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Research on the Agglomeration Collision and Fragmentation Process in a Fluidized
Bed of ZnO and CuO Composite Nanoparticles Added with FCC Coarse Particles

XU Bao, ZHOU Tao, LUO Chuanbao, ZHANG lJinxia , FAN Bailin
( College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China )

Abstract: A research has been conducted on the fluidization behaviors of ZnO and CuO composite nanoparticles,
added with FCC coarse particles of three different particle sizes (catalytic cracking catalysts). An observation of the whole
fluidization process, with the aid of a high-speed camera, has been made for a detailed analysis of the agglomeration
collision and fragmentation, and agglomeration components as well. The results show that the fluidization performance of
the composite nanoparticles can be improved significantly with the addition of FCC coarse particles. Moreover, compared
with the other two kinds of coarse particles FCC2 or FCC1, a more significant effect can be achieved with the addition of
FCC3 in the process. With the increase of the addition amount of FCC coarse particles, the improvement of the fluidization
performance of the composite nanoparticles becomes more obvious. Thus, it can be concluded that the mixing uniformity of
nanoparticles is an important factor that influence the fluidization performance of ZnO and CuO composite nanoparticles.
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Fig. 1 A schematic diagram of the experimental apparatus
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Table 1 An information table of the main equipment
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Table 2 Physical properties of nanoparticles
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¥ il AN v
Wik g K Rob/nm (kew m™) (kew m™)
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Table 3 Physical properties of added FCC coarse particles

MR KR um AMERE /(kg-m) JEAEEE /(kgrm™)

FCCl1 90~109 814 976
FCC2 61~89 828 993
FCC3 38~60 850 1020

TERZ IR E I, R A SRR 1 71545 3
MIRZ FFRF A TR . BRI 0.1 g, 7E
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VR B RE BRI, R B A S 1 &
T4 BT SR A A B TR



3 AR G, F 0 ZnOFI CuO{RG GURMURLAE AN FCCRLIBURE A I 251 B 2R TAT A8 5 iR R 5 65
200
2 FHRE5TRR 5oL
160 -
ESEIN N7 EE iR N T A I g Mo
PRl 5 e 2 3 AT T T 40T . il B £l
3 43T AL B o B A T 43T 7 "
iR T wf D
21 REAMKRERRAATH ” . ™
H5ex Zn0 5 CuO IRAHUKBRIAR IR FCC A ° 0 s velmettylm + sy 020
WO T BT AL 500, RSB o 3] R a) JEWE
SRR R 2 T 3 RS . TR A L6
AR RATTRL, SRRy D PR 1 LSt
FMA BN, PR BB W s § |
AT, ZnO 5 CuO IRA AR BURLAEAR TN FCC AL ERREL
WL L R IR . B2 2 ZnO A CuO S 1
A K ITORL (K PR 2 R R 5 DRI K 2 sl =l 30
Wl PRIZ RSB RIZL, SRR TR R A R4 5] 1o, ]

TR, BRI R B NSRRI
{6, FLBEZFMACH N, PRI IR N

140
120
< 100
=
=
2 80
-
L
2 60
b
=40
20t/
0 0.05 0.10 0.15 020
gas velocity/(m + )
a) JERE
1.5
141
2
g
= 13f
.2
)
g 1.2+
=
[
=}
L1y —a—9:]
1.0 . \ .
0 0.05 0.10 0.15 0.20

gas velocity/(m + s7)
b) K £k
2 w(ZnO):w(CuO)=9:1, 8:2 1 7:3 B Ik B [E P 5 B B ih 2%
Fig. 2 A curve graph of bed pressure drop and expansion with
mass ratios of 9:1, 8:2 and 7:3 between ZnO and CuO particles
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Fig. 3 A curve graph of bed pressure drop and expansion of
composite nanoparticles added with FCC1 coarse particles
while w(ZnO):w(Cu0O)=9:1, with the addition amount of FCC1

being 10%, 20%, 30% and 40%, respectively
240
220+
200
180 -
160
140 -
120+
100

80 —=—10%;

60 - ——20%;

40+ —4A—30%;
20 —v—40%

pressure drop/Pa

‘ ‘
0 0.05 0.10 0.15 0.20
gas velocity/(m + s71)

a) JERE

bed expansion ratio

1
0.05 0.10 0.15 0.20
gas velocity/(mm « s7")

b) ik ik
4 w(ZnO):w(Cu0)=9:1 Bt FCC2 FAFMLF N RE 5 #1Hh
10%, 20%, 30%, 40%H K = [E B i £ 5 PR /= B2 Ak ih 2
Fig. 4 A curve graph of bed pressure drop and expansion of
composite nanoparticles added with FCC2 coarse particles
while w(ZnO): w(CuO)=9:1, with the addition amount of FCCl1
being 10%, 20%, 30% and 40%, respectively



