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in the Confined Swirling Reactor
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Abstract MgCO,*3H,0 crystal was prone to agglomeration and disorder during its preparation, resulting in
uncontrollable morphology and size. This issue led to a significant decrease in its performance and could not meet the
application requirements. In this paper, MgCl,*6H,0 and Na,CO, were used as reactants, and a confined swirling
reactor was employed to prepare MgCO,*3H,0 crystal to address this issue. The operating parameters were optimized
by investigating the effects of reactor rotation speed and stator-rotor gap on the morphology and size of the prepared
MgCO,+3H,0 crystal. Firstly, parameters such as Reynolds number (Re) , material mixing time (¢,,) , nucleation

induction period(z,,,) and Kolmogorov length scale(n), ) in the confined space flow field were simulated. The calculation

ind
results showed that when the reactor rotation speed was 3000~5000 r/min and the stator-rotor gap was 0.2~0.5 mm,
the material flow state was mainly turbulent, and the reaction materials were fully mixed before the nucleation of

MgCO,*3H,0. The mass transfer process of materials could be effectively enhanced in the confined swirling reactor.
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Secondly, experiments on the preparation of MgCO,+3H,0 were carried out under the selected rotation speeds and

stator-rotor gaps. The results showed that when the reactor rotation speed was 3000 r/min and the stator-rotor gap was
0.2 mm, the MgCO,*3H0 crystal was prepared with a narrow particle size distribution and a volume-average particle
size of 8.919 pwm. Finally, to further quantify the influence of operating parameters on the size of MgCO,+*3H,0
crystal, the partial elasticity of its volume-average particle size with respect to the reactor rotation speed and the
stator-rotor gap was calculated respectively. The calculation results showed that the partial elasticity of the volume-
average particle size with respect to the stator-rotor gap was larger than to the reactor rotation speed, indicating that
the size of MgCO,+3H,0 crystals is more sensitive to the change of stator-rotor gap.

Keywords Nesquehonite; Confined swirling reactor; Particle size distribution; Theoretical analysis
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Scheme 1 Structure of the confined swirling reactor(A) and the internal structure of the stator and rotor(B)
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Fig.2 Mixing time(Z,)(A) and Kolmogorov scale(n,)(B) of MgCO;,-3H,O crystals obtained in the confined

swirling reactor with a rotor-stator gap of 0. 1—0. 5 mm and a rotation speed of 1000—5000 r/min
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Fig. 4 Size distribution(A) and volume-averaged particle size(B) of MgCO,-3H,O crystals obtained in the

confined swirling reactor at different rotation speeds(n) with a rotor-stator gap of 0. 2 mm
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Fig. 5 SEM iamges of MgCO,-3H,O crystals obtained at rotation speed of 3000 r/min(A) and 4000 r/min
(B) with a rotor-stator gap of 0. 2 mm
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Fig. 6 Size distribution(A) and volume-averaged particle size(B) of MgCO,-3H,O crystals obtained in
the confined swirling reactor with a rotation speed of 3000 r/min and a rotor-stator gap of 0. 1—

0.5 mm

A 1. 85 FEHE A E] 0. 5 mm BF A9 3. 31, AT L, 0. 2 mm B S A IORE B2 A3 A1 I 2R R A, om0 s - 1)
Bl AR A (RRL o3 A e 3850 . 3O R R i T IRIBR AN 0. 1 mm 3% K £ 0. 2 mm B, SO0 PR} 35 145 4500
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N RN R RE 2 3K, X TR AU i 2 T 3 MgCO, - 3H,0 Sl it 2 Hp St A% 2 fil A 6 i = A —
PRI, DA 1 BT 75 MgCO, - 3H,0 ARACKE 43 AT A8 58 H RS . AL, #4880 2 mm AE N fEE
EEFRIB

L E AT AT N, 7E FRASE TR 52 7 #5785 38 4 3000 t/min , SEFEFIRIBRA 0. 2 mm (I EAESECT , B
Tl F5 5 MgCO, » 3H,0 fbiAKL B A1 78, RFSEHRiA% R 8. 919 wm.  H i SCHk H FE 5 77 | G i 45
IO #5145 1) MgCO, - 3H,0 AR RSHEER, AP35k A2 3 78 JLHHOK B LA ROK GTE RN S 5 0e Al
[t , AR S2EG 45 (9 MeCO, - 3H,0 AR R B8N, A B S PR AR 24— B A0 2% MeCO, - 3H,0 A it
Akl
224 RARFIH R AR R # AR TR R R N T U SO A ORI E R P
X AN R XS S MgCO; - 3H,0 S RST 52 0, K MgCO; - 3H,0 HYRBT- BP0 A% X 52 Iy i e 1k
FUE 3 (I B AR A O BBURR BE A TR AL . 3% MgCO, + 3H,0 R FRE-BPRIAR f(n, 8) & N #53 (n, t/min)
FUEFEFRIBR (S, mm) AIRREL, FIA5eRE(n, &) XoF i HURIAT ) P 5E 1 ) k2207

