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7t o 2 Azt @4deh(WCAC, waste citrus peel based activated carbon)oll €3+ 334 trimethoprim (TMP)
o] F& BEAS AR S8l RES- 3R (RSM, response surface methodology)s- *}%01'0% TMP S&ef gt 2712l
A9 GEES FARIGTE FE(X,: 50-150 mg/L), pH (Xy: 4-10), S52(X;: 293-323 K), S3HA| Fo %Ek(x4: 0.05-0.15 g)
o] #1448 sehElE 713l 4-291 Box-Behnken A3 Aol we} 5124 A3E 3 s} Aojzl AF A=
o5 39 Aoz 22 vakAe] Y FA1A e ARgslo] ARSI 59 tﬂ—r 1 ATE 11 13 489
oS ANOVA 2 317 BAVIRCE rksislon, SAIZ dil= TMP 5527t b eRl=el vlste] 7Hd we-
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Langmuir 2]°] Freundlich 4] Rt} 2 $33190t}. Langmuir 522102 FE AlLket WCACe 2Jst TMPS] &l &
R 293 KellA] 144.9 mg/ge] Tt

Abstract — In order to investigate the adsorption characteristics of the antibiotics trimethoprim (TMP) by activated
carbon (WCAC) prepared from waste citrus peel, the effects of operating parameters on the TMP adsorption were inves-
tigated by using a response surface methodology (RSM). Batch experiments were carried out according to a four-factor
Box—Behnken experimental design with four input parameters : concentration (X;: 50-150 mg/L), pH (X,: 4-10), tem-
perature (X5: 293-323 K), adsorbent dose (X,: 0.05-0.15 g). The experimental data were fitted to a second-order poly-
nomial equation by the multiple regression analysis and examined using statistical methods. The significance of the
independent variables and their interactions was assessed by ANOVA and t-test statistical techniques. Statistical results
showed that concentration of TMP was the most effective parameter in comparison with others. The adsorption process
can be well described by the pseudo-second order kinetic model. The experimental data of isotherm followed the Lang-
muir isotherm model. The maximum adsorption amount of TMP by WCAC calculated from the Langmuir isotherm
model was 144.9 mg/g at 293 K.
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Trimethoprim (5-(3,4,5-trimethoxybenzyl)pyrimidine-2,4-diamine,
TMP) T]5lo]| =2 Z2)0| E (dihydrofolate)5 EH|Eglslo] =2 Z
] E (tetrahydrofolate) . HEah= JAMIAPE 2ol t]s| =2 &4
o] E(dihydroflate) 3§ 4 2] TS o} A|sh= 2482 sk vl¢
TR BQak B = A 2], A MAIA S Z QMG TE Qo
S8 AMERE 7P T8 3 A 2 shuolth3].

olgjgt FAYEZLE FEol AASHE vl AHgE= 7S fdet
71 F9] shrt Folth4). S22 23] fa, AlAGe] §-
b, 3l B S 7] Wikl 8 o] 2 9EA
A A oA T Tl 7]zl vls) §-
tHS]. A2 AlEEelE, clay, &/3% 4 o]
22 okt AT ARE 1L gl o B3] B4
LAEAE AABR=T] Qo= ARl He IS vk
Ternes 5 [71< /%S AR AMEet] S8 F
AAN B3 A= 5491 1, Putra S[8] X Chayid?} Ahmed[9]=
amoxicilling A|713}= 55 &3t Méndez-Diaz “5-[10]3}
Ocampo-Pérez 51112 Z}2F &gt Wl AT {5 ARE-5hod
nitroimidazoles &2 AAsI= ATE 3H3 2™, Cahgkan$}
Goktiirka[ 121= D/J &k o]-8310] 7 71<] 841 sulfamethoxazole
7} metronidazoleS F2+ A|AsHE A5 33Tt

