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Effect of Slurry Characteristics of Copper-Manganese-Based Catalyst on Its Loading Mass
and Adhesivity on Cordierite Substrate

ZUO Jiayu', LIU Yingshu', ZHANG Xuan', HOU Huanyu?, YANG Xiong', ZHANG Chuanzhao®, SUN Fangzhou?, LI Ziyi'
(1. School of Energy and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Strategic Research Institute of HBIS Group, Shijiazhuang 050023, China; 3. College of Biochemical Engineering, Beijing

Union University, Beijing 100023, China)

Abstract: Coated catalysts have attracted much attention due to the urgent need of low-resistance technology for large-flow industrial
flue gas purification. However, the complex characteristics of coating slurry and the factors influencing the loading for the catalyst
preparation become a challenge. For the preparation of Cu—Mn based catalyst by vacuum coating on cordierite substrate, the influence
of slurry characteristics (i.e., solid content, binder type, pH value and particle size) on the loading mass and adhesivity of catalyst was
investigated. The results show that the increase of solid content makes the catalyst particles more closely bound to the network
structure formed by thickener and silica sol, and improves the loading mass and adhesivity of the catalyst. Silica sol can effectively
increase the electronegativity on the surfaces of the particles in the slurry, thus leading to the dispersion of the catalyst particles in the
slurry. The increase of pH value reduces the zeta potential on the particle surface, reduces the slurry viscosity and improves the slurry
stability. Grinding can destroy the uniform and stable network structure of the slurry, affecting the catalyst adhesivity negatively. A
coated catalyst with a loading mass of 216 kg:m™, a shedding rate of 0.6%, and a catalytic CO efficiency of greater than 98%
(7200 h'", 120 ‘C, 8% H,0) is obtained when an unground slurry with a silica sol content of 30% (in mass fraction), pH value of 7.3
and solid content of 30% (in mass fraction) is used.
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W is mass fraction.

1.2 RIGECHIRRE A

AL 00 SR G (RETE IR . Ris i . DL
KEEA S Ee M ) A ER . SIS
)Tt RN R ACAR I B R SE) R TR A Rl 255
TARIRG, WIS B IR 2 KR B pH
{£(6.75~8.00), 300 r/min RNHiHE 18 h, 152 5%~30%
REAX TR SR Jo B2 0 B (1 2 ) SR o R FH K BEAY
AEREEHL(ZQM-AL)XT J 4T 0.5+ 2.0 h 1 18.0 h
ANFI IR R B USRS A RIIRIRAT,  BREENLI 5%
A 140 t/min, PAEAEA 5. 10 mm 1 20 mm VB &
R ERCTEE N R S5 SRR B B 2D
Bl WBEE T 18 h SRR AR [ T B )
FEH AR, EH5 AT RS EAE Y 50 kPa
) A7 25 i (B R L SR e it o TR A, 2
FHEEUNT, PREFT I, gk BRI U
3 R PO A ALIE R AL
BE, ABUGIIFERE TR, R &SI A
HFIRE o
1.3 ZRIEHEREMIR

FIR B AR It d & v (NDJ-8s, il )R



+ 968 CRERR Sh2230)

J Chin Ceram Soc, 2023, 51(4): 966-974

2023 4F

VG A 7)) BRI R T R BT R ) S e YR 2
R FR, RIVRAZHIZR:

r=ky"(n>0) (1)
b ABIYIR S1(Pa); y NETPIE R n AR
SRERREG KNBE R =1 8, kK RIBh /1%
JE(Pass), BN 2 0<n<l B, KT
Mk, RIONRIEMER S 4 n>1 BB VI 1L,
TN IB IR 52, AR AR R (9.08 57
BY RN I A B A TR AR A T 2R (1 24 3+ 6+ 18 h),
RIR T IR E M, A2 M 2 S 7E 2+ 18 h
Ja & .

