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Mass transfer performance of methanol absorption in layered packing cross-flow
rotating beds
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Abstract: The methanol was adsorpted by water via the layered packing cross-flow rotating bed. The effects of
operating parameters such as high gravitational factor (), empty bed gas velocity (u), liquid spray density (q) and inlet
methanol concentration on the overall volumetric gas-phase transfer coefficient (Kga) of methanol were explored. The
results indicated that Kga increased with the increases of £, U and @, but the inlet methanol concentrations had a
negligible effect on the Kga of methanol. Under the conditions of £=100, u=0.9 m/s, q=17.6 m*/(m?>-h), the inlet
concentration of methanol was 14000 mg/m?, the absorptivity of methanol on rate was 97%, the Kga values of methanol
reached 27 s~!, which was 1.1~3.9 times of the countercurrent-flow rotating packed bed with blade packing, 2~7.7
times of the cross-flow rotating packed bed with blade packing. It showed that the device can effectively reduce the
mass transfer resistance of gas film control. When the inlet concentration of methanol gas was stable, high u and low
g, S value had great influence on the Kga of methanol. The mass transfer efficiency in the process of methanol
absorption was effectively enhanced. The empty bed gas velocity of this equipment reached 1 m/s, which was 3~12
times of the countercurrent-flow rotating packed bed with blade packing.
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% . 1 EERMEREE R KRR R BN EE SR, PR TBENR TP TIRAE) AR () H
SR 9 S5 A S B0 I SRR R RS T R BN Koa [R52m. 45 R, ISR Kea [EFEA u Al g BN, B
FR A A 11 9 B 18 K A8 A3/, 78 4=100, u=0.9 m/s, g=17.6 m3/(m?>h)A! B i 4433k IR B 14000 mg/m’ i, FR A4 B W ic %
N 97%, Keaik 27 s7' B I, REUMRIERHT FEE RN 1.1~3.9 £, REMRIERHERIEE IR 2~7.7 £5, R ZHRME AR
PRAT A 25080/ NS B8 E AL TR 7. MR RSN IR IERGER, 78 u K. q /DMABR T, g HEESMAT Kea MK,
AR T R R R FR R A B oy BB RME TR R IR u ik 1 /s, RPABUERMERBEEE IR 3~12 £

KA BES; EERERR Wk SR P
hESHS: TFS21 XHEkFRINEE: A

1 2 2o

15 1 A HL¥I(Volatile Organic Compounds, VOCs)
FeIa AR T =W\ SAE 50~260°C. BRAHERMENE
BULEY, Tolk VOCs &S K B RS AML G H N E
R, MAANETESTEEOCHFS, &K RI5
g, XS EBIREED, TR, 2 FE N LR
VOCs HHAT THEFL, BFEBRIRE-O IRUSGSI, R 43 B0,
e B L OTRIT A 7 B gL V45, L i Sy R A A R Tk E R
B, AU AATERE S, AT VOCs 5 M7
hZ—. ARG AMEE VOCs I A E s i e 2, %
FRFPER, HRIE R A .

e RLHA (Rotating Packed Bed, RPB)!IE A X5
G B 3 R TS IR =5 I VAL <= A Bl
TAFEZER R RPB AL IERE, (H 280 T oAb i
PR E AR USRI N 3 VOCs £ i
FERF T /0 . And SFU7R FH R RPB W S PR 1 AR A il
25 VOCs, RPB 1B LTSRS VOCs #If it
. Lin SEUSOME PSRRI R RS R . IR =
PIIESE, RIS s 89.8%, SAHAFRAE T &
#0059 6.16 57! RPB ALK VOCs [IfE it 2, (HX
SR HIA E R VOCs U FEsR AL BUR A B2, 1ERS
BR RPB A4 5 SEORL RN A2 ] PR AL X T % 1 P2 281K
M LB AT SR EDR R 2 (20-220, SEDRLRH AR I BT I FE
FERHR, A VOCs A FERUCR A it — D3t .
FURR IR i R A A= AT IR 7 e, AbEROK Sk
Fr @A RSTROR, AT Tl A BOR. 2T 5@ <A
B 3G R AR SR} AR s [ A T 3 AN /NI
BHZAR ) RST 1 R E F ] 1R) 23 J2 TEORL B I T 2 R K 3
BrA 3 =, ETRWEREFIER, FiE— 2 e FIE

XERS: 1009-606X(2018)05-0965-07

Bl X T BRI RR, RS2 3 2 JRRH BT
T EH A0, SRR I AR, I 7R
Wi A, R AL S AR U IR T Sk,
CIRCE: O % R G AN P I AP NG =<2 7/ e el

AT E A TR B A4, BT T LR AR
VOCs L FPERE, B 5 T E 1 T(8) TR E ()
TBLAAIGE IHR 25 TEE () M I MRt 1 IR B2 S5 R A S 0 |
WML AR T R B (Koa) 52, TG A U
BAEZHON Koa (52N, DUYIRT 7T DL 1 4%
kR, Bk B A A SR A AR SR R
WkHE, JFREG AL VOCs IrHE 8 )5 #%.

