JURMAL KiklA ANDALAS

VOL, 7RO, 1 JANUAR] 200

PREPARATION AND CHHARACTERIZATION OF ACTIVATED CARBON FROM
TIMBER MILL WASTE ANDITS APPLICATION FOR REMOVAL OF METAL
[ONS FROM SOLUTLIONS

Ahmad Md, Maaor',

Dufri Mustafa®, Theresia Sita Kusema® and H.P.5. Abdul Khalil®

'Schoo! of Chemical Sciences, Universiti Sains Malaysia, [ 1800 Penang, Malayvsia
1 -y ' i i = L - ._ =
" Department of Chemistry, Lintversites Andalas, Padang, Indenesia
*School of Industriz] Technelogy, Universiti Sains Malaysia, [1800 Penang, Malaysia

ARSTRACT

Wood waste of three different species obtained from timber mill were pyvrolysed at three ditferent
temperatures in a furnace of oxygen-free system. Activaled carbon was produced using 109 HC| and
sleam as aclivating apents. Temperature and time for the pyrolysis of wond and also the weod species
. determined the production of carbon and activated carbon. Optimum results for carbon content (19 -

28% end activated carbon (18 — 27%) were produced at temperatures of 430°C

and i 30 minotes.

The activating agents used for the process did not affect signifieantly  the production of activated

carben. Optimum adsorption of Cu™,

Cd™® and PR

solutions at concentration of 200 ppin each on

the carbon and activated carbon were ohtained at pll = 4, 5 and & respectively, The sarption capacicy
was found to be in the order of Pb>Cd" > Cu*. Analysis of the sorption data indicated that they were
i apreement with the Langmuoir and Freundlich equations and showed that there are strang interacrion

between adsarhent and adsorhate,

INTERODUCTION

Treatment of wastewster in many developing
countries 5 considered oy secondary matter and
normally is placed at 8 low prority in their
gnnual budget.  One of the major reason is
wizociabed with the cost of the impeortation of
winter treatment chemiculs and ether materials.

One salutien w these problems is the indigenous
production of leeatment materials, either by local
production of chemicals, or the use of alternative,
locally available, treatment materials,

The preparation of low-cost adsorbents for water
purification, waste and wastewater treatment has
recently been reviowed by Pollard er aff. A wide
range of lzgnocellulesic agricultural by-products
has suceessfully been converted in:-::u 1n:[i'-'1:-::-:1
carbons, ||1-:'.Iu1:llng coconut coir, jute s.tlc:h

palm-tree cobs', rise husk’ and amarind m:l
shells®. The suitability of these precursors is
determined by their local and bulk availability,
carbon content nnd the presence of inherent
microstructure  within  the  substrate  itself”,
Viahility of their ultimate wse may be determined
by factors such as the adsorplive capacity,
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regencrative characteristics and physical form of
the subsequent eprbon product.

In thiz stndy we describe the preparation and
characterization of activated carbon from timber
mill waste. The examination of preparative
requiremnenis and adsorptive characterizstics of the
activated casbon are the main objective of this
study.

MATERIAL AND METIIODS
Afaterials

Wood sawdust was obtained from a timber mill
in  Padang,  Indonesin,  Samples were
differentiated by the colar of the wood powder,
Information regarding the samples and some of
their properiies determined are given in Table |

These three wood samples were mainly timber
processed by the mill. Prior to the carbenization
process, the thermogravimetric analvsis was
carried out with a Perkin- ]...uiLI madel TGAT
analyzer heated at 20°C min”' in dry condition, in
nitrogen etmesphere from room temperature 1o
Q40°C. The information obtained was used 1o
determine  the eptimum  temperature  for
carbonization,
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Table 1. Seme Moperties of Weoed Samples

No. | Name of | Belanical name Color Sample Density | Meisture Content
| Wood | Code afinl e}
L Hanio Sharea pluiveladory | Dark Red H 750 136
| . Mleranti Shored feproswla | Light rown ME | 0550 12.5 =1
L3 | Mersawa | dwisoperra cierid | Yellow | M5 | 0361 | 1.6