el 8RR 3] GAEAY 2 QAEAES A
sz Zlo] aFHol7] &= AT A8 RS =2 Ak vl
I A vlgo] Ao r FS sl ALtz Wdlo] Ear gl
TH13,14]. meba] HZolle A4 S didle 55 H7)Ee
AT 28 AREAE o] &ato] A7) dRhE: Alxsto]
ZA| 2 0] g-3h= A7} o) ¥ ITH15]. Baccar S[161 &
FAHERQ] &2 H|7] 58 ©]-83197 ibuprofen, ketoprofen naproxen
4l diclofenacs A A 3= 75 313 2.1, Flores-Cano 517>
oht= A} Ay A 772 W= e ARE-51o] metronidazole,
dimetridazole %! diatrizoate s A1 3h= A5 3H31 3L, Wan F18]
FAPES G FHC R THE biochars AFE3Fo] A
nitroimidazoleS A7 3h= A5 33T # AFAEE AlFE2
A T 15% o1’3e] & vHlE= AAsk= 7HEatsdellA 3t
2 7HEEAg el v sk Qe wiEhs agd o R g
§3h= WRFO R KOH &gyl ojsto] #ztav e
(WCAC, waste citrus peel based activated carbon)y= #|Z=3F3[19],
o1& SEAZ Ao 8- 9] 2 4-dichlorophenol[20] B &
Eosin Y[21]E Al7sh= -5 53¢ 1 3l

B ATl A AE-E ekl dto g Fghgdow
Az3 EPER] WCACE S2HAZ ARg-sto] # SHEEAZ of
FEHI e 78 T2 A TMPel| tigt F254S doti
7] 9138k A& A EH F Box-Behnken H(Box-Behnken design,

¢
1o
15
w2

o T

2N 2] SAA| Trimethoprim®] &+ <1+ 569

BBD)C. % AAIE A3S st TMPL] S&ollA] =2 AxHE
o] Hkg-of X PS F71sATE. =3t WCACe! 2gt TMP2

FaiET =
A, S

2-1. A8 M=

 ATA FEARE S AlFA A elA Bkl Sl i
S o]gsto] A3 A[19]elx1 9} o] Figha EAJEHWCAC)S
slo] ARkl o, Al xE WCACS] HEHZS 1,527 m¥g,
5 53] 1,004 em’/g, Hf 7153715 207A 0|9tk SRA R =
trimethoprim (TMP, Tokyo chemical industry Co., EP)& AF2-8}51 T}
TMP2] 242 C,,H N, O3, A2 290.32, CAS No.i:= 738-
70-5, pKa = 7.20|t}.

TMPE 25 (Milli-Q Millipore 18.2 MO conductivity)l] 35¢7
Aol ozt w57 Axsko] AFE-EFITE &) pHE I M
HCI(Samchun, EP)2} 1 M NaOH(Samchun, EP)© 2 243} 0,
pH meter (Istek, AJ-7724)5 F3l 8N pHE S7J3I3TY.

d}
=L

Al
7]

RN

22, AlE Y

WCAC®] 9 st TMP &2 232 3|24 02 3315 o,
TMP 5 %(50-150 mg/L), pH (4-10), &52(293-323 K), A& F
o3%H(0.04-0.15 g) 5 4714 £A1=}e] PgS 2AKSISITE 500 mL
AzFEERaAel WEe] TMP 89 200 mLeh 2w A==
Q3 §H9 pHE A eHA 245t F 7% %1% 7] (Johnsam, JS-
FS-2500)% 83191 180 rpm .= wrisgIch. A AI1ZF 72 wick
ANaE AFst] G E2] 7] (Eppendorf, centrifuge 5415¢)%
10,000 rpmOll A1 5 min F<F 24 Felet §- 5 he AHF e A
27 A3 E2- Al (U V-visible spectrophotometer (Shimadzu,
UV-mini1240)2 TMP2] 3}8<1 278 nmoll A S35 B4 &k3it}
o] wf WEgAS] 2t FE ARl YR EE FAIAIH T

H 7 S eWCAC)! thet TMPY F&3(q)S vt
2o Atksisich.

_ (Co — Ct)v

7HA] QIAFEC] FEel nlA|= YIS sk Hl QhojA] o]x 9]
Aol A T2 ARSI Qe AeAQ1 Tl Ml tish A
dialel] ARAEHE ARgsHE Ao 359} AR AAFQ A
THE-S EU 4= 23], §F-5- 38 (response surface methodology,
RSM)2 o8] 7H4] -2 Q153 I5 1k s ahgo] vh&
(response)°ll P2 FEFS A& 317 A T A, B
Aoz FAEte] HA gk S dofd & Qe wlg- 8sk A
FAIEHPHo|tH24,25]. Box-Behnken H (Box-Behnken design, BBD)<
HESEAAA Y] i O o2 A2 AH3pE FAo] 7Hs3s)
Th= o] glot. 2 A4 RSM2 BBDE AAH A¥S
k1 Ao]R A3 A= Minitab 16 (Minitab Inc.)& A&}
FAHEA] (analysis of variance: ANOVA) & £7] #2415 st}