W AR P R R AR RSN T &
Amy BRI, TERRERIAT M2 BB 2 Ak
FARZD . 8 Fr & my B A e MEPEARANANZ K Al
2 kg B2 kg [FFIREERS), #E 3 min, HUH LG
JRERN My, THERBEKERN a, KBIRKEW A:

W/=(1—Hkiﬂh}x100% )

o-m

KK pH {AH pH THI#3(pH838, A IIUFE).
WS, BRI R T Zeta AN
pH 1E, H Marvin Zetasizer Nano ZS90 15 . Zeta
HAAY SR U2 B AR AR 8, Al LA
i L B LI E 0. SR ] Marvin2000 0K A
HEAT I, S A KA R 1 5%, 285 EXZT 50 mg
FIREM, TINEIA 100 mL KHOEE b, BEE
Y 5 min, RS EUS, TR, E8N
3, BCFHME.

1.4 GUEHFENIR

KRB VEEE T a0 R A ok 5 B R AL R )
AL TGP A 3

ﬂeﬁmw% 3)
o ms ARG T AL T i (kg)s my AT
LR S HEE A BT E (k) V AEALFIAR (mY).

SR FH T 75 8 0 3 1 W A7 8 Y A4 1 7 1) 4 AR
SEE,  RIKEHE AR E T8 75 BaF AL (JP-020PLUS,
YT RE RS AR AF)H, Ll 180 W IhZ
(BB AR A 40 kHz)FFSR 60 min, HUHFE S
INHEFE TR 6 h, TIRJGFRE, FFihHEH % %,

s % 100% @)

m, —m,
Horf: me VR A R AL R (k) -
B R AL R E VA R 5T 10 M E]
kAR BT

B BRI O TSR H H A H AL A =] )
S-4800 247 it B R B (SEM)EAT WL, B
B EUEE B K H, A 5 min J5H 2mL 1
Jie S W8 T BGE 2 AR S A0 FERE B |, AR
T, BRESGZE 5 cmxS5 cm SEM RS & BRI £
3.0 kV g &, HIR 10.0 pA, TAEEEE 8.0 mm
(15 R AR IR T 5 B

2 EREH®

2.1 EIEEXNREHEROE ML E
BTN (R [ 2 1R 2 vk P T i T ] (1 AR 4L
it 2 LA R0 B () R S Ve R B 1 TR . 5%
10%H1 15%[H 2 & 1R R A8 T 100 mPas H
REFREE, SRR D] 20%H0 S B b [E & &
(RGN 2 SO, LR R E BE AR N [R] F T B
B EE. fEE. NEESEEES N 2L
1B UG, Fenilh, [ S 25%5 2 30%0h)
FERIEE T 15, BEEEMM 5%IEE 10%0, Bk

R T 3 15
h 1 5 1/2
—=l—+>] -1
d &w J

G h RN BRI EE s d SR B4R FT A,
BEE [ S A O, ORI (R BE S0, [ AR AR AR
IEL o AR B R B N s T R A ELAE
N R EDTE R ARG TEE0%, R
WA S n, RIS R kP, M4E Quemada

FHE Woodcock 2AB:

-2
ﬁﬂmzmzb—gj(ﬁ¢:¢ﬂMﬁ%ﬁ:%

m

AR R ) B R AR AR 53 8, FAE SR IRARA K,
1E 0.50~0.75 2 []), AIRIKIBRMEEEE n 38 K.
Woodcock 2 AT %, Bl [E A AR B0 /N, Fvkiz[E]
FEEGR, AHEAEH IR/, FO0R R Rl JLZAR )N,
FFETE 5 T A€ 1 Quemada A5 f) 7 bR 250
ATCURIL, M & ERAE, n BHRRN, X5
IR 5%~15%AI B 5 2 45 R —

B2 BT LB, SRR K P [ 7 5 5 i
Whn, WKEHRSE5AEEREAL, EiRTud R
o PRI S AR AR T B KRR, ik
AKIINCY, SR s, Rz, KRR S
FIRKE T, WEAYWSHS TR, B4, Kel
HOESAR AR N, ORI, S
BN K> T I PPIR G b 5 %, DRk, &l
SRIMEE S AHE, FE BT RS
KO TREEZHSEEPY, B LR mEDO,



251 55 4 4

FERE S5 AR AR RS P FLAE T A AR A GO SRS B A ) B i) < 969 ¢

(a) Viscosity with solid content and stirring time

Solid content—Percentage of catalyst mass to total grout mass.

