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Analysis of the Behavior of Tubular-Type Equipment
for Nuclear Waste Treatment :
Sensitivities of the Parameters Affecting Mass Transfer Yield
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Abstract

It was intended in this study to investigate the effects of various parameters on the chemical
reaction or mass transfer yield in a tubular-type nuclear waste treatment equipment. Since such
equipments, as a tubular reactor, multistage solvent extractor, and adsorption column, accompany
chemical reaction or mass transfer along the fluid-flowing direction, mathematical modeling for each
equipment was carried out first. Then their behaviors of the chemical reaction or mass transfer were
predicted through computer simulations. The inherent major parameters for each equipment were
chosen and their sensitivities affecting the reaction or mass transfer yield were analyzed. For the
tubular reactor, the effects of axial diffusion coefficient and reaction rate constant on the reaction
vield were investigated. As for the multistage solvent extractor, the backmixing of continuous phase
and the distribution coefficient between fluid and solvent were considered as the major parameters
affecting the extraction vield as well as concentration profiles throughout the axial direction of the
extractor. For the adsorption column, the equilibrium constant between fluid and adsorbent surface,
and the overall mass transfer coefficient between the two phases were taken as the major factors that

affect the adsorption rate.

Key words : tubular reactor, stagewise solvent extractor, adsorption column

91-



J. Kor. Rad. Waste Soc.

Vol. 5(1), p.91-99, Mar. 2007.
2 o

€ QTN AT B 9] Bt 23 A ol AF A EE A5 R A3 F FEY ke
71, A £l A2, F3AY § PG| FutEE P glo] ZF dAAFE] v
TEOIYG EFAEFE FIANE T MBS AvHgc WA & F o] F AFL B
ArE7] f3te] £ita RllYg Y5t ABRALE B8t P AA ) AL d&3 %
83 3 ZAZRY T T L/ wifdFEo] W T EAAEF S v
I NAEE EH3AT FEE B1e7)NE GAS, w544 Fo| uhg5gd) 1]
Ae 9FE, O $uFE AR oM A4 Babde] EulAlS, A8 589 d&%
Fol &5 A A W B B2 vlXE 9% 2239t £ Fdg YolxE F3y
BT FA-FHAT ELAGAS Fol & S0 vl 9L 2N

TG FHY 37, oA SelR2), FAG

LA &

BRG] e A 2PN HE B
o) A EE AN 2 458 Aot =, 3
2 ol §A7} B23 $4 W) E= SAI% e
Afolo] sehukg i BARY] Yop F9 3
2 AR Zukeol B 8% B2e) BE 237}
472 2 BT REE i pESEe) 2710 G
g wed aeee 24 249 g +8, 83
Ae5g Se hasse 2s)d vt 99,
WA o iEsEe) 2717t Fx) Aol 1) He
d%e s velals Ae T4 2 FHe) WA}
AR AL 95t WA Yo}, B8 7%
WSSl ZHe ARES selstoon A A
AA ol & whedskel Bk EEH <l B o] Azto] 7}
oI 9e Sgoh} BARYFEE P 5
e A7} 5 23 202 2UY S5 e
Ao},

AT HEB YRR LuREY,
JlenBH, FAY, 27, FuY senss) 5
£ 5% 3lon olSe Ut 8N T Bt of
et Al 24€ ORE odel 7kx) 2RO AL
93 k. o8 59 $ekE W2/8Y, Sk 2
/BA, 0= F2, 189 Ao 253 2 94

oETT™m X

92-

& 3% Sol AgsT It B AFolNE oled
@ B0l 2ol FNEe) B 7R g Bol 8
AY 24y} 2412 Foel 33 ASE d5sn
A% RSl Ral/84 5-gol AlAE WAE
& 243kt ol 9 329 =7 34, 7= 4
A, #7228 24 2 34 Ao 13} 5 Aol
ole) Aas & 4 9L AFY % % 558 58

d&5E & 3l T8 JRE AFH F Aol
II. 2y w37

7. Speturg 7] BAL

FRY USUlE BB S At 524 &
A WA sshgo] ok FHE et
Fig. 1914 BE uks} o] FX & FA7F $35 %

Fog 32 33 Ze 13hhgo] dojdrt
i 7HskAt,

_ dC
dt

vk8-7] Yo A f-3 35 plug flowE 7143}
I RE ke F= FlE gl bRk, &4
o vjA& b gd BEAFA2RY L3 e
21g F =8 F ek



Analysis of the behavior of tubulartype equipment for ---

-
SR §

X=0(z=0)

s s
1

X=L (z=1}

Fig.1. A tubular chemical reactor
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Table 1. Concentration profiles and reaction yields with diffusivity

D Concentration profile(Y ) with z

(o |y | 0. | 0.0838] 0.1694] 03807 | 06198 | 08306 [ 09662 | 1.
0. 8647 | 1 |09347] 07126 04670 | 02898 0.1899 | 0.1448 |0.1353
10° | 8646 | 1 |09347] 0712704671 | 02899 | 0.1900] 0.1448 | 01354
10° | 8641 | 1 |09348| 0713104677 02906 | 01905 | 0.1453 01359

% = 0.02/min, f = 10 ci/min
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Table 2. Concentration profiles with reaction rate constant

k 5 Concentration profiles (Y ) with z
(min™) | (%) 0. |.0338 |.1694 (.3807 |.6193 |.8306 |.9662 | 1.
0.01 63.18 | 1. |.9668 |.8443 |.6836 |.5387 |.4362 |.3808 |.3682
0.02 8641 1. 19348 {.7131 |.4677 |.2905 |.1905 |.1453 |.1359
0.05 9931 | 1. |.8455 [.4304 |.1505 |.0458 |.0161 |.0082 |.0069
0.10 100 1. |.7188 |.1843 |.0251 |.0008 | O. 0. 0.
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Fig.2. Schematic diagram of a stagewise solvent extractor
with backmixing
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Table 3. Effect of back mixing on the extraction yield and
concentration profile

Back Concentration profiles in the continuous phase
low

ra\te(%)Vﬁf(etﬁcyig7 112|345 |6|7 8910
20 | 89 |.89|.81!|.72 | .63| .54| 46| .37 28| .19].11
40 | 88 |.88|.80|.71.63| .54) 46| .37| .29} .20} .12
60 | 87 |.87|.79|.70| .62} .54 46|.38|.30|.21|.13
100 | 8 {.85].77|.69|.62| 54|.46|.38|.31|.23|.15

*D=50,f=5 cisec,g=1 cisec
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Table 4. Effect of distribution coefficient on the extraction
yield and concentration profile

%ack Concentration profiles in the continuous phase

low )

rate(%)vidd(%) 11 2(3(4|5|6|7|8|9]10
1. 20 L1 |1 | 1} 1.1 ]1. [.28].96| .80
2. 40 |1 |1.|1. | 1.| 1.1.99/ .97/ .29| .84] .60
5. 91 |91182) 73| .64| 55| 45| .36 .30] .18 .09
10. | 100 [50)25| 12| .06/ .03| 02| .01|.31| 0. O.
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Fig.3. Schematic diagram of an adsorption column
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