fuie
|o
i

Korean Chem. Eng. Res., Vol. 56, No. 4, August, 2018



570

3. a4

JE

3-1. AEMA A S

F2A WCACE ol gslo] &84 TMPE &2 AlA k=1 9
o)A TMPS] F&57d0l 93-S = 9] 25, pH, TMP 5%
9l F2A oFS SR A 5 TMPE] S& 3
"X ol 71K SRS JES HESH] $15te] BBDE A
A 27714 2] &g =3kt 2 HE=ell Eﬂrﬂ‘r A% 2
Table 1°] JER 0w, AAE Ad o] 2AES} 7k 270 o3t
E212ko] A= Table 20 LFERAQIT

Sz}
=

BBDE o]:ga) 74 43 Ak thewh e 23 Ao 1}
Bha 5= lek.
Y= BO+ZBIX1+ZBLLX1+ Z ZB/] (2)

i=1 /7

oF71A] Yi= TMPS] FHFoIM fi= 5, pr= HHF A, B

1

Table 1. Experimental design levels of chosen variables

, 1P X, XiE Sl
NOVAE 53 H 7 43133 t}. Table 3%

ol ol i e
AT F& FoAdS Holx Mﬁ} ‘/}Uixl

stobx] foJ8hA] &2 F5S FUAAN (backward elimination)o]]
oJ3)| zA|7 gk A3}E Table 40l HERNSITE. ANOVACIA A3 2
o]9] gho] 045424 2] == 0.05K.T AR, FAo) w4
S7h A S0z BAHT BARA ) nale] Ag5E P
S-of] TMP2] &2 &gkl thste] 3|7 A17E Table 5ofl VFERAIGlO.H,
ofel e F4 maAe thew e,

Y = 157.53+36.63X, +5.18X, +13.42X,— 10.50X,

=0 O,WO]

]E o =1 T

+H11.17X, X5 +10.71X,X, - 7.62X, X, — 19.44X7 - 12.26X; (3)
Fig. 1= WCAC®] &Jgt TMP2] F&ell 9lojA] AA A& gkt

Variables Factors Level

X; Low (-1) Middle (0) High (+1)

Concentration (mg/L) X, 50 100 150

pH X, 4 7 10

Temperature (K) X5 293 308 323

Dose (g) Xy 0.05 0.1 0.15

Table 2. Experimental design matrix and experimental and predicted values of response
Variables Responses
Run
X, X5 X5 Xy Yobs Yore

1 -1(50) -1(4) 0(308) 0(0.10) 94.681 96.282
2 +1(150) -1(4) 0(308) 0(0.10) 170.745 169.549
3 -1(50) +1(10) 0(308) 0(0.10) 116.489 106.634
4 +1(150) +1(10) 0(308) 0(0.10) 181.967 179.900
5 0(100) 0(7) -1(293) -1(0.05) 142.553 134.723
6 0(100) 0(7) +1(323) -1(0.05) 178.723 176.803
7 0(100) 0(7) -1(293) +1(0.15) 129.078 128.976
8 0(100) 0(7) +1(323) +1(0.15 134.752 140.560
9 -1(50) 0(7) 0(308) -1(0.05) 108.511 110.398
10 +1(150) 0(7) 0(308) -1(0.05) 161.658 162.251
11 -1(50) 0(7) 0(308) +1(0.15 68.794 67.990
12 +1(150) 0(7) 0(308) +1(0.15 164.767 162.670
13 0(100) -1(4) -1(293) 0(0.10) 142.553 138.938
14 0(100) +1(10) -1(293) 0(0.10) 148.936 149.289
15 0(100) -1(4) +1(323) 0(0.10) 174.468 165.770
16 0(100) +1(10) +1(323) 0(0.10) 185.106 176.121
17 -1(50) 0(7) -1(293) 0(0.10) 96.277 99.212
18 +1(150) 0(7) -1(293) 0(0.10) 148.404 150.138
19 -1(50) 0(7) +1(323) 0(0.10) 99.468 103.704
20 +1(150) 0(7) +1(323) 0(0.10) 196.277 199.311
21 0(100) -1(4) 0(308) -1(0.05) 151.064 150.587
22 0(100) +1(10) 0(308) -1(0.05) 153.191 160.938
23 0(100) -1(4) 0(308) +1(0.15 131.206 129.592
24 0(100) +1(10) 0(308) +1(0.15 141.135 139.944
25 0(100) 0(7) 0(308) 0(0.10) 145.936 157.529
26 0(100) 0(7) 0(308) 0(0.10) 150.000 157.529
27 0(100) 0(7) 0(308) 0(0.10) 156.128 157.529
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Table 3. ANOVA results for response surface quadratic models

