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e FEAES AR A% T B 39S ARSehE TRl Al FASH HEA
g gEAAE Akl BAEAS AR f18tel AE 4171 (Thermogravimetric Analyzer)E AH8-3HATE.
YA AT vhEo R 9 SAuae] S 2491 weArel SIS Tol7] $15ke] Friedmanttl 7}
Freeman-carroll ]S ARESIQITE £ 37dolA A HAEAJREC R Friedman'HS o]&3t0] &/ dsloui=x]E Akt
A3} 20.6~43.2 ki/mote LFERAS 21, Freeman-Carroll]-S- ©]-8-310] EA3lolux| 9} W& 255 Alikst Ay} 24
oL R|= 12.3~26.5 ki/mol, BFS- X5 0.1~1.78 HERISICT

Algtke Ak Yol 24

Abstract — Desorption reaction characteristics of the used activated carbons collected from painting process in Shi-
wha/Banwal industrial complex were investigated. Thermogravimetric analyzer was used to investigate the desorption
characteristics. Activation energies and reaction orders for desorption reaction characteristics of used activated carbons
were estimated by employing Friedman method and Freeman-Carroll method. In the used activated carbons collected
from painting process, it was found that the activation energies were 20.6~43.2 kJ/mol in Friedman method and
12.3~26.5 kJ/mol in Freeman-carroll method, and reaction orders were 0.1~1.7.
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Table 1. Emission amount of VOCs by emission sources

2 VOCse] gHEA AT 753

Table 2. Selected companies for the experimental

Emission amount ~ Emission rate

Emission sources

(ton) (%)
Painting 362,481 522
Motor vehicles 202,678 29.1
Manufacture of paints 34,875 5.0
Oil stations 29,556 43
Pavement works 23,753 34
Printing 21,475 3.1
Washing and dry cleaning services 19,898 2.9
Total 694,716 100

W5k SJal cheket FEle] vOCs AA Aldo] ] -85 9l
1
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e
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Zlo] HQs},

Table 1> -ollx] ZARE U 3 f7)shtad misd
HAs-S veRd Zojth wiEY ' vOoCs BlE HlES = 4k
52.5%, AFEAF 3 29.1%, ERAIZ 5.0%, T4 4.3%, TREY
3.4%, 13Y 3.1%, AEAIAE 2.9%= UERATHI].
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= GAelA A% AZARR] F2E VOCse] 35S 4
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2008 =0 AAISE AlStTEATCEe] Hg22AE ATfol] W2 610
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olF YAl T DT FHG ARGl W PFS skl F 18
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Operating lodine
Company period value
(week)  (mg/g)

Type of industry

o of A 54 900
Tfeat.ment a}nd coating of metals B o8 1000
(liquid coating)
C 29 985
o of D 27 980
Treatment and. c.oatmg 9 metals E 20 1010
(electro-deposition coating)
F 29 910
" ; . G 19 895
Ml o
I 26 1050
Manufacture of electric motors, generators 7 24 1040
and transforming, distributing and controlling K 18 1020
apparatus of electricity (liquid coating) L 19 980

23 T4 9, =7 D 7l e QL =g el me
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Wi, Table 201 LR mlel o] kIEAREe] 2 @ =717} 1,05002
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FAR AR v EARR] AR A A= 18504 WA
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5led BET 418 Al33ISith. Table 32 1270 JAllolA] =A%k 5
ghdere] el BET B A4 (m¥g), A& (cm’/g), FHAl %
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et} e 7 FR7F ARE O AR vEEE 4.1~953
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20502 AH&-3H3iTt.

