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2 2 INF(99 %)l ATTHE INF(99.9 %) 22 F4A717] S8 de] ol &5 e A I&
W (acid leaching)59] AA|Gxte}l AE)7ldEol EAlste BB B4 dg A+E T3
th Ak JERo) o]&3 gHe (.2M-oxalic acid (pH1.5, 2.5), conc-Aqua regia, 2.5 %-HCI/HF, 1 %-
HNOyHF9] ol FRolor, 7 Whie] E5E AASEH JEAZ e HET &S A8
At A7 EY HELAFY ETE £42 FAHAYAISEA W (neutron activation analysis;
J% (inductively coupled plasma atomic emission spectrometry;
ICP-AES), ¥ A+&3% 3+ A % (atomic absorption spectrometry; AAS), x-A & FE A (x-ray
fluorescence; XRF), ZL&|aL

FAEA Y (wet analysis; WA)S] oA 714 WHE o] &sllen, B
o] 2wl 286 W2 BAWME] AhAS zalelgch Ade) Alesk AgslgEe &5 b
A 2 AFAE e 283 AAE AR £S5 99 %o AgsEA 100-150 pm B9 A=
BEXE 7 E E2ECIUY. H2l7E F8 B8 Al Fe, Na, Ca 2 Ti o|glon] o &=

N3} B4E0 FiHo 2 AAFHE v A7
o | Z 99.1% A7} LS 99.8 %7HA|
AAT T3 A FFEI AEENe] BeEo FRe g e FH3FH o

A Ay

Abstract: Purification of silica mineral has been investigated by acid leaching of pulverized silica. A
series of studies has been carried out on the effect of leaching silica powder as a function of the leaching
time at the constant temperature of 80°C in oxalic acid, aqua regia, and two mixed acids of HF/HCI,
HF/HNO;. The impurities of silica and leachantes were measured by neutron activation analysis (NAA),
inductively coupled plasma atomic emission spectrometry (ICP-AES), atomic absorption spectrometry, x-

ray fluorescence (XRF) method and wet analysis (WA). Certain metals, such as sodium, calcium, iron,

% Corresponding author

Phone :

+82-(0)42-868-3573  Fax : +82-(0)42-868-3418

E-mail : cyb@kigam.re kr

-516-



de7PgEe] A A% Eee

A A 517

M

aluminium and titanium, have been found in concentrations of hundreds or even thousands of mg/kg.

Comparison of purification processes of silica and analytical methods of impurities in the silica was

conducted in this study.

Key words : Silica, Purification, Acid leaching, Analysis, Impurity
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27 AEFEo|th H AR A

A3}, 7158 & ALY 4% ey o

of 9EdEe] FHE AA3] A4 = de AA
olt}. I IT 2HollA F2 o] &= Helhs &

99.5 %-99.99 % (2N-4N)F-°| LT-5 3 o}, %HH

S o]g}yul_,_zo A7} BB RETo| F

#9427 S 59 90 o
= A7 Ag7gEe =
A Ho]"?il’} 3tehAQl Whgo] B Ao R
FH oz AREE o] AL Utk =8 A W
27t 9FE A Fe T dREE s,
scrubbing, U] 54 ¥ 2 AHHH S F&2 o] &3} 9l
oh1? et et 98 % AEel Fwel et 3
of EAdte EvEd =4 AARTe 2 35
2 A el de] o] & Jlom, EFE Fed
AAE F2 oxalic acidE o] &3+ & o] A5
Aom AL Ti, K 59 BAld= 54 7714t =&
BILI|ALS o] L3 AEHE0] o] &E T Q)02
2 AFelA Azt A L% AA) A3 &N
02M-oxahc acid(pH1.5, 2.5), conc-Aqua regia, 2.5 %-
HCUHF, 1 %-HNOyHF®] thAl /& 7t W] &
$E 42542 1206 Bep 2galen &
=, Agtel 849 HE e APz S
oM ALHI e WHE A&t derRdEd
HAE8AFY EvE 42 T4AEASEAH
(neutron activation analysis; NAA), =243 Zet=n}
AAE B2 ¥ (inductively coupled plasma atomic
emission spectrometry; ICP-AES), ¥ A-53 £33 54
H (atomic absorption spectrometry; AAS), x-A1 &35
2% (x-ray fluorescence; XRF), JE]J- FAEA
a.naly51s WA)-J OZV‘" 7HA H}u
9 529 ¥
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AR EE WA s gk A A& ARE-S
RE AY7EEe F4 vead 9 Agads 2
2 28 AAGS AX % 9 %we] A &
=241 100-150 pm H 919 YEREE 7= o
AZo)| ATt AFol A}%ff& Ag7te] F8 BTEES
Al, Fe, Na, Ca ¥ Ti o]om Fulo|A =3 mg/

kg(ppm)2| &5 tZH skar Islch Ag7te] ¢k 9

B89 B242 NAA, ICP-AES, ICP-MS, AAS, XRF

I WA URHES ol &3l on, A5 Fe(deldl,
],

HE 2
Begel 55 W gl e A1)

