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ABSTRACT

The characteristics of anaerobic degradation of phenol were studied in a fluidized bed reactor using a
granular activated carbon as media. Increasing the phenol loading rate with variation of feed con-
centration was considered as an experimental variable. In the present anaerobic fluidized-bed reactor,
the removal efficiency of phenol and COD was maintained about 93-99% and 91-96%, respectively, up to
3.6 kg-phenol/m* - d of the phenol loading rate, hut it was abruptly decreased under 5.0 kg-phenol/m’ - d.
The volumetric production of biogas per removed phenol was decreased linearly between 0.80-1.27 m*
gas/kg-phenol (0.35-0.56 m*-gas/kg-COD), increasing the phenol loading rate, and the methane content

of biogas was 55-60% as similar to that estimated theoretically up to 3.6 kg-phenol/m*

- d. But the pro-

duction rate and methane content of hiogas were suddenly decreased at the loading rate of 5.0 kg-phenol/
m’ - d. Therefore, the anaerobically biodegradable phenol loading rate of the present reactor was 3.6 kg-
phenol/m’ - d in order to accomplish over 9% of the removal efficiency.

Keywords : Phenol, Loading rate, Fluidized-hed
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Table 1. Separation methods of biomass in the anaero-
bic process

Mohilized bacteria Immobilized bacteria

Precipitation

*» Contact Process

* Upflow Anaerobic

Sludge Blanket

Permeability

» Membrane Filtration
Centrifugalization

* Flotation

Surface adhesion/pore
colonialization

» Anaerobic Filter

* Film Reactor

* Fluidized Bed Reactor

o5 4 FoME FEF Asue mysh vl

3 vl E R

A WUre -4 (wash out)ol ‘”X] -LEE’} He4
AH(channeling) ¥ =F81 &l Ak (clogging)el deist
9J+= filter B.rt biomasse} 717 Apele] Abs A&
mAo] P o] W7 widol chaFgt bl -
o] sVgatn], kel Frh RAjEA ek A&

gt
2jo] & Wyt opfe} 7k o] & FHwlefa] e 2] 1}
ghe} o] =&} gladta <lgvb WA A4
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Fig. 1. General effect of a compound on biological reac-
tion.
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Fig. 2. Pathway proposed by Kobayashi for the degradation of phenol to methane and carbon dioxide.
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Table 2. Summary of previous studies on the mhihi-
tion concentration during the anaerobic de-
. X1
gradation of phenol™™"

ibiti soncentrati
Authors Inhibition concentration

(mg/D
Wang et al. 1430
Wang et al. 2000~4000
Rees & King >3000
Neufeld et al. 960
Fedorak & Hrudey >2000
Blum 1500~3000

L& 3 2M=xH
odgell o] 8-¥l ARlAE ubgy] EA, A
A R TEa RS SR 2 =
TAEM AFES Fig. 3ol vepHsde. w7
ol HEo2A Ui Wil 9em, Feo
m, AA 71 5FRold, s AFd e A

a5 el el A A )

Controler
Heater —
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Weighter
[ Effluent
Water Batn
Gas Collector
|

Biofim

/ Bioparticle

Feed Tank

©

Peristaltic Pump

Circutation Pump

©

Circutation Pump

Fig. 3. Schematic of the anaerobic fluidized-bed reac-
tor system.

Table 3. Experimental condition of the anaerobic fluid-
zed bed reactor

Volume (/) 6.85
pll 7.2~7.5
HRT (hr) 24
Temperature ("C) 35+1
Bed expansion (% based on reactor volume) 50
Fluidized bed height (cm) 47
Circulation flow rate (cm/sec) 1.636
Media type GAC

Media particle size (mesh) 20x 30
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Table 4. Composition of the synthetic phenol waste-
water

Composition Concentration

(mg/D
Carbon 600-5,000
source CHOH (1.430-11.920 as COD)
NH.HCO: 28-2,400
NaHCO 730-6,080
N t : t KzHPOt 54‘450
e MgCL - 6H.0 48-400
CaCl. - 2H,0 19-158
CoCl, - 6H0 11-92
FeSO4 ) 7H10 11-92
4 5% COD 52 &3l Ayl E daddd 4= glodc).

