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Study of Characteristics and Kinetics Adsorption of Dye Solution on

Activated Carbon Prepared by Difference Chemical Activation
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ABSTRACT

The aim of this research was to study characteristics and kinetics adsorption of activated
carbon on using coffee and tea residues as a raw material for preparation of activated carbon. It
was divided into activation by chemical with sodium hydroxide (ACCR-NaOH and ACCTR-NaOH)
and potassium hydroxide (ACCR-KOH and ACTR-KOH). The study of characteristics for the iodine
number showed that the ACCR-KOH had the highest as 789.23 mg/g, followed by ACTR-KOH,
ACCR-NaOH and ACTR-NaOH with iodine number of 769.36, 747.16 and 693.00 mg/g, density as 0.58,
0.63, 0.65 and 0.68, respectively. It was found that the activated carbons
had characteristics according to Thai Industrial Standard (TISI)  900-2004 on powder activated
carbon (PAQ), iodine number >600 mg/g and apparent density 0.20-0.75 g/cmg. The approximate
analysis of the properties revealed that the density depends on the moisture content of
individual activated carbon particle. That is the particles with high moisture have increased
apparent density, high carbon and volatile content, low ash and high small pore. This
specification characterizes the quality of activated carbon in the adsorption applications and
depends on the production method with the conditions used in the production of activated
carbon also. In addition, the kinetic models showed that the corresponding correlation
coefficients values for the pseudo-second order kinetic model were greater than 0.99 for the
above activated carbons. Therefore, the findings indicated the applicability of the pseudo-
second order kinetic model to describe the adsorption process on the both
adsorbents. Accordingly, it was concluded that this study could be applied to effectively

remove the fabric dyeing process.

KEYWORDS: Characteristics, Kinetics Adsorption, Activated Carbon, Dye Solution
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Mdnnduddedls @nsnqual duny uavans,
2560; Prachpreecha, & Prachpreecha, 2017)

M19199 2 HAYDIANILTNTURBNITREIVDINTAATUATAEaN 8 A oulufiaa Bl TUINNULULTIABY
JaurnansueIlfisendusurilaaiioulazdudvastialou

- DUAIEASVRIUY AN RUAIEASVRIU AN
. susuniiaaiiou duAUdaLdlau
. LUNVU g.(exp)
AUDU 2 n - o (Pseudo-first order) (Pseudo-second order)
o o g LUAY (aansy
NUUUA . m o . o ge(cal) g.(cal)
(Haansu  ABN3N) n a o 2 . 2
a (Haansy k, R (Haansy k, R
AOANT) . Y
fAONTU) ADNTU)
0.5 0.00037  0.00021 0.0044 0.8651 0.00022 2253.60 0.9561
1.0 0.00074  0.00036 0.0011 0.9239 0.00037 2126.10 0.9866
ACCR-NaOH
2.0 0.00148  0.00073 0.0006 0.9865 0.00075 1161.70 0.9966
3.0 0.00222 0.00126 0.0004 0.9095 0.00128 740.22 0.9996
0.5 0.00036  0.00022 0.0034 0.9034 0.00018 2749.80 0.9224
ACCRKOH 1.0 0.00072  0.00036 0.0007 0.9403 0.00035 2353.50 0.9954
2.0 0.00145 0.00081 0.0007 0.7676 0.00081 1108.20 0.9983
3.0 0.00218  0.00132 0.0005 0.8821 0.00132 710.10 0.9999
0.5 0.00037  0.00024 0.0049 0.9387 0.00024  2450.90 0.9426
1.0 0.00074  0.00040 0.0008 0.9147  0.00040 2094.00 0.9916
ACTR-NaOH
2.0 0.00148  0.00077 0.0003 0.9169 0.00077 1221.80 0.9995
3.0 0.00222  0.00129 0.0003 0.9191 0.00130 728.14 0.9993
0.5 0.00036  0.00022 0.0051 0.8419 0.00021  2467.90 0.9751
1.0 0.00073  0.00038 0.0015 0.8966  0.00037 19.51 0.9754
ACTR-KOH
2.0 0.00145  0.00083 0.0004 0.7331 0.00087 1148.00 0.9998
3.0 0.00217  0.00131 0.0004 0.8500 0.00130 724.73 0.9998
L4 % o klt
ﬁ]aumamwaﬂﬂﬁ@muimLLU‘U%Wam (08 (Go, op — Gt ) = 08 Goy 1 pow (1)

