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Abstract

This study aimed to determine the optimal conditions for producing activated carbon from
areca spathe via physical steam activation, to enhance the yield and BET surface area of the produced
activated carbon. The experiments were designed using the Response Surface Methodology (RSM) with
the Box-Behnken Design (BBD) under three main factors: activation temperature (700-900 °C), activation
time (1-3 h), and steam flow rate (50-100 cm3/min). The results showed that activation temperature
and time significantly influenced the characteristics of the activated carbon, particularly yield and
surface area. Increasing the temperature and activation time improved surface area and pore
development but reduced the yield due to carbon structure decomposition. The steam flow rate had
less influence; however, excessively high values led to material degradation and ash formation. From
the mathematical model and experimental results, the optimal conditions were found to be 800 °C,
two hours, and a steam flow rate of 50 cm3/min, yielding approximately 60% and achieving a maximum
BET surface area of 652.97 m2/g. These values are consistent with the standard range for biomass-based
activated carbon and are suitable for adsorption and environmental treatment applications. Moreover,

the process does not involve chemical agents, making it environmentally friendly.

Keywords: Activated Carbon, Physical Activation, Yield, BET Surface Area, Areca Spathe
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Source Sum of Squares df Mean Square F-value p-value
Model 9618.28 9 1068.70 12.53 0.0015 significant

A-Temperature 8001.12 1 8001.12 93.78 < 0.0001

B-Time 1458.00 1 1458.00 17.09 0.0044

C-Vapor flow rate 3.13 1 3.13 0.0366 0.8537
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BC 0.0000 1 0.0000 0.0000 1.0000

A2 41.12 1 41.12 0.4819 0.5099

B2 41.12 1 41.12 0.4819 0.5099
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A15199 4 NM5IATIERANULUTUTIU (ANOVA) dnsunuudnassindsass (Quadratic model) shwlsnauauss

Huiifa (BET)

Source Sum of Squares df Mean Square  F-value p-value
Model 1.035E+05 9 11503.45 13.94 0.0110 significant
A-Temperature 6388.08 1 6388.08 7.74 0.0497
B-Time 10061.09 1 10061.09 12.20 0.0251
C-Vapor flow rate 6257.60 1 6257.60 7.59 0.0512
AB 10213.58 1 10213.58 12.38 0.0245
AC 1921.54 1 1921.54 2.33 0.2017
BC 2477.55 1 2477.55 3.00 0.1581
A2 53074.61 1 53074.61 64.34 0.0013
B? 4478.08 1 4478.08 5.43 0.0803
C2 1598.28 1 1598.28 1.94 0.2363
Pure Error 3299.74 4 824.94
Cor Total 1.068E+05 13
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aun1slugUvesdiuusiil1swa (Coded factors) awnsaldlunisnensalardiwdsnevauesdmsu
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Yorr surtace pres = + 602.74 — 69.22(A,;) — 50.15(B,) — 39.55(C,) — 87.52(A,B,)

—37.96(A,C) + 24.89(B,C,) — 213.96A,% — 40.29B,2 — 24.07C,2 @)

3. NANIVIAABILALNITAATIZVAMANURVDIAUANIUAINATUANIN
HATaIN13AnwIfwUsNdmanean1snantuiuiud Useneume gaumgil 1ia1 uazdnsinisinavedle
Wilunsnsedu wuilunaiuiinsnevauesauifivesgumgirenandnwasiuniagngy Awuanslunsned 6

warn il 2 msdinaamgiann 700 °C \Ju 800 °C vilvinandnanadnin 80% 18 55% weswinansusugaide

NP uARUTR Agngueinann 380.34 10U 652.97 m2/g wanaingaunglgagieimugngu mafiunal 1-2 h

Prelvignuuaziuiiingaiu (591.12-630.27 mz/g) witiaunuiiu 3 h vilinandnande 20% viergnay
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v 9

Sasmsinavedloth annizwangaude 800 °C an 2 h warsmsnsiua 50 cm®/min linanaaUsTINa 60%

waguiIgean 652.97 mz/g Wuanmzmmngaulunmsudssuiuduiiiaunaseninnssnwianisuaunay
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nsnseaulufingeandlad wu leh wsefinw CO, igaumgil 800-1100 °C vibieuiuiudiilassasnensud Aud

