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Dissolution Behavior of Fused Magnesia in CaO-Al,03-SiO, Slags

CHEN Xinyu, HUANG Ao, LI Shenghao, GU Huazhi, FU Lvping
(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: Asan important raw material of magnesia based refractories, the dissolution of the fused magnesiain the CaO-Al,05-SiO,
slags for refining alow density and high strength steel is an important factor affecting the service life of furnace lining and the quality
of steel. In this paper, the dissolution behavior of fused magnesiain the slag at 1600 ‘C was investigated by a high-temperature laser
confocal microscopy system. The effects of the shape and mass of magnesia particles and the mass fraction ratio of CaO to SIO,(C/S)
on the dissolution behavior were investigated. The results show that the shape of fused magnesia particles has little effect on its
dissolution rate. The dissolution rate decreases linearly with the increase of mass, and it decreases firstly and then increases with the
increase of C/S ratio. The dissolution curve of magnesia particles is affected by the mass, and the n values of the dissolution model
can correspond to 1/2, 2/3 and 3/5, respectively. This work provides a guidance for understanding the slag corrosion behavior of
magnesia based refractories, improving the quality and optimizing the performance of magnesia based refractories.
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Fig.1 Morphology of magnesia particles
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Table 1 Slag composition

w/%

Sample No. C/Sratio
Al,03 CaO SO,
CS3 35.00 48.75 16.25 3
CS5 35.00 54.17 10.83 5
Cs7 35.00 56.88 8.13 7
CS9 35.00 58.50 6.50 9

C/Sratio is mass fraction ratio of CaO and SiO,; w is mass fraction.
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Table 2 Grouping and naming of experiments

. C/Sratio
Particle mass/mg
3 5 7 9
1.2 CS3-1.2 CS5-1.2 CS7-1.2 CS9-1.2
14 CS3-1.4 CS5-1.4 CS7-1.4 CS9-1.4
16 CS3-1.6 CS5-1.6 CS7-1.6 CS9-1.6
18 CS3-1.8 CS5-1.8 CS7-1.8 CS9-1.8
2.0 CS3-2.0 CS5-2.0 CS7-2.0 CS9-2.0
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Table 3 Dissolution rate of magnesia particles with
different shapes in the slag with C/S ratio is 9
Massimg - Vi(g-m2.s?) .
Quadrilateral Pentagon Subcircular
12 0.404 0.437 0.418 <4.13%
14 0.414 0.388 0.424 <5.06%
16 0.346 0.354 0.347 <1.43%
18 0.360 0.363 0.362 <0.46%
2.0 0.279 0.294 0.304 <4.45%

X —X|
V—Dissolution rate; o—Error, a=@x100%, where x; is the i-th
X

experimental value; X isthe average.
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C/Sratio Diffusion coefficientx10™%/(m?-s™)
3 145
5 1.69
7 153
9 2.83

24 EERERHE

FREBPIARE ARG, R TIEE
IR AR I A] AT A S S T N T AN R AR5
BRI KRR AEAN [ PR R AR B o R R
T AR L TR B9 BODUR T VF 2 AR, AR AT AL
PR B AR R L ROk R NIRRT T, IX 28
[ A R AR 2 i ) 2% 7 AR O o X v AR 2



* 616 - CHERR Eh 2241 ) J Chin Ceram Soc, 2023, 51(3): 610-618 2023 4=
TRAA B SR AR BN y BIZE 4y b A i e ik /2T, R ¢ %
1 1 —=(1——] 17)
BY 5 g P[] ®) o AT
D | pD P K(4). X(6). @)W X HNUAETFEEL n 19321,

Horp: p el R EG d BRI E AR D Y R A
w NENIRNEREG p NEEE: v IR IEE R .

fER N, BEE B NAE, Bk, g A
Ao WHEHT, p BRI d MIFERE v 5%
WAL K. 2 d Al v AN

1
ﬂ~a 9)
2 d Fl v HEKI
p-" (10
dz

X AL, EARRBTRL T VE BISIE T OF P AR
BB, ZFEA KNI Ro KIRTRLAE /N2 R I 2
dNg = pedV, = 4npsR%dR (11

Hort: pg ML AR AR B BRI L 5 Vi BRI AR
Wt UKL, RTEARIZHTRD, 4 2 (12)
13 %]
S 1dN; R

s dat PP

Horf: Sec ABURL R THIFH o
& Stokes [XIsrhr, 3(8)H N
D
B =R (13)

B (12). A(3)JFdtATIeS, LR HI5(6).
(7)o AH 2 UKL RS BR34BT R i
K@) -

2
3/2D3

(12)

(15)

T:

B = 1 (14)
L)
9D3(C, -C,) Ro
(16)
9D3(C, - C,)

5R2
(1), (12). X(W)BerIEHE, 53
t=—TJ7 0
MR e A VA, B R=0 ), Z(15)AT LLE 1E:
3

5J2pR,?

