Vol. 51 No. 1
2025-02

R TR A A 48 D)

Journal of East China University of Science and Technology 1

XEHE: 1006-3080(2025)01-0001-09

DOI: 10.14135/j.cnki.1006-3080.20240318001

AL REXS CaO Bk Bl 5%k & = M a2 =20

B e A2, Rk A2, OREHZ, EFA?, 3 RS, FAMY
BN, BREY, X g2

(1. £ 5 T XKFEREREAAMFERFL PO, i 200237;
3. R A TAR (Lif) ATRAE], L 200233;

L% 200237;

2. LA LA AR P,

4. %34 G A AR RS, Fdi&a 471003)

FE: A5 i L %o Ca(OH),/CaO AL F i AR AL T AME B RO AR E, ALFTET
3ARFE 442 (100, 50, 25 um) 69 CaO AW K AR GE R P EZ, WABRFILKREF R
BRI R E N on ., EREHE, MILTRER LT, & E 42 CaO Bk B 4% o9 45 12

DL rEmARK ., JLMERIK, RABKY CaOBE Y TREXE T HREREE,

MLAF T

R E, 5wk E(=10 min) Ak, ER G (=50 min), FERESHLFGRG, 35
RE 44 (100, 50, 25 pm) % CaO Bk L A BAEA A 5 AN BEIKT 27.01%., 32.62% #242.61%,
SARHATHESHTHET 14.24%, 12.40%F 11.09%, R VLR M ik F 5 5 BILT 78.99%.
76.80% F2 76.20%., NEZFEEZREHRERAL, REAH T IMEEABELAERSGH AR
Ry #HE, mBTREIEPHOERZE, BRI B ESHRER D, KA TFREAILR AL
A EFe 2L T B R B RAT AL A ARH B B AR ik 6 R R

EEIF:Ca0; BERE; KERE; ARAMY #E; ARITH

FE 42 S:TB303

B R 5 Rk e | <R rp ORI BOR B S, il p
AREUR, QO PHBE . XURE R B RE 45, B Ry & H R
RRAETL B G DT R, (H ARG R i AR Z IR T
] B A 24 PR Y, ok R 2 P AR B RE R A
PR RETRAS S RETOR T LA RE IR AR R fe kit 2k
PR E D, AR BEREIR A R AR AL . 2k, Xt
e [ 52 B XUe ™ H AR K A A5 BRI, Pfb oy f
FE T fff PR 3 ) 0 f EL MRS I FH I A9 i RE B R =2
—, B R DA B LR Tl AR A S i A A R,
A LA Rk by T I TR R 25 ) 5| kS 9 A R A A A DL
P it B A PR I, Horr, Ca(OH),/CaO #A AL 46k BE TR
IMRZ N HA & IARE T | S ELARARIERE | OB S 1

Ca(OH),/CaO [ J b 1G Pk . 30 F1 2 A% i 5%

Y5 B H8: 2024-03-18

N ARERD: A

AL A RN IR R AR IB 1T RCR B EHE, L4
o, BEFE N BRI A B SE 56 o b AT TR
FIRFFE-1, Bian S BFGY T A A B PR R 9]
iAE CaO JOkL X K A LN I 52, 45 201, M &
CaO UKL (W) b R AR 38 T, KA B FEAIC, (HE 0 1R
AR B AR AL X CaO kL Y fi2 28K A e Ak R i AN
K. Dai 01 %} Ca(OH),/CaO #u Ak ik RE G PR 14 2
HEELIAT 20 MK -K GG AL, 25 R R, JUkL
JE] 6 0 A ok A e i) AT 3R BEL RS T AL A RN AL T R0,
5 M A B AR B BE O ER OB B I D
Schaube 512 7 [&] 5 R 0 ¢ 1 #E AT 25 WS K -7K
GEFIRE, i Ca(OH), Bk LR TH LM 16.0 m¥/g
FEAK 2 9.9 m¥/g, fii CaO Ukr Y L 1 LM 34 m¥/g
HahnZ 37 mY/g, (HI2 M A 3 — P pE R LR T

EE&TH: CO, 5 BN B bHRHiE I 1% 3 58 AL H AR BFSE (2023YFB4104003-02)
EE® A Bz (1997—), B, Rifg A, B4, FEOFH 1 5 M= AR Re 9 S b A58 . E-mail: Y82210024@mail.ecust.edu.cn

BEBKREAN: P4, E-mail: zjshen@ecust.edu.cn

SIAARS: Bzt Yo, T, . ORI RUBEXS CaO UL R K & B2 DY £ B2 M) (). AR R B T2 4 (A SRR , 2025, 51(1): 1-9.
Citation: GU Yishi, SHEN Zhongjie, YUAN Dingxuan, et al. Mass Transfer Impact of Particle Scale on the Hydration Reaction of CaO Particle Clusters[J].
Journal of East China University of Science and Technology, 2025, 51(1): 1-9.


http://dx.doi.org/10.14135/j.cnki.1006-3080.20240318001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20240318001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20240318001
http://dx.doi.org/10.14135/j.cnki.1006-3080.20240318001
mailto:Y82210024@mail.ecust.edu.cn
mailto:zjshen@ecust.edu.cn

