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Analysis on Adsorption Characteristics of CFW
for the TCE and Phenanthrene
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ABSTRACT

This study was conducted to confirm the adsorption capacity of CFW (Carbonized Foods Waste), which is produced by the
process of recycling waste, in PRB method that Electrokinetic(E/K) method was applied. The batch test was carried out
to analyze the adsorption characteristics of CFW for adsorbing the organic compounds. The organic compounds used in
the batch test were Phenanthrene and Trichloroethylene(TCE), and the anionic surfactant(SDS) and the nonionic
surfactant(Brij~30) were used for the surfactants. The results of the batch test confirmed that the adsorption efficiency of
Phenanthrene was 99% and TCE was 26%. The each compounds compared with the adsorption isotherms, which is calculated
by the Langmuir and Freundlich models. The results indicated that Phenanthrene is fitted to the linear Langmuir model,
whereas the distribution of TCE is unclear. The results of the batch test used in surfactants confirmed that the adsorption
efficiency of CFW using Phenanthrene was reduced to 6~8%. However, the adsorption efficiency of CFW in TCE was
increased up to 81% by surfactants. Especially, the nonionic surfactant was excellent in the adsorption of CFW using TCE.
Nevertheless, the adsorption efficiency of CFW in Phenanthrene was still higher than TCE. Therefore, the adsorption
efficiency of CFW in Phenanthrene was better than in TCE. In PRB method using E/K method, the adsorption of CFW
used nonionic surfactant is better to use than the anion surfactants on the organic compounds.
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H 3. CFWe| 14e4a

[ 228 724%)

C H 0 N S Cl ash Total
1.3 0.52 11.9 1.09 0.48 1.85 72.9 100
11, st 24
0 Ca C K Cl Na p Fe Si Mg S Al Other Total
38.39 25 51 21.73 32 3.05 264 15 1.29 0.97 0.71 0.51 0.27 0.23 98.28

12l 1, CFW2| SEM O|0|X|(Han et al.,

2010b)

H 4. Phenanthrenen} TCEQ| 22|3letH EAM H 5. A|HEAMFo 22|55t EN
Materials Properties Materials Properties
mol formula CiHio mol formula CioHas04SNa
Phenanthrene molcular weight(g/mol) 178.23 ) SbsS molcular weight(g/mol) 288.38
: . (Sodium Dodecy! : .
density(g/ml at 257C) 1.063 Sulfate) density(g/ml at 25C) -
mol formula CoHCl3 CMC(mg/1) 20
) TCE molcular weight(g/mol) 131.39 mol formula (CoH40)4Ci2H260
(Trichloroethylene) - Bri®30
density(g/ml at 25C) 1,463 I molcular weight(g/mol) 362
(Polyoxyethylene (4) - C
lauryl ether) density(g/ml at 25C) 0.95
- o - _ CMC(mg/1) 2100
o] W22 350Cofl A 1Pa(7.5umHg)ol 312 &S 7}t

% e7| A7 HEHEALS ZHKS L ISO 18757, 2007)3t
A3}, 14.16m*7/g O 2 Lyttt 18] 3 BIH(Barrett Joyner
Halend) 201 o §3 A3 9 BaAEHS 242}

