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RAW MATERIAL ANAL YSIS 

Proximate Analysis 

Proximate analysis is an assay of the moisture, ash, volatile matter, and 

fixed carbon as detennined by prescribed test method. Others constituents such as 

sulfur and phosphorus are not included [81]. 

A.1 Ash content analysis [82J 

1. Crucible porcelain was ignited in the mut1le furnace at 650 ± 25 C C for 1 

hour. 

2. Crucible porcelain was cooled in the desiccator until room temperature is 

reached and then weighed. 

3. Procedure 1-2 were repeated until constant weight is reached (error = ± 0.1 

mg). 

4. Durian shell was dried at 150 ± 5°C until constant mass is reached (in 

general it was obtained at 3 hours). 

5. One gram sample was put into the ignited crucible. 

6. The crucible was placed in the IllUme furnace at 650 ± 25°C for 3 hours. 

7. Sample was placed in desiccator and cooled until room temperature. 

8. Procedure 6-7 were repeated until constant weight is reached. 

9. Ash content can be calculated with equation: 

mass of ash 
%ash= xIOO% 

initial mass of sample 
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Sample analysis 

Mass of crucible porcelain = 14.0923 grams 

Mass of crucible porcelain + initial mass ofdurian shells = 15.0925 grams 

Initial mass of durian shells = 1.0002 grams 

Mass of crucible porcelain + ash = 14.1476 grams 

Mass of ash = 14.1476 grams - 14.0923 grams = 0.0553 grams 

% ash = mass of ash x 100% 
initial mass of sample 

0.0553 grams x 100% 
1.0002 grams 

5.53 % 

A.2 Moisture content analysis [831 

1. Crucible porcelain was ignited in the muffle furnace at 650 ± 25°C for I 

hour. 

2. Crucible porcelain was cooled in the desiccator until room temperature is 

reached and then weighed. 

3. Procedure 1-2 were repeated until constant weight is reached (error = ± 0.1 

mg). 

4. One gram of dried activated carbon sample from procedurc A was put into 

the crucible porcelain. 

5. Sample was heated in the oven at 145-\55°C for 3 hours. 

6. Sample was placed in the desiccator and cooled until room temperature. 

7. Procedure 5-6 were repeated until constant weight is reached. 
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8. Moisture content can be calculated with equation: 

01· mass of moisture I ooo~ 
/0 mOIsture = x ,0 

initial mass of sample 

Sample analysis 

Mass of crucible porcelain = 15.6106 grams 

Mass of crucible porcelain + initial mass of durian shells = 16.6719 grams 

Initial mass of durian shells = 1.0613 grams 

Mass of crucible porcelain + dried sample = 15.6373 grams 

Mass of dried sample = 16.6452 grams - 15.6106 grams = 1.0346 grams 

Mass of moisture = initial mass of durian shells - mass of dried sample 

= 1.0613 grams - 1.0346 grams 

% moisture 

= 0.0267 grams 

mass of moisture 
~--------x 100% 
initial mass of sample 

0.0267 grams x 100% 
1. 0613 grams 

2.52 % 

A.3 Volatile matter content analysis [84] 

72 

1. Crucible porcelain with its lid was ignited in the muffle furnace at ±950"C 

for 30 minutes. 

2. Crucible porcelain with its lid was cooled In desiccator until room 

temperature is reached and then weighed. 

Chemical Engineering Department, Widya Mandala Catholic University Surabaya 



Appendix A 73 

3. Procedure 1-2 were repeated until constant weight is reached (error = ± 0.1 

mg). 

4. One gram of dried activated carbon sample from procedure A was put into 

crucible porcelain and covered it with its lid. 

5. The covered crucible was placed in the muffle furnace at 950 ± 25°C for 7 

minutes ± 1 0 seconds. 

6. The covered crucible was placcd In desiccator and cooled until room 

temperature. 

7. Volatile matter content can be calculated with equation: 

01 I mass of ignited sample 100°1 
10 oss mass = ---------.--- x 10 

initial mass of sample 

% volatile matter = % loss mass ~ % moisture 

Sample analysis 

Mass of crucible porcelain + lid = 23.0464 grams 

Mass of crucible + lid + initial mass of sample = 24.1107 grams 

Initial mass of sample = 1.0643 grams 

Mass of crucible + lid + ignited sample = 23.3432 grams 

Mass of ignited sample = 0.2968 grams 

Loss mass = initial mass of sample ~ mass of ignited sample 

= 1.0643 grams - 0.2968 grams 

= 0.7675 grams 

Chemical Engineering Department, Widya Mandala Catholic University Surabaya 



Appendix A 74 

% loss mass = loss mass x 100% 
initial mass of sample 

0.7675 grams x 100% 
1.0643 grams 

72.11 % 

% volatile matter % loss mass -_. % moisture 

72.11 %-2.52 % 

69.59 % 

A.4 Carbon content analysis [811 

The fixed carbon is a calculated value. It is the resultant of the 

summation of percentage moisture, ash, and volatile matter subtracted 

from 100. Carbon content can be calculated with equation: 

% carbon = 100 % - (% ash I- % moisture I % volatile matter) 

Sample analysis 

% carbon = 100 % - (% ash + % moisture + % volatile matter) 

= 100 % - (5.53 % + 2.52 % + 69.59 %) 

= 22.36 % 
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DETERMINA TION OF MAXIMUM WA "'ELENGTH 

AND METHYLENE BLUE STANDARD CURVE 

B.l Solution preparation 

1. Preparation of250 mg/L methylene blue mother liquor as much as 1 L. 

250 mg/L x 1 L = 0.2500 g (± 10%) 

0.2500 gram methylene blue was weighed using analytical ha!ace, and 

dissolved with aquadest until its volume was accurately 1000 mL. 

2. Preparation of 10 standard solutions for each methylene blue dyes 

I. 10 mL of mother liquor was taken and put into measuring flask, and 

then diluted with aquadest until its volume was 50 mL. 

II. 20 ml of mother liquor was taken and put into measuring tlask, and 

then diluted with aquadest until its volume was 50 mL. 

III. 30 ml of mother liquor was taken and put into measuring t1ask, and 

then diluted with aquadest until its volume was 50 mL. 

IV. 40 ml of mother liquor was taken and put into measuring tlask, and 

then diluted with aquadest until its volume was 50 mL. 

v. 50 ml of mother liquor was taken and put into measuring flask, and 

then diluted with aquadest until its volume was 50 mL. 
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B.2 Determination of maximum wavelength 

Maximum wavelength \vas determined by measuring the absorbance of 

the standard solution (iii) using spectrophotometer UV-VIS in the range of 

wavele1lgth 600-700 nm. 

Table B.l Relationship between Iv and absorbance of methylene blue solution 
, 

I Absorbance 
, 

Wavelength (nm) I 
-.J 

600 0.0621 
I 

i 
610 0.0701 

I 
I ---..., 

620 0.0826 ! 

630 0.0846 I 

640 0.1104 ---~ 
650 0.1355 I 

I 
~ 

660 0.1553 
I , 
I 

661 0.1569 i 
---...J , 

662 0.1578 I 
I 

663 0.1586 
""1 

I, 
1- ______ .• _____ • __ --- --- ---_ .. . -- ------ _. ---- I 

664 0.1583 ---J 
665 0.1576 I 

I 

666 0.1567 i 
667 0.1553 I 

j 668 0.1531 
669 0.1501 -.J 

From figure B.l, it can be seen that the maximum wavelength for 

methylene blue analysis is 663 nm. 
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Figure B.1 Detennination of maximum wavelent,'th of methylene blue 
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From the figure above, it can be obtained the maximum wavelength of 

methylene blue, which is 663 nm. 

B.3 Preparation of standard curve 

1. Absorbance of each standard solution was measured USlllg 

spectrophotometer UV-VIS at maximum wavelength. 

2. Standard curve between absorbance and dyes concentration was prepared 

and then the linear regression was determined. 

Table B.2 Relationship between concentration and absorbance of methylene 
blue 

Concentration (mg/L) Absorbance 

0,5 0,0311 

1,0 0,1002 
1,5 0,1586 
2,0 0,2345 

2,5 0,3213 
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Figure B.2 Standard curve of methylene blue solution 
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3 

The linear regression equation from figure B.2 determined using Sigma Plot 9.0 

software is: 

y = 0.1429 x + 0.0453 

where: y is the absorbance of methylene blue solution 

x is the concentration of methylene blue solution 
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EXPERIMENTAL DATA 

C.l Calculation of % activated carbon yield 

Original mass of the precursor on a dry basis = 25 grams 

Table C.l Yield data of activated carbon product 
I Yield I.R. T,K Carbon code I 

(Mass, g) 

673.15 Till 10.55 
723.15 T211 9.14 

0.25 
773.15 T311 7.79 
823.15 T4I1 7.14 
873.15 T511 6.62 
923.15 Tr,ll 6.17 . --- --
673.15 Tlh 9.99 

n3.15 Tzl2 8.65 

0.50 
773.15 T,h 6.88 

823.15 T4Iz 6.56 
873.15 T512 6.22 
923.15 T612 5.73 I 

673.15 TI I3 9.30 
723.15 T2h 7.62 

1.00 
773.15 T313 6.29 
823.15 T4h 5.82 

~F~~ 
923.15 

T513 5.72 I --- -·----··---1 
T613 L_~_9 __ 
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C.2 Methylene blue adsorption 

Table C.2 Experimental data of methylene blue adsorption 
,--

r-~---J I.R. T,K Carbon code Mg A 

0.1'345 0.178 

673.15 Tdl 
c--~J~~} 1--K~~6-i 

0.8187 i 0.062 
1.0274 0.056 

I 1.2374 0.054 
0.0925 0.220 

__ 0.1811 0.140 I 

723.15 T211 
0.2259 0.113 
0.2324 0.1051 
0.6073 0.071 I 
0.8054 0_058 I 

0.1175 J 0.263 I 

0.3254 I 0.184 

773.15 TJII 
0.4760 t 0.123 i 

c--~: ~~~ !t-~i~: -I ------
0.25 1.1220 0.093 

1-.9. 1026 0.2?t 
0.2981 0.178 

823.15 T.II 
0.4519 0.14~ 

I 0.6861 J 0.123 i 
-

0.1041 0.9111 
1.1145 0.100 J 

0.1131 0.232 ------ ,----,--- -, - -----~-.-... 

0.2513 0.135 
--------------

873.15 TsII 
0.2879 0.108 
0.4831 0.094 

J 

0.5183 ' 0.090 
0.6188 0.084 

f---QJ~Q!.r--0.227.1 0.3725 0.123 

923.15 T6I1 
0.6488 0.089 
0.8165 0.075 
1.0236 ! 0.072 I 

~ 

1.2026 0.068 I 
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r--,----,-------,----,----,----:---:---o-----, 
0.2883 0.072 18.911 80.151 

673.15 

723.15 

773.15 

0.2081 0_087 29.34 II 106_054: 
I --------1 

f-9·1.2~ 
0.1078 
0.0980 
0.0427 

O. 103 I 40 5 5_~---J}1l1.£i 
0.144 I 68.74 i 168.12 I 
0.158 79.08 i 174.31J 
0.269 156.88 218.283 i 

0.0925 , 
0.1811 I 

0.168 85.8455: 177.464] 
0.104 41.1222 L_115.33~J 

0.2259 0.088 29.8905 i 97.4367 j - -.--------- --------- - -------------- ',--- .----- ----I 
0.2324 0.087 29_226 1 94.9974 I 
0.5812 0.057 8.1125 I 41.6186 i 

0.053 5.1585 \ 3255011 0.7522 
0.1511 0,171 87.6557 107.442 ! 

0.088 30_112 I 54_7121 i 
0.2891 0.112' 46.4777 i 70.4104 i 
OA019 

--I--------~--j 

0.5665 0.084 27.0969 ~ __ ~9.342~ 
0.7615 0.080 24_0922 I 29.6678 I 

0.50 f-_--t ____ -+-_1:.:...0:.,:0:,::2-"-.4 -+-..:.0:.::. 0.:..:73=--+..--:.1.:.,;9 .~69::..:2::..:7-11:--.:2::::2:.:.:.9:...:7.:::.5~2 1 
0.1121 0.187 99.2159 I \34.509 I 
0.1988 0.118 50.8029 I 100.2 ! 

823.15 0.3559 I~J05 I 41.736_~---.s8.51761 
0.4346 0.089 I 30.4194" 50.5246 i 
0.4709 0.078 22.5591 I 48.2957 t 

0.5548 0.074 -- 20.1058 1--41 .43541 
r------~-----+~:~~~~~~~~~.~~~. 

