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Abstract—In order to bring gas into contact with high viscosity liquid the rotating multiroller absorber (RMRA), as
a gas-liquid contactor, was designed and studied with oxygen-polymer aquous solution system. Gas and high viscosity
(1~700 P.) liquid film contact on the wide range of effective interfacial area, and contact time couid be controlled in
the range of 1 x 103~10 sec. As a experimental result of absorption, mass transfer rates could be measured in con-
sideration of micromixing of liquid film in the nips of rollers, and has been obtained the data which correlated within
+15% by an equation N_j, = 1.05 (NgesX No )05,
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Fig. 1. Schematic diagram of the RMR absorber.

1. Oxygen 2. Oxygen meter
3. Rotameter 4. Magnetic valve
5. Gas burette 6. Absorber

7. Air bath 8. Liquid tank

9. Heat exchanger 10. Oxygen analyzer
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Table 1. Dimensions of RMR absorber. o] g5l rt
Elements Material Dimension 8 =0.083 (pg/pQr)"* (Nge,) ' * (Neo) "2 % (7)) °
Roller Stainless steel  O.D. 5cm )
Length 10 cm g, (el PR zeldE 7o) Capillary
jlksrsa ofzone roller number N, ol 2350} ¢l lAZndded oo o =
cm Ho a7t =Au[11]S ALLaisic),
Shaft Stainless steel 0.D.1cm
Chambe Aero Length 5 /‘F%?& DA AJekEe v]Z Dow Chemicalel 4]
amber crylic resin n, cm LI A Fo To g o3 o
Width 0.5-1.5 cm H;Lé; I (ol,j’ v&l . Zﬂisi ]7:;] POJ? ff
T (U Wakor )5 AHEetairt, A&
Housing Acrylic resin Length(inside) 20 cm = - )
Width( ~ )15 cm o 2A= L?L Fefkaao A Aol o3l &5 sh
Height( » )35 cm A BaAl7l F AAzE §rle dl, ol APzt 2
Thickness 0.5 cm T AAR 2l g},
B ggolo] g abae] FHE(CH)E 7]-H
HYPR] L2AL£0 5 ZAog qlgjovd =
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Table 2. Comparison of experimental and theore-
tical K; of PAA solution?

Q t o/ Ki(Theo) K;(Exp.) K;(Theo)
(rad! (sec) 4Dy, X 103 x108 —m
sec) (cm/sec) (cm/sec) K;(Exp.)

1 4.16 0.522 2.313 2.063 1.121
2 208 0.739 2.784 2.918 1.048
3 139 0.904 3.703 3.574 1.036
4 1.04 1.044 4.224 4.125 1.024
5 1.01 1.168 4.622 4.613 1.002
6 0.69 1.280 4.995 5.055 0.998
7 0.59 1.382 5.445 5.461 0.997
8 0.52 1477 5.821 5.833 0.998

[ie]

0.46 1.566 6.192 6.186 1.001
10 042 1.654 6.506 6.532 0.996
11 038 1.734 6.588 6.851 1.001
12 035 1810 7.145 7.138 1.001

+Concentration of PAA solution: 1 wt.%
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Fig. 2. Experimental determination of K, of 1
wt.% PAA solution on low speed roller at
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Fig. 3. Experimental determination of K, of
1wt.% PAA solution on high speed roller

25°C. at 25°C.
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Table 3. Physical data obtained in this work at 25°C.
Diffusivity Viscosity Solubility(O3) Critical surface
Polymer wt.% (cm/sec) x 105 ® C*(gmole/cm)x 106 tension (dyne/cm)
Poly acrylamide 1 2.26 0.022 1.28 43
(PAA) 5 2.03 2.26 1.26 46
Caboxy methyl 1.5 1.95 0.0035 1.30 44
cellulose (CMC) 6 1.62 247 1.27 45
Polyviny! alcohol 2 1.70 0.046 0.91 45
(PVA) 10 1.55 698 0.81 46
Poly ethylene 2 2.29 0.047 1.88 40
oxide (PEQ) 6 2.28 513 1.80 42
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atak F gl Al F4 299

