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KEYWORD: ACTIVATED CARBON / PALM SHELL / COCONUT SHELL / TEXTILE MILL
WASTEWATER / HEAVY METAL REMOVAL
SUJANEE KHUYSANGAIM : LEAD AND MERCURY REMOVAL FROM
TEXTILE WASTEWATER BY ACTIVATED CARBON FROM PALM SHELL
AND COCONUT SHELL. THESIS ADVISOR: ASSOC. PROF. THARES
SRISATIT, Ph.D. 160 pp. ISBN 974-03-1140-7

The objective of this research was to compare the lead and mercury removal
efficiency from textile wastewater by activated carbon from palm shell and coconut shell with comercial
activated carbon. Palm shell and coconut shell were activated by sodium chloried. In this research, the
iodine number, physical characteristics, Freundlich adsorption isotherm and column adsorption test were
studied. In column adsorption test, a down-flow 2 c¢m. diameter column with flow 3 1/h were used and
samples at depth of adsorbent 0.30, 0.60, 0.90 and 1.20 m. were observed.

The results that shown the activated carbon from coconut shell had iodine number
532.29 mg/g, surface area 492.4200 mz/g. Freundlich adsorption isotherm test with synthetic
wastewater, can adsorbed lead and mercury 8.37 and 5.52 mg/g. The column test with textile
wastewater, it could adsorbed lead 2.45, 2.57, 2.69 and 2.81 mg/g, and 2.21, 2.45, 2.45 and 2.70 mg/g of
mercury at 30, 60, 90, 120 cm. depth with 9.824 and 9.830 mg/l of lead and mercury influent
concentration. The activated carbon from palm shell, iodine number was 486.45 mg/g, surface area was
385.9073 mz/g. Freundlich adsorption isotherm test with synthetic wastewater, can adsorbed lead and
mercury 2.53 and 1.63 mg/g. It shown the activated carbon prepared by coconut shell was better than
activated carbon prepared by palm shell. To compared with the commercial activated carbon, Freundlich
adsorption isotherm test, can adsorped lead and mercury 50.18 and 19.95-mg/g. The column test with
textile wastewater, it can adsorped lead 3.83, 3.83, 3.75 and 3.88 mg/g, and 3.61, 3.83, 3.61 and 3.72
mg/g of mercury at 30, 60, 90, 120.cm. depth with 9.853 and 9.865 mg/l of lead and mercury influent

concentration.
Inter — department,........ Environmental Seiencs........ccce... Student’s signature
Field of study................. Environmental Sgignge................ Advisor’s signature
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Zinc chloride ZnCl,
Ferric chloride FeCli
Phosphoric acid H,PO,
Potassium sulfide K,S
Potassium thiocyanate KSCN
Calcium chloride CaCl,
Calcium hydroxide Ca(OH),
Nitric acid HNO,
Sodium hydroxide NaOH
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Schematic illustration of the structure of active carbon
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2.3.3 loTmmeumsaadnrauuuwguaay (Freundlich adsorption isotherm)
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Anay 715 | 1,943.22 50.79 | 496.40 | 121.00 | 7.27 | 1,302.95 23.16 | 139.17 20.34
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M3199 2.6 amlsnl¥lunsnaassved Kirubakaran, C.J.

Fanlshrnmn A wga"lﬂcﬁmﬂ
1. WABYAA (d), 1. 0.25 — 0.4, 0.4 — 0.63, 0.63 — 0.8, | 0.25 — 0.4, 0.4 — 0.63, 0.63 — 0.8,
0.8-1.0,1.0—1.2 0.8-1.0,1.0—12
2. quungiimsnszdu (1), °C | 300,400, 500, 600, 700, 800 300, 400, 500, 600, 700, 800
3. 1A MITAY (1), Wi 30, 60, 90, 120, 150, 180 30, 60, 90, 120, 150, 180
4. sazanedi 14 H,PO, / ZnCl, H,PO, / ZnCl,
5.49nA19 Air/N, / CO, Air /N, / CO,

N Kirubakaran, C.J., 1991
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muﬂunuﬂﬂmwmamammﬂm"lﬂ (Calgon Filtrasorb 300) L2 DIUANNUANATYULDI LADN

a =

J v o Ja @ 4 1 A @
I¥nunuiudiwsonaniagdu Ao  nzawensin  lesnnnuniinguantalumseady
M = o N B 3 Y o 1Y 1 =
aziazlsenannaiunuiiug laalumsnaaey laglsogadununuma (column test) 9
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sfuudRiveauRemanii luazdusuiudimionnnnzamendn - 5908mms

voansalunsnaslinineied sl pH PYILNIN2 2.5
FfmsumsfuaNuFuTEETEnITEnINmaNuTNTULazlsnasvesaulu