0.2261 0.253. 145.5579 \ 46.1929 I 

873.15 Ish 

923.15 

, 
0.3191 0.215 118.98631 4U)573 i 

f-~-"-. '-·f-----"--'=--'-=---I---.-:· --1-----------" 
0.4234 0.186 98.19471 35.85391 
0.4961 0.174 90.058}t--.-l22~~~ 
0.9496 0.110 45.6119 21.5236! 
1.4916 0.087 29.4591 __ 14.7855 i 
0.1925 0.234 132.2114 61.1889 I 

0.2210 0.160 80.2544 i 76.8081 
------------ -- ·---·-----I---------------r - ----------j 

__ 0. 5l2L ~_QJ.Q..I___----6 8 .2144 1--.-15. 4~4 2~ 
0.7711 0.103 40.4815 +- 27.17141 
0.8235 0.085 27.6214: 270041 I 

~_--'----___ '___ ___ __'__=1c:...:.0:..::.5_=__=_61 0.074 20.4194 .L~p38~_.J 
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0.25661 0.1821·_~~9219_" ____ 60.0461 
0492" I 0 PO . 'i,) 5r;'i 40 1 P)l I 

~~1Ft~P:=~'f~,~-,,}~c5~I~'i 
0.9612! 0.071 18.2694 i 24.1085j 
1.1985 0.068 15.9156 i 19.5314 i 
0.2416 0.160 ~ 80.0671 ~ 70.3365! 

~.50~~?6-1-___ .24: o6§i.I.~.:L~~lQ~~J 
.. ~O:]~.~L 'Q.QZ?_~ .. _~LQ~l]_f__2_~.0121 : 

0.8022 0.074 i 20.0644 i 2866., 1 i 

0.9064 . 0.071 !.~)655 [ 25,588I] 
0.9566 0.068 i 16.0631 I 24.455 i 

0.10641 0. 269 1 156.8869l __ 87~5J23l 
0.2816 I 0.150 I, 72.9458 I ()2,,8744_i 

_r.L5077 i.~.9 1 O~l __ iLO 11.?_~_.4_Q:.~().()~; 
0.7018' 0.092 32.9143' 30.9327 i 

0.9160 0.083 26.6105l 24.387.s-[ 
1.1106 0.074 20.16561 2069461 1.00 r---+-----+--c:.:..:..::.::..::-+-...::.:..::~_I__...::::.:~:..:::..._j_--==.::....:...:::....j 
o 1622 0248 142.05461 66.5508, 

" - I '---, 0.2516 0.191 _IO.:..16~_08.75liZ.J 
0.4416 0 1241 550646! 44 143 i 
0.6168 0.095 34.5164-r-34~57l 

-.1.1911 0.067 I 14.9821 i 15.76~ 
1--_---;1--___ -+--=:.1:.::..5-=.3-=-64.:...' +---=-0 'c.:.0-=-64.:...+-i' ...--:1-=2: . .:.. 7-=.64_:.:2::..L_J_5 ._441j 

0.271 I 158.2161 I 50.8217 \ 

873.15 T513 

0.1806 
0.2764 
0.3583 
0.7283 
0.9047 
1.2324 0.073 19.4591 I 18.7061 i 
0.5411 0.156 77.6114, 31.85891 
0.6223 0.132 60.4839 i 30.4541! ---- ----...- ....... --.--- ---- --------------j·---·-------·1 

92 ~ 15 ~ I ~352 0.127 _J7.26~!L...l.°·31.~1..j 

U_.~-'.·L6 3 ____ 0.8451 0.082 25.8689 I. 26~2_1_3 ~ 
0.9521 0.067 14.9124! 24.6915 i 

_I. !J.§9 L 0.022l ___ ~c?Q~2_J}Q_·7~_2iJ 
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C.3 Adsorption Equilibrium and Kinetics ofT1h 

Table C.3 Experimental data of adsorption equilibrium ofTJI2 

Tadsorption, K I M,g A 

i 0.0427 0.269 
r----o. 0577 0.229 1-------- ... ----- "------

0.0829 0.182 
0.0980 0.158 

303.15 
0.1078 0.144 
0.1375 0.116 i 
0.1670 0.103 1 
0.2081 0.087 , 
0.2883 0.072 
0.6086 0.057 
0.0490 0.260 

, 0.0644 0.223 
0.0916 0.174 
0.1042 0.153 

313.15 
0.1261 0.132 
0.1479 0.115 
0.1810 0.096 
0.2194 0.087 
0.3074 0.070 
0.8419 0.054 
0.0472 0.275 
0.0607 0.244 
0.0719 0.219 
0.0898 0.187 

323.15 
0.1076 _(P63_j -----
0.1175 0.145 
0.1517 0.119 I 
0.1802 0.102 
0.2229 0.086 
0.5249 0.060 
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Table C.4 Experimental data of adsorption kinetics of T 1 h at 303.15 K 
--

Co mg/L t, min A 

° 0.331 

~-~ 0.317 
- ----------

60 0.31L 
90 0,307 

120 0.298 
150 0.287 

200 
180 0.286 
240 0.270 

I 300 0.256 
360 0.241 
480 0.228 
720 0.188 

1440 0.106 
2880 0.068 

0 OA03 
30 0.389 
60 0.385 
90 0.367 

120 O.~~ 
150 0.339, 

250 
180 0,336 
240 0,329 
300 0.306 
360 0.294 
480 0.259 

I--~ 0.223 
1440 0.129 
2880 0.072 

0 OA74 
30 OA57 
60 OA52 I 

90 OA35 
120 0.421 
150 OAOL 

300 
180 0.397 
240 0.382 >--. -
300 O}~ 
360 0.336 
480 0.298 
720 0.253 

1440 0.143 
2880 0.076 

---------'-
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Table C.5 Experimental data of adsorption kinetics of T 1 12 at 313.15 K 

Comg/L t,min A 
0 0.331 

30 0.310 
r----.~ .... f---.-_._-

60 0.305 
90 0.301 

120 0.286 
150 0~268 

200 
180 0.265 
240 0.244 
300 0.223 
360 0.210 
480 0.174 
720 0.140 

1440 0.080 
2880 0.056 

0 OA03 
30 0.390 
60 0.362 
90 0.353 

120 0.345 
150 0.319 

250 
I 180 0.310 

240 0.280 
300 0.262 

, 

360 0.249 
480 0.204 
720 0.157 

1440 0.080 
2880 0.058 

0 0.474 
30 0.446 
60 0.438 
90 OA05 

120 0.399 
150 0.378 

300 
180 0.362 
240 0.326 
300 0.303 
360 0.274 
480 0.237 
720 0.176 

1440 0.090 
2880 0.062 
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Table C.6 Experimental data of adsorption kinetics of T d2 at 323.15 K 
~-'---- ---~ 

Co mg/L t, min A Ce, mg/L qc, mg/g 

0 0.331 200.0000 0.0000 
30 0.304 181.3216 3.1133 I 

---~------ ... --.-. -- .. __ ...... - .- ... _-_ .... _--_.-- --- .. ----- --"-I r-- 60 0.300 178.1102 
-

1648h 1---------_ .... -
90 0.287 168.9159 5.1817 

I 120 0.260 I J 50.32Tl" 8.2800 I 
150 0.250 143.2060 9.4667l 

200 
180 0233 131.5606 J 1.4067 

L 240 0.218 120.5820 13.2367 ) 
-------

0.J9.f 
.. _._."----. _ .. 

I 300 I03.7]]J 16.0483 : 
360 0.176 91.5808 18.0700 i -480 0.149 I 72.7806 2 I.2033 I 

720 0.105 41.5671 26.4067 
1440 0.065 13.5808 31.0700 
2880 0.055 6.7075 32.2167 I 

0 0.403 250.0000 00000 I 
30 0.374 _ 2~Q.1508J __ ~~~1 
60 0.366 224.6108 4.2317 
90 0.336 203.1205 7.81331 

120 0.316 189.6508 10.0583 I 

150 0.290 171.5608 130733 

250 
180 0.287 168.9471 13.5 J 00 
240 0.248 141.7308 18.0450 
300 0.231 129.6808 20.0533 I 
360 0.204 J Jo.74081 23.2100 I 

480 0.172 88.6808 i 26.8867 
720 0.115 48.937~_33JJJi-j 

1440 0.069 16.870~ I 38.8550 I 
2880 0.058 8.6212 40.2300 t-------

0 0.474 300.0000 0.0000 
30 0.433 271.5940 4.7350 
60 0.423 264.5881 5.9033 
90 0.386 238.7442 10.2100 

120 0.372 228.9] 73 11.8483 
150 0.345 209.5410 15.0767 

300 
180 0.319 191.4608 18.09001 
240 0.295 174.5205 20:9133 I 

300 0.255 147.0208 25.496LJ 
360 0.238 134.5604 27.5733: 
480 0.179 93.4706 34.4217\ 
720 0.135 62.6110 I 39.5650 i 

1440 0.076 21.4716 46.4217 I 

2880 0.062 11.8316 48. 0281J 
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DATA ANALYSIS 

D.l Calculation of % Activated Carbon Yield 

The example calculation from table C.l for impregnation ratio 0.25 and activation 

temperature 673.15 K: 

Original mass of the precursor on a dry basis = 25 grams 

Yield (mass) = 10.55 grams 

% Yield = 
Yield (mass) 

-------'----'----- x 100% 
Original mass of the precursor 

10.55 grams x 100% 
25 grams 

= 42.2 % 

By the same way, table D.I can be made. 
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Table D.I Production yield of activated carbon 

I.R. I T, K Carbon code Yield, %M I 
i 

673.15 Till 42.20 

0.25 

923.15 T611 24.68 

673.15 '1'\12 39.96 
723.15 T2lz 34.60 
~----r---~~--r-~-----~ 

773.15 T3Iz 27.52 
0.50 

823.15 T4b 26.24 
873.15 Tsh 24.88 
923.15 T6h 22.92 

1.00 

873.15 TsI, 22.88 __ 
~23.15 T6h 2196~ 

D.2 Methylene Blue Adsorption 

The example calculation from table C.l for impregnation ratio 0.25 and activation 

temperature 673.15 K: 

Mass of activated carbon = 0.1342 grams 

Absorbance = 0.178 

A = 0.1429 ('I -+- 0.0453 

C1 = 0.178-0.0453 =0.928621 mg/L 
0.1429 

Ve x Ce 

100 mL x 0.928621 mg/L I mL x Ce 

Ce c.- 92.8621 mg/L 
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c -C, qe ~c 0 (. x V 
m 

= 250 mgfL - 92.8621 mg/L x 0.1 L 
0.1342 g 

"" 117.0923 mgfg 

By the same way, table D.2 - D.6 can be made. 
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Table D.2 Data calculation for methylene blue adsorption 
, 

Ce, mg/L j-qe, m;~'l l.R. T,K Carbon code M,g A . __ J _____ j 
0.1345 0.178 92.5332 ~--1120494 J 
0.3322 0.097 36.1302 1 64.3802 i 

673.15 T]I] I 0.5347 1 0.070 I 17.1659-r-43.5453! 
0.8187 I 

0. 062
1 

11.58161 29.1209 i 
1.0274 7.1589l_p63~ 0.056 
1.2374 0.054 I 63891 I 19.6876! 
0.0925 0.220 I 122.238~ 138.1202] 

--'--
r' 0.140 I 0.1811 66.3661 i 10'1'.3992' i ,----_._, 

723.15 T211 
0.2259 0.113 47.5444 89.6218 J 
0.2324 0.105 I 4 1.5 811 j_§'2.:~lJj 
0.6073 0.071 17.7891 38.2350 i 
0.8054 0.058 9.2285 I' 29.8952 'i 

O.l~751 0.263 i 152.3443 i 83.1112 i 
97 "4-1

f 4~ 91"9 • I 0.3L54 I 0.184 I .-' L L~--'--J 

773.15 T,l] 
0.4760 i 0.123 54.2467 i 411246 I 

~ 

0.6531 0.109 44 .6082l_. 31..c'!4R~.J 
0.8435 0.098 36.5928! 25.3002 I 

0.25 
1.1220 0.093 1 333800 I 19.3066 i 
0.1026 0.296 175.10761 72.9945 I 
0.2981 0178 92.8098 L 52.73.QJJ 

823.15 T41] 
0.4519 0.147 71.463 I 39.5081 1 

0.6861 0123 54.1429 i _2.~546i,i 
0.9111 0.104 41.181 I, 22.9194 i 
1.1145 0.100 38.0649 19.0162 ! 
0.1131 0.232 130.8188 I 105.3768 i 
0.2513 0.135 62.8691 T-U4651 I 

873.15 T51] 
0.2879 0.108 43.8209 f7T6i4'ifl 1 ~ 

~83L 0.094 34.3177.+_ 44.6455 ~ 
0.5183 0.090 31.1453-1 42.2255 J 
0.6188 0.084 27.2880 i 35.9910 i 
0.1504 0.227 127.2577 _81.60631 
0.3725 0.123 54.5276 52.4738 

923.15 T61] 
0.6488 0.089 30.5514 ~~)3.82LI 

_,_Q.-8 16 ?- 0.075 20.6963 __ 28.081Lj ._'--- -----
1.0236 0.072 18.6984 22.5967 i 
1.2026 0.068 16.1092 19.44821 
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673.15 