2.1 KFIS5ER

FIRE (SR =99.5% , REETTRNE BR A 238706 BR A
#l), K.

oy R SERME U KA 7 HAE 108 mm, = 180 mm,
HRNSURIERER AR, B K. BN, o
PR BRI R SR Y, HARESHOLR 1.
2.2 LRI

SR E P 1 R, AU AR R TR
Bia, DOm R sk I R SRSl SRS
MO, 5 R RS SR S R BE B RS AR, Sl
TR R T AR DN B IR R R. Sk
Jel R IR B U e e LT, 52 3 e e TRk
BHHT, SRS BRI R B 1K, Sk sl e
JEd—BAe s, W LB IR IR E Y S SRS
FEACHR JE AR CVHEH . i 00RE v R R SOBUK £
SR S NIEDRLR (VR4 ) AT 88, 23 A7 Ja i NSEDRHIR
Wil %k, 52850 )4E I FBIEURIIR 4 BE Ji5 R 25 77 7E
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Tablel Characteristic parameters of packings
Layer Inner diameter/mm Outer diameter/mm Axial length/mm Bed porosity Specific surface area/(m?*m?)
First 15 93 Z,=60 91 213
Second 15 100 Z,=30 91 213
Third 15 93 Z5=60 91 213
Qa(C6—Ca,0)=Qr(CL—CL,)=QL(C*c/H-0), 2)
C"6=(Cs—Cao)/A, 3)

3. Methanol water bath
6. Gas-collecting tube
9. Liquid outlet

12. Liquid storage tank
15. Air outlet

2. Gas flow meter
5. Air blower

8. Motor

11. Liquid pump
14. Mist eliminator

1. N; cylinder

4. Buffer flask

7. Air inlet

10. Liquid storage tank
13. Liquid inlet

Bl st EE
Fig.l1 Schematic diagram of experimental apparatus
2.3 KM SR
2.3.1 RS LA
Bk PR G A AR SRR LR A 7890B AL AH
i (L E Agilent A7) 74T, FID Alll#s, Gikitrh
CP-Lowox BANE (i (@0.53 mmx10 m). #EFEEA
PRIREE 250°C, AMN)PE 10 mL/min. F:HER AT
FHiE, 100°C F{REFE 2 min, LA 15°C/min R FHEE
200 C{RFF 6 min. KU # I 250 °C, H Ji & 40 mL/min,
AR 450 mL/min, FEMRA(N2)iiE 20 mL/min, 43
Atk 10:1.
2.3.2 SHEAEREL R RZEL
IR S R I S S ) S R S SR SR AR AR
fE R Koa RALSF 2R LS B ) 28 B I A% o 1k
e, BUREIARIRNAE ro JRRE dr. & zo ARG,
C’ NI L, H RS R R R R B ] 15
QadCe=Kca(Ce—C’c)2nzbdr, €]

Hrp, Ko AEAREAE T R E [kmol/(m?-s-Pa)], a AR
AR (m*m?), Qg /& Uit & (m?/s), Co AIEH
SR E (mg/m?).

BH 0T B 5P AEE AR R4S, Slos A B IR [R] SR i o
/D B AT A T N, ARSI SR AR
ey, O REAEAR ST IR E CLi=0, BP:

Hrf, Coo NHF RS DR (mg/m?), Co NTRAA A %
B (mol/m?), Qu AATRARIR & (m¥/s), H NHEESAKLE
25C FII= R A%, A N1

A=QL/(HQo). 4)
KAGRANQ), FHBGCI

. o ln{(l - AI)ECCIZ;] + Al}

K.a=
“ n(R; -R)Z, (1-A™"

Horf, Coi M Coo 43 /2 W B ASME A HS 1194 BB
(mg/m®), Zy NEEHEFEE(m), Rl R, 75 2R N2
AAME(m). FEELE 25°CFIFHRREA 1.95%107427,
Zv=2+Z5, Z\ M Z3 NE—FEE = 2B B
WCSE B IR BRI N (25+1) °C, K ST AHE.

