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Determination of Li generated from “B(n - a)’Li reaction in Boric acid solution
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2 o : Aol tiE EF A (thermal neutron) ZAME S StHUHZ E o] &8t g 22 Al
742 2R A 83t (A) B FE = 2030 pgml, ZAAZE = 1 A7 (B) B % = 3814
pg/mL, ZAFAIZE = 1 A7 (C) B ¥ % = 3814 pg/mL, ZAAZE = 05 Ak dFAA 2AF A
dste Aw{"B(n - 9'Lile2RE A4A4E Lo %& BE Yt IAFFEFESY
(flameless atomic absorption spectroscopy) 2.2 Z& 3} th (A), (B), (C) A&o|A 4R 'Lig) 5%
= Zt7Z} 0.18 (0] &% = 0.23), 0.31 (0] &X] = 0.44), 0.16 (o] & %] = 0.22) pg/mLE o] FPELS z7}
o] 29| 783, 70.5, 71.6%°l s FETh. FTAHA AL £ BAbgo] pHeE A A 9] ghofl Hlsto A
T3] Fe Us EATh o] B AR E Y ¥R BT =Tt & polyborate HE| 2
HolE7] Eo 2 weEh

Abstract : Thermal neutron irradiation experiment of boric acid solution was carried out using
HANARO in following three conditions: (A) B concentration = 203.0 pg/mL, irradiation time = 1 hr;
(B) '°B concentration = 381.4 pg/mL, irradiation time = 1 hr; (C) B concentration = 381.4 ugfmL,
irradiation time = 0.5 hr. The amount of lithium produced from 10B(n - @)'Li reaction which was
generated on neutron irradiation, was measured by flameless atomic absorption spectroscopy. The
concentration of 'Li measured in the three experiments was 0.18 ug/mL (78.3% of theoretical value,
0.23 pg/mL) in (A), 0.31 pg/mL (70.5% of theoretical value, 0.44 pg/mL) in (B) and 0.16 pg/mL
(71.6% of theoretical value, 0.22 pg/mL) in (C). The pH value of irradiated boric acid was shifted to

considerably low. It is estimated that boric acid would be transformed into the polyborate form, by
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radiolysis products of water, which has high dissociation constant.
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#H QAR FHART A #F (radioactivity) 2]
A7stE fsted YAAES] 4818} (water chemistry)Z
Aol digt thabst % rleEo] At AU #xt
2uf A} W7 Al BAAEE YA A4FL Wt
Ao AR (radiolysis) 2 A HE 38HE53 HiBOs,
LiOH, H, % pH 5 38 2349 933 dA7} 9
ok fAzt2e] FE3teliM o] &I e Tled ATY
FTHEol Y vz FAVAE 39 (hydrogen
injection chemistry)3le] FAEY7|E FAsFo2H
S8 A4 (stress corrosion cracking)S ¥3A]7|=
o 2 Ate] BE S A A Ee] F499]
Co-60, Co-582] A A& oA|aly] ¢iste] 4ar $Z4A%
o] ®we Zng AFAA Mg YA 7E Wy
FAC (flow accelerated corrosion)& 2F3&7] 938}l ETA
(ethanol amine)E Hrlahe= Hh 5 H o2 Ul
A gretA A7t s 47348} (water chemistry) 7)<
W-golct.

AxRe HAH3 $9& Aty WAANZ HriEe
spebaviA e} A2 | AREAELS Ak oJ3td
d FE4 IAE AAANA AR A AY T
zZEd HAHY= 1 pHE BIEF 27 883 =
Aol AeE 1A Aoz oFsn Yot wgM g4

2 G8FAA HzHAe de 544 ATE 3%
3] &3 Hrisly] sfste], WA WZAe) JEdae]

et Aol g Az W 2ARECA WAE
A A5 Adol "osit. 53 EFAAE ol8F
ZAERY A A7 2R 9, FAIZEe 2A
ue} eubRe B2 @4 vluy A Ao F
Aol ZALE 0 &F olBdHy EAATIE SistA of
FolNa gou™ zARZE SARE AS WA
ZAP og §71ue) e Ll oY L=A
ole] ofgjg o ofF7AA e Ad AuE
Mz A glo] AR AR 2AMZ de A9 §l
et Eg AUfe] WARE SO 3t spxe) PR