0.0427 0.269 156.8q . 21S.283 J 

0.0980 0.158 79.0801 I 174J24j 
0.1078_ 0.144 68.743~J_1,2S12~.J 
0.1670 0.103 40.55151 125.44 
0.2081 0.087 29.3424 I 106.054 I 
0.2883 I 0.072 IS.9111 l 80.1504 i 
0.0925 0.168 85.8455..1 177.464 I 

~}81l 0.104 41.122~_t--115.i38-1 
0.2259 0.088 1 29.8905 1-97.4367'1 

'0:2324 --o~ ~-29~226T-94:9974j 
0.5812 I 0.057 8.1125\ 41.61861 

723.15 

0.7522 I 0.053 5.1585 I 32.5501 I 
I 0.1511 0.171 87.6557 r 107.442 i 

0.2891 0.112 46.47771 70.4104l 
0.4019 0.088 30112 i -47171 I 

0.5665 0.084 27.0969 r'-~9:34;8'1 
I 0.7615 0.080 24.09221--29.66781 

773.15 

O 50 1.0024 0.073 19.6927 1 2297521 . ~-~------~~~-+~~~~~~~~~~! 
0.1121 0.187 99.21591 134.509, 

~!9SS O.IIS 50.S029 ~ __ lOO:.~~ 
0.3559 0.105 41.736 I 5S.5176 i 

0.4346 0.OS9 30.41941--50~52461 823.15 

0.4709 O.07S I 22.55911 48.2957! 
f--__ ~ __ ---~-'O:..:..:. 5:..::5....c4.::...8 +-.::...0:.:., 0-,-74-,--+-1-_-2o.J05s-I-~41~43 541 

0.2261 0.253 145.5579 1 46.1929 I 
0.3191 _.Q~~ 118.9863 I ,..il·0573, .. j 
0.4234 0.186 98.1947 i 35.8539 I 

0.4961 0.174 90.0582 I. 32.2398 I 
0.9496 0.110 45.6119 I 21.5236 i 

873.15 

1.4916 I 0.087 29.4591 i 14.7855 ~ 
0.1925 0.234 132.21141 61.1889 i 
0.2210 0.160! 80.2544 I 76.808) 

--~----------.- -------_' ----~---------... ~ ---,---------------1 

0.5123 0.143 68.2144 i 35.4842 i 
~---- , :--7-~~ 1 

0.7711 0.103 40.4815: _7 . .1714 I 
923.15 

! ~ 

0.8235 0.085 27.6214: 27.0041 I 
'--_-J.-__ -'-_____ --L1 ----"1.:..:.0.::...5.o..::.61__ 0.074 I 20.4194 !.21.738?J 
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I 0.2566 0.182 95.921:+ 60.01~ 
0.4922 O. 120 52.565 i 40.1128! 

673.15 I Tlh 0.8565 0.091 32.3 12S.J_25,41S-q] 
0.8956 0.074 20.2519! 25.653: 

I 0.9612 0.071 18.2694 ! 24.1085 i 
! 

1.1985 0.068 15.9156 i 19.5314 ! 

0.2416 0.160 :-::-.:-1 
~0.0671_t~-.Z0.3365 ~ 

0.5009 0.080 _4. 0~~?J_~_1?-,-1Q.?~_i 

723.15 T211 0.7891 __ O.Q?S._~I __ ~LQ~lU __ ~C):Olg]i -----.. _,------ -.. 

0.8022 0.074 20.0644 I 28.6631 I 

0.9064 0071 
~~, 

18.0655 I 255885~ 

0.9566 0.068 16.0631 I 24.455 I 
0.1064 0.269 156.88691 87.5123 i 
0.2816 0.150 72.9458 I 62.8744 ! 

773.15 T3T3 ~,5077 0.105 42.0126 I 40.9666 ! . '··~-~--~~-~- .. ·~· .. 1 
0.70 I 8 0.092 32.9143 ~_ 30.93~~ 

r-- 0.916Q~ -..2.083 26.6105 I 24.3875 I 

1.00 
1.1106 0.074 20.165~20.6946~1 
0.1622 0.248 142.0546 i 66.5508 ! 

0.2516 0.191 102.163 I 58.7587 I 
I 

~--+--- ~ 

823.15 T413 
0.4416 0.124 I 5.1:0646-L __ 44.143J 
0.6168 0.0951 34.5164 I 34.9357 J 
1.4911 . 0.067 14.9821 I 15.7614 I 

~~-~ 

f---~ 
1.5364 0.061 __ )2.7642~ 15.4:!l1 
01806 0.271 158.2161 I 50.8217: 
0.2764 0.221 123. 1 5 6±-L~,!~~~~~~j 

873.15 Tsh 
0.3583 0.186 98.5465 .. 42.2689 i 
0.7283 0.101 390645 : 28.9642 i 

~ 

0.9047 0.087 29.0546 I 24.4219\ 
1.2324 0.073 19.4591 1 18.7061 

, 
i 
i 

0.5411 0.156 77.6114 I 31.8589 : 

__ Q&~~l_ ~_Q,13J_+_""y.9·4839_I~Q·1~1 Lj 
923.15 T6h 0.6352 0.127 57.265_~t_~Qc~:!23-J 

0.8451 0.082 25.8689\ 26.5213 I 

1 I I 
0.9521 I 0.067 14.9124 I 24.69151 
1.1569 0.059 9.8029 I, 20.7621 I, 

I.....---,---.---.~>' .; 
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D.3 Adsorption Equilibrium and Kinetics of T 112 

Table D.3 Data calculation of adsorption equilibrium of T 1[2 
--

T adsorption, K M,g A Ce, mg/L qe, mg/g 

0.0427 0.269 156.8800 218.2828 
0.0577 0.229 128.7319 210.3089 .... _---.. _. - _._- - --- - ~-- - - -' .. - .. -.- c' - .----------,.- -.------

0.0829 0.182 95.9622 185.8824 
0,0980 0. 15Sr- 79.0801 174.3243 I 

303.15 
0.1078 0.144 68.7435 168.1221 I 
0.1375 0.116 49.8135 145.6134 
0.1670 0103 40.5515 125.4400 
0.2081 0.087 29.3424 106.0539 
0.2883 0,072 18.9111 ~-80.15M' 

0.6086 0.057 8.1402 39.7421 I 
0,0490 0,260 150,3265 203.2816 I 

0.0644 0.223 124.2622 195.2261 
0,0916 0.174 90.1108 174.6106 -----
0.1042 0.153 75.3188 167.6500 _._--. 
0.1261 

313.15 
0.132 60.5503 150.2225 

0.1479 0.115 48.5111 136.2058 
0.1810 0.096 35.3592 118.5671 
0.2194 0.087 29.4368 100.5265 
0.3074 0.070 17.5322 75.6198 ~ 
0.8419 0.054 5.7592 29.0111 I 

0.0472 0.275 160.7095 189.0101 
0.0607 0.244 138.9189 182,9627 
0.0719 0.219 121.5802 178.5066 
0.0898 0.187 I 99,0511 168,0026 

323.15 
0.1076 0.163 82.5601 155.6326 ---------------_. c-------.-
0.1175 0.145 69.7305 153.4386 
0.1517 0.119 -. 51.5607 130.7882 
0.1802 0.102 39.4068 116.8397 
0.2229 0.086 28.2112 99.5211 
0.5249 0.060 10.5521 45.6200 
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Table D.4 Data calculation of adsorption kinetics of T I12 at 303. 15 K 

Comg/L t, min A Ce, mg/L qe, mg/g 

0 0.331 200.0000 0.0000 
30 0.317 190.3102 1.6150 ---------_ .. _,,- ---_._--- --._._. .--.,,--- .. - ---.----- _ ... __ .. _ ...... -
60 0.311 185.6111 2.3983 

f-.~-----_._'- ---_ ..... _-_.--~.~--
90 0.307 183.2421 2.7933 

120 0.298 176.9829 3.8367 I 

150 0.287 169.2200 5.1300 

200 
180 0.286 168.1205 5.3133 
240 0.270 156.9816 7.1700 I 
300 0.256 147.2319 8.7950 
360 0.241 136.9826 10.5033 i 

.~----'--_.C ... _ ... ~-... ---.-.. r------· 
480 0.22~_ 127.5322 12.0783 
720 0.188 r--99.5 i09 r-16.7483 

1440 0.106 42.1424 26.3100 
2880 0.068 15.5968 30.7333_

1 0 0.403 250.0000 0.0000 
30 0.389 240.5121 1.5817! 

r··-·--··· -,_._ ... --.'-.--.-.-c·- ------··_-1 
60 0.385 237.4102 ___ ~.:.Q98~ ---.--I--::-:c-'--~ 
90 0.367 225.2375 4.1267 

120 0.360 220.1887 4.9683 
r' 

0.339 
._ .... _--:._ ..... - _ .. '_._'._'--

150 205.6077 7.3983 
. 

250 
180 0.336 203.5799 7.7367 
240 0.329 198.7406 8.5433 
300 0.306 182.1126 11.3167 
360 0.294 174.2654 12.6667 
480 0.259 149.5824 16.7367 
720 0.223 124.6306 20.8950 

1440 0.129 58.6264 31.9000 i 

2880 0.072 18.7326 38.5450 i 
0 0.474 300.0000 0.0000.1 

30 0.457 288.3109 1.9483 I 
60 0.452 284.5594 2.57331 
90 0.435 I 272.4516 4.5917 

120 0.421 I 263.1906 6.1350 
150 0.403 i 250.0640 8.3333 

--t 
246.0246 r--' 9.000ol 

300 
180 0.397 
240 0.382 235.6431 10.7300 
300 ~:;;~-_214.9759 [ 14.1700 I 
360 203.5281 16.0767 j 
480 0.298 176.9816 20.5033 
720 0.253 145.2316 25.7950 

1440 0.143 68.0594 38.6583 
2880 0.076 21.5906 46.4017 
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Table D.5 Data calculation of adsorption kinetics ofT Ih at 313.15 K 

Co mg/L t, min A Ce, mg/L qe, mg/g 

0 0.331 200.0000 0.0000 

~~- 30 0.310 185.3204 2.4467 .- ---~-,---~ ---------'---
60 0.305 181.7450 3.0417 

f--
90 0.301 179.0110 3.4983 

120 0.286 168.5424 5.2433 
150 0.268 155.6223 7.3967 

200 
180 0.265 153.4401 7.7600 
240 0.244 139.2140 10.1317 
300 0.223 124.1457 12.6667 
360 0.210 115.3248 14.1133 
480 0.174 90.2443 18.2933 
720 0.140 66.4242 22.2633 

1440 0.080 24.1122 29.3167 
2880 0.056 7.5115 32.0817 

0 0.403 250.0000 0.0000 
30 0.390 241.5606 1.4067 
60 0.362 221.5604 4.7400 
90 0.353 215.4104 5.7650 

120 0.345 209.6445 6.7267 
150 0.319 191.6853 9.7200 

250 
180 0.310 185.4245 10.7633 
240 0.280 164.2325 14.2950 
300 0.262 151.4704 16.4217 
360 0.249 142.4276 17.9300 
480 0.204 111.2376 23.1283 
720 0.157 78.2114 28.63.!L 

1440 0.080 24.6243 37.5633 
2880 0.058 9.0215 40.1633 

0 0.474 300.0000 0.0000 
30 0.446 280.1404 3.3 I 86 
60 0.438 274.5112 4.2483 
90 0.405 251.4654 8.0900 

120 0.399 247.6348 8.7283 I 

150 0.378 232.5675 11.2400 

300 
180 0.362 221.5675 13.0733 
240 0.326 196.5402 17.2433 
300 0.303 180.4547 19.9250 
360 0.274 160.2276 23.2967 
480 0.237 134.3245 27.6133 
720 0.176 91.5645 34.7404 I 

1440 0.090 3 1.5778 44.7383 
2880 0.062 11.7546 48.0417 
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Table D.6 Data calculation of adsorption kinetics ofTJl2 at 323.15 K 

ComglL t, min A Ce, mglL qe, mglg 

0 0.331 200.0000 0.0000 
30 0.304 181.3216 3.1133 

-'--- r--c-'~- ---~~~- f----.--.--.. 
60 0.300 178.1102 3.6483 
90 0.287 f-'1689159 r----S.1817 

120 0.260 150.3277 8.2800 
150 0.250 143.2060 9.4667 

200 180 0.233 131.5606 11.4067 I 
240 0.218 120.5820 13.2367 
300 0.194 103.7111 16.0483 
360 0.176 91.5808 18.0700 
480 0.149 72.7806 21.2033 
720 0.105 41.5671 26.4067 

1440 0.065 13.5808 31.0700 I 
2880 0.055 6.7075 32.2167 1 

0 0.403 250.0000 0.0000 
30 0.374 230.1508 3.3083 
60 0.366 224.6108 4.2317 
90 0.336 203.1205 7.8133 

120 OJ_I£- 189.6508 10.0583 
-' 

150 0.290 171.5608 130733 

250 
180 0.287 168.9471 13.5100 
240 0.248 141.7308 18.0450 
300 0.231 129.6808 20.0533 
360 0.204 110.7408 23.2100 
480 0.172 88.6808 26.8867 
720 0.115 48.9375 33.5117 