Cemhamization and Aciivesion

Exactly, 10 g of oven dried weod samples were
weighted and placed in a closed porcelzin
erucible and later carbonized in a muffle furnace
ot of contact with air at temperatere of 350, 450
and e00°C for a series of the carbonization times
specificd, The carbon produced were activated
by sctivating agents ie. steam and 10% HCL
samples were soaked in 10% HCI far 24 s,
later filtered under vacuum and washed with
distilled water, Furlher activation were carcied
out moa mutfle furnace st temperature similar 1o
carbonization process  and for & specified
activition times. The activated sumples were
dried at 105°C and then cooled, weigh to a
censtant weight. For sleem activation, the
process was [rsl carried out i oautoclave at
120°C und a pressure af |5 psi lor two hours.
Later, the samples were transferred intoe muffle
furnace amd activated with similar process as
menticned earlier.

P value.

A % g portion of sample was placed in a Beither,
50 mL distilled water was added and bailed for
15 min, The coments were left o stand until it
coaled  down and he sample senled. The
supernatant liquid was poured offand its pH was
mensured with a GrifTin pH-meter model 80,

Actvorption Tt

Methylene blue adsorption,  The measurement
wits carried out by weighing 0.1 g of carbon ar
activaled carbon, then transferred inte a conical
Nask and added with 15 ml 0.15% methylens
Blue (weiv). The mixture was sheken for 15 min
and later lefi ta settled for another 30 min. The
lilleate was diluted |0 times with distilled water
und the concentration of methylene hlue was
determined by uv spectrophotometer at the
wavelenglth 620nm. The amount of methylenc

blue zdsorbed by | g of carban or activated
cpbon  was  determined by che  dilTercnce
Getween the amount adsorbed hefare and after
adsorplion,

fogiise adiorpiion, The iodine adeorption was
determined by weighing 0.25 g of carbon or
activated carbon samples, transferred to a
conical flask  and added with 25 mL 005 M
iodine selution and the mixture was shaken far 1
il Exactly 10 mlL af filtrate was titcated with
LOSW MagB:0; and the amounr adsorbed was
determined based on 1 2 of carbon ar activated
carbon,

Surfuce areg measurement. The surfuce areq of
earlon and activaled carbon were measured with
Accelerated  Surlace  Arca and  Torosimetr Yy
(Madel ASAP 2000, Micromerstics Tnsirument
Cuo., Marcross, F‘r_-:n.g::.l} using nitrogen gas as an
admrbcm ol J7E K. Prior 1o sorption
measuremant. The samg e was oulgas ar 130°C
L & pressure less than 107 o,

Adsorpiion otherm, The adsorption capacity of
the carbon and activated cacbon were measurad
in term of quastity of copper, cadmium 2nd lead
adsorbed from their aqueaus salutions. These
stock solutions which at the concentration of
00 ppm were  preparsd by dissolving
CufNO ), Cd{MO4),, and PRGOS in distlled
waler respeclively, The stock solutions wers
diluted with distilled water to concentration of 10
L 700 ppm for adsorption stedies.

A known  quantity of selected carbon  and
activited earbon  samples were shaken with 20
mL af each solutions for 2 hr and lot allowed o
seitle for another 2 he at 30°C, The. mixture wis
uten Nilered and the filirate were apalvzed for
Cu™, Cd* and Pb** jons by Atomic Absarption
Hpc»tuan:.ttrlnl11 Aer (Medel Alphad). The amount
of metal tons adsorbed on carbon and norivated
earbon were estimated by eonsidering the initial
and  final concentrations of the mewls in
slutions.
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The same experiment was earried oul with
selutiens at concentration of 200 ppm and phl of
1t 9. The isathenn were then analyzed using
the Langmuir and Freundlich models, The
Langmuir madel assumes that s manclayer of the
adsorbate adsorbs o the carbon and activated
carbon surface while the Freundlich model is
purely empirizal,

