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Abstract

A CSTR-anaerobic filter process with the phase separation techique was employed in
treating monosodium glutar ate fermentation waste of high strengt hto avoid the difficulties of
process instability and long hydraulic detention time in conventional anaerobic wastewater

treatment.
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A 40/ capacity CSTR was used for the first stage acidogenesis reaction carried out at 36°C
and a 31.3/ filter packed with square channel type packings of polypropylene was for the

second stage methanogenesis reaction at 38°C.

Two sets of steady state experiments were run. The first experiment was performed with
the detention timme of 14h for CSTR and 20 h for filter and the second one with the detention
time of 16.7 h for CSTR and 40 h for the filter. The anaerobic filter was operated with the
loading rates of 4.5kg-COD/m3/day and 2.24 kg-COD/m?/day. The treatment efficiencies were
57.4% and 85.3% respectively on the basis of filtrate COD. Methane production rates were
251/day and 15//day respectively. Sludge Volume Index of the over flow from the CSTR
was 18.4 far less than 100. During the operation, no external pH control was required and
any part of the anaerobic filter did not fail to maintain the optimum pH range from 6 to 8

for the growth of methane generating bacteria.
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Fig. 2. Schematic diagram of anaerobic filter process with phase separation technique.
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Table 1. COD Removal Behaviour of Anaerobic Filter System

RUN A RUN B
hydraulic retention time of CSTR, hr 14 16.7
hydraulic retention time of filter, hr 20 40
COD of CSTR influent 10, 000 mg /! 10, 000 mg/{
COD of filter influent, soluble 5,400 7 5100 »
COD of filter effluent, soluble 2,300 750 »
Removal efficiency of filter 57.4% 85.3%
Organic loading 4.5kg COD/m?/day 2.24kg COD/m%/day

Table 2. Rp.x values

Investigators Substrate Reactor system Ruax
Lawrence and McCarty'® Acetic Acid CSTR 4.7/day
Pohland and Glosh® Acetic Acid CSTR 3.4/day
This study MSG Wastes anaerobic filter 1.8/day

Table 3. Data for Ra.x Calculation*

Ac | 285cm?
Filter Characteristics A4, | 963 cm?%/cm

VA 110em

0.7

Steady State C: 5, 400 mg//
Operation Data Co 2,300 mg/!

M 2,400 mg/!

P 24,91/day

Q 25.3 l/day

3 1.276>107* cm/sec
Ph4sical Propert 0o 0.15g/cm®

and ky Ruax po k3

Biokinetic Constant kb | 115X 10° cm®/g

* Simulation Parameter: L=10g, 1004, 2004,
500 «
=2,000 mg/l, 3,000mg/l/, 4,000mg/l, 5,000
mg/!

P=gteady state methane production rate(rough
estimation)

P=YCH¢/|Q(C.'“CO)E %ﬁ_lﬁ Q, Ci Coy P+=
steady state ol 4] &} <&l {.'kCI 22 Yeu,s 7HA
As 3, o)s}e] Yen,,s & W4l #Addste o
& %Y Q, Ciy CodllA P& A ALLE

Y, __ P _ 29
CHensT OlC—Coy | 25.3(5.4-2.3)

=(.32!—CHy/g-removed COD

o] £-3lo] H3l71 4.5kg COD/m?/day 4

10
=

Table 4. COD-methane conversion during steady
state operations

Run A Run B
Influent COD 5,400mg/! | 5, 100mg/!
Effluent COD 2, 300mg/! 750mg/!
Waste flow rate 25.3//day | 13.5!/day

CH; of gas 65% 65%

Methane production rate | 24.9//day | 15.1//day
Conversion of COD to

methane(/-CHy/g-COD)* | 0-32 0.26

% efficiency™* 91.4% 74.3%

* Not including the loss by effluent stream
** Based on stoichiometry

@ & Ruax &% 7| E22 3t} WASE o
el 27b otef Al st dAdHz: & A
simulation &t} & k& K-35kl wiéled plot
g Aol
Gen,'?=0.35(QC:i—1. 42 R,V)
=Y7QC:=0. 327QC: ()
714 n& H3lgE, R =3ad =8
COD ol w3t 4%, V& ubgx Folth
357t 2.25 kg COD/m?/day = Ewle] 9
g ol o] 21.3//day qlv] 433+ 15.17/day
2 9 30%Y o3 e AE ¢ 4 Ak

