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Abstract: Uranium dioxide was dissolved with nitric acid and a trace amount of HF. The analytical conditions
of a spectrophotometer were investigated to determine a trace amount of silicon in the uranium matrices without
a separation process. The effects of a trace amount of HF on the determination of silicon were examined. Boric
acid was used to eiminate HF the interference in the colorimetric process. The recovery of silicon in the presence
of atrace amount of HF in uranium solutions with or without saturated boric acid was 103.3+0.8 and 76.6+6.8%,
respectively. The amount of saturated boric acid did not affect the recovery of the silicon. Therefore it was
possible for this procedure to measure a trace amount of silicon in a uranium matrix without a separation by
a UV-VIS spectrophotometry.
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AAYSEAY(ICP-AES L Z 4357 fsMe =
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£ di(2-ethylhexy) phosphoric acid (HDEHP),” tri-(2-
ethylhexyl phosphate) (TEHP),2 CYANEX 923 (4 %7
9] noctyl @ hexyl phosphine oxide®] E¢E)° &
tri-n-octyl amine (TOA)™%0] o] 2x21t}, &u F&4
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EAFg ARgaloF ate Eftatell A o] EujAlsE &
T e $rjFENe 488 5 fivh webA &
gl dolr F4o 2AMHeRE 1A e vt
& FA4o] 7k FAAPTABREAE (NAA) 5 ok
AAE Aol glon, g o 22 A4

_/]\_
£ ST W o] WiET ¢ =2 WHS vt &
FF =2 monomeric silicic acid2} molybdic acid
7} Wk&-3le] =AM slico-12-molybdate anion,
(SM01,040),* 2HE A W3l A Ao 2, pH7L
1.3-1.6%9 W molybdate 2H&o] 2 THE-o]X] 400~410
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th o] WH e g ST ke =T o
2 213 7H4dE 9 &l7] 9lshe], slico-12-molybdateE
ascorbic acid, 1-amino-2-ngphthol-4-sulfonic acid, SnCl,
2 NagS0;9t 22 FUAE AH&3le] molybdenum
blue2 LA o Sehad F4E B2 ¥
810~815 nmol| Al §F=E =4 3t} Rakovice 1-
amino-2-naphthol-4-sulfonic acidE QA =2 &le] -
9] =7F 10 mgmL2l A& SOl 10 mglL EA
e TS AP} £5% oollA] &4 st oh
A 2 AL oltslEtE 2 Foll B¢
E2 EA8te v 44 SAWHOE AR/ o2
2 < ARESHAL ot AH|TF =F5)E]
3 ZHolE FF F3717F oE 9] vhE EAEH L
Z "2 American Society for Testing and
(ASTM)®] S-EPduolEdo|E Fof nFo R &8t
= T4 SAYY S AESAT 28 ASTMY
BBy o & T F4a S U

m=ofl

543871 918k] Hewlett-Packard
Akl HPB450A E-3F =712 820 nmolA 5 cm A&
ARSIt EALS AR SlER FE|RREH Y Fal
e WA Heted frEAAde 4F =4E AR
atA] ergkth. WA & H Z E(polytetrafluoroethylene,
PTFE), Nagene A}<] perfluoroakoxyfluorocarbon (PFA)
9 EE|z2gdd A2 8715 AT

22 Alet
BE Aoke BAE EolL AAHA %L AL
st we Ao AMg3 SR (distlled and

deminerdized water, DDW)+= Millipore Milli-QE %
4 22 FFTEA HIA ] 182 MQcm ©]dol 3L
o A4k, FAY, B4 S 8 ghRyjol e JT
Baker (Phillipsburg, NJ, USA) Ale] Al &S AH4-319
th SAF £9(100g/L)e  Anachemica(Montred,
Canada) AFe] HO,CCOH 25 g 250 mLe] EHF52
o3l ZTAE &0 Baste] ARGSIITE HEE
EZHHo]E &(65¢L)S Aldrich (Milwakes, Wisc.,
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USA) AFS](NH,)sM0,054 - 4H,0 65 g& 1000 mL 557
T2 mo|a FEtay §7]o] BAste] AT
Sodium sulfite & (150g/L)S Sgma(S. Louis MO,
USA) AF2] NaSO; 30 g2 200 mLe] SR/, FolxL
Zot2g 870 H#ste] AREEFATh Stannous
chloride & 94(100g/L)> Anachemica(Montred, Canada)
A2l SnCl, - 2H,0 50 g #13 94+ 100 mLe}t 7
4 50 mLE 7FE T lelA &8skt 42 ool
500 mLe] ®3 T2 £7]3 Fisher ALl 20
mesh =7]19] &4 F4] 1 go] 5] & Zetrg &
71l B8kt