é_‘al?}{— SHAE 4 93-S Al B 5, scrubbing,
A E2 (+150 mesh), &2 HIEAE A L), A8 A
HEA)H 22 S84 AAFE S vR1100-150
um4 PEEEE 7He A7t £l o 34
53519 96 %72 TS 9% w2 AR es
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L ml

20 ZEg

Ag ol 2183 HEENLS pH1.59] 0.2M-oxalic acid
3} 7)ol NH,0HE F7Féte] ¥ pH2.5 0.2M-oxalic
acid®] %57 oxalic acid &8 7}, conc-Aqua regia
Lo 259%HCI/HF %89, 1 %-HNOyHF 3
o F 5 FolAtt ol & "° w2 A s}
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2.3.1. Oxalic acid leaching

vlg] A& 5 71¢] 250 mL PP Hol He7t B
15 g¥< ZH2F 931 pH1.59] 0.2M-oxalic acid &
o 150 mL9} magnetic stirring barE <A ZF Bl
oF tha YFF7] Fel Q3 ETELHS A
317] 9138k d8-8ked F=UTt. Magnetic hot plate’dol]
A \lg] £ g 95°Ce] =4(deionized water)7} &7
A E 1L glass beakerol] A&7}l A& o] S &=
P WS WL stirers 3| HAIA FHA BLEC 3
SRS AT AE S 30We] W X535t
A 43159l o ™, hot plate oA =& 95°CE
FAAZH ™, HAEAIZ-2 ZF Bl wpakA] 30, 60, 90,
150, 240102 3o} A7k ool wEba] 2t el
10 mLe] HENE FHato] AE& EX 0 AHE-3HA
o FESH JEREE o] ZF A 10 mLE F 8t
£33 o] n ro 2 ARE-3}9iTh NH,OHZ
pH2.5Z THSo]F oxalic acid IEE N AP
pHL.5 oxalic acid & &N LA} FLI W=
TPt

=
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2.3.2. Mineral acid leaching

A7t BEEEY] JEHA Aol 2183 F7] A
Z89L conc-Aqua regia 8N, 2.5 % HCI/HF &<,
1 %-HNOyHF-& 1 ¢] Al F7 o]t J&&N 7 4
g7te] £dvlE, Aol AFE-g PP ®, magnetic
stirrer AFE 271 52 oxalic acid AESAG A} 2
& z27oI3th v Fe IEFLEE 80°CE frAlst
I, AEANZS 2, 4, 6, 8 NOE Yol AEE
I} Ae7ks 246t IAEaAE SH s

12 32 1

E RS X
o] & Wj7}A A
EE ¥ ¥eES 24
XRF, WARH & AHSISIT, Aelte] Eag 2418
NAA, XRF, ICP-AES, AASE |83t}

™
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(1) NAA

A7} B Sge IEE4N) A G ¥ 3
T AIAEE 55 A U E o] &t 2E
sttt o] Al F ddd T4 A S (neutron
flux) 548 HxAE A7 e 91X F2sto]
718k814 zpolof o3t FAAAE ApolE H4shekd
oh B3 A5t TUS A Gl ~aN F ATt &
HS ERlete] AlE S} Bl A ST FHE A
HE oA FAARAME Al rabbito] B3 DE-EIACH

E L& Aluminium rabbit2 & FA4 A4
&o] 713 =2 HTS-2(hydraulic transfer system-3)ll

297} zAFsEATE 1077k WA 7k A

#, ZAHE rabbit? A PHES dobste] e Es
=44 PP £7]9 &4 HPGe RH=Al HE7](g; 30%,
fwhm; 1.9keV at 1.33 MeV, EG&G)E AR&-3lod Wit
717F 10217kl 4] 29 &2 BlaLd] &2 **Na, ¥Br 59
WARsS 13} 24830t 13F 24 o] Byt detE
TA BT PNp(PPU)F 2 w3717 39l A 104
AERl AFE] WS FH3AL, 209 o 3%
=78k Bpa?Th) 2 w717k 1549 o) 7
FEL WrsS FAsIrh 2 A AL
AR 7| eE SCM-IF Z2 138 0|23 T},