ﬂaé’uﬁﬁszﬁummqq 30, 60, 90, 120 [EUALNAT dioinlahe Breakthrough Curve vty

1508112 Bed Volume (BV) Taaldaunis

2

BV = T’ (D1).%34.)
d' [ [} J a
Taeh r = SANUDINDANU (FUALNAT)
o 4 a
h = ANVUGIVRINRANT  (IFUAILAT)

Y H
% 3

@ 4 > o a @
UNSANvoIRANYL 1INy 1 FIUANATIZAUNNNGY 30, 60, 90 uaz 120

[

N

1
FUANAT Bed Volume (BV) 92 L@A9AI915199 4.16

M13197 4.16 M3M1UIV Bed Volume N526LANNGIN

3ZAUANNGA Y3mnnsenu (n3u) Bed Volum | Bed Volum
(IFUAINAT) Calgon Filtrasorb 300 MUNMBTUAINNZNZNEI | (auLaaL.) @n9)
30 4375 40.08 94.29 0.094
60 87.50 80.16 188.57 0.189
90 131.25 120.24 282.86 0.283
120 175.00 160.32 377.14 0.377

#1SUMsAII Breakthrough Curve zinuaNududuvesaisasiuazalsondi
maehhmdsiuaesniuda whisu C uazanududiussmsasfuazlsonEudy widy
Co &M AN Breakthrough Curve 5¢%3135 ovazuaamstinineeniuysunsg
veuhmdarmae gl nagnsmsgnIesesnzunInsgeFuAuLT VI Tve I IUANTUA TS

AAFUIVUNG (Bed Volume: BV)

I

=2 a A o 1 v o = 9 o 9
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P o A A L 1 o o ded e
AT WN 4.17 ﬁﬁ1mﬂ3ﬂ?l!ﬁ§iﬂiﬂﬂﬂ%‘ﬂﬂﬂﬂ?ﬂﬂ'ﬁ@ﬂmﬂiﬂﬂﬂ']uﬂﬂuﬂﬂﬂﬂ]]u@:ﬂ 30 IBUALUAT

v Bed Volume Buadaneniiniimde (mg)
f3nash @a3) -
®V) 1) CICo (%) lsen CICo (%)

10 106.38 4238 43.01 5.237 53.09
11 117.02 5.407 54.88 6.534 66.23
12 127.66 6.301 63.95 7.612 77.16
13 138.30 7.010 71.15 8.590 87.08
14 148.94 7.638 77.52 9.421 95.50
15 159.57 8.620 87.49 9.660 97.92
16 170.21 9:409 95.49 9.857 99.92
17 180.85 9.850 99.97

MU0 : AT urnIneiFuAY = 9.853 mg/l anududuveslsenisudn = 9.865 mg/l

~ o A 4 J o Qs Ja a
AN 4.18 ﬂ%‘u'\mﬂﬁﬂ'&!m:‘;’lji'ﬂ'ﬂﬂmﬂ@ﬂlﬂﬂﬁ@ﬂ"lﬁliﬂﬁﬂ'l‘uﬂﬂﬂuﬂﬂﬂ'ﬂllq& 60 IBURINAT

: v Bed Volume Binadanzniinfivide (me/)
3anih @A) -
BV) Az CICo (%) isen C/Co (%)
20 105.82 4532 46.00 4.270 43.28
22 116.40 5.309 53.88 5319 53.92
24 126.98 6.098 61:89 6.246 63.31
26 137.57 6.973 7077 7.189 72.87
28 148.15 7.731 7846 7.865 79.73
30 158.73 8.346 84.71 8.318 84.32
31 164.02 8.771 89.02 8.751 88.71
32 169.31 9.114 92.50 9.207 93.33
33 174.60 9.473 96.14 9.636 97.68
34 179.89 9.846 99.93 9.860 99.95

winomg - anududuyoansaFudu = 9.853 me/! anuuduveatlsonisudy = 9.865 mg/l
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ToATINN 4.19 ﬂ%mmﬂzm!mzﬂ‘m“ﬂ‘nma@mﬂmsg}ﬂﬁﬁﬂﬂﬂamnuuuﬂﬂmmga 90 FEUANAS

v Bed Volume ﬂ‘%mmiamﬁﬁﬂﬁmﬁa {(mg/h)
PSuani @a9) : :
(BV) Az C/Co (%) idsen C/Co (%) |

