U. REE. Zr , ~f . Ti , ie . ~=b, arld Ta. T1+'orlu~, s ~'1~l '_{ ~ith 4~ HCI ~nd det~r~ir.ed with 
~rsenaL0111 sper+tra~hcto!uer.r!, 1*'hl_h is basefl on ~ ~*'ell-i~~c,wn FP.-*_cticr.. 
~ean t{*la~ 

l"*en'*'o*1' L･･arts '~l h thr]ri,,~ i-" '-- "" ' ~ - ~ ･, . - .,, m[]~'e cc,ncentrated j~IdrecAlpr.'c acid ~ediu~f~-f+' ' * * ' ' * *-_ *** HCl., t~ _ar~ a ~iu e-8re~n r*cn]ple~I ~fhich h*~s ~ ;~a~i*-1+um 
absorptiorl at Tt'il*,*e 

len~tll e~0 .l~ L'.d ~~t ,~ ~ol･[r *ljsaT'pt,rjn 'o~r',~. 

* - * . ,･ * *' - + ･ -=*,-+F_nl +.2,E~. [atL *' ,+ - ' * ' up to , ' * + + - 1. "+ -+ - ..* . 
･ , ･*･, *+,..-,.* *.n_1 i ,, = o]l[~LI:e also ,*It*,* *~.rst*~EizoIII. 

*.--eparo.ia~ ruust. be ~erfaL'~ed ~ri, ~r to ,n~~Lsurelnerit, af thorlJ~l. 

I' +. +~.~a'_ents lrlc ~PPa Lus 

;i. ~e~~8nts 

F,olloT,_n~ it~ms fJ ~ll lrr!il ~l El ~al~s Hec ~~cs tlon 

l ll~e~ ~~l~o[liuEl s~ilts,pl'oporaTIJ:1 is zl;.+･~ fDllows: 
,~'H~F: (}IH~).SO,f : ~H*CI : ~'~*ilO; =~ : O . 5 : I : I , driedk<70 ~.) . ~rour,d . 

2. Aqua re8i~.HCIC4, 15,~ H}iO? 

Follo~in~ items far alkali fusicn 

3.~p*a0> If(~Cli 

4.2~_~~OH ,Hi~,JS(1 2) 

~ollcwln8 1 9ms for bath ~~*:~1 IT,~cn Im s~lt~ ~n~ k I f~lsTa= 

~_ ~N f~Cl_ 

~. ~iiJ(ed sa~u..~ns:1~~.]]:,* ,n * ~~ l~ rl~~L~-.X ' , .+**~ t,JluL,In(T,~TOmm). "3 ~ *. 

S *. .C,~O~ urefl,5~ o~allc acid 
~. O.C5~ _,,r -"Trr lquous solut.1~n 

B. +'.pp~ratus 

l. Spectrophotameter,~odcl 721 made In Ch na 
2. ather 8ener~l apparatJs tised in laboratory. 

III. PracedurG 

i. [)repar~ition cf ~203 coluul~ 

d. Puric~' Jr ,201 
~~-~C mesh l~,2~l (commel'itaT name.,1 ;{inci of resin) is tl~:en in ~ ileakp.1' and 

non aquous olco!lol is added and stirFed ~nd transferred inta a direot tube. 1 22 



The al~ohol Ls cr_ntinual-ly added to wash impurit,ies till non yello~ colour 
,~ftor lique is aut ,Ll]e L'es.rl is tul{~~ cut ~Lnd Idi~i il~ dn apen vessel and iried at 
TO-aO (i till non alcohol e~:ist's.Fln~lly,t]Ie ~)ur~ 0201 is st,orEd in a cl 9lass battle allc] sedled. Le~m 

b. iO~ ~20:i is wei~h,ed ir. il clcan beakor 15 ml 200~ korosene is added ~nd 
~_LirrGd tc dis~ol,,F!_ ¥.TC5~ 3-4 JroLJs 2-0ctanol :ire ~ddeti ta ~ssisL dissolve 
and stirr~d till iinifoL'm.:i2~3 ,)-oluticJn is (~bLaill8(1. 

r_ 10,J I]tlre C'[]l is ~'=p_i~he"j ~nd ~ourr_'d Lluickll= ir'.to };2G~ srJluti~:]rl ~L'el]ftrP_fi 

in step b ~lld stirrcd i~mediElteLy till unifc.1'm, 10 ruinut.es later a salid 

:~2e~-02n' l'ps;n 'fill he ~ott･n L~+ i' (]"y IJI n'lrural canrjitl[in un ~ll ~on , u. ~ _ ,* _ _ t . _ . . _ , , t. i 
. . -.* . h* ~ = 

~~ercser*e H'Ist･ * >+ * 
. ,1 . ..sin (callp_d CL-:~25:]) should be seilleti i~ a ~ldss 

cont~iner. 
d Po~r Ll ~ G3 into 2~1 HCI to eqlJ~lli~e for ~ l*ours 

'･_ Pnck calLlmn(~1 OO~1:m) ~'ith Cl=-'[:2lj:i ~t]ich has been prep~lrn_d in st.ep d ~ibave, 

add IS~ IlllC t･, ~qu~l*･* = * ' - + - * ･* .1 * * *-* +t. *'a~ _ , , > . . Ilas [ieF!_.. _~aa~ to use. 

