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IMPROVEMENT OF ADSORPTION EFFICIENCY ON CARBON BLACK
DERIVED FROM PLASTIC WASTE PYROLYSIS
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Abstract

In this research, the adsorption characteristics of carbon black derived from
municipal plastic waste pyrolysis were improved by both physical and chemical
activations methods for improving of surface area. The carbon black was firstly
physically treated with various activation temperature and period of carbonization
followed by chemically treated with various types and concentrations of chemicals
such as sulfuric acid, phosphoric acid, sodium hydroxide and zinc chloride. The iodine
adsorption number (IAN) was calculated via iodine titration for indication of adsorption
efficiency of the activated carbon black. Furthermore, physical and chemical properties
of activated carbon black was characterized by Brunauer-Emmett-Teller, scanning
electron microscope/energy dispersive spectroscopy and Fourier transform infrared
spectrometry analysis. From experimental results, the suitable condition for activation
of carbon black is 400°C for 15 minutes, followed by impregnation with 20% (w/w)
sodium hydroxide for 15 minutes. In comparison with non-activated carbon black, both
iodine adsorption number and specific surface area increased from 110.24 to 200.41
me/g and from 5.45 to 12.63 mz/g, respectively. This is indicated that surface area of

the activated carbon black is comparable to the commercial carbon black (11 mz/g).

Keywords: Carbon black, lodine adsorption number, Activation
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Number, IAN) 6?5&Lfluv'ﬂ'Wﬁiﬁﬁﬂwaﬂ5&mmamﬁﬂumiﬁ_]m%’ﬂa‘[aammLmﬁwﬁﬂLLazLU%ULﬁ&m
fulirditladrunsnsedu uam]1mfué'faﬁ']mﬁmswﬁmﬁuﬁﬁﬁwLWﬂsLLawmmgw;maa
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muTIalunisgadulelofiu muunsgiu ASTMD1510-06a Tagsin1sdfasindn 0.125xg
WWinansazane 0.0473 N 1, Iaehanudrvhniswguiteliasindwinisgadulelefu aintdurh
msusniidiuansazanelelefusenlaglinszaunses vinstiumansazanefivihnisgadu
TolaAuuaiusuing 20 mL vihnslawmsnameansazany 0.0394 N Na,S,0, JuiinUsuinsves
Na,5,0; 7IlHlU vhnsduammen IAN faunns (1)

| = [(B-S)/B] x (V/W) X N X 126.91 woooooooeoeeeeeeeeee, (1)

e
| = Annsgedulelefiu (mg vedlelefiu / ¢ veswie vie g/kg) W= Yminduniuveaaiie (g)

B = YSuesvaslufoulnlodamaildlnmsadiuuuasd (ml) N = uesundfvesansavaislelefiu (meg/mL)

S = Vunmsvesluifeulnledaminildlnnaniuaisiiedne (mL) 126.91= fiadniuauyadvadleledu (mg/meq)
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Figure 1 lodine adsorption number of carbon black after thermal activation between

200-700 °C for 30 minutes.
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Figure 2 lodine adsorption number of carbon black after thermal activation at 400°C

for 5 - 75 minutes.
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Figure 3 lodine adsorption number of carbon black after activation with various

chemicals at 400 °C for 15 minutes.

1AWl 3 (Figure 3) WU 5% NaOH 1WA IAN vesiusindngeanfe 143.66 me/g

v oy

desnnideisidiiinisnszdudie NaOH Fsfinruduvaunideinnisuandald Na* uas
OH awhuUFAevuRuAaashdfidinyiledidu Carboxylic acid wiongilsituiiiunsn vinlv
AnuARTeeendindy wasilefinisliauteuassili CO, vaneananiufinusindiderili
i uAngesiegnguty dwaliahdiiuszansanlunsgadufiuanntu (Kadcharoen,
2011) Sadenansiail NaOH snAnwuSinavesansieiivanzausdeld
HavasUinavasananiiildlunisnazduiusin
Jun1sfnwusunmves NaoH Aldlunisnseduinahimdaudanaududy 5-250%

'
a
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Figure 4 lodine adsorption number of carbon black after activation with 5 - 25% NaOH

at 400 °C for 15 minutes.