30 106.01 5.329 54.09 4.129 41.86
32 113.07 5012 60.00 5.028 56.97
34 120.14 6.402 64.98 5.930 60.11
36 127.21 6.815 69.17 6.721 68.13
38 134.28 7.219 73.27 7.366 74.67
46 141.34 7.673 T71.87 8.005 81.15
41 144.88 . 8.073 81.93 8.384 84.69
42 148.41 R.274 83.97 8.649 87.67
43 151.94 8.543 86.70 _ 8.901 90.23
44 155.48 8.817 89.49 9.153 92.78
45 159.01 9.120 92.56 §.397 95.26
46 162.54 9.325 94.64 9.609 97.40
47 166.08 9.549 96.91 9.711 98.44
48 169.61 0.742 98.87- 9.858 99.93
49 173.14 9.809 99.55

50 176.68 9.849 99.96

O winome : anudinduveng s udY = 9.853 mg/

¥y Yy ¥
ANUUNIUUBIUTONITUAY = 9.865 mg/l
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o o A X as i v w  dd )
420 PSamsiauazlsenfimiesinmagadulagd THMEIUANADINGI 120 1HUAKIAT

_. v Bed Volume Banadanywiinfmse (mg)
BHwenh @a9) :
(BV) Az CICo (%) sam C/Co (%)

45 119.36 4398 44,64 4.534 45.96
50 132.63 5478 55.60 7.649 77.54
52 137.93 5.867 5955 |- 8224 83.37
54 143.24 6.235 63.28 8.631 87.49
56 © 148.54 6.553 66.51 8.934 90.56
58 153.85 6.839 69.41 9.167 92.92
60 159.15 7.213 7321 9.341 94.69
61 161.80 7.546 76.59 9483 | 96.13
62 164.46 7.834 79.51 9.637 97.69
63 167.11 8.149 82.71 9.737 98.70
64 169.76 8469 | 8595 9.788 99.22
65 172.41 8.851 89.83 9.831 99.66
65 175.07 9.151 92.88  9.861 199.96
67 17772 9534 96.76
68 180.37 9.743 98.88
69 183.02 9.847 99.94

g : angiduduemeiuTudy = 9.853 mgl arniduduseatlsoniaudn - 9.865 my/l
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9131/ 4.24 89 317 4.27 1AAY Breakthrough Curve Y0IM3sgaduaziazlsoni
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£% v

'5zﬁmfsmqwmﬂaﬁuﬁ 30, 60, 90 (a2 120 3. Tagldauiuiug Faiunz 14 hiszauny
9 30, 60, 90 LAz 120 W, MUNWTUA 1 N5 mmmgﬁcﬁumﬁﬂﬁgmﬁ’u 3.83, 3.83, 3.75
waz 3.88 flaaniy fnaududuuesaziaGudy 9.853 me/l uaziisnsinisiva 3 aas/aw.
MUEAY tazasagadulson 1@ 3.61, 3.83, 3.61 ag 3.72 Haansw fanudud
voulson5udy 9.865 me/l waziieasimalua 3 Gasaw. mudey Fwuhewsuiug
annsagaduazinazdsenls liuandreiumnin

aIngUfi 428 93U 431 naasamduiuTs s LT uve Lz lsen
Tuih flsinasveailumian Bed Volume daiilifiodonmsiinldam nufmslda
vosmuiuTud fianududuaeas s udi 9.853 me/L ﬁizﬁummqq 30, 60, 90 LA 120
FFUANAT UAMNIND 180.85, 179.89, 176.68 Liag 183.02 BV A 1ud19U dhums 1Fnudia
uduveasenisudn 9.865 me/L ‘ﬁizﬁummqq 30, 60, 90 LA 120 LYUALAT UAUNINY
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= o @ 4 A as s v a
A3 4.21 ﬂiﬂ\mﬂzﬂ'«l!!ﬁ'zﬂﬁ’)‘ﬂﬂﬁ’iﬁi’)ﬂ'lﬂﬂ\igﬂ‘ﬁﬂiﬂﬂﬂ1uﬂ1ﬂﬂ¥ﬁ1'ﬂ211“5]'371?’!'31“11\3 30 I UAINAT

v Bed Volame PBualansniniivde (mgh
UFneni @9
BV Az CfCa (%) ison CiCo (%)

