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ABSTRACT

In recent years. the amount and number of synthetic organic compounds(SOCs) dis-
charged from various industries has been increasing. Granular activated carbon(GAC)
adsorption is one of the best available technology to remove SOCs from water sup-
plies and wastewater. In this paper competitive adsorption for binary mixture of
4-nitrophenol and phenol on reverse stratified tapered adsorber(RSTA) using GAC
was studied. Two isotherm experiments were conducted, one for phenol and the other
for 4-nitrophenol. The phenol data of binary mixture isotherm were not fitted to
Freundlich isotherm. The competitive adsorption increased significantly with de-
creasing carbon dose and increasing adsorbate concentration. The RSTA was found to
provide an increase in breakthrough time when decreasing flow rate, increasing angle
and injection layers. The performance enhancement provided by RSTA can be ex-
ploited in separation and in the purification of fluids.

Key Words : Adsorption, RSTA, GAC. Phenol. 4-Nitrophenol



724 ol o™

(=]
pedl

a7l sk e

RSTA®IA phenol® 4-nitrophenol® ARAEFZE

M0

HeAl HIEEE FUHAIN s, 2 AFelME GACE &%

A7slg et o] EA FEF52A phenol

& Freundlich #3524 280] #rbsatgrh 22ln 84 7Pl Aol Hot = &
S| S 2R e F A uls 2ggse AB5)0TH RSTAR o] 8% 244 4

o

oAl fre 3ol 2

{

o{)ll

+E w37 dYoMes 2HE: 8
th &+ 4-nitrophenol 74%‘3—" 5
o} Relof e 5 S Helth

¢

ZHo @ &2 A4 g4, dHE, 4-HERSHSE

.M 8

A8t &8 2ol vet 2HF AAA

dAE TP TR B Jo 298I E Fapd
Hog wasta Jev, ol o3 FHedME F
72 HE 2944 53 2L falR71s g E o
& oo wids wAYstT gt

FalRriagEd S 58] HeA 38ELS USEPA
(US Environmental Protection Agency)”?t &3l
¥e 78 AEAZ Y We REL AR Y
olgidt HEA AFEE MRAANY, I 284,
Zel2gary] A%}l % phenold UBZ &e 4
A4 Bk oy} o AAFHNAM FAER
dapgict ¥ i g e oY B o) GE
#goin, @*} P g sdets gHF Fae
Erbsdn], B89 EA4S JEr] BEd A
A= -o-°ﬂ*1t HeA 33 53 22 887
A AL Ay AT g PP Eo] dFF
ot}

USEPA°IA & 1989 National Drinking Water
Regulationg %8 #3#7128E4& AHelslr]
% & 27)9 (Best Available Technology) 22
g4e e FRaALY 2eln 2dde &
AE &S Z7H47)7] 91 who] Basmadjian®#
Mathews®ol| ©J3] SA(Stratified Adsorber). RSTA

2t Wslo] e AAFHARANE F3740] A

& F7kstgch RSTACAM 9 o2 g A

A4 E T AR AREFRATL Fvlsle Hez vyt ¢%
AFE gupazie] sl on . gde 3
Z7t 7o wel 7t JEe] #2484 % phenold

olr

Fae FAe FA

Ze N2E Mde Fage] d7Folt. 3ue
A7t 2 270] RSTANAM AU F2W 3}, aa}
A 27198 bed volume W3 F 4F W2

2ol 2|t phenol?] T EA &GS AT
oy, BUHF2PA MUY FH4YH HES
B]#E W, TA(Tapered Adsorber)& 50~100%,
RSTAE 100~150%¢2] mtzpA|zte] Fr7idtian @
Faldch o8 g AFE Fal RSTAY ¥47t §
Hojdod F2Aa8 oz Q8 GAC HelH
fo] Aasn g F3 e BAC Han e
Faghy 4gAs A4 A4 pumprld T 4
F BoadelA] A4=E A ¥ g ZFa A3
AS Aoz WotEc}

2% A8 F s wEsHe fAFISEE
£ dYFANE R FAE YA ¥n BTF
ol BAE Jehich debA oleid wFe 4EE
gt2A olsistn B&FH oz Halsr] YilMe ¢
AEAS} tEo] pd R A dF o8 7t glojok &
ReZ gdgc

