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Research title: Activated carbon production from moldy damaged tamarind-pod for

commercial utilization
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University: Phetchabun Rajabhat University
Year: 2012
ABSTRACT

This research studied the production of activated carbon derived from tamarind pods damaged
by mold to use for commercial. Folk wisdom kiln which composed of the fuel tank size of 200 liters was
used in this research. From the study, it was found that optimal conditions for charcoal carbonization of
the tamarind pod is 400 °C for 4 hours. The optimal condition for burning to activation is 600 °C for 1-2
hours and substances that stimulate the activated carbon with have more iodine adsorption value are
phosphoric acid (H,PO,) followed by distillation water (H,0) potassium hydroxide (KOH) and zinc
chloride (ZnCl,) solutions, respectively. From properties investigation of the activated carbon, it found
that it has specific surface area in the range. 851.58-910.31 m’/ g (BET Theory), a pore volume 2.24-2.32
cm3/g with an average pore radius of 50.90 to 52.53 A, iodine number is in the range of 613-655 mg /g,
phenols adsorption approximately 61-83%, and no metals Fe, Mn, Pb and Cd residues in the activated
carbon. From adsorption properties analysis of the activated carbon was found that at pH 6.0, the
adsorption Cu’’ has the best and the Langmuir constant (k) equal to 0.752 of the study. Acetic acid
adsorption investigated by the Langmuir isotherm and the Freundlich isotherm show monolayer
adsorption isotherm and the activated carbon can adsorbs the acetic acid well and strength. In addition,
leaching of the activated carbon which has adsorbed metals Fe, Mn, Pb and Cd can be made by using
acid solution but these metals come off a little. Study on production of activated carbon in small and
medium enterprise (SMEs) scale by using the kiln with the production conditions as mention above,
found that production cost is 145 baht/kg to produce activated carbon which has iodine number equal to
624 mg/g, the moisture content in the range 6.8 to 7.5%, ash content in the range 6.5 to 7.3%, and
apparent density 0.42 g/cm3, which is based on the industrial standard of activated carbon product (900-
2457). Furthermore utilization of the activated carbon as filter material in a small water filter use for
water hardness and heavy metals treatment found that the activated carbon can reduce both of water
hardness and heavy metals. By effectively reducing the amount of hardness and heavy metals in the

water as well as with commercial grade activated carbon that can be purchased in general market.
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Im1annisnasgu ¥ dsinaspuanuasalumsgaduiueaminy 213.26 mg/gGAC
1T W ] 4 Y] 1w
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mummuﬁﬂzGmﬂamzaznmﬂﬂmuazmuﬂixﬁﬂﬁﬂMMﬂﬁmmmsaumsﬂﬂqwu
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Zhang, H., Yang,Y.llagYang, L., (2010) DUNUNUATIAToNNVa0e 1A 19 zine chloride
I~ @ A Aa { 1 ] Aa o @ (] a =Y
Wudnszdu TFmskaafiuana1eny waveansIinesae 05 1aIU gurgl taza guaula
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a a J @ 1 Y A { a 33|
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AEMIA UMDY

