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Abstract — We have studied hydrodynamic characteristics of three-phase inverse fluidized bed. Three-phase inverse fluid-
ized bed of this experiment is made of a transparent acrylic column of 11.5 cm inner diameter and 2 m height. Air, water and
polyethylene particles were used as the gas, liquid and solid phase, respectively. We used both hydrophobic LDPE(low density
polyethylene) and hydrophilic LDPE as solid phase, and distilled water as liquid phase, and air as gas phase. LDPE was chem-
ically treated by chlorosulfonic acid to change the surface from hydrophobic to hydrophilic and then LDPE density was
increased. We measured the static pressure and critical fluidization velocity, to analyze the hydrodynamics characteristics of
hydrophobic/hydropitic particles. As a result of this study, we observed that the density increased when the surface of LDPE
particles was treated hydrophilically using chlorosufonic acid. As observed, the critical fluidization velocity of hydpaphilic
ticles was decreased. But, this result is more due to density increase rather than surface modification. When we used two kinds
of particles(hydrophobic/hydropic) together, the efficiency of the inverse fluidization was improved. This comes from the

mutual aid between two factors such as density and surface property. Thus, critical fluidization velocity decreased svith increa
ing hydrophilic particle content.

Key words: Surface Modification, Inverse Fluidized Bed

1L.M £ ‘;l WHsEoR 7R Hed olHesY A ke fA14

Foll WA 71§55 A FEF 0 Ve
Freatd 2A YASl HAE FUske A YAl FA 9 2 &’%%%8 A A AR HolA = F FFHY FAE S
548 JEhA 24dshe WAS 2drh f535L A oREE Aol FdstedA f538 A7 B0tk Al 7 Bel
AHgEE aww -3 A BTk A ERe) 38 Hee
TTo whom correspondence should be addressed. 7]53‘%}41 39, 71 9 99 B FE gHE 2ol I glem,
E-mail: hchoi@hanbat.cnu.ac.kr 7t 583 Eﬁoﬂ Tﬂrﬁ}/ﬂ —rﬁf%“-yq o] mig- v g Bl 4

209



AsEoM e FEeE 548 dshe Boke T2 2] AR shA 8, Ao R FHe] 438 WstAZ] LDPE YAtete] 8
B, o] & ek u waEke] 24 B4, 7129 SAEF:, 2] &5 E4E& ARy, 1A dARAFE] dAR-SE £Ee v
9 Z7)RE) Foll et dso] gt kR o R AdEgelM FEE A Bt
= =2 A JAe] 27 9 ‘?le, Be] =uld B0 et 35 ¥
7t A e, oldd 55l tiste] Ostergaard[1], Kirs} 2.M  F
Kim[2], Epstein[3], Baker[4], Muroyanﬁ% Fan[5], Yu and Kim[6]&
o] &3 B3l v} ¢ 2-1. AEER|

ez Yor= i%' H7F dRolBR ol st UF E3e] 9 Fig. 1& & A3 A3 395508714 Bgolt. 4@ A
sl £ JAEFEHE 4 7 oM, =4 A2 H d Age] xRS |3 AFGREE a9 fes TS ] A7¢] 115cem
o s, 22 fA F9 SRAE 8 e 24 e, olal, &ol7} 2nRl of=d #Ho 2 Attt A W 7)o B4k
25 2 9 2A4 W] 2Fo] folsitt, gk FulE AEShe A & o Pe)e] perforated distribut@ ARE-515132 Table Pl -4k
Foll 444 Enf =4 & AAZ 7Fssi, AAV §8 288 s 9] S Aesiarh ddo ARE 24 dAEE THe] Ado] 2
2 2A 9 wiEIL AR etk dHe] deng, AgAel o]ge] F 491 <573 LDPE 9472} chlorosufonic acige %H-2- Ak g
A2 FHHT A PEREFO JYROE ARHE F2 FHS LDPE YA ASSHNT 4P0) A8 LDPE 9] B9 43
A AR a2 TR AT A3k $74<) H-Coal 7 S Table 2] YERRIT. 3 difo 2= S/H4E ARSI A4