B mEodMe fold AF3 uiel Zeo] {3 R7
S e] BT A £&S FUAT T, oY
FAEAE sstua, dubd o Adsgo
tol X&E) Y FFolAM E eld A

JEll & phenol® 4-nitrophenol® WA S.&
ACE o] &% RSTANAN AAEFE AFshsict

o &% o

(DI



GACE ©] &% RSTAcA] Phenol® 4-Nitrophenol®l o] ¥A AYEFHX 725

2.1. Algixz

2 dgdM e et FAZAA Mz 4
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©6.2MR2-cm) & AHE-Et AlFWel ulE-E M A
do, dry ovendl ¥ 105£5TCAM A2 ¥
ALgg 7R " AlelE gtell B#AsH

281 §3P-e first grade® phenol(J.T. Baker
Chemical Company)® 4-nitrophenol(Acros Or-
ganics) S AHE8te] A FE ZAHA.

2.2, dgyy
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AF et AR

AT F4F wdlo) it F234¥8 L phenold
4-nitrophenol®} F%=7} 242t 200 mg/L7t H=F
ETFAaE BE ¥, 2L 432 beaker 6719 @
1L Faqac. 28xn &F3de Fd8 ¥
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4.6mmelot. 28l F4ge Eole 300mmE 4
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Fig. 1. Schematic diagram of RSTA.



726  clgE-PFAY

e A EREdE oYL dasle f&
of 2 S Z9 ZEHYE WASYT AR
= "EFELYE I (digi-staltic, Masterflex) &
58 458 F3F0 A48 o2 FYHA A 5Y
oo, 433 AR Hdez fEFE BN
A& ER system] MEFZE Fig. 1o} JehiAcH

2.3. NEEHY

Alge]l EXMedle U.V.-visible spectrophoto-
meter (UVmini-1240, SHIMADZU)& A}&3}%
ot o] ¥A BFE neidte 3t sampleol o
gte] 270nme 318nme] HF-g o) &dte] EMF
A3, 318nmolME 4-nitrophenoltte]l HEH
21}, 270nmel A & phenol® 4-nitrophenole] %
F A&HATt. WA phenolvs=E B 23] 9
gty 318nmolAl F3]F 4-nitrophenold] FEEE
270nme}A  4-nitrophencl® ZHFAol| = &3l
F35E 733 270nmolAM 77 Al8e FHxE
ghollx] o] & zh4tdt FH=E 270nme] phenol I
o] didstich

3. Ayt ¢ uF
3.1. BiES24Y

P2z M YA FJAEFE FEANA.
A =2 o] A zet o G F2
T FA44e] BAE plot¥ AE FEFAFL2olg T
th B AgolM e A4 2t FRBAE A}
2 A Jeldtizn €2 A Freundlich §35 24 &
o] g3t olH¥ FAFLHAE ZHE HeRiAT
(Fig. 2). ¥tz {7183 4&7(-OH)7t
AEPL o 2ot YEZ I (-NO7t 2839e o
F25o] goni, ¥ 4#dME 4-nitrophenol?
$25°] phenolel A2t} EA Vel

4-nitrophenol2 F&Ae] o] B Ao ¢
Aglol Freundlich a5 &2 el 43 oA
F2131d et 28 phenol& &F#A|9 o] B
ALolle AETAE ey, F2A 9] ko] F

to mo wmu i

8 4-Nitrophenol
® Phenol

Amount adsorbed, x'm (g/g)
-
[
.
.
.

1E3 0.0t 01 1
Equilibrium concentration, C, (g/L)

[
2

Fig. 2. Adsorption isotherms for binary mix-
ture.
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Fig. 3. Competitive adsorption for binary mixture at various carbon doses.