1 2 uUU SeguuaNNRg Ut nIEUILNIRA
dunaznisatetiuljizeafiiiisy (pseudo
chemical reaction) uagdnsInsgaduTuogiy
dumislunaieufizevesTangaduiidslsign
ATOUATEY LALLUUTIRRIRAUAIANITDIULNTEN
Fufuvdaaiewfuuvudiassiiuans
PnuduussznineUunaesiagngaduiign
Andu (g) fuszeziIat () veanisgadulag
WARIASANNTS (1)

dlo k, Ao ArAsisns1veUfATerdusunile
wilou Wi ) g, Aerwanansalunisgady
flanzauna Gadniudensy) g, Ae A
arursalunisgaduiiinailag @adndu
donfy)  ilendeyaunaiisnsinszning
log (grg)fut aeldnsmidumss wansdannd
2(n), 3 (n), 4 (n), uay 5(n) AAsTIEMTTIVES

Ufisendusunis ()  mlaannanuduves

N1 62 : '3’156‘1’]iaéﬂ’]ﬂ’]iﬁll’]ﬂmﬁﬂ’]ﬁluﬁg@Mﬁﬂﬂ’n@ﬂ“ﬂuwﬁlﬁﬂizL‘V]ﬂl‘VlEJ (ag@on.)



Wunse dnsuteyarinisifimesnisgady
ansazatddeuiineaisudfinnadudusudy
99 wARFINISNT 2 wasdl A @nd 0.99
(nedA15213Ne 0.8651-0.9865 ACCR-NaOH;
0.7676-0.9403 : ACCR-KOH; 0.9147-0.9387
ACTR-NaOH uag 0.7331-0.8966 : ACTR-KOH)
daudn g, Aldanmsdnn @ () M
aenrdasiuan g, Aldannismaass (g, (exp)
vosyneandudu fadu sauaansveinisgn
FuddonluianalsudnignsuauiuduAfINa
119U FsldaonAaniiuLuudIaesauaIans
vasUfisersusunilaaiiou

LUUTIR89aUAENSURIU AT UMY
aonadiouduuuusiassfiuanainuduiug
seinsUSnamesiigneaduiigngadu (g, ) fu
SYELLIAN (1) FeEUnIs (2)

folen 2
;: kZ (Qe,exp - Qt) (2)

AUNTTHTWAUAUBUUINADIVAUAEARNS

aaa U U = U
YesUfNseounUdDIELBY AIELNTST (3)

t 1 t
==+ (3)
g kGe Qe

0 30 60 90 120 150 180

0.0 . A L A A d 1 (i)
-0.5 1
-1.0 +

+ 0.5 fadnfudafng

-q)

-1.5 4
.20 9
-2.5 1

u 30 fafnfudofns

loglq,

-3.0 1
3.5 1
4.0 1
-4.5

* @
* Een
]

]

(n)

e k, fiB ANAITNENS1VRIUL AT U
goaailou (nSusieliadnsu-u1) Inelertoya

v 1 t U v v
11A519N5INTENING — AU t e nIIWLEUATS
q:

WARSFININT 2 (@), 3 (@), 4 (1), wag 5 (1) e

U < 1 v [ J A
ANMUTULTY — uazaanawny y LUUAIAIN £,
9

dmiudeyalaumansveinsgaduansazated
Fouufiaoaisafiarududubudusiigeg uans
Fanns197l 2 HannAaBsveIAIUBURTUANN
YHUALANIAUADAARBINULUUTIABIIAUPNANS
voUfAzersudvasaailon dafiaaudu
LAUATIINNTIMUUTIABIIAUAIEN VDU ATEN
susunilaaiiou WeRiansandr A~ wuin gand
0.99 n@13Fe ACCR-KOH
anduiug (R) gega wiidu 0.9999 509851 Ao
ACCTR-KOH, ACCR-NaOH taz ACTRNaOH ilf
R winfu 09998, 09996 waz 0.9995 Ay
waedlen . fldain msfwan (g, (cal)
Tndfeaduan g, ildainnmeass (. (exp)
vosynendudu fadu saumaniveinisgn

a0 [} a &
HArgudsedans

Fuddouiiaaisuimenisusuiuiudnnyia
A9ARARRIAULUUIABIIaUAIENTUIULATEN

[ % A
DUAUADILAUDU
600,000 9
.
500,000 o
400,000 9 *
] * 0.5 fafinfusafng
- - .
g 300,000 B 10 fafniurafng
"
200,000 1 ¢ . " 4 20 Tafinfusiadng
100,000 9 n N : n u 3,0 fiadnusodng
. n
0 T T T u T v E (i)
0 30 60 90 120 150 180

