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4072359323 : MAJOR CHEMICAL TECHNOLOGY

KEY WORD: ACTIVATED CARBON / SULPRURDIOXIDE ADSORPTION / MICROWAVE ENERGY.
RUNGSAN LAWANNA: PREPARATION OF ACTIVATED CARBON BY REDUCTION OF ‘SO2
ADSORBED ON PALM-CIL CHAR WITH MICROWAVE ENERGY. THESIS ADVISOR: ASSIST.
PROF. THARAPONG ViTiDSANT, Ph.D., 97 pp. ISBN 974-333-519-6.

The preparation of activated carbon from palm-oil shell by activation with microwave energy
was divided to three steps: Carbonization, Sulphur Dioxide adsorplion and Microwave activation. The
firs\ step. carbonization was camied out at 400 % C for 60 minutes. The characteristics of char were %
yield of 31.72, % volatile malter of 18.87+0.14, % ash of 9.89+0.06, % fixed carbon of 69.41+0.09 and
BET surface area of 152+4 m/g.

Sulphur dioxide 2000 ppm. was adsorbed for 420 min. by the prepared char until reaching

the equifibrium at room temperature in reactor diameter 5 cm. and 30 cm. of height.

The activalion with microwave energy was carried out in Pyrex tube (U-shape) reactor,
diameier of 28 mm., length of 1‘:30-mm,\ and height of 100 mm. The reactor was set up in microwave
oven. The sludied variadles were: activation time (range of 30-180 min.), aclivation energy (range of
225-500 watts.), and number of cycles of adsorption and activation from 1 to 4‘times. The optimum
condition from experimenial results were: activation time of 90 min., activation energy of 450 watt., and
second cycle of adsorption and activation. The characteristics of activated carbon produced at the
optimum condition were: iodine adsorption number 1385+11 mg/g., methylene blue adsorplion

number 235+6 mg/g., bulk density 0.659 g/cm”, pH 8.11, BET surface area 1172+49 m’/g.

The advantages of this method for preparaiion of activaled caroon were that Sulphur dioxide
adsorption on char using in the process was supplied from the flue gas in electrical power planl
which used coal as raw material. By microwave energy activation, the SO, adsorbed char or carbon

tums out to have very high surface area.
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d A-Q & 3 a 1 s 1 .—‘J =l Ag ¥
A1l 2.1 wareaguuunin i lunsaiue ludiuiusssuiBuastngninwidoutisle

(Jankowska, 1991)

Final Mechanical | Bluk Rate of oxidation with | Activation energy
carbanization | strength of | density of CO, at 820 °C Of the granules
temperature | the granules | granules glg min)” (kd mol ")

(c) (%) (g cm”)

400 Unstable 0.62 . -

500 727 0.60 - -

600 93.8 0.61 0.00124 212

700 98.0 - 0.85 0.00156 237

800 98.4 0.69 0.00134 256

2.4.1.2 armsliannufeu WuiladsndrdAtymeliuinuazasdlsznauseagnsssme

A - * o 1 L}
Aldannisnislade namnds rdmmnsianiaugalinnuasszveasgnlanydstating

a P . . 0 |ama P rely o .
aFy tuminldaclgnpuanalugy anudasllunmsindffFangsnintusfldannnas

t v ¥ ar -40. . 1 i -ﬁll b % | -9 o N -
WansFeusradnanaindtwszandiidannisanfue ludfngdnsnisisgrumugiigs
s < v <) £ 73 \ ° [ VAP ). ' dl. ° v
miuauasGontussilioudesndy yiAstesadugwmnalug  Waviininsesu

gnnasguazidinivingdfizen e



13

A ar -J i - & g '
ANV 2.2 HRIBIFRINNT AL S pUNTFDaITRTaIA0 TS (Jankowska, 1991)

Heating rate Mechanical strength | Bulk density of Pore volume of granules
( °C min." of granules (%) granules cm’g")
(9 cm’) Total | Micro- | Meso- | Macro-

pores | pores | pores

1 93.0 0.71 0.24 - - -
5 94.0 0.70 0.22 0.12 0.01 0.08
8 941 0.72 0.23 - - -
20 91.5 0.62 028 | - | - -
stepwise growth 60.0 sl o B28 1.09 0.1 0.03 0.95

