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ACTIVATED CARBON/ ADSORPTION/CARBONIZATION/CHEMICAL ACTIVATION

The preparation and characterization of activated carbon from lignite coal and bagasse by chemical
activation under nitrogen atmosphere in a tubular furnace were studied. The chemical agents used for
activation were zinc chloride and phosphoric acid for lignite coal and bagasse, respectively. The results showed
that properties of prepared activated carbon including percent yield, proximate analysis, specific surface area
and pore volume depended on the type of precursors and activation conditions such as chemical ratio,
temperature and time of activation. Activated carbon from lignite coal gave the highest surface area of 1550
m’/ g when prepared using chemical ratio of 1.5 : 1.0, activation temperature of 600°C and activation time of 60
minutes. For activated carbon from bagasse, the best activation conditions that produced the highest surface
areaof 1575 mz/g were chemical ratio of 1.0 : 1.0 and activation temperature of 400°C for 120 minutes.

In addition, the adsorption of chromium (VI) from aqueous solution by commercial activated carbon
and the prepared activated carbons were also studied. The adsorption was effective at pH of solution lower
than 3.0, with maximum adsorption occurred around pH 2.5 for all types of activated carbon. At relatively
low pH the HCrO,, form of chromium (VI) was a predominant species, which can be effectively adsorbed on
the carbons. The adsorption capacity increased with increasing temperature, indicating that the adsorption of
chromium (VI) on activated carbon was an endothermic process. Langmuir type of adsorption isotherm was
found to fit the adsorption of chromium (VI) on activated carbon reasonably well. This suggests that the
adsorption of chromium (VI) from solution was monolayer type of adsorption. The second-order rate model

appeared to best describe the adsorption kinetics of chromium (VI) from the solution.
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Tastien (Cr)
~ I & A = A dy 1 o dy
TagdioudluTangdananduaziie lueewin Tavzilazaelunsa HCI
wllalasnueenin wazdlildgneimez 1daihveslnsdianas’lsa crcl, uadgneina

a J o aaa v W a 1 o
w1 Tasiinnae’lsa crcl, Tavs Taadioninlgasodudaysnaensldmudedy Aot lign
Y
nuomeeg 1d Tnsiladamla crso, nazdgniveimez laTasindamla Cr,(S0,), Tanziile
o aaa @ o a2 9 9 a A = a 9 9 o Y =
Mlnseny nsadaysndudu nialuainive wie nia luasnidudu sz ld Tangunad
W (Passive)
s a I a 1 1
pon laallsnAavesInslenszidlu cr,0, Hdden ndeIasinaies dedrldun
o’dy ' A o R A 9 09/’ a J Y Y 3 A
noenlwatl daunde lasdadadonlann cro wugneend lagdvemaliilundelns
a Y A Y] 9 o a Jd XK [} 1 = d'dy =
inlade ndelasianudosnnlumsiguamimszd 3elunandduni Tasdenlas
J < aa IR =KX A <3| Y '
ponlwa Cro, huedaneon leaguilundnduawaziuaumgldlidluaswinlaswe wu
K,CrO, (150 K,0 Cr0,) uag laTasma 15u K,Cr,0, (139 K,0 2Cr0,)
Ufd3enveslasiinlesau (Cr')
a 4 v
Td¥asazanelnsinaaelsn CrClL.6H,0 wioldlasuedn K,SO, Cr,(SO,)
A a A A A A A A A
L24H,0 (nde Iasdnenniidiiemsedaisrseduicluasazais)
= 9 [ Y 9 aa A A
1. ensazaneuen Tuile: Tdaznoudnvazadieiu iddereounmsoion
a ¢ J < 74 &
meslnsiinlaasenled Cr(OH), aznouiiazaeldantosluSionuanduuazinne 14
A A 3 o = . y_ 9
msazmﬂﬁmmﬁawwﬂmmﬂamwaﬂcﬂmmmmu (Complex chromeammines) 019U T13

{ < s s
azawliideaz ldazneu cr(Om), msfazldlasilionanaznewilulaasen ludod1aauysal

wAssduansazaelifon uaz Ly NH, dunnmu 'l

CrCl, + 3NH, + 3H,0 — Cr(OH),+ 3NH,CI (A-1)
Cr(OH), + 6NH, — [Cr(NH,)J(OH), (7-2)

Cr,, +3NH, + 3H,0 — Cr(OH),+3NH , (A-3)
Cr(OH), + 6NH3 — [Cr(NH,)]" + 30H (A-4)

Y = 1 4 a J a "y

lumsazaneillooouaelilil: uedaa Mmimsauazsminogdie azilo
AUMIANAZNOUVDI Cr(OH),

s % 1

2. asazawlxden leasenleq: Tdnznou Cr(OH), Faazate ldod193a
< 1 ~ P a 9 a A = 4
S lunsade wazluSewuandurazinniiune sz ldasazaed@dervesTmdon Tns Tua

