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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 fix bed adsorption device
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Tab.2 Parameter fitting of intraparticle diffusion models at different </, and ¢, values

4o/ o X 106 o — Ltk ot 0o dn
kia/(mg+ g« h™1/2) R? kia/(mg g !« h1/2) I/(mg+g b R?

0.39 200 4,21 . 998 1.05 7.36 0. 882
0.55 200 4. 45 . 998 1.09 8. 87 0. 900
0.55 600 13.47 . 996 3.19 24. 28 0.938
0.78 200 4.71 . 997 1. 30 8. 50 0.920
0.78 600 13.37 . 993 2.49 26.93 0.938
1.10 200 4.71 . 998 1. 38 9. 00 0.917
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Fig. 2 Intraparticle diffusion model plots at different

d, and ¢, values
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Tab.3 Pseudo-first and second order kinetic parameters of R115 adsorption on NaX
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ki /bt R? kyX10°/(g+mg !« h™ 1) R? h/(mge+g '+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 g,
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Tab.4 Parameters of Thomas model and Yan model of R115 adsorption on NaX

Thomas 1 Yan 571
@ X10°  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 V/(Leg ) ¢
o X 106 m/g  Q/(mL + min 1)
SLEE (A SBE A SHE T {8 SLEE T {8
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
4 {E 25.87 25. 88 122. 41 122,41 34.70 34.71 0.28844  0.25250
R? 0.997 8 0.999 8 0.9997 0.999 9

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

response factors

i) J37
SR X4 7 PfH
A ¥
Iy @ 0.025 19. 28 0.377
m 8.578 3614. 20 0.031
Q 0.653 194. 64 0.132
@ Xm 3.258X107° 7. 64 0.521
@0 XQ —1.045X1073 8.74 0. 500
mXQ —0.125 112.35 0.173
t @ 0.016 197.11 0.135
m 29.402 17143. 04 0.014
Q —4.995 24264. 94 0.012
@ Xm —0.018 233. 60 0.124
@ XQ 9.612X10 4 7.39 0.534
mXQ —0.199 284.05 0.113
V., @ 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
00 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
@ XQ —1.330X10°6 1.415X10°9 0.578
mXQ 2.465X10"* 4.375X1071 0.144
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