HWAHAK KONGHAK Vol. 37, No. 1, February, 1999, pp. 14-20
(Journal of the Korean Institute of Chemical Engineers)

HIS= GBS0 28t AUC 2ae| dEs Moy
zes' AT - 284 - wds - RNUY - HYS

A AT Vet
A7 g
(1998 44 290 A%, 1998 109 27 A=)

Thermal Decomposition Characteristics of AUC Powder by Non-Isothermal Method

Eung-Ho Kim', Yeon-Ku Kim, Moon-Sik Woo, Jin-Ho Park, Jae-Hyung Yoo and Cheong-Song Choi*

Basic Technology Development, Korea Atomic Energy Research Institute
*Dept. of Chemical Engineering, Sogang Univ.
(Received 2 April 1998; accepted 27 October 1998)

2 o

AUC(ammonium uranylcarbonate) £722] w4 - 3k9lel] o3l ALE $A2E9 7|4 TG-DTAZS ALLsle] S35ty
o} AUC #e] el 24 5 & chelal 4 w3t 54%
(NH,).{UO,(CO,),] — UO;+3CO, +4NH;+2H,0
3U0;+H, — U;0:+H,0
U,0;+H, — 3UOQ,+H,0
o & 3RAR vehdoh AUC $89] it - B9 SEE W5 AFTPEOL Takgom, dlelej sl Osawa
W3} Zsako WP 2 2 7319 =] o 2}

Reaction Mechanism E(Kcal/mole)
AUC — UO, 2" nucleation and growth 19.5
U0, — U0, 3 nucleation and growth 30.12
U,0; — UO, 4" nucleation and growth 31.43

Abstract— Calcination and reduction of AUC(ammonium uranylcarbonate) have been carried out by using TG-DTA in
H, atmosphere. Phases of various intermediates obtained during thermal analysis of AUC were confirmed by XRD. As
results, AUC was calcined and reduced by three steps as follows ;

(NH,),[UOCO;);] — UO,+3CO,+4NH, +2H,0

3U0;+H, — U0+ H,0

U;0:+H; — 3U0,+H,0
The calcination and reduction kinetics of AUC have been also determined by non-isothermal method and the analysis of
kinetic data was made by Osawa and Zsako methods. The results were as follows ;

Reaction Mechanism E (Kcal/mole)
AUC — UO, 2" nucleation and growth 19.5
U0, — U,0, 3 nucleation and growth 30.12
U0, — U0, 4" nucleation and growth 31.43
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o] Al g EEAL A2 ohe via 2 FAAHA UO, #EE A
z3le TAHo2 7R 315hY o] w2hy| AUC(Ammonium
Uranyl Carbonate)?} ADU(Ammonium Diuranate) FAog FEHE
o). AATA L steam e WA 31 UFE U ERE 3l 3
7 7 AREGe] A4 U0, Az 3422 84 4= BNFL
(British Nuclear Fuel Limited)o] 7§*2} IDR(Intergrate Dry Route)
Process7} 7} o] -85 3 glrH2).
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cessZHTL Bl A& aAo] 7FsslcHS). =3 AUC FAE A=A
ALEE = NH,9} CO7) S-g-ojatola] 2 d&hs sl7] wjEol pH
Aoi7} el Tz 0] vhg- Lolalri6]. ¢12{F AUC ¥4
Aoz o3 80dd] & g 24 A AUC FAe] A=
t}. AUC 242 59l Nukemoll 2]3] 38 /8= 3 2 ¥ 5 RBU
(Reactor-Brennelement Union GmbH)el] £] 3} Ardx o g g-d=7]
Az & g v 299, ol2 e Folld dds 34
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AUC 24 Al2F sld g BASo] Z5oiek T Ak 2 AT
<+ 29 AUC Q1A= monoclinic 224 81AF2] 82 553 (rounded
crystale]s, HFY =7} 30um HEE 878 T gltt. UO, £#9]
72~ O/U H]7} 2.15 )3}, ] THA o] 4.5-5.5m’/g, tap density”} 2.9-
3.1 g/em’®) 3. $-eHg ko] 87 wi% o]Ake] 7= ¥ U0, &
AA e 240 E7} 10.60 g/em’, |71 E-50] 0.2% °&F 273t
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Table 1. Expression of f(o) and g(o) for different mechanisms