A A d =
3.1 1NT93N0 qﬂn‘sm Hasantny

A A ¢
3.1.1 !ﬂif’)ﬁﬂf’)!lﬁgﬁ)‘ﬂﬂﬁm

A A P X o d'
Lﬂi@ﬂﬂ@tlﬁ%@‘ﬂﬂimﬂi%ﬂluﬂ?i“ﬂﬂﬁ@\i UAEANANAN13197 3.1

a A oA SAq Y
MINNN 3.1 Lﬂi@\mﬂllagf’]‘ﬂﬂﬁﬂlﬂﬂl%{luﬂ'ﬁﬂﬂﬁ@ﬂ

d' A d v Av Y a
1ne9ieNazglnIas U Y3HNgwan
gI-ddiiaan)nIns T Talimes Simadzu
UV-1700
(UV-VIS spectrophotometer) Japan
NADIYANITAIDIANATOULLLABINT A JEOL
JSM-6335F
(Scanning Electron Microscope, SEM ) Japan
insoiafioy EUTECH
GC700
(pH meter) Singapore
(MRS Memmert
UMS500
(Hot air oven) Germany
& v Y =
mi’eﬂwmmi’auuazmgunﬂu Cole-Parmer
4658
(Hotplate & Stirrer) USA
v FJ
IN3IAATILH LA MAL NN Quantachrome
Autosorb 1 MP
(Surface area & Pore size Analyzer by Gas sorption) USA
N UNANT Carbolite
CWF13/13
(Furnace) England
FZ v
91913 oUIaIATOAUVE Memmert
WB22
(Water & Shaker bath) Germany
1nTPUATUUVURANAA Thaiarsaco
Home made
(Ball-mill machine) Thailand
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M9 3.2 msninlglunanaaos

= = AV Y a
ARIREY qmmu MW (g/mol) 51019 TJTHTIQW@VI
nsa lalasnaosn 37% (v/v) Merck,
HCl1 36.46 AR
(Hydrochloric acid) Germany
nsanedanasn Carlo Erba
H,PO, 98.00 AR
(ortho-Phosphoric acid 85%) Italy
Tnunengen laason loa Merck,
KOH 56.11 AR
(Potassium hydroxide) Germany
loToRu Fluka
I 25381 AR
(Todine) Switzerland
Tasaen 15 Todamla Carlo Erba,
Na,$,0, 158.11 AR
(Sodium thiosulfate) Italy
Aa 7 o .
FAna0 159 Sigma,
ZnCl, 136.29 AR
(Zinc chloride) USA
Tadenlansonlad Carlo Erba,
NaOH 40.00 Lab
(Sodium hydroxide) Italy
Tnunaden lo Towan Fisher,
KIO, 214.00 AR
(Potassium iodate) USA
laasdudama Merck,
(NH,),H,S0, 130 AR
(Hydrazine sulfate) Germany
Tnunanaen 1usiue Merck,
KBrO, 167.01 AR
(Potassium bromate) Germany
Yuoa Sigma
CH,O 94.11 AR
(Phenol) USA
NIAOZFAN Fluka
CH,COOH 60.05 AR .
(Acetic acid) Switzerland
aeliles lunsaloslansa Fluka
Cu(NO,),.3H,0 241.60 AR .
(Copper nitrate trihydrate) Switzerland
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e lanusuivaunaseg udnir il ldaudn Blumsuzitlaaiin iomsomnir 1 15auee 14

3.2.2 MsAssNasazag

3.2.2.1 asazane Masgunetnled lumsa anududu 1 gL

v Y [ Y v
9 Cu(NO,), M1in 1.9010 n5u Tdnshwminfinsiueu azaredrerinau
15171910 1000U (Deionized distillation water, DI) a18ad1uv201Tu1059119 500 ml 1d21/5D

v v
Ysmasderhinaudsmainlessusuds@alsinas oz 1desazareuasgiu cu™

3.2.2.2 asazangiluea ANNYNYY 1,000 mg/L

Farluoaniin 0.50 n3u @uweamaiviesanududu 0.073 Tuars aqldiias

Y v
Yooz 100 Haaans wisuduniuldiusaazars anmilumasazaten laasldluwuia
USuasvuia 500 Haaans udr1UsuilSasdremsazareomarivhesaadudu 0.073

4 a
Tuans audsdaueniiuiag

3223 arazaelwaonlaason lsaanududy 5-20 %

M) a S W o o ] S 9
%Qicﬁlﬂﬂﬂqaﬂﬁﬂﬂq%ﬂwuﬂ 5, 10, 15 11ag 20 g mﬂuum"lﬂazmﬂmamﬂauﬂlu
Y v
ﬂlﬂﬂﬂill'mislllnﬂ 100 ml 511!'31! 4 979 @]']Né']ﬁ‘i_l Llél'lﬂ%ﬂﬂiﬂ?ﬂiﬁﬂﬂﬁ?ﬂﬁuium’lﬂﬂﬁ1]1@5“91?13