Absorption rate x 104 (cm3/sec-cm?2)

1 - —
i by 2wt.% by 10 wt.%
L_ On=2 en=2 i
an=3 An=3
0.6 On=4 Mn=4 -
1 1 1 1 L
2 4 6 8 10

Angular velocity (rad/sec)
Fig. 5. Absorption rate of CMC solution at dif-
ferent angular velocity and number of

rollers.
T 1 4 14 T T
a [ T T T
;‘\ o -
g
[3]
Q
3
o
g
L - -
-
-
X
2
&
=
9
£
[=}
A1 L -
<1r ]
B by 2 wt.% by 10 wt.%
" on=2 en=2
A n=3 an=3
0.6t On=4 mn=4 -
1 ) i - g1 1 4
2 4 6 8 10

Angular velocity (rad/sec)
Fig. 6. Absorption rate of PVA solution at dif-
ferent angular velocity and number of
rollers.

HWAHAK KONGHAK Vol. 25, No. 3, June 1987



300 FEe -

4 + .
&
Q
Q
@

2] B 4
T
2
<
(=
—
X
2
g
=
5=t

B b -

2 = 4

< L by 2 wt.% by 10 wt.% 4

0.6F Cn=2 en=2 .

An=3 An=3
o On=4 mn=4 b
1 1 1 L 1
2 4 6 8 10

Angular velocity (rad/sec)

Fig. 7. Absorption rate of PEO solation at dif-
ferent angular velocity and number of
rollers.

#HF=l7] ofgd7] wlgoll. A
Ag @vle Al Brbed Aol
Fig. 4~7oll4), 2 34zl of 2o AFE
o, F45Ee ot a5
ofl 4} tf = vjepdeh, ik, ARl FgeRold
ole{g}t odskel A9 ¥ 7o " 5
Sof Bl EaEatel o3 3o =},
Fig. 59 CMC 4-8°¢ PAA R §55=7} o
4 vlzlab, ol e AFS Holuwl, 2wt.%e] PVA
Ggelol W Ae oAbk F4Ash A 2,

L‘S
Ve
fras i
A

Mashelkar (1wt.% <§) 52 7ZAzets ZH3A
ab PVAYE A5 7} Eolrlw] 5458 o9 sk
7% it

we ol 7AEe R gl FEg B slod
Newtonian +#2 & 31ewi[19, 20], stretch-
ing == shearol o8 oinkg ek, ol2AF A
nLO 11 u}__rrzs;___ [l ol 1,} J_zlc _Q,ouo =
2ol o3} us} gre 2 WFEES S vl wel
aAld EFEDLS 7 4 ¢z, FrHsl avdpel
o 7Hct, RMRA WHol#| e84 7 %"— 2385 &
ode] wmabol] HFsEE SAlolMd 2Aslms

jStast H25 A H3S 19876

of wEA 45 HFapvlol 4P Aoz And

4-3, REYEHY
2ebe] A4S wEld ®)49] A 8 ar & Foke
A 54 A GyAen A4¢ FEIEUA a
y Flg 8ol 4] wi whe} 2ol ekzke] Hahrh wAlm
L oled Hales SRR & E o, A A
49]- stz efoll A Al HFHEA|7ke] E 4
glonl, Eai AFzelel elalh meab] ol s
o Zapaer} & 4 9] wlEolch, ®mak Y

P
o

2 3 o] olo 2wl

Fa Aol Fx] ehe AR Folof] FEI FEAL

N
—y—’

Fojsiul, oulZuiol] A gl FEAlsia, FwTwl
EYEUHL A gof AubTrof

o odakg Wbl gich, weba A FA R A=tde] o E
% Fig. 84 vhelst a2

o] §55 A4S A7 652 Na,S0,
dol &47F 5|%% Hatta number<3& #
] q, 79 F4= 4 Qdodch, A &