da ¢ da
[;=kf(a), g@= |, ;(;)]
Mechanism (o) g(ao) Remark
Nucleation and
growth model
2-dimensional  2(1-o)[-In""*]"” [-""¥1”?  Avrami-
Erofeev
3-dimensional  3(1-a)[—In" T [-In®"®1®  Avrami-
Erofeev
4-dimensional  4(1—o)[—In" ¥ [-In""¥1*  Avrami-
Erofeev
Phase boundary
model
2-dimensional a-a)”? 2[1-(1-)'?]  Cylindrical
symmetry
3-dimensional 1-o)” 3[1-(1-a)'®]  Spherical
symmetry
Diffusion model
1-dimensional 120 o’
2-dimensional 1/-In""® (1-0) In""+o  Cylindrical
symmetry
3-dimensional  3(1-0)*/2[1 [1-(1—)"*)  Spherical
—(1-0)" (Jander)
4-dimensional ~ 3/2[(1-a) ®-1] (1-20/3)-(1-&)* Spherical
(Ginstling
Brounstein)
N"-order model
Zero order 1 o
First order (1-o) —In(1-o)
Second order a-ay —[1-0-o)1
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Fig. 1. Conversion-temperature curves as a parameter of heating rate.
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Fig. 2. DTA and TG curves for thermal analysis of AUC.
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Fig. 3. X-ray diffraction patterns of uranium compounds heat-treated

in hydrogen atmosphere._
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Fig. 4. TG diagrams of AUC as a parameter of heating rate.
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Fig. 6. Osawa plots for calcination and reduction kinetics of AUC.

Table 2. Activation energies and reaction mechanisms for calcina-
tion and reduction of AUC

Activation energy

Reaction keal/mole Mechanism, f(or) §, Error
AUC— U0, 19.5 2(1-o[-n(1-e)]"* 5.12x10°°
UO; - U;04 30.12 3-a)[-In(1-0)]® 1.18x107?
U,0,— U0, 31.43 4(1-o)[-In(1-a)]**  1.07x107?

Table 3. Comparison of the experimental data for AUC calcination
with previous ones

Halldahl and

Item Toft Sorensen Kac;’xeg (iagc817) CI;:)I?( 12;;(1) This work
(1980)
AUC powder ASEA- Factory KAERI pilot KAERI
ATOM plant commercial
plant
Atmosphere Steam+H, N, N, H,
Instrument TG DSC TG TG
Method Non-isotherm Non-isotherm Isotherm Non-isotherm
Mechanism  3-dim. Nucleation  Nucleation  Nucleation
spherically  and growth  and growth  and growth
symmetric  control control control
diffusion
control
Activation 18.9 23.5-26.7 14.2-17.2 19.5
energy
(kcal/mole)

3stEst HI37A M1 199914 23

HAE - A - HAS

U004 U,0, 28|31 U004 UOZR| 8] Fedut-g-elviA]= 242
30.12, 31.46 kcal/molee]$it}. t}A] o]F A dojzl FAs) AR &
0]43te] ZsakoupH o2 7} wbSAE HbS7| = AR 83
o] vt H& vV FE FH ukdvl TR AR e 1 A
& Table 29} 7t} 5hgdA o BAGe] 2% & YA 2 A4 2
(nucleation and growth modely& #| A3}z $1r}.
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¥ 2oAE FAY UOEHE UOE oloirl= #Uuke-S vyl
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t}. 1) 7k~ 2he- 3 BHAl(diffusion of gas phase), 2) HFS-5 Hw o
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73 7] ¥h-g-(phase boundary reaction, unreacted core model), 4) S}
ol 7k2rt o] FE9] ikl 27 ukg, 5) § A 2 AZk(nu-
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Table 4. Comparison of the experimental data with previous ones
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and NMOZ del Del\:dz:;gcfmd Sheila et al. and lzslllleelcr Le page and Fane  This work
Experimental
Sample material v-U0; A-UO, U0, v-UO; B-UO; A-UO,
Weight(g) 0.5-4 2 5 0.07 0.12 8x107°
Size(um) - - 100-200 - 20-1000 10 pm
Equipment TG TG TG TG TG TG
Method isothermal isothermal isothermal isothermal isothermal nonisothermal
Temp. range("C) 450-550 300-400 400-658 500-620 500-650 300-700
Atmosphere(atm) H,, 0.25-1 H,, 1/4-1 0.13-1 1 0.15-1 1
Results