A7 AANE 0183 Szt B/ Rke]l o3t 489 5] FYA| Trimethoprim®] 2+ 17

Source DF Seq. SS MSS F-value p-value Remark
Model 14 24256.0 1732.6 51.15 0.000 Significant
Linear 4 19907.5 4976.9 146.94 0.000 Significant
X,-Conc. 1 16103.9 16103.9 475.46 0.000 Significant
X,-pH 1 3214 3214 9.49 0.010 Significant
X;-Temp. 1 2159.9 2159.9 63.77 0.000 Significant
X,-Dose 1 13223 13223 39.04 0.000 Significant
Square 4 3110.5 7717.6 22.96 0.000 Significant
X,2 1 15183 15183 44.83 0.000 Significant
X,2 1 196.2 196.2 5.79 0.330
X3 1 93.9 93.9 2.77 0.122
X2 1 501.7 501.7 14.81 0.002 Significant
Interaction 6 1237.9 206.3 6.09 0.004 Significant
XX, 1 28.0 28.0 0.83 0.381
X, X5 1 499.1 499.1 14.74 0.002 Significant
XXy 1 458.5 458.5 13.54 0.003 Significant
XX, 1 4.5 4.5 0.13 0.721
XXy 1 15.2 15.2 0.45 0.515
XXy 1 2325 2325 6.86 0.022 Significant
Residual Error 12 406.4 339
Lack of fit 10 353.8 354 1.34 0.500
Pure error 2 52.6 26.3
Total 26 24662.4
DF : Degree of freedom, Seq. SS: Sum of square, MSS: Mean sum of squares
Table 4. ANOVA results for response surface quadratic models after pulling
Source DF Seq. SS MSS F-value p-value Remark
Model 9 23983.6 2664.8 66.74 0.000 Significant
Linear 4 19907.5 4976.9 124.65 0.000 Significant
X,-Conc. 1 16103.9 16103.9 403.32 0.000 Significant
Xy-pH 1 3214 3214 8.05 0.010 Significant
X3-Temp. 1 2159.9 2159.9 54.09 0.000 Significant
X4-Dose 1 13223 13223 33.12 0.000 Significant
Square 2 2886.0 1443.0 36.14 0.000 Significant
X’ 1 24182 2418.2 60.56 0.000 Significant
X, 1 962.6 962.6 24.11 0.000 Significant
Interaction 3 1190.1 396.7 9.94 0.001 Significant
XX 1 499.1 499.1 12.50 0.003 Significant
XXy 1 458.5 4585 11.48 0.003 Significant
XXy 1 2325 2325 5.82 0.027 Significant
Residual Error 17 678.8 399
Lack of fit 15 626.1 41.7 1.59 0.454
Pure error 2 52.6 263 r adj-r* pred-r?
Total 26 24662.4 0.9725 0.9579 0.9382
DF : Degree of freedom, Seq. SS: Sum of square, MSS: Mean sum of squares
A )l o)t ek Aol o] AeHEAIE LheRdl Ao, el odoix 22 el ol Thek A G oAkl o]

Bz kel o], gzl =910 g0l Bof §low wh-g-Avte] uj
3t AGAIG () #tol 097252 - 520, o]i= AF A} oS
A} Afolef| A GE 97.3%2] E2 ATEAZF AL A7k o
=5k Atole] HAPL A7) wlitel] mdle] Agdo] S5t Ae
Uepdch, 03 oS AGAG (17,02 7ol 0938224 57 A%
Al (adj-r)2] #k 0.95797F F2] 291 HelellA 2 UAx|sh =z o]

& TS Hol Tt

T,‘:_‘_/L'E 1o)&)k

AA) AN Aozl wggu 2= xuw % %xlf’ﬂ ks
ZE27} 24 71d (normality) ¥} -5-24Hd (equal variation)S THES)
Zghet mdlolgly ek & = Qlu}26]. Fig. 2(a)2] g1 &l

