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ABSTRACT

Wood waste of three different specics oblained from timber mill were pyralysed at three differsm
lemperatures in a furnace of oxygen-free system. Activated carbon was produced using 0% HCI and
steam as activating agents. Temperature and time for the pyrolysis of wood and also the wond specias
- determined the production of carbon and activated carbon. Optimum results for carben content (19 -
2% i activated carbon (18 - 27%) were produced at temperatures of 450°C and in 30 minuies.
The activating sgents uzed for the process did net affect significantly the preduction of activated
carhon.  Cptimum adsorption of Cu®®, Cd™ and P solutions 2t concentretion af 200 ppm each on
the carbon and activated carbon were ablained at pH =4, 5 and 6 respectively. The sorption capacity
was found o be in the order of Ph">Cd™>Cu™, Analysis of the sarption data indicated that thesw were
in agreement with the Langmuir and Freundlich equations and showed that there are sIrcng inleraction

between adsorbent and adaorbate,

INTRODUCTION

Treatment af wastewater in many develaping
countrics is considered as secondary matter aned
normally is placed at a low priority in their
annual budget.  One of the major reason is
wssoctated with the cost of the imporletion of
witler reatment chemicals and other marerials.

One solution to these problems is the indigenous
production af treatment materials, cither by local
production of chemicals, or the use of alternative,
locally availahle, treatment materials,

The preparation of lew-cost adsarbents for water
purification, waste and wastewster tregtment bas
recently heen reviewed by Pollard er af'. A wide
range of lignocellulasic agriculiural by-produocts
has successfully been converted into aclivated
carbons, including coconut cair, jute stick?,
palm-trec cobs®, rise hpsk® and tamarind nue
shells"™. The suitbilicy of these Precussors is
determined by their local and belk availability,
carbon content and the presence of inherem
microstructure  within the  substrate  dtself”,
Viability of their ultimate use mav be determined
by factors such as  the adsorptive capacity,
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regenerative characleristics and physical form of
the subscquent carbon product.

In this study we deseribe the preparation and
cliaracterization of activated carbon from timber
mill waste. . The examination of preparative
vequirements and adsarptive chizracteristics af the
activiated carbon are the main objective of this
stady,

MATERIAL AND METHODS
Mdararialy

Wood sawdust was obtained from a timber mill
i Padang,  Indonesia,  Samples  were
differentiated by the color of the wood powder,
Idormation regarding the samples and some of
their properties determined are given in Table 1.
Ahese three wood samples were mainly timber
processead by the mill. Prior o the carbonization
process, the thermogravimetric enalysis was
carried out with a Perkin-Elmer mode]l TGA7
aralyzer heated at 20°C min™ in dry conditicn, in
nitrogen atmosphere from room temperature Lo
$40°C. The information obtained was used o
determine  the  optimum  temperaturs  for
carbonization.
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. Table 1. Some Praperties of Wood Samples

Ma. | Name of Botanical name Color | Sample | Density | Moisture Content
Wood Ciode {omL) (%)
I Bania Sherea plotpelados | Dark Red £ 07849 I3.6
2 tleranti Sharea feprasula | Light rown ME 0550 12.5
1 Mersawa | dnizopeteg cariful Yellow b S 0563 | Ila

Carborrization ared Activarian

Exzetly, 10 g of oven dried wood samples were
weighted and placed in a closed porcelain
crucible and later carbonized in a muffle furnace
out of contact with air at temperatere of 350, 450
and 600°C [or a series of the carbonization times
specified. The carbon produced were activated
by activating agents ie, steam and [0% HCL
samples were soaked in 0% HCL for 24 hrs,
later fillered wnder vacuem and washed with
distilled water, Further activation were carried
oul in & muffle furnece at temperature similar to
carbonization process  and for a specified
activation times. The activated samples were
dried at [05°C and then cooled, weigh fo a
constant  weighl. For steam  activation, the
process wits first camied out in autoclewve at
|20°C and & pressure of L5 psi for two hours.
Later, the samples were ransferred into muflle
furnace and activated with similar Process oy
mentioned carlier. :