Reaction steps 3 steps 2 steps 2 steps 2 steps 2 steps 2 steps

v U0;,— U;0,— U0;— U0, 5 UO;— U;04,, U0;— U0 U0;— U,04 U0,— U0

U,0;,— U0, — U0, — U0, — U0, — U0, — U0,
Reaction mechanism Y-UO;— U0, UO;— UO, 5 U0o;— U0, U0,— U0, U0,—U;04 UV0O;— U, 04
& parameter
do/dt=A-¢ ¥ - P n=0.8 E=252 n=0.6 E=266 n=0.78 E=25-32 E=28 n=0.9 E=10.5 E=30.12
f(o)) f(o)=Zero order f(o)=Zero order Zero order for high phase boundary f(e)=Zero order f(o)=3" Nucleation
surface area and Growth
) of UO,
E:activation energy U,0,_— U0, U0,;— U0, 1st order for low U;0,— UOQ, U,;0,— U0, U,03— UO;
[Kcal/mole] surface area

P :partial pressure of H, n=0.8 E=30.6 1n=04 E=39.1 of UO, E=31 n=0.9 E=21.1 E=3143

f(c) : reaction mechanism f(0X)=Zero order f(o)=Zero order

f()=Zero order f(o)=phase boundary f(o)=4" Nucleation
— Zero order and Growth
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g Sl e nug A g} stvists AR TR Aole 2
2} parameter?] o] & o]0z o) BAAIAL oAx] Ale]<]
ol 2 F|A=7] wfFoll AR-3NA] L FE)2t 7t

A WA aqez glxEe] Euld AL £ 4 et Table
45 B Ao AREE dAt=2o17h ofg wlA AR RS & 5
ek AAl ]ixfzo e ek 244t oA 2 a3
i glge] BaEa 9lon, Ayt S ke AR AN
2] ke WS 5 Qo JAPL PlAESE Bt o] Fd W
vehdA 2 Aoz &3 4= gloh

Fog 52 e Aolg: £ 4 Ut A7k Al AHE
L BE 52 dFak 8 £22¢ M sl 2 e
2 95 S ARk ek

dubd o2 grelukgA7} oh 3 M whE(parallel reactionye]vt
2] uh-S-(series reactiony} -2 E3RS AL A 53] £ A
e} zro] U0, — Us0, ¥H3-3} U0, — UO, Hh=HAI2] 843} ol
A7} ZA AolA] e W= HA| F Aolr} gl AE ukg

LAY

[

Al

o=

o] AL 5oz £ FNA A F ks A A Eeis]
£ of2¢ Aoz Ad=r}. vl E Notzel Mendalo] x-ray 4 ¢l 2
3 F A7) s RelEvkn ¥asts glev, oleke EE
Sheila 5-& Notz¢} Mendal®} 2 y-UO, A|Z24H 9] dnks
AFAT F A7 224 gz U0, U0, UO7F FE3LTL U
-8 A x-ray2 sttt 1l 2R S2ukgol B e
Gz 24 AnE ¥4 U0,— U0, ¥He-27] A= A2 A9
A2 2T Ao dAabEw =3k -] v)Ad¥ o-time A1
2] 7}4; 7]7}(accelating period)y AA| Aol 71| wEel oF
B A7ATA} Zero-orderdhS7 | -E A A FE ALz kgt

