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Abstract: This work is a fundamental study for applying hybrid process coupling adsorption with microfiltration to
waste-water treatment. Phenol was separated by adsorption on powdered activated carbon, adsorbed phenol with
activated carbon was separated by microfiltration. As the particle size in suspension increased, filtration resistance de-
creased, and effect of particle concentration on resistance was less pronounced. The rate of uptake was greatly depen-
dent on the degree of phenol loading. For a smaller amounts of activated carbon, the change of permeate concentration
before break point and phenol loading with time were steeper than in the case of large amounts. Permeate concentration
before break point decreased with decreasing particle size, this could be due to the increase of outer surface of particle
and film mass transfer coefficient.
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Fig. 1. Schematic diagram of experimental appa-
ratus.
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Fig. 2. Particle size distributions of powedered

activated carbons.

B T == g a4em
—&— ¢ =5463um
1 T4 d,=11464um
20 1 ~® 9,=512.50um

-10

-
o
1

Total Resistance, Rx10 fcm ]
S
L.
X\
n

Average Membrane Resistance

0 T T T T T
0 10 20 30 40
Solid Concentration[g/L]
Fig. 3. Total resistance to flow for different particle

sizes.

g3fe] SAsYh

5.1. 041}

B dFoA Relgte dEgdoz iy @4 %4
4 Eejube 9iste Ao, 2E AY 27
sl ZAe o FHE9 wiAES 7 100% % o
%oloch = ¢t} Aol @& £ FH flux
Wl 2 ve] g $AFe 7 Ao A4 ol

Audel, Al6H A2E, 1996

- A. G. Fane

+5% o= ztol7} dlem, F& LAHFL R.=
5.6 x10"%m "o}t

g4ek qlztar] o QAbs s s wE F o3}
A& (total filtration resistance) 2} #W3% Fig. 3ol
et o714 AL P74 512.50pume] &
Aeke] gk B2l U oulelA] oduk o7 Y
ol &3hd, dxtzr] Wik mE oY Ha g
33 7% SA4¢ 2L PT AN 43 vl
gste] ool P AFE el =T F A
go Al (15)9 2ol YW AA e 2RE T3l
o, olf) Fde} Ay, p= £ Hro A

decld o
_4PA,
R= oV (15)

HF slAAAo) 846pmel BARE AL2g A
3 A AFge SGHFo) ¢ v A= IA vebd
o, iz 57t F1ESE IR FUHeA
th. 2 Qe Fig 29 at=7] E%o vehd w}
o o] R Za bl AT AF =¥ (plug
ging)3 = T sl A v B F 9
g A% ABoH.

g8 FAeE iR BaEAd dAbs Tt §
4 onRFe Frlksged, Azt Fvt
G52 AFE Zulel @ o] Has 2
ol#, qlztAAe] 512.50pumel BAARMS AL4F A4
e YabsEol FAge]l *AT AL ehidd
thooleidt WA AR dAph 23 dAbERT)
7S 25 G % 29 e dAEe
FEo] golxwA, & 24 o gAEo] HEH
(resuspension) 5 o] A3t A2 Hohgd.

5.2. dtz} ZM(breakthrough curve)®}t HE £3}
(loading)

A2 ob2 B Ael okol dia| A A7 Aol w
2 w3z FAn HE Ra #HstE: 77t Figo 49
Fig. 5ol vehligich. A7t Aol w2t =29 #H=
oo gg £ ez u)(C/C.oet HAE Fate
& Zrtebey, AA 24 C/Cot TAFEAQ 0.
1[10]e] stetd FEAE Y7lod THFe Aol
alubd ol u}, of 24 A (break point)e]z} gt
o} @AE ofo] B4R A e A7HE



T3 gl EYTAN AT AF AA B A7 113

1.0

M, = 0.6g AAABALNOABANNEEALA0E

M, =129 o

O Mpac=24g 5
- °
a °°°
AA °
o
a o

o 2 o’
— a o
3 a o°
S 5 . R
[&] o

0.0 HAREREED
0

Time[min)

Fig. 4. Breakthrough curves for different amounts
of powdered activated carbon. (Cr.=0.2mg/
mL, V' =0.19mL/s, Viu,=70mL, N=600
rpm, d,=114.64m).
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Fig. 5. Phenol loading for differnet amounts of pow-
dered activated carbon. (Cu=0.2mg/mL,
V' =0.19mL/s, Viyu»=70mL, N=600rpm, d
»=114.64m).
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Fig. 6. Breakthrough curves for different particle
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Fig. 8. Breakthrough curves for different feed con-
centrations. (Mp,c=1.2g, d,=114.64pm, V' =
0.19mL/s, V= "70mL, N=600rpm).
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F7heol #2@E Fig 704 2AFT g, ol
$7o] W37k AREE AZUE Fig 628 ¢ 5
Sk, =3 BEAolMe FHEEE BHY Y22
A7} el e age & 4 o v ol
At B4R YA BE B o 29T
SEaAs Ao 2T ASe Aolzd 4w
S otk 249 wel AFF JERHE U7 44
of wulesle, A% BANY AFE 4 (10)~4

Budgel, Al6H A 23, 1996

70
ucctquju 2 Cpe=0.1mg/mL
60 ©  C,.=0.2mg/mL
a
- DDG ©  Cy,e=0.4mg/mL
S 50
o o
= a
hl=)
= 40 o o
g o
< o
T 30 —%%
3
wn
3 a0 oy
= 20 4 o
2 %,
[} Q,
4 {0000 casns ooy
=
10 4 M
0 T T T M T M T

0 20 40 60 80 100 120
Time[min]
Fig. 10. Mass transfer rate for different feed concen-
trations. (Mpac=1.2g, d,=114.64ym, V' =
O.lgmL/S, thldup: 70mL, N = GOOI‘pm).

