5555 % 45 9 ) Lt oE R @B XK F ¥ R Vol. 55 No. 9
2021 4F 9 H JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY Sep. 2021

XEHS:1006-2467(2021)09-1071-09 DOI: 10. 16183/j. cnki. jsjtu. 2020. 065

R115/NaX By W b 20 7757 SN R 8 &k

Kerr e, ZoERT, 280, HRAET
P, FXA, @&, W
(L. W Tl k% Ao TR B UM 3100145
2. WRUTA AL TBRGEBE O AL MR AR I 4 Ak 5 R TR S % B 310023)

M E. ATAREZA—R TR RIS £ NaX L¥IB M3 A F AL, A3 F RIS B B BLIR Fo
WEAF T 5 R, 5 A R E—R B A AT AR RIS R E (GEARRS 8 AR W )
%423 R115 AW 69 % v@. 2 b Thomas o Yan AN FE WA WE AR, RA_KF=ZH F £ 5%
FiEo M RIS RE BARARERARARTEAREES T FREEEAR FRLERE T,
BT TR R Yan o f—BBAWH A FEANSZTEREDSERS;ARANREA
REABLREZ.REH 0 FENE fofe it B R A LR ERREHN D ERKHREFRARRAEN
AR SR A AL E R e B

EREF: ER—RA TR AW A F; FiEwL; £kt

RESES: 0647.3;TQ 028.2 XHERARERD: A

Analysis of Factors and Significances of Adsorption
Kinetics R115/NaX System

ZHANG Jinke'?, MIAO Guangwu®, JIN Jiamin®, CHEN Yinfei'
LU Hanfeng', NING Wensheng', BAI Zhangi*, LIU Wucan*
(1. College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, China;
2. State Key Laboratory of Fluorinated Greenhouse Gases Replacement and Control Treatment,

Zhejiang Research Institute of Chemical Industry, Hangzhou 310023, China)

Abstract: To understand the adsorption kinetic mechanism of chloropentafluoroethane (R115) on NaX and
then to guide the industrial applications of R115 adsorption removal and catalytic conversion, the effect of
R115 concentration (referring to volume fraction) and adsorbent particle size on adsorption performance
are studied by using pseudo-first-order, pseudo-second-order, and intraparticle diffusion models. The
applicability of the Thomas model and Yan model for breakthrough curve analysis are compared. A two-
level three-factor experimental method is implemented to evaluate the significance and possible correlations
of R115 concentration, adsorbent mass, and flow rate on adsorption performance. The results indicate that
the adsorption process is mainly controlled by R115 external film diffusion. The Yan model and the
pseudo-first-order adsorption kinetic model fit the experimental data better. The adsorbent mass is the

most important factor significantly affecting the breakthrough time, saturation time, volume of effluent
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treated per gram of adsorbate, and fractional bed utilization. The interaction of adsorbent mass and flow

rate has a significant effect on the volume of effluent treated per gram of adsorbate.

Key words: chloropentafluoroethane; adsorption; kinetics; breakthrough curves; experimental design
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Fig.1 Diagram of {ix bed adsorption device

1.3 ZXKFE=ZFAFELEIZIT

W SR 5 5 e TR R R0 J5R e LA R A T R P 2 SR
(R 5 0 358 PR 7 S 30 11 AT LA TR R AL BT B S 4L
AL AT L% 28 BAS TR X6k 7 AR e B R ) L 38 RE X EE
PR 18 22 BAE T AT AR R el 20 S5 52 9 Y 8. R —
K =TI (27) 38 T R115 #RJE (¢, =400 X
107°,600X 10 %) W Bk 551 Bt & (m =2, 8 g) FiAFH
HEAEHE (Q=15,35 mL/min) Xf W% ft ¢ 33 B[] 2, 40
FIVESE B) 2. AR RN W R Ak B B VORI B R 2 R R ¢
(s . R A0S MoKt an gk 1 s Horr . X



RAF,F RIS/ NaX 89 R M3 A F R LA E T FMWH5H 1073

594
F1 ZKRFZAFIRREIFITR
Tab.1 Experimental design of two-level three-factor method
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Tab.2 Parameter fitting of intraparticle diffusion models at different <, and ¢, values

4o/ X 106 o — Lk 5 S R
kig/(mg+ g !« h™1/2) R? kia/(mg + g~L « h™1/2) I/(mge+g D R?

