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Abstract — The adsorption characteristics of the major tar compound, acenaphthene, derived from Taxus chinensis by
the commercial adsorbent Sylopute were investigated using different parameters such as initial acenaphthene concentration,
adsorption temperature, and contact time. Out of Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherm
models, adsorption data were best described by Langmuir isotherm. The adsorption kinetics was evaluated by pseudo-first-
order, pseudo-second-order and intraparticle diffusion models. The pseudo-second-order model was found to explain the
adsorption kinetics most effectively. Thermodynamic parameters revealed the feasibility, nonspontaneity and exothermic
nature of adsorption. In addition, the isosteric heat of adsorption was independent of surface loading indicating the Sylopute
used as an energetically homogeneous surface.
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oA sttt oAbz el gk 41617 9l5to], HP-5 A E
(30 m, 0.25 um film, 0.32 nm ID) %! FID (flame ionization detector)©]
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Fig. 1. Adsorption isotherm for acenaphthene onto Sylopute at dif-
ferent temperatures.
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Fig. 2. Adsorption isotherms using linear form for acenaphthene onto Sylopute at different temperatures: (A); Langmuir isotherm, (B); Fre-
undlich isotherm, (C); Temkin isotherm, and (D); Dubinin-Radushkevich isotherm.

Table 1. Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich isotherm constants for the adsorption of acenaphthene onto Sylopute

Isotherm Parameter Temperature (K)
298 303 308 313 318
Qe (ME/2) 526.316 454.546 400.000 370.370 333.333
K; (L/mg) 0.00113 0.00109 0.00084 0.00053 0.00038
Langmuir R; 0.228-0.639 0.234-0.647 0.284-0.704 0.386-0.790 0.467-0.840
e 0.9995 0.9995 0.9993 0.9992 0.9988
RMSD 3.837 4.149 3.165 2.978 4172
K (mg/g)(L/mg)"" 3.68 341 2.26 1.04 0.61
. I/n 0.622 0.609 0.630 0.692 0.721
Freundlich
P 0.9897 0.9883 0.9875 0.9889 0.9832
RMSD 11.78 10.68 9.586 7.981 7.628
B (J/mol) 115.040 102.120 88.654 75.483 60.518
. Kr(L/mg) 0.0112 0.0104 0.0083 0.0060 0.0051
Temkin
P 0.9888 0.9900 0.9910 0.9875 0.9896
RMSD 9.436 7.799 6.091 5.720 4.048
qp (mg/g) 254.35 246.48 208.41 164.55 129.55
Kpg * 10° (mol/kJ)y? 0.0053 0.0069 0.0102 0.0163 0.0219
Dubinin-Radushkevich E (kJ/mol) 7.412 6.836 5.754 4.868 4.445
P 0.8745 0.8581 0.8672 0.8626 0.8810
RMSD 50.25 37.83 29.93 23.67 16.93

Fig. 2(B)°ll YERiSl o, AlAket shebn] el = Table 191 2513
o} 3 212 298, 303, 308, 313, 318 Kol A 9] F3 83 K=
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2] (surface heterogeneity)¥} ZH o] gl
k1 0.609~0.72101 .2 0<-<1 77

24 ?ﬂ—b’l— é

gom m=
S e o] &
o 2}%5}921 Temkin 552 2] 749 q,
C, & =4339 Fig. 2(C)oll YEFl eH, AlAitst ghafn]
Table 1ol g8ttt F2rdel tl-§-3k= 4 B (J/mol)= g;&
=1 298, 303, 308, 313, 318 Kol A Z}2Z} 115.040, 102.120, 88.654,
75.483, 60.518 J/mol®. & 52t L7} S/ S 11 ko] Aasth
St HdA e A ol &3k BB AT Ky (Limg)=
0.0112, 0.0104, 0.0083, 0.0060, 0.0051 L/mg°. = A A=
wha} 77 gro] Molx] A1) B 2hA| Afo] o] Aato] oks AL
&k = S1{TH21]. Dubinin-Radushkevich 62521 ] 7% In q,
o} 25 =2 31310] Fig. 2(D)oll e oL, Alaket shebel =
Table 10 7g2]3}At}. &2 &% 298, 303, 308, 313, 318 KollA <)