1440 0.069 16.8708 38.8550 
2880 0.058 8.6212 40.2300 

0 0.474 300.0000 0.0000 
30 0.433 271.5940 4.7350 
60 0.423 264.5881 5.9033 
90 0.386 238.7442 10.2100 

120 0.372 228.9173 11.8483 
150 0.345 209.5410 15.0767 

300 
180 0.319 191.4608 18.0900 
240 0.295 174.5205 20.9133 
300 0.255 147.0208 25.4967 
360 0.238 134.5604 27.5733 
480 0.179 93.4706 34.4217 
720 0.135 62.6110 39.5650 

1440 0.076 21.4716 46.4217 
2880 0.062 11.8316 48.0283 
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acti\Jlt.:d curbon was prcPJfcd from durian shell and used for the removal of methylene blue from aqueous solutions. The activJu:d carbon 
'cpareJ using chemical uctivation method with potassium hydroxide as the activating agent. The activation was conducted at 673.15 K for 
th mass ratio of chemica! activating agent to durian shell 1 :2. Batch kinetics and isotherm studies were conducted to evaluate the adsorption 
or of the acti'.-ated carbon from durian shell. The adsorption experiments were carried out isothermally at three different temperatures. The 
lUir and Freundlich isotherm model were used to describe the equilibria data. The Langmuir model agrees \vith experimental data well. The 
nrir surface kinetics, pseudo Ilrst order and pseudo second order models were used to evaluate the kinetics uata and the rate cun~tant wen: 
?tcrmineu. The experimental data fitted very well with the Langmuir surface kinetics and pseudo first order mudel 
5 EJ~c\'ier B.\'. All rights reserved. 

roduction 

era] industries, such JS textile. ceramic, paper, printing 
lStiC uSe dyes in order to color their product. In the coloring 
s, these industries also consume substantial volumes of 
~md as a result. large amount of colored wastewater are 
ted. Thc present of dyes in \Vater is undesirable since 
very small amount of these coloring agents is highly 
and may be toxic to aquatic en\' ironment 11-·5\. Several 

.Is are available for color removal from wastewater such as 
·ane :-.eparation, aerobic and anaerobic degradation using 
; microorganisms, chemical oxidation, coagUlation and 
,Iliun, ads\.lrpti\.-n using differenf kind of adsorbents ~lIld 

oSlllosi.,; 11 .3.5]. Among them, adsorption is a promising 
rI tcc'hnique that produces eJ'iluents containing \ery low 
}f di.':>solvcd org:lnic compounds. 
Slderable research has been conducted into the removal 

frol1l water C'fi1UL'llt using adsurption techniLJlll: using 
\t adsorbent.s such as activated carbon 12-5]. Ily ash 161. 
t [7-9j. corncob liD]. barley husk 110[. orange peel III ]. 
. iil'ing biomass 112-17] and other low-cost adsorbents 

.\punding ;llIlhor ·kl.: +62 3) .'S9)2()"); r,IX: +(12 3) ,~.sSl)2(17 

it uddl"l.!.I.\." \ur)";.ldl (ct Imil.\\ Ilrl;I.:I<:.id (S. [SlllilUji). 

71S _. ,)\.'e fnl1ll llldtterV 20(J6 Elst'vin ILV ·\11 ri~hts n:~cr\"ed 

16ij.L"L'J.2(}(\(dJl).flll 

i I j. The mo~t widely used ad.'-,orhent for thi ..... purpo.',c i:-. acti
vated carnon, but commercially a\"~!i1ablc acti\atcd carhons arc 
expensive and so they may not be economic.J.1 for W{l.'ot('\vater 
treatment. Other untreated lo\\'-cost adsorbents often hale lOll 
adsurptiuil capacities: thcfcfun:: their rcmuv,d eUicicllcic..; are 
poor. If an activated carhon with high adsorption capacity for 
wCtstewater treatment purpose can he produced from low-co.\t 
or waste materials. then it'i LL<.,C as ~ln adsorbent "huuld be eco
nomicaL 

Activated carbon is the 1l10.\t porubr auqlrOcll1 fonhc '-lci.....urp
tion process since it ha:-. high acl.\orplioll clp~tcit) The a(J.....orption 
capacity ofacti\"<.Iteu carbon depend ..... not only on ih :-.urfacc area. 
Lit also on its internal pore ... tructurc .. 'lurfacc characteri"tic and 
the presence of functional ~roLlP Oil pore "lIrfdcc. Internal pore 
structure and surface char,!ctcri:-.tic pLty ,\11 in:portll!lt nile in 
ad~{Jrption procCS:-.eS .. mel depend both Oil rill..' prl·curslir u\('d and 
method of preparation II ~ I. Di ffcrc nt lllcthDd, Clrc Cllallank for 
characterizing the pore stru\..·tlln.:: r. .... urfacc "lrca, pore \·()iUfllC. pnr(' 
size distribution, etc .. ) of acti\·ated carbon such <l\ :-'Ill~ill anilk 
X-ray. mercury porosimctr). \cclilning ekc1.l"On micfl)scoPY and 
gas as \veil as liquid ph,!sc .. ld:-.orption [1 tJ). The chaLtctcri,,:ic'-, of 
ad::.orption behavior of ,l.Cti\atcd carbon arc gencrally in(,_'ITCcJ 

in terms of both ad . ..,nrption kinctic:-. ,mu cquilihrlllll1 j..,othCl"lll 

[20). Therefore, to -"tudy hoth the <lcl.'-llrplioll ~i!lcli(" <'l.llcl L'l]UI

libriulll. it is important to i.inlicrstand tile ctd'-,<.Hplinn lllecll:llli .... ll1 

: 

cite this article in press as; T.C. Chandra et aI., Adsorption of basic dye onto activated carbon prepared from Jurian ,hell: Stuuic,; ur I 
cion equilibrium and kinetics, Chern. Eng. J. (2006), doi: 1O.1016/j.cej.2006.09.01t .-J 
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11cnclaturc 

cqLlil:briulll concentration (lllg/L) 
initi~tl,,:onccntration (mg/L) 
:,rdu;c L'l)f1centration at the liquid phase at any timc 
r (m~,L) 

activ,\,ion energy of adsorption (U/mol) 
activ,1tion energy of desorption (U/mol) 
the rate constant of adsorption (g/mg min) 
desorption constant (min --I) 
(k~l1r[:ltion rate constant at infinite temperature 
(min-i) 

the rate constant for the first order (min-I) 
rate constant of pseudo second order (g/mg min) 
Freundlich adsorption constant (mg/g) 
Langmuir equilibrium constant (Llmg) 
ausllrptiun equilibrium coefficient 
mass of activated carbon (g) 
parameter characterizes the heterogeneity of the 

system 
equilibrium adsorption capacity (mg/g) 
maximum adsorption capacity (mg/g) 
the amount of solute adsorbed on the activated 
carbon at any time t (mg/g) 
gas constant equal to 8.31411mol K 
rate of adsorption 
rate of desorption 
time (min) 
temperature (K) 
v'olume of dye solution (L) 

theoretical evaluation and interpretation of thermody
'arameter<.; [20-22]. 

preparation of activated carbon can be carried out in 
erent proces.ies: physical activation and chemical activa
ysical activation involves carbonization of carbonaceous 
s follolled by activation of the resulting char using 
,fating agents, while in chemical activation both of car
on and ~lC[ivation takes place in the same process in 
ence of chemical agents, The chcmical activation takes 
a tempera!ure Illwer than that used in physical acti,a

reforc it Cdn improve the pore development in the carbon 
? because of the effect of chemicals, Furthermore. the 
\':elds of chemica! activation arc higher than physical 

In is one of the famous fruit commodities in [ndone
cJurian production every year is 600,000 tonnes, and the 
)f c1urian ,hell gcnerated approximately 350,000 tonncs. 
ct discharge of this solid wastes will calise the cm:j
al prohlems, Although there are many studies in the 
.' c()ncerning to the preparation of activated carh()n ~llld 

:~!tion for liquid rhase adsorption, there is no infoflllCl

he production and utilization of activated carbon from 
ldl for color rcmoval. 

In this article, we report our study of the preparation of 
activated carbon from durian shell and the acisorrtilln equi
librium and ki;,ctics of methylene blue on this carbon, We 
Jlso compared the applicability sevcral \\'cll-~llu\\ n ~!dsurption 
isotherm and kinetics Illo(kls to describe thL' cljuilibrid and 

dynamic. 

2, Experimental technique 

2.1. Prepar{l!ioll oj ac(iwIfed carbon 

Durian shells collected from local fruit stores in Surabaya 
were repeatedly washed with distilled water to remOl'c dirt and 
other impurities and then dried at 393.15 K for 24 h to reduce 
the moisture content. The durian shell was grounded in micro 
hammer mill 1ANKE & KUNKEL. The proximate analysis of 
the precursor used in this study were 2,52. 5,53. 69.59 and 
22.36% for moisture. ash. vulatile matter and lixed carbun. 
respectively. 

The preparation of activated carbon from durian shell was 
performed by chemical acti\'ation. Potassium hydroxide was 
used as chemical activating agent. The procedure of prepara
tion of activated carbon using chemical activ'ation method is 
as follows: 2S g of dried durian shell was mixed wnh 100 mL 
KOH solution. and then stirred at 303.15 K for about 5 h, The 
amount of KOH in the solution was adjusted to give mass 
ratio of chemical activating agent to durian shell 1 :2. The 
resulting homogeneous slurry wa.-.. dried at 3S3.1.5 K for at 

least 24 h 
The resulting samples wcre placcu in a horizontal tubu

lar reactor and then heated (at heating rate (10K min- I) at a 
carbonization temperature uf 673, 15K. The carbonization and 
activation was perf()rmed under nitrogt,;rl flow of ISO un-"' min --I 
STP Since carbonization time does not hav'e much effect on the 
pore characteristic of activated carbon product (23.2-1.1, sam
rlcs were held at !ined telllj1erature fur I h bekrc l'ulJ/ing duwn 
under nitrogen flow. The activated c<lrhl1ll producls \\'l'rc washed 
sequentially with a O.5:s! Hel solution, Subscquently, the sam
ples were repeatedly washed II ith hot distilled water lintll the pH 
uf the slljutiurl readl (,,) alld !in,dly washed \\ ith ,,'pILl distilleu 
II "ter. After that, the samples lIere dried at ~~~.I 5 K for 24 h 
anu stored in desiccator. 

].2. ;\cfiI'Ufnl ('urho!l (11{{({/C!('f'/:ofiof/ 

The pore structure charactC:rJ"tic~ (lllh:...; r(,\Llltin~ carbon \-I/cre 
\.;::krmincu by nitrogen ~1(horpli('Tl at 77 15 K u\in,g lill automatic 
\licror11critics AS,-\P-2(j! (J \'o:llillctric sorptiun analyzer. Prior 
to gas ad\orption measurements, [he carbon was dcga<.;sed at 
573.15 K in a VaClILil1l cCondition for a period of at lea:-it 24 h 
:<itrogcn <ldsorption i,..,llthvrllls were lllea<.,lIrcd ovcr a rd,lti\ c 
pressure ({'II'c, I rallge from approximately 1O- 5 0,t)95. The 
Brun(lLlcr-E!lllllcu-Telkr (BET) surface area, micropore \'01-

L:IllC and micropprc <..,urfact' area ()r lh~ ,lcti\'a\ed carbons were 

determined hy applic~ltion ur the Hrunauer---EIllTllctt--Tclicr and 
Duilinin ,\stilakm (DA) dlldl) sis sofillare a,'aliable \\itll the 
in-,trurncnt, n:<,;pcl'li\·cly. The BET surface area wa,.., JUcl'mincd 

:ite this article in press as: T.e. Chandra et ai., Adsorption of basic dye onto activated carbon prepared from <Iurian shell: Studies of 
:on equilibrium and kinetics, Chem. Eng. J. (2006), doi:lO.lOI6/j.cej.2006.09,OII 
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means of the standard BET eqllation applied in the relative 
;sure range from (l.OG to 0 .. '0 -

;\dS()fPliOIl rJnlcct/lfrt' 

3asic dye lL"C'd in this ~tlld) \\-as mdh) knc blue purcha:--cd 
n Sigma·-Aldrich and it was used ~lS rccci\'cd without fur
purification. The maximum \\'a\'l~lLn~th of this dye is 663. 