=KX A a
VInUDUAlsIag

3224 msazmenialalasnansnanududy 5-20 %

Unlansa'lalasaaoTndudu (37%) Usuas 13.5, 27.1, 40.5 g 54.1 ml a4
I Y v
Tuvaalsuiasvuia 100 m AusspinauAvediuudrsiuiu 4 vaa awdidu ndanlsy
Y v
USasareinduaudavlalsuins mendemswelifiiduae ldasazarensalalasnasn

ANTUTY 5, 10, 15, 1AZ 20 % MUEIAL
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322.5 sazae 1 loAuaNudutu 0.025 N

Q'J % 4
¥1'loToAulszuna 3.1750 sy uaz Tnunadeu'lo To'ladilszauna 4.7750
] (] a 4 A aa Y Y o A g 3 a gl o a
a5y laasludinmosvuia 250 Haaaas maulidnsuluaa it uveawde wuiinduas ldluin
4 a aa o < : .
nesdszina 100 Haaans udrhluauldvesudsazaneTasldinsesniuarsazas (magnetic
. < 1 Y o A Y ' ' = 2,'
stirrer) 11 UNA10619108 4 2 T e 1% lan le Teduazaevua amiumasazaigasluvia
a a % a @ L4 a
Usuasvuia 1 aas udrsulsuasdremsazaretinivos oy 7 audavavenilsuias udim

asazamen lgnu 1Al uaadan

322.6 msazme @y ls Todama anududu 0.025 N

waTanon s Todamamuas laiasa (Na,S,0,.5H,0) Wiiniszuia 6.205
[ 9 [ a 4 Aa aa ns.t' a oy o'/ d' A a Aaa
nsu udanldasl)ludninesvuia 250 faddas vmiu@uiihnauifonlszuna 100 Hadans
1 a J [ 4 (%
Tdunaudrauldazaendudu Tndoun1sveia (Na,Co,) Uszuim 0.03 n5u 1ivotloanunis
[ = 1Y d’ A A o n:; 9 a
ameived laden 15 Todamaiiiosninuuaiife Wiarsazaren lamasluvialiinasvuia 1
a Y a oy o'/ [ a 2K A a n’.t' dy = a
dns udaamhnaulSulsmesaudaliavenilsuas aniumeasazaetiasluviadauazilarh

a <3 I 1 o [ o
Tatannu 1Adlunaiediaios 4 Su newriunldau

3.2.2.7 esazae lnunadeu 1o Towma Aty 0.025 N

a

1 Tnuneangon loToran (K10,) mindszanm 1 nsu udnihlounguugi
0 o Y & L g & a o
110 °C w2 $2Tus wdunu 1A TuTagannuau mniuds Tnumadeoulo Toraau 0.8918 N3y n
[ a 4 A Aaa z a oy o a aa 1
Teaqldludnmnesvuna 250 Taaans andudutiinaudsesua 100 Jaaans ldunaudiauld
° Y a a y a & 4 o A = ~
azane e sazaen lamasluvialsuasvuig 1 ans uduauminaulsulsuasaudadaven

Y Y
USas nndumansazaneifu 3 luvradswaztlarh ¥ ein

3.2.2.8 tsazmeveamuatiniosfies 7.0 Anududu 0.73 Tuany

v Y v
Falwunatden lalaTasuroaina 69.32 nsy azareluiitnau 350
Aa Aaa [ I~ 1 o 4
Haaans USuanuilunsaandrsasazane InunaFonlaasen lodanududu 1 Tuars au'ld
I [ [ a A 9 ] a 9 oy o =
AuAlUNIA-A19 1IMND 6.50 madluvialsuasvuia 1 aas udrlsudsuasaieritnauauna