o]& X3} &2 *O“‘j)‘:(qD)—‘:254 35,246.48, 208.41, 164.55, 129.55
mg/gC & E’i} 257F SVESE O gho] skl ol
Langmuir 55229 q,, 3 "B 2§32 257 5718k
5 52 850 AT owstti2,21]. Ht S22l A
(Kpp<107)E 0.0053, 0.0069, 0.0102, 0.0163, 0.0219 (mol/J)?, %
T &2 AUA(E)R= 7.412, 6.836, 5.754, 4.868, 4.445 kJ/mol= 7}
7} AR ek BB 2204 E<8 ki/mol W9 Ulol] S48t R
AZFEC] &k opApzrle] F&to] 28 A& & 7 Ut
[22]. Table 194 K= ule} o] AR FEC| o]gt ofAf a2
Langmuir 532 (1>>0.9988, RMSD<4.172)°1l 714 &
& = AR, Taxus chinensis TrEH FQ E= ARV
A4S 1] 3Fe] Table 291

zEl 2,57 0] giE, 2-9 =)o) F& ¢
LER lT). EXgRhol] o8t 2,5-7}o] & Efl T A2FE 9

131

TFHA | 7P A%
SIATH11,12]. 7} ST Q.00 A S
o wrdH o7 =] Qe F2F 215 298-318 KollA] 2,5-&Fo &,
2-9 &4, opAl bzl o] F o 5283 7+ 500.000-416.667,
340.176-331.659, 526.316-333.333 mg/g®] 91 ©. 1, o} AL} L Elo]
TFE 7 Aol val] & e ated-s Btk

3-2. oO:lol-Jt-I OHA-I
e Zzefo] =of obA L2 EI (3,500 mg/L)¥ S2HA A2 F
E(4 g/L)yS H7Fsko] 298-318 KollA 5, 10, 15, 20, 25, 30 min %
QF 314 32 AFRE FAF GA E o)z} mEl Ao 283
ATk FAF LAF BEA o] A9 g9k q,8] 2ol7F wlw]Eke] BEA]
o] Zgol ofelgo] AT =, F&e 7] Al F2 A 8H=
FAF dab mEAlell= & wEA] obg-s & 5 AUAATH23]. FAF Ol
2 R o] A9 v, o 5 E213l}o] Fig. 3(A)°ﬂ HeRfel o,
71&7)9k i o 258 At 3k Bl S-S Table 30 J2Io3
Tk &5 A ke 52 £15(298-318 Ky7F 571kl wkel 0.0421-
0.0282 g/mg'min® & 743 BE 2 5olM 2= 0.9970)30]
I AqE 1.66~3.92% T2 22 235 Hoj {A} o]z} el
o] & H-aekg & 4= QU 71 ATH11,12]90 25k, EAdEke]
o5k 2,5-7tol e FA ARFE o5 2-9F 9] F29
ZA-F-ollie frAk o)xF Whg-H o] 2 whaE ok = Udeh. 55 o]
= EFE ARG FFelA 25Tt STkl met S e B
=5 L5 30 &5 WAE B S8t
o], Ak ol gt 2l o) &) gof t”ze =2 gketo] Fig. 3(B)el
B3 AL 25

Table 2. Comparison of isotherm, kinetic and thermodynamic studies on the adsorption behavior of major tars derived from Taxus chinesis at

298-318K
Major tar compounds . Max. adsorption ~ Activation energy Thermodynamic
from Taxus chinensis Adsorbent Best-fit isotherm capacity (mg/g) (kJ/mol) characteristics Ref.
2-Picoline Sylopute Langmuir 340.176-331.659 30.137 AH®<0, AS°< 0, AG®>0 [12]
2,5-Xylenol Actived carbon Langmuir 500.000-416.667 -56.769 AH®<0, AS°< 0, AG*>0 [11]
Acenaphtnene Sylopute Langmuir 526.316-333.333 -14.728 AH®<0, AS°< 0, AG*>0 This study
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Fig. 3. Pseudo-second-order plot (A) and intraparticle diffusion plot (B) for the adsorption acenaphthene onto Sylopute at acenaphthene con-

centration 3,500 mg/L, Sylopute 4 g/L.
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Table 3. Parameters of pseudo-second-order kinetic model for the adsorption of acenaphthene onto Sylopute at different temperatures