Ago] uEdE B4 odshty A wFol gl o
3 FAAZAL AP o) AFdH ol
gy S99 f3iE AUE AEE KW, B
Pastina, J. Isabey, B. Hickel® So] 713} 74=E (PWR)
Uxb yzhAe) ARl Bek 83t G Ao,
Fadt Fart FhEAUdE S48 AF Ytz
T2 ZAAZ &, YAl bR A EE 4
Aot Hatslriel FE FAsA 2ARFH Fakge
TE, pH, $4 % o}dg HEAE W d%e =
ARt} olg} Zo] &olo] oidh A FAL BAMY
& Ao 93 HAEE AEE s 8l
A2 W] HH3 $9 879 FAY H4E &ols)
A 5 9tk 53] 932 W WAl QoM pH
2AE AR F9ERE olel FAAAEY st 9
AEANE o) S DHE BAT
o 7 A2 A% dA Wasdd dFA4A &4
A F84 "Bg g 2GR Wishu slow
“Boll ol%t pH AH31E =17) $i8) LOHE #7lste] pH
g 69~742 fAEy ok o] pHEAHS S
Anthoni" 9] 719t 442 WztAjel pH Wgle] mE o]
239 A7} loop A¥eIM pHE 7.0~722 {4l
71 F AT WAy A7E EAE da e
pHol A ¥ WA HEFE B F4RTY A
o] FA3A A3HASL FAsAcE Tl pHEH
& A% #=g LiOHO] #H7t2 pH7b Asshd Zr o
e HAA 7 9900 "k =3 “B(n - o)'Lic)
We o2 & 1.73%9 “Br} Lieg M@=
gol A" pH 2 Y2 W] A 2R F - 73 o
nd £ A H2g B9 LioHY ¥EfAs
ARz WHgEel HA A FEETAA g AHT
AL Aok
B AN 8d4e] YBell FA27F ZAEYY
S w AdsEE Lio & AR A5t d7s o
Az FEAE ZAAHG BALENFY Li A
FHE gsty Akl oste AAdE Lio] §49
pHol vlX= F3%& u@s7] st 43444} (glove
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box)foll A FA4} ZA} A - Fo] pHE ZHsgch
“B(n -)Li @utgor AAHE 'Li % oZsn
FAA A Fo| AAE Lig 33 wa #4319
th. ols} Zo] dite] ARE FAlsle P& APH 7
e 942 Wl H23E A zue 0 23
Al RARE & Qe ARE AlFdoas 33 3o
9] 282 543t JFHrtel izt A7r} v sl
A AyE 4 e AR Yzpck

Table 1. Instrumental parameter for Lithium analysis
Graphite furmace/Temperature program

Gas flow
Step Temp.(C) Ramp Hold(sec.) (it Gas type
1 110 1 20 250 Norm
2 130 3 30 250 Norm
3 900 10 20 250 Norm
4 2200 0 5 0 Norm
5 2400 1 2 250 Norm

Injection Temp: 20 T , Pipette Speed : 100% ,
Extraction System: n

Wavelength : 670.8 nm, Slit : 0.2 low ,

Signal Type: Zeeman AA

2. #

2.1. 7171 ¥ Alef

Lio] e Zeeman #Hzje] HAo] 7b53 £ ¢l
© YA F4 B3 Bx7) (Perkin elmer Model 5100,
USA)2A A g 2Me A7) Fd27F Z3e 7]
718 ol8dtglon UxstE 93 HdRe LxAFy
2 A F)&xe A0, &9, 7ele] 24ge s
BES Table 19 Yehhth A¥o] ey “Be
AldrichA}e] ACSFo.24 "Be] $Hefo] 99.5%0)ct E
#7044 LIOHE: SpecA}l (ICP-AES £)°] 1,000 ygfmL
S EMate ARGk AR S fldte A}
8% NaOHE MerckAH (42599%, pellet)] #)13%& £4
ste] ALl

22 &8
2.2.1. 0.1 N-NaOH =X
4.0 g pellet #ejo] NaOHE Dol FH50) o 1
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Lo §aEetiad ¥a FHF2 34 714 e
& 500 mL o] HHLY] (el &4 ek 01
N 22k 8o} 100 mLE beakero] @31 3~4 uH&-9]
deszetyql 848 HolEd thd Ao|FHA NaOH
EAg Jletn BEMoz dahs AFPS % Yoz
sla] o] wjo] AH)E NaOH 28 Z=H3le] ¥ L= 74
Aahct.