VAU5U195

3.2.2.9 A1502A19NTA IUATNTUTY 1%

tlansaluasndudu (conc. HNO,) 11 1 Taddas Tdasluvinilsuias

9 v
Y9 100 Haaans wuthnauanaadalsunag ﬂz"lé’fﬁ”lsazawmﬂ”lumﬂmmg%’u%’u 1%



38

3.2.2.10 miazmﬂmm;@mmﬁ’a

Tnlamsazareuiasgiuaa lunse (lead nitrate standard stock solution)
AMUTYY 1,000 ppm 11UTH105 10.0 Tadans laasluviadTinasvuia 100 dadaas udh
Y Y
mslsulsuasldnsialTinasdreriilsen leesu hale) 12 ldesazarsuinsgiuaalu
Y
IATAANMITNTY 100 ppm 31U URINITTiaasazaroaa lwasaa1ududu 100 ppm
uSu1as 10 Taaaas laasluviallsuas 100 Hadaas udrlsulsasliaaelsunas Taeld
J v Yy 9
Wrdsageinlessn azldarsazaroniasgiviaa luasanarumdudu 10 ppm
MmsmsouasazaronInsgIuagnInLAIT NI 0.50, 1.00, 2.00, 3.00 1ag 4.00 ppm TAsRH
mstilaasazmenInTgIuALN ALY 10 ppm 11 0.50, 1.00, 2.00, 3.00 1AL 4.00 Hadans
[ a Aa Aaa n’.t' a a Yy 9 =K A a 9
laasdluvinlSuasvuia 10 Tadans nnduaunsa luasaduty 1% udslauenilsuias a2 1a

A1302A0UIATTIUALNINLANUTUIU 0.50, 1.00, 2.00, 3.00 LA 4.00 ppm ATAIA

32.2.11 miazmﬂmmgmgmmﬁﬂu

Tulaasazareunasgruuaadion audutu 1,000 ppm 11151105 10.0
Naaans laasluvindSuasvuia 100 Tadaas udriin1sdsulsuasldaadalsuiasane
o 7 & A ~ Y
aazanetivles e 5.0 ntivulamsazmenasgunaadionauALd U 10 ppm U1 0.40,
0.8, 1.2, 1.6 uaz 2.0 Haaans ladaaluvialSuiasvuia 10 Hadans udrdsvlsuiasdae
@ J =< A a Y = S Yy 9
drsazaretimos ey 5.0 audlialSuas v ldasazaremiasgruuaadisuidinududu

0.40, 0.80, 1.20, 1.60 1@ 2.00 ppm NUNDFNINY 5.0 AWAIAL

3.2.2.12 915aZa18U1A T3 TUNDAULA

Yulamsazaremasgiunetitlos luasa (copper nitrate standard stock
solution) AMUAUTYU 1,000 ppm W115H1AT 10.0 Hadans ldasluvialsuasvuia 100 adans
udwinmslinlnes Wadalsinasdininsminlesey hile) wlddsazaroninsgiu
NOILAIANUTUTY 100 ppm nniuhmsTnlamsazaeaeilos Tumsanndudu 100 ppm
w1313 10 adans laasluvaalsnag 100 daaaas udrsudsunaslineladsunas Taely
vinlsieinlosou v Idensazaieuinsgiuneauasanududu 10 ppm K1n15A3 sudITazAN0
WAsgIUNeIAIitiAuTudL 0,50, 1.00, 2.00, 3.00, 4.00 1Az 6.00 ppm TasRin13Tia
A1302A0UIATTIUNOIAIANUTUTY 10 ppm N1 0.50, 1.00, 2.00, 3.00, 4.00 1Az 6.00 Jadans
TdasluvanlSuiasvina 10 Saaans Mintuduinaulsein loseunazilfufiesvoq

Y a Yy 9 = A a Y Y o
ﬁ1§ﬁ$ﬁ18ﬂﬁﬂﬂﬁﬂqu@§ﬂﬁllﬁlu 1% IUDVAVENYS AT ﬂlﬁﬂJWL’E]GIfWHﬂ‘U 3,4, 51aY 6 AN
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3.2.2.13 @sazaenInI g IUdInz