~. Sanl~le prepdratlon 

a. ~i,{er*1 ammcniu~ s~lts rJccompos__ion 
.) 

O ~,~ s~~iPle _s ~ei~he~1 irl, a 1~0-~l }Lleaker,~nc[ iOcl ~lixeti i~ llnlfoL'm.Set it an 

an 8lectrlc fl_ll'~nc3 t=e h~ated untill ~on h'hit~_ :"~olie exists.Cool till 50-60'r 
ad~T 10 !ul aqua re~ia {l~d I I~I HCIO~;Ind hsilt ~i,ll non h'hite s!~ake exists a c~~in 
~'*ol +ill 50-~O'C ~dd - - '- '* '- ' I O . L,~ . ~J. * , ~ _~3d ~~ol'Itlor.til..-..~,, io Dll to dlsslo~;e t.he ~lxture. 

b. All{ali fl]slor 

3-5~ ~J~.OL(w~ich is relA_~,ent t.o S-lO times of sa~ple weisht) is added in a 
corundu~1 rirucible,0.3s sample is i,'ei8hed in it and 1-2q~ il~..OLis adde~ again ~illd 
~ixed. Set it inta a ~uffle fur"*nce w}rlose temper~ture has a].ez~d~,' be~n SOO'C and 

maintain 10 ~inutes then cacl till 50-60'C. La'+. it in a 150-~l beak8r and add 
10fJ-120 Inl hat deioned water(~~*O--,D"C),~'as~,, t.hp. crucible ~'ith the ~a~L ~~ater and 

a few drops of HCl(4 mol/'L). Set it on ar_ electric pla,+.e-he"-ter to boil. 
~emove fro~ the hEater a~d r_'ool till preci~itate ~*epfisited. Filter an~ ~ias. 
the prec:pi.Llte and be,".ker with 2~ ~a.CH.Fil,trate is~di.sc~rcied. Tbe ~r~cil~_tate 

is disslaTed in lO-ZO ml hot H~'O, (1+2;, in the be~ke~,~n*~' C ~l 2~ tartarir:~ ~cid 
is adde,j tc co~lPlex Zr. 

) 3. Separ~tion 

f**~ s~:mple sc]iiti~1. ~]repare(1 ~~ *_ +her st.~r)+ ~ ~r ste~ b 
CCJlu~n l~r~p~rA_d in ':rll l.e) . ~ft,er [.:i~ suL'I*t.icll ~]assed,~~~sh 

salution(II.!L.6) and 5 ml 15~ H¥~', , ~j~ C ~l 4:i HCI t,o ~Yasl'l 

uL~t･) is e~l'te'l anr: r~'~~'+e!i In ei * _* * J _,__ _* _ ~ -~-nl Tr*].um~trir* ~lask 
~dd3d I ~~l ~U _-2~(1 I,r. lrc~L zlriU : 

is pol.IreLl in rj +hp 

It ,tL.l~ 15 ~l~ ~i,~ed 

i~C; ･ 20 ~lilj HCI (~LS 
wilicll has f.ilread} *ue~rl 

~ ~l ~~sui'~merLt. 

2 ml 5~ ox~lic ~cid and 2 ml O 05~ Arse~,azoIII ~quolis solut,icrl are added and 
~ade ta ','oluma ill tb,e fl~sk prs~)ared in (Ilr.3) Iisin~ a s{lF!.(:trophotc]meter(e.'.i. 

~Iodel ~21 ) ~t waYe lenOth 660 r,m,~le~sure ah.soFb:Ince of the cc~plex. 