222 SM2Y9 mF

20 mL9] 5000 pgmL 5-2H8-98 beakero] Wil i
zZgg §48 3~4 WEE WoEY F pUE
(Mamnitol, K, = 1.5 x 10%) 0.737 g (£-2kel)Ee] & n|
1:2) B} of7h ekl 1.0 g& A7k ohg Ao A
HF NaOH &% 7}3lx £5 49 F4 H7ta) 4nlg
NaOH @& FA3t §ite w28 Aok

223 SYXZAR UE HE 3 AlEe U8

Fig. 10 B4b FAAZAb] MR AR JZ3}
o]$8 &S Jepl AEH AEe Aies 944
Z el A BAZE 2AEH S A9 FAR 947t WAL
3} A AU BAREL St Wkl Fol Wats e
A7t man ofe FAY ngdMr AY § A%
5 49 9 gFujE &L olgsdt H7 08 emg)
A ZolE 10 em7} 94 2%=(85~95 cm) 7
23 FHES 253 &1, # RES wAgoR
ol gAl dio] 7hsdl=d AlFalgdct LFulE A
829 o] 7#S Zo] 100 ecm, A4 2.0 cme] UES
oz Azstn FRE & e DAL A AFeig
ot 9589 dFulE Yaode ¥un Wi A 3
mmzZ TYE o] YAge WYzt EES AFA
3l FAHA AL AgEHE F9 AERRe] 57}

Fig. 1. Quartz ampoules and aluminum containner for
neutron irradiation of liquid samples.
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Table 2. Characteristics of HANARO and available maximum neutron flux (30 MW)*

Neutron Flux

Irradiation ((la,n/cm2 - sec) e . .
1 ~
hole Fast Thermal Utilization Specification
(>0.82 MeV) (<0.62 MeV)

System #1 w o For production of RI

24x10 24x10 Mannual system
(NAAD) and NAA
System #2 2.5x10" 9.4x10" Automatic system
(NAA2) For NAA only Auto/PC control

(ENAA, DNAA) PE capsule : 27CC.

System #2 13x10" Lex10™ ’ 0D 25, L 162 mm
(NAA3)

Air pressure : 0.6 bar

*data from KAERI/TR 1630/2000
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7] A&t Table 29}
e %*é—% 7 Sle GWrE(Z’H.‘ AAREATAL A
AT1L Y@y A 2ASHgTh ZARE (irradiation hole)
2 AEg #U4OE Poolde] YAR »AFE R=
79 ©]47 (Hydralutic Tube System: HTS)E& ©]-831%
o). HTSZTS HF 244 %9 A7 65 x 107
wem’sec.o)il, BAlg ETol 2AMZFS EldhuEA
2SR AL F Lol 48417 WBHL

2.2.5. BHATAIE F A=Y pH HEt =F

24§ Bae] pH W8 WA 54 B2z o
Z=22 pH F4 A 37] F C0:9 9L wjAs]
A8t SR B Qhell SRR E HAISHa R Ar
7t2E BE ol B8 #9719 pHE SHsATH

3. 2o U nE

31 a0 Ha

AR 218 A% Ba0) FE 2R A%
o ’t} 971 APHoE APHETE £ AHEE 01 N
NaOHS| & 243tol Barel 52 AsAon
58 A e FEE YT 8942 RSD 03%) g

imLo)Rlct. B Ae] st FErg 18] ¢stod
2o XNEE fE A Zepavt £33 (ICP-AES)E 5
3 224135 43} 893.3 (RSD 0.23%) pymLo.3A 53H4
ol 2& AL U 4 Jow 1 ARE Table 39) L}e}
Wick

