Advances in Analytical Chemistry 43 #T{L2233E/#, 2016, 6(3), 68-78 Hans X
Published Online August 2016 in Hans. http://www.hanspub.org/journal/aac
http://dx.doi.org/10.12677/aac.2016.63011

Determination of NO3 in UO3 by Raman
Spectroscopy

Chong Cheng, Haiqiao Zhu, Qianci Zhang

China Institute of Atomic Energy, Beijing
Email: 17910360@qq.com

Received: Aug. 8th, 2016; accepted: Aug. 27th, 2016; published: Aug. 30th, 2016

Copyright © 2016 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

(oI open e

Abstract

A new method via Raman spectroscopy for determination of NO; in Uranium trioxide was de-
veloped. Acetic acid was selected as the leaching agent and the internal standard, and the concen-
tration of NO; can be quantified by the Raman band of NO, (1048 cm-1) and CH3COO- (2948

cm~1). A good linear relationship is obtained between the Raman Relative Intensity ratio of NO;

and CH3COO- and the concentration of NO; in the range of 0.02~1 mol/L, with the r2 = 0.997. The

RSD was not more than 1.1% (n = 6) for detection of 0.1 mol/L HNO3; with 1 mol/L acetic acid.
When the amount of acetic acid added was determined, the concentration of nitrate in the Ura-
nium trioxide sample could be obtained according to the amount of sample and Raman intensity
ratio of these two substances. The detection limit was 0.005 mol/L. With the advantage of simple

and rapid detection, this method is applicable for in-situ detection of NO; in Uranium trioxide
samples.
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%, NO; 7£1048 cm- 1AL ;8 16 5 CH;CO0-7E2948 cm- 1AL iHi B IR FE H 5 NOS IR 1 £ B IF
IR R, r2=0.997. T4 1 mol/LZFR0.1 mol/LRRRIIEE R, 6 AR FRMERER

BT 1.1%. AR ZERERER, R\EZFALHIRE SRR RN SR EREL, TIRE=H
AR S PR ERAR S BE, AR FRM0.005 mol /L. EAVERAMERE. HEREENMR .
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BN, NO;EE, Wik, REGE

1. 5I8

ZHRRLE AT R A S AR AU, R S R e EE R B . IR
B TR R, ZRRHE AT LB AR, =AU R Rt I 2R, PR M A
S5 = 4 7 e R PR ARG FEE (45 D6 o

TR P R R BR AR NO; 1 5 7 V22 35 B 4 e B L B T (0 hid: 49 Pkl i JE R [1]-[11] -
st 00 B = A T TR AR, Tl b S B R A A R R KR R R L
R, RS R B R S, IR TS A B 5, HEAT KRS, A
SIS S BT RS, TR (R 48 S WII(HG0-NH)I, FEUUK A s, IS0kt
FE V0 5 H: 420 nm ALV IERE . %7 HEAEAE R R AR T BORL R R . KR

BBy — R B MR 54T 7, TAESRASE] T 12 TR . John [12]4504 7 4%
BHE ACH T SR M BOR A BT i, FErP IR R 8 il RO, SR LR AR . hr @ iy
HEmERRE B R AR B (R S (IR 8 L) 3575 B41E h (0.1~1.0 mm PIAR), WM fRTAL 7 O M v 1
A

ATAEMRIEAAN L R RIRIR . 2R A BRI 2455, BUH 2B AR SRS S A i brs
b, LB AT = A A P R AR i

2. SLIGER4Sy
2.1 UBERTIESEHE

inVia Qontor JL A B4 2 61, RENISHAW A&, #OEThE 30 mW.
g, P330 %Y Nabertherm A ], kiR iRl 30°C~3000°C .

Milli-Q #E4liKHL, 2 EZIHE AR AF .