SEhgol A& EF PXE S gotrr] 9
3te] UsOg 10 g& 18 Ak 50 mLo2 &8 3t v
100 mL F3 ZgA23d] {7 FHFE T2F7HA
ATk o] &4 195 mL 2 4 50 pg= 100 mL
ny Zakaze) sbsla %%——ri S7HA] A -
g 29 gd0 7 A8t} Silico-12-molybdate

£ 3YA717] Y38k £33 sannous chloride &
—% AHE3E7] A A FF/E 108 84 ste] ARE-3h

. 23} B4 842 Anachemica(Montred, Canada)
Abel b 50 g2 HZE wstol . seE Sl
7heste) o) x, )& thgl 1000 mL 3] ot
A% $713 FREZ I wro] Beay &
710l BAste] ARE-skdvh F49] 1000 mgll ®F
LA Spex (Edison, NJ, USA) ALe] A &FS, 28]
EHE F tA S8 S A% 2FE CRM 1242¢
Nationd Inditute of Standard Technology (Gaithersburg,
MD, USA)Z7-H &t ARE-SF3AT.

23. UO, ¥ UO,-Gd,0, #oig g3

U0, 1 g& EZ8]z=3d Ade u7d @
F 5mLe 713 oS e A4 5 mLE 7hske] vt
A3 Yol A 7HE sl &8 3Tt UO,Gd,0; Al FE =
A2 2 3 G2 3 mLS 7hsle] a3ty BAF 5
< 7het thg 4t SR SEE 3 l% Zi
12 3}7] 9)8le] 7t ae] tho]|d S WA
oAl oF 1 A7k 7E g Tl 23X
AAe] 25 mL F3 ZHAAR F7]

S| ATt
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ARFEEHo|E & 5 mLe} HAH1+9) 4 mL
£ 1 mL %EOE,] %E]—"i-ﬂ?d_ XH;Q’] —,—ﬁ—] :za]r}\
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Ao 7}eta BE
w33 15~30 27+ 7]
& G4H1+3) 5 mLE $1¢
AU 7hetar k] Alekg 7+ wiwoh E3tst
7] Yty E53 3 & ¢ WA FATE Sannous
chloride &2 Al-&3}7] ul2 Ao 108) 33 A
1 mLE 7}3te] molybdateS molybdenum bluez 3+
AA|7]2Z 58 Fo] 5 cm AL AFE-3le] 820 nmol A
TS ST AT A4 gl 0, 2
4,6,8 2 10 g 77 100 mL §-o] F3 Sz}
230l Y 9o} e A2 AFete] A5kt
3. ZI % 1@
3.1 Silico-12-molybdate S
Silico-12-molybdate= ¢33 3} Welg o2 =) s
H A= EEHY0|E B 400 15 Wk o]
St2 s W FAEY kA sitt HElE-2 8B

o]E = "‘/\o]_‘?_ Dl—E]:o] 2 o])\l- % [LH (}j ]U:],
2 Alzke] A vl7be 0w dutgow v
A0l AP G5 M=l geehs g
Yol BEYA5T Bopunt of 20 A oy

o vl4 e dEgel AHEE £, 5 pH 1-2
o Ak et Mekge] Lstguct kA
oz eyl Yt 2N AP Ist
gol G4k EAeA DM 9 % W 2E Fae} 7
o 270 BYudolE HEL HEEE J4H

nEn
phosphomolybdatee} arsenomolybdates -3l 3171 <13}
o] Lakae 7}sith. Sodium sulfite= molybdenum
queA Ao] lua| A= RS WA Skl 7hshH,
321S molybdic 4Fo] Fekao] slEtE R S YE =
A& WA flste] ARg-gitt

» o

32. pH A =M A

pHE S BHIE & Ao FF2 v
Rajkovicte] A3 Azol 9|std pH7F 11 U
B=7F 7P =T B3 pH7E 1013 MY | &
Ate] 581 10 W& 9lom Bab el AAglo]l BAb
°of 9& wet Aol FHE Wshs 1% oWl 2 A9
A3k L2t pH7E 09¢ W Table 19914 &
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Table 1. Dependence of absorbance on pH in the presence
of HF and in its absence
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Table 3. Effect of the amount of boric acid saturated on
silicon recovery

H Absorbance
P No HF 5 drops of HF 10 drops of HF
0.9 0.764 0.460 0.300
1.0 0.770 0.765 0.760
11 0.770 0.772 0.770
1.2 0.745 0.748 0.742
13 0.720 0.718 0.720