4

Na[Cr0,] dsazae@dlertidniludnlmidenszuendaisds 14 Cr(OH), nduanaznouoNI
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Cr(OH),+ NaOH « Na[Cr0,] + 2H,0 (A-5)
Cr(OH),+ OH « [CrO,] +2H,0 (A-6)
duay 1,0, adlumsazaroveslwmdonlns ludiive ldesazaedimasaves Inden Insmea

Y (Aaaa J a . .
asvao laglulgnTerves “nsames 1asiin” (Perchromic acid)

2Na[CrO,] + 3H,0,+2NaOH — 2Na,CrO, +4H,0 (A-7)
2[CrO,] +3H,0,+20H — 2[Cr0,]” +4H,0 (A-8)

~ 1Y) A ~ 4 Y
3. mazaeuoy Tuilouda ldanioasazaeladoumsveoa: laaznou
a s & @ Y 1 o 09/
Tasiinlaasonloa Fauenaaeds laeensanysel Tuih
4. msazawlmAsunediasa: liinanznouudinazduasazatsauion
Y o A < A A a ! 4 9 gya ! A A
(Miindpvearaniaz/Miovetozgiiientlusginnwenis Wedn ineauaiuvesezgil oy
I =\ I a =
man uaz Insouszanaznouesnuuiluudnuodnn)
5. esazane ImRenvlomila: Tdaznoudilisrveslnsdiouloma (CrPoO,)

£ ' n o Aa A <
Cﬁﬁﬁ$6181uﬂiﬂllﬁ I,WlhlﬁJﬁgﬁWﬂﬁluﬂiﬂLLfJGﬁ@Iﬂlﬁ]ﬂﬂNlﬁlu

CrCl, +2NaHPO, — CrPO, +3NaCl + NaH,PO, (M-9)
Cr’+2HPO,” — CrPO,+H,PO, (A-10)
o a v Y I A A =}
6. mMInaael lasmsieengayu iy lasme: emuaisazaie lsasy
A a a a o
leason laaninninuneaslumsazaeveunas Insin uduan H,0, 6% 2-3cm’ 1haiazate
9 Y A I = Y a = o Aa v A A
wary lldulmaeadlunar 2-3 ui agldesazaedmassvealasmug MIheonFasudnID
Q o a E4 g < o < )
nisoah laTaomsian Tadoumes lusa NaBO,[4H,0 Fuiluvewisiuawantos udni

T lEdeasunat 2-3 wii

2CrCl, + 3H,0,+ 10NaOH — 2Na,CrO, + 6NaCl + 8H,0 @-11)
NaBO,+H,0 < NaBO,+H,0, (n-12)

20" +3H,0,+ 100H — 2Cr0,” +8H,0 (A-13)
NaBO, + H,0 <« NaBO,+ H,0, (A-14)

o Yo dy
ﬂTﬁmﬂﬁ@UIﬂilNﬁﬂTqﬂﬂﬂu

a a J 3 9 o Y 9y = a
6.1 KUPVALDDNDIDA 2-3 cm LLE‘]'J'VIﬂWL‘]JHﬂiﬂﬂ'JEI H2SO4 [ADIN L@]?JHzoz

3 9 Y ' ya o a o a s A A o
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s A d? [} = = cy a =X 1 < a 4 sy ¥
pon kyanmnavu limdssminEudsaie leg1asiaiEsy Tasinmesoon kydn ldanninaaey
14 dy v A o A o a . .
A28 H,0, 1 UniFeniuInaad “n3ames Insiin” (Perchromic acid)
H,Cr,0,+4H,0, — 2CrO, + 5H,0 (A-15)
24 ' Hp I -
(oyyalaswa [Cro,” ] filloagluasazarenidunsa sznareidueyya laTaswea [Cr,0,7]
2Cr0,”+2H — Cr,0,” + H,0)
o Y I kY aa 9y a = '
62 mmsazarelidunsadiensauedan uduauasazaeuuissunas lia
= ~ Y =S A ~
uazensazane lwRoutodian ldaznoudiassueuizon Inswa (BaCro,)
MINATOUURY
ax U = a d‘i o v = 4
1. Tagdshuau ensiszneuTasieunnytaioieunu IsRoumivema
9 o 9 = a 14 & AA A [}
uduruuninu a2 ld Insleuaanioon lad (Cr,0,) FalidAowas hivaouman
L= YA AAa A 3 a A AAa A 1
2. Tuusngia o2 ladanuadmemalunlateond lagsaazinlasarsa ua
Qddy 1 1 % =)
il lildmsuaasdnya ey
[ = 4 =\ 1
3. Tasmsviasumiadny Ts@eumsuomanas Inunasey g sauumg

Aa o Y = A
AIALUNANUY ﬁ]519ﬁﬁﬁmaﬂﬂﬂl@ﬂllﬂﬁﬂflﬁiﬂﬁlﬂﬂ

Cr,(SO,), + 5Na,CO, + 3KNO, — 2Na,CrO, + 3KNO, + 3Na,8O, + 5CO,  (A-16)
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