Ef — f((no * An),@) _f((no - An),ﬁ) n, (6)
Enl,_,, f(ne9) 2An
Ef _j(n%80+A6D—f(n(5o—A5»4§L -
B3, £(n8,) 205

o fCm) A AR R FSF- BP0 5 n (v/min) 24 S g A9 B (IR 8 5 An (o/min) Shy JUT 16 BN # 7 E
FAITET IR 5 S0 (mm ) Ay S 7 25 22 2 7 ) e/ MBI B 5+ AS () Sy JIT S8 U2 I 5 5 - [ i g 1 s

TE bR B 07 78 T TR A 75 - ] B % Mg C O, » 3H,0 45 i S I (1 S B s B ey, S A S 55043
HE 1000 r/min A1 0. 1 mm [ 8] B SR 26 B, B LR (6) A1 (7) 5 Y An F1 AS 43 531 BU(E 4 1000 r/min Fl
0. 1 mm. FZ(6)FI(7) 5 MgCO, - 3H,0 PARFS-$ARI A% Xk S I i 5 3o R G B T IRT B A s e, 235 SR
PG T2 HE DR 2ATHL, MgCO,-3H,0 14 15 K7 4% Xof 52 07 #5% 54 8 119 g 3800 2 26 1 7
0. 058~1. 188 [t Bl P, 171 X6J 2 e~ [ st 1 i 58412 S5 (L E 0. 058~1. 940 AU Bl PN . S PR~ i 2K
P XoF EE AT AT, MgCO, » 3H,O PARF- B A28 Xof i 2~ [0 Bt 940 O s e 01 D 08 K X6 S oy 43 2 3ok ) o e
B, I MgCO,-3H,0 fby A R ST e 7 (1] B 1 el 28 B XoF 2 1 i e o ) e 73 o e, B 3 el e 7
T R) B AT B e A3 S X Mg C O, + 3H,0 i RS I i1
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Table 1 Partial elasticity of volume-averaged particle size(d,;) with respect to the reactor rotation speed
&6/mm n/(rmin") An/(r-min™") dy/pm Ef/En
0.1 1000 — 22.065 —
2000 1000 20.567 0.179
3000 1000 18.388 0.100
4000 1000 19.338 0.308
5000 — 21.365 —
0.2 1000 — 13.556 —
2000 1000 10.991 0.422
3000 1000 8.919 0.405
4000 1000 13.398 1.188
5000 — 16.875 —
0.3 1000 — 16.297 —
2000 1000 14.640 0.241
3000 1000 12.768 0.125
4000 1000 14.705 0.970
5000 — 20.388 —
0.4 1000 — 26.685 —
2000 1000 24.179 0.199
3000 1000 21.866 0.097
4000 1000 25.596 0.476
5000 — 27.953 —
0.5 1000 — 32.006 —
2000 1000 29.955 0.215
3000 1000 25.566 0.058
4000 1000 28.967 0.550
5000 — 33.528 —

Table 2 Partial elasticity of volume-averaged particle size(d,;) with respect to the stator-rotor gap

n/(remin™") &6/mm Ad/mm d/m Ef/ES
1000 0.1 — 22.065 —
0.2 0.1 13.556 0.425
0.3 0.1 16.297 1.208
0.4 0.1 26.685 1.177
0.5 — 32.006 —
2000 0.1 — 20.567 —
0.2 0.1 10.991 0.539
0.3 0.1 14.640 1.351
0.4 0.1 24.179 1.267
0.5 — 29.955 —
3000 0.1 — 18.388 —
0.2 0.1 8.919 0.630
0.3 0.1 12.768 1.521
0.4 0.1 21.866 1.171
0.5 — 25.566 —
4000 0.1 — 19.338 —
0.2 0.1 13.398 0.271
0.3 0.1 15.705 1.165
0.4 0.1 25.596 1.036
0.5 — 28.967 —
5000 0.1 — 21.365 —
0.2 0.1 16.875 0.058
0.3 0.1 20.388 0.815
0.4 0.1 27.953 1.940
0.5 — 33.528 —
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3 &
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T, 24 N #55% HM 3000 v/min, SEFEFRIBRA 0. 2 mm B, AT AR SR BE A48 | IRFLEH4Ki 42 (dy,)
98.919 pm [ MgCO,+3H,0 dhik . FJm, 43 iH5 T MgCO,+3H,0 S AR A7 X [ 7 s e 3k 1
SE TR BR A e, 2% B0 AR AR B8R A2 X o 1 R0 B P 0 5 R %o S o i o P i ik, 26
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