From Reference 13
*10 drops (approximately 0.2 mL)

Table 2. Effect of the amount of F on silicon recovery

Absor- Si (H9) Recovery
Fma P e Added Found (%)
1.59 0.68 0.080 20 1.99 99.5
1.59 0.67 0.079 20 1.97 98.5
3.18 0.64 0.157 4.0 3.92 98.0
3.18 0.64 0.156 4.0 3.90 97.5
4.77 0.61 0.231 6.0 577 96.2
477 0.61 0.231 6.0 577 96.2
6.36 0.59 0.181 8.0 4.52 56.5
6.36 0.61 0.180 8.0 4.50 56.3
795 055 0057 100 142 14.2
795 054 0057 100 142 14.2

pH of standard solutions : 0.71
ol EFE&He] pHE F8 S 47 1.0~1.3 H 7}
old 0.70~0.71°1%12.H, A|59] pHe 0.54~0.68 ¥

o9t} Table 2014 & S 910l F o] SRS
= pHE #2slon] F ol 7.95 mg2) o AR
8] 23 o] 19.1% A2

pHE= 5

3hA Table 29 eI Se] F o] 58] J7tsted
7.95 mg¥ W A FFEL 99.0%00A 14.2%=
A FESATE F o] 477 mge g S71e o

THA] 40] 3|ES 96.2%% A VR okgtont

6.36 mg ul 3L 564%E IA TAasA 2
o] §-+= monomeric slicic acid”} molybdic acide} wt
3lod silico-12-molybdate anion (SiMo,040)*, &E
A slojof Bt TFATF Baolew SR HES
7] wjZo|th. Qoksld A9 3]4E2 pH HE
A GFE 2] Fkov; F ] wE 34
o} Wb F7) 636 mg o/ EA1E o
A3t A& Fgo] oF 3B/% FAstER

48 3L & A WS 2o selol

d ru[o olo
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Silicon recovery (%)

N saturated boric acid (mL)
0 10 25 50 10

1 79.6 104.0 103.6 102.8 104.1

2 816 103.2 102.4 101.6 103.2

3 79.6 103.2 103.6 102.8 104.1

4 78.8 103.2 102.4 101.6 102.0

5 716 107.2 103.6 102.8 105.0

6 75.2

7 804

8 77.2

9 824

10 59.6

X 76.6 104.2 103.1 102.3 103.7
sD 6.8 17 0.66 0.66 11
RSD 89 16 0.64 0.65 11

The amount of U and HF concentrated is 82.7 mg and 50 pL,
respectively.

3.3. S 0|88 F 7IEIE
4 100 mL Foll 50 Lo E4te
gk 7kel AAPH 3JrEo] TR dken oA

olo) st slel SFE AL T
ek meh el ol g
2 golo] Tapuar 898 et
10 mL 7}ste] d3Asiien o A4E 1}
e ATt Table 3914 & 4= lxeol &4 Foll E4F
el
|

oZiO

o}g 2 ro I
© F-IOU N{E’.

IU

>
°°
o
l-n_] _l
mn
o
fo

o] B0 pL ol EAZ A5 B
BF; 2 718 Folok AR 93 gl godl
1m

5 4& F UL ZpEAE SAo] e Lo
AEE 10 mL7EA] 718E o) 2 2ol gl 54
o} BAo]29 IAF NS S 4oz Yl F
AcB

B(OH); + F = BF(OH)s

B(OH); + 2 F = BF,(OH),” + OH"

B(OH); + 3 F = BF4(OH)™ + 2 OH"

B(OH); + 4 F = BF, + 3 OH"