:k solutions were prepared by dissllh·ing accurately 0.250 g 
!lethylene blue in I L of distilled water. To prevent decol
ation by direct sunlight. the stock solutions were stored in 
. bottle and kept in dark place before being used. 
Idsorption equilibrium and kinetics studies were conducted 
g static technique. Equilibri um data were obtained by adding 
·1.1 g of activated carbons into a series of 250 mL conical 
:s each filled with 100 mL of dye solution with initial con
ration of 250 mgfL The conical Rasks then covered with 
linum foil and were then placed in a thermostatic shaker 
(Memmer! Type WB-14 equipped with an SV 1422 tem-

ture controller) and shaken at 120 rpm for 96 h. During the 
rption the temperatures of system were kept constant at three 
rent temperatures (303.15. 313.15 and 323.15 K). Product 
ysis showed that equilibrium conditions were reached after 

fter equilibrium time had reached. the solutions were 
-ifuged (MLW T5l.l) at 2500 rpm for 5 min. and the 
lied supernatant solutions were carefully decanted to be 
/7ed using a CYIVIS spectrophotometer (Shimadzu UV
). If the reading of absorbance in the spectrophotometer 
cded 0.7. the dye solutillns were diluted. The final con
ation of thc solution was then determined from calibration 

le amount of dyc adsorbed is calculated based on the fol-
19 equation 

( I ) 

~ 'Ie is the amount of dye adsorbed in activated carbon, Co 
'e the initial and equilibriuIll concentration of dye solutions. 
ctively. III the amount of adsorbent and V is the volume of 
on. 

the ildsorption cxperiments thc dye solutions were pre
by mixing weighed amollnt of dye with distilled water to 

concentration 200. 250 and 300 mgfL The solutions were 
up in a series ()IO.25 L of conical flasks. The experimcnts 
conducted in thermostatic shaker bath operating at 303.1 S. 
5 and 323.15 K and 12() rpr'L Prior the addition of carbon. 
ISks cont:liniflg 100 rnL of dye e,)lutloIlS were placed in 
astatic bath for 30 min so that they could heat up to the 
:ing temperature of cxperiment. At different time inter
sample was taken from a Oask (I mL using micropipette). 
Imples were diluted with distill~d water and analyzed 
jiately. 

re we also compare the adsorption capacity of activated 
1 produced from durian shell with Filtrasorb-400 (F-400), 
mercially available coal based activated carbon. produced 
19on Carbon. 

Table t 

Pore charaClcriqics of DSr\('~:tnu F-'+OO 

IH::T \LlrLll'l' :11 L',I I 

\licro]wre .\UrLk<.' ,lr"::1 ( 

\liLT()plll'l.~ \'oIU1ll(." 1 .... 111;/gJ 

Tlltai pllrc \'O]Ull1L' (em '/;;J 

3. Results and discussions 

DS.\C 

3.1. Pore ciwwctcrislic rif (/Uil'{lled carbon 

'I() I ;;() 

(l,~-U 

IJ.-I(" 

The pore characteristic of the activated cclrbon prepared from 
durian shell with chemical activation (DSAC) and Filtrasorb-400 
are given in Table I. The nitrogen adsorption ofDSAC and F-400 
are depicted in Fig. J. From pore characteristic (given tn Table I) 
and nitrogen adsorption isotherm (Fig. I) it can be seen that the 
activated carbon from durian shell (DSAC) has higher capacity 
than F-400. indicating that DSAC is promising candidate for 
adsorption application. The nitrogen gas adsorption isotherm of 
DSAC clearly shows that the nature of carbon is a combination 
of microporous and mesoporous. 

The internal struct"res of microporous and mesoporous car
bons are usually characterized in terms of the pore size distribu
tion. The pore size distribution is a function oflhe assumed shape 
of the model pores used in the analysis. Here we used the DF!' 
model to interpret the pore :;ize distribution based on nitrogen 
adsorption. Fig. 2 shews that the DSAC has a micropofOus and 
mesoporous structure. The presence of mesopores together with 
micropores in the activated carbons enhances their ad,urption 
capacities, especially for large molecules of adsorbat,,, such as 
dye molecules [3[. 

3.2. Adsorpli()/l equilibriu{// siudies 

The analysis and design of adsOlT'tion separation processes 
requires the relevant adsorption equilibria. which i, the most 
important piece of information in understanding an ad<.;orption 
process [25J. The adsorption equilibrium clate; of meth, lene blue 

r--:_ "00 I 
I -----A-- DSAC 
l _____ ,, __ 

02 04 06 08 
Relative pressure p/p~ 

Fig :--4itrogcl1 :ltborplint1 j";O(hCflll ,)f ,'---H)fJ dill! DS:\( 
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Pore width, nm 

Fig. 2. Pore sile distribution of DSAC. 

lated carbon derived from durian shell was titted by sev
II-known isotherm models to assess their utility. These 
Langmuir and Freundlich models. 

,muir model is the most widely used isotherm equation, 
las the form as follows 

KLCe 

) 1+ KLCe 
(2) 

70 and KL are Langmuir isotherm parameters, represent
maximum adsorption capacity for the solid phase loading 

Langmuir equilibrium constant related to the heat of 
ion, respectively. Fig. 3 depicts the adsorption isotherm 
ylene blue on activated carbon from durian shell. In this 
the experimental Jata arc represented as symbols and 
19muir model as solid lines. This tigure clearly shows 
Langmuir equation can describe the experimental data 
ell. The optimal parameters from the fitting of Langmuir 
n with the experimental data are given in Table 2. Tem
~ is well known to play an important role in adsorption in 
d carbons, generally having a negative influence on the 
adsorbed [251. The adsorption of organic compounds 

r--.. 30315Ki 
" !iii 313.15 K 

6. 323.15K 
- La.1gmuir Eql.iation i 

• • . J 

1 , 

20 ~ 60 00 100 1~ 140 100 100 

Equilibrium concentration, mg/L 

[sorption isotherm of methylene blue 011 DSAC and hts of Llllgmuir 

Table 2 
Parameters of LangmuLr e4uation 

TCIll[ll'ratun.' (K) (I" (m~/g.) A. ... i L nl:2-) N' 

.1(111 ) 289.2h (l.ll! q- il.l)\lS 

J lJ.15 265.72 () IJ219 () .\)I)S 

323.15 237.13 O.(C' ... L" (l.l)l)"j 

(including dye) is an exothermic process and the physical bond
ing between the organic compounds and the active sites of the 
carbon will weaken \vith increasing temperature. Abo \vith the 
increase of temperature, the solubility of methylene blue also 
increases, the interaction forces between the solute and the sol· 
vent become stronger than solute and adsorbent. consequently 
the solute is more difticult to adsorb. Both of these featurcs are 
consistent with the order of Langmuir adsorption capacity as 
seen in Table 2. 

The heat of adsorption can be estimated from integrated van' t 
Hoff equation, which relates the Langmuir equilibrium constant 
K to the temperature 

[ -E"1 KL = Ko exp --
RT J 

(3) 

here E" is the activation energy of adsorption and Ko is the 
adsorption equilibrium coefficient. The gas constant R is equal 
to 8.314J/mol K and T is the temperature of the solution. The 
magnitude of activation energy gives a type of adsorption, which 
is mainly physical or chemical. The range of 5--10 kJ/mol of 
activation energies correspond a physisorption mechani sm or the 
range of 40-800 kl/mal suggests a chemisorption mechanism 
1201. The relation between the Langmuir equilibrium constant 
and liTis given in Fii!. 4. The values of Ko and E., obtained 
from Eq. (3) are 0.6883 Llg and 8.967 kJ/mol, respectively. The 
value of E" obtained in this study indicating that the adsorption 
has low potential barrier and assigned to a physisorption. 

The Freundlich isotherm is an empirical equation that is also 
often used to correlate adsorption experimental data. The Fre
undlich isotherm equation has the following form 

0025 ~--------------------

0.024 

0023 

'"'~ 0.022 

0.021 

0020 

Ie l.:>ngr1'J· e'il.; 'CI:~r""' :sn"ar.t i I --- .... <l~.: ~of! e<J,,~ x. I 
--_ .. _--- -_. __ .... .-

• 
0.019 i ... .,.........----.--------,---------, 

(4) 

0.00305 0.00310 0.00315 000320 C C)0325 0 C'G330 CJ O·~~~35 

1fT 

Fig .... L Pint KL vs. liT for 11lethylene hILl~' 
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re Kr is a parameter related to the adsorption capacity and 
mctcr 1/ characterizes the heterogeneity of the system. The 
meters of Freundlich equation for system studied are given 
lble 3. while the albllrrtiun isotherm and model lit by !'re
ich equation is dcpictcJ in Fig. 5. Frum this figure it is 
ous that Freundlich equation fails to represent the adsorp
data at low (because this equation does not incorporates 
ry's law) and high concentration. 

Adsorpfion kinetics sfudies 

he studies llf adsorption equilibria are important in deter
ng the effecti,'cs of adsorption: however. it is also necessary 
"ntify the types of adsorption mechanism in a given system. 
is study we used three different models to predict the adsorp
kinetic of methylene blue on acti,ated carbon prepared from 

n approach to modeling both equilibrium and kinetics 
Isorption is the Langmuir surface kinetics approach. The 
llptions of this clpproclch [26[ arc: 

lrfacc is homogeneolls. that j" adsorption energy is constant 
cr all site,: 

sorption on surface is localized. that is adsorbed atoms or 
.,lcculcs arc adsorbed at delinitc. Illl"alized sites; 
ell-site can accommodate only Olle molecule or atom. 

ased 011 thi" approach. the rate of adsorpticn, R,I' can be 
Ld as 

(5) 

CJ 

50 

00 

50 

I'..-J 12:, 1·10 160 180 

equi!ibr:ur:J concen:ration. mg/L 

where ka is the rate constant llf adsorptilln. C: the ."nlll~c con
centration Jt the liquid phase <It ~lll) time t ~i-;;-d '/: the ;,r;11'LJIl; Ilf 

solute ad.vnhl'J nn the acti\-ated C;!rh(lJ1 .ll .:ny time t. The rate 
of dc.,orption PI' ,,"(ilute. Rd, frprr: the ad:-.(-'r·~',--'nt .... urLlL'l' :l' liquid 

phase can be \\, ritlL'n ;[\ 

1(;) 

\vherc kJ is the desorption constant. Therefore. the rate llL::hangc 
of amount adsorbed at any time 

dqr , dr = R" - Rei = k"Cr('1, - Ij; 1- kel'/: (7) 

At equilibrium this equation hecome a well known Langmuir 
equation (Eq. (2)), Rearrangement of Eq \ i) bJ combining the 
equilibrium condition (Eq. (2) gi\es 

since 

k,,( I + KLC,)(q, - qIl 

K 

k" 
KL =-k 

'd 

Therefore, Eq. (8) can be written as 

dqr dr = kct(l + KLC,)(qe - qr) 

Integrating Eg. (I OJ yields 

qr = '1,( I - exp( -kel(l + KLC,)Il) 

(8) 

(9) 

( 10) 

( II) 

Eqs. (2) and (II) were used to mudel the Kinetics of the adsorp
tion process. and parameter kd and 'I, obtained at different initial 
concentrations and temperatures arc summarized in bble 4. 
Figs. 6-8 depict the applicability of this model on the prediction 
of adsorption kinetics of methylene blue on durian shell acti, ated 
carbon at different initial concentrations and tcmperatures. From 
Figs. 6-8 it is obsiol" that the Langmuir surface kinetics model 
can repre":llt the oata \\"ell. Als,' Ihe /tucd equilibrium adsorp
tion capacities are in agreement \\-ith those experimental data as 
indicated in Tahle 4. 

40 i 

!? 30 
en 
E 
c§-

20 

10 

0 
0 1000 2008 

min 

3000 

~··ig. 6. Lmgmuir ~urfacL kinetic model tor the aJ"(I~[Jtioll or rm:thykn,,: blue un 

DS.\C ;It 3m, 15 K 
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Jd 
, ill; 

(It,ll) 

(l 92ll-1 

O.ll-' I:" 
(J.ll.·:;] .+ 

1000 

'I" (mg/g) lie I ~'\P) 

111:": -':'1 

.<2.7\ .~2.:: 

-Hl.25 -l-l..~l) 

-l-8.2<l F.'O 

I • C" = 200 rrg:l 

! 0 C" " 250 "",'L 

6. Co· 300 mg.J1.. 

.' I ~.15 K 

.~.! , 10' 

111,111 

[.j I ~ 
1.-l-:"fl 
[.jol 

- langmuir surface Kinetics moosl 

2000 

t, min 

3000 

lngllluir surface kinetic model for the adsorption of methylene blue on 
3l3.15K 

iesorption energy can be calculated also from integrated 

Dff equation 

[ ~Edl "exp RT ( 12) 

:do and Ed an~ Jesl)rptiun rate cunstant at inllnite telll
! and activation energy of desorption. respectively. The 
of desorption can be obtained by plotting kcl versus liT 
n in Fig. 9. The value of kdo and Ed obtained by Eq. (12) 
.68 min- I and 29.28 kJ/mol, respectively. 

o 1000 

________________ ~A 

• Co'" 200 rr.glL 

C Co'" 250 mg,'l 
h. C" =: 300 mglL 

- langmuir surface ki!1e:ics madel 

2000 

t, min 
3000 

lllgmuir surfacc kinetic Illodd for the adsorption of mClhylcn..: blue on 
123.15 K 

.'2-'.15 K 

Ih (lllgJg) q,. (ex p i '.1 X Ill' (It- (lllg/g1 

(lllg/gJ I III I 11 I) ;; 
0 

J2.'48 J2.2S l.lJ7·1 .12.31 .': :, 
40.64 ·\lUI 1.97., -l-O.2K "-

,-
-

·\8.33 4X.31 1.9S9 47SX ·1\1.! ), 

Even this model can predict the ad,orption kinetics data "ell 

as seen in Figs. 6-8, the energy of desorption (Ed) is larger than 
the heat of adsorption (Ea) that was calculated from the equI

librium data to be 8.967 kJ/mol. However, both of adsorption 

and desorption energies still correspond a physisorption mech

anism. This discrepancy could be due to the fact that this model 
has ignored the energetic heterogeneity of the carbon surface 
and the distribution of pore sizes. 