JHTE
A

Ea)

A 8 E dolelEe] A4 0% FEge uet Hte
Bl glof Ao TS sk, Fig. 20014 A4 8
79 AR RE7 02 FH 0% Weh) REHo] glo] AV
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Table 5. Multiple regression results and significance of components for quadratic model

Factor Coefticient Effect (SE Coef) t-value Seq. SS p-value
Constant 157.53 2.11 74.79 - 0.000
X,-Conc. 36.63 1.82 20.08 16103.9 0.000

X,-pH 5.18 1.82 2.84 3214 0.011
X5-Temp. 13.42 1.82 7.35 2159.9 0.000
X,-Dose -10.50 1.82 -5.75 13223 0.000

X,? -19.44 2.5 -7.78 24182 0.000
X2 -12.26 2.5 -4.91 962.6 0.000

X X5 11.17 3.16 3.54 499.1 0.003

XX, 10.71 3.16 3.39 458.5 0.003

XX, -7.62 3.16 -2.41 2325 0.027

Seq. SS : Sum of square
220 e AR 20 ghol F714S FAY Sk oA
200 © =08725 o REFEHA| o2 A el Hol F2ES UEhaL 1 059
byl G E 3ol 248k QIrh. S pHOP TMP B4R 2
180 4 oy =0.9382 N _ -

1 A3k el R EA 5 pHrk T2l et g9l o] 1 o) &

$ 160 ogo] Z7FsHA| El=tl, o] 5 TMP A9 H ol &2 FRAS F3
> -
% 10| W9E AN el pHrh Robd R FATS gadtl, 5
: b eI et B4 AGTEHR FEA} S7Hgel v
& 120 - g} Zzhefo] Z7)ek Ao 7 AlgEt) B L5 7t e E

100 - TMP 47} kbl §40] B Rte] FE357E S7hp B

. ol QA Fao| G| Uolu} Fao] Tk Ao A%

k. 1)1 FHA Fo] F74de] utet FHA B Zh
60 T T T T T T T =2 &3 A A0 = S xako| =715
60 80 100 120 140 160 180 200 220 whE FE B 7E SR whel HARel S

Observed value

Fig. 1. Comparison between the experimental values and model
predicted values for the adsorption of TMP by WCAC.

el R ol wEle Agd Ao weke S ok
Fig. 3 TMPS] E3ako] o3t Fa 352 vhehd Zlo|th, F
HEelA] ZF 17ke] o] g=go] oh R 471A] QIA} KL TMPJ
Al YL vIAE A0 AN 1 TN E A1
T FEE vX= A oR ek}, ek F 5 E H]RESte] pHe} &
99
98 -
95
90 -
80 -
> 70 -
g 50
[<
& 30 -
20
10
5 -
2 .
1 T T T T T
-15 -10 -5 0 5 10 15
Residual

Residual

AT e F2HA| 9] oFo] AT oo ® Wolrlel web = &
A A7) A 02 Tk A S ] F2F FH97T w
A F2A Atol g AE g Sl g3 711EE Ao
A}E%E}[zﬂ.

L9} pHOl th3t S 07 pHE TR o] thdt ko] o
S pHt 245 FAY T F/1ES & 5 Uk FE &
15
10 4 [ ]
[ ]
° [ ]
5 .
[ ]
o o o ([ ] ° [ _J
0+ ——— > —— P ———————-
° ° L4
[ J [
-5 L °
%0
-10 4
[ ]
-15 T T T T T
50 75 100 125 150 175 200
Fits

Fig. 2. Residual plots of model for error values: (a) Normal probability plot of the residuals and (b) Residuals versus the fitted values.
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B AANE o) 85 Az DAguke] o9t 8-

29| FAYA| Trimethoprim®] &2k A+ 573

o
= Conc pH Temp Dose
E 180
=
a
5 160 d______ﬂ__ﬂf——“’
g
=]
@140
(=9
s
s
v 120+
=
T
= 100
50 100 1504 7 10293 308 32B.05 0.10 0.15

Fig. 3. Main effect plots for the adsorption of TMP by WCAC.