B llol HEe JiaEio)l IEo] WPt
FHTF 30 24 ol =ormz Axe] HEo] ¢ #
FAET F 54, 4 9 Bhole] yESIHE &
Aol o] FAaet HkEsle FA-E4A FAES TER
2 qrA-EAol e FAE Ao R Qe BLole] W
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Table 4. Effect of the amount of U on slicon recovery Table 5. Analytical results for silicon in CRM 124-2
Silicon recovery (%) n Absorbance Si (ug) Recovery (%)
N U (mg) 1 0.074 1.790 102.9
82.7 124.0 165.4 206.7 2 0.075 1815 1043
1 105.8 122.9 1165 86.8 3 0.073 1.766 1015
2 104.8 1216 107.6 94.4 ‘5" g'gg 1;2; i%‘i
3 1117 1256 1135 710 : i :
4 105.8 X 0.073 1771 1018
5 106.8 SD 0.001 0.032 18
X 106.7 1234 1125 84.1
SD 2.7 20 45 119 310 #o] A thgel SAERE W FHEs 4
RSD 25 16 4.0 141 Z} 0.47%3} 0.45%7} 7HAstgl o 20 B 73 Fo)
The amount of boric acid saturated and concentrated HF is 10 mL = 717} 24%9F 9.3%7F Zaskith s Ad o
and 50 L., respectively. of 2 g FHEE o 120 g om 4l
Ax g3t 28y $etes X3 9 F
e THHOZ AAT F AT} T4 &3 e B BE7F 97% FrAstA Tk wEka A ge A9E A7)
2ol&S BR 2 7HE o Alofe] At & HF 5% et BAA71AL 108 ool Sl oF gt
7t #oW BAto® BEAole ARE BR, FEE T
£ & §lth pH7F 2 ©]8to]l 3 F 5 =7} 200 pM | 35. U0, & & H
Ad o 2 EAlste 382 B tH T3 BF, CRM 124-2 ¢} 1.0576 g =g Z=dd 29
gL g e Ta YA Ml Bholey A& v 7o W 1:1 AAHN) 17 mLE 718t 71 st
S TE7] 92l vil$ 9490 shekgo|t) o] =) 2e v B4 150 uLE 7Fste] ®hR| st
3 50 mL &%Fe] EZ2g Ao I Fehx
34. U 3 2 AjZE A& A &7 THFFE TF7HA AT o] &9 1
EAF ghgo] 50 pLE It Eabke] JFgS 7 mL¥ 57 E FH 3l EH 3 A3E Table 590 e}
2A1717] 98t EabgAat £ 10 mLES AFE-ste Wt o] wf 23} 34k §42 25 mLE AME-EIS
FehE o] 4 S vXE IEFS 2A t}. Table 5914 & 4 A%o] 3]4&o] 101.8+1.8%
th(Table 4). = A3} Table 4914 & = J%o] ¢ 2 AFH R IFHAOH FNFFHAAE 1.8%
gy ol 82.7 mg7tA AA FEFE PIXA Ft 2 S35t 28BuE2 2 Uy olikskeha
ot 28y @3y o] Z7hete 124 mgY o) 2 UOyrGd,0; Foll 282 S48 149 24
5| F&0] 1234%=E &9 LA E FUoH Wiy E o &-&31%
206.7 mgd W 84.1%= 7Hg ukokTh EE S TFAE AT o) Sdo] AF ASHAYo 2R I
sheFo] 206.7 mgd o AU EFZHAE 14.1%= v) getal AU A=E A7) flste] A& viAE v
- =AU 895t 2w $HEFo]l 83 mg7tAl EA] M Hstal Abg-stedof gt & =g,
ZHg o]l fley 2 o] dd W pH7F =LA WEkA PFA % BH|ZE H]AE AMEsl] F4AE &3e o
RO} FFgo] FUIEAY BAsG o Eg AAHE-E w) DDW 20 mL ¥ gk E4F 100 pLE Ak
AP EX &2 A2 RE $ggo] Hg3te |39 ™ HA 7hstal 7FE A 1 AIZF o) 7}
Ao 2 ALRHET weEtA i IFS 93] 9 gsto] A& e o ARg-slodof gt
slo] -2 S 83 mgS 2AFHA FE Aol 4] S 00X FE 20 pgZHAl= 448 Stk
=T} 321 pgitEE 18 F7kste] 25 pg7hAl AARFAS
HHIAIZ] Th, A7l 2 S3 =] IS dot 21 5te wf FAdgo] AR ey 22 g7kl AHS-E
HOITh 74 5 ug ¥ 354 25 mLrt £ e < o AMAo] o stk A8 T 7ev=
Sl 72 4] gofl S2F 83 mg 2 WSk B4 FE AN BF3A5(molar absorptivity, I/molecm)
50 pLe] €= = &N FHES 77 SH 5t = 22,524+471 (n=21)°]1 4T},
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B whH S monomeric slicic acid2} molybdic acid
2&te] &tk A9 glico-12-molybdate 223 &
gste REgoll AT Ao ® pHe| FFo] 7] W&
o pHE Izl stodofgitt. HEA 8ol E4te] 50 pL
T EAlEtA T 3eg AUt U BE 23kg
2o 2 F ol2S BR, FEHIE 71| Yok st} 1-10
mL 9o E3HEAL] G2 40| FFEol A
FEFES FTA STk A4 Fol 1ug AT W &
FE7F 004019009, 24 del 83 mg
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