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##4789116720 : MAJOR INTER - DEPARTMANT OF ENVIRONMENTAL SCIENCE

KEYWORD : ACTIVATED CARBON / CADMIUM / ZINC / COCONUT SHELL / TAMARIND SEED
PASAKORN JAIPRADUBPETCH: CADMIUM AND ZINC REMOVAL IN SYNTHETIC
WASTEWATER BY ACTIVATED CARBON PREPARED FROM COCONUT SHELL AND
TAMARIND SEED. THESIS ADVISOR. : ASSOC, PROF. THARES SRISATIT, Ph.D., 115 pp.

The purpose of this research is to study the adsorption of cadmium and zinc using activated carbon
from coconut shell and tamarind seed. They were prepared by chemical activated processes using sodium
chloride (NaCl).

In the activated carbon preparation process, the results showed that the suitable temperature for
carbonization of the raw material was 400 degree Celsius at 30 minutes, which gave the highest yield a1t 4948 +
5.88% and 50.57 = 3.15% for coconut shell and tamarind seed respectively and suitable temperature for
carbonization and activated of the charcoal material was 800 degree Celsius at 60 minutes. The appropriate
ratio by weight of charcoal material with sodium chloride was 1:2 for both activated carbons, which gave the
highest iodine number at 65} and 609 milligrams of iodine per gram of activated carbon respectively. The
activated carbon from coconut shell and tamarind seed had surface area of 366.68 and 137.05 square meters,
pore volume of 0.17 and 0.27 cubic centimelers, avﬁag: pore size al 14.42 and 19.50 A® respectively. From
adsorptive isotherm test, the results éan be explained by Freundlich isotherm, with adsorptive capacity constant
(K) of cadmium was 6.4912 and 4.2854 milligrams per gram and the value of 1/n was 0,723 and 0.4508 of both
activated carbons respectively. And the adsorptive capagity constants (K) of zinc were 7.6839 and 5.3654
milligrams per gram and the values of 1/ were 0.5451 and 0.4045 of both activated carbons respectively.

In adsorption column test, activated carbon from coconut shell was used in the column at the height
of 90 centimeters and column test was packed sand at the height of 30 centimeters. The results of provided
activated carbon from coconut shell when packed at the height level at 30, 60 and 90 centimeters of column test
show that activated carbon from coconut shell | gram can remove cadmium from indusirial wastewater for
1.784, 1.388 and 1.058 milligrams with 72.23, _56.18 and 42,79 BV and_can treat zinc from the industrial
wastewaler for 1. 785, 1:586 and 1.256 milligrams, with 7223, 6421 and 50,82 BV at 10 milligrams per liter of
cadmium and zinc influent concentration, respectively. Activaled carbon regeneration-studies were by using
hydrochloric acid (5% by weight). It can be obtained from the iodine number at 288 milligrams of iodine per

gram of activated carbon at the first time only.

Field of study . ... Environmental Science ... Student’s signature ?ﬂ ? dlﬁﬂ-m ‘}

Academicyear. . .. .. ... 1 . Advisor's signature. ... 7+ W‘-‘?’"
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091 o A 9 Y A a Aaa a =) 4
Tuindunrumsduliifoa 75 + 25 aaans aulmaeuaisusiua
0.10 +0.01 N5 D19E15aza10a9 1uvIAYSVUSUIAT (volumetric  flask)
a o Y A Y g‘ o Y (a A aa <
vua 1 ans mldRevsdreinauauldlsuias 1,000 Jaaans tny
Y Y
msazaeil I uvady neldedralon 4 Ju nouimsasrvaauny

Y v
INIPNKIRNE]
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2.4 msavanennasgiule TeAu 0.1+ 0.001 Wesia (normal, N)

- Fd'leTodu 12.7 n5u waz Iuaaseulo To laul (K1) 19.1 nSu wanlidn

a A =

[ a 3’ o a <3 1 a g‘
AU UUINAU 2 — 5 Uaaaag ﬂuﬁlﬁjmammazmﬂ Y LOUUTINATUDY

2

a

(ﬂigqazﬂizmm 5 indaans) wunszinaldarsazatelSun 40 Haaans
femsazan13od1aten 4 $2Tus awduszes iiolinilawews
azanerua o1ea1saza1vad luvIalsulsung (volumetric flask) Yu1a 1
a3 Mldseandasihnduan 18U5nas 1,000 1128203 Budisazaeii
1Bluviadan asnaeuanuduvuivasazais Tadenls Tedawla 0.1
N
2.5 Myazaneuile