Table 3. The measurement of boron solution by titration
method and ICP-AES method
Detection method of Boron

No. Titration (yg/mL) ICP-AES  (pg/mL)
1 891.2 890.8
2 897.8 896.0
3 893.0 892.5
4 895.2 894.3
5 893.7 892.8
Ave. 894.2(RSD 0.3%) 893.3(RSD 0.23%)

& iﬁqi o gao 9
A2 W B4 35 50~2000
/mLe] FirgHel 0.1~1.0 pymLe) Lig 7heh o
Flameless-AASE o8-8l Z4slHon 1 47 Fig. 2
o} Table 4o JJERAUTE Li ¥5FEH4S 01 gyml 3
74ale o Yoz FFWEALY Fho] & olfw ¥
Aol o HREOe 34 JHEd Lig w=v) vl o

Bolct Fake] B Li 2 Al 0.1~10%9 %] 7t
HERE B3, Li 55 01 pymlE A9jstie g2

e oot dAT THIFE HAFo] 64%9 4
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Fig. 2. Determination of Li content in the boric acid
A;50, B;100, C;500, D;1000, E;1500, F;2000 ppm
respectively.

Table 4. Analytical results of Li in variation of boric
acid concentration

Add Concentration of Boric acid (ug/mL)
Li(ug/mL) 50 100

RSD(%)
500 800 1000 1500 2000

0.1 0.16 0.08 0.07 0.04 003 001 001 754
0.2 0.24 020 0.22 021 024 021 020 64
0.3 0.33 0.29 0.29 0.30 0.27 0.33 031 59
0.4 043 040 039042 043 039 040 35
0.5 0.53 051 0.59 057 0.55 0.50 056 48
0.6 0.66 0.67 0.62 0.63 0.65 060 060 3.6
1.0 1.10 098 101 1.07 1.06 099 1.00 36

o BEUAE Uehicd. Do, B3 2530
of o Liel 24 A AR Fo| S0 A= ¥4 ¢
3 ge ol $AF B W Folok gk

3.3. 8B40 WS MR ZALOI of2t Lie| HEk

B wEet RAMZLE 47 tEA 3t AL
T F gukgoz AY4HE Lio 4& FHdden 2
ABE Table 59 JERNT 2030 pgmle] °BE 1.0
A ZAAEE S "B(n - 09 9F4A4ES @
2|2 3847 bamn (at 0.0253 eV)O.2 3}HS uf o|&3F A
Ab(el3 Atghel 2lete Al LiY = 023
pgml ol HA FAARA F 3 (03 FAHDHT

2 0.18 pgmLo 2 A4kghe] 783%F eI
3814 ugmL 9] "BL 051)7F ZAAZAS w) AL Li
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Table 5. Measurements of total Lithium by thermal
neutron irradiation of “Boron
" Irradiation Theoretical Measured  Ratio
B (ug/mL)q) . . .
time(hr)ey Li(ug/mL) Li(ug/mL)sy %
A 203.0 1.0 0.23 0.18 783
B 381.4 10 0.44 031 70.5
C 3814 0.5 022 0.16 71.6

Average ratio 73.5

(1) °B(99.5 atomic percent , Hi'°BOy)

(2) Nuclear reaction '°g n, a) Li , Neutron flux :
6.5x10" nfcif.sec. , IoB(n - a) cross section: 3840 barn
(at 0.0235 eV)

(3) Measured by Flameless-AAS
(4) Amount of measured Li / Amount of theoretical Li

& Z3% 47 016 pgmlLo2A AN gkl 71.6% 9
AAEEE YR 28 559 ARl tid FAM
S 10417 ZAZE AL, A 044 pgmlo]
ZAL & AAE Lig 5= 031 pgmLoZA] AA
T 705%0)%0tk A¥el AHEE FAER WY U
A A= Ligl g RAMAY B9 el ulHsl
Ha, Aol 735% sFIAt 2AF F S3H
Lio} oFo] Aatgt Bk oF 26.5% HA e fdez
FAM] AERg Foll o A WHLEY HdFoR
A2 F G taE A% @ukdrt "ol
o2 AHn