(2) XRF

Ag7te] 8 EEE] B4 AFHE-SE XRF |
= ShimadzuAl Model XRF-170022A] glass bead
HE H83te] SH3TE Glass beade= AXAIZ A
Y7t B 1 g7 LFAEE >99.9 %2 Li,B4O;) 5.5
gS Z3te] 100 mL PP vialol ¥ Z8}AE 28 ¢
o] Mixer millflA] 3&7F &3H8}3L, Pt-Au =7k <l
] B4 Y7 1,1000CE Z4 ¥ bead machineol| 4]
1027 8-, Wztate] A2 shitt.

(3) ICP-AES

A7t BLFe v EEA ol AFHS-$F ICP-AES
+ Labtest Model UV 25 Vacuum Spectrometer (Labtest
Equipment Co., USA)<} Jobin-Yvon Model JY-38 plus
(Jobin-Yvon Equipment Co., France)& AM&-3tA T &
AgA] Ag5k AgyHtge] &a3g- vt 2
o, 2FF(>18 MQ)SF UP-100% Al oFS AH&-3FS
Tk 105°Co A 24417 AZAI7 AE7HE T 1.0 g&
100 mL2] teflon beakerol] #3}e] Adke] X2
2 F A5 mL, 94 5 mL, B4F 50 mLE ¥
3L 200°CE A3 hot platedll A 719 A3 Al TH
oj9} ZHe xAE 23] WHES thg 94t 5 mLE 7}
skl 7t st RES & T datel &ad

]
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HebgEe 4HE s BEE

NG W7 & 50 mL §FFEehIe] Pl
FA7A] AE] ICP-AESE W FPES =
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-

242 EEW 2M
Oxalic acids®} mineral acids & oA JAEA 7HE
= "H—Hd HAEgANe ztzk 10 mLY FH sl ujg] Al
3+ Teflon beakerdll <713 A G3sle] = AIAZ]
ﬂ~ 2M-HNO; §d 02 ZAFES 8317 TS 3
Aste] A6 o] &3t HE g TR UF
2 ICP-AESE ©]&stlem, K, Na= AASE | &
sted A k3Tt

31 HE[7l2E A HESY EY

31.1. A2|7t 24

Aol ARESH A7k 22 9 HE 2 ATt
1212 NAA, XRF, ICP-AESS] Al W& 2 o] &
ta BebR o2 AAS9 WA S S48t T8
A AN ExAe v 2k WAl NAAE |
o5t A, Bk nRHIE B oM = AlEe AR
50 mg &= AME-3HE Zo] BEolu, Agl7te H

A&l 7} vEw
7] $18te] 5 g& ARE-SIAATE
9] o]l Wt EF qX}(thermal neutron), &%
J A} (epithermal neutron) 2 <54 AH(fast neutron)Z ¥
e;}tq A 3]‘3’—;(]' 6‘}% vEr—O] su;ﬂ EA—]_‘,} 71—71—0]
Surgo] meb] AEE ATl ] B R
AxE e AN E THed Feet
suEe 240 27 A AFHA &
AFAAEE S45H7] Al /\F%ﬂ' neutron flux
monitorsZA]  Auw/Al alloy wire(0.112% Au, R/X

014 F{

r-lm

(o
=

—10 o

Table 1. Neutron fluxes of four irradiation facilities in the

reactor
Irradiation facility o Pepi Bl Depi
PTS 228 x 107 1.85 x 10" 1230
HTS-1 8.37 x 10°  3.61 x 10 23
HTS-2 1.32 x 10" 1.57 x 10" 8.4
HTS-3 4.88 x 10”  8.75 x 10" 557

*y, : thermal neutron flux: n - 57! - cm™
epi : epi-thermal neutron flux: » - sT-em?
PTS : Pneumatic transfer system,

HTS : Hydraulic transfer system.
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Reactor Experiment Inc., USA)2} Co/Al alloy wire
(1 % Co, Degussa, Germany)E A}-8-3}5th. A7}