3 ZREIT®

3.1 BEHEF LI Kea BIFM

i T ) 37 R ) R BSIRAE. FRRE SR
FIVRFE 14000 mg/m®, WRSGBCAIZK IR B X) F I Kea RS2
WU 2 s, R, Kea BEARE TR K. K,
TR BTS2 RS0 ST B K, VA e 8 e 2 P SRR ) )
AN R R, 386K T AORCA A T AR,
MRS SR EE R, $Re TR, SR
R AR, 0 AR 2 B R R R e 1)
BBl BT Y) e b, dmid ekl s, SR
7 T8 2 P R A AT PR BORTS  EEI 20A  AAk 1) Lot
T D T AR 2 B =R BT Y. AR R R
(1) RPB, A 2 SR BV 5 2 I AT, A 80k
ANTEARMIAE R ST, AR RO B3GR, B 2(0),
7£4=100, u=0.9m/s, g=17.6m3/(m>h)i, Ksaik 27s™!
PL L, A%iE RPBEIAY 1.7~3.8 1%,

1 2 AT, HEER Kea 5 8% B IE L, B Kgaoc B,
X FH Origin8.3 FfFHh AR LM [ 5 7 AR T B AR 2.

X BEERAE S AE AL I 2 Fia. MRS R

)
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SARTE 9=7.6 m¥/(m>h)i ) x HE g=17.6 m*/(m>-h)i K,
FW q BN BXTHEER Kea SEMERE. 24 g=17.6
m?/(m2h)i, ) x 7E u=0.9 m/s i Eb u=0.3 m/s i} K,

HAE g=7.6 m*/(m>h)IN B 5, LU 7 2 SRS At e

1N
oo

g () =03 m/s
g s, 24
aXF
§n %’h 20 - Liquid spray density, g/[m’/(m’h)]
o8 —=—76 —e—10.1
EE 16| —A—126 —¥—15.1
£ S ——176
e & 12 +
= 8B
g T ./-/././.
>
o L
4 ! . ! . ! . ! . !
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High gravity factor, 8

RIS B A R A, u ORI, 8 BT Kea 5%
Wi SER. X VOCs U e, HEK u A/ g
I, A% R BRI K.

28 (b) u=0.9 mvs

> G

16 -

iquid spray density, g/[m’/(m’h)]
—<4—7.6 —v—10.1
—A—]2.6 —e—15.1
+17,6‘

Overall volumetric gas-phase mass
transfer coefficient, K_a/s™

4 I ! . ! . ! !
20 40 60 80 100

High gravity factor, g

K2 BT (8 X Kea KISEH
Fig.2 Effect of high gravity factor (/) on Ksa

x2 xBERIEEMMEN

Table 2 Variation of X with operating conditions

Liquid spray density, g/[m*/(m?-h)] Gas velocity, U/(m/s) X
7.6 0.3 0.41
7.6 0.9 0.56
17.6 0.3 0.32
17.6 0.9 0.45

3.2 BERRIEN Kea BN

R AR 14000 mg/m3 WIS K 26445
IR u X Kea sgman i 3 pros. BBl %,
FEE SR Kea Bl u 3K TMI3E K, 36N 1 HoRk g s

[\
oo

I (a) g=7.6 m’/(m’h)

&)
=
T

€

High gravity factor,
—a—20 —e—40
—A—60 —v—_80

[3o]
(=}

Overall volumetric gas-phase mass
transfer coefficient, K_a/s™'
>

—4—100
12 +
T %
4 I L | L | L | L
0.2 0.4 0.6 0.8 1.0

Gas velocity, u/(m/s)

TAMRYI R, (R RE SR, A
BFEFEINE, ANtk 7RSI R A, e T AL
FRIRRE, SEUE BRI, a b T AR 82, Y
0=7.6 Al 17.6 m*/(m*h), u<0.7m/s I, FIEESAE Kea B
u SR BRI, u SRR, SRTRBNFE RS N, AR
FEWIN, AR TR 30800, Sk T SR FECR, RE Kea
B S I0. u>0.7 my/s B, ACHIE K, AR A ()47
AR TR, BT TR AE USR5 3 R EH, Kea
WK BT

b (b) g=17.6 m*/(m’h)

12 -
| igh gravity factor, A

—4—20 —v—40
—— 60 —e—80
—8—100

1
G
[\e]
NS
T

[\o3
(=1
—

Overall volumetric gas-phase mass
transfer coefficient, K a/s
>
T

4 . ! . ! .
0.2 0.4 0.6 0.8 1.0

Gas velocity, u/(m/s)