0.39 200 4,21 0.998 1.05 7.36 0. 882
0.55 200 4. 45 0.998 1.09 8. 87 0. 900
0.55 600 13.47 0.996 3.19 24. 28 0.938
0.78 200 4.71 0.997 1. 30 8. 50 0.920
0.78 600 13.37 0.993 2.49 26.93 0.938
1.10 200 4.71 0.998 1. 38 9. 00 0.917
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Tab.3 Pseudo-first and second order kinetic parameters of R115 adsorption on NaX

T — G AR 1

G

d,/mm @0 X108
ki/h! R? ko X10°/(g+mg ' +h™ 1) R? h/(mgeg '+h 1)
0.39 200 0.157 0. 957 2.954 0.927 1.46
0.55 200 0. 144 0.981 1.893 0.939 1.47
0.55 600 0.215 0. 957 2.873 0.882 4.15
0.78 200 0.151 0.981 2. 288 0.935 1.47
0.78 600 0.179 0. 894 3. 166 0.918 4.52
1.10 200 0.131 0. 984 2.020 0.951 1.51
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Fig. 4 Pseudo-first order plots at different d, and ¢,

values
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Tab.4 Parameters of Thomas model and Yan model of R115 adsorption on NaX

Thomas 1% #l

Yan % #!

@ xX10°  d,/mm  g./(mg-+g ")
kru/(mL s min~! *mg~')  gru/(mg+g ) R? qy/(mg g 1) ay R?
200 0. 39 12. 159 4.52 14.02 0.993 13.29 3.57 0.995
0. 55 14. 358 3.69 16. 46 0.992 15. 56 3.41 0.995
0.78 15.725 3.33 17. 96 0.993 16. 96 3.38 0.995
1. 10 16. 624 2.96 18. 87 0. 990 17. 65 3.15 0.995
600 0. 55 38.038 1.79 44,50 0. 997 43.07 4.47 0.995
0.78 37.821 1.79 44. 26 0. 996 42. 82 4.47 0. 994
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Tab.5 Experimental and predicted results matrix of two-level three-factor design
t/h ts/h Ve/(Leg ) ¢
@0 X10°  m/g  Q/(mL e+ min~!)
SEGAH T I SR AH Tl SEEAE T A SEHGAH T A
600 2 15 6.37 7.42 125.78 124.71 56. 60 56. 82 0.115 40 0.11370
400 2 15 5.22 4.18 124. 68 125.75 56. 11 55. 89 0. 097 86 0.099 57
600 8 15 60.42 59. 38 217. 33 218. 40 24.45 24,23 0. 366 70 0. 368 30
400 8 15 51.18 52.23 242.13 241. 06 27. 24 27.47 0. 320 90 0. 319 20
600 2 35 4. 00 2.96 27.33 28. 40 28.70 28.48 0.22100 0.22270
400 2 35 2.85 3.90 26. 67 25. 60 28.00 28.23 0.21570 0.213 90
600 8 35 38. 88 39.93 99. 33 98. 26 26.07 26. 30 0. 508 60 0. 506 90
400 8 35 38.00 37.00 116. 00 117.07 30. 45 30. 23 0.461 40 0.463 10
500 5 25 25. 60 26.07 122.00 122. 20 34.97 34. 85 0.287 16 0.248 90
500 5 25 25.71 25.81 122.19 122. 24 34. 65 34.74 0.287 94 0. 254 30
500 5 25 26. 30 25.76 122.54 122. 80 34.51 34. 54 0.290 22 0. 254 30
T 25.87 25.88 122.41 122.41 34.70 34.71 0.288 44 0.252 50
R? 0.997 8 0.999 8 0.9997 0.9999

R 6 EFMEYIRE R E X0 EFH R
Tab. 6 Regression coefficients of factors and their effects on

response factors

M) S
K+ 3¢ 7 PH
A ¥
ty, @0 0.025 19. 28 0.377
m 8.578 3614. 20 0.031
Q 0.653 194. 64 0.132
@0 Xm 3.258X1073 7.64 0.521
@ XQ —1.045X1073 8.74 0. 500
mXQ —0.125 112.35 0.173
L @0 0.016 197.11 0.135
m 29. 402 17143. 04 0.014
Q —4.995 24264. 94 0.012
@0 Xm —0.018 233. 60 0.124
w0 XQ 9.612X1074 7.39 0.534
mXQ —0.199 284.05 0.113
A% @ 0.014 4,47 0.186
m —7.146 468.18 0.018
Q —1.821 327.42 0.022
@ Xm —3.483X10°3 8. 74 0.135
@0 XQ —1.725X10* 0. 24 0.583
mXQ 0. 254 462. 69 0.018
¢ o 3.230X107° 1.677X1073 0.074
m 0.021 0.13 0.008
Q 5.756X10° 0.032 0.017
@ Xm 2.915X107° 6.118X1074 0.122
w0 XQ —1.330X10°6 1.415X10°9 0.578
mXQ 2.465>X10~* 4.375X1071 0.144
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