2
Horpe T ARG BeorX(15). X(16), mTLL
3N — I A th 2 A 2

24 RORL )V A S S I n=1; R IR
IS, X8/ BRURL RO AT/ IN IR, n=1/2;
X TR IRURL RS AR R E . n=2/3,

K 9 SIS E S n AEAS R AV s A M L%
AL, B 9nIIL, FEN 1.2mg FIRURATTE %L
n=2/3 (MM ZEYI &, RN 2.0 mg FIRTR E
PR n=1/2 (i 2k, iy 1.6, 1.8mg HIBURLIA %
fHZG TP 206 BETSeia I, A an
L

L —=— =1
ey [ e =112
—a— =213
08 v (CS5-1.2
r o (CS5-1.4
_ 06
= L
=
041
0.2+
0.0 F
0.0 0.2 04 0.6 0.8 1.0
i,
(8) CS5-1.2 and CS5-1.4
1.0 - —a— =1
oy —e—n=112
I ?\a: —a—pn=2/3
0.8 | —v—CS7-1.6
3 +— (CS7-1.8
_ 06
¥ |
=
04
0.2+
0.0F
0.0 0.2 04 0.6 0.8 1.0
i,
1.0 -
0.8
_06F+
¥ |
=
0.4 F
02F
0.0F
0.0 0.2 04 0.6 0.8 1.0
t't,
(c) CS9-2.0

K9 SCIGEES n B R HVA i th 2 b
Fig. 9 Experimental data are compared with the dissolution
modes with different n values



%5 51 &5 3

MRIRET &5 FIBEERDIE CaO-AlLO—SIO, JA T F KA EAT N . 617 -

7, R AR AL RS, 0N
R R AR AR A G B . X T RE
SIS 0 T S S RORE A R R A I S S A
B2 AMIE . A S A F R RIURE S A 0L RS d
BONEITEOL, BAUE RS n=12 Lk, FL
R, AR IR S pOR, IR (A
AR T B BES i S Mgz, 485k n 12
B A 1, RARELE 2/3; U7, FUERUD
(RIRIURL B 25 5 52 B I v vh XIS s s, KT
RLRSE BRI AR S5t 28 K0 g RO, s A
FEAR g n=2/3 R 2k .

SIRE RN S BN S MM AR, FHEN
1.6 mg ¥R I A A5 X 2 00 S Y il 4 B8 it 1) T
2 Dz, BRAERI S B AR, oz KT
AL S SR 1N RE2 S 733 S DSQIVA il B B e S AT
Jil BB 1320 20 BRIR BEAR L 3 5508 R R AR, ¥R
H e MLA7 il IR A AR T B ], o iR 1 S
k. T IRORLA il R R, RO
B, JE RN Ay Bz, i 2B JEiEA n=1/2
HESEEME, SBURMEN T n=12 1 n=2/3
I e X nAEHEATABIE, RIS N~ B &4 6l i
RHEGHE AT & n=3/5 VIRt . BbAh, o T RORLVA i
525 P R AR SR IRIAE A DRI 2 542 ) )
HRmA T R EREMRER, Fril s Rhk
PR L B0 R B A T PR T 5 T A

Ji 0N 1.8 mg [ RIURLLE 35 g A3 A e i) S Y
g, BRI SRR Rt S BE RIS
n=1/2 M 2200 & . ¥ 1.8mg 1A AR 25 n=3/5
BIRRRTOS H, RILE RAF, Wk 10 Fros. K
100] WL, Jit 0 2.0 mg R RURL H Lot B AR RO,
it 2R b AR T BUIR 3 BOL YRR, AR T R
NRTRLAR SEAS By iz s, S n=12 #hk

BN

T RV, BEmH R R AR
&5

R t

R—O—(l—?j (18)