Another model widely used to describe the adsorption kinet

ics is pseudo first order model which is also known as Lagergren 

equation. This equation has the form as follows 

( 13) 

where kl is the rate constant for the first order (min-I). Intcgr:tt

ing Eq. (13) for the boundary conditions / = 0-/ and '11=0-'11 

gives 

'II = '1,(1 ~ exp( ~kl /) t 1.1) 

The rate constant for the pseudo lirst order model (kl) and equi

librium adsorption capacity ('I,) "ere determined using Sigma 
Plot sortware. The lirst order kinetics cunstant for the adsorptil'n 

of methylene blue on DSAC at different initial concentrations 

and temperatures is given in Table 5. f'or the adsorption of 

methylene blue un DSAC, Ihe pseudu lirst lJrllcr kineli,'s " 

applicable for the system studied as shown in f'igs. I O-I~. fur
thermore the value of 'h obtained from the plot also agree \\ ith 
experimental values. Similar result was also obtained by Garg et 

al. for removal methylene blue using Indian Rosewood sa"dust 
[27[. 

0.0022 r-----------------~ 

00020 i 
0.0018 

S 1:0 J a01S 

.::::c.'Q 00014 

0.0012 

0.0010 

00008 +-----~-----
0.00305 0.00310 000315 0.·)032':) 000225 00D330 ) ~>Y:~5 

liT 

fig Y. D<:h.'rlllinati()n of t;1l(,.·rn· of dl.?."orplillil. 
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Xlfamelt'fS values using p.'t'Udl1 tjrq Drdcr kinctil's llWliL'1 

,/L) 

10 

10 

10 

303.15 K 

~l x 10-' 
(mIn ) 

1.0]6 

11182 

I liS 

1000 

.12.7-+ 
-Hl.2."i 
.l8. 2·~ 

q" (c:q~'1 

(lllgJ!:' 1 

1', '7 

4130 
47 . .10 

• C,," 200 ITlQfg 

c Co· 250 mgll 

n Co=300mg/L 

JL'-15K 

AI , Ill' 

\IIUI1 II 

1.615 

I ;\6 

1.7R5 

-- Pseudo first order model 

2000 

t, min 

3000 

I, PSCUt1(l fir:.-! (\rdcr mndcl f()r the adS(lrptiun ,11' methylene hluc lIn DSAC 

15 K 

netics data were further treated with the pseudo second 

kinetics model. The differential equation of this model is 

~n as follows 

( 15) 

::' k2 is the rate constant ofpseucit) second order (g/mg min), 

rating Eq. (15) for the boundary condition 1=0-1 and 

10T---------------------------------------, 

10 

10 

o ---
o 

__ --0 

• Co"' 20'J rng..L.. 

11 c~ '" 250 rr.g:L 

1::,. Co'" 200 rr.g/L.. 

-- Psaudo f1r"t (j '"r mo0ei 
L _______________ _ 

2000 

t, min 

P~Cllljll in,; l.lrdn lllt~dd i'L1 f tilL' dlho~rlitlll ufl1lcth:.: ;n: b:llC un USAC 
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o 
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2000 
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Fig. 12 Pseudo firs! order llwdel fnr the a.dS(lrpti(ln ,If mcthylene hlue pn DSAC 

at 323.15 K. 

50--------------------------

CJ) 30 J 
0, 
E 

tr 20, 

10 

• c~" 700 m;)/g 

[j C_ = 250 m;J,'L 

ll. Cc =30Drrogil. 

o n:-----~-------~--~---' 
o 1000 2000 3000 

t, min 

hg. 1.1 P"CllUO SCCllllU mucr model for the ;\dsorpliol1 of mClhylt'nt.' hlue on 

DSAC at 303.15 K 

Cj( = O-q/ gives 

( 16) 

which is the integrated rate law for a pseudo seeoncl order reac

tion. In this model '1, and h arc the litled parameters. The litled 

parameter Lje and ).:-.:. obtained from optimization using Sigma 
Plot software are listed in Table 6 and the model curves arc plot

tcd in Figs. 13-15. As can be seen in these figures that this model 

can adequately represent the adsorption kinetics Jaw of methy-
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ig. 15. P.':ieudo second order model for the ad~orption of methylene blue on 

SAC at 123.15 K. 

:Ile blue 011 DSAC. Howewr, the values of 'I, from the pseudo 
xond order kinetics are not in agreement with experimental 
ata (see Table 6). This Cllillirms that the ehemisurptiull is not 

te conrrolling mechanism for the adsorption of methylene blue 
11 activated carbon prepared from durian shell. 

Conclusions 

Thi.'" ~tlld\" ::;hO\\:-; that the acti\'atcd carbon prepared from 
urian "hell \\'jth chcmi,--'al ~lClivatioll is J potential ad.sorbcnt for 

) I.{)~ 

()(u-] 

11' 

10' 

~ min) 

YJ,12 

(I,' {np) 

{lll!:,igl 

_12.2() 

~2.27 

~l)_O.:'i 

methylene hlue relT.","al. The b,,[eh adsorption experiments were 
conducted isothenr:Jly at three different temperatures (303.15, 
3i:1l5 and 323.15 K). For the adsorption equilibrium, it was 
found that Langmen model C"i, represent the data \\ell compared 
with Freundlich j;"(1:!icrm. The adsorption kinetics of methylene 
hlue can he \\eli dc<rihed en h(llh of lire pseuc/ll lirst mllllci 
e:qllalil111 and L'l!1~r~" .. ,ir surL!cc kinetics model. 
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ABSTRAK 

induslr! leks/if. keramik, kertas. cal dun lain-lain da/mll proses proc/uksinya menggunukan :al 
lrarna un/uk mCH'arnai produk yang dihasilkan. Zat lI'anw yang diglll1okon lic/ok semuGl1ya ferpakai, 
sebagian akan terbllang sebagai limbah Limbah oat lI'ama jika dibzwl1g ke Iingkllngan ak{l!z mellimblilkan 
pencemaran. :Heskipul1 dalcl!lI jum/ah keci/, keberadaan ::01 lr{[nl(l da/am lillgkul1gal1 ferutama perairal1 

akan menimblilkan masafah yang clikup seril/s, Saa! ini berbagar "nacu/JI me/ode telah fersedia llnluk 

pengolahan limbah ~atllama salah satllnya adalah dengan JIlenggllnakwz proses adsOlpsi 
Keberhasilan proses adsD/psi lIntllk menghilongkal1 oat \I'am{l dalam air sang{lt dipel1garuhi oleh 

jenis bahan penyerapadsorbent yang digunakan, salah sat II bahan penyerap .wng paling sering digunakan 
adalah karbon aktif, karena kelllampuan penyerapan dari balzan penyemp illl songat bagus Kendala /ltama 
yang dihadapi pada proses pengolalzall limbah dengan mengglinakwz karbon aktif ini adalah l11asalah 
ekonomi karena harga karhon aktifyang ada di pasaran cukup mahai Pengo/ahan limbah oatll'arna dengan 
proses adsnrpsi mellgglillakwz karbon aktif akan l11ellj{ldi ekollumis jika halzallbakll pel11buatan karbon aktif 
tida/.: lJ1a/7al rian !wnyo!.: terdofJo/ di sekilar kilo. Pada pcnclirioll in; limba}] kulit dllrian dimanjaalkan 
sebago; balrull baku pembz{{I{ol1 karbon {/k/~f 

Karho!l akl((rcmg digwwkan pac/a pellelitian ill; dipcroleh dengan cora akfil'asi kimia klll;1 darion 
m('nggulla/.:of} 1\0/1 .-Jkli\'{/si dilakllkan pada SII/W -Io()"e sc/mlla I jam dcngon perbandingan ::at 

activator ku/il dllrion }.]. Karbon aktifyang dilwsilkan diglll1Clka.l1 lllllllk mengudso/'psi ::at \r(ln!{/ methylene 
hiI'll dari lim bah cair sin/elis. Proses adsorpsi methylene birl! dilakllko!1 sec(JI'(l isalel'm pada ,'urias; suhu 
30-5(/'C Persamaan Langmuir digunakwz untllk menggamharkall isotenll ,idsorpsi dall killetika wlsorpsi 
digambarkan dengan menggunakan persamaan kinelika pt:nllllku(fJ/ /.ul/gmuir !Iarga kOl1slal1{u I.angmllir 
yang diperoleh adalah berkisar 0,0/97-0,01-15 L mg lIn{uk kOl1s{ollta kesetim/:langatl Langmuir dan 137 15-
289,26 mg/g 1I11111k konstal1la kapasitas penyeropan pada kese/ill/bongon Sedallgkan kUlIStallta reaksi 
Langmuir adalah 9,20-1 J(T' -I. 989. 10.3 (I'menit). 

1. Pendahuluan 

Beberapa industr] scperti teKsti!. keramik. kertas. plastik dan lain-1:1]n 1l1cnggunakan zat \yarna 
dalam proses pembuatan proJuk 1l1ereka. Pada proses pc" ~lrnC\an. illllustri-ir:Justri tcrscbut mcngkollslIfllSi 
sejumlah bcsar air sehingga rr~ngllasilkan limhah pc\\-arna )ang Illar hi usa ban)ak. \'1eskiplln han)Cl sl'b~lgian 
kecil zat \varna yang tcrdapat dalam limbah tersebut. llamllll kchal1irann) a tidak diinginkan karen~1 dapat 
111e111bahayakan lingkllngan perairan [1-5]. Bcberapa metodc tcl,111 diglll1akan ""tuk menghilangkan lal \\arna 
yang tcrdapat dalarn lim bah seperti 1l1etode pcmisahan dcng~l!1 mcnggunakan mcmbran. dcgradasi acn~bik 
maupun anaerobik dengan rncnggunakan nlikroorganisrnc. nksidasi sccara kimiD. koagulasi dan flokulasi. 
adsorpsi dcngan mcnggunakan bcrbagai macam jcnis aJsorbell. maupun uengan rt!\'erse osmosis [I. 3. )]. 
Dari berbagai macam mctodc yang tclah disebutkan di ~;~a~. Clcborpsi mcrupakan tcknik yang l,,-lling 
mcnjnn.iikan dalam memp,;'rKc(il konscntrasi organik terlarui. JaL~rn linibah. 

Bcberapa pcnelitiul"l telah dilakubl!1 ulltuk mcnlis~ll!kal1 I<lt \\arna Jari limbah dcngan lllC'l('2~ 

adsorpsi I11cnggunakan berbagai jCl1is adsorbcl1 scpcrti karbon akttl· [2-5j.jl\ C/liz [6[, scrbuk gcrgaii [7_'l]. 
tol1gkol jagung [10[. harley hl/lk [10[ klilit .jcruk [II [. biul1l'lSsa (b"ik lang hidu[l atau[llin yang telah 11l,!li I 

r 12-17]. dan adsorbcn lainn) cl 11-1 .. \j;)l:.rhL'1l yang paling ball yak Jigllnakan untu~ tujuan ini adalah ~~lrt~·~'1;l 

aktif. akan tctapi karbon akti;· :,-t:;.~' tr:r~('dia bias .. m)J m~~hal dan tiuak ckonomis untuk pcngoJahan limt~:::~ 

Adsorbcn dcngan harga yang lcbih murah scringkali Irlc1niliki i..'-lpasitas aJsorpsi yang rcndah: karcn~\ ;:'_ 
efisiensinya juga rendah. ;\p~lbila karboi1 aklif' Jengan karasitas acisorpsi tinggi untuk pengolahan lin~~"'.:~ 

dapat dihasilkan Juri bahan lXlkli yang murah. Illaka adsorhen tcrst:but juga bernilai ckonomis. 