2.4.1.3 fnantesiiien (Medium of reaction) a:ﬁmammm‘iﬁﬂﬁﬁ?‘m fuRauns
‘lﬂﬁLﬁmT:wmmﬂw‘iﬂa%gnwwaﬂ_niﬂath\mm% DauRafifusonas iy ufelulnsiau
(Lgﬁﬁm'm_lﬁﬁ"ﬁ*mn’mm‘luﬁmmma‘fmu) visautaanmsuniud  dsnaailulaiidann
sl Wi igasisanivnnarmiiiuwsaiuinsiau LLﬁiﬁﬂQ’lJ_J'?iﬂﬂ’ﬂl&ﬂ’l?ﬁﬂ
dffseniudanszeugnia iasannisuniniddaugisaiempuauatmiy del
nazspuiinavinWiutanssauaunsaumsnsiaidin iU lweyniad i flside

TaewialUnsanfueludasiimswlasuuamanenn 2 409 e 9ae8ous (Softening
period) WA 4NvAINNIEAUS (After softening period) Tutiasnissausanasldaniousae
snmnaielfufangaasnaantunneluld lanbissemviandoug fuvesdsgauniu
meluing uaziumTidazuinuasuiadon (Bansel and Coworker ,1988)

242 nimazdfu (Activation) n1enazsfu wnafa mMsinldianfueuvderuaiiiaom
mmm‘luo;]maﬁuqﬁu yatpnaitasnanmsiiniuiitoussmainiiiatumnidanuded
s (R DAyt 2541) TRaTuAnesaInmessuly 3 dnwos An

- P sdfiuiuiinadests (Active surface area) lneniolfjireviaaiiiluluana

. o “a ; 4 4 lx
vuluianaugasanty M ¥findiunideuiagaduaniuiumu
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Sdlunisinanusadlalunisgaduinuiandeduds wunedevinliasnauses
[ & ar o s O é [l 1 » o/ é’
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ﬂ o 7 é ar N
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o L A - J ar e g ' % o N : =
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’ t ' » I - ) A e
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» v
L o ars s o D - . o= B A
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v v v
1B i1dARsaUAINTU 25 AU 1 612 UASTU 2p AU 2 6 uRTHBRARIEUBATZRINGW 2p AN
1 6 (sp® Hybridization) RafAguszuLLENNN (Sigma bond) AuArfususzRanRetiruAta
. | o al‘ =l as a G = AJ 4 1 )
3 Gusiuiglanmaanlussanudaiuuacdifanseudascnivioacinrseguuiacang
d a o M & i i a
Y9930 wWiasaziiawussuLulw (Pi bond) sauaaslugnly 2.1 luigasziisdusaumiu
a daa a o P (Y o 4 o . = =
arlruuAniididnnsaulAfoun (Resonance) Wivalassafisdadanitaauuiuuie
avaslsundin sanwdunsiazasaziiandaiuauisneusiiuusindwinia saisiwnfazi
\ P I o o < ; = - a o o o 1
wrnpanLWBuEaguaauduGasimadugy q etnlilsadey FansFueinludnsosd
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2.4.2.1 Aansedumaiall (Chemical Activation)

Wit nsudntiuiuiue e ligimnssduindiitonadinutenn fuew Sanufeudu
FaiaTion enaitiitend W Bednagla (znCl) uananididiansnddmau q gy
wadannaslsst (Cacl) nsawaavain (H,PO,) ‘?‘J’ﬂr?\'mmmsnﬁzﬁuﬁqﬁiﬁﬁﬁalﬁqm@ﬁw@q
1N (400 - 600 avmAdeg) windeReAsiir1adiinnasluttuinsiuiin iieadanan
wazrnldanglunadreansinilaan SnegtnsnFdideatiuriaRimsiamnsonuniusients
fansen ol |

2.4.2.2 AEMINSZHUVNINIENTN (Physical Activation)
dunssdnduiuluflasfifnvssniewionlasuulamismann . dunsda
Gensialud Foaci Wit fiuanuansalunsgaduget uiainendlunseenilod
Bun ledhdwsdeean ulsanfueulaeenled uasuleeendian Tnsldsaiuauteu
djiseninsziusranaainnisidanuiauniseetinses  wisesdgumnigaania
1,200 seATmTaa usit uiutusnaa Az ianinmindtumeiufuanidlaanis
nazsjuRatiuinesnd o

o J 1 " - L
adeniuasanisnssiudasuiaaandlad Aa (Hassler, 1974)

