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ABSTRACT

This research studied the preparation of carbonized and activated carbon from the seed of
Terminalia Catappa as an adsorbent for the removal of chromium (IIT). The carbonized carbon
wag prepared by éyrdlysis of Terminalia Catappa seed at difference temperature (300 400 and
500 0C)-fer variable time (1 2 and 3 hours). The obtained carbon was then activated by chemical
activation vsing potassium hydroxide (KOH) as an activating agent with different ratio. The best
condition to prepare carbonized carbon was 500 °C for 1 hour. To produce the activated carbon,
one to one ratio of carbonized carbon to KOH was found to be the optimum condition under 400
°C for 3 hours. Using the Langmuir and Freundlich absorption models, it was found that
both carbonized and activaied carbon showed R’ approaching 1 when Freundlich model
was applied. The adsorption kinetics was found to follow the pseudo-second-order kinetic
model. In addition, adsorption of chromium (111 ion in COD waste water was examined.
Similarly, the activated carbon sample got rid of chromium (IIT) ion from waste water of 4.64

mg/g. It showed that it and was higher than that of the commercially available activated carbon

(Fluka 50120), which was only 0.61 mg/g.
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2.9 M3IAAYGY (Adsorbtion)
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3.1 gunsamazasnil
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a13iny

1.

Tasifiounans 15 (Chromium(IIehloride : CrCl, 6H,0 ; AR grade, SIGMA)
nsaluasniduduZosas 65Taurimnin Conc. Nitic acid : INO, ; AR grade, Qrec)
Tnunaidonlansonlod (Potassium hydroxide : KOH ; AR grade, UNIVAR)
151105511 TAs i eud115UIN 312 (standard Cr 1000 mg/L (Cr(NO,), in 0.5
mol/L HNO,), MERCK)

DIUNY ﬁuﬁmi ﬁﬁActivated charcoal (Fluka analytical, 05120, Particle size 75% <

40 Lm)

d A A
Qﬂﬂim!!ﬁ&ﬂﬁﬂ\ﬁlﬂ

1.

9.
9.

n3es0zAouiin toULe T NIy dlnTasned (Atomic Absorption spectrometer,
SpectrAA, PerkinElmer

Lﬂémga “Sadia anlnles T TInsiiwes (UV-Visible Spectrophotometer, Genesys
20)

Lﬂ%ménmummuqmwgﬁ (incubator Shaker set,28L B/S/C)
Lﬂ%@ﬂ%mﬁzﬁﬁimﬁﬁﬁf{%’u (FT-IR, Perkin-Elmer spectrum 100)

w30 anATion 4 A (Balance = 0.0001 g, Melter Toledo, AB 204-S)
tﬂ%@ﬂﬁl‘?ﬂﬂﬁﬁﬂu 2 AUHU (Balance £ 0.01 g, Melter Toledo, JL602-G)
AoULVIBUANIANYMUNAN (Oven set, Memmert UFB 500)

191U (Furnace, Lenton PO BOX 2031)

lﬂé@ﬂijﬂﬂ’nm’ﬂuﬂiﬂ — A (pH Meter, Suntex SP -701)

lﬂ%ﬂﬂldelmUﬂ’mﬂﬁquﬁ{]ﬁ (Incubator Shaker set, 28L B/S/C)

4 ' ] <}
10. 1ATBINIUABLNLLIHAN (Magnetic Stirrer)
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1. esazaelasdlen (1) aasl5a WUy 100 WDN YTuas 250 Tadans
< [ a 4
%4 CrCl,- 6H,0 0.1281 51 aza19aen3a luasnanududy 1 uesuoa aull
A aa <3
YS1a35 250 Haaaas vz laasazanelasden (10 looou Wudu 100 DN
2. asazanemasgulasiion (110 losou
a ) v Aa 4 4 <
MlaensazarenasgiudmsuAnTILHA0AT0 atomic absorption 1000 ALDY
Y
41 2.00, 4.00, 6.00, 8.00 az 10.00 HaaansUSulSu1asdlre11 DI auiUSu105 100.00
fiadans 2 1da5uaIgIu 20, 40, 60, 80 1AL 100 AABN AIEIAY
a Yy 9 4
3. asazaenia luaIAtuYL 1 Uo3uea
a 9 9 a aa 9 [y =Y 9 ?a’ =1
a2an3a luas nduduunlszana 140 Hadans udrlsulSuasdlerii DL aud