0.0469cm’/g, 132.4A 02 =A%},
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2 A A AMRE §7])2dEA-S Phenanthrene}
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S2(PAHS)] 3 Z22A] 4] o] WAz 2 Aol
5, elo] Gz 4, B84 YO F2 oHER
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H 6. Phenanthrene} TCEQ| sz TI7IAS =A ¥ 7. Phenanthrenez} TCEQ| 3|24l S2MIS X7
) Concentration Contact Time |Shaking speed ) Concentration Contact Time |Shaking speed
Materials Materials
(mg/1) (hr) (rpm) (mg/1) (hr) (rpm)
Phenanthrene | 500, 1000, 2000 Phenanthrene | 500, 1000, 2000
3000, 3500, 4000, 12 50 3000, 3500, 4000 12 150
TCE 4500 TCE 4500
H 8. HHEMAIZ 0|88 Phenanthrenent TCEQ| 3|2A] SRIAME XA
) Surfactants Concentration Contact Time Shaking speed
Materials Surfactants )
Concentration(mol) (mg/1) (hr) (rpm)
SDS
Phenanthrene 30 00 1000 1500 2000 2500 150
- 5 1 , 1500, , 25
DS 0.01,0.05, 0.1 3000, 3500, 4000 12
TCE — 7
Brij~30
70BN SRS Poluug keI 22 AFS T SRR FYUskth o $S YHREIE ol gt
Sa)stglon, AFRAL # 604 B vle} Zth 20ml 3000rpmollA] 5EZF YAEDS AAste] FAlZolA
H.u] 9] Borosilicate Glass A 212} S-2|Hof Hjgh-20f 23| S5mle 23 3 7}~ I 2ulE 1 uE 0|83k TCE
=l Phenanthrened} TCEE 32} 2549} &3lsl0] 500~ o] A=k BAL 43859t
4500mg/12] =8N O 7 A x5}qt). A uRt7 S o|-§-5}
o Sorpme] &R 12A7HESE WHHS AN 3.2.3 Z2EENE 088! sz Faue
& HA| A=ntE 1 T|(HPLO)E OlJl AHZGA7E 1718549 FaE vAle dF=
-FID)& S}RI517] $15}0], Phenanthrene %! TCE®] 3ol AHE
24721 SDSE} Hlo] 4] AlmggA|el Brij*30< 2kt A7}
Slof B4 BAAES Saskgon], APRAL I 8o
A B e} 2t} H*], Phenanthrene®] 7-9-of= 20ml £
1] 9] Borosilicate Glass A2 2] F-2]®of] CFW 0.1g2 211
Z¥zF 0.01mol, 0.05mol, 0.1mol®] H== AZE SDS<t
HekSo]| 2-3% Phenanthrene} Z¢}5}
x5 &5tk
dgt oz 7k Aw
1:]01-9_]- ol

15

Ie) 2
Phenanthrene-& 31
slo] B89, TCEw= 714 AZ2utE 18 3(GC-FID)E

XAl
539 23
-
Brij“30 4=g-ol-S
o] 500~4500mg/le] Sgohe A|zBto] At
247 9] o] wa} 500~4500mg/le] 4L Az 3}

ol g3heic.
3.2.2 Q7|20 5|24 S
2 Aol A= CFWoll tigt 7] e dede
H7}5}31A} Phenanthrene %! TCE®] 3t 3J&4] 241
& agsiglon], Zizte] AR X 7014 R uig}
7t} WA, Phenanthrene®] 3]32] S2HA1E 2] 7%, 20ml
3] 9] Borosilicate Glass 2|2 2] F-2]Ho]] CFW 0.1g= @ TCE<] 7, Phenanthrened} %
11 wER2o]| 835 Phenanthrene2 32} SH2} &35} 5]
o] 500~4500mg/19] ~gH & A5kt WRE7|E o o] Agstact 13 3RS HAsE] ¢
83to] 150pm] HEE 12AFE WS AASAT,  mamge 32240 TCEY st SEA H21A
3000rpm 2.2 SE7F YA RS +aslck 18]l 0.45u AsHA 2-g-= STt
mo] Alglx) W2 ofgtalo] smie] AFES Hat ¥ 14
o] AEvkE S olgstol BB 4. NEZET BY Q DY
TCE?Q] 7$-o]l-= Phenanthrene} 7-& HHH O & 500~
4500mg/19] =8-HS A| 25} om, TCEQ] 9HS X4 41 87192 xlo] L5 HWIAYH A1
sla17] Slelol A B e el 62
g2 go|Z2 Bxsigir). 34 wEb|= 2 Aol HEkEe] AT f71e A= &
7Hsot wuke AXstgla,  HRE &eieE dobiat Gaf= HrES AAlEkL
AHa] A7] H, A AT}= F 9o A Ei= vk} ) Phenanthrene 2]
J5-ol-S 3l Brole 2715=e HuskRS wl, of 44%2) A=
TCE®2} Phenanthrene0f Ci$t CFW2| SXEY 24 57