Py ol ;7 £ & a fai
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gruugRutusiiaUnngen

- 3zazANRNEYN
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ﬁl‘ﬁﬁqiﬂm‘ﬂwﬁoa 800 - 900 BIALTALTEIA waifiiit e goumnfiiangt 600 sernisaiiua

fomuaansnsssiusasutasandladae LillarnadinnAw dadofesioldgumgiigand
NIINTYHUMBAIIAL

nansssiu mfuauazmanasinliizeiuutasaniled iisduwizeenlofussmniuen
UNSDANANRITBIATFLDU LﬁmuﬁﬁiﬁﬂLﬂiumwiqummL:‘J‘mmu‘m?’Lﬂugwm%u'luiﬂwﬁﬂwm
f dursdssneusiagniudIuausan Fafimangasiuszwinamanlunrindehes
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ar [ % g o :.'z P <4 al ") 43
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gatema  nmsnssdudnslavsisaidgunniigmenasinliifiameendladatinemmia i
] - ° 1 [ ar "J A o
himsin 1,000 swsaidur wnzasinWinwmeisinlsdandlunsgaduanss nns
nacsiusaziamfuaulasenlodldganil 800 - 900 samnaaiing dauninszsusiataIne
- °I ’ J i o = [}
gaunniisinngn 600 awradius Wasaannisisniag s iAamam w1y 3ol
fien 4 lunnsnaziu wnzinrauarguum)ilunaiaujisen ldduan
a e o o [ A: | ar b 73 k74 %3 < é
Ujiseeanfindurasnifuentiuegiuamudiviuresiceandlad uazgruunil %
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MANNTT N (1) uaz (2) (Rodriguez - Reinoso and Lanires - Solano, 1965)
C+H,0= H,+CO —(1)
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av vl zufisafuaulasenlesniegasiialfieudeiuiulan
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N : (Ergun et al., 1965)
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C+0,=C0, ——3)
2C+0,= 20 ——(4)
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Suzuki

3NO,+2C=3NO+CO+CO, — (5

4 - < 1 - ] - z . ) A -
MU?L’]NNQ‘LI‘EQO’\H‘M?WU')’WLE‘M']N NO, ﬂﬂﬂ\mﬂ:ﬂﬂﬂﬂkﬂu NO NATUNUNULALLD UMY

geiARFe LRl
2NO,=2NO+0, —(6)

o o ’ 3 < < -
T indsuluiasalidh ibifinm N0 ansufaniliasaniiaonmgaduriuianes

OAUTNT

' 2NO+2C=N,+2CO —___ (7)
2NO+C=N,+C0O, —8)
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2NO +2C0=N,+2C0, ______ (9)
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sz Ignumgigelszina 316 avraiaadulfisendugall
CO,+C = 200——— (10)

Richter _

AnnsifeUitenszundne HNO3 Ausyniavestiusf wuiniisnadlerhAedue
fbulieaiuiunfuemasaanesieiaenn Agnamnligodssnns 350 — 450 2y
waidas vasigomgiiaiuta CO Mntudnies Rdhihauleda dqntoudatudaiuisnn

MAal i niuasializen
4HNO, + 3C = 2H,0 + 2NO + 2NO, + CO, + 2C0 ——— (11)
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QS0 =COpRST T Fo )
2C+80,=2C0 +S — —(13)
. Ui 12 Lﬂu@ﬁ?mmﬂmm’éautﬁmﬁﬂmuqﬁﬁw dnalffendt 13 Whulfise
mﬂmﬁ'u%@uﬁm?{qmugﬁm

#11 : (Kong Y. And Cha. C. Y., 1996)
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2.5 1ASNAFI9SNIUADIDUNNITUA (Structure of Activated carbon )
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N - ] 'Y K4 - ( & ar SV caad <
mnm?ﬁnm‘nm Gergova (1993) WUMDIUNREYNNMTURNTNUNNNUIANEHITNTIALN

o ar <
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A ] & ar o - ] ar - rnj a & - J
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Q