(b) Loading and shedding rate with solid content

BT R SRR [ & B AR R

Fig. 1 Relationship between slurry and loading characteristics with solid content
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Fig. 2 Water retention of slurries with different solid content

2.2 FHEEFIFRIE X IO T R M RO G B M B9 R2 I
M

FET 5 Tl AN [ 28k 45 70 I A1) 45 380 70 HROU A% b 4
AN L BEBEHE I 18] (AR R R U 3 s, ARy
VS HR B ENE 2 Fos. HE 3aal L, BEH
y SO, KBNS UIRAC AR R R AR, X2
H T 5 A I R 207 SR £ SR AN B O3 S e 1Y) - B
A BAETEFP AR AL iR R RO F e, BEH S
Isgn, BIVIERB L IR, 27 AT TRy
FVEA PRI, 5 TS, RIVEREE
TR, BRI n BRI R IRAR B
ARSI AR IR AL/ E . 455 B 3b
(RO 0 RS2 BT ) AR A il 2, AR VA RS AR 45 70 R R
b JSE Bl IR BRI [ A ORFFANAR, R A
€, LA 4 BRSNS R A e, H
TERVAIRIKIRAE 18 h J5 (MR BE 5K

(a) Rheological curves of different binders

(b) Viscosity with binders and stirring time
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Fig. 3 Relationship between slurry and loading characteristics
with binders
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Table 2  Slurry rheological parameters based on different binders

Binder k n w/(mPa-s™) Stability Water retention/% Loading/(kg'm ™)
Silica sol 4.63+0.09 0.362+0.01 200 Yes 92.1 240
Aluminium sol 14.7241.00 0.158+0.03 2288 No 91.8 194
Pseudo-boehmite 13.8140.59 0.147+0.02 2083 No 89.5 247
Kaolin 12.45+0.48 0.162+0.02 1948 No 93.2 195
Attapulgite 10.87+0.45 0.142+0.02 1663 No 91.5 189

Shear rate y=9.08s™'.

K4 FEATIBVE RS 5T A F RS A RIS Zeta ALK 2R
(pH=7.85)
Fig. 4 Relationship between catalyst shedding rate and Zeta
potential based on different binder slurries (pH=7.85)
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(a) Thickener polymer and silica sol

(b) Catalyst particles
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Fig. 5 SEM of slurry (binder: silica sol) sampling
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(a) Viscosity with pH value and stirring time

(b) Loading and shedding rate with pH value

K6 IR SEARFERE pH ER LK R

Fig. 6 Relationship between slurry and loading characteristics with pH value
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Fig. 7 Zeta potential of slurries with different additives after
stirring for 18 h
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Fig. 8 \Variation of catalyst particle size distribution with
milling time

®3 NEEIKERE T RRAREZES
Table 3 Particle size distribution in slurry under different
wet milling time

Milling time/h Djo/um Dso/pum Dyo/pum
0 0.560 250.770 761.180

0.5 0.620 167.110 657.700

2.0 0.610 157.180 636.630

18.0 0.605 26.716 248316
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(a) Rheological curve with milling time
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(b) Loading and shedding rate with milling time
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Fig. 9 Relationship between slurry and loading characteristics with milling time

(a)0h

(©)2.0h

(6)0.5h

(d)18.0h

K10 EBREF 0. 0.5, 2.0 18.0 h A GRAL AL A1 i 7 BB IE A
Fig. 10 SEM images of coated catalyst under milling 0, 0.5, 2.0, 18.0 h
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(a) Relationship between catalytic efficiency and temperature of CO

(b) Catalytic efficiency stability of CO
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Fig. 11 Relationship of catalytic efficiency and stability of CO
with stability and time
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