WIS EAME, LB MESARAR, M2 0.7mm, &4 100 mm.
R E R RIS, 1761 R R AT AT .
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MS204S Hi 7 KF, Mettler Toledo A, ¥ 0.1 mg.
TR, M2,
BN, EH-20B, LabTech A #],

22. RiREFREE

JVEAL =4l Us05, GBWO04205, Jb5nifh TiA4it 5tk ;

Z.MR(CH,COOH). THER(HNO,). AL HI(NaOH)  BLbHH(KI) . GAbE% (NHLCl). BRER(H,S0.), 4>
Mraf, EZERNARAERA A

=4/, 18.2 MQ-cm;

FAIR(HCl), Zrthral, bt T) s

ERIR(HCI), Jrtral, bt LS R A R A A

ZRALBIRE S UgOg 23 HNO INEE MR, 78T /5 FEH S 30 4P T 240°C R AR 2~4 /NN 1145

AR FEEIR . R R FR A 0 I 7 A 4l BRI 1 o

3. R511i8
3.1. hSHHEERIERE

TR AR W BRI i 4R B3 7 B Raman 51, HNOs W A IR B IE /E 1048 em ™, T Z B R 6%
SEOUBHE R 6 (O B B O A R 3 L Raman 351561, FLARAEIR 204 % 74 893 cm ™ il 2948 cm .
RS ZIREW L 2 R T 14 1o MR R P 7EE s, BhEE S 7 1 hr 2 R iE g b T 850 em™ A 4,
RSEIESS 5 2 TR CBRARAT T 893 e (UM 5 5%, 17 2948 cm ' A ZIL T4, [H ki % 2948 cm™!
VENAFRIE[13]-[17]. SEHRITNIR - ZBRIR AR B R T 2,

3.2. #faE NO; B EE
fic & — R H AR R FEAS [R) (MR B2 Y [l 0.01 mol/L~7.5 mol/L) ZLERH< R 1 mol/L TR A ia i, KR
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Figure 1. Raman spectra of nitric acid and acetic acid
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Figure 2. Raman spectra of nitric acid and acetic acid with uranium

E 2. SHE B - HEUR QA RIR SR
Rk, L1048 cm ™ Ak NO; KB IERHIE(S 5 58% 5 2948 cm ™ ALH CHaCOO [IDE I RHIE IG5 5 5
ZHOAHPARR, TR R AR, ZelbriEfh 2, ZRE/R T 3. fESid R R, il
WRIEZART 0.01 mol/L Iy, FHhr 2 RHE S S igsn B a3 ARH AR, A 3 ATLLE 24 NO K & T 2.5
mol/L I, s H 5 IR A R 2GR

RIE ] 3 Mg R, RO NOZ W EE#HI7E 0.02 mol/L~1 mol/L JER B TR Tt . 25 ISR N R SR 4

B KV R RL 2O IE LSS, D6 52 TAE M AR IR o 4277 S50 Fions B 1 U iR FEE 1) 3 s s oA i
72, AIFHAAAE T RIRS Hi R 0.005 mol/L.

3.3. RFRIIAREERYIERE

TR AR P 70 0.02~0.1 mol/L (R 1.24 g/L~6.2 g/L)I, LAZERAR A PIbR, 5 AN IR P bk FE 5 i
FRAR L 8 G I B4 AR . AR R AR V50 B 5 2 BR AR W 0 2 [ LU (M A b, SR AR VR P A A
(AL g/L), BEATHRAEMZR ], SLabai R 4 pR, SRR R 2 5Tk 1

HUA_E 45 AT LA, AERARIREAE 0.02 mol/L~0.1 mol/L i Py &F R I R I Lk R, v HiE
0.995 DA Lo WRRMIIREEAR G AT bRAE MR IORIESC R, (HNFRIRBEAR, Arvi 2R RER KK,
SRR . M OBRIKEEY 0.5 mol/L i, PARYIRL S RIES S SR )N, O T IR A A
UEAbZE 1 mol/L & A A bR ADIR I

3.4. BRHEEERZNE

FREL 100 mg =% 4k %, MmN 0.15 mL Ky 1 mol/L I ZFR¥EH, A/ IRIE/EHE, T 1hy 2h. 3
he 4h. 5hy 6h. 24 h I HURE, RHS2(E 50, MRIESIIEE, DIREDYRAARR . hr2 (5500
JE LGN AR 2 R U TR AR it 2. 255 T 50 R 6 /N5 24 /NI 8RB AR 24, HAH X
ZE/NT 2%, PTG 24 /NS A P RS ERAR B 5 S KM TR A R AR 1 1 A 21
3.5. PIRHIFREE RS R HBURATR N

