Appl. Chem. Eng., Vol. 28, No. 3, June 2017, 345-350
https://doi.org/10.14478/ace.2017.1027

’ Article

| — ] = =L O [ == - =i
E|E 0|8t eSS U0y &ZAI2| B B4
O - YBH* - AER - ZHB” - 0|FF" - HFR"T - 0|y ]
HRAAHAR(F), T FE ﬁfi}%fi}?% et Oﬂhﬂﬂﬂr?ﬂﬂ%@ﬂr
(2017 39 279 A<, 20179 42 119 AL 20179 492 259 A=)

Analysis of Sintered Density for Uranium Oxide Pellet Using Spectrophotometer

Byung Kuk Lee™**, Seung Chul Yang*, Dong Yong Kwak®, Hyun Kwang Cho*,
Jun Ho Lee®, Young Moon Bae™

T, and Young Woo Rhee

sk, T

*Kepco Nuclear Fuel Company, Dae-jeon 34057, Republic of Korea

**Department of Chemical Engineering, Chungnam National University, Dae-jeon 34134, Republic of Korea

ok ok K

Department of Energy Science and Technology, Chungnam National University, Dae-jeon 34134, Republic of Korea

(Received March 27, 2017; Revised April 11, 2017; Accepted April 25, 2017)

FAH ﬂ—%(uramum oxide, UOx) A7 A 9] 7
] A SihakeEe] e
A /Ké_:_?{'] o] A o

dluranate) ] 2 E%‘ &3 7](spectrophotometer) =
Holth E9gtEAtiy B3 AZ S &9
ol ke 2ANE o 1A
R2 gk 0.9967% 7}73} Alﬂﬂo] 7 ek QOL

=

A

qe i oR 2ATHE
=0
o

=

e
I

0T 2 2l;
A<l A+t B 3 (ammonium

SHEAEE AdA ] dEE BA G
A2 3L, a bFT TFAA WHORE AL A2FA
A}, L kol tish 2449 A% o] AgAS
01] sk AFAS R? 3 0.9534% AA#AA7) &

)

=
At a
3l

JAG R* 3 043495 A#3A7E A $lgith

Abstract

The sintered density of uranium oxide pellets for pressurized water reactors is generally analyzed with pellet’s samples com-
pleted with the sintering process. In this paper, the sintered density was analyzed by the newly developed method measuring
the chromatography of ammonium diuranate, a precursor of uranium oxide, by a spectrophotometer (CM-5, Konica Minolta)
before completing the sintering process. As a result of the sintered density analysis based on the brightness, color coordinate
values (L, a, b) obtained from five ammonium diuranate samples by a spectrophotometer and the trend line of sintered density
analyzed by a previous method, the sintered density with respect to the L value was observed with 0.9967 of the decision
factor R In case of a value, R” value was 0.9534 indicating lower reliability than that of the L value. However, b value
with R? value of 0.4349 showed a very low correlation.
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Table 1. Process Variables of Standard Samples
Item Conc.entration of Final pH Flow rate Reaction Eemperature
uranyl nitrate (g - U/L) NH; (kg/h) U (kg/h) (C)
Standard-S1 9.00 7.40 0.15 2.12 58.00
Standard-S2 30.00 7.50 0.53 7.44 60.00
Standard-S3 60.60 7.99 1.59 2231 78.70
Standard-S4 60.60 7.16 3.19 44.63 79.80
Standard-S5 60.60 7.20 3.19 44.63 78.90
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Table 2. Process Variables of Target Sample
Concentration of Flow rate

Item . Final pH

uranyl nitrate (g *+ U/L)

Reaction temperature
NH; (kg/h) U (kg/h) (T)

Target-S 9.00 7.20

0.30 425 58.00

Table 3. Spectrophotometer Analysis According to L-a-b Value from Standard Samples

Ammonium diuranate

Uranium oxide pellet

ltem L a b color sintered density (g/cm’)
Standard-S1 80.54 9.45 81.17 10.33
Standard-S2 81.20 16.76 87.57 10.31
Standard-S3 83.08 12.32 75.18 ST 10.27
Standard-S4 87.40 3.80 71.28 SR BRRE 10.41
Standard-S5 87.81 3.99 73.82 FEEE 1042
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Table 4. Trend Line and Reliability of L-a-b Value

Item Trend line R’ Reliability
Sintered density vs. value L Y= 0.0071.X% — 1.1844 X+ 59.556 0.9967 excellent
Sintered density vs. value a Y= 0.0014X? — 0.0375 X+ 10.54 0.9534 good
Sintered density vs. value b Y= 0.0008.X% — 1.1319 X+ 15.772 0.4349 bad

Table 5. Spectrophotometer Analysis According to L-a-b Value from Target Sample

Ammonium diuranate

Uranium oxide pellet

Item . .
L a b color sintered density (g/cm3)
Target-S 78.68 14.07 74.07 5 10.35
10.44 10.44
= 2. y =0.0008x - 0.1319x + 15.772
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Figure 1. The sintered density of uranium oxide pellets trend for
brightness coordinate L value gained from the standard samples of
ammonium diuranate.
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Figure 2. The sintered density of uranium oxide pellets trend for color
coordinate a value gained from the standard samples of ammonium
diuranate.
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Figure 3. The sintered density of uranium oxide pellets trend for color
coordinate b value gained from the standard samples of ammonium
diuranate.
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Table 6. Structure of Ammonium Diuranates
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Cell dimensions (A)

Type Composition Structure
a b c

I U0, « 2H,0 orthorhombic 13.97 16.69 14.67
1 5

I vo; « ENH‘ . §HQO orthorhombic 7.22 12.19 15.07
1 3

m Uo; « 5NH3 . EHQO hexagonal 14.08 - 14.49
2 4

v vo, - ENH3 . EHQO hexagonal 4.03 - 14.58

Table 7. Effect of pH and Temperature on the Composition of
Uranates Precipitated from Uranyl Nitrate Solution with NH;OH

Type of compound formed

pH 40 C 60 C

3 I I

4 I I
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6 mixture-not identified mixture-not identified
7 m m

8 v v

9 v v
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