RnuansTaaesiildnuit NaoH anududu 20% Tvda 1AN g9gn Aa 200.41 mg/g
yhlduifuasUsinesgnurunadnvesushdifistu Judonaniizdldlunisnseduiaig
figaungil 400 °C (Hunan 15 undt e 20% NaOH Tumsusulgassansamaesisindsiely
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o a 2

navuimduazaglugniuresianlagaziiasieiuuiaiuiisdnizuagsUsumsgnguy
FJalvddineulagndinisnseduuniimsiasreiiieuiieulagldnada BET lana

§1mn37197 1 (Table 1)

Table 1 Surface property of carbon black after various treatments

BET surface area Pore volume .
Conditions of Activation 2 3 Pore size (°A)
(m/g) (ecm’/9)
Before activation 5.45 0.0198 145.58
Activation at 400 °C, 15 mins. 4.76 0.0153 128.64
Activation at 400 °C, 15 mins. + 12.63 0.0473 147.90

20% NaOH

21NA1517 1 (Table 1) WUPIAIMNUARITINIEVOAVIAMSINTEAUAILAT5LA

v v

a X 2 A o o v 2 ~
Windudu 12.63 m’ /g LUBMEUNULIUININBUNITNITEAU (5.45 M /Q) WATNINIZAUNILAINL

q
P

1% i = 2 = a v W sw = o o Ao
39UBLINLAYI (4.76 m'/g) BadlauduiiusiuaT IAN nn1sveapsiLI 819Tufulade i
HARBNIYATUVBUYINN 1YY WHeaMNigesiinanadnIINTRAduNadu winuaNNse

lun1sgaduaranas wardndanuduvasnarsiedidludadnarilignsuouiningau
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NINEAUNINATLIAWNLYY (Sae-oui, 1994)
a ¢ a’l a "o v a
AasidnyurnuRvasvlidlemalla SEM
Iadidnaunasndinisnsgduuriinisiesgidseuiieulagldnaia SEM

TunsfinundugiuuasivaziBeavesdnyaeiiuinvenuiiin anawanatan1ni 5 (Figure 5)

Figure 5 SEM photographs of carbon black with 1,000x

A) Before activation
B) Activation at 400 °C for 15 minutes.
Q) Activation at 400 °C for 15 minutes with 20% NaOH.

Mnituieiilessilaemaiia SEM wudn ifewdn 9 nsvanedhituiives
s mdamsnseAusiensmeniwsieauseuisnInd 58 (Figure 5B) Laznsnseduma
\ATida 20% NaOH 1wl 5C (Figure 5€) Baidnuaiufnlaisnsiuindiaunsedunnin
WAIENUINVNIAINAINIINTEAUIL AN TTINAIAUBElUTUVRINITTINNGN (Aggregate) g

¥

o q v I o a 3 = o g v I o ad da
N1333UUIA (Aggtomerate) Vl'ﬂﬂ/ilfﬂlﬂﬂ'?ll“ﬂuqﬂaﬂéﬂ']ﬂLaﬂaﬂ %uma%ﬂmmmmuwummua

ee

Andugngunndu vilidenuanansalunsgaduiinau (Sae-oui, 1994)
Ansziesnusznauluvsindndlemaiia EDS
INMIANYIBIAYTENBUTBIT WA LUTUIUTINVDUUMNIINITNTEAUAIBAN 1Y

#n3 9 sewmadia EDS Tinauansfing1eit 2 (Table 2)

Table 2 Elemental composition of carbon black after activation with various  treatments

Conditions of activation %C %0 %Na %Si %Cl %Ca
Before activation 16.94 21.86 - 29.85 3.14 4.66
Activation at 400°C, 15 mins. 54.68 18.68 - 9.71 7.08 7.23
Activation at 400°C, 15 mins + 20% NaOH 52.18 2274 283 8.44 118 10.72
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Figure 6 FT-IR spectrums of carbon black
A) Before activation
B) Activation at 400 °C for 15 mins.
Q) Activation at 400 °C for 15 mins with 20% NaOH.

&

1NN 6 (Figure 6) WuIndIAIABUNTEAULAENAINTEAUILINY TanTuRe
O-H stretching, C-H stretching, C=C stretching, C-H bending, C-O stretching ey C-Cl stretching
gnuiin O-H  stretching ltalauwnszisiineunseduenadadanudueg wazlasadg

LWUIR1LUTENBUAIYANS UBUVDIILUUTU TId80AAA 8INUNANISNAGRINALNUR A C=C
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(Menendez-Diaz et al., 2006)
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nsdnselassailnidaziiuauauisalun1sgadu (Thammee, 2012) Fagunniii
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I N '
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