TGA(Thermogravimetric Analyzer)E ©|-8-3F ZAJeke] &2

e

Table 3. BET specific surface areas and pore sizes of selected activated

carbons
Company Adsorbent Sper (m¥g) V,P(ecm’/g) R(A)
A Pellet 678 0.35 0.2
B Pellet 20.7 0.01 0.3
C Coconut shell 257 0.12 0.2
D Coconut shell 812 0.36 0.2
E Coconut shell 4.1 0.01 0.4
F Coconut shell 152 0.07 0.2
G Coconut shell 123 0.06 0.2
H Pellet 953 0.50 0.2
I Coconut shell 32.8 0.01 0.2
J Coconut shell 263 0.11 0.2
K Coconut shell 245 0.10 0.2
L Coconut shell 121 0.05 0.2

“BET specific surface area
bTotal pore volume
“Average pore size
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Fig. 1. Desorption characteristics of used activated carbons from 7} 20 °C/min%] ﬁo%oj‘l A AR F oF 2020 VOOt 23
¢}

the treatment and coating of metals(liquid coating) at 513 K 3, 10 °C/minSl
with heating rate of 10 °C/min.
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Fig. 2. Desorption characteristics of used activated carbons from the Time (min)

treatment and coating of metals(liquid coating) for temperature. Fig. 3. Effect of heating rate on desorption(company A).
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Fig. 4. Kinetic analysis by the Friedman method (company A).
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Fig. 5. Kinetic analysis by the Freeman-Carroll method (company A).
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Table 5. Activation energies measured by the Friedman method

Company E (kJ/mol)
A 34.2
B 31.7
C 27.6
D 24.0
E 27.1
F 34.9
G 32.0
H 29.0
I 43.2
J 30.7
K 20.6
L 23.2
23l e} vEgAb T & W) A71E A1 wiitoletar dekEich
o]21%t Friedman o] TS R EKS17] 21811 Freeman-Carroll
HE AREIRE 2 (9E (6)7 2] YERIH Freeman-Carroll
o] #rHs-12].
dX 1
Aln—a— =nAln(1 —X)——A(T) (6)

Aln(dX/dtyA(1/TY} Aln(1-X)/A(1/T)2] BAE Fig. 50l =AISFITE.

Fig. 5014 ®3= uke} 7o) Aln(dX/dtyA(L/T)F Aln(1-X)/A(L/T)S]
Al 23S S 5 ISITE wEbA] 2 ol 483 Freeman-
Carroll§ €] 2§ EF/dE gIg = SISt

ole} T2 v o7 ZHzhe] Aol v 17l JAlY] v &
‘& ZAFSH] Friedmangell &Jal) AL A gkge] whE 2735l
YA 2] S Table 50 eI S, Freeman-Carrollel] €] 3t
WEEAK 9l /3 slell A& F-8to] Table 6l YERNSIT. Table 5
¢} 6014 Hi= v}l 20 Friedman'H ¥} Freeman-CarrollH 2] 243
sl A7} B2 20| F Kol o+ Friedmangold E2kg-2
HESA5 12 7881 7] wlitol2kal ST, Friedman S ©]
f3to] BAsleXE Atet Ao} 20.6~43.2 kI/mols: L}E}u}ai
01, Freeman-Carroll']-2 ©]-8-5}0] Ed3lof|u] %] 2} HH-g-2]<-
Aket Av} G st == 12.3~26.5 kl/mol, FH-214= 0.1~1.7
= eSS
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Table 6. Desorption reaction orders and activation energies determined
by the Freeman-Carroll method

Company 5 °C/min 10 °C/min 20 °C/min
E(kJ/mol) n E(kJ/mol) n E(kJ/mol) n
A 183 0.7 16.8 0.4 13.9 0.1
B 193 0.9 17.1 0.7 154 04
C 20.8 0.7 19.4 0.5 16.8 0.2
D 183 0.8 17.2 0.6 14.0 04
E 16.4 0.5 14.3 0.3 12.3 0.2
F 19.7 0.5 17.3 0.3 16.8 0.2
G 26.5 1.7 23.8 1.5 20.3 1.2
H 193 0.7 17.4 0.5 16.0 0.2
I 19.7 0.7 16.7 0.4 13.7 0.2
J 17.1 0.9 15.7 0.8 14.6 0.5
K 18.2 1.0 15.9 0.8 13.2 0.6
L 243 0.6 20.6 0.4 174 0.3
2
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: activation energy[kJ/mol]

~ m

: reaction rate constant[min™']
: reaction order
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