Bl vatie,

A% g portion af sample was placed in g beaker,
a0 mL distilled water was added and boiled far
P2 min. The contents were left oo stand wntil it
cooled  down and fhe sample settled. The
supernatam liguid was poured ofT and its pH was
wcasured with a Griffin pH-meter model &0,

Aelsarption Test

Metfylene blwe advorption. The messurement
was carsied out by weighing 0.1 2 of carbon or
retivated carbon, then transferred into a conieal
flask end added with 15 mi 0.15% methylene
blue {wiv), The mixture was shaken for 15 min
and later lefl to settled for another 30 min, The
lilvate was diluted 10 tmes with distilled water
and the concentration of methylene blue was
determined by uv spectropholometer al Lhe
wavelength 620mn. The amount of methviene

b b |

bluc adsorbed by | g of cerbon or activatel
carbon  was  determined by the differcnce
Between the amount adsorbed before and after
adsorplion,

foding adsorption. The jodine adserption was
determined by weighing 0.25 g of carbon or
activated carbon samples, transferred 0 a
conteal flask  and added with 25 mL 0.05 M
ipding zolution and the mixture was shaken for |
min, Exactly 10 mL of Gltrate was titeated with
LLOGN WNaz3:0; and the amaunt adsorbed was
determined based on | g of carbon or activated
carbon.

Stirfoce area sweaswrement. The seeface ares af
carbon and activeted carbon were mezsured with
Accelerated  Surface Area  and Perosimetry
{Model ASAP 2000, Micromeretics Instrument
Loy, Norcrass, Georgea) using nitrogen gas as an
adsorbent at 774 K. Prior o serpricn
measurement. The sample was outgas at 1350°C
to  pressure less than 107 err,

Adsargiion isatfiern:. The adsorption capecity of
the earben and activated cerbon were measured
in term of quantity of copper, cadmium znd lead
adsorbed from their aqueows salutions. These
slock solutions which at the concentration of
W00 ppm were  prepared by dissolving
CU[ND_‘,}J, CU{ND]]:, and ]-'.L'll:_".‘\l':"_‘;_:lg i distilled
water respectively. The stock solutions were
diluted with distilled water to cancentration of 10
to 700 ppm for adsorption studies.

A known guantity of selected  carbon and
activated carbon  samples were shaken with 20
mL of each selutions for 2 hir and let allowed 1o
seltle Ter another 2 br at 30°C. The mixmire was
then filtered and the fileate  were analyzed far
Cu™, Cd" end Pb™ ions by Atomic Absarptiosn
Spectrophotometer (Medel Alphad), The amount
of metal fons adsorbed on carbon and setivated
carban were estimared by considering the initial
and final concentrations of the metals in
sodutions.
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The same cxperiment was earried out with
solutions at concentration of 200 ppin and pil of
1109 The isotherm were then analveed using
the Lanpmuir and Freundlich moedels. The
Lanpmuir model assumes that a monolayer of the
adsorbale adsorbs to the carbon and activated
carbon surface while the Freundlich model is
purcly empirical,

RESULTS AND DISCUSSIONS

Results obtained from TGA are given in Figure |
indicating  that the Foemation of carbon s
approximately 25% at temperature around 400"
and decreases to abuut 15% by weight of wood
powder as the empereture reached 9005,

kPl

Figure 1. Thermogravimetric curve for wood
sample.

Figures 2 - 4 show the effect of temperature on
the kinetic al the carbon [ormation. There are
sharp decreases at temperature 430 and 800°C
within short period, This indicated that the woed
5 tolally bumed to ash at high temperature
within a shormt period although with Bmited
amount of oxygen gas. To obtain oplimum
carbon product the temperature required should
be within the ranpe of 400-300°C and lime not
more than 30 min™. Results also show that
different wood species produced  significan
dilference in the ameunt of cerbon.

ISSN ;0853 - 8018

WOL T HO. 1, JANUARE 230

“ 1

. - | '-\..__,'___H.