3 31.91 7123 7251 7.635 77.67
4 4255 7.948 80.90 8214 83.56
5 53.19 8.616 87.70 8.639 87.88
6 63.83 9.107 92.70 9.017 91.73
7 7447 9.500 96.70 9.368 9530
8 85.11 9.786 99.61 9.713 98.81
9 95.74 9.812 99.88 9.828 9998
10 106.38 97821 99.97

winoimg - arsduuvemziaFudu = 9.824 mgh A aalssmsudu = 9.830 mg/l

A3 4.22 SSnasrianazisenimiennmagedulagsivomazanzninianigs 6 uRng

v Bed Volume PBnalanzniinfimae g/
WEnanh @an
@BV Az CICo (%) dsen CICo (%)

10 52.91 7324 74.55 7.203 73.28
1 58.20 7816 79.56 7.815 79.50
12 63.49 8.133 82.79 8310 84.54
13 68.78 8.408 85.59 8.698 88.48
14 74,07 8.615 87.69 8977 91.32
15 79.37 8.763 89.20 9.186 93.45
16 84.66 8.901 90.60 9357 95.19
17 86.95 9.094 92.57 9.491 96.55
18 95.24 9.237 94.02 9.614 97.80
19 100.53 9532 97.03 9.724 98.92
20 105.82 9.709 98.83 9.823 . 99.93
21 11111 9.817 99.93

WA - A udurenziuFuAY = 9.824 mg/! anudidiuvetTeniSuAu = 9.830 mg/!




= < A & o J ¥y & a
AT N 4.23 ‘l.!‘ailﬂﬂlﬂﬁﬁﬂ']L!a;‘ﬂjii]"ﬂ71lﬁﬁf’)i}]ﬂﬂ'ﬁ@ﬂ"lf‘l.liﬂﬂfﬂHﬂ?ﬂﬂsﬂ'lﬂz“/ﬁ'\?ﬂﬂ'ﬂﬂqﬂ 90 PHURAINAT

v Bed Volume Banadanewiinimde e
1Fnani @as) .
BV) i CICo (%) HELH! CICo (%)

15 53.00 7.214 73.43 7.214 73.39
17 60.07 7135 78.74 7,809 79.44
19 67.14 8.013 81.57 8.221 83.63
21 74.20 8312 8461 8.533 86.81
23 81.27 8.766 89.23 8.815 89.67
25 88.34 3.617 90.77 9.066 9223
26 91 .87 9.134 92.98 9.205 93.64
27 95.41 9253 94.19 9.244 94.04
28 98.94 9.329 0496 | 9.468 96.32
29 102.47 9.403 9571 9.632 97.99
30 106.01 9.481 96,51 9.824 99.94
31 109.54 9624 97.96

32 113.07 9715 98,89

33 116.61 9.819 99.95

veme - aduduveseefasudu = 0824 mgt  anududuvesseniaudu = 9.830 mg)

< 2 pmm— = ' ! v 4 a
A 424 Bunmesiunsdrenfindesinasgadulaamusinnemurni NG 120 1TuaAeT

. Bed Volume Vinadanzyiinfmae (me/h
W @a9)
BV) Az C/Co (%) dsen C/Co (%)

20 53.05 7.120 72.48 7.400 75.28
25 66.31 7.734 78.73 8.041 81.80
30 79.58 8.142 82,88 8.482 86.29
35 92.84 8.428 85,79 8.854 90.07
40 106,10 8.676 88.31 9,278 94.38
41 108.75 8.894 90.53 9.424 95.87
42 111.41 9212 93.77 9.585 97.51
43 114.06 9333 95.00 9.753 99.22

" 44 116.71 9.556 97.27 9.827 99.97
45 119.36 9775 99.50
46 122.02 9.820 99.96

wanamg : anududuvesnsiaEudu = 9.824 mg/l armduduveasemTudi = 9.830 mg/
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FIND M FOR CALCULATE IODINE NUMBER BY USING ASTM D4607-86