Karbon aktif lllerllpak~11l ~lJ::;\.)rDen )i.lng r~lling lllllUIll Jigunakan untuk proses aJsurpsi karctl<l 
kapasitas adsorpsinya yang tin~~i. K.l!)~lsitas uJsorpsi dari karD(ln al-.tif tidelk hanyu bergantung raJa luas 
pcrmukaan. tctapi juga paJa strllktur pori internaL karaLtcristik permukaan, dan (l(.1an) u gugus fungsi p'-lJa. 
r'lTmukaan pori. Struktur pnri i:1ler;~.ll dan karakkr~stik pcrmukaall lIlellliliki peran renting Jal~!!l1 prose>.; 

~ Ciusorpsi Jan bcrgantl1ng padJ l ... .lh.ll~ t~Jku )aIlg ,jigUll~lkan scrta mcu)(Jc rH."Tsiar~II1IIXI. \ktoLic-!l1L'tpJe )"Ing 
bcrbcJa uap~ll digunakan UIlW!-.. ll:l'::':='~~lraktl'riS~lSi su·uktllr p()ri (lu:ls pl'l"I1lUk~lJn. \()lulllc fWt·l. distribu."l 
ukllran pori_ dan lain-lain) d~!ri k.lrh\:i ~Iktirseperti smull allgle ,\·-I'lt.i_ lJlL'rc/(I~)' !w!"(Jsimc{IY. Sl.J/ (,\CUf/IIIJlg 

Elee/ron ,\/icroscopy), dan g~lS. seru .lJsorrsi paJa Ll."a liquid II()I. Karaktcristik Jari kemal1lru~1f1 adsurpsi 
k.arbon aktif biasanya ditul1.jukklll l!,:.;"i k.inctika adsurpsi dan isutcrm kcsctirnhangan 1201. Olch k,lrena itl!. 
untuk mcmpcrlajari killctik~l J.J:'l)q>: .J~ln kesctirnbangan. s,-lI1g~lllah pcnting lllltU)"" mell1ah~lmi 11lek.~lf1ismc 

adsorpsi untuk cvaluasi sccara tCllri l:'lll interpretasi parameter tcrmodinamika [20-221. 
i\da Jua cara berbe(b :ang Japat Jilakllkan dalam proses rcmbuatan karbon aktif. :aitu akti\·asi 

tisika dan aktiv3si kimin. i\kti\~lSi !lsika meliputi karbonisasi bahan ocrkarbon lang diikuti oleh akti\'a.'~i 

char yang dihasilkan dengan mcnggunakan agen pcngaktinlsi yang berupa gas, Pada akti\'asi sccara kimi3. 
proses karbonisasi dan akti\ asi JiL:kllkan dalam SJtll tahap dengan adanya zat kimia. Akti\ asi kimia 
dilakukan paJa suhu yang \cbih rcndah dibandingkan aktivasi lisika. karenanya dapat meningkatkan 
perkembangan pori pada struktur karbon akibat efek dari zat kimia tcrscbut. Oleh karen a itu, hasil karbon 
dari aktivasi kimia lcbih besar daripaJCl aktivasi tisika [23]. 

Durian mcrupakan salClh satu komoditas buah yang tcrkenal di Indonesia. Produksi durian tiap 
tahunnya adalah 600.000 ton. cianiull1iclh kulil durian \ang dihasilkan kira-kira 350.000 ton dan pembuangan 
langsung dari limbah pad at ini Japal mcnycbabkan masalah lingkungan. Meskipun telah banyak penclitian 
mcngcnai pcmbuatan karbon aktif JC1n aplikasinya lllllllk ausorpsi rada fasa liquid. ternyata masih tiuak ada 
informasi tcntang produksi dan pcn~gunaan karbon aktif dari kulit durian untuk menghilangkan zat \Varna 
dalam limbah. 

Pada artikel ini. kami melaporkan penelitian kami tcntang pcmbllatan karbon aktif dari kulit durian 
Jan kcsetimbangan adsorpsi serta kinetika melhylelle blue (MB) pada karbon ini. Kamijuga membandingkan 
dengan bebcrapa isoterm adsorpsi :. ang tclah ada dan model kinctika untuk mcnggambarkan kesetimbangan 
dan dinamikanya. 

2. Metotlc Pcrcobaan 

2. I. Pcmbuatan Karbon Aktir 

Kulit durian )ang Jil'1\..'t·\)lch Jari toko buah lokal Ji Surabaya dicllCi berulang kali dcngan 
Jl1cnggunakan ~Iir suling untuk I11ctlghilangkan pengowr-pcngotor yang ada dan kcmlldian dikcringkan pada 
suhu 393.15 K se!ama 24 jam Ullluk mcngurangi kaJ3J" air. Ku\ it durian dihancurkan dengan menggunakan 
lI1icro hammer mill .lA0iKlc 8: Kt ·~'KI-:t. !\nalisa proksimat bahan baku klliit durian adalah 2.52%. 
5.53°·~o.(,l).59(~/O. J~lll 22.36°;0 berLUI·~lt-:~lrllt untuk kaJar air. abu. )"()/olile mot/er. dan karbon tetap, 

Pcmbuatan karbon .!ktir" J~l:-: kulit uurian Jibkllkan dcngan mctodc akti\asi kimia. KOH digllnakan 
5ebagai agcn pengakti\<lsi k.il""!li,l. P:·,hL'dur ~embuatan karhon aktir menggunakan mctode akti\·asi kimia 
aJalah scbagai berikut: 25 gr~IJll ku!i: Jurian Jicampur dcngan larLltan 100 mL KOI-L dan kcmudian diadllk 
rada slIhll 3113.15 K sclal11a '",111 .Iullllah KOII rada larutan discsuaikan lIntuk memberi perbandingan 
massa l<.It ~!~ti\ ator tcrhadap ku;it ..j'" :·i~!11 1 :~. SllIn:l' h0!l10gl'l1 :ang uihasilkan kcmudian dikcringkan pada 
suhu :;X3. 15 K sclama mini!lla~ ~-+ 

Samflcl yang diha"il~~;n l! :clllp,!tkan dalarn rC~dd()r tubu\u)" horisontal dan kemudian uipanaskan 
il.,.kng:m ldju r~I...'Ill;11l:1san In K :;~in :~Jda suhu karh:!1isasi 673.1) K. Karhonisasi dan aktivasi dilakukan di 
~"",\\\ah ~dil·Jt~ 11itrnt!-cl1 I)() \..·'1~ SlP. Kal"C1U \\~!ktLl karhunis;l:-,i tilbk ban:ak bcrpcngaruh paJa 

kJraktcristik r'll!'i lbri karlwr ::kt:l l~-~. 2-1.1. s~lmrel Jill'mpatkan !,~HL! suhu ukhir selama 1 jam sebclum 
~'l'ndingin~lIl di b~I\\';dl ;Iliran :~:'.:"')~':'l':;. Pr(lduk karhon aktir dicLlCi dell~~l!1 mcnggunakan larutan 0.5 N Hel. 
~ehl!1.iulllya. S:iI11!)/.:! dicllCi lang dcngan a;l· suling hangat sampai pI I larutnn mencapai 6.5 dan 
J~hirn}~l diCl:ci dcngan air SUl:;l~ J:r~)n. Setclah ill!. s~llnrcl dikcringkan pad~i suhu 383.15 K selama 2-\' jam 
<...!~ln sC\:.ln.illtl~: a Jisimpan (blum JI...'S:hatur. 

2.2. PI'O,ctiUI' Atlsorpsi 

I.~lt \\~l1"!la :ang di~utl,:L!I~ :-:'J.Ja ~l11~disa ini aJaLlh lIIt!fhylene hlue (\;IB) yang diperoleh dari Sigma 
\!drich lbn Ltng."llllg digull;.~k ~.~ t~l:l;-,a l'e111urni~l)1 kbih lanjut. !)allj"lIlg gel om bang maksimllm ,\riB adalah 



663. Larutan i'dB disiapkan lkl1~Jn cara ll1clarutkan 0.250 gram i\·lB sccura ~Ikurat dalam 1 Lair :,uling. 
l.:ntuk mcnccgah dcgradasi \\"arru akihat sinar nHlt~!Ilari langsun~. Llrutan \lB tCJ"scbut uisimpan Ji lLilan1 
bolO I gelap dan Jiktakkan Ji rll~1:1g~1Il lang gc!ap scbclul11 digunaLIl1. 

PLIlcliti~i11 mengclui kL':;ctimhang<l1l dan kirll.:tika ~h.!sl)rpsi l.JiLlkukan d<..:ngall t('knik yang S~ill1a 

Jcngan-litcratllr Llinnya. ! )~IL\ kL's'..?"timhallgan dipcn.\kh \.kng~!I1 illl'Ili.l;llh~lhk;ll1 ().I-l.1 gram karbcl!l .:.k:if kc 
Jaial1l bL"hcrul'al'rlcnmc:L'r h __ 'rLl!--~::'~!Jl 250 IllL :~lllg md;-,in::-;'-lll~J:·,ill!2 ll'1~\h eliisi LII-Lltan \111 scbclnyak l(lllmL 
dengan konSL'lltr:l~i rnLll~l-!l1uLI j •• ldah 2.5U mg'] 1·.rkllllll':n-L'rknml'~\L'r tL'I".'.;cbut Jalu ditUlur ,--kngan 
aluminium fl1il )~lI1g kemudiL1i1 ,jiktakkan ualam lhr.!rlllos/t1lic shaker halh (\kmmcrt Type \VB-I-+- :~lI1g 

dilengkapi dCl1g~11l SV 1-1-22 fCIIi/,,-'I'a!ul' con/roller) UJ.11 dikocok palL! 120 rpm selam<.l 06 jam. Suhu ::,istcm 
dijaga kOllstan st.'Luna ausclrpsi ]"'JJa tiga suhu )ang hcrbeda (303.1). _~13.15 J~1Il 323.15 K). Analisa rrl)Juk 
menunjukkan balma kcsetimbangan dicapai sctclah 96 jam. Sctelah \\aktu kesetimbangan tercapai. lartilan 
tcrsebut kemudian disentrifugasi (\II.W T.51.1) sclama 5 menit dcngeltl kecepatan 2500 rpm. dan setelah itu 
larutan )ang .iernih diJekantasi untuk kcmudian dianalisa I1lt:nggunakan l :V/VIS speclropil%lllr.!ler 

(ShimaJzu U\·-I::'OI). Apabila absorbansi yang tcrb"ca di spcktrllllltCl!11etcr lebih uari 0.7. larutan terse but 
dicnccrkan. KOlhentrasi akhir Llruteltl kemlldian ditentllkan dari kllna kalibrasi. 

Jurnlah z~lt \\arna) ang tcrserap dihitllllg bcrdasarkan IJl:rS~1111aan bcrikut: 

(c C) q = " ,. V 
l' nl 

(I) 

Oi mana q, ,idalah .illmlah zat \\arna yang terserap pada karbon aktiL C. adalah konsentrasi a\\allarutan. C 
aclalah konscntrasi Iar-utan pada sa.ll setimbang. III adalahjllmlah adsorben. dan ('adalah volume larutan. 

Pada pcrcobaan adsorrsi. larutan zat \varna dibuat dengan cara mencamplir sejumlah zat \varna 
dengan air suling untuk mcnghasilkan konsentrasi 200. 250. dan 300 mg/L. Larutan dibuat di dalam 
erlenmeyer berukuran 0.25 L. Pcrcobaan dilakukan di dalam rherll1os/{J'ic shaker barh yang beroperasi pada 
sllhu 303.15 K. 313.15 K. dan 323.15 K pada keeepatan 120 rpm. Scbeillm penambahan karbon. erlenmeyer 
yang berisi lOa mL larutan zat \\arna diletakkan dalam rherll10sraric balh sclama 30 menit sehingga larutan 
tersebut mencapai slihu operasi \ ang diinginkan. Pada intenal suhu Yang berbeda. scbuah sam pel diambil 
sebanyak I mL dari erlenme\er (mcnggunakan mikropipet). Scmlla sampel kcmudian dienccrkan dcngan air 
suling lalu dianalisa. 

3. Hasil dan Pcmbahasan 

3.1. Kcsctimbangan Adsorpsi 

:\nalisa l;~111 desJ.in prose:> rcmisahan adsorpsi Illcmbutuh~all kcsctilllbangan J.dsorpsi yang rclc\'an. 
:: ang I11crllpakal1 salah satu infornlClsi penting dalam !11ernahami pnlscs adsorpsi [251. Data kcsctimbangan 
,-:Jsorp:;i \113 paJa karbon aktif lbri kulit durian disesuaikan ucngan bchcrapa mouel isotcrm untuk mengukur 
kcmampuann)a. !.angmllir chm i'rl"unJlich model tcnnasuk di JalaIllIl)a. 

Langmuil Illudel ad~liah !"'Lrsamaan isoterm yang pal ins b~!Ilyak digunakan. dcngan rumus scbagai 
berikllt: 

K,C, 
(fc = lJo ~l l" ~(~. 

+ 1\ . .1 "" c. 