- aza8uil (soluble starch) 1.0 +0.5 NSU T 5 10 Fadans au

aazanonS oA LA INEUIRLEN 25 « 5 Tiadans maTazatoasly

ol a Y Y 1 qIA A =
Hunea 1 ans uaaduasli@endn 4 - 5 Ui

3. MIATINABUANUYNTUVDITNTaZAY
3.1 MIATINARVANNINTUYIaTazae Tsaen 15 Todamla
TtilagamsazateTuaason loTowa (KI0,) 25 iaaans Taluviagilsuy @y
TiuamaenloTolal (K1) 2.0 = 0.01 n51 wdnuazas dansalalasaassmdutu s

o

Aa aa ] 9 =S 9 = [ zﬂ' =S
Haaaas asluvragdyun uda lamsniuidreasazate Ianden 15 Todama 0.1 N iiloduos
= o A 1 I . g'
miazaw%hﬂumqm%uﬂszmgﬂuﬁmam@au (Glf‘laﬂ\ifgﬂ end point) ﬁﬂﬂu%!ﬁﬂﬂ 2 -3 vgn

I~ = 3’ a 1 (== OV — a =)
msazargvzduanuiau 11%%]31/]@]6%141115%13@11811!1!?{ TuUNnUSunsvesaIsazate lasaawy

y HAq ¥ o d iy S v v a
"lﬂﬂclfmﬂﬁmolﬁlf V]”Iﬂ?iblﬁlﬁi‘ﬂc]f'lﬂﬂﬂlquﬂﬂ 3 A3 ﬂ']uflﬂﬁ/iTﬂjwﬂlmﬂmuﬁqiaga"m}’]ﬂﬂﬂu

15 Todamlalasldgns
N, =(PR)/S
e N, = anududuvosasazarsTafen 15 Todama, wosiia
P =1Suaseansazare Tduaadenlo Townn, aaans
R = anududumsazaeTuaaFon lo Towma, uosiia uas

S =15masmsazare Tmden 15 Tedalanly, Tadans
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3.2 msasvdeuaNuIINIuvesdsazate loTodu
19thilagaasazateloTodn 25 adaas laluviaglyun uda lamsniuiiale
2 o A A 2 =T A
msazate Twdon 15 Todama 0.1 N iWedvesarsazatsloTeAunas sunsznuiludimaes
1 Y= . 09/ I =1 09/ a 1
gou (Inddegaend  point) nomiwil 2 - 3 nea drsazaresziludiniu lamsnaosu
2 o R a = o A9 ¥ o g’ '
msazae lid duiinlsmesvesasazareTandeon s Todaman 1y ¥ims lamsndredig

9
ow 3 A5e Auramanududumsazaie leToduTaoldgns

N, = (SN)/I
A Y v A 7w
e N, = anuutuasazaelelefy, uesia
S =1SinasasazareImaonls losamlanly, iadans
= % o
N, =anudutduvesaisazate lmden 15 lodama, ussia
I =1l5uasasazareleleay, Jaaans

ad a o
4. 39NMIAUATIEH
1 YY) o o a ’q Y =1 1 [ [ [
4.1 VADTUANIUANIZINMTAUATIZH I OLID8A IUDIUFINITOTOURNIUASLATIAN

4 T ] @ J
YUIALUDT 100 LUY blig]) 95 % UATTINITDIDUNIUASLNIIAAVUIALUDT 325 1Y ‘1@91} 60 %

[
~ a

v Y

4.2 houduduaiuands woulaanwisu Nguvgl 145 89 155 essuwaidoa
< o v 2 qvd g ax .
Wunal 3 9 Tue udrnalvioululoganuan (muI5V04 Standard test methods for moisture
in activated carbon, ASTM D 2867)

4.3 Uszanain Todine number ¥BIB1UAIDE W11 1A 112911 carbon dosages

9 ] Y ]

wieAnhinvesnunez 1dlunmsnaaes 3 Animin laeldgasluden 5.2 (mTeaw
1 :’ v @ 1 A o A Y 4 oy o Ao Y
anlszananimiindaednaluasied o, 1) Feownevuiawdimuiminidaaldlueia
sUFu YA 250 Haaans

4.4 Mula 5% drsazaronsa lalasaaosn 1wy 10 Haaans asluvaagilsuyua

] 4 4
az 1y Payn wdnng e lid1egwileniia llarh uaaihldwu hot plate’ Tudaaniu 14
] A L9y a ' al A A ' o %

anuieuveunarlumsuzinon nelimoanolszuia 30 =2 Jui tie lagaes 1u

A

9 9
@ 1 [V LY o w 1 a <
AIDYN UAIINUUUINIDYNODN ué’amﬁlﬁ’wuﬁmﬁqqmmmﬁ’m

QU

4.5 MalaensazateloTofu 0.1 N §1uau 100 Hadaas asluviagdyuy Jagnuia

L=

I [ < a a ] o
NUN uﬁﬁmamammgﬂunm 30+ 1310 L‘]Jﬂﬂﬂ LL%’Jﬂi@Qﬁ?ﬁagﬁTGWTUﬂ§$ﬂ1Bﬂ3@\1W‘U

NV 42
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4.6 Inlaesazatenniosla 50 iadans asluaiagdvuy lamsnaisazarsaae
= o o 3 =l A J a oy
asazare Tadeuls Tedama 0.1 N aunseneansazaeiludimasssou auasazatei

ufleaslyl 2 Haddasuda lawmsnae wunsensarsazareluviagdauy 1Sa duindSunas

myazane Imaonls Tedamanly

5. MSATUIU

5.1 M3AUIUNIA Todine number 14gas

XM = [A - (DF) (B) (S)] /M
Tagfi
XM = Todine adsorption per gram of carbon (mg/g)
A = (N,) (12693.0) - - - - N, = anudiudu'lo Todu (N)
B = (N)(126.93)-=--- N, = A7ududiu Na,8,0, (N)
DF = dilution factor = (100 + 10) /50 =2.2
S = US1nA5u04 Na,S,0, 114 (fHaddns)
M = smringae6 (N3)

5.2 MIAUINN carbon dosages Gl‘%}qsﬁli

M = [A —(DF) (C) (126.93) (50)] / E

=).

Tag

Y
= WINUNUDIDIU (ATN)

A = (N,) (12693.0)
DF = dilution factor
C = residue iodine
E = f1 iodine number lag1lszuas

A1 carbon dosages 3 A1 vzA1uIn Tae14an C Falaesialilae1d 0.01, 0.02 waz 0.03
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FIND M FOR CALCULATE IODINE NUMBER BY USING ASTM D4607
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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 0.3091
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ada r.'ng d'na o gz J v w
HNANUIN V IFTAUATITHNHNAIDUNIENIKHAVDIDTUNNNUA

Y 9
J A

ada ia o % 1 YY) 4 .
’J%’Jmi1$W‘W‘LlﬁN’Ji]1lW1$1/]\11’iiJﬂﬂJ’fJ\iﬂ'lHﬂ3J3JUﬁ (Standard test method for specific

surface area of carbon or graphite, ASTM C 819 - 77)

ama :(di’ Aa o qa.z‘ 1 v o o’dy I axn
AFUATIZHNUNAITUNIENIHUAVBIDIUN NN UAT 1T UITUO9 Brunauer, Emmett

A

1 E4 9
and Teller method %30 BET method #33501dnann13ueInIsgadamiuiduien

a A (4

(momolayer) N1 YALADAUNA (-195.8 DIAUFAITOA) UUAIHTIUDIDIUN NI UA 15

Q

4
~

a I w
AUATICHUAN

A A
1. 13934
o’dy Aa

- IR309UATIZHNUNHITU ASAP 2000 Y9IUTHN Micromeritics

A a J 9 13
- IsesneNNARes wiau lUsunsuR LI

- viaeald@nl0d19

2. MIATIUAIDY
Y 1 1 v @ o v 1 [
- Glcj’)'}@]’lﬂleQWHﬂlllluﬁﬁ‘]Jﬂi]uiﬂuN1uﬁ¥I$LLﬂNﬂlu1ﬂ 8 1Y uazﬁ’naguumuﬂﬁ
£ ~ 9 =1 v a A
VUIA 30 LYY GBQOTHT]%@%SN“UM”I@?%“WJN 0.59 —2.38 Yaalunsg
o 1 Yy 9 A =
- GU@’JGEJ”NGl‘ViLMQ‘I/I 150 DAY ALBYET
M . R g} @ 1o 1 Y = = a o oA
- %QLLﬂ%UH‘VIﬂHWﬁuﬂﬂlﬂﬂﬁaﬂﬂiﬁﬁ’mEIN “lwamaﬂﬂmwﬂuﬂumgmum 4

