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Abstract

In an effort to examine gas fluidisation and transportation of several different kinds of
non-fluidisable and fluidisable fine particles such as submicron ceramics, commercial carbon
black and catalyst particles, pressure drop and expansion of the particle beds were measured
in a 50mm i. d. fluidised column. It was shown from the measurements that smooth fluidisa-
tion is obtainable even for some submicron particles if they grow to agglomerates with mean
diameters of ca. 100um by gas passage through the bed. Entraiment of these fluidised
particles out of the column, particularly of carbon black and FCC catalyst, was also
examined equipping a gas jet tube and a riser tube inside the column. The rate of particle
entrainment was shown to depend on the gas velocity in the riser tube, the diameter of the
riser tube, the depth of the riser bottom in the bed and the distance between the nose of the
jet tube and the bottom of the riser tube. Exsisting theories were applied to estimate the

effective diameter of agglomerates and the rate of entrainment.
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2.1 MFEE

NE CEBICHR U MR T OBEYMERE 1 IR T, IS O T I3 RIS R
Sz LD, B, dyy & dy BENRFRLY — P - & 2 HEREROMTFYE L SEM BXE
BGAETRIC X AFMEYEEREL T b, 73 70V RFOBE, s OFEIREBHEERC
EVEEZ, RTFOEBEE p 13, ~NYUAL AR A BERFERE DR (BEERE) «©
LORELMETH S, 2, SWRTREBOFIERELKWTZ2EEL LT, BETFTAY -
LVBELRES Y 0 P RIBEVIEE p, L7V —3 a VHEFRBELYEE o 2TRLTH 5,

w1 EAKTOFHEYYE

¥ 4 & R
R F do2V dos? P m pt
[pem] lem]  [g/em®] [g/em®] [g/cm?]

SiC 0.6 0.59 2.15 1.11 0.57
SisN, 0.8 0.48 3.18 1.27 1.03
a-AlO; 0.9 0.29 3.90 1.33 0.97
v-ALO, 8.2 1.83 3.40 0.41 0.23
TiO, 1.0 0.56 4.16 0.97 0.38
carbon black — 0.46 1.85 0.50 0.30
FCC 24.0 — 2.05 0.60 0.53
glass beadn 26.6 18.5 2.46 1.56 1.25
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1 Fluidised bed column 5 Ny cylinder

2 Gas distributor 6 Sampler
3 Solid entrainer 7 Manometer
4 Rotametier 8 Cyclene
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HOMBEL2EET LD EEL D L, BERTOLRERE d, 13 Kozeny-Carman &2 5
dep =13.42x{ £ QL/ (AAP) }12{ (1—¢) /£¥2} 0

EGzZoNB, ERICE D dy ZRD 2121, BB« 2HEEL 2D TR ST, 2D i3E
ERTFHEOENLETDH D, Wi, BEENTOENEE p* % 1 KT ORE R m 25ERNT
DRV ICET 2RO S & O I BEN T OBRERE V: TRLUE(=m/V) £T5 &, p7
EBHRRLT OMRATE v CHE pa ZHWT,

pr=pav/V* )

EEIND, S5, BENTIE—ROITRALZBREL DLEZ SN DT, HRIZIRRE
EvETRE, vid ¢ CEENTEDL »5

V= hdy? (3)
L#EpND, Flz, VI
= (n/6)dsp® (4)
ThHdDT, Q)~WA»PS p* i
= (6/7) ¢y (da/dsp) *pa (5)
LERbEN, EHEMNFHRIOZEHE ¢ 13, BENFORNEL p* 2N T
—(pu/p*) (6)
LEINE, JIT, p BEENTEORETHY, RGO HXOBBEZAAT S L
deo={(6/7) ¢y (pa/ ) (1— &) } 173, (7
L%, Liekio T, BENTFORYE & 3, DA »s
dy =13.42X{uQL/ (AAP) 1/ (6 ) pu/ pa } 13 (1 &) 23/ 72} (8)

LEbaD,
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— (p/ pa) <& <1—0.524 X p,/ pa (10)
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LbOTHE o, MFOBEICX > T d, BERZH, 2 CTHFEHAL BTV TIEE20~500
umTHY, 1 RRTEDL OBLZI0~00EDOKEETHE I bbb, I OFRITARERD
B O BHEBEFESED L 33— T 20T, RAEEEFEIFZL L BbN 5, IHD d, & d, OF
RIZEFRERNNSIVERHEND b, do iEd, B10um B ETIE 4, WA & &b T 20N
L, dp 281 pm BLETIEBIMLTEBY, 20X BHBEESNTFRIEND TR, KEMEL
LEEBLZTNEROZVIEERBLTCWS, £2C, I I THEERTOFEHE S Rumpf
DN

5:{(1—8)/7E}1((5)F1i/dp2 (12)