66 72 I 2 DO /A == S

2016 4F

200
180
160
140
120
100
80
60
40
20

pressure drop/Pa

0 0.05 0.10 0.5 020
gas velocity/(m « s7)

a) JERE

bed expansion ratio

0 0.05 0.10 015 020
gas velocity/(m « s71)

b) Mk Mk
Bl 5 w(ZnO):w(CuO)=9:1 B FCC3 tHFHIEY R MRE D E
F110%, 20%, 30%, 40% B PR /= JE ¥ #h 2% 5 IR /= B ik i %
Fig. 5 A curve graph of bed pressure drop and expansion of
composite nanoparticles added with FCC3 coarse particles
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being 10%, 20%, 30% and 40%, respectively
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Fig. 12 SEM image of binary nanoparticle agglomeration with
FCC coarse particles added

23 BEAFEASH
NI FCCORLABURE AT LA SR8 VR A AR K 0K (9 3 2
ek Rg, ] R R B R T AR R
Yok R AR AU Ak, YA FCC R
LB, O 22 8] B2 AR TR G 40 oK BORE 2R ] 2
) F 2 fioh YR 490 K Uk B A1 =2 ) g S A g T
TRIHH.
H daldaz
T1267 (d, +d)
A FORARPEEE T
574 2 FIMEA AN K SR A ) (1% ] B
H >}y Hamaker %5 ;
d,, d, WRAERE.
HHhd,, d, NeedEwihE, FILHFHRER
wd, % d,, d,, WX (1) mrfEiehy:
Hd
F=Dsr (2)
WSINFCC HUBURLIS , 4K UREAL B AE FCC RS
BRI, TERA - a5 . R ORE 22 0] () B2 fi A%
i FCC UL 5 1R G AR ORL Z [ i 4 fioh, R4
NI NN =
F=te _dd_Hd (3)
1262 (d,+d,) 1282 4~
K FORE I FCC TR 5 afEte
H, ¥ Hamaker % %4;
d, WAAKIRLRAR ;
d. N FCC HBURLRLA ;
8, F FCC KLUk g oK Fivkr 2 [a] (4 [a] B
T H A H AR EARSE, DI aT LU Bl
NN H =~ H, FFAFE,6~6. Bzt (3) 5 (2) #tk
CIEES

° (1)

2d
d

|

_ﬂ . o ( )
H B 4

62
5
T d, WK RS, d WRoR RS, itk 2d/d <<1,

X WIS DR BORE i 1B R % — Fe b F R B 1k
KRR 1T Foam/NT F,o i A 5 R 5ok
SEAE—R By Al BEPE R /N TR, BN IHLORL S
N A UL (4 3 A P R A 5 A

TR ASE T, FCCAHUBURREAN AR (5,
PRI SR A v FCCORELAORE A o S 80088 vy 0 A 0 E
f FCC iz . FCC B L EAE SON -

Wit K=w(FCC)/W(ZnO).

IRJZ L5 HRER FCCOMLBURL I i . B 551 Tk

5~6,
£S5 KELHMFCCHABNHEER
Table 5 The clad ratio of the FCC coarse particles in

the upper part of bed %
FCC 55Uk 35 in EORES
JoT i 4 8 FCC1 FCC2 FCC3
10 9.08 9.71 10.81
20 16.28 17.72 18.30
30 25.72 25.48 27.89
40 37.47 38.52 39.80
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Table 6 The clad ratio of the FCC coarse particles in

the middle part of bed %
FCC 55Uk 45 in EORES
JoT 4 8 FCC1 FCC2 FCC3
10 8.21 8.25 8.59
20 14.94 15.21 15.98
30 23.47 23.10 23.83
40 31.47 34.50 36.62
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Fig. 13 Process graphs of agglomeration collision

3 4hiE

ZnO Hl CuO IRA KR Y Ak M REF & FCC
FURE A AR A WS 2 203 . 2 ZnO 5 CuO TR
KIURL Y 2 FE ol 9:1 BF, FCCORLIER A e fd:
IR HON 40%. FCC3 BUkixHREA 48 KRR
R SGE ORI, ekt B rh FCCoRLBR:
ARG B, 2N TR AR T, R
T 5 A A T 2R AT RS 08/ NI T B R % 1) 2R AT 254

ZAERIRLE R AE g AR P TR &
Y42k ZnO 5 CuO Bl FCC RLUBR ALt T h, 43
Br7 b REAS A 0 & i, @5 R A E
T AR T i BETRAA AOKR ORI AR AT Ry el 38 1 SR
KA AR HLLER T IR A AR R e i A i A p
W BhASREFE AR, 15 0 SR TR S5 e v 1) 4 DA

PUR i
S % Tk :

[1] OMMEN J R V, VALVERDE J M, PFEFFER R.
Fluidization of Nanopowders: A Review[J]. Journal of
Nanoparticle Research, 2012, 14(3) : 1-29.

[2] MIAO Q, WANG C, WU C, et al. Fluidization of
Sawdust in a Cold Model Circulating Fluidized Bed:

Experimental Study[J]. Chemical Engineering Journal,



70

(]S N DO AN S S 4

2016 4F

[10

—_

(11]

2011, 167(1): 335-341.