M M

E C=0.01 C=0.02 C=0.03 E C=0.01 C=0.02 C=0.03
300 3.766 3.300 2.835 1550 0.729 0.639 0.549
350 3.228 2.829 2.430 1600 0.706 0.619 0.531
400 2.824 2.475 2.126 1650 0.684 0.600 0.515
450 2.510 2.200 1.890 1700 0.664 0.582 0.500
500 2.259 1.980 1.701 1750 0.645 0.566 0.486
550 2.054 1.800 1.546 1800 0.628 0.550 0.472
600 1.883 1.650 1.417 1850 0.610 0.535 0.460
650 1.738 1.523 1.308 1900 0.594 0.521 0.447
700 1.614 1.414 1.215 1950 0.579 0.508 0.436
750 1.506 1.320 1.134 2000 0.565 0.495 0.425
800 1.412 1.237 1.063 2050 0.551 0.483 0.415
850 1.329 1.164 1.000 2100 0.538 0.471 0.405
900 1.255 1.100 0.945 2150 0.525 0.460 0.396
950 1.189 1.042 0.895 2200 0.513 0.450 0.388
1000 1.130 0.990 0.850 2250 0.502 0.440 0.378
1050 1.076 0.943 0.810 2300 0.491 0.430 0.370
1100 1.027 0.900 0.773 2350 0.481 0.421 0.362
1150 0.982 0.861 0.739 2400 0.471 0.412 0.354
1200 0.941 0.825 0.709 2450 0.461 0.404 0.347
1250 0.904 0.792 0.680 2500 0.452 0.396 0.340
1300 0.869 0.761 0.654 2550 0.443 0.388 0.333
1350 0.837 0.733 0.630 2600 0.434 0.381 0.327
1400 0.807 0.707 0.607 2650 0.426 0.374 0.321
1450 0.799 0.683 0.586 2700 0.418 0.367 0.315
1500 0.753 0.666 0.567 2750 0.411 0.360 0.309
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Sieve No. | Opening | Wt. Sieve | Wt Seive + Sample{ WtSieve | % Retained | Cumalative %
Retained Passing
{mm.} (g {g) (@ through sieve
6 3.360 503.4 503.9 0.5 0.20 99.80
10 2.000 480.6 559.8 79.2 31.68 68.12
16 1.190 457.7 567.9 1102 44.08 24.04
20 0.840 423.8 469.7 459 18.36 5.68
30 0.590 4218 4342 124 4.96 0.72
40 0.420 398.2 399.5 1.3 0.52 0.20
50 0.297 377.9 378.1 0.2 0.08 0.12
80 0.177 355.1 355.2 0.1 0.04 0.08
Pan 326.1 326.3 02 0.08
Total 250.0 100.00
100
E
E
E. 10.0
=
5
B LA
1.0
0.1
0.01 0.1 1.0 10.0 100.0

N o ar ¢
31] 9.1 1 Effective Size 10y Uniformity Ceoefficient ¥BIDTUNNUUR

cumulative % passing through sieve
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Sieve No. | Opening | Wt Sieve | WitSeive + Sample} WtSieve | % Retained Cumalative %
Retained Passing
(mm.) ® 1)) (& through sieve
6 3.360 503.4 504.8 1.4 0.56 99.44
10 2.000 480.6 564.3 83.7 3348 65.96
16 1.190 4577 5333 75.6 30.24 35.72
20 0.840 4238 471.9 48.1 15.24 16.48
30 0.590 421.8 -459.3 37.5 15.00 1.48
40 0.420 3982 400.6 2.4 0.96 0.52
50 0.297 377.9 378.4 0.5 0.20 0.32
80 0.177 355.1 355.6 0.5 0.20 0.12
Pan 326.1 3264 0.3 0.12
Total 250.0 100.00
100
E
£
w 10.0
k=]
2
=]
5
“ 10
/
I
0.1
0.01 0.1 1.0 10.0 100.0

cumulative % passing through sieve

E‘IJ 9.2 #1 Effective Size 418z Uniformity Coefficient
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Sieve No. | Opening | Wt. Sieve | Wt Seive + Sample| WtSieve | % Retained | Cumalative %
Retained Passing
(mm.) (2) () (& through sieve
6 3.360 503.4 504.6 12 0.48 99.52
10 2.000 480.6 560.5 79.9 31.96 67.56
16 1.190 457.7 525.5 67.8 27.12 40.44
20 0.840 423.8 470.2 46.4 18.56 21.88
30 0.590 421.8 £/432.5 30.7 12.28 9.60
40 0.420 398.2 416.4 18.2 7.28 2.32
50 0.297 3779 382.6 4.7 1.88 0.44
80 0.177 355.1 3559 0.8 0.32 0.12
Pan 326.1 326.4 0.3 0.12
Total 250.0 100.00
100
E
E
w0 10.0
E
5
&
(2]
2
© 10
s
e
0.1
0.01 0.1 1.0 10.0 100.0

cumulative % passing through sieve
g‘i.' 9.3 f1 Effective Size tag Unifermity Coefficient
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