323

(b)

318

(@ *

9,
3134
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pH
]
Temperature, K

303 4

4 293 -
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Concentration, mg/L

Concentration, mg/L

(C) 0150

0125

0.100
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0075

s —m"—
100 125 150 50 75 100 125 150

Concentration, mg/L

Fig. 4. Contour plots for the adsorption of TMP by WCAC. (a) Effect of initial concentration and pH, (b) Effect of initial concentration and

temperature, and (c) Effect of initial concentration and dose.

ol tigt Fae] 28 2E UER Fig. 4(b)elx= dixd o=
W EEHL ES FEY w) 250 JFo] T Z o Holn A
AA o7

S8} 28] Sl whet FAERo] SrkskaL Qltt. Fig.

F2HA| 9] ool gt T o, FErt Skl
whah S T7FekaL QUAIRE FAA ] el tal A= & A jhol
T} whEtA FEE 130 mg/L, pHE 7, 5+

o~
T

313 Ko]xkﬂ HH’E_E_)'( xﬂg] OL_ 0.1 gxﬂtm HH 1;_0_ _tiy_dl-aok_ oé%
A~
T

2 Aol 3182 F3 AFAAENE Aozl AdE fA 1
Ap S FAL 23 L2 of] 2] g-sto] HESIIT

FrAF 12} 552212 Lagergern[28]0l] €J3f 479 R vkt
Zon,

- k(.-a) G)
FAF 221 5242 Hoft McKay[29]°ll &J38) 2le B2 o3t
@t

(@, @

Fig. 5= TMP2] = 100 mg/L, WCAC 0.1 g, pH 7, €5 293 K

= S5 350l Polrl ARkl ke ] AP Ae} 4 3t

160

140

9, mg/g

——— Pseudo 1st order
20 —— Pseudo 2nd order

oe T T T T T
0 20 40 60 80 100 120

Time, min

Fig. 5. The nonlinear plots of kinetics for the adsorption of TMP
by WCAC (Concentration : 100 mg/L, pH : 7, Temperature :
293 K, Dose of adsorbent : 0.1 g).

HEHE AL AE vl wsto] el Zlo]w, Table 62 -3
7 &5 sl e S vebd Zlo]th, Fig. 5 @ Table 6914 ¥.5-0]
AFAIE= FAF 121 (17=0.9034) B TH= F-AF 22124 (17=0.9609)1
Eﬂ ZF B3keQit). o] Aak= WCACH 93 TMPE] AlA 31 o]

S5 24 GARA 318 F2]lE AT, ol g 3 A=
Méndez-Diaz 5 [10]°] Z/J&HS- 0]-2-3} nitroimidazole] FAIAIQ1
dimetridazole, methoridazole, ronidazole, tinidazole2] &2+ -2}
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Table 6. Kinetics parameters for the adsorption of TMP by WCAC

- AT

Qoenp Pseudo first order model Pseudo second order model
(mg/g) Gecat (ML) k; (1/min) eca (ML) k, (g/mg-min) v’
134.05 119.91 0.1401 0.9034 131.63 0.0015 0.9609

Aksu$} Tung[ 13]01 gehs o] gato] wY A A 5 st
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Fig. 6. Experimental equilibrium data and isotherm plot for the
adsorption of TMP by WCAC.

Table 7. Isotherm parameters for the adsorption of TMP by WCAC
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Nomenclature
C,  :equilibrium concentration [mg/L]
C, : initial concentration [mg/L]
C, :concentration at time t [mg/L]
k, : pseudo-first-order rate constant [1/min]
k,  : pseudo-second-order rate constant [g/mg-h]

K : Freundlich isotherm constant [mg/g][L/mg]"

K; :Langmuir isotherm constant [L/mg]
: mass of absorbent [g]

: Freundlich isotherm constant related to adsorption intensity

Langmuir Freundlich
T(K) > T >
q,, (mg/g) K; (L/mg) r Ky ((mg/g)(L/mg)™) n r
293 144.90 1.4654 0.9995 99.635 13.025 0.9891
308 166.29 1.7680 0.9955 107.303 10.739 0.9903
323 182.12 4.4385 0.9947 122.178 11.400 0.9852
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9.
q;

qe,exp

qe,cal

<" 3

10.

11.

B AANE o) 88 Rk

iz}

o

i)

: adsorption capacity at equilibrium [mg/g]

: adsorption capacity at time t [mg/g]

: adsorption capacity at equilibrium obtained from experiments
[mg/g]

: adsorption capacity at equilibrium calculated from models
[mg/g]

: maximum adsorption capacity [mg/g]

: determination coefficient

: absolute temperature [K]

: time [min]

: volume of solution [L]
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