()

AN 2 HATRIANNIITURBRAUMARSNIRATUANTaraNedd eI IaRalTAives ACCR-NaOH

' '
v a

YN 9 adun 2 NI - SuAu 2563 Wi 63



(n) wuuTnavsauAIansvaIURzeN

The kinetics plots for the adsorption

DUAUNTLET DU of AC-CRonto resorcinol solution at different
(1) WUUTIABIIAUAIANTTDIULRTEN initial concentrations (n) Pseudo-first-order
dufUaLEaU kA (9) Pseudo-second-order
1] 30 60 90 180 700,000
0.0 4 (umi) 600,000 9 .
-0.5 1 |
1.0 1 ¢ 05 fafinfusadng 500,000 .
CATY ® 10 Gednisods | | | 400,000 1 . .
g 50 - & 2.0 fisfinfudafng g 300,000 1
2 25 x50 fekniusofas 200,000 1 - . . %30 fadinisiodns
jz E 5 *:* 100,000 9 R . n
a0 1 ¢ ¢ . 0 T v i (i)
-4.5 60 90 150 180

MW 3 KareIANUTNTUsRIaUMARSNNSARYUATaYaTeddouTianasaive ACCR-KOH

() WUUTIF0IAUAIANTVDIUATEN

dusUNtaLaEiau

(¥) WUUTIA0IAUAIANSTVDIUATEN
dufuaoalauThe kinetics plots for the

v v

adsorption of AC-CRonto resorcinol solution

at different initial concentrations (1) Pseudo-

first-orderuay (V) Pseudo-second-order

0 30 60 90 180 600,000 7
L
0.0 A (i) 500,000
-0.5
+ 0.5 fafnfudafng

-1.0 4 Sadauisln 400,000 =
- miofsdndeades (] ! e - ..
S s 1.0 fadn¥uviodag ¢ 0.5 dsdnuradng
" A 2.0 findnfudiofing g 300000+ | aaua
o -20 = . = 1.0 UannAa R
= s 3.0 fadnfudafag " .
o ™ 200,000 4 & 2.0 Tadnusiafing

K [ ]

3.0 1 1 1 a m 30 fiadnSirefns

35 = . 100,000 1 R

4.0 ¢ * . n "

as 0 v 1m ()

-5.0 50 100 200

Q) (v)

a Y v s Y a v a ¢
ATNN q Nam@ﬂﬂ')qﬂ\lLﬂmsﬂumaﬂaUanmiﬂfliﬂﬂsﬁuaqﬁa3aq8aﬂaNLﬂJV]aaaL§"ﬂuma\1 ACTR-Na

OH

() LuUTaRAUAIANTYRIULRTEN

dUAUNLLEL DU

() WUUTADsRaUAANTYDIU AT

ARG

The kinetics plots for the adsorption of AC-

CRonto resorcinol solution at different initial

concentrations (n) Pseudo-first-orderiay ()

Pseudo-second-order

W 64 : ’]’1iﬁ'ﬁa“mﬂ’]ﬁﬁll’]ﬂllﬁﬂ’]ﬁuﬁg(ﬂllﬁﬂi&}’]L@ﬂ“U‘uLLﬁﬁﬂiaﬁmﬂlWB (a=an.)




0 30 60 9 120 150 180
0.0 . . . i L Y nm i)
05 1
& |
;L0 *05 fsdinfusodng
o 54 L
“;‘ B 1.0 dRanTeRans
g 20 A 20 TsAndusodns
25 1 w30 infinsimodn
-3.0 9 ; i ! !
35 4 P "
=40 9 . .
-4.5
(n)
o
AN 5

600,000 1 .
500,000 1
400,000 1 S
n + (.5 UaanRIRDAAT
& 300,000 1 * 1.0 fadnTurofns
» 0 4 20 fndntuadins
200,000 1 . R .
1 u 30 fadinfuradns
100,000 9 " A "
A ]
. L
0 T T T T T v o (i)
0 30 60 90 120 150 180
()