[ INY v Yy g’ 9] [
- ladredeatluvasa laldhmidndseuna 0.3 - 0.5 nSu

v
= 1 a a

M 1 ! [ % 4 $
- aildd e Twanadwileuneguurinuduiug (Outgas) Ngungil 150

U U

asesaisea nieldanusuaanne

QA9 9

v Y ¥ Y
- Fuiminvesiotatazasalddied1d e lEnsimiinue 1§ 19819Ma

[ Y
outgas 10 19N 1WIMITAUR I 819 (W)

Y

a 1 A Aa
3. NTAATIEUATNUNND

o [ [ 1y P QEJI
- mwuﬂmmwuanwmﬁﬁuqa (P/Po) M¥iuA 10 A

Yy

- mluTasnuilseineengou Galinuusgnssooas 99.5 IUNTLNIAIM

v o o Ja A 1o Ao o R a Y A 9
AUTUNANTNNNIZTUAATENINUNNINUA ‘ULWIﬂﬂﬁﬂJ"l@li‘U’fNﬂW“]flluiﬁilﬂuﬂcl%
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4. MIAIUIV

k4 v 9
ﬂ"liﬁ"lﬁl!ﬁﬁ’)%LW?%ﬁ\iﬁNﬂ

]
1A

- ﬁ?ﬂ"lﬂllﬁﬂWﬂﬂWifimﬁ'131;?(3\!16'%1']\‘]ﬂ311/‘lﬂ3'mﬁhﬁuﬁigﬁj1ﬁllﬂuﬁ1ﬂ Ao AW

v
(% [ o =

o o A a 1 o A
AUTUNND (P/PO) LOUANIRIN AD ‘1J51111;11‘11’eNﬂw”luimmumaﬂﬂﬂ%ummm

U Rl

@ [R-% [

AuFuRNTS lumouwed [W (P/Po) — 1] — 1 vz ldiduanuduiusishuduasani

e

]
[

4 Y
ANUFUIIAY S JARADULNUAININ AD T A saRIUNUNR (S,,,) Taaail
Sy (INNATADNT)= NA_/[(S+) X (MW)]

Tas N = raven1amIas (6.02 X 1023 Turanaso 1ua)
dy ~ Y o

= wWunuihaavesluanalulasau
(16.2 M3 NOITATON)

Y
MW = winluanaves TuTasou
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as a a a
ManuINn A Ismritlelamenmsganaimuunyuady

9 a A a a [
%Tﬂfﬂi‘ﬂﬂﬁ'ﬂ\ii]gelalfﬁllﬂ1§ﬂ15@ﬂ@]ﬂﬂ3!£ﬂﬂ7\|§uﬂﬁﬂf 1uﬂ156ﬁﬂ18ﬂ15@ﬂ‘5]§°ﬂﬁ15
dy 9 1 v @ S & 1 a a a I ~ o
ﬂulﬂ'ﬁ]uﬂ’JUOWHﬂhi\luﬂ “1N‘W‘U’N’ﬁ'iJﬂ15ﬂ1iﬂﬂﬂﬂW’JLLUU‘V\lzuﬂﬁﬂf L‘]JuﬁiJﬂ'li‘Vll,WiﬂgﬁiJﬂ‘]J
o Yy 1 v o J Y a Aa a £ Ao dy = o
N1IYAFUAIYDTUNUNUA Iﬂﬂhlﬂllﬁﬂ\‘li‘ﬁJﬂﬁﬂﬁ@‘@ﬂﬂﬂ’umﬂwiqL!ﬂﬁ“]f FINAIU (INTUIANA

a 4
ganan Ty, 2546)

X /m=KC""