R

s ot rir

3.4. SMXIEAl H . F pH i

S ZAR Bt gdo tig pHE 25 TollA
ZA3td 1 AnE Fig. 39 YeRISTE Fig 394 B
€ e} Zol 4FF9 AR F BAFY TR A
o2 AT % pH W3lFo] LS Ve 45
o pHE 233 A3 COoll 43 J3ke Ay A
de AoE Jepgth §49] #ukge il AR
Lio] &He] pHell WX 93 1Eslr] 9t 233,
466, 699, 932 pgmlLe} BG5S 308 7t FAA 2AM
70 ¥ pHe| ¥islE ZXsle 1 ANE Table 69 e}
Wlch Table 694 LJERd ule} o] FA4A} ZAF &
ARE Lig] JFo2 pH/t A (Zyshd Aoz
AR oY EAae Burl AFFE pHE 2318 @
oAl AEE Jehigith o] 2o pHY} YolAle
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Fig. 3. pH measurement of boric acid solution of various
concentration at 25 C : [], 250, O; 500, A; 750,
v; 1,000 ug/ml respectively.

Table 6. Thermal neutron irradiation before and after
pH change for boric acid solution of various
concentration

Measured pH, at 25 C, CO. free

“B (ug/mi)n) Irradiation time, (min.)y,
before 30 60 120
233 5.70 5.25 4.68 3.85
466 5.37 4.95 452 2.97
699 527 4.69 4.20 2.47
932 5.13 372 2.92 2.33

(€8] l0B(99.5 atomic percent , H;'OBO_;)

(2) Nuclear reaction IOB(n, a )7Li, Neutron flux: 6.5x10" n/
c'.sec. IOB( n - a) cross section : 3840 barn(at 0.0235 eV)

dukgo] ogh A Uj§9 x4 £ WA
A EA4 EE (Hy, O, HOy) ¥ 287
(H, OH, HO;,)5°| §a9te] Ao E polyborateE 3
Aqgroamt 2492 24 A BAY &E AR
ZALEO] Sl ATt AR A e wr] g es
Azrele] dot FAAHQ B AEo] Hasi
4. 8 B

BAES W EAshe v Lig sl 3t

o, 50~2,000 pgmL M9 FAZHA 01~10 g

A AYs
jmL F%9] Lig Flameless-AAS ¥ o2 =3}
<] Li &% A 0.1~10%9 ¥ a4
HYY, Li % 01 pgmlLE AL3lnE BiA¥Ld
vel AT IS BeTo] JuiESHA 64%
Well 4 o] 7hs 8tk

3814 pml B2 (PB)E 0.5 A7H 1417F 244
S ) AAE Lig] ok 24zt 0229} 044 ggml o]9)
3, 2030 pgml ¥ (°BE A7 AL W &
g Lig] & 0.18 gymLolct. Ao AMH B4
TE S
&

Bae

A9 WolA AAE Lio] & AR 549

wof wlddgy, "B IEAA F4 9HF (3847
bam, at 0.0253 eV)2.2 A4 Li BAd%e] 73.5%9)
sjRatdrt. A E Liol o] A Heoh e e
ZARL] 2R (> B00)EHOR FA FAN EF
Ao FolA7] wfoleta Bkt

BAkgel Ane B RAF W, BAEE 233~
932 pgmLel we} pH 5.7~5.1 Wl gk HYou,
ZA} FolE pH 53~37 WYR Ao Z7ly} By
At ol #ukgol g APl B WA
(radiolysis) G302 HAko] e}k r}t &8 polyborate
FA 2 Holxy] o vehve #4oZ etEch

Bargd ANRE 9RE oA zAlete 9 4
A Age 942 IAA sgeRyE oS A
BARE e ARE AFsld, e gets
Agrtel 54 F2olE AgdZd vldd Aoz o
Z9r

= 7

B ATE Aeh)gye
oz FYHYS.

wxy dreArle o

&1 28
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