HAYDIANHINTURRIAUMARSN1SAAT U TaTanedd oL Tiaasatives ACTR-KOH

(n) wuudnaesvaurmansvosUisenduiunialiou
(v) wWuuTnaeaumansvaslisenduniuassialiou

The kinetics plots for the adsorption of AC-CRonto resorcinol solution at different

initial concentrations (n) Pseudo-first-ordertlay (¥) Pseudo-second-order

[%

d3UNaN133Y
NHaNTIdEaNnsaaguladl
1. paanwaizdzlunisgadulelonu
wazdA1AIUNUIMIEUIING VDY ACCR-NaOH,
ACCR-KOH, ACTR-NaOH ez ACTR-KOH EJEJGL‘H
NUINNTUANILNINTFIURAAINNTIY (HBN.)
2547-900 1394 sufusfudviing nanafe i
lelofutuiues laitdeundt 600 fadnusansy
wazdlArAuvUIRUEUIINg 0.20 89 0.75 Ny
sognulIAflgufilung LilelUIsuliisuadny
aunsatunisgadulelefunserilelenudy
et wui1 ACCR-KOH  denlalafugegaiviniy
789.23 fiadnsuAensy 5898911 Ao ACTR-KOH,
ACCR-NaOH uay  ACTR-NaOH flenleledu
Winflu 769.36, 747.16 Uay 693.00 daaniusie
NSU MNdIU KadATIEandRkUUUTEUN
w1 anusuusuiieSeulagnisnseduma
wdifiumndnefu fenanumuiuiulsingueg
fuanuduveseyniamsueusuiududazain
aqmﬂﬁ'ﬁmme?iyugﬂ%ﬁmmwwmLLu'uUmﬂg

i fimTuouuasUTaETITIMeas Ui
WAuazUTIInTINgUILIALangs AudnYME
FUNZAINAIVIVBNAMUNINVDIANTUBUAUT UG
dmsunmaihluldluniseaduanseneg Snia 84
Juagiutlatedug Heisniaman nsansusly
iy nsnsgduiiielfduanunsagadugetu
wavangldlunsuanensuouiusiud

2. A@uAEnINIIRAduaTazauddau
L71890L5UIV09 ACCRNaOH, ACCRKOH, ACTR-
NaOH
saumaniujiserdudundaaiiounas
wuudtassaumansujisendudvasuaion
WU wuudnaesauransn1sgaduitayani

way ACTRKOH  aSunglnea@enuuinaed

JAUAANTADAAADINUANNTT pseudo-second
= 1 2 1 d! 74
order AT R gIN31 099 Faflpududunse

WNNINENNTS pseudo-first order 3919

nszUIuMIgAduMLAiinldeiurenalnnisga

fudadunisieleunaansseninasgnaadu

¥

wazTanandunsassyiald 35n199aduiila

v o

Uil 9 atiufl 2 nangnau - Surew 2563 uii 65



arursadrlluszendldlunisidnddeuly
AsEUINNSHaudnnlaag1eiiusyansSan

LRIGHLITE

Yaauauuglun1side

1. M3RnwrRaumansnInaduamIarae
dfouiufiaoeLsudsnig ACCR-NaOH, ACCR-KOH,
ACTR-NaOH wagACTR-KOH laglduuudiasg
saumaniufizensusuniaaiounazsudu
dodaiiou MIANNBNTNAVRIRUUNNABNITAN
Fuiinadneg Wiy tilens1uinaves
gaunildenisgaduansaraddouiuiineaisud
MEATSUBUANTUARINET T

2. msiinsAnwUIeueuRudnyMy
Mgy wazdsednsamlunisgadusening
ACCR-NaOH, ACCR-KOH, ACTR-NaOH agACTR-
KOH Aumfusufusiudieienainianvindue
nioarfusuiufudniantsdy iielviiuds
AuaudAnazUszansanlunisgaduiidaiau
11N

LONE15D19D9

a o

Farauauuzlunisiseadesiely

1. asins@neniiniuieatunng
AATILVAMNQUNNAAARNTYDINTAATUAIY
ACCR-NaOH, ACCR-KOH, ACTR-NaOH LazACTR-
KOH iloaSuisdeandsueunialassssuy
mMadsunlamdsnueulnst nsdsuulas
W&19udase nszuarun1sidunduls nas
\ndouiuazmsruiueslulanavewngadulas
gnaaduidudu

2. sfimmiraquideissdiaduq wld
Uszlovdlunisindounisvousudug (e
Uszgnaldlunsidauaansludsuandon

AnAnssuUsENA

Uit dldSunisatuayunisine
T8NUNIINGITYIEYITANG ALHITE
YoUBUNTEAMIN 1 1Tl

s

a a

ININQUAL BUNY, FANT ANY, TUNNIWA Noaias, g3nT1 wMAs, BnSAnA g, tn waniley, uas

9 <3 Y

WNSNT wanilew. (2560). nspeduddensudaiinuuda 5 vuiuiuduannSoundnaurn.