ﬁ P < "'\-\.__H

e I s SN
o a— {
ol = |

&4 [ T4 L] T 120
Temperaiue, C
|-|.ﬁ =+ LT :u:.l

Figpae & The pc el Ere 20 b srccucdon o' cardan ad 3545

N — =
" B |
s ®| B
E i “‘*HH ':ﬂh““x
13 {0 . -,
""‘1-.\_:_-\,_\_\‘5\. o
s “'“N::,H
D -
it = is &1 7=
Temzwmm &
e L LT

Figurn T Tha ikt ©f Lk 8 1% [ 0B of mebeg al 45570,

3% p—
H "\'““-u,,_ |
_ B
£ i H'\-\.;\.\,
£ o i
- Hﬂ.'\.
IRt \Q\x_q:‘\k
H %&-
1 NH_
[ B » L] Eg
Terguiriae, C
|-|.ﬁ -q-IA.H_—j.IE.!

Fgite 4, Tre atis)l ol berm onilke prodocfos of camen w0597

Table 2 shows the effect of the temperzture,
tune, wood species and ectivating zgent an the
yield of different carbon and activated carbon
samples so produced, It cen be noticed that as
temperature increases end time decreases, the
vield for all samples decreases which shows
some differences in amount between Banio,
Meranti and Mersawa samples. It may be due o
the fact that an increass in heating rate during
pyrolysis  results in higher volatilization and
lower wield, IT compared with wood density
(Table 11, the corbon and activaled carbon
praduced from a higher density wood show a
higher yield then z lower density waaod, This
result 13 i agreement with the previous studies
by Ahmad''. The results also shaw that the vield
af activated carban samples by steam activation
are slightly higher than samples thet are activated
by bhydrochloric acid in o renge between 2 to
£ %%,
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Table 2. The Influence af Temperature, Time, Wood Species and Activating Agent on the Production
of Activaled Carbon.

[ Wood ‘1 Temp. Time Carban vield Activaled Carbon by

sample (°C) (iminutes) ) (%5}
' i L0% HCI Sream

B33 350 | 45 35 3 33
45 450 3 28 26 7
B&( &00 B 28 26 26|
MR35 350 45 33 | 29 30
MRA3 450 30 21 1 E 20
MRG0 600 |15 24 . 2] 23
W1535 Jal 43 35 £l 32
M543 450 30 | E E E

MBSl G0 15 24 22 23

The adsorptive characteristics of carbon and
activaled carbon samples produced by dilfecent
temperatires  have  been  determined  against
wding, methylens bloe and by nitrogen gas
edsorption and are given n Table 3 whick
aencrally correspord to their micra, mese and
tolal porous structure and carrelate with surface
trei of pore greater than 1O and 13 A" in
diazmeter end totel pores respectively (Faster).

Besults in Takle 3 indicated that in case of iedine
and Mz ges, the activity s penerally low at 350°C
but increases with an increase in temperature,
However, for methylene blue the activity s

almost constant, The process of activation does
not show much effect on the mesoporous
structure of  activated  product  but  maore
pronounced in case of microperows structure and
total poces especially st 430 and 600°C.  This
may be due to the formation of micropores ar
00°C and some pores which remain blocked ar
lower temperature could be availzble at higher
temperature and resulting in an increase in the
iodine number”. When compared o the
commercial  sample, the  activated  carbon
preparved are sull inferior especially in the value
of specilic surface argp,

Taeble 3. Adsorption Characreristics of Different Carbon and Activated Carbon

Sample [edine Mo, Methvlens blue Ma. Specific Surface Area
Lype () [mg/g {m/g)
Carban

B33 140 + 3 132+3 107

B43 175+32 138 + 3 396
Bl 23] 4 4 40+3 531

MR33 |56+ 3 140 = 2 113

MRS 11723 |32 =5 a5
MRG0 308 £ 3 145 +3 605

M535 145+ 2 152 & 3 -

M543 239 + 7 15245 -

M560 23942 142 + 3 400

Activated Carbon Produced by 10% HC| Activation

B33 98+ 6 142472 2410 =
B3 2794 3 4723 428 |

Ba0 167 + 3 142 +2 580 |

MR35 22744 14422 302 |

MR43 320 + 3 14222 363

MR6D 1444 2 [44 £ 4 636 )
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EEE 2143 |52 +2 334 |
ME45 290 = 3 149 4 3 456
MS60 326+ 7 152+ 4 i 534