(14)22H A5 4 gk F37 Yap=7go] 8.46.
m, 54.63um, 114.64um % 51250pmel &S
AR S 4 (10)0~4 (14)2EE ALY 4%
EAAG AL 27k 4.96x10 %em/s, 2.26x 1072
cm/s, 1.64x107%cm/s % 0.92x10 *cm/so|glc}.
olf 3 #(power number), N,gte £ A2l
g 1.2[11, 1215 AHstaled, 22 #AA <4,
D.3te Wilke and Chang[13] Al 28E FAMgF
L11x107cm?/s& AH&3todct. dzp =27]7} ztepA
TE A che] Ay EdAn AY EAAdY
Ag7E Fhske, ol & 24 2719 FF &
7} olalg ob 4= gic}.

A Al o #@m AFH HEs Hapel oig
94 ¥ #3le od3g Fig. 83 Fig. 90l viep
o}, Fig. 8 &4l 37l &2 o3 AEL
wag FASA doidg RoFz gle d, 2 of
$= Fig. 90 el wle} 2o} dlE R-5}3F9) 2ol

of 7)elgtet. =3} Fig. 9o vebd g Fai
e 717128 2AAY S8 AT ¢

v}, 7 ZADE Fig. 100 Jehgiodd. =
=7b O0.lmg/mLel A%, 22AR =&
10 ‘mg/g/sell 4 7x10 *mg/g/s2 HqM3] Fishd,

o
Eq $E0 FobRSE G4 gage o

sle.

2
B

— T
o ¥
x of rlr Ji

2



F43 Aol 4Tl ST Ax AA BY @7 s

6.2 &

THEYRA g FAF AUeie] AT A
oA g A #HY A 2 o3y e AE
& 4k

L 22 o9 228ARE A48 A4S A 27
7t 3 EeE AR ge Zaskd

2. 7 e 2489 dAk(d,= 846pm)e} AS
T2} FHESE ARAZE Fohglon,
U277 FHETE AAAG dg YA
L st

3. ¥ S UEN HE
A jEskdch.

4. TETHRY Fo] A3 29 HE $EIt ¥E
A oY %3 5= WHHgH HE Fx

yo Ao 2

5. $2UHT YA BLTEE YA 94
s A% LAY AT FH A el
.,

o] =¥ skt A A YE '94dr Ful
7] #9] Post-Doc. 4 W4 $9 JBEA o]
e

718 MY

A, . membrane surface area [ cm?]

C . phenol concentration in bulk liquid
[mg/mL]

Ciww  : feed concentration [mg/mL]

C, - phenol concentration of sample i [mg/mL]

d, > impeller diameter [cm]

d, . average particle diameter [cm]

D. : molecular diffusivity of phenol in water
[em?/s]

E, . energy dissipation rate in slurry per unit
mass of particle-free liquid [ergs/cm®]

k, . film mass transfer coefficient [cm/s]

My, - amount of phenol that has entered the cell

up to time t, [g]

MMy e, .- @mount of phenol that has left the cell up
to time t, [g]

My, pac, . amount of phenol that has been adsorbed
by the activated carbon to time t; [g]

m; .. - weight of sample container i [g]

M. weight of sample i and sample container i [g]

Mpac T amount of activated carbon in suspension [g]

N . stirring speed of impeller [rpm ]
N, : power number [ -]
P {power consumption of the slurry due to

agitation [ergs/s]
4P pressure difference [Pa]

q . phenol loading [mg/g]

r . mass transfer rate [mg/g/s]

R  total filtration resistance [em™]
R., : membrane resistance [em- ']

Re, ! Reynolds number, defined by eq.(12) or
(13) [-]

Sc > Schmidt number [ -]

Sh,  : Sherwood number [ —]

Lo time at which sampling of sample i was
stopped [s]

t,  midpoint of sampling interval for sample i,
0.5(t. +t,.) [s]

t., : time at which sampling of sample i was
started [s]

u, . relative velocity between particle and fluid
[em/s]

\A : permeate rate or feed flow [mL/s]

V, - accumulated permeate volume collected up
to midpoint of sampling interval i [mL]

W * mass of particle-free liquid i stirred cell [g]

Jzjo|a 22X}

€ . volume fraction of liquid [ -]

v : kinematic viscosity [em?¥/s]

7 - eddy size, defined by eq. (11) [cm]

Oprn - density of permeate [g/mL]

u . viscosity [g/cm/s]

#ngs
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