1331915 2000 Jaaans

3.2 35msnaaog

d 4
1. MIAAENNUMSVD IHE91ngnHN
1.1 MA2INaze1ngnynINa
o 9y [ [ 3’, o 1 dy 9 9 9y
1.2 hgngnaeainude 13w waenniuii llev Taanusudiedouunis
a A A a I =1
FianIUANQUKN Navgl 105 °C 1Jual 120 YN
YA < A 1
1.3 UAgNYNINIHLVINAANAUNDIIADN I
v Y
IQNYNINNQUMYNIAL Tz 8LIa1 ATl
- QUMY 300 °C, 400 °C uaz 500 °C
- szeza1 1 5 1ug, 2 ¥ Tuauas 3 52 1ug
1 I'4 P
1.4 vasmumiue lugh 1a1¥svuna < 300 pm (50 mesh)
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(ppm) (ppm)
1 99.38 0.2516 22.90 22.40 23.90 | 23.40 0.76 75.98 3.02
300 2 99.38 0.2528 20.56 19.96 21.76 | 20.76 0.92 78.62 3.11
3 99.38 0.25 18.73 20.03 18.63 | 19.13 0.78 80.25 3.21
1 99.38 0.2516 8.05 6.95 7.65 7.55 0.56 91.83 3.65
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ANBU 13UAY (ppm) AN 1 AIIN 2 3N 3 B (g)
(ppm)
10 5.221 5.142 5.304 5.222 0.07 4.778 0.4990 0.096
, R 25 11.841 11.611 | RBOY 11.815 0.16 13.185 0.4992 0.264
DIUNTVD
ot 50 21.718 21.899 21.984 21.867 0.11 28.133 0.5039 0.558
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pamsansmmanmdunsa-ua frsnzanvessiumive ludgaingnynaa

1 ~ o = J 4 oA 1
M319 W, 6 Leraaa pH NinzanlunmsgaduTasiion 1) Tosouvesniumive lugh pH a9 9

9y 9 H Y 9 Yy 9
, ANUVUVU ANUTTU NN AB(ppm) ANUVUVU ANUVUVU v

Ysumau oy P P 3 Jouay q

pH U . . . nvaemay S.D Ngngady .
(®) Aasan 1l | a2 | Asan3 M3inva (mg/g)
(ppm) (ppm) (ppm)

2 0.25 100 25.58 24.58 25.68 25.28 1.20 74.72 74.72 2.9
3 0.25 100 23.17 21.97 23.17 2277 0.75 77.23 77.23 3.09
4 0.25 100 19.70 18.30 19.60 19.20 1.35 80.80 80.80 3.23
5 0.25 100 22.18 20.78 22.08 21.68 2.35 78.32 78.32 3.13
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pamsansmmanmdunsa-ua Arsnzanvessuiuiudeingnynag

1 1 @ 1 v o S 1
M319 W, 7 ueraaa pH Manzaulunsgadu Tasien (1) Topouvesniunuiuai pH a9 9

9y 9 Y v ~ A Y 9 Y 9
, CRREGEYRTLY A ufimde(ppm) ANUVNIY ANUVNIY

Ysumau oy . Py 5 LG q

pH AU L. L. 74 Nvaomay S.D Ngnaady .
(2) 59N 1 59N 2 AN 3 N13N19A (mg/g)
(ppm) (ppm) (ppm)

2 0.25 100 22.00 21.00 22.10 21.70 1.50 78.30 78.30 3.13
3 0.25 100 19.60 18.40 19.60 19.20 1.30 80.80 80.80 3.23
4 0.25 100 14.69 13.29 14.59 14.19 1.56 85.81 85.81 3.43
5 0.25 100 19.70 18.30 19.60 19.20 1.75 80.80 80.80 3.23
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v v d [ = v d d o q N d a
wammmmauwuﬁﬂlum‘s@ﬂmujmmﬂu (I1D) "laaamlmmuﬂ1s‘ua"lumn‘u"laiqsmmmmuummmuazﬂguﬂam

o ' s A o A ' o oA A
MININH. 8 Llﬁﬂﬂﬁﬁllﬂiﬂ'l\?“"]11!1@1‘;]5&‘1/]@ﬁJtlaﬂmﬂilm31/\]?1«!@515]5"]]@\1’011!?115“@“1“"]57]@.@1!1’[{]“@”\1”]

QuUHANTIMIMINAARY | ANMINTUITNAY
. C. (mg/L) q. (mg/g) C/q. Log C, Log q,
(O (ppm)
10 5222 0.096 54.542 0.7179 -1.0189
25 11.815 0.264 44.733 1.0724 -0.5782
30 50 21.867 0.558 39.168 1.3398 -0.2531
75 31.218 0.875 35.674 1.4944 -0.0579
100 39.541 1.207 32.746 1.5970 0.0819
v v d U = v v v dw dJ N d a
wavesnNNENWUsIUMsgaduInsdan (1) lesouvessunuiuanulelmmesunuunasdisssazlyundy
@ 1 4 A J a U v o da
M519 w. 9 uaasanlsannen luleTamesunaulissuazyuadyvesaunuiuangun
Qd‘ [ Yy vV Q‘ k4
QaUHARNMMINAGLY | AIMINTUENAY
. C. (mg/L) q. (mg/g) C/q. Log C, Log q,
(O (ppm)
10 5.162 0.097 53.353 0.7128 -1.0144
25 11.888 0.262 45393 1.0751 -0.5819
30 50 21.202 0.575 36.841 1.3264 -0.2400
75 30.347 0.893 33.982 1.4821 -0.0491
100 37.763 1.243 30.374 1.5771 0.0946
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J @ J 14 4
M5 K. 10 wavesvaumaasmsgaduIasdioy (1) Teosusieniumive lugeingnnaalagld pseudo-first order 1Az pseudo-second order