MABRNNISINERM T NTTATU (Gergova, 1993)

AL ' Content of surface functional groups
(mg-eqg )
C-0+0.03 ; O-H +0.05
Apricot stones 4 \aer 0.02
Grape seeds 1.32 ' 2.05
Cherry stones 1.42 1 .90
26 yufimsgedy
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Different types of adsorption isotherms (N, at 77 K) on microporous carbons
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1n: Rodriguez-Rein0so,1965
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2.8 whagaaslnaanlas (sulphur dioxide)
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Physical Contentof SO,

Molecular weight 64.06
Density (g/t) (gas) 2.927 at0:C1 atm
Specific gravity (liq) 1.434at-10C
Molecular volume (ml) (lig) 44
Melting point (C) . -75.64
Boiling point ( C) : _ -10.02
Critical temperature ( C) L1572
Critical pressure (atm) 77.7
Heat of fussion 1.769
Heat of vaporization 5.96
Dielectric constant (E) 13.8at14.5C
Viscosity (dyne sec/cm?) 0.0039at0C
‘Molecular boiling point constant ( C/1000 g) 1.45
Dipole moment (Debye unit) 1.61

A
NV : (WSIOVA B9INEINENT, 2539)
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panlmsvalinaensuls Asnaeumnan 2.5
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Exposure time interval Approximate SO, Coné Approximate SO, Con®
hazardous to human hazrdous to vetable
health(ppm) (ppm)

1hr 0.5 0.8
1 day 0.2 0.3
4 days 0.15 0.2
1 month 0.07 0.09
1 year 0.01 0.01
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CaO(s) + S0, + ¥20,=CaS0, ———— (17) A uu
CaCo, + SO, + ¥20,=CaS0, + CO, (g) —— (18) - dwFuliuu
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Challa, S. Little, W.E. and Cha, C. Y. (1994) ArnsuTRladwaninueasumnd i
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250 + xC =xCO, + 28 ——————(19)
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2NOx + xC = xCO, + N, ——————(20)

s » ( = A ‘1 @ < ar -a,
anmisAnsstn i e g planlndisaninlddmnsni 2.8

P15799 2.6 AN lABLAARINBITIUT TN 7| (Challa,S. Litte, W.E. and Cha, C. Y. ,1994)

Dielectric Properties of Various Types of Char

Char Type Dielectric Constant ~ Skin Depth, (cm.)
Fresh calcined char 10.10-2.45j 1.641
NO, saturated char 10.17-2.13j 1.782
Regenerated Char (4" cycle NO,) 10.64-2.43] ~ 1.668
Regenerated Char (15 cycle NO) 9.23-2.59j 1.617
Sulfur saturated char 9.53-2.60j . 1.613
Regenerated Char (2 cycle SO,) 10.09-3.13] 1.470
Regenerated Char (21 cycle SO,) 9.49-4.55] 1.220

Parisa Monsef-Mirzai, Mythili Ravindran, William R. McWhinnie and Paul Burchill-
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sanlasludunRaieUfiFeadndulintnioeiiu wiamfueulasanlosuazuia
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H
xC + 2NOx = N, + xCO, ——— (21)
xC + NOx = VaN, + xCO ——(22)
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N, = (P*R)/S

AJ =l w. @ o
Tae N, = anudindusssansaraalaipuniniadams (wafila)

P = andindusssasazaenmmguinnadulalonn (Lafia)
R

ihrmsrasasazmainunaidieniolaian
mananuduiuioiveumeesezateleleiu (N,)

Dunansazanloleiu 25 Sadans llusingUsuiung 250 fadans ulail
msaiuarsazaameguinfodintedann  ussitesvazaeuiviassenlildas
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Correction Faction D for lodine Number Test

Residual

Filtrate . , _
Normality 0.0000 ) 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009
C