HWAHAK KONGHAK Vol. 17. No. 4, August 1979



290 a3 4
W e 28 HATE 3 gl = 8y Y84 & Fig.
9ol A BEups} o] Rzl 5kg COD/mP/day
7t A7z Foli Aol ulgiAlzh} olue &

COD 9] A A &) ‘%012% A" #A4Y F4o]
0*11":5]’5]31 Fﬂ'l—rzi 2] w‘f': A9 FA-d A & o 6}
g2 3 A 24 714 filter
FAel FHEY »ﬂ#—%—% 7173 ARz A
Bl 21% el EAgelL ZEAE 9
5 ° E— = lﬂ"”—“]

A

Fig. 10-& loading o] 4.5kg COD/md/day
s} 2.24 kg COD/m*/day <l 7-%-¢] = ebsj ~ 4t
A z3idd =& wW3E 2dFn
et ofel wdafel] et Abds) w3
Yehb s gleh

‘«
b
o i
e

5. 4 =2
CSTR =z} %17 14 FRwre] wraak e Ly
o= MSG gasdds s 840 Aeld + 9

ok

(1) acid former 2} methane former 7+2| %
T8 AANA 8 B e TAAY stability &
A7 AR B9

(2) Sludge = %-& AL B gl

(3) Loading o] 4.5 kg COD/m3%/day ¢1-& «} =}

+Z 3R (m®) g00//day ¢ CH, & 3|4
T+ g

(4) x#x}xlﬁg Z9]7] 7t Ed] £A 9 TA S
¥k A2 HbErl i Al 4] el = 4814 COD
8 AAZE] 45tk

A &
“AEL LAY FFE ABH £ 59
FEATY FAALF 23 A4E AT %
W9 454 HEF FAEA AT =3

BstZet MI7TH H 45 197913 8Y

Filter Volume . 31.3 §
b Temp s 28%c

P
20} / —  Simutaton Resuit

/ '
15 =

Faper.ietal Resu:

tides)

MPR {

10 i 3 4 El 62
zong (ke 2320 drasy)

Fig. 9. Methane production rate vs. loading rate
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Fig.10. Methane production rate vs. time

Nomenclatre

As cross sectional area of anaerobic filter
(cm?)

A, wetted area/unit filter length(cm?/cmi)

b, rate coefficient(g/(cm? sec))

rate coefficient(cm/sec)
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C: limiting substrate concentrations of inpwt
stream (mg/7)

C, limiting substrate concentrations of output
stream (mg//)

Gcen, methane gas production rate(//day)

k  mass transfer coefficient(cm/sec)

%, Dbiological rate coefficient(1/sec)

k. Dbiological rate coefficient(cm?®/gr)

K. saturation constant(mg//)

L loading rate(kg COD/m3/day)

M concentration of methane former(mg//)

@ volumetric flow rate(//day)

R..x maximum specific rate of substrate re-
moval(1/sec)

R, yield constant/unit volume(gr cell/(gr
COD. 1))

S: substrate concentration for acid formers
at inlet substrate(mg/)

S, substrate concentration for acid formers
at CSTR (mg/?)

V  reactor volume(liters)

X: cell concentration of acid formers at inlet
(mg/1)

X, cell concentration of acid formers at CS-
TR (mg/?)

Y yield constant(gr cell/gr substrate)

Ycu,,s methane yield constant(/ CH,/gr COD
converted)

Z filter length(cm)

es void fraction of packel column, dimen-
sionless
» conversion of COD to methane, dimen-

sionless
0y hydraulic retention tirre(h)
f. critical hydraulic retention time(h)
£ maximum specific growth rate(1/h)

g =8
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