5. Calibratian 

Take thorium star',dard sclutiorl series inste*~d of saruple salutiDn in (III.3) 
*"nd L,epeat (IIT.3) and (III.4 ), 

I1. C{ilc'dliltlcn 

va ~ ~TIUn CUl*'+'P. iS 

~=a+bC , 
1 23 



wh~re a 
,l 

and 
is 

2. Tl]arium 

b are cDefficients af the linear 
dbsorbdnce ,C is concentration Df 

cantent in salid 

Th (u8/~) =C . Lr/~ , 

Silmple IS 

calbriatian 
the complex deter~ined. 

where c 

c 
IS 
is 

cancentratian(ppm) o 
wei8ht of sdmple (~:} ,~~ 

sample calculated frc]~ 
Ls ciilution valllme(~l) 

equzition (IV 1) 

¥-') 

=1~ 
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lrn~resSVon 

Japan, just like her flag, the pJace of the sLJn r]sinq, has 

beenmaking thewarldwarmedupandenriched Ifyouhaveseen 

the TOYOTA'S autamobiJe prod~ction 1lnes and the staffs' warks . 

yoLJ may knaw why Japan achleced the mlr'acLJlaus progress in the 

last decade*-･_ ar*d became a sup*_~reconomical natian I think, the 

best words for Japanese peop]e are weJI-educated, dlligent,hard-

workTng and harmanizing Whatever I saw, wherever I ~Jisited, the 

Industrial productlon Jjnes,the te]ecomm~nicaLlon system, the 

trar,sportatlcn system,the educatian s'Istem, the PNC facl 1 Ities 

the daJly lif~_ faclllties as well as the frlend]y Japanese peaple 

and the]r dolng, aJJ have given me a deep impresslan 

And durin~ my 3-month stay at PNC Chubv Works, I was 

becoming mcre farr*iliar wlth PNC, especiaily PNC-ChubLJ Works 

and the staff~_ , as the time fJylng Now, f have campJetely 

fulfiJJed my expected subject af STA Sclentist Exchange Program 

an schedLJle and very satisfied w]th It ~esldes, I am also very 

satlsfactary With what PNC and the staffs h,ave done forrne and 

enjoyed my Jjfe InJapan f dare s~y, If withaut theirhelps, the 

schedu]e wa Id u not proceed sa smoath]y I +,vas greatly Impressed 

by them and thelr doing f never forget them 

Staying In Japan, I can feel many Japanese peop]e have good 

feeling to China and Chlnese peapJe And al~;o ,] 1lke bath Japan 

and her diJjgent peopie very much Thanks to the STA pragram, 

the rr,utuaJ understanding, the friendship and the feeJjng between 

uslncreasedalats S th a, Is Is a good way for us If i cauld have 
anather chance ~.-taylng in the overseas af Chlna , i wouJd select 

Japan , es~eclally PNC , as a favaurable ane 
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A~f~~lowl~dgern~~t~ 

l would 1lke ta acknow]ege gratef,Jlly ta STA and PNC, 

espec]ally thanks to N~c]ear Fuel Traning Office, fnternatlana] 

Cooperatlon Office and PNC-Chubu Warks for their acceptlng my 

vlsJting appalntment and all thelr suppart:s durlng three-month 

stay in Japan 

i would 1lke ta express my speclal slncere grat]tude and 

profound appreciatlon ta Mr AKiP.A HASHIZUNE for hls reasonabJe 

arrangement af my schedule stayed in Japan; Mr Hf~OYUKl 

S[~AYA~lA , Dr KOJI TSU~OTA. Mr YOJI OC:HIA1, ~lr rIASATOSHI 

OKfTA, ~lr MAt)~AHI~O TSURUa andMs H]SAYO TOYA~lA fartheir 

g~ldances af my r.esearch subject , unselfish effarts in sharlng 

their expertlse knowJeges, ter_hnica] experiences, campLJter 

techniq~es, experlmental skills and ather helps; Mr CHOSUKE 

KU~ONurlA and Mr KAZUM[TSU NORITAKE for their introdLJctian of 

uranium exploration at pNC-Chvbu Warks 

l have also with great pleas~re in expr'essing my deepest 

gratlt,Jde to Dr CHOJf 5ATO, Mr HI~aAK] WADA , Mr AKl 

TA~UCHI and Or SHICE~U OKADA far their great heJps In my daily 

1lfe, hoJjdays and travelling Especially, Dr SATO and Mr WADA, 

althaugh they did not have direct reJation wlth my subject, gave 

me a great deal of helps In my daily life, vvhich rnade my stay 

here more ,..-anvenlent ~nd more comfortable 

FinalJy, I shauJdexpress my great th~nl<s to the ･-taffs at 
PNC -Chubu Works who had kindly he]ped me, especially , ta Miss 

TSUTfr~OYO , Mr KAKA~lU , ~ls OasAWA . Mr YOKOYAMA. Mr 

FUJfTA. Mr To~la~E . Mr r~]U~A and other members of the 

Explaratian and Mining Techno]ogy Develapment Section as +1vell 

as Cenera] Arfairs Sectlan 
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