0.0080 1.1625 1.1613 1.1600 1.14575 1.1650 1.1538 1.1513 1.1500 1.1475 1.1463
0.0090 1.1438 1.1425 1.1400 1.1375 1.1363 1.1350 1.1325 1.1300 1.1268 11275
0.0100 1.1250 1.1238 1.1225 1.1213 1.1200 11175 1.1163 1.1150 1.1138 1.1113
0.0110 1.1100 1.1088 1.1075 1.1063 1.038 1.1025 1.1000 1.0988 1.0975 1.0863
0.0120 1.0850 1.0938 1.0925 1.0900 1.0888 1.0875 1.0863 1.0850 1.0838 1.0825
0.0130 1.0800 | 1.0788 1.0775 1.0763 1.0750 1.0738 1.0725 1.0713 1.0700 1.0688
0.0140 © | 1.0875 1.0663 1.0850 1.0825 1.0613 1.0600 1.0588 1.0575 1.0563 1.0550
0.0150 1.0538 1.0525 1.0513 1.500 1.0488 1.0475 1.04563 1,0450 1.0438 1.0425
0.0180 1.0413 | 1.0400 1.0388 1.0375 1.0375 1.0363 1.0350 1.0333 1.0325 | 1.0313
0.0170 1.0300 1.0288 1.0275 1.0263 1.0250 1.0245 1.0238 1,0225 1.0_208 1.0200
0.0180 1.0200 1.0188 1.0175 1.0183 1.0150 1.0144 1.0138 1.0125 1.0125 1.0113
0.0190 1.0100 1.0088 1.0075 1.0075 1.0063 1.0050 . 1.0050 4.0038 1.0025 1.0025
0.0200 | 1.0013 1.000 1.000 0.9988 0.9975 0.9975 0.9963 0.9950 0.9950 0.9938
0.0210 0.8938 0.9925 0.9925 0.9913 0.8800 0.9300 0.0888 0.9875 0.8875 0.9863
0.0220 0.9863 | 0.9850 0.9850 0.9838 0.9825 0.9825 0.9813 0.9813 0.9800 0.9788
0.0230 0.9788 0.9775 0.9775 0.9763 0.9763 0.9750 0.9750 0.9738 0.9738 0.9725
0.0240 09725 | 09708 | 0.9700 | 0.9700 0.9688 | 0.9688 0.9675 0.9675 | 0.9663 | 0.9663
0.0250 0.9650 | 0.9650 | 0.9638 | 0.9638 0.9625 | 0.9625 0.9613 0.9613 | 0.0606 | 0.9600
0.0260 0.8800 0.9588 | 0.9588 0.9575 0.9575 0.9563 0.9563 0.9550 0.8550 0.9538
9.0270 0.9538 | 0.9525 | 0.8525 | 0.9519 | 0.8513 | 0.9513 0.9506 | 0.9500 0.9500 0.9488
'0.0280 0.9488 0.8475 0.9475 0.9463 0.9483 0.64563 0.9480 0.9450 0.9438 0.9438
0.0290 0.9425 0.9425 0.9425 0.9413 0.9413 0.9400 0.9400 0.9394 0.9388 0.9388
0.0300 _ 0.8375 0.9375 0.9375 -| 0.9363 0.9363 0.9363 0.9363 0.9356 0.8350 0.9346
0.0310 0.9333 | 0.9333 | 09325 0.9325 0.9325 | 0.9319 | 0.9313 0.9213 0.9300 | 0.8300
0.0320 0.9300 0.9294 0.9288 0.9288 0.9280 0.9275 0.9275 0.9275 0.9270 0.9270
0.0330 0.9283 0.9263 0.9257 0.9250 | 0.9250
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ARNSN 1% lun15AN

(S0,) = (mL.BaCL)(N.BaCl)(0.032)(Sample volume)

Agout volume

19 ml.BaCl, = Fumeansazane BaCl, Nlaanmla@indng)
o
N.BaCl, = AdidugIazae BaCl, Nl
0.032 = AAN(NIN.AmsAua/ladng)
A &t }-14 a <
Sample volume = umsassansazany H202 11 lunsduniis(Gingns)

A ) = -
15uNRrUBNR1TazaE H202 W LLUQN']iM?LG\?C‘](N RAMNT)

Agout volume

Flow rate ansnsnaussuiasinarsgatisdnuasaudadng

1 a ] =
ALN(RFATFHDUIN)

o s, 1o :
nazgea ReulunnsAuang

@ =ppm* MW

3

m 0.0245
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