RESULTS AND DISCUSSIONS

Results abtained from TGA are given in Figure |
mdicating that the formation af carbon is
approximately 25% at temperature acound 400°C
and decreases to ahour 15% by weight of wood
powder as the temperature reached S00°C,
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Figure |- Thermogravimetric curmve tor waod
saimple,

Figures 2 - 4 show the eflect of temperature on
the Kinetie af the carben formation. There are
sharp decreases at temperature 450 and 600°C
within short period, This indicated that the wood
5 tolally burned woash at high temperatere
within & short pericd although with limited
amount of oxygen gas. To obiain optimum
carben product the temperature required should
be within the range of 200-500°C and time not
more than 30 min", Results also show that
different wood  species produced  significant
dilTercnce in the amount of carbon.
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Table 2 shows the effect of the emperature,
time, wood species and activating agent on the
yield of different carbon and activazed carbon
samples so praduced. [t can be neticed that as
temperature increases and time decreases, the
vield for all samples decreases which shows
sume differences in amount between  Banio,
Meranti and Mersawa samples. It may be due 1o
the fact that an increase in heating rate during
pyrolyvsis  results in higher wvolatilization and
iower yvield, 1f compered with wood density
{Table 1), the carban and aclivated carbon
produced from a higher density wood show a
gher yield than o lower density wood, This
tesult 3z in agreement with the previous studies
by Almad'', The results also show that the vield
ab activated carbon samples by steam ectivation
are slightly higher than samples that are activared
oy hydrochloric acid in a range between 2 to
1%,
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Table 2. The Influence of Temperature, Time, Woed Speciss and A etivating Agent on the Production
of Activated Carbon.

Wood 'E'c:t;p. Time Carbon yield | Activated Carbon by
sample (") fIintes} £y ' (%)
= 10% HC| | Steam
B35 350 45 35 31 33
_ B43 451 30 28 26 27
B&0 0l 15 28 2 26
MR35 150 45 33 15 30
ME43 450 10 | 21 15 0 |
N IRGI) &l |5 24 2] 23
MS535 350 45 35 30 32
M543 450 i) & 18 E
ME6D 1) 13 24 22 23

he adsorptive charcteristics of carbon and
activated carbon samples produced by different
temperatures  have  been  determined  mgainst
iedine, methylene blue and by nitrogen gas
adserpiion and are given in Table 3 which
generally ecrrespond 1o their miere, meso and
total porows structure and correlate with surfice
arca of pore pgreater then 10 and 15 A" in
diameter and total pores respectively {Foster).
Hesults in Table 3 indicated that in case of iodine
and My gus, the activity s generally low at 350"C
hut increases with an increase in Lemperature,
However, Tor methylene blue the activity s

almost constant.  The process of activation does
net shaw mueh effect on the mesoporous
steucture of  activated  produet but more
pronounced in cxse of micropereus structure and
total pores especially at 450 and 600°C. This
may be doe to the formation of micropores at
S00°C and some pores which remain blocked at
lewer temperature could be available at higher
lemperature and reszlting in an increase in the

iodine  number'®, When compared  to the
commerciel  sample,  the  ectivated  carbon
prepared are sull inferios espectally in the value

of apecilic surface area.

Table 3. Adsorpticn Characleristies of Different Carbon and Activited Carbon

Sample ladine Na. Methylene blue We. | Specifie surface Arca
type [mede) (mgie) {mizh
] Carbon
B335 140 4 3 132£3 107
B43 175£2 138 43 596
B60 | 22144 140+ 2 630
MR35 186+ 3 14022 113
MRAS 227435 15225 713
MRG0 308 £ 3 145 + 3 603
MS33 145+2 | 132#3 -
M543 231942 152 5 -
MS 60 239+ 2 j42+3 | Al
Activated Carbon Produced by 10% HEL Activation
S 19826 142 £ 2 290
B43 279 £3 147 +3 428
Béi 367 4 3 142+ 2 49
| MR33 227+4 144 + 2 362
MR43 320+ § 14243 368
MRGH 34442 144 = 4 (16