(2) 

Dilllaml rtf) dan k( aJalah parameter isotcrm Langmuir. tllc\\"ahli k;apasitas adsorpsi maksimum untuk 
Cldsorbat Jan konstanta kcsctimb::ll1gan Langmuir yang ocrkaitan dengan panas adsorpsi. Gambar 1 
Il1cnggdmbarkan i~oterlll J(}.;orpsi \IB pada karbon aktir oari kulit Jurian. Pad a gam bar ini. data percobaan 
Ji\\akiii Jcngan simoo! Jan model l.angmuir dcngan gari::.. (J~lmh~lr ini mcnunjukkan dcngan jclas hah\\<.l 
pL'rsamaan Langmuir dapat mCllgg~\Inoarkan data pcrcobaan dcng~ln CUKUP baik. Parameter optimum dari 
pcrsamaall Langmuir UL'llgan Jaw pcrcubaan ditunjukkan rada Tabcl I. 
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Gambar l. Isotcrm adsorpsi methylene blue pada DS:\C J~:n 1llt2l1gikuti Illodcl Langmuir 

Suhu memainkan peranan penting dalam adsorpsi paJa karbon aktif. ull1umnya mcmiliki pengmuh 
negatif pad a jumlah yang tcrserap [251. /-\dsorpsi komponcn organik I termasuk zat \\'arna) mcrupakan proses 
eksotermis dan ikatan fisika antara komroncn organik dan Jaerah aktif dari karhon aktif akan melemah 
sciring dcngan naiknya suhu. Sciring dcngan naikn)<l suhu. kel::trutdl; \lB juga ll .. lik. gaya tarik antara 13rutan 
dengan pclarut Il1cnjadi Icbih kuat daripada larutan dan adsorbcn. akiratn,a fat terlarut Icbih sui it llntllk 
diserap. Kedua litllr tcrsebut cocok dengan kapasitas adsorpsi Lang",,,i,. sepcrti terlihal pad a Tabel 1. 

Panas nd:.;orpsi dapat Jiukur dari pnsamaan \an't lli.·fL yang menghubungkan konstanta 
kesctimbangan L,lI1gmuir K dengan sllhll. 

r E l K -K exp -~" 
I. - " ' L RT 

(3) 

Eu adalah energi aktivasi adsorpsi dan f\" adalah koclisicn kCsClirnt~H1gdn :lclsorrsi. Konstanta gas R setara 
dengan 8.314 J/moI.K. dan T aclabh suhu lmutan. 8csarnya cncr::;:- akti\ ;lsi menentukan tipe adsorpsinya. 
yang ulllulllnya tisika atau kimia. Range t2nergi :lkti\ !lsi sebcsar 5-4' , :.,.:.1 nw! merup .. lkltn mckanismc adsorpsi 
lisikan (ph):sisnrp!iol1) d::m runge ant~lrCl -l-O-80(J kJ.mol ~r:Ll~',;!l.idJ~all mckani~ll1c 3dsorrsi kimia 
(chelllisol"pl[()lI) [20[ Hubllngall ""tar,, KOllst"!lLi kcsotimb:!";,,,, i.'"lgI1111ir J,11l IT ditunjllkkall rada 
(iambar 2. Nilai ;.:" and ''.-',1 yang direrokh Jari rcrs~~ll1aan (~) ,:~b:"·;' (L(1~'n~:, ! ~ (IllJ ~.l)67 kJ/ll1ol. -:\ilai 1-;<1 
yang direrolch rada pcnelitian ini J1lL'nun.iukk~ln \'1(1\1\\(1 ~IJ>\1T~: Ilh:miliki h(!mh::nan yang keci! dan 
ccndcrung kc aJsorpsi lisika. 

-- ;O~·S''''''.l" 

Gamhar 2. (iralik F \ ~ I untuk III, .;:': ."c'!;c' hh(! 

hotcl'ln ':rl'ul"hj\ich Il1lTlIp(lkJ~: I)Lr\J!l~(I(tn em!,]: i" :'l~ IUg~1 "cring digunabm llntuk 
Illcnghubungkan data pCI'CI.)ha .. Ul (IJsorrsi PCrSal11~l~\:l is()krm I r'-'l:[~~: ,~'l: r!l'I~:Plli:> ~li lx:ntuk scbagai bt:rikut: 

- K r' I" q,. _.. ! '- ,. (~ I 

di Illana J..:/ IllcrUrakall SU"ltLi p~lr~11l1ctcr ) (ll1g 1~"~Thublll1gan ~k':',:;"!' ;~,!~l:Jsiu\ ~hjSlWpsi dan r(lran,l.,"":;- !J 

mcngkar~lktcri\asi hctcrogcllit~l\ Sistl'll1. PJramctc: r~llb !lCrs.u~~:.!~!" i :·..,:"lilJlich il~lda sistcm )'ang dirciajari 
Japat Jil!h~tt f"IJ~l lal1l'1 ~, sc\..LlI1~kall l\!<crlll d:u: kC>L·.<: nll\~kl JC!l~(1ll rcrS(I!1l,lBll r:rcundlich 



dapat dilihat pada GambaI' 3, Dart gambGr tcrscbut dapat Jcngan jcja~ tcrlih~1t bahwa pcrsamaan f-rcundlich 
tidak dapnt !l1L'\\~\kili Jau au.surpsi P~h.ia kOl1scntnl'::.i tinggi d~!I1 rCllJ~lh (karcna jlcrsamaan ini tioak mengikuti 
hublIlllknn ). 

Ta bel 2. Para[llct('r-p~lraml,;lCl~rCrS~\ln~~~lJ1 j:rculh.ll i~h 
-- SUhl~ K I 

303.1';; -I 
313.1T-----l 

323.15 

Ii 

~5.27 ~.-l()(J I 

258 -,------

• 30) 15 ,0{ 

o 313 is r\ 

50;1 ~> C:. 323 ~ 5 K 

J--.. ~- .-~ 
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Gambar 3. [soterm adsorpsi methyli!l7e blue pada DSAC dan mcngikuti model Freundlich 

3.2. Kinetika Adsorpsi 

PercobaGn mengenai kesetimbangan adsorpsi sangat penting dalam I11cnentukan efekti\"itas adsorpsi; 
hal tersebut.iuga penting dalam mengidcntifikasi macam mckunismc ~lds()rpsi paJa sistcm, Pendekatan yang 
dapat digunakan untuk memodclkan kesetill1r~Jngan dan kineli", acburrsi "Ill raja karbon aktif dari kulit 
durian adalah rendekatan kinctika pcrJllukaan Langrnuir. 

.i\slIJllsi-asumsi yang digunakan r~llb pcnockatan ini .. tO~~:~!il I~()!: 

• Per!11ukaan homogcn. karena itu cncrgi ausurpsi lin!' d~h:nh konstan. 
• Adsorpsi pada pcrmukaan dibatasi. st::hingga atom atau !11olcku! yang terscrap ada13h tertcntu. 
• Tiap dacrah hanya dapat rncnyerap 1 molckul-atau atom. 

Berdasarkan pendekatan-pcndckatan te,-scbuL laju ausorpsi. 1(,. dar'lt ditentukan dengan: 

R"=k,,C,(lr-q,) (5) 

di mana k(/ adalah konstanta kcccpalan adsorp~i. ('I aualah k()nscn:J~l<..;i I.at tcrlarut rasa liquiJ pacta \\aktu (. 
dan q, aJalah iumlah fat tcriarut yang leradsorp oleh karbon aUil p"cia lIaUu t. l.aju Jesorrsi zat tcrlarut. fI". 
dari permu,"an adsorbent kc rasa liquid dapat ditulis sebagai beriklil: 

R,r = k,riJ, (6) 

di mana kd adalah konstan ta dcsorpsi. Olch k::lrcna itu. l<:\iu pcrub~th~m.i umlah lat tcrlarut ) ang tcradsorp paLia 
\\ aktu ( adalah: 

(7) 

Pada saat sl'timbang rcrs<'llllaan tcr~chllt Ilh.:n.iaJi pcrsamaan Langmuir (]1crs .. lrnaan (:2) 1. Pcrsamaan (7) 

dikombinasi Jcngan konuisi kcsctimb<.1llgalll r~rsall1aal1 (2)) ll1t:ngh,r.;ilkal1: 

dlJ" ~(1 cK/_', )(IL - if, ) 

dt K 
di mana 

(9) 
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I 

Schingga pcrsamaan (8) dapat dituli:-; scbagcli l"\crikut: 

dq, =k,(l c K/C )(ij.~II,) cil " . ." 
Pcrsamaan ( 10) dii ntcgralkan IT:L'lI i ~l\..l i 

II, ~. 1/,( 1 ~ c:-;r(k/ (1 +- K .. C )1)) 

1111) 

III i 

PCrS~ll1latl!l (2) dan (II) digullah.~lIl ulltd, :~~(,I11()delk~lll \",inctika [ll\lSC_" ,IUSl,)JTsi. Jan paralllt:lcr J", ,.lc111 (!t 

diJapatkal1 pac.\a konscntrasi dan suilu J\\Ji ,:::",lJlgku!1l paJ~: LIbel .~. 

Tabel 3. Harga paramctcr-parall1t:tcr ) al1g Ji~'Crolt:h Juri J11\JJI..!! kinL:tika pcrll1ukaan Langmuir 

C ~ 30315K 31315K I P315K~ ". -
mg,il, 

I 

k,f .\ 10' 
, 

k i.'\ I()' I 
'i, . i ,/, C\p I kd \ 10' I if,· . 'I, c'P 

: 
'I, 'I, c'r 

II /m i 11 ) (mg/g) (mg.-g) I. I 'm i 11) (mg.'g) i (mgig) (\/min) (mg/g) (ll1g/g) _I 
200 i 0.9204 32.74 32.27 1.419 

I 32.-18 1 32.28 _~ 1.974 32.31 32.26 

250 I 0.9315 40.25 41.30 1.456 411.G4 , 1.973 40.28 42.27 I I , 40.31 I 

300 ! 0.9314 48.24 47.3U 1.461 i ·HL33 1 48.3 I 1 1.989 47.88 49.05 I 

Gamber 4-6 mcnggambarkol1 pcncrJpan model il1i pada rrediksi kinetika adsorsi deri \'iB pada 
DSAC paJa konsentrasi a\\al dan suhu \an~ bcrbcda. Dari Gamhar 4-6 jelas terlihat bahwa model kinetika 
pcrmukaan Langmuir dupat mc\\akili data petcobaan dengan baik. Kapasitas adsorpsi kcsctimbangan )ang 
discsuaikan juga sesuui dcngan data pcrcoba'1I1 pada Tabel 3. 
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GambaI' 4. Model killetika pcrtllukaJn Langmuir ulltuk ads()rpsi methylelle bille pada DSAC 
;"\ada suhu 3()J.15 K 
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GambaI' 5. :vlodcl kinctib permukaan l.angmuir unluk adsorpsi methylene bille pad a nS,\C 
paJa suhu 3 li.15 K 
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Gambar 6. "'Iodel kinctika pcrmukClan Langmuir untllk aelsorrsi lIIethylene bille pada DSAC 
pada slIhll 323.15 K 

Encrgi dcsorpsi dapatjllga dihitung dengan mengintegralkan pcrsamaan van'l Hoff 

k = k expl - Ed J 
d do l RT 

( 12) 

di mana kiln dan Ed merupakan konstanta laju desorpsi pada suhu tak tcrhingga dan cnergi aktivasi desorpsi. 
Energi desorpsi dapal diperoleh dcngan menggambarkan kd vs L Tsepeni ditllnjukkan pada Gambar 7. !-Iarga 
kdo dan Ed yang diperoleh dari persamaan (12) bcrlurut-turul adalah 107.68 I/min dan 29.28 kJ/mo\. 

c ccn -

o C01a ~ 

'~02't ~ ,. f,~',",-:a ~e;Jr~' 
--- ,,~;,-,,~ ',a' 1·-" 

'eGg ___________ ~ __ --______ - ------~ 

1,'1 

Gambar 7. PencnlU~1!l cncrgi Jcs(Jrpsi 

:vlcskiplin model ini clape! mClllprcdiksi datct kinctika adsmpsi dcngan baik seperti terlihat pada 
Gamba!" -\.-6. bagaimanapull juga lTll'rgi d~s()rpsi {F.d,) !chih hesar Jaripaua panas ndsorpsi (f:~I) yang dihitung 
Jari data kcsetimbangan ) aitu B. 9() 7 kJ.'[~l.ol. 8agaimanapun. cncrgi ~hlsorpsi Jan dcsorpsi masih sesuai 
c.iengan mc~anisme ac.isorpsi lisiKa. Kctilb,~~scsllJ.iall dapat dischabkclJ1 karcna model tersebut mengabaikan 
hcterogcnitas encrgi dari pcrmuKaun k~lrbnn dan distribusi llkllran pori 

4. Kcsimpulan 

[[<-lsil ;ll:rcoh:~'.'_n !nl'nlilliu~LlI1 h:J:\\a K~trl)UII lIKtil' )ang bt::'~1sa! Jari kulit durian dengan Illctode 
akti\'asi secard kimia mcrlll'akan ~:,-i,,()rbc,: ) ".1I-!:! s,-,n~at pOLcllslal untuk mcnghilangkan zat \Varnli (!'vIS). 
i\dsorpsi sccara balch Jilakllkan ~l'cara i:;ul.crmal paJa tiga suhu :~l!1g bcrbeda (303.15 K. 313.15 K. dan 
323.15 l\.). Lntll~ kesctimhang:lll aJ:-;orpsi. ;l(TSdllldan isotcrm Langmuir l11c\vakili dat'.~ yang ada lcbih baik 
dibandingkan dcngan persam .. wn F!·:unJlic·'l. Killctik~l ~\(Jsorpsi \IB \.bpat Jikctahui J~:r: !1crsamaan model 
kinctiLl pl'l"1T1Ukaan L_lIlgllluir. 
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