olell whs| v 5 AFe Hh-L FUNREAT} obd B3EA
s ol At ubg o2 Q1A E A glrk. & el = U0, — U0,
3} U,0,— U0, ¥H-g-5A1 5 7738 el 5= Al

e A AAE APubge] AdA Zeledlx B8l -
time2] ¥W]A1Y BAZRE HA| vbE 7] 7E FE e AL A2
Apgjo] ot 41 £ Aol AR AR E ¥ HF 27171 30-
40ume v 2F vlAF Bdolw AR AlEE HA] ok AAE
< A S8l vEkE AREkch b o2 siRk=s) 7t 2w
Ageo] AL A ANE B 7badib A AN E FE 5
g 7hegibe FAE F 9l 53] wA fehgeleut Abae]
22 o]%5(mobility}2 Ar33] whE Aoz ¥ sy et o AA
2 Qlste] AFANESS FAE 5 ol Zleg et |
A AAIRE &5 DA F Y YRS A A weoted 2
Azt 2EEAT AL o A4 2 APTE ERE 5 3
o} o]w] aEqte] UO; ¥ U,0.%] #lubg<itel vl gk
zgA o2 A7t B dFelre 100% 45 AH-3t7]
w) el aiqre] AR wiAlE ek, kA whgokae] A<
A THEF A B3 ubEE 8L FAE

T 3 A E QA7) o-timee] A A& 1 T
3AA R ARt 1) F-=7](induction period), 2) 7147 ] (accel-
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20 AR

eratory period), 3) £3]7](decaying period). $-4 A& F=7]H=
QAN GAFRe] W3 (strain)F} 72 2 3H(dislocation)o] Sl 3h=
A oA 2E] A 2-$ AFe) #l(nuclei of new phase)o] A= T 7}&
7= AL #Eo] A (nuclei growth)s}= =k}t 5-3]7]
dAE A4 A5 A7 oA whge] FEHA Fr22].
2 A7) A% Uost U,0,0.2 3 igHe #4$ 23 Vo=
500 °C o} aFe] vl&A B97lollA] ehgat 2 Faihgo] doivta
]2 AbaRgh oha3 28]

3U0, & U0, +% 0,

log P, (mmHg) = % +B

olu] U0, AAFTEI} U0 ARF-ZE Ho|=wA] L=
AbrE U0, AAEA ] A1 2 Aoz Adtss A Alis
A o] sty el FA ol%e] 7Fesle URZTHAAM T4
7b F49 74 BA Akae) 2R Mt SxE vg weAA
=}, 28|52 U2 %E 38 w9 U,0, AzP7} #Ha U0, A=}
ol 53t YAU0, AA)e B3] U0, Aol ol A4t
27} wiEE oo} sla o2 A MiEE Abie A FHOZ o3}
Al Fel e F2AE i) g AAE ALE A4t 12jn
U,0p0ll4 UOE uHsE AAE 99} fARE A2 7|8t g
of o]g} o] 3 A I AT o3 SelEAtslEe] 81
Hhgo] A PEriE B QAo & Jx=Acky B 4 9lct

5.4 E

Ammonium uranylcabonate ¥%2] ¥ wh3-A] AbH3} S5 4
24 0 MR T Qdojal AES g3} W}

(1) AUC £ 42 100% #971014 oh&3 28 2algAE
E3) Asle] B4 Yeie iARE A 2AE 4 5 U

K

AUC — A-UO; — -U;0 — UO,

AUC £ Faubs-& Ssled 5438 U0yt =ola 2438 24
£ A4 244 U0} Hgich 58 Alg 7117141 0-U,0,2
2 #9597 #3402 UOE HHEE i)

(2) HFEEHAY WhSE T Osawa HPH o2 BA 3 oixE 7
8l Zsako WP 0 2 W75 Falgich Ao o3 2l

EatZat AM37A 1S 19994 23

AT S84 R 4AY RS

Reaction Mechanism E(kcal/mole)
AUC — UO;, 2" nucleation and growth 19.5
U0; — U0, 3™ nucleation and growth 30.12
U,0; — UO, 4" nucleation and growth 31.43
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