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Development of °LiF Thermal Neutron Shield for PGNAA
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Abstract

The °LiF tile which will be utilized as the neutron shield of the gamma ray detector at
the prompt gamma neutron activation analysis facility of KAERI-HANARO is developed. The
LiF powder is obtained by the reaction of hydrofluoric acid with the ®LisCOs powder, and the
yvield of the LiF is 869% of the theoretical value. In order to fabricate the stable tile from
toxic and irritant LiF powder, the optimum sintering procedure is developed using the LiF
powder with naturally abundant °Li. The sintering temperature is 720 C, and the heating rate
is 120 C/h. The preliminary heating process at 500 C is added in fabricating the LiF tile.
The density of fabricated LiF tile is 2.4~25 g/cms, and it is above 90% of theoretical
density. The density of fabricated LiF tile is 2.25 g/cmg, and the neutron transmission rate is
below 1078, so the thermal neutron transmission is negligible. Therefore, the tile is confirmed
to be useful for PGNAA facility.
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Table 1. Nuclear data of Cd, B, Li, C, F and Al for thermal neutron.
Natural Cross-section | Reaction | Average released
Isotope | abundance b gamma-ray Comments
[%] [barn] type energy [MeV]
Cd-113 122 [1.982x10" (,7) 9.04
B-10 19.8 3838 (0, @) 0.445 E,= 0.478 MeV(93.1%)
19.8 0.52 (,7) 11.46
B-11 80.2 90.0053 (,7) 3.37
Li-6 7.5 942 n, @) 0 Q = 4784 MeV, no y
7.5 0.0383 (,7) 7.25
Li-7 92.5 0.0455 (n,7) 4.97
c12 98.89 0.00342 (,7) 495
C-13 111 0.00091 n,7) 8.18
E-19 100 0.00967 (n,7) 8.23
Al-27 100 0.0314 n,7) 9.50
*Including delayed gamma-rays.
Table 2. Released energy of gamma- o] A & & = vpol o] Li& Cd¥ BEY
rays per thermal neutron capture. ZA2 S Ae ZAAw dEAz2 S5 gE 2
A grpde we A web F4A4 F4and s
. *Gamma-ray ener _ . s
Material por Capturz [Me\%’]y 22} 7bnbd vkl mEsld Li @ Lie 3letEo] &
e 2AZ Y, B4 Lie Seden Bey
Li-6 2.948 10" = =] ‘o] BLEFE o] HA o A o} o)
nat. Li 3,955 5107 st7] ool Lio] stgt=o] A9 A= <A o
nat. B 446510 t L9 dgeres e, F43e, 23E oo
nat. Cd 9.04 TeEF QAR L 3F A%, SEE A, f
67 : -4
LiF 3.793x10 EuAl= o] o HEe fold o gdsie e
nat. LiF 4.381><10'3 o]’o«]_o,H\jv/l olo o= J—E:] ]—Lg =
nat. BsC 44655107 ¢l LiF7F #HA9 4~z Hrbda ul-4]. LiF7}
S HPGe FA4%F z2H A= AMEHEH, Lig] &# 227}
0ifidfl;
* formula= 5" where, w5 A%d $A5 AW buky LiFZ fe@ 94kl
o; : microscopic cross-section[barn] g} AzZtET), ol & Alxste WHoRE ddAd A4
fi: fraction ratio in element t‘g:]_q_ Tl‘f]__‘ua]—& O‘I%_(:Sl_ /\thg O] O] —9_]/]_ 7]':‘1}\6] O‘I]/]_ 76]
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Fig. 1. Experimental procedure.

2.1. LiF 2% =H|
B oA M E Lzt Al EA0 2 85¥ AldrichAhe) A& LIF

7} 95%9) LiF #2& duw o gadr). ‘Lig vHit FAA Fraus 2 23 b
o

o
iis)
™
[N}
(W8]
~J
[d®]
[@))
5]
&
i

_ C'H‘

=

ut
of oigk HPGe AS7]e] AHAAZAM L ALGS wHHA|7]7] fgt S 83 =7 =
=2 st 2y CLiFs #Eata #EE vz Edolo)A fujrt BErbEEtr] Wi 2
Ao e Lik 95% $% 8 LibCOs E%S Fulste] LiIFR wWstate] o] g3aldrt. Wshe $8
o] 10% &% °LisCOs % (Oak Ridge National Laboratory A%, ‘Li H%% @ 95%)2 EAk7}
A ofzf Wbg-& Folo] HAA A oH,

6Li,CO; + 2HF = 2°LiF + H,0 + CO, (1)

ukg AR EQ PLIF F&9S A%AA LIF B2e ddrh LiCOs BEe Batd 2y &3
ASe LiIFE dgely] 238 AR wgo] Adsty] g LiCOs BT B %9 &
g Byl Wb AT Wk & B AHa OLpCOs @Ee #4 %= 747 pH 237 X-
A oA Be 23 B8ty Wiy OLiF B & e 467 goz (DAY o3& o]EA o
2 AAe e 9}

Ca, Cu, Zn, Ba 59| 2 4
Sk A8 LiF &892 TX7F 99%°] 5L, JA=Z717F 5 pm olstth



2.2. LiF &4
d=7bk A Wk A4 43 (Cold Isostatic Press)
ol ket 2Z Ao B dEke
5 o 7] FA A dAE &
Aztz hdste] 548 B uEk
Z

O
A =
A7k A9 eA e dabs vgdt Zow, AdeAgel 7 wAS Fig 20 =AA 02 e

H &4 (oleic acid= 3L
2 4=5d 2Ey FAE A
T &
I
&l

P upeas BAld 718 el Bue Fet, 39 g 2@ 1

® Fig. 2(b)st #Zo] 3 2
Egety 2027 FAE 5 oAl Ak 238 60° 7t
6

® Fig. 209 2ol 53& ¥

7 o} Zels g Aol 1EE B AA & F vl
dHe AT Qrtete] s AGAlE 59

Extraction rod

Mold body v

Powder

T late L '
Bottom p L‘ f ’J L‘ f

Oil press

(@) (b) ()

Fig. 2. Schematic diagrams of unidirectional pressing of LiF powder.
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Fig. 3. X-ray diffraction patterns of LiF powders.



Fig. 4. Micrographs of LiF powders : (a) Aldrich LiF, (b) °LiF hefore preheat treatment
and (c) °LiF after preheat treatment.
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Fig. 5. Micrographs of sintered LiF : (a) Aldrich powder, 720 °C, (b) Aldrich powder,
750 °C, (¢) pre-heated °Li powder, 720 °C, (d) as-received °Li powder, 720 °C and (e)
as—received °Li powder, 750 °C.
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Fig. 6. X-ray diffraction patterns of sintered LiF : (a) Aldrich powder, 720 °C, (b), (c)
Aldrich powder, 750 °C, (d) °Li rich powder, 720 °C, and (e) °Li rich powder, 750 °C.
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Table 3. Comparison of dimension and density of LiF before/after sintering.

Green Sintered
Size
Weight Size Weight Density
uniaxial press CIP
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oressed tile 15.00 g | 50X50X5.0t 39.4X39.7X38t| 1490 g | 251 g/cm
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Fig. 9. °LiF neutron shielding tile using (a) as-received powder and (b) pre—heated powder.
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