calcium bisulphite acil 4% 34[8], 282 H 2= v E Aks} S HMEE FYUSRA @A FRE AEHolA 713E FATFo=H A
74 Tl Be] o]&e] Hx k. zefv), RS e U 5 o) 52 Fastach A YEAEHE 451 18k column
EA01H 7122 A4, A 2 E7F oAl Hof 7 WiE-e f5 9] Hof) 10 cm7bH 0. R & ThEe] whmrlElE AAerh. 71 eR
Aol mie ERste g, AA wer] AEg d&sty] o]
HEAQA $82 Y5k FEEE 548 d7dte A S Fa

R 27| AAFe-Z2 0] ety BEA ) e = A AR, 7
3, &3 540 #ald Aol s Bol olFolAgit. e,

1 M
do

F59) e @v) A obd 7 At Ee Aol A
FEFOIT AART D} AL TAF A7) HR) AVFE F
[e]

Yot 7]-o A1) W AEE 2EoTH FRidhe ZALS
AWF-Z F5A7= 5798 det) 7Ae ofefolA 9= ZeUta,
ojm M E= HWEX] &t TA= FoA] olfE TEE AT
2] 55 29 AFF R VA9 ZAS] EEHEo] A2 gk
hE o] FHA 537} o] Foix]= o] Aef-552 S4ort. o
ggk §4-2 |48 et ol A5 AT Wl oebA
AR5 7] WY FEEE ASE IABRE AL my
£5HHH10, 1] AP fese) 7 Sad A B /A
A o], a8 2R ¢ #< glo] feEE A
tH12]. ol#ldt #82 AR 71E FYreEA 7
Tt ZHaedhe Zlo] 9ol Hof 71A| 9] o] BolRHA YAt
Fore] AAREA VERdT )R] Aol f-550] sole
o] &4[13, 14p|v} A Tl (static pressure profilg) &J5) &85
bz o g HAh fessbEe rEATe o B AR
Bl dojZIrH15]. 1314 EAF55 T WollA e oA, 1A, 2
ﬂH EEREL A Bt 2e ez oj#dt B3 s Avse

A7t Pﬁi —erﬂi v AR mabe AR
%27 [WellM 9] =535 S0 A3t dAH o7 AP} dedE o]

9)

N

T
“

N

kS

2 0
:
o Sy
9,

-
~

o

AE

lo
Mo #l

z
43

(8)

oh{hﬂr[ls]' Fig. 1. Schematic diagram of experimental apparatus.
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Table 2. Physical property of LDPE particles

g 211

Average diameter(mm) Thickness(mm) Average density@/cm Void fraction Sphericity
Hydrophobic particle 4.4 1.6 0.907(s=0.0020) 0.357(s=0.0055) 0.45
Hydrophilic particle 4.4 16 0.926(s=0.0057) 0.408(s=0.0010) 0.45
*s(standard deviation)
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Table 3. Contact angle measurement values

Hydrophobic particle Hydrophilic particle

Number (untreated bead) (treated bead)
1 92.93 20.21
2 88.69 20.22
3 78.66 21.19
Average 86.76 20.54
Error range 7.328 0.563

(stand deviation)
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Table 4. Variation value of critical fluidization velocity(Ugc)

Ugdcm/sec)

Hydrophobic particle
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Hydrophilic particle
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*A: Experimental value, B: Calculated value
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Fig. 9. Variations of the solid holdup profile with increasing gas veloc-
ity at different particle ratios(Hbo/Hto=20%).
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A : cross section area of the column fgm
—dp/dz : axial pressure gradient [Pa™m
dy : particle diameter [mm]
g : gravitational acceleration [g - cfh
G : slip velocity [cm - seg]
Gy : slip velocity fore=0 [cm - set]
Hy : bed height [cm]
H : total bed height [cm]
Ho : static bed height [cm]
Mg : weight of solid introduced into the column [g]
R=1-p4dp, : density ratio [dimensionless]
U\t : liquid velocity for the fluidization [cm - s&4
Uge : critical gas velocity [cm - s&Y
J2(0|Aa 2Kt
£ : gas holdup [dimensionless]
g . liquid holdup [dimensionless]
£g : solid holdup [dimensionless]
Pe : gas density [g - ¢
oL : liquid density [g - crif]
Ps : solid density [g - crT]

HEF) FHIH ] TR B 217

Ostergaard, K€hem. Eng. Sgi21, 470(1966).

Kim, S. D. and Kim, C. H.HWAHAK KONGHAK 18, 313(1980).

Epstein, N.Can J. Chem. Eng59, 649(1981).

Baker, C.G.J.: “Three Phase Fluidizatidyltiphase Chemical

Reactors, Vol II-Design Methods, NATO Advanced Study Inst. Ser.,

343(1981).

5. Muroyama, K. and Fan, L. SAIChE J, 31, 1(1985).

6. Yu, Y. H. and Kim, S. D.Chem.Ind. Technal 4, 14(1986).

7. Schuman, S. C., Wolk. R. H. and Chervenak. M. C.: U.S. Patent 3,
183, 180(1965).

8. Wolpicelli, G. and Massimilla, LEhem. Eng. Sgi25 1361(1970).

9. Buffiere, P. and Moletta, RChem. Eng. Scig4, 1233(1999).

10. Krishnaiah, K., Gurn, S. and Sekar,&hem. Eng. J51, 109(1993).

11. Uribe-Salas, A., Gomez, C.O. and Finch, JChem. Eng. S¢i49, 1
(1994).

12. Briens, C. L., Ibrahim, Y. A. A., Margaritis, A. and Bergougnou, M. A.:
Chem. Eng. Scig4, 4975(1999).

13. Karamaneyv, D. and Nikolov, LAIChE J.,38, 1916(1992).

14. Ibrahim, Y. A. A., Briens, C. L., Margaritis, A. and Bergongnou, M.
A.: AIChE J.,42, 1889(1996).

15. Fan, L. S., Muroyama, K. and Chern, S.€hem. Eng. J24, 143
(1982).

16. Jianping, W. and Shonglih, XChem. Eng. J70, 81(1998).

17. Park, S. H. and Kim, S. Dkorean J. Chem. Eng16, 731(1999).

18. Lee, D. H,, Epstein, N. and Grace, J.karean J. Chem. Eng17,
684(2000).

19. Choi, H. S. and Shin, M. Xorean J. Chem. Engl6, 670(1999).

20. Wallis, G.: “One-Dimensional Two Phase Flow; McGraw-Hill, New
York(1969).

21. Yu, Y. H.: “Bubble Characteristics and Local Liquid Velocity in Two
and Three Phase Fluidized Beds; Korea Advanced Institute of Sci-
ence and Technology Ph-degree thesis(1989).

22. Comte, M. P., Bastoul, D., Hebrard, G., Roustan, M. and Lazarova,

V.: Chem. Eng. Sci52, 3971(1997).

Ao

HWAHAK KONGHAK Vol. 40, No. 2, April, 2002



	고체 입자의 표면 성질이 삼상역유동층의 수력학적 특성에 미치는 영향
	한희동·최호석†·강용용·김상돈*
	충남대학교 화학공학과 *한국과학기술원 화학공학과 (2001년 10월 24일 접수, 200

	Effect of the Surface Property of Solid Particles on the Hydrodynamic Characteristics of Three-Ph...
	Hee-Dong Han, Ho-Suk Choi†, Yong Kang and Sang-Done Kim*
	Department of Chemical Engineering, Chungnam National University, 220 Gung-dong Yusong-gu, Daejeo...

	요  약
	1. 서  론
	2. 실  험
	3. 결과 및 고찰
	4. 결  론
	감  사
	사용기호
	참고문헌