IS5 0853 - BD1A
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hIE33 221 %3 g 334
M543 2904 3 140 = 3 B 496
MSED 3267 | 152 +4 554
Activated Carbon Produced by Steam Activation

B35 181+ 5 144+ [ 104 !
b4 150+ 7 149 + 3 T

| Bah 574 6 14242 637

| MR35 230 + 3 1424 2 4735

| MRS 320 4 4 14042 703

| MRED 36746 14743 B
MS3F | 2217 144+ 2 37
MS45 | 268x4 152 =3 558
MSED 344+ 3 15222 67

Commerzial Activated Carhon

Merck | 416+4 | 216 3 | 1324

Figure 3 shows the effect of the pH of the
copper,  cadmium  end  lead  solutions  at
copcentration of 200 ppm on the acirvared
carbon, It indicared that the sorpuon capacity of
eeeetal bons anereases steadily wntl i reached the
optimum al the respeclive pH solutions and later
becoone  constant.  The  optimum  sorption
capacity are at pH =4 for O™, pH =5 for Cd"
and pH =& for PR, This behaviour i beligved
to be due to the precipitation of hyidroxide and

L3I

not because of sorption” ™.
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The influence of various cerbon and activated
carbon samples on the sorption activity of the
metals jom oot 200 ppmoat their respective pll
value 15 shown in Figures 6 - 8, 1t indicated that
the adsorption capacity of carbon and activated
carbosy samples prepared from Banic wond
species was found 1o be the highest compared o
the other wood specics,  However, the
perfonmance is shll not comparable 1o the
commercial setivated carbon. [t seems that the
aherztion in temperature for  preduction of
carbon and activaled corhon do onot alTect their
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serption capacity. The figures also indicated that
the serption of Ph™ was the hizhest compared to
Cd ™ and Cu”, and can be aranged according to
heir order of abiliny o adsorbed on carbon and
activated carhon as Po7>0d 7 =0,
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Data from sorption studies were analvzed using
the Langmuir and Freundlich models, the resufts
of which are shown in Table 4 along with the
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regression coefficient, ¥ From the regression
coeflicient values indicated that for copper,
cadmum and lead edsorbates and also for all
type of adsorbents, both models are in agreement
t0 the adsorption duta, with the Langmuir model
giving o slightly berer fit than the Freundlich
madel. The carben sample showed lower uptake
al all type of adserbates compared to sctivated
carbon which are in agreement with  their
adsorption characteristics of methylene Blue and
iding numbers and specific surface erea that are
given in Table 3, Langmuir monolayer coverage
constant, O, and Freundlich constant, n, in
general show similer trend for sorprion in the
arder 15 Ph>Cd™>00™ as discussed shave,

Table 4. Summary of Lengmuir and Freundlich Adsorption lsotherm Resylts.

Adscrbate Adsarbent | Langmuir Freundlich
B K:. - no| K ]
: [mz'z) , _ .

{ Copper Carbon A% | 0043 0.098 B.70 3.2 (957
Acrivaled 4,70 Loas | Guse 606 a3 01.505
Carbon, _ | )
Activated D62 (.53 0.504 825 343 10.143]
Curbongza )

| Cadminm | Carben 584 | 0065 | 0990 | 1092 | 483 | 00894 |
Activited 1146 | 0072 0.4999 11.86 | T.13 0807
':..:ﬁ!i}ﬂil“f:
Activated 12260 DLOTE | DAgp g2 509 0502
Carboman _

Lead | Cirbon L4.64 D0ve | 0.50% 13.04 B.R1 0,085
Activiled 1945 | 0008 [ o089 1280 | 1190 ] 0994 |
arbone ) [

Activated [7.73 R B B R L 3.0 [1.39 0987
LCatborag !

CONCLUSION

This research has shown that a simple produstion
process can produce quite good guality activated
carbon [rem the wood sewdost. The activaied
carboen has many possible applications, as it is
highly microparous with some mesoporosity and
shrws rapid wptake of pollutanis,

LT
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