B3 AR U)X Koa [FIR2
Fig.3 Effect of gas velocities (U) on Kca

R 3 ATAn, FEER) Kea 5 W BB L, B Keaccw?,
y AR A AT AR 3.

y BEEVE SRR GILER 3, g AH EES A R ASAATE
B=100 )y EbA=20 If iy, KBS B u X B4R
Kea HISEIR B K. =20 i, q=17.6 m*/(m>h)if y Lk g=7.6

m*/(m>h)if i, =100 B EEBRE, KB q BOKES u %t
i Kea SUmisE K, $REAM g I, u XA AAE Rk

S TR, u b Kea E2IaFE L y=0.36~0.65, 5441k
EEEFURLRIR IS VOCs 1] y {E(0.48~0.71) M3k, S5
FEIFORLIEEL R rh R B — VOCs 1) y 18(0.62~0.77) 251
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Table 3  Variation of y with operating conditions

Liquid spray density, g/[m?*/(m?-h)] High gravity factor, y
7.6 20 0.36
7.6 100 0.55
17.6 20 0.42
17.6 100 0.65

3.3 RIARREHEE q Xt Kea RIS

F AR S 14000mg/m? I, g %F FH Y Kea 52
WipE 4 Fros. A, Kea B g #Rmg ok, F5
Ry q R, BRI SAAEIR b, B 2 L AR
IR URH ZF B, HOK 1A R ot B R AR
& RSN 71124, sidl 1 R SAR I, Kea 35 K. u=0.9
m/s i, B g K, FIRER) Kea SN &, X2BN
SRR Qc 5 I SRR E —E I, g B9, MRk
ARSI R, ROBAR R HES) 113K, Kea 390

20

(a) u=0.3 m/s
High gravity factor, 8

- —&—20—e—40
—A—60 —v—80

5 Y I R
6 8 10 12 14 16 18

—
W

—_
(=}

Overall volumetric gas-phase mass
transfer coefficient, K a/s !

Liquid spray density, ¢/[m’/(m"h)]

B, u=0.3 m/s B Kea B q 3 K286 K, 24 q=12.6
m?/(m>h) i, WSO AT RS KR 43 FE R SUME, g>12.6
m/(m> )i, ARSI K o 1R ME PR USCEE 22 R A,
I Koa HINZgts. w AU sl L it f2, 89S
PRV FRT ISR T, FREEIE K o X4 Uk Kea RICR
AR

B 4 TN, FEER Kea 5 of JIE B, Bl Kgaocg?,
z AR RA A X E AR R

7 BERAE A PEI AR AR 4, FHIFVASET AU
1E4=20 W[ z LLA=100 B 5, RKHHBEIKE, Kea
ZE| g MWK HESAR z £ u=0.9 m/s BTLL
u=0.3 m/s if K, FREILE u BORHT, q XT Kea 5200 5 K.
N AR B U, g X VOCs FIWR I A8 B BN g
X Kea [EZIAREE 2=0.36~0.65, BEUTF4H e R A
W H— VOCs F7E I (0.24~0.67)12%, KT LR SE R}
RPB Wi H— VOC [¥] z {5(0.34~0.49)281,

L (b) u=0.9 m/s
25 +

Overall volumetric gas-phase mass
transfer coefficient, KGE:I/SA1
[\]
(=]
T

10 - igh gravity factor,s
| —4—20 —v—40 ——60

+§0 —.—‘100

5 Y S R !
6 8 10 12 14 16 18

Liquid spray density, q[ms/(mzh)]

B4 miAmsihas B (a)ht Kea 52
Fig.4 Effect of liquid spray densities (q) on Kca

x4 I BEREFHNTK

Table 4 Variation of Z with operating conditions

Gas velocity, u/(m/s) High gravity factor, z
0.3 20 0.54
0.3 100 0.36
0.9 20 0.65
0.9 100 0.42

3.4 BREZSAIKEST Koa RISZNE

EZRSIE u=0.3 F1 0.9 m/s. BAKBIEEEE q %
7.6 F117.6 m¥/(m>h). WSGBCAZK ST, IR SUE
HE R BT H RS Koa B2 A 5 Bros. e AT
a0, FEMRHRVESRAT T, Koa Bl FF I AU gE AR FE S K
TR, =60, u=0.3 m/s, q=7.6 m3/(m>h)i}, HEE
RN IR A 2800 mg/m3 19 % 14000 mg/m?, HIES
RH Kea M 8.38 s 14928 9.07 5[ 5(a)]. #=100, u=0.9

m/s, q=17.6 m*(m>h)if, FEESARN CIRE M 2800
mg/m3 #4 % 14000 mg/m3, Kga M 26.62 s7' 5% 27.02
s 5(b)]. TEAHFEHEEAE AT, WA R BT
H AR Kea 52/,
3.5 LINLERSCRkRTEL