Avas wasidufinssiedanandew [5] n1slisAuRIN1snaUaues (RSM) Aunmsnseduimensaneaneasn Tinafiud

v v

i1 473 m2/g uaznandn 54% [6] FadunadnsituszauriosufURinig uadsiesdszifiunisldnuasaasfuu
wian1sudnnslitanmdeiis wu wWasnfian@le wisdunadu Aefia Auniodudnilng amnsald fufii
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M13191 6 HAN1INARBINIINTEAUNINEA AL lBUBANANER (Yield) uazANUARY (BET) vosauriudud

Std. Run qrumgd i shnmsluavaath Yield BET
¢O) Q) €m>®/min) (%) (m¥/g)
1 1 700 1 75 80 380.34
14 2 800 2 75 55 571.51
10 3 800 3 50 20 502.89
16 4 800 2 75 35 636.03
11 5 800 1 100 65 524.09
8 6 900 2 100 5 -
6 7 900 2 50 5 -
2 8 900 1 75 20 416.95
12 9 800 3 100 25 473.56
9 10 800 1 50 60 652.97
7 11 700 2 100 65 432.34
5 12 700 2 50 70 435.52
17 13 800 2 75 45 630.27
4 14 900 3 75 2 -
15 15 800 2 75 40 591.12
3 16 700 3 75 70 455.08
13 17 800 2 75 40 584.76

v o ¢

AuALTUANNUNAUMIENIINTEAUNINEAMMERY CO, TNUNNIZIERA 502 m2/g WagInIuIuIn

1 ! a

wanviane Kadtndngamgiiduiudsddsy dwsumsiauiuiiuaslaseasiegnsu [10] Wuldeaiuanuide

1 dunsnszaunenieanlaeusudadluleu nmsiiudagiulotvinlinunivesanuiudusiuIuanau

q

w§ 89 m/g 1Wuduiuiud 653 m2/g (latn) [11] uenanduusaafinannuuadnsdiu wuinsldusaiunse

Anuduneluiesnseduanitusseina asgeliasnseduidifiseniuansueuldnawu freiiuiiuiiway

¥ '
YA aa

USunsgngusiu [12] awudududandanavliuasnsainalddnuiie 308-367 m2/g wagwmnnziuninadu
a15en9 9 16d [13-14] A5l RSM funisesnuuun1snaaedkuy BBD dmsuauiusiudainuienuanuidu
annsafvuaanziiiszauiiegadu CO, 16 2.13 me/e figamail 850 °C 1A 60 min uazHaNAR
25.15 %wt [15] shufusufanneauzefiudeaiugluedu 500 °C a1 90 min uaznsefuselevh 800 °C
a1 60 min TaNaNAR 68.81% Nudifn 1,245.76 m2/g wazautAlnalAssauiudud@ended [16] au

v

WANANSENINaNANES (Yield) AUNUNRITWNNE (BET) 9990UniusiusinanndnuaeyaInssuiunIsNantay

o o a =
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wiRagnzwansda Ui TInSeud msunsgeduargatu Welianisasagnuuunadn (Micropores)

=

nsiiingauuiivisenaIn1snsEAuINTUIsYIBIdagnu yiiNuNRgeY wikandnazanas Ay My
an1iznsnseAuResnauna e lildauiuiudinaiuniiguasnaning Faulaudazeiindlasasnm

q

= ] aa

ngnmuazLAdiane dawanen1saiegniuLaziunAFuanseiy winssuiunswiamiloudunisusu

gaumdl an uazwlladinszdu awnsausuleulimsnegeulivingauiuianusiasyilale

yield (%)
BET (m2/g)

yield (%)

BET (m2'g)

yield (%)
BET (m2/g)

70
70 C: Vapor flow rate (cm3/min ) 60
60 C: Vapor flow rate (cm3/mun )

B:Time ()

Yield-BC BET -BC
= L oa aa a & da a 1 v o e .
il 2 Taiiuranmsneuauesauiiivemandnuwasiuiiilunisudnaiuiudiudainniumann (Yield-AB way
BET-AB) anuduiiusseninvaaumaiiuazszeziian (Yield-AC uag BET-AC) anuduniusseninegumaiiuagdns
mslvavasletn uaz (Yield-BC uag BET-BO) mnmduiussenineszezng uardnimsivavaslot
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