54 a

a

215875 enmanskasinalulad uaneagevasivsd, 19(1), 163-177.

' ¥
faa A

iny ogll. (2558). MIwTeuduiuduANNunEIgnmeawld Tnenisiefududniaaivuuuia.

N5FITINGINENT UNIINENFEYDULNY, 43(4), T88-T98.

g0 Sauitus, wagnilnn Asgu. (2561). Msgaduiiduugmenudududanudendenn. 2795877

URINEIagINEad, 21(2), 51-59.

Y

drinnunnsgundndueignamnssy. (2547). WI9sFINNARIAeIonTIINTIUEIUNULUE. L. 900-

2547, NITNTNYATINNIIU. NTUNN.

dugns W, (2558). msveunudug (RuiASIR 1). iwalan: umine1dewusens.

950u1 Us1ejUIu, vema Us1uefusv, wavaiu 2edwidena. (2561). MIANYIANYMTlanIzUes

AsUBUANTUATIASENINNINYY kasnsldusslogulunsintnunde. 9759753985719 W

A @193 mansuazinalulad, 13 (2), 146-166.

WU 66 : :11551'1ﬁmmaam&mamﬁuqmuﬁﬂmLaﬂmuLLmUszmﬂlwa (ag@on.)



American Society for Testing Materials. (2006). Standard test method for determination of iodine
number of activated carbon D4607-94. Annual Book of ASTM Standard Sec.15, 15(1), D
4607-94.

American Society for Testing Materials. (2012). Standard test method for ash in the analysis
sample of coal and coke from coal. Annual Book of ASTM Standard Sec.5, 5(6),
D3173,3174,3175-11.

Chan, O.S., Cheung, W.H., & Mckay, G. (2012). Single and multicomponent acid dye adsorption
equilibrium studies on tyre demineralised activated carbon. Chemical Engineering
Journal,191, 162-170.

Export-Import Bank of Thailand. (2015). Major change trends in the world coffee market.

Retrieved August 11, 2020, from http//www.exim.go.th/doc/newsCenter/45822.pdf

Foo, K.Y., & Hameed, B.H. (2011). Factors affecting the carbon yield and adsorption capability of
the mangosteen peel activated carbon prepared by microwave assisted K,COs;
activation.Chemical Engineering Journal, 180, 66-74.

Hesas, R. H., Arimi-Niya, A, Wan Daud, W. M. A, & Sahu, J. N. (2013). Preparation and
characterization of activated carbon from apple waste by microwave-assisted
phosphoricacid activation: Application in methylene blue adsorption. BioResource, 8(2),
2950-2966.

Lagergren, S., & Svenska, B.K. (1898). Zur theorie der sogenannten adsorption geloster.
Veterskaps akad Handlingar, 24,1-39.

Li, L., Sun, Z., Li, H., & Keener, T. C. (2012). Effect of activated carbon surface properties on the
adsorption of volatile organic compounds. Journal of the Air & Waste Management
Association, 62(10), 1196-1202.

Microscopic Center. (2018). Scanning electron microscope (SEM). Faculty of Science; Burapha
University .

Mopoung, S., Sirikulkajorn, A., Dummun, D., & Luethanom, P. (2012). Nanocarbonfibril in rice flour
charcoal. International Journal of Physical Sciences, 7(2), 214-221.

Otowa, T., & Tanibata R., Itoh M. (1993). Production and adsorption characteristics of MAXSORB
high-surface area active carbon. Gas Separation & Purification, 7(4), 241-245.

Prachpreecah, O., & Prachpreecha, T. (2017). A study on kinetic adsorption of methyl orange dye
by activated carbon prepared from banana waste. Journal of Industrial Technology,
Ubon RatchathaniRajabhat University, 7(1), 179-196.

Prachpreecha, O., Prachpreecha, T., &/ongchavalitkul, S. (2019). Characterizations and Adsorption
Behaviors of Resorcinol Solution on Activated Carbon Prepared from Coffee and Tea
Residues by Chemical Activation. APHEIT Journal (Science and Technology),8(2), 25-47.

Ui 9 atufl 2 nsnmAw — Funeu 2563 nih 67