2 AR B TOR A o2 R CH SR B 22 O

AR AT CaO FIUREZK G i B A% T80 38 1Y 52 1), T %
MG U RS R0 % CaO SR A1 55 7K 45 B o (4%
IS M B AT

AN g, I EA SR miEE
PR ZALIRTE, W] 24 SOV R Wang 4609
PR T MBI R TR S5 A8 Y SN g, 22 2 S5 Y S
;g A R T PR G B A, A RO T AR S S
i A )RR BH ZE 28 VR B G LA R R VL 2% 9 T
IS SRR, AR, R IR A R R TR
5 2 TGRS R S 5] B AR A RE A4 RH% BT
RORIA RGERs2, ek s 2L e, I
BB % -CaO 4544, 41 F T /K 2835 F1E CaO ikisK
G BB,

H1 T K 7K B A B I ot o v R L 5 4 %
AR, S BRI A, TCR KIS AT R R
BR . SEHT AT 45 R AR WP, CaO kL 1Y K A ik
P& — B B R, BORAE KA B B2 5 AT 3R
B, 70 5 B gy R B IR AR 2 S it 1 T RUJBE
RN XA BT 5 W d = o AR SCLLBURE A 7 SRy wF 5 X6
%, K R P S ST 5 31T CaO UKL A
MR K G L . a2 T g kAR KORLIE 43 A )
(Camsizer XT %4, #[E] RETSCH Technology 2\ /). ¥
FH % X (BET, ASAP 2460 %Y, 3% [# Micro-meritics
o)) DU 5 (SEM, SUISIO &Y, HACH
SES D) ARAS RN R ok AR L H R AR FLBR R L
N 3% TR 30 45 0Rn NRE AR AL A, T R AL AL B A
RIS AL e 04T 18 IE, JFE5 B R A Y RS
Uk [] A1 28 1 S B 40 B, F 58K A i B e RUBE 3%
XA AL 9 5200, X F Ca(OH),/CaO b2~ fi ik
PEFA ZR A Tl AR A B 2048 58 o

1 SCIGERS

1.1 SEISER

BEF 3 Fp 1 AL YR AR (dy) 43 3R 100, 50,
25 pm 1Y CaO MUK (43 5] iy 24 AR S 1L KR 20 4
i 3, BUIN 2 ZE A A BRA FDAE IR, B 1R
TR ZIIReki e KR 2 B A0 2 1) 3 FRE d i
Wik BEURLAR A 26 R T 2R X P2k ve 61
(XRF, JZ[E Malvern Panalytical Ltd 23 &]) i 5& FY#E 5
A A2 4y, T AR B R AR 291%, & /D & Mg,
Si. Al, Fe 4ot % .,
12 LWHERHSHE

i R S LR T B A5 G 2 YRR kLR
FOREIE 3 A AR B SR 58 AN [RDRLAR: CaO fURE

EHE
X 100
=
2 o— Sample |
E g0l ©— Sample2
5 a— Sample 3
2z
g 60
w
2
£ 40
<
a
2
5 20+
<
=
g
Uj 0 : L )
10 100 1000
Particle size/pum
ES I £ TR b A=Y Y TR E A
Fig. 1 Cumulative particle size distribution of samples
1 ALY
Table 1 Chemical composition of samples
w/%
Sample
CaO MgO SiO, AlLO3 Fe,03 Others
1 91.61 5.06 1.31 0.50 0.60 0.92
2 91.84 5.89 1.18 0.44 0.47 1.18
3 91.27 5.03 1.37 0.53 0.47 1.33
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Mass Transfer Impact of Particle Scale on the Hydration Reaction of
CaO Particle Clusters

GU Yishi'?, SHEN Zhongjie'?, YUAN Dingxuan'?, CHENG Yuxiang'?, WANG Jingxiao'?, LYU Feng?,
WAN Dayang*, GAO Yongchuan*, DUAN Yuezhang*, LIU Haifeng'-
(1. National Energy Coal Gasification Technology Research and Development Center, East China University of
Science and Technology, Shanghai 200237, China; 2. Shanghai Coal Gasification Engineering Technology Research
Center, Shanghai 200237, China; 3. RUICHEN PETROCHEMICAL, Shanghai 200233, China; 4. Luoyang Ruichang
Environment Engineering Co. Ltd, Luoyang 471003, Henan, China)

Abstract: Mass transfer is a key factor affecting the energy storage and release in Ca(OH),/CaO thermochemical
storage system. This study investigated the effects of particle size, specific surface area and porosity of three different
particle sizes (100, 50, 25 um) on mass transfer efficiency during hydration. During the hydration stage, Compared with
the initial state, the particle size of CaO particle clusters with different particle sizes decreased, the specific surface area
increased, and the porosity decreased. Due to the scale effect, the originally discrete CaO particles were more likely to
aggregate into clusters, which hindered the mass transfer efficiency. Compared with the initial state(=10 min), at the
late stage (=50 min), with the increase of hydration conversion rate, the agglomeration force of three CaO particles
with different particle sizes (100, 50, 25 pm) decreased by 27.01%, 32.62% and 42.61%, the effective gas diffusivity
decreased by 14.24%, 12.40% and 11.09%, and the hydration reaction front velocity decreased by 78.99%, 76.80% and
76.20%, respectively. Although the small particle size was more likely to aggregate into clusters, it had a high effective
gas diffusivity, which enhanced the mass transfer efficiency in the reaction process and showed higher hydration
capacity. Based on the modified random pore model, the synergistic effects of agglomeration behavior and effective gas
diffusivity on the apparent reaction rate were quantified.

Key words: CaO; particle scale; hydration reaction; gas effective diffusion coefficient; agglomeration behavior
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