Pseudo-second-order kinetic model

Initial conc. (mg/L) Temperature (K) Qe.car (ML) T i, (/g min) z Aq %)
298 347.646 344.828 0.0421 1.000 1.66
303 307.678 312.500 0.0341 0.999 2.25
3,500 308 247.385 250.000 0.0320 0.998 2.94
313 200.321 204.082 0.0300 0.998 3.92
318 152.831 153.846 0.0282 0.997 3.31
AAIZ O 72 F&A 9] o]F(film diffusion), S&A| UF-Z &2 9 34 @A)
i k(pore diffusion), HE WA= ¥ TH21,24]. & 2] ¢
HY ARe] gRlE o] w9 Ze- At F2to] B Edhe 321
& = A ]lT). =, film diffusion?} pore diffusion®] A & &5
of A2 Fke- uA]2] ¢3-S & 4= AT} Space-filling model©]] 33
A ghEe|g Al el Ba} 271(1.0%1.5%2.0 nm)°]l B3l oFALEE & ]
glo] #2F Z7)7F D o FAA AEFES] AR (37 40-60 £
nm) YR opAufazdlo] F35] GAto] 7hsdhe & = SUtH25]. 35 ]
3-3. A oM Y
A s U (E)E AR ] A5H, In k8 1/TE T2 851
Fig. 4(A)°l JERAITE. 71&7] 25E A4t E = -14.728 ki/mol 37 : . : : .
olglom], o] # e AR FES o)k opaLlTle] Fahe Bl 000310 000315 000320 000325 000330 000335  0.00340
FHH(E,<40 K/mol)& & = ASATH26]. AHC, AS®, AGSE 74t 1T
at7] $18te], In K 9 VTS =21 518to] Fig. 4®)ef er gt “T®)
718718} AH O ZHE] AHOS ASPE T3 § AGeE A Atsto 04 .
Table 4] 7 2]3F3l T} AHOE -45.227 ki/mol= 2] @5 HrEb 05 | .
o], & 37do] W (exothermic)dS & = AT} AS°E= -0.155
kJ/mol' K= &-2+o] %185 o] me} -2 A & (randomness or disorder) 081
7} Zaakqiv. 2k £52(298-318 K7t Z71EE AGORk(1.032- f 10
4.106 kJ/mol)°] Z7F5I3tH AGoE= B k9 ko2 F&o] n)x} -
4H4] (nonspontaneous) . = 8 EHS & = ASATH27]. BEFF AG>- 121
20 ki/molo] P& &2 FAo] el FAUS Hﬂol sHltH21]. 141
Table 20114 XH.i= vfo} o] &g whe] &%t 2,5-2fol el =2 F2 46 1
[11]7 ARFE] <5 2-9FA ] F2H12]9] A-5-ol% A3}l
UAI7E E <40 kiimolel] &3l =22 F29d& & 4 ASIH gt -11':00310 000315 000320 000325 000330 000335 000340
Taxus chinensis TrEH T2 EE JES vz, 2,5-7}0) 2=, 11T (1/K)
2-9 27 B AHO<0, AS°<0, AGe>0E W0 F2fo] il -4 o3
A& ZhA, B IAPEA ARE 7S 4 AT 26,27]. ©
F2 374 2] o] “dHl(transition state)oll A -3} dEH0]E S 894
A3 913107, In (kyT)SH /TS 2313100 Fig. 4(Cyell e
Atk 71719 AEE B3l @43 slepuHES AlLlsko] Table 90
4ol Jelak3ltt. AGH= -17.295 kl/mol2] 2] %k_i E& 3o -
WA QS ok 4= Q1T AS* = 9 %4(-0.330 ki/mol)= Ko, A < 911
3t W] # 1 F (associative mechanism)= Z 83t F2 FAAS & =
T UATH28]. AG*E= HEg-E0] =R Ak o ouAE Zew 92 1
SR O] B2 Aol oFe) Zhe 71 ok 3=, Table 414
B e} o] FA 2 52(298-318 K)ol 4] 80.973-87.568 kJ/mol 931
2 RE LA 4 s 71 2 RS ERlseivi20]. &
/?%01] R 2.5-Aolelm ol Faat d=FEe] ot 2-71 2w 4,6%00310 00035 000320 000125 00030 000335 000340
F2e) Aol oAz ele} w7 2 AGH<0E WrERle] 2 AT (1/K)
=0 S A O o) 2~
KLSZJ i‘; o1 S Esj}o Xég; =T O;%i?il;—lz o]0 Fig. 4. Plot of In k, versus 1/T (?=0.9207) (A), plot of In K, versus 1/T
o THLAHYE FHHo] FHAl 9% FHHS o (=0.9898) (B), and plot of In (k,/T) versus /T (*=0.9341) (C).
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Table 4. Thermodynamic and activation parameters for the adsorption of acenaphthene onto Sylopute at different temperatures