g uplell=

o] &35}t Trpm2] £ Z 124
AMZa) A 3000rpme] £EE 557 ¢

0.45um2] A2z g2 o75te] 10mle] A



2 9. R7|12E=Z0| st Ssi= Frrae Zakgt

Materials Concentration(mg/I)
solution 500 1000 2000 3000 3500 4000 4500
Phenanthrene
pollution 479 953 1905 2875 3352 3817 4309
Toe solution 500 1000 2000 3000 3500 4000 4500
pollution 458 916 1831 2712 3226 3685 4151

H 10, S7|12HE20|l thst CFW2| Langmuir@} Freundlich 252 oij7HHS 2t

Isotherm Isotherm parameters Phenanthrene TCE
Gmax (M3/9) 902.84 450,96
Langmuir b 0.8303 0.000252
R 0.9982 0.9306
Ky 335815 0.3204
Freundlich N 3.0741 1,2327
R 0.7992 0.9941
1400 300
— 1200 - —
o & 250 -
¥ =
‘E’ 1000 - w0 e
5 s e
3 8 - 3
£ £ 150 -
_‘é 600 %
a
5 a0 5 100 1 O TCE
ﬁ B Langmuir -E ol e e Langmuir
Freundlich Freundlich
0 ; : ; : ; . 0 . . . : . . .
0 20 40 60 80 100 120 0 500 1000 1500 2000 2500 3000 3500 4000
Equilibrium Concentration (mg/I1) Equilibrium Concentration (mg/l)
(a) Phenanthrene (b) TCE

a3 2. CFwe| EXS23M

el ¢l o, TCEE: oF 8.4%2] A5 Vel = Aoz 9 451mg/g O 2 LJE S ™, Phenanthrene©] TCEo] H]
SRI= QL. o= f712A=49] Ao gt FF= A off oF 2uf) A =& A o= eI &, FAEF Y
A A

o] Qe Aoz FAE]en, 34 A Al ¥ F2PF == 451 Phenanthreneo] TCE®| H|slo] 22}
© &% ¥k CFWo 93t f7|edede] 2o s oF 10008 % oF 2.5v] A= =2 Fo= IIE Q]
ulohal 2= 9l Langmuir®} Freundlich®] J2Fs-2mdls  o]83t

Phenanthrene¥} TCEQ] 2 %= H3lof| w2 Z2kRS U

42 $7199980e URA SANE 27 BE  chAY I8 29 2ok Phenantene] FFe 2] 552
Helol A w43 571 UeEbiA]9E TCE+= Phenanthrene

& AFelAE frledsdel datel S FAA o wlg) euls] FrkeHe SAAES vt &, 19
S 5ol SRR AFES CFWe| SR EALS 3 2(a)o)| 4] HL v} 2o Phenanthrene2- 500 ~4500mg/12]
7¥staizt Ha= - E4 E2o) S2Ael olsf A== = L HEE WollA o] AR FEsketl oA, BRs
Uehd 4= 9)= Langmuir®} Freundlich 252w gl =} 271t whep Bakeko] x|&FER Zlel €
223}tk #F 10-2 Phenanthrene™} TCEo] tjj3F CFW2] Freundlich S2F5-2RdlHT} Langmuir S5 dlo]

S22 rndlof] s ui/fHa GRS A este] e ¢ 4X|3}9 o1, TCE:= Langmuir®} Freundlich S2H5-2
. Phenanthrene % TCE®] HTEARE2 217 903me/g  melo] Xjol7} mfBata] ghaeh vhe: Swmol Ae] ulims)
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Adsorption Efficiency(%)

Adsorbed Amount (mg/g)

Adsorbed Amount {(mg,/g)

100

90 4
80 4
70 +
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50 4
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30 4
20 4
10 4