FE L BEE BAS Y0 24 ] $7
HAZAV B FAAASE BAE Tuble 1914 B 5

o o
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Table 2= 28 o] Al&8F AA A 2o BHEx
quﬂ—?—q EE Uk EA Aot Table 2904
e A2 g 78 Bl SE BEER 2000
mg/kg°l HEle] %At 500 mg/kg ol BHg-xo]
100141 200 mg/kg H <]
X Na, K, Ca, Mg, P, Ti ©]
At 34Y AxpaAaApe] A EE ATl £
A7k #E alpha % ¢l U, The 03-0.5 mg/
kgol g+ Hof e & 7 Utk A7 = 5
Qe Az 7ho] ATt £ AAE BLEE
Al K, Feol®™ AAAA} AE52 AE7IE AHEE}7)
A= U, TheES oF 1/1000% S3=o0jo} a8 3k
tﬂ— /“ 1q. Flg loﬂ‘—- Z%zﬂ,};(—].% 742];(] o_l-_o_ }é]
Fhe} zk ARG w3 To] Aglvte] £E2 e
WAL, Fig. 201 oA S5/ JE¢Wdl olsiA

32 4Z|I7lel E=8 ¥ TN sS4
5
1=}

AE BETEES K, Feol
o

O e
i3
M
> o

W o fo rlo
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Table 2. Analytical results of impurities in silica powder with
and without leaching
(unit: mg/kg)

*

Impurity ORG OAl.5 OA2.5 AR HCF HNF
Al 2000 1778 1821 1633 224 338
Fe 604 413 455 275 262 273
Ca 71.5 615 557 529 53,6 543
Mg 49.1 409 409 437 21.8 327
K 804 730 739 672 94 144
Na 185 188 194 192 166 182
Ti 153 145 146 140 111 126
Mn 3.87 1.55 232 4.65 232 232
P 170 742 11.8 9.16 393 829
Cr 120 080 043 0.75 030 0.63
Cu 120 070 0.75 0.75 0.63 0.60
Ni 083 1.50 1.20 0.70 098 0.93
v 1.50 1.80 1.80 1.40 1.00 1.00
Zn 260 190 120 1.10 0.85 0.90

TREE 558 537 533 399 327 3.89
U 0291 0.275 0.28 0.258 0.226 0.218
Th 0.434 0.405 0.41 0.375 022 0.263

*ORG; original silica powder without leaching, OA1.5 and OA2.5;
0.2M-oxalic acid at pHI.5 and pH2.5, respectively, AR; conc-
Aqua regia, HCF; 2.5%-HCI/HF mixed acid, HNF; 1%-HNO,/
HF mixed acid, TREE; concentration of the total rare earth ele-
ments.
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Fig. 1. Purity of silica with leaching conditions. Org: original
silica powder unpurified, OA1.5; 0.2M-oxalic acid
pH1.5, OA2.5; 0.2M-oxalic acid pH2.5, AR; Aqua
Regia, HCF; 1 % HCI/HF mixture, HNF; 2 % HNO;/
HF mixture. Analytical methods; NAA, XRF, WA.

A7t EwEY AAEEE YA Fig. 134
Fig. 2 8|3 Table 2914 7+ &5 wabs g
St AAWH S 3ol T 4 Atk AlF KE 2.5 %-
HCUHF$} 1 %-HNOy/HF &34k 3 &89 o] A ¥t 80-
90% A= A Y2 D2gANE A A
7-]1:,];(] E-al—_o_ Sl $ oh;]_ Feol O_,_‘_ = %%9]
oxalic acid IEEHAME 20-30% BE A AT &
9] F 3 Aqua regia IEAANME 50% A=
AA =HATE e o] F AR AA Fel= 200
mgke o1 F50] Qo] o3 AeshrEel Fa
ETER SATES ¢+ Aok

Major Impurity

100
—o— Al
Fe
801 _m Kk
X
g
® 60 -
14
g
O 40 -
£
[3)
4
20 -
0

OA1.5 OA25 AR HCF  HNF
Leaching Method

- 259 - A

33. EAsL0 ME ===

3.3.1. Oxalic acid

A7 YA+ THE) Feé} oxalic acide] 3}8ir-g-&
o3t tg¥ om? o] whge F3}shihg
(photochemical reaction). 233 B AFor = A 43
7178t 30w MEA Gl HEAT S st
Atk

N 54

Fe,05+6H,C,0, = 2Fe(C,0,); +6H +3H,0 (1)

2Fe(C,0,); +6H +4H,0 @
= 2FeC,0,-2H,0+3H,C,0,+2C0,
Fe,0,+3H,C,0,+H,0 = 2FeC,0,-2H,0+2CO,
©)