AW AL VOCs AL B PERE W& 5. FEAHITHY
BAESHR, 2B RPB 1 Kea NAARIEENS
it RPB 1 1.1~3.9 %, X7 ZHEEHE RPB Al 584k
VOCs WG AR 148 SR, $AAREDRNSE R RPB 9 i
gER, HAEEE RSN, FTRERE RSB,
o e A 2 R SEURE R 0 T ) R e B T R T 2
AME, REFEFIFR I IN. 2y B SRR RPB A i
fiilt, WIUECNEDRHZEAR R RS, 2 R PR ORI R
RPB [ 4~12 fi%, i& FSAOE B VS Bl 58, AN 5 KA
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R R R RPB AT A R kI VOCs 1% i id
FE.

AL RIESECY, 0 Z3HBHEA RPB [ Kea
NFEBRIERHR RPBEU 2~7.7 £, W43 2 HURHER
RPB MURFHURLZ £ M 0] 52 i VOCs (A% AR, I

20
(@) u=0.3 m/s, G=7.6 m’/(m’h)

High gravity factor, g
—a—20 —e—40
—A—60 —v—S80

“
v/,__,’,*/—v

k/“’/‘_—*/—A
.,//r/:_//.k/*/—-’/”

L 1 L
2800 5600 8400 11200 14000

G

—
W

—_
(=}

Overall volumetric gas-phase mass
transfer coefficient, K_a/s”'

Inlet methanol concentration/(mg/mS)

WA RS HGERAER RPB 1 173, ] KM B A e
WG R, HEE R EN, WRERFERE, TIRA
HONPIR ARSI RPB 1 3~10 fi5, 5T TAkAbjiok.
4y IZ RS RPB EALEE VOCs J7 THI 35 BH &2

N
vy

F(b) u=0.9 m/s , q=17.6 m’/(m’h)

o
=)

High gravity factor,
—4—20 —v—40
—a—60 —e—80
—=—100

G
%)
w

w
=}
T

|

Overall volumetric gas-phase mass
transfer coefficient, K_a/s”'
3]
W
T

—_
W (=}
T

2800 5600 8400 11200 14000

Inlet methanol concentrations/(mg/ms)

Bl s HIEEAUAE R EEXT Kaa FRISE

Fig.5 Effect of inlet methanol concentration on Kga

5 RERZESLER VOCs BRI BEROELER

Table5 Comparison of mass transfer performance for teratment of VOCs with different devices

Overall volumetric gas-phase mass

Device Gas velocity, u/(m/s) Ratio of liquid to gas/(L/m?) High gravity factor, transfer coefficient, Kqa/s™
Countercurrent-RPB 0.01~0.07 3~13 16.4~148 2.89~6.81
Cross-RPB 0.04~0.09 7.5~26.2 36.7~114 1.5~3.5
Layer packing cross-RPB 0.3~1 2.4~5.6 20~100 3.08~27
Lo SEEk
4 % (] Do, BEH, R0 4. VOCs HE. 155 LU RRBIRT 1],

K 73 ORI e e R FH /K WAL PR e A, T 9
THEESE (B IR TIEW) A EE (o) A H
R SR HE 1 B2 S5 B4 S 500 F R SOR S R RRUE Ji &
$ Koa FI5EM, 1530001 2510

(1) Kga Bl u Fl g R TTHE K, B S Ak 1
18 K AR AL /N . f=20~100, g=7.6~17.6 m3/(m2h) Fll
u=0.3~0.9 mv/s IZMF T, HEERILEN 40%~97%,
Ksa=5.96~27 s

(2) f£4=100, u=0.9 m/s fl q=17.6 m*/(m>h)[¥] %%
PR, FEEEE R N 14000 mg/m?, HEEIR ISR N 97%,
Kga ik 27 s 1 BL L.

(3) HEENIRERER, 76 u R, q BU/MOTE
R, BXTHEESIAN Kea [ERMEK; o SRR,
u Xt EESR Kea [EIMSEIMER: AIEE/N u BEKET,
q Xt FEE A Kea SEmai K

(4) FEAHITIERAE 6T, 23 ZIHEMETR RPB
Koa B i T R R i AR RPB, W]t — Dotk
AR A U AR, u AR SRR R AN R LR 1)
3~12 f%.
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