2+ 8 8-2 Phenanthrene ] 7%, 99% o|ArQ

© & Yehffglom, TCES] Z$-ol=
X TCE9)

1000 -
00 +
800 +
700
600
500 4
400 +
300 4
200 +
100 4

1400 A
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oF 26% HE
B]3}] Phenanthreneo]] T3l CFW2l

J {

phen BMTCE

i lll

500 1000 2000 3000 3500 4000 4500
Concentration (ppm)
= R0 e S8 CFWe| SASE H|w
—5—5050.01mol
== 5DS50.05mol
aaghes SDS0.1mol
Phe
pog A
e A
A
> &
e A
;g
oA
¢ K
200 400 600 800 1000

Equilibrium Concentration (mg/1)

(a) SDS

C)/K‘],
Tl

2} go] js: Ao P,

4.3 ABWYHE 0133 8712QBU Y T
Y 23 D%

HAHEAJA| S 0|83t Phenanthrene¥} TCES] 3] HA] &
2 0]-835}o] Langmuir®} Freundlich S22
Hdlo] 2-8-5}3ick Phenanthrene®] 7-%-ofl=
9 Freundlich S22 dly} AX|3}A] = oz 39o]
=97 wfiZel, BHsEet S WANE: Bk
tl. 1% 404 Hi= uie} ZHo|, Phenanthrene> H= 7|
2234 0.01molof| A o] BE st H3bE A9 giglon, A
A1 9] FAFe-2Alo] UEhgt: ey AHEA o] s
7t $7VdSE Y5 7 @ Langmuir 2] H]/ﬂ
o BASend 3 shiol S8 BASLA S A
2 Uetyith wheba] AHE/dA7F Phenanthrene©] EH?‘?I

Langmuir

F

2 ¥

CFWO] F2o] glolA Waais Hgsto] FAXAY
1000 -
—5—Brij#30 0.01mol
200 -
— == Brij#30 0.05mol
29 g0
o & «+es Brij®30 0.1mol
E 700 | A
= @ o
S 600 - (’5 Jay
3 ;
£ 500 - A
< L :
o 400 - A
3 S g
£ 300 §$ ..
ﬁ 200 Py A
100 - ,-A
0 A .
0 200 400 600 800 1000

Equilibrium Concentration (mg/l)

(b) Brij*30

T2 4. Phenanthrene0l| CHSH AIHEMA| SEE CFWL| SRIS2aM

" 0O SDS0.01mel

| angmuir(0.01mol) 1400 4
------ Freundlich(0.01mol) & 1200 -
oy -
E ;
= 1000 - K
c N
2 s00
E
<t &
o 600 E
B ]
3 -g 400 O Brij®300.01mol
35 = Langmuir(0.01mol})
< 200
------ Freundlich({0.01mol)
. , . . . . . , 0 T T T ; T ; T .
500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
Equilibrium Concentration (mg/l) Equilibrium Concentration (mg/l)
®
(a) SDS (b) Brij“30
&l 5. TCEO| Chet AHEEH s=8 CFwWe| Sas23Y

12
m
0x

TCE2t Phenanthrene0f CHgt CFWQ| S&t EM 59



H 11, TCEO| ChSt AHEMA ZFY CFWS| Langmuir@t Freundlich S&&52 oH7HHe 2t

Isotherm Isotherm parameters Material =
SDS 0.01mol Brij~30 0.01mol
Gax (MY/Q) 712,91 11905
Langmuir b 0.00135 0.000921
Ro 0.9834 0.9771
K, 0.1159 0.3760
Freundlich N 1.2057 1.1616
R 0.9740 0.9728
SDS M Brij 30 SDS m Brij 30

100 +
90 +
80 +
70 4
60
50 4
40 4
30 4
20 +
10 4

Adsorption Efficiency(%)

500 1000 1500 2000 2500 3000 3500 4000

Concentration (ppm)

(a) Phenanthrene

J8 6. RI7IQESHO| gt AH

ol WAEE Ao FAE I

T19] 5o|A] K= Bk} o], TCES] 7-$-ofl= Langmuir
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