Fee AdA Zelr) Solof AVl
o] 74% wfj = ofuhy “01 4“““4 HT E’é‘% o=
£ n#et

: 7517%7‘:“&5}]% :[Lﬁ% el ‘%IPJP’%. l/i of
He #Av|E 7lo] Agksledz, olw perimeter

4
7het 150° olglen $HERA LA

o~
(o~ il
s
a
and i
k’k w
© O
xS
M O
N
=
ot
]
gel

&
1 |°
N
o
I
2

c

4
&

hu
I
Lo
o2
ﬂ
5
X
N
X
QL
_.\ﬂ
o
[
)
o
ox
i
:“_‘4

4 s 4 2eh7h =
52 d/de(K,A)= 09w 3k 3ot od A skdet(21].
5 T T T T P
s
a'=a
4t ’ .
2
/, o
V 0]
—~ 4
T3t 5 .
3] ,
~ L7
g ,
: 2k /’ Q (rad/sec) |
% O 2
s © :4
P A 6
1 P 0 :8 T
)
0 8 1 | 1 1
0 1 2 3 4 5

a’ (cm?/cm?3)
Fig. 8. Effective interfacial area due to increas-
ing the number of rollers.



sl zetEFrlE ol & 8

8X104._‘ T T LARNELENNLARL B N Rt
O:PAA 1wt%  ®:5wt.% ]
A:CMC 1.5wt.% a:6wt.% ]
O :PVA 3wt.% W 10wt.%

R 6wt.%

® :PEO 2wt.%

104

Nsh

PR SR |

103 L3 1 gl SO N RN W A A |
107 108
(NRef X Nsc)o's

Fig. 9. Correlation for mass transfer character-
istics in RMR absorber.

4-4, SE|HQl E4o| Atmta|

RMRAeA lojzl zfa} 4-gol-Eoll ol dlo|el
£ Sherwood4(Ny,)t film Reynolds4=(N,,,)
2l Schmidt(Nsc )l a4z vehd 4 deh{21],
Fig. 99 #3582 & +15% olHe] Hslold g2
2k,

sa=1.05 ([\Inefxl\]sc)o'5 10

(10)Alell A Abetzlzge 2elbs AAE g7l #chat
etz s, AEHA g e Akl g AR
B, Npe o 4T/ © 2ebef gheldeld
g5 ek,

*®
u
E3
.1

1. 2 34715 1~700P. A58 7385 2o0g oflnl

1= o -1
G2 ZlAlE A 4 lenz, W fFaysn
qE e £ glglen, 1x107°~102 F=ef U9l

AR
X [
ol HEAZHE 28E 4 U

ZEA e A F5 301

2. olstel wldd EEsel et EHATEINE
4 4 gleich

3. % §4700) olgt ma ey FEUEE 4
#8745 N,, =1, 05(N,,, X Ngo )29} 2444 gl
e,

ol 45} e Aol olalol, £ chEsldzel 47
roagE S48 vl 4EE AR 4 e o4
& A2 Aadn

NOMENCLATURE

gas-liquid contact area, cm?

a . effective gas-liquid contact area, cm?

C*.C, : saturated, initial concentration of solute in
liquid, gmole/cm®

D : diffusivity of solute in liquid, cm?/sec

K, : liquid phase mass transfer coefficient,
cm/sec

K,a . Volumetric mass transfer coefficient,
cm?/sec

1 length of roller, cm

n : number of roller

Q . absorption rate, cm®/cm?-sec
r radius of roller, cm

t gas-liquid contact time, sec

te : average exposure time, sec
U : surface velocity, cm/sec
1% . liquid volume, cm?

Greek Letters

8 . nip area of rollers, cm?

r : liquid flow loading/unit width perimeter,
g/cm-sec

& : thickness of film, cm

] : angle characteristic for a distinct depth of
immersion rad

Jr : viscosity, poise

v : kinematic viscosity, cm?/sec

Q . angular velocity, rad/sec

Dimensionless groups

Nges : film Reynolds number, 4 I' /e [—]

Ne . capillary number, #Qr/o [—]

7 : dimensionless surface tension,
Uc/p (gu‘ ) —0.3%3 [_]

N, : Sherwood number, K,d/D [—]

N - Schmidt number, v/D [—]
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