AZe oF 150min A E Z7bshe Ro2 Uyt
Fig. 4(a)olA Fig. 4(c)7HA e 848 F4%E
1.5g/LE 8t phenol®d ¥% % 200meg/LE 13
Al7]R 4-nitrophenold =& 100, 200, 400
mg/LE WEAHE A$, 28 Fig. 4(d)elA
Fig. 4(D7Ale 84 FdFE 0.5e/LE 81
4-nitrophenol® F%%& 200mg/LE 2EAZ F,
phenol®l & & 100, 200, 400mg/L2 WH3A A
< A% F ALY AAEFEE JeUT
doid oz Fagol ¥ phenold 7|E2Z 3}
o F&%0] 2% 4-nitrophenold WHAAE A
< AAE e 4oirt =& 4-nitrophenol#e] F
=87k 0.5, 1, 22ln 28 ¥Ee] wel phenol
o] $EAFEEE 20, 46 ¥ 162mg/LE F7}8t
At 53] FUv] 1:29 ALlM e AA AFEe]

712 Q8] F AR F dA4% FiF HaE
BTt F2%50] 23 4-nitrophenold] ¥=
200mg/LE &1 F2geol 4 phenold] F4U
T & WA S 2%, phenold] F=rt AuFe

2 =784 A4Sl E 4-nitrophenole) B3 &
Aree 2 A8 gk 2y FUFE
22§ phenole FYFE7 #5755 FA4HY
wole Zadtden, A FHAFL 7 A
20mg/LA 9 F7hHE e

o of iy I

<>'n‘ m\m

ki

L olsl EAAY

Fig. 5(a)~(c)7FA¥ RSTASNA H3& 30, 60,
2812 120mL/mine 2 WHIAHE w oJAEA
ARFRE JERIATH $A SR g mE



1.0 T T T T Y
Carbon dose : 1.5g/L

®  4-Nitrophenol (100mg/L)
o8 & Phenol (200mg/L) N

Time(hr)
(a) 0.5 : 1 (4-Nitrophenol : Phenol)

4
Carbon dose : 1.5/
02} ®  4-Nitraphenal (400mg/lL) J
@  Phenol (200mgl)
00 " J 1 1 1 i 1 1
0 20 400 600 800 1000 1200 1400
Time(hr)
{c) 2 : 1 (4-Nitropheno! : Phenol)
0% T T T T T g— |
Carbon dose : 0.5
®  4Nitropheno! (200mgil) [ ]
¢ Phenol (200mgl.) |
1
02}k 1
00 L L. 1 i e 1 A I
0 200 400 800 80C 1000 1200 1400
Time(hr)

(e) 1 : 1 (Phenol : 4-Nitrophenol)

10 T T T — T T T
Carbon dose : 1.5g/L

8 4-Nitrophenol (200mg/L)
®  Phenol (200mgl.) e

s B .l _m ]l m i

600 800 1000 1200 1400
Time(hr)

(b) 1 : 1 (4-Nitrophencl : Phenol)

1.0 "7 T T T T T
Carbon dose : 0.5gL
*a m  4Nirophenol (200mgiL)
0Bf 0,‘ ®  Phenol (100mglL) 4

02} -
00 1 i i B i b 1 . 1 "
0 200 400 600 800 1000 1200 1400
Time(hr)

(d) 0.5 : 1 (Phenol : 4-Nitrophenol)

Carbon dose : 0.5/
02F | & 4-Nitrophenol (200mghL) +
®  Phenol (400mgL)
0.0 - 1 i L i Il 1 i
0 200 400 600 BOO 1000 1200 1400
Time(hr)

(f) 2 : 1 (Phenol : 4-Nitrophenol)

Fig. 4. Competitive adsorption for binary mixture at various adsorbate concentration ratio.



GACE ©]&3 RSTAIAM Phenol® 4-Nitrophenol®) o144 24 A& 729

12 T T T T

.
" e-g
¥ 1 g
e e Radd Sttt L LT L LR A TR — - - -
—8

08

06

c./c,

04 RSTA15° g
Q= 30 mUmin

—8— 4-Nitrophenol (200mg/L)
—8— Phenol (200mgAL.) i

02

............... foid
Lot ant :
20 0 60 0

Time(hr)

(a) 30mL/min

00
Q

12 T T T T T T

Lt .Fﬁ'.ﬁ'.’:?:‘..‘:’:iﬂrnﬂ......._._. ..

Time(hr)

(b) 60mL/min

C. C.

Time(hr)

(¢) 120mL/min

Fig. 5. Breakthrough curves for binary mix-
ture of RSTA at various flow rate.
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