Z RFREL 100 mg =405, 23BN 0.15 mL ¥4 0.8 mol/L.0.9 mol/L.1 mol/L.1.1 mol/L.1.2 mol/L
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Figure 3. Standard curve of nitric acid
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Figure 4. Standard curve of acetic acid with different concentration
[E 4. FEIZEIRE T BItRErZE
Table 1. Data of acetic acid with different concentration
7z 1. NEIRFRIRE LIEfhs 58
PRI E LR K r2
3.0 mol/L 0.0443 0.9985
1.5 mol/L 0.0889 0.9986
1.2 mol/L 0.1152 0.9989
1.1 mol/L 0.1254 0.9992
1.0 mol/L 0.1380 0.9981
0.9 mol/L 0.1513 0.9978
0.8 mol/L 0.1748 0.9961
0.5 mol/L 0.2429 0.9989
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ZERTTLOHIWT, LRRIREDE T, AE 1~3 /N ARBUE DR, HF] 6 N2 5, HEAHEEGL T s fE .

3.6. MAESTHTHRIZ

R I SO0 2% 7 26 AF SRR R 5 R T AR Y, IR BGHIR B [R]I SE iR FRYCR AN 2 5 5, IR 22
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Figure 5. Curve of extraction amount time

& 5. RHEE Lk

/-/ 20.8mol/LZ.1%
064 n ©0.9mol/L Z.1%
1.0mol/LZ B
4 S AmoliLZ. 1
e oSN 1.2mol/L Z. R
i 0.4+
i3
=
junng
-
0.2+
0.0 - T y T
0 10 20
i [E&]/hour
Figure 6. Curve of extraction amount time with different concentration of acetic
acid
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3) FHEAMEE 2GR, 8 8 6 0 e R AR ZBRAR M h S RHIE(E 5 38, FRRT R 30
. RIXRECH LIk, BOLDIER 100%.

4) ARHE M AFECE T AR S R FRAR
3.7. AERLE

TR AT IR, F5 B Z TS F SR R ERAR I 3R . LAY R e e ik (bRt 5o
GB11843-89)ill & —SAMEFE P A S, DB FEEWsME Sy HIT84-2001) Wl & 17 H 7 - il R i
i, MR 0.15 mL IREEA 1 mol/L () IRV 0.1 g A AbalFE SR B 6 /NSHIR H . A oesK
I HE e 25 A Tk 2,

M2 FAETT DUE Y, R AR & B AN R A i, ZE[RIFE R ISR A, R H 32 5390 93.85%.,92.04%
93.33%, AILLIAHIRHZF N 5= (93.07£1)%, & HREERE.

38. HmNE

FL B RBUOENE, JEAEMERA - HURER. ARZEHALETRT T RERIPIARR, B4
L2 A5 5 AERFRE B2 A T S ARHIIARE S IR L 1R 9% 3 N[ 18]

Table 2. Leaching efficiency of different sample in the same leaching conditions

% 2. FEMSBERRRIEN THRHE

PRI EEVE (%) BT (%)
B d g ‘ ‘ B 1 (%)
WEAE FH)E WEAE FH)E

1.79 1.66
1.80 1.68
1.77 1.66

1 1.79 1.68 93.85
1.79 1.69
1.78 1.70
1.79 1.70
0.88 0.83
0.88 0.80
0.87 0.81

2 0.88 0.81 92.04
0.88 0.83
0.88 0.81
0.88 0.79
0.46 041
0.45 0.40
0.46 0.42

3 0.45 0.42 93.33
0.46 0.41
0.43 0.43
0.45 0.42
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SEEAR e AT E R ER 2 h(2) 0t R G LSRR b ARE IR . b KL @ Cl kov ks 2,
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Figure 7. Calibration curve of nitric acid