nm e | anudutu anuntutuiimde(ppm) anundudui ardudud | Zosazms
» : 2y L 2 2 4 2 4 .y, - S.D o " q.(mg/g)
(W) MU(g) | BNAU(pPPpm) | ATINT | ATIN2 | ATIN3 | 1HABIRAY(ppm) 2NAAYL ppm fva
3 100 34.49 33.49 34.59 34.19 0.61 65.81 65.81 2.63
6 100 34.56 33.36 34.56 34.16 0.69 65.84 65.84 2.63
9 100 34.02 32.62 33.92 33.52 0.78 66.48 66.48 2.66
12 100 33.53 32.83 33.93 33.43 0.56 66.57 66.57 2.66
15 0.25 100 33.77 32.47 33.87 33.37 0.78 66.63 66.63 2.67
20 100 33.60 32.10 33.60 33.1 0.87 66.9 66.9 2.68
30 100 33.17 32.27 3347 32.97 0.62 67.03 67.03 2.68
40 100 33.11 32.11 33.21 32.81 0.61 67.19 67.19 2.69
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4 o ' v o d
M3 W, 11 wavesvaumaainmsgasy Tasdioy (M) Toseudienunuiudaingnynialasld pseudo-first order 1ag pseudo-second order

=1

nan | Y | anududu anusuduRimde (ppm) A S.D anuauduign | fesazns q.(mg/g)

i) | o | Guduppm) NS Eis Eis aeIRAY(ppm) AATY (ppm) Man
3 100 60.02 58.92 60.22 59.72 0.70 40.28 40.28 3.222
6 100 51.30 50.10 51.60 51 0.79 49 49 3.920
9 100 51.51 5021 51.61 51.11 0.78 48.89 48.89 3911
12 100 50.89 50.09 50.79 50.59 0.44 49.41 49.41 3.953
15 o1 100 51.26 50.16 51.16 50.86 0.61 49.14 49.14 3.931
20 100 51.96 49.66 50.96 50.86 1.15 49.14 49.14 3.931
30 100 51.26 50.36 51.86 51.16 0.75 48.84 48.84 3.907
40 100 50.82 49.52 50.92 50.42 0.78 49.58 49.58 3.966
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J @ [
AN W, 12 WaellfN%ﬁuﬁ’lﬁ@]ﬁﬂ1§ﬂﬂ“ﬁﬂ1ﬂ3lﬁﬂu (IIm) "1@661;9%}38 AN W. 13 Wﬁsll@\‘]ﬂalllﬁ']ﬁﬂgﬂ'lﬁﬂﬂcﬁﬂjﬂﬁlﬁﬂu (IIm) Ulﬂf)@u&')ﬂ

' J 4 1 v o
oumiue lugangnna1eTae1d pseudo-first order uniuANINgNYEN119 1814 pseudo-first order 1Ay

18g pseudo-second order pseudo-second order

1307 q. 1391 q.

i) | (mgle) | qlmg/g) | In(g-q) t/q, W) | (mg/e) | q(mgg) | In(g-q) t/q,
3 2.69 2.63 -2.854 1.14 3 3.97 3.22 -0.291 0.93
6 2.69 2.63 -2.875 2.28 6 3.97 3.92 -2.996 1.53
9 2.69 2.66 -3.480 3.38 9 3.97 3.91 -2.834 2.30
12 2.69 2.66 -3.605 4.51 12 3.97 3.95 -4.063 3.04
15 2.69 2.67 -3.697 5.63 15 3.97 3.93 -3.249 3.82
20 2.69 2.68 -4.269 7.47 20 3.97 3.93 -3.249 5.09
30 2.69 2.68 -4.733 11.19 30 3.97 3.91 -2.768 7.68
40 2.69 2.69 -6.032 14.88 40 3.97 3.97 -5.627 10.08
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3 32 a oAl J 1 4 Jd 1 v o J
M54 K. 14 naaennuamnsn lumsgedn Tasdion (1) Tesoulmhnennmsanszyial cob TasnFsuienszrinnmmive lus omnuiudengnynig

Mz A NTUE NI

XL Y ¥ A L Y o
. ANUVUVU AUV UNLIAD (ppm) AUV VU ANUIVUU
- , Ysmnaew | L . P 3
FUAUDIDIU LUAU nyasinay nYnNAATU 1980y de
(2) 2 > 2 .
(ppm) ATIN 1 AN 2 | ATIN3 (ppm) S.D (ppm) N13IN1IA (mg/g)
aumsve lud 2.50 1000 360.30 359.30 360.40 360.00 1.25 640.00 64.00 2.56
auug 1.25 1000 420.40 419.20 420.40 420.00 0.89 580.00 58.00 4.64
aumTUANIM 7.00 1000 573.50 572.10 573.40 573.00 0.25 427.00 42.70 0.61
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