KIGE, Hlkte, HOEE, 5. 90K ALO, MUR il £ K
HAE TRy R E [1]. g Tl Rl ( A SRR
JiR), 2003, 34(5): 484-488.

SONG Xiaolan, YANG Zhenhua, QIU Guanguo, et al.
Synthesis of Al,O, Nanoparticles and Dispersion and
Stability for Its Suspension[J]. Journal of Central South
University ( Science and Technology ), 2003, 34(5) :
484-488.

LIANG X Z, DUAN H, ZHOU T, et al. Fluidization
Behavior of Binary Mixtures of Nanoparticles in Vibro-
Fluidized Bed[J]. Advanced Power Technology, 2014, 25
(1) : 236-243.

BRENNAN W, JACOBSON M, BOOK G, et al.
Development of a Triboelectric Procedure for the
Measurement of Mixing and Drying in a Vibrated Fluidized
Bed[J]. Powder Technology, 2008, 181(2): 178-185.
ZHU C, YU Q, DAVE R N, et al. Gas Fluidization
Characteristics of Nanoparticle Agglomerates[J]. Aiche
Journal, 2005, 51(2): 426-439.

ZHOU L, DIAORL, ZHOUT, et al Characteristics of
Non-Magnetic Nanoparticles in Magnetically Fluidized Bed
by Adding Coarse Magnets[J]. Journal of Century South
University Technology, 2011, 18(5): 1383-1388.
ZENG P, ZHOU T, YANG J. Behavior of Mixtures of
Nano-Particles in Magnetically Assisted Fluidized Bed[J].
Chemical Engineering & Processing : Process Intensifica-
tion, 2008, 47(1): 101-108.

AMMENDOLA P, CHIRONE R, RAGANATI F.
Fluidization of Binary Mixtures of Nanoparticles Under the
Effect of Acoustic Fields[J]. Advanced Powder Technology,
2011, 22(2): 174-183.

SIC D, GUO Q J. Fluidization Characteristics of Binary
Mixtures of Biomass and Quartz Sand in an Acoustic
Fluidized Bed[J]. Industrial & Engineering Chemistry
Research, 2008, 47(23): 9773-9782.

XU C B, ZHU J. Parametric Study of Fine Particle
Fluidization Under Mechanical Vibration[J]. Powder
Technology, 2006, 161(2): 135-144.

WANG H, ZHOU T, YANGJ S, et al. Model for
Calculation of Agglomerate Sizes of Nanopatrticles in a Vibro-
Fluidized Bed[J]. Chemical Engineering & Technology,

[13]

[14]

[15]

2010, 33(3): 388-394.

MEILI L, DALEFFE R, FREIRE J. Fluid Dynamics of
Fluidized and Vibro-Fluidized Beds Operating with Geldart
C Particles[J]. Chemical Engineering & Technology, 2012,
35(9) : 1649-1656.

ZHOU T, LI H Z. Effects of Adding Different Size Particles
on Fluidization of Cohesive Particles[J].
Technology, 1999, 102(3): 215-220.

JA %, B R, EOL, & RG YK S0, MIENK Tio,
WURLAEAS N FCC B3 S AL BRIE (3] WIRE Tl K224t
2014, 28(4): 1-7.

ZHOU Tao, DUAN Hao, TANG Wengjiang, et al.
Fluidization Behavior of Mixed SiO, and TiO, Nanoparticles
with FCC Particles[J]. Journal of Hunan University of
Technology, 2014, 28(4): 1-7.

AJBAR A, ALHUMAZI K, ASIF M. Improvement of
the Fluidizability of Cohesive Powders Through Mixing with

Powder

Small Proportions of Group A Particles[J]. Candian Journal
of Chemical Engineering, 2005, 83(6): 930-943.

[17] DUAN Hao, LIANG Xizhen, ZHOU Tao, et al.

(18]

(19]

(20]

Fluidization of Mixed Si0, and ZnO Nanoparticles by
Adding Coarse Particles[J]. Powder Technology, 2014,
267(1/2) : 315-321.

EIR W, SHANGH, KLAUSNER JF, etal. A Contact
Model for the Effect of Particle Coating on Improving the
Flowability of Cohesive Powders[J]. Kona, 1997, 15:

132-141.

YANGJ, SLIVA A, BANERIJEE A, et al. Dry Particle
Coating for Improving the Flowalibity of Cohesive Powder
[J]. Powder Technology, 2005, 158(1/2/3): 21-33.

JA . ORPERURL R AR AS AL Ko M. JEae: 6L
A RRAL, 2008 28-37.

ZHOU Tao. Agglomerating Fluidization of Cohesive
Particles]M]. Beijing : Chemical Industry Press, 2008:

28-37.

SALAMEH S, SCHOLZ R, JIN W S, et al. Contact
Behavior of Size Fractionated TiO, Nanoparticle
Agglomerates and Aggregates[J]. Powder Technology,
2014, 256: 345-351.

(TTtEmEE: 7 4))