Temperature (K) K, E, (kJ/mol) AH° (kJ/mol) AS°(klJ/mol-K) AG°® (kJ/mol)  AH* (kJ/mol) AS* (kJ/mol'K) AG* (kJ/mol)
298 0.660 1.032 80.973
303 0.542 1.541 82.622
308 0.394 -14.728 45227 -0.155 2384 -17.295 -0.330 84.271
313 0.297 3.160 85.920
318 0212 4.106 87.568
10 100
(A) (B)
8 4 80 A
6 - T 60 N . . * —
. £ - i
o 2
: -
- T
] 40 1
4 q
® 70mglg
2 O 90mglg 20 -
v 110mglg
A 130mglg
a 150 malg
0 T T T T T 0 ' ' ! '
000310  0.00315 000320  0.00326 000330 000335  0.00340 60 80 100 120 140 160
1IT (1/K) q, (mglg)

Fig. 5. Plot of In C, against 1/T (A) and AHy versus q, (B) for adsorption of acenaphthene onto Sylopute.

ARHE fhow, 37 AA B HH5E 913 71 54 5 skl
TH29]. o 53 BRACRTE AHE AR §lsko], 3%
Q.2 70, 90, 110, 130, 150 mg/g®= 4G In C, 2} /TS =235
o] Fig. 5(A)°l HERISITE. 712727 AHE ARRIleH, o5
A goll theid =21351819] Fig. 5B)ell JeRigitt. g7t 271kl
w2} AH, (~60 kl/moly= 71¢] W37} QlglTh. o] o] 11g)go]
wpe} F A o] EHelUX| 7t wtdskar FAA S 2 Alolef] A
Zh-go] A8l o] k52 &Jm|$hH20,29]. B3 AH,<80 kl/mol
o AEEE Fel4] FAdS AgRIEHITH29]. vhd, Ed et
oJgh 2,5210] 2] St} A 2FE o5t 23T ] FAeM =
q. 57kl whet AHZF 2Haato] FEA ] o U A 7 Bt el
A} 2 Alolell Az Atgo] dolds & 5 ASITHIL,12].

-

2 AT E AEFEE ol
ALal7] fleto] G252, §9et 9 el
Langmuir®} Freundlich 52522 & &3l &% 57}
- - - 1 -
F2-Eo] Al o, EelAlr R SeAlT -5 Sl

A 8kehS ok 4= Q1 t} Temkin® Dubinin-Radushkevich
"

ok = 212 THr?>0.9988, RMSD<4.172). 51 8H4] H|o]Ef+=
o] BAF Ak 1A W) gte]

55 Ao A FEE WA dsheh. G e shetvE (AH:
-45.227 kJ/mol, AS®: -0.155 kJ/mol‘K, AG®: 1.032-4.106 kJ/mol,
298-318 K)=HH F2F 3742 o] 1 nixpdAo]m Fato] XIsg¢
off whet A X =7h 7HAaskiTh B35 E (-14.728 kI/mol)E 53l
27 52 A gkt DH, (~60 kl/mol)y= q,7F 571+
o= A2 syt Gglom, ol & B3l FaHAQ] AR 7} o
et F2A T F2HA Alo]9] s argo] dojubA] oS &

A

At
o] =& 20189 % FH (WSS Ao ZE st AT A2
A4S ol FE 7| 2ATAIG S AFAEJUThIAN S
2018R1D1A3A03000683).
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