E 7. fHERIR T{FehLk

Table 3. Data of sample measurement

3 HaNENE
B M ZRBY  RRESEETEE L, CRRESEEEE . AYEER e o

FrAng & g mL 1048 cm* 2948 cm* (Ia/1g)
1127 2012 0.5601

A 0.1036 0.15 1168 2033 0.5745 0.5626
1094 1978 0.5531
1373 2477 0.5543

B 0.1022 0.15 1226 2399 0.5110 0.5380
1548 2821 0.5487
1277 2318 0.5509

C 0.1018 0.15 1093 2017 0.5419 0.5448
1145 2114 0.5416
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Table 4. Analysis result of nitric acid in Uranium trioxide sample

4 ZENHHRTHERS ENONER

KR 5 WEAE% EHIMEY% RSD%
A 0.60
B 0.59 0.59 0.97
C 0.59

Table 5. Determination accuracy of nitric acid under different HNO; concentrations

7 5. RISXENENEIRERBRIOBEE

F .
No.
1 2 3 4
1 1.246 2.740 4.176 6.180
2 1.187 2.643 4.057 6.243
3 1.170 2.740 4.101 6.206
4 1.183 2.923 3.937 6.253
5 1.102 2.681 3.940 6.239
6 1.132 2.642 3.990 6.071
T (gIL) 1.170 2.728 4033 6.199
RSD/% 4.2 3.8 2.3 11
FE S PR AR & BT R A U8
NO3 n
A
QNO’ —FER PRI SR, %;
m,, —PRHHIRE BT, g
A=l %%*ﬁXﬂiFE’J$i’J1ﬁ
V. — RS R 1,
a— LAF &I AREE,
c— LAFMhZk i AE .
AT EERIN T 4.
I 5E B[R] —HE Al B0 3 RHURE, 45 2R 45 RS AR IR BT & 1 70 & 84 0.59%, RSD 4 0.97.
39. HEEIR

X R —FE AT SE 6 WK, JEIEARHE B2 SRR E RS TRAR & &, 58T 5. Bk 5 4R
i, AR ELE 0.02 mol/L~0.1 mol/L (Ell 1.24 g/L~6.2 g/L)iNt, 6 VA& I i) #H % bR k(w2 RSD 43 514
4.2%. 3.8%. 2.3%- 1.1%, UiBZ 7L AT IEERIR BA BUF RS B R, A PRAR IR BBk, AR b v (s 22
RN
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Table 6. The comparison of Nessler’s spectrophotometry and Raman spectrometry

7 6. RSN BTN SIE TR (K 7775 IXTEE

R IEIE R (%) AT7i%(%)
P i AR % (%)
W5EfE “FHME WEE “FME

0.72 0.71

1 0.72 0.72 0.70 0.70 -2.8
0.71 0.70
172 1.68

2 174 173 1.64 1.65 -4.6
172 1.63
0.94 0.92

3 0.93 0.94 0.91 0.91 -32
0.94 0.91
179 1.82

4 1.80 179 1.80 1.82 17
177 1.84
0.88 0.87

5 0.88 0.88 0.88 0.88 0
0.87 0.88

3.10. F33REE

XA ASFEBIRE R 23500 kS B A (A IR 72 0OE S, bRk Sy GB11843-89)MIA J5 %
BEATINE, 8RBT 6,
Hi7% 6 ATLLAE Y, AHIRAR S EA IR, AT57E 59 RDIOCEERMXTHR Z1E 4.6% LN .

4, 4Eig

FESL T LR IEREE B i = A T R ERAR A U7 % . ZRPEVE Y 0.02 mol/L~1 mol/L (R =%k
Bl PR AR R 0.2%~10%), A Ry 0.005 mol/L (BRI =44kl PR AR & f 9 0.05%) . I ZERTEA
RIOR, &4 € 7 i iR 1 R AMK T 93.18%, J7ikka & LT 4.2%, SANIRICCEEEMEL, HH
XHRZEAE 4.6% AN . ATHEBRAERI R, A2,
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