[

d‘ a & = =) (4 = d' a A J [
Tagh X = dsmavesmstuileu (uaailsunsodenz @) Ngnaady (Hadnsuneniw)

FLMIN (C, = CV
Y
o Y 1 v o J o
m  =winvesemnuiua (n5u)
9 Y
c, =anuanduvesastwilouluinii (ladansunoans)
9 Y
C, =anutuduvesaistuiloulutiesn (@aaniudodns)
a oy = a
v =dsmasveaiude (@a9)
Y { Jd A a o 1A
C =anudutuvesnignazatgluaisazals Nannzduaad (Jaansuaoans
A 1A
%30 Tuanans)

K, I/n = A1A3NU8anIzganaid
[ | ad o
AIDEIIBNMIIAIUIN
d' d’ = aooa a U [ % 4
151N 412 Tuuni 4 lumseneionsnavesdsuiao 1 unuiuan

9 [ a a = g’ a o x/h‘lQ/ [V dy
ﬂﬁa’llIgWiiTlﬁﬂﬂ'li%@ﬂﬂN'J"llf]\‘il,lﬂﬂlilﬂNiuuTlﬁﬂﬁﬂLﬂi’mW ANAANIU

M50 A.1 MINAFOUNMIAAAARIUAATIBNUB DAL UG

amudadve wnadiaudivde
simsingu ("N (HaanSuneans)

1 2 3 e

0 7.523 7.342 7.428 7.431

0.01 6.876 6.754 6.964 6.865

0.02 6.476 6.554 6.564 6.531

0.04 5.857 5.678 5.642 5.726

0.1 4.257 4.375 4.273 4.302

0.2 1.968 2.647 2.728 2.448
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Tdaumsmsgafdaruuudiuady 1Inaums

X /m=KCY"

~ a = A = T o
INAITNN A.1 Usuauaadonnmias 9Ny
=7431mgx100mLx 1L

L 1000 mL

9
v @ o o

wiudimindwaadumsmsgaaaruusuaarez 14 deansei a2

M131eh 1.2 M3fIunsgaanfIunalouyeInIUANTLA

3 ANMANTUUDS :
o Al = = = =
MIHUNIY, E A 4 USnamaaiiauiman X (mg) X/m
. uAAINENTITIae
m (NTN) Y & i C, (mg) (C,-C) (mg/g)
(3iaansuAvans)

0 7.431 0.743 (C) - -
0.01 6.865 0.686 0.057 5.663
0.02 6.531 0.653 0.090 4.498
0.04 5.726 0.573 0.171 4.263
0.1 4.302 0.430 0.313 3.129
0.2 2.448 0.245 0.498 2.492

) A

o I 1 a
udniveyavnnaisian ldunansivlasuuasiil log Taelvunu x iualsuna

K1)

a o o/

= A A a I~ 1 a =] ~ A Aa o
uaaenan @aaniy) tazuny y 1uar xm Smaves uaailisungngadi, Jadnsy
1 1 8 { g
aonsu) Fez Iaidunsmiduduass
a A a A U [ 4 1 a 1 {
Tagilszansamlumsgadnriuesaiunuiuauaazsiia asnldnnei K uaz
a9y a A < o IS o
I/n Alavnaumsiguady Taodi log K ugadaunuy uaz 1n iuanuduvesauns
Y Aaan o Y A a A
1duasalaslaTMIMUIUNNAUMIITUATIAD y = a + bx LAZINAUMINTUATTY AD log
1 A 1
X/M = logK + (1/n)log C 1418 logC 1Ay 1 HadnSuneans 9214 a = logk fariu K = 10° 1ile

11181 a ag b vwnuluaumsazld K = 10' uag b= 1/n
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MaRuIN 9 JUmsnaasdludies Uginams

P Y 1
’g"‘ﬂ“l’l 3.1 NEAUENININDUIN

A 9 [ A a ~ < ~
sUn 3.2 NZATUENINMIUAUNINYUVIHY 400 23BN Wuan 30 4N

U
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A < 1
Eﬂ‘ﬂ 1.3 IUAANSVINNDULN

A <] @ A a = < =
?l‘]J“VI 1.4 WanNZ VTN AINTNYU Y 400 D9 Ao 1UIa1 30 WIN
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