& A5 Table 49 7o) dAlES ghagde
2 o] FxE Zzt 600, 1200, 2400, 3600 =
5000 mg/lE Z7HA7 o2 HEe s 7k 0.6,
1.2, 2.4, 3.6 ¥ 5.0 kg-phenol/m* - A& F7HA1H L
of, vl 50} Aatel] gk W Fr)dgES F
7HA13 C:NP=100:5:12] A¥0]E zZh= 7|22 A
ZF o, AFx 7152 Therkelsen® Carlson®]
AArgk 247158 stk

3. 24 gy

Table 5. Detecting conditions of the gas chromatograph

Detector - .
Condition FID TCD
- Capillary  Porapak
Column (HP-50) Q
T L Injection port 220 30
CMPErAtUre  patector 250 100
Column 120 60
Flow rate of He 2 25
carrier gas Air 150 -
(m!/min) H. 30

AR BA3E0 24 CODE MBS IAE
2] 7] (Precision, M-10-y) & Al 8e| 3 A58 w
= 3 FRA s £F A3 (Standard methods)ell
w}2} Dichromate Reflux Method& |83t &3
3l 31, 714K Volatile Acids)2 Al 25 dAl B2l
T A5NE ZEAEY wet FFHE o] 83y
0.IN NaOH= 2 H s}l

HE5Frs 1 W Al8%E GC(Hewlett Packard
5890 Series I)°] FID(Flame Ionization De-
tector) & 58 7E3lgloni, ulo| e rlne] FAl e
el & Akl AH k] GCe| TCD(Thermal
Conductivity Detector)&- Z3] 4313t} &4
2] GC AL Table 59 72t}

. d3 3 10

L= "o &Y

wkS-71W HRTE 24472 dA A #3152
FdHlEY TEE SR sEysiel
CODH-38 7S v FEFEs} A7 8
HA3}= Table 65 7},

D AE 7IE

Fig. 4% wh&7]W HRTE 24417t A=A 3}A
frA AL il HEe] FEE STz HE
Y318 SIS W fEF s ekl 2ol
Asel 0.6 kg/m’ - d(F% 600 mg/DellA Hz
32 mg/lo2 F-E=rlrt 10 o} F3tE ™z i
glod 30 Foll= 12.4 mg/l7b 2 %At Healy ek
Youngel B 338F £2-8-4]7F 18U o] n]a&f) wi2 A ok
A=k f AERelE 1.2kg/m* - d2 F0)
A7 99 F 90 mg/lo.® ZrVslsichkrt AR} 7has)
o} 139 Foll 63 mg/IZ sHAss = S By
v, Neufeld 5°] 966 mg/i®] FXolA #&l|2H8-&
viebd Aol B3l 93~98%2] E& A ARG Bt

553t 24 kg/m’ - d2 F7HE Fow UAAH

Table 6. Results of effluent concentration range to the increase of loading rate

Influent Loading rate
kg-phenol/m* - d kg-COD/m* - d
Effluent 0.6 1.2 2.4 3.6 1.43 2.86 5.74 8.58 11.92
¢ 32 90 155 156 105 250 358 365
onc. | | | | >2,500 \ | | l >4,000
(mg/) Ny . .
12 63 69 46 82 200 300 334
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Influent
® - Effluent
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Operation Time(day)

Fig. 4. Effluent phenol concentration response to the
increase of phenol loading rate.
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Fig. 5. Effluent COD response to the increase of COD
loading rate.
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COD #-3} 574 kg/m’ - delid = HE FF &
X% 69 mg/i2) °] 23 COD 164 mg/iell ¥lal 300
mg/I2] CODEA] #E¥al 1.2 kg/m’ - d¢} v]als)
A FAAEe Fxot =A vlebddch ok
CODE Eal 2 2 AH9] 3= a2 Jeong 5
o] ZalA|-mA A uk2-7)ol A 2,400 mg/loll A A
v g vbepdl As FA18F FEkE Belok COD
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124 §% A% 46 mg/l9) o123 COD 110 mg//°l
Hal A el wgAgA vl Ee %Mol #HEH
6} 2.4 kg/m* - doll Blel # 8} o5& Baict
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A 9l #E Bt 271 o dlEe) 71l
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COD Z7lol] W2 42 CODE AE AA) 22 A
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Fig. 6. Gas production response to the increase of
phenol loading rate.

Korean Journal of Environmental Health Society, Vol. 24(2)



64 Dong-1l Park ¢t al.

7ol wle} Ak Z7}bsle] 8.0 mY/m’ - d2 ok 35
o] 0.6 kg/m* - dellM e} e 7] 8717k Holx]
29t

9 HE RS 24 kg/m? - dE Z7HA R Tl
¥ 2717 AAA 9 13521 mYmt - dE Z
7vsba A ehAE AT 3.6 kg/m* - dHE 14.5+1
m'/m* - dF FA3 {4 FaErtele B8k
et A vl Bo] BAE FXELT o5& RolFE
o} #E43) 5.0 kg/m' - dellA] & wlo] erpae] Al
kol F&slAl ZhAsled 23%de] Al Folli= ut
o] 79| WAL A 4+ glo] vivkgA P&
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A 36kg/m’ - d7HA e dlER-slr 2713t
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Fig. 7. Gas production rate versus phenol loading rate.
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Fig. 8. Gas production rate versus COD loading rate.
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phenol loading rate.
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Fig. 10. Volatile acid response to the increase of
phenol loading rate.
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