WEDOTHRE L, FERIEBWT, BB TFOEE R Fy S BERBICZEFEL W EEZ S
L, PO S vy By IBIUHTEEENFND ¢ & o ORI

o/ or={(1—e)/(1—e) N (er) /k (1) (13)

R0, o /o BFEBEBERZ OB E RS, wE, FRFD o & o ZEMEE»S5 2, kie)
& kler) % Suzuki 5 ORY HoOWEL T, 6./ £ dy DD WVIEd, WL THABT 2L, M4 O
£k, 23, a/or £ dy DBEE A2 L, ou/or 13 d, & do DEIRERRAC dp 251 pm T
FETENE RS> TREY, o o QEEFCEERLI TR T LD, ZOBROBIRERITEK
LT UHBHETIE RV, &6, a/or & do DBUER A THOREBNTVIFDBHLENEDT,
ZORIZDWTIHSEE SN FREOHMBRN 2L ER L BTN LETH 5,
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ERT 28ERTIC L > TEEEND, T4OF AHE T TR100pm M EDBER THERT %
BECE, BIFRFEERENBONE T AHEGHIEH 2 Z EBHSLTH S,
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1R 2 IZEERTFIHREME T, Cho 2EEMICHR LY, PilT 5 2 Lot mBeL
Bbo LT, IITRATHOENBRCEDE, 1 KNTFB L CEER T3 RIFE RE 2R
TR E LT ZEhZN FCCRUERITF &4 — R > 7T v 7R F 280, Zh & ORI EE st
T B2 ORIESRMFOFEZRE L, BT 7,

JESRE > 5 A AMEETE eI £ COBWE H, 8 X U AEEE O 5t & BEER FEEORRE L, 20
—EDZETY, P FOERHEE v, R FREES AHE v, OBIRIZIREM LY AHE u 8LV
PELRLFE OB d WIKEFET 5, 77405, M5 akb WRL L X I, vo i3 u, VNS RFHT

1.0 T T T T T
u dy di/do
cm/s cm - a) FCC
0.8 - ¢0.81 1.16 1.18 -
40.81 1.16 1.93
g {1.71 0.99 1.18 ®
w 0.6 | .
~
o
0
> 0.4 | .
0.2 Ho = 9.4cm -
Lo= 0.5¢cm
0 ! ! ! ] ]
20 40 60 80 100 120 140
Uy’ , cm/s
0.25 T T T I I
u,cm/s b) Carbon black
e 2.77
0.20 ]
A 2.98
m
w 0.15 -~
~
o
o
® 0.10 |- _
0.05 -
o | | [ | 1
i0 20 30 40 50 60 70
ug' , cm/s
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Bu, & EDEMT 50, FRULDuw TREAT2ERBASNS, £, OBMRIIHES
EREEEERDI d/d, TR ELIKEFET 28, REMEA ZAEE KL 2EIBITEA EASNE,
BB, BFESRIEL TORVEBEIIR TR AOBHER RS NEL, FHx{EL
T 5,6 a&kb i, FEHNFEEHE v, W75 H, OFRERLbDTH D, Ik i b L,
&4 A HERERRTIE, ve WA AEEEDES H, LD IIENT LI e83bhsd, 861, 17
v KT ATREOBE L, OFEE2RLTHEY, u, WREREESICIE v, WEXERL BN, Z
NEEZD L, du, BDREVIEEREL LB ENHELLTH S,

2.4 T T T T T
Ho , cm a) FCC
201 o g4 4
A 11.4
1.6 - @ 21.5 i
[’
~
o
" 1.2 - —
w
-3
0.8 .
0.4 - u =0.81cm/s |
Lo=0.5¢cm
o ! ! | 1 !
20 40 60 80 100 120 140
u,’ , cm/s
0.25 T T T T
Ho , cm b) Carbon black
0.20 - |
e 11.0
4 21.0
o 0.15 _
~
o
v
® 0.10 } -
0.05 - u=3.15cm/s |
Lo=0.5¢cm
5] | | | !
i0 20 30 40 50 60 70

U’ , cm/s
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1.0 T T T
ECC U’ , cm/s
© 46
0.8} U4 =0.81cm/s s 77 i
Ho= 9.4cm " 82
0.6 1 ¢ 93 -

Ve , G/8

0 ] | &
0 0.5 1.0 1.5 2.0

Lo, cm

7 RCTHEHEENCE T B 2 AEHTE SR &R T A E B O IR DR

0.100 T T
| Ho , cm .
T e 9.4 - 9.9 h
0.050 — o 14.4
0.040 =
' 0.030 -
W
' 0.020 B
-
u=0.81cm/s
Lo= 0.5¢cm
0.010 — 7
0.005 ] | |
10 20 50 100 200
U, , cm/s
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PLED XD ek FHeE R, ¥ X3 CBETE S, WE, BN TFENICB 2 TR
e rdhE, NMFOR—NVETy F(1-e)id, L OBRTHESNIENIEL AP o