a a
Ylamsaza1eu1asgIUFIA luaTa (zine nitrate standard stock solution)
AMUTTY 1,000 ppm 11UT11a35 10.0 Tadans laasluviadTinasvuia 100 dadaas udmh
Y Y
[ a a o o a J
mslsulTinasldnstalsuinsdroilnannlessu (1 le) v ldarsazaroniasgruded
9
o o a a o
Twasaanududu 100 ppm  MMiuinstidaasazateded luwasan1adudu 100 ppm
u5u1as 10 Taaaas laasluviallSuas 100 Hadaas udrlsudsasIiaavalsunas Taeld
°y Y a J Y Y o =
Wsireinleoou sz ldarsazaroninsgugen luasaa1ududu 10 ppm 10 151aS o
Aa A Yy 9 o a
1502 ONIATTIUBIA lasaRiaNuudu 0.20, 0.30, 0.40, 0.50 LAz 1.00 ppm IasiIn1stila
Aa a aa 1
A1302A0UIATTIUEIR IUATAATTUTU 10 ppm 17 0.20, 0.30, 0.40, 0.50 1Az 1.00 Jadans ld
a a Aaa ns.t' a a Yy 9 R A a 9
asluviallsuasvuna 10 Jaaaas nnwaunsa luasnvudu 1% sudsdavuenisuias azla

A3araeATTINEIngaNiaNuuU 0.20, 0.30, 0.40, 0.50 1AL 1.00 ppm ANAIA
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4 o 1 @ 1 < H 1
a1y 11 1dlunszasuudniathnnszaoulduswdu i lunomaosmeazalinuas
g 1 o 4 3 1 o o g (% 1 ) 2
Usrenanudu Tagnounsi ldwunaluoiulmidnuzaudusiganan ldimsuanig
A 1 dy = 3 £ 1 o Y I v
uaae lannuarudnasanila noumsui lw il uou
n. MsAnyIgunglimzaud mMsuMsnIonaI
1) 938U S U IUUVNATDITDIANT NI 2.40 (UAT 817 2.40 1UAT
o % 4 [ A < og.l'
2) hidnuzvrnuiugdszmenes laadldlumwsnaunou@uan 91y
Jarhuduemarenav lviadveua
Y 1 1
3) 9@ llwusomasinidua udrnesdunaduesniuie linsiuailn
A 19 ya 9 U a o [ a o a 9 dy a A
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KOH 625.6 633.5
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M5190 4.1 Joyamsgaduves Cu’ vestunuiudnnaIsazals Cu” 7 pH 3 guiwgil 30°C
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o C. q,
1 cla,
(mg/1) (mg/g)
1 0.884 0.290 0.305
2 3.76 0.384 9.78
3 6.41 0.497 12.9
4 9.61 0.553 17.4
5 13.0 0.593 22.0
6 16.5 0.626 26.3
7 20.1 0.639 31.5
8 23.8 0.651 36.5
9 274 0.667 41.1
10 31.3 0.656 47.7

H ) 1 v o 2 { =
M5190 4.12 Joyamsgadves Cu’ vestunuiudnnaIsazals Cu” 7 pH 4 guivgil 30°C

o C. q.
1o cla,
(mg/1) (mg/g)
1 0.59 0.342 1.73
2 2.72 0.529 5.13
3 5.90 0.615 9.60
4 8.85 0.722 12.3
5 12.0 0.809 14.9
6 15.5 0.855 18.1
7 19.1 0.906 21.1
8 23.3 0.892 26.1
9 26.9 0.922 29.2
10 30.9 0.926 334
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o C. q.
1o cla,
(mg/1) (mg/g)
1 0.45 0.340 1.32
2 2.14 0.559 3.82
3 4.39 0.719 6.10
4 7.20 0.830 8.67
5 10.0 0.940 10.6
6 13.0 1.01 12.9
7 17.4 0.974 17.9
8 20.9 1.01 20.6
9 24.2 1.08 22.5
10 27.9 1.08 25.7

H ) U v o 7 { =
M5190 4.14 Joyamsgaduves Cu’ vestunuiudnnaIsazals Cu” 7 pH 6 guivgil 30°C

4 C. 9.
1 cla,
(mg/1) (mg/g)
1 0.113 0.356 0.317
2 0.788 0.664 1.19
3 1.35 0.962 1.41
4 2.70 1.21 2.23
5 3.94 1.45 2.73
6 5.63 1.64 343
7 7.88 1.81 4.36
8 11.3 1.81 6.24
9 13.5 1.90 7.10
10 18.0 1.86 9.67
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