Activated Carbon Prodoced by Steam Ac livation

B35 [§1+35 |44+ 2 oG J!
B45 250 =7 149 + 3 581

Bl 297 + 6 142+3 637 B
MR35 239 + 3 142+ 2 475
ME43 330+ 4 140} = 2 703
MEa 6T+ 6 147 &3 634
WS35 22147 144 + 2 3748

M43 208 + 4 152 + 3 568 ¥
MS6 544 43 [52 + 2 | 367

Commercial Activated Carbon 5

Merck | 4l6+4 216 + 3 | [324 .

Figure 5 shows the effeet of the pH af the
copper,  cedmium  and  lead  salutions  ac
concentration of 200 ppm on the activaed
cirbon. It indicated that the sorption capacity of
metal ions increases steadily until it reached the
optimum 2t fhe respective pH solutions and later
become  eonstant. The  eptimum sorpiticn
capitcity are at pH =4 for Cu™, pH = 5 for Cd™
and pH = 6 for Pb", This behaviour is believed
ta be due to the precipitation of hydroxide and
not because of sorption ™.
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The influence of various carbon and activated
carbon sumples on the sorption activity of (he
metals jon at 200 ppm at their respective pH
vithue 1s shown in Figures 6 - 8. It indicated that
the adsurption eapacity of carbun and activaed
catbon samples prepared from Banio wead
specles was found to be the highest compared 1o
the other  wood  specivs.  However, the
performance is still not comparable o the
commergial aclivated carbon, It seems that the
alleration s lempersture for production of
carbon and activated carbon da not affect their
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sarplion capucity, The figures also indicated that
the sarption of Pb™ was the highest compared to
Cé™ and Cu'?, and can be arranged according to
their arder of ability 1o adsorbed on cerban and

activated carbon as Ph™=0d ™ =0y
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Data from sorption studies were analvzed using
the Langmuir and Freundlich medels, the results
af which arc shown in Table 4 along with the
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regression coclficient, . From the regression
coedficient values indicated that for copper,
cadmivm and leed adsorbates and also for all
type of adsorbents, both models are in agreement
to the adsomption data, with the Langmuir model
giving a slightly better fit than the Freundlicly
model. The earbon semple showed lower uptake
of all fype of adsarbates compared 1o activated
carbon which are in agrecment  with  their
adsarption characteristics of methylene blue and
iodine numbers and specifie surfice area that ars
given in Table 3. Lengmuir monolayer coveripe
constant, Qy, and Freundlich constant, n, in
general show similar leend Tor sorption in the
arder as Pb>Cd'*Cu™ as discussed above,

Table 2. Summary of Langmuir and Freundlich Adsorplion [sotherm Results.

Adsorbale Adsurbent Langmuir Freundlich
T K. r n | Ke]
s tmge)
Copper Carbon | 7.60 | 0.043 {1508 B0 | 342 OLART
{ Activated 9.7% G0ds | 0599 | 1006 305 (L
Carbdsym s i
Activaled 902 0033 | 0509 B.25 q,43 0zl
! Carbornza [
Cadimium_ | Carbon 1. DAO6S - 0999 | 100X [ q.88 994 |
Activated [Lés | 0072 0599 [ 1186 | 7.13 0,997
Carbon- )
Activated 1226 | L0786 | 0990 G2l .79 [1.9%2
. _EE":-":""--'.'I."
Lead Carbuon R EAT 0076 | 0,998 1104 | B4 {1986
Activated 1945 | 0.008 | 0999 1280 | [LS0 [ 0504
| Carbonge )
Activaied 17.73 152 | Quaa [3.20 [ 1139 OAUsT
Carbara | | | |

CONCLUSTON

This research has shown that & simple praduction
process can praduce guite good guality activated
carbon from the wood sawdust. The activated
carbon has meny possible applications, &5 il i
fitzhly microporous with some mesoporosity and
shows rapid uptake of pollutants
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