] HFREA 3ol & F Aol 289 Fed
L3 A1717] A= 389 oxalic acid7} 2 2310}
hE-E ] AFAE 0] Feo} 0.2M-oxalic acid E3HH]
& 10 mg/LE AA3HA L, £ AAA = Feo] TaF
o] F 600 mg/kgsl 15 g2l A]7tl 0.2M-oxalic acid
150 mLE AR5} Fe<l oxalic acid®] H]&2 60

L =ollth. AFol 283 15 gof Agl7tel &
w% Fe7} &A138kd 2F 16 umol ©] 22, I 23} oxalic
acidi= 2F 25 umolo|u} A A A 3ol AE-3F oxalic acid
= 2F 30 mMZE 1,00081 7} @& 2] oxalic acidE
AbgEtR oy o2 A3AEd HlEtAE 167 =
oxalic acid& AME-gt A o]t} Fig. 204 Feo] A AL
2 2F 20-30 %0 lelt A& HHY o] vhg-o] 80|

- koo o 2= glon ol Ay gl EA st

Minor Impurity

100
—8— Ca
Mg
80 1 —&— Na
Ti
60 - —A— P
40 -

20 B
5
0 - .\.___./.\.

-20

Removal Rate, %

OA1.5 OA25 AR HCF HNF

Leaching Method

Fig. 2. Removal rate of major and minor impurities in silica powder after the cleaning with five leachates. *OA1.5 and OA2.5;
0.2M-oxalic acid at pH1.5 and pH2.5, respectively, AR; conc-Aqua regia, HCF; 2.5 %-HCI/HF mixed acid, HNF; 1 %-

HNO;y/HF mixed acid.
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0.0 1 ‘el
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Fig. 3. Impurity concentration of oxalic acid leachants as a function of leaching time. *OA1.5 and OA2.5; 0.2M-oxalic acid

at pH1.5 and pH2.5, respectively.

Ferl 2a)7h 2 EHo] Hzbg]o] 917] Arche 2
27 ol WAEo] A7) WISl Aow F
S5, &3 rig 29 MFETE AASHAA &
4 9= A o] P, Ca, Mgk oxalic acid H &8
AN AAHE A& BE o9 22 FoleEe] FF

O]%ij’,}s—-‘_ 01‘61:—— U]fﬂ 7-]_0_& .\l'q— ‘Q__T;}—

Fig. 3& F F72] oxalic acid &% o] &3 A
7] %—’F%X“ﬂ"ﬂ/ﬂ AEA 7o) wEkA A
10 mL JA&&9 9] E-ETEE e Aot
18 OAL.5-1, 2& 0.2M-oxalic acid-&<Y(pH1.5)°l 4]
o AEANTE BE+EEY FEEAN T8 EFEC

Al K, FeS} v & B<E<] Mg, Mn, Ti, K, NaE 9]
AZA Wby Z7HrE BEAIZE 254201
A wgkew] AE MelNE 03l Haske 4

TS HolL Ut} 13]¢] 4FAFHol7E st 02M-
oxalic acid (pH1.5) €48 A7} E& GAd AR
e 7§ 252 7k] Atk AS & UTh
O0A2.5-1, 2& °] & o] NH,OHE ©]&3}l pH2.5%
%83 0.2M-oxalic acid I &N A EELEE] A7+
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3.3.2. Mineral acids
Fig. 29114 2.5% HCUHF H&&do] FEFEQ
Al, K ®rolg} vjgk B35 Ca, Mg, Tigl A A
o 7MY 2&8YEs B F Aot o] A= o He
oxalicd acid FEANME APt Az} o] He]7lxH
uhe Aot 2o tRRe BeE
jitol] AE7tads 7P & 83
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Fig. 4. Impurity concentration of mineral acid leachants as a function of leaching time. *AR; conc-Aqua regia, HCF; 2.5 %-

HCI/HF mixed acid, HNF; 1 %-HNOs;/HF mixed acid.

BALE] == AL & T A dFH g d
FAE Q2] Aol ARSI ATt Fig. 404
AR-1, 2 conc-Aqua regia I &, HCF-1, 2& 2.5
%-HCVHF &34+ 31&9, HNF-1, 25 1 %-HNOyHF
HEd AI7HE BE+E FXolt}h Conc-Aqua regia
AEgdo] HAee ETE ugA JAE5 A9
A FET ThEA

WIZE T, Ale BEATI0] Bold5E AsH oz

oo B
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u
3L
|o
=
~
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HAEQoM e =7t F7teke A4S Hola Yth
2.5%-HCI/HF &4te] A& &A= A& 4N F
o] A&gAoN FQ BEEE u|gFEeE] Tt
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