1—e=AP/ (pgl) (14)

rEzond, bR ETE, FCCRFEAWR L ZEOEERLEMEOMGEZ 70y M LI-OR
M8 THb, REBRFFTOEBEEIIZ.00~0.99TH Y, (1—e&) FIFEFu 2 HHAL TELT
BIEBbhrd, ZDOEIKE, (1—e) 55N, HNTHE—KFHSRECD 2 LIEETILIE,
R v 1

ve=pp (1—&) (zd>/4) (u,’—w) (15)

LB, 2T, R FCCRTFOEBED Allen DR 1 & % u, OHEEHE (=34cm/s) 2RAL,
Ve BRO T u, WL TToy b L, EAE KLU0 9 TH 2 5EMEFERES LE-
TWBH, v Du, WEAEEREBHBLTWS, 20O i, u OEINE &b BT X
FIfES N THIHRE WA TN AR FEZE T, IR ERNOZBREED RE I sEind
LDT, vy WEKEBSASONLIBRERLIEEREL TS,

1.0 ! T T T T
u=0.81tcm/s
Lo=0.5¢m
0.8 - ~
Ho=9.6cm
o 0.6 [ —
~
o
o
> 0.4 —
0.2 —o—— Observed
—————— estimated
from AP
[0} | | | | |
20 40 60 80 100 120 140

ug’' , cm/s
9 R THEEHEE OFERIE & HEEE O HLE

% 72, FCCRLFDEE, ve i u262cm/s T H, WHHIL TEINT 2 DL, 46cm/s D &
EHIELAEEMLU Loz, CORRIETIODEDL I CHIATE 2, Yang” K I, &
HEE OB & &b IR TREAGEMEERE, S AT v X 72 BEREHAERET 25 2
— % > 7 DOEM,

2gd(e™*"—1)/ (e — 1) 2=6.81 X 10% (/) 2. 20 (16)
Gs=pp (1—¢) (ugy—1u) =vo/ (nd®/4) 17
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EEZBNE,FIT, IRNSDRDPOREBRDBEDF 3 —F > VB u, 2RO 2 E4950~60
cm/s THolze Lo T, u,’ I OMEELIT OBE I 3PS N Of 7 1 S8 @R ig
B, U EOHREOBES LR > ELERLIEbDEELZ SNS,

4. F & ®

PEDS0mm ORRREEEBICB VT, V73 70 v T 2atBfEORNFEORE L
M & B T DB~ ORI 2 ER U, REBREHCUT O Z L 2SI L,
(1) 1 RRTFESY 7 70rpolits 7oy OB TORMFEE, IhonBlT 5 5E
BT Lo TEEEND, V7270V iFTh, INBT50H AHETTH100wm BLE
DEEN T 2T 258, BIFRREMRENE SN AHERELH %,

(2) KWL TEEL RN FORMBRERY 72 7 0 v o8t 3 7 o v oMK T st
~OEERPHCESTH Y, RTFOEEFEHEE IEERE D & 5 ABFERNE TOWS B
X UH ABEEHE Ol & PR T EEOMBA—EDBETYH, NFHks AHE L iEt
HA HE, NFHEHERCKET 2,

(3) BESER T ORBE & PHEE ZBEOHERICE T THETE %,

FERES
A REhENTE R [cm?]
do 3 A AREEENER [em]
da  BHERTE [cm]
d, 1R [cm]
d.  [IRIRENE [cm]
de  BEEERIT-OLLFREME [cm]
F. PR [grcm/s?]
Ge  RITEEHH [gecm™2es71]
H . REES [em]
Hur 5 SREMEBLAREE & [cm]
H, . JERE»SH AEE N E TOWS [cm]
L s FE 736 He s 5 T B [cm]
L, 7 AWEEHE S & PR T R O R [cm]
m RTORER (g]
AP EEEE [geem™tes™?]
Q M T [em®/s]
u s ZEPEELMERR AL A A R [em/s]
U, ; ZO L ELAER B ) A lem/s]
w o R TARE A lem/s]
U o T a—F 70 AHE [em/s]
w s BCFRORHEE [em/s]
v s BESER TR [cm?]
V* o EESERT O BB [cm?]

ve o BRHIR PR ELHE lg/s]



230

1)
2)
3)
4)
5)
6)
7)

€ NECT B (-]
u D ARG [gecmtes!]
) s BT R [g/cm?]
pa  BUERITEE [g/cm?]
o oSV EE [g/cm?]

Pe s AEE [g/cm?]
oo HARBEEEE [g/cm?]
p o RTREBUEE [g/cm?]
IV EVTBERE [g/cm?]
p* L BENTEIEE [g/cm?]
oo s HHFMEEOFERY W [geemtes72]
o S IvErITEBORYD EE [geem™tes7?]
Gy BUEER TGRS [—]
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