Hrb: n=1. n=V12. n=2/3. n=3/5 7 HCE HIEEE
WPAE I A RV A, & 11 o
P ] 11 W] WL, 5o TP e 8 S N 2 B )
B R RTINS i
HEMRMEIT & n=L B M5y Stokes 1 542
PrigEhln, BRI S n=U2 B, R
JGFE—0 00, AR & n=2/3 BB, 47

il RN U A, R R R BT S
n=3/5 #A, HAlGIEHEmaiaEl S 7 fh 2k
S, RN

1LOF =
%%&b“

0.8}

0.6 -

did,

—a—n=|
04+ o =112

—a—1=2/3

02¢ «— n=3/5
+— CS7-1.6
0.0 < CS7-1.8
0.0 0.2 04 0.6 0.8 1.0

Ht,

K10 CS7-1.6. CS7-1.8 kit n {EAN Ry i th 2t bt
Fig. 10 Comparison of dissolution curves of CS7-1.6 and
CS7-1.8 particles with different n values

10l —=—n=1
- n=1/2
08} —a—n=2/3
v n=3/5
06}
=
= o4t
0.2k
0.0}

0.0 0.2 0.4 0.6 0.8 1.0
tt,

11 n=1. n=L/2. n=2/3, n=3/5 AR
Fig. 11 Dissolution model of n=1, n=1/2, n=2/3, n=3/5

2GRV TR 8 2 o AR Y e 7 A — E R
M, RUKEE C/S Leikey, 2T &9 B, H
BURL PR A2 poE PER 2R, BORE B R 15
IR o DR LA 5 S 6 AR s 75 SR B BB e A 1
FRIRIURE T R KA RHEVE T VA A SR 0 o 0K I
— A AR A T 1 AL 2 R T ) B RORL Y A A
B, ONJE S RBUTR KAPEHBURLAE K& b I ik 1t
TR T SH RS,

3

AHIF AL FH =i o e SR AR RO I & SeE A
T 1600 C il a6 T S BERD R /E CaO-Al,05—
SO MAEHIEIRIT N, T TR IRIR, s
KB CIS LU AT RIS . 45 R

1) BERDRIURLIE fif 1o AN R0 2R T TV P
L@ mpa sk, VR & ) e AL T VA AR
I3, I 5 e SR 2 AR X L A o R
RSN



+ 618 - (RERR 2h2230)

J Chin Ceram Soc, 2023, 51(3): 610-618

2023 4F

2) BRI I o R B R iy AR R B,
BEARE CIS LLRIHT N SeF% 518 . i ZhE C/S
FERgBE I S RUREAR ALY B R
L S 20 i 2 EL s 4 VA AR Y U T B, XA
AR SRHIE T e WA E

3) BRI o B XA g H £ PO S B K, IR I

[ EISEAS

R :[1—i] , Hrh: n=1. n=1/2,
I:20 TO
n=2/3. n=3/5. Jii EE KB RURLA i AT &4
BRI, 3X A 5 S RURLAE I () AT e 42
f—wEZE R FE L.

SE R

(1] eEHE, WHERE, BER, & M e BERURRE A S5 R ).
it K #1 kL, 2001, 35(3): 163-164.
GUO Baoqi, ZHENG Weixian, MAO Ximin, et a. J China s Refract(in
Chinese), 2001, 35(3): 163-164.

[21 MREEAR, 24085, BEWRIRINSRG R BB BT SRR R L] T
K1k}, 2005, 39(1): 6-15.
CHEN Zhaooyou, LI Hongxia. J China's Refract(in Chinese), 2005,
39(1): 6-15.

[31  Fhwk, JESCHE, B, . SRRV AL AR R S R R[],
KK}, 2006, 40(6): 469-470.
LU Bin, QU Wensheng, ZHAO Liang, et a. J Chinas Refract(in
Chinese), 2006, 40(6): 469-470.

(4] HPFE. BEOR BTN ELIR KD RHR BT A L3R I AL (D). TERH: ARdb

K2, 2018.
ZHENG Xiang. Experimental study on erosion behavior of magnesia
carbon ladle refractory (in Chinese, dissertation). Shenyang:

Northeastern University, 2018.

[5] KIM GH, SOHN I, Effect of Al,O3 on the viscosity and structure of
calcium silicate-based melts containing Na,O and CaF,[J]. J Non Cryst
Solids, 2012, 358(12-13): 1530-1537.

(6] BXEEF, AMiTE, EFEME, & WIRES s s R A B .
HAEAIT 78 24, 2021, 33(8): 726-733.

ZHAO Jixuan, ZHU Hangyu, WANG Weisheng, et a. J J Iron Steel
Res(in Chinese), 2021, 33(8): 726-733.

(71 g, S, PR R 25 BR50CrsMoV 4 1 AlOs e 2 ) ) 52
I B[] MERA 9L, 2017, 45(2): 19-23.

YE Mingfeng, WU Guangliang. J Res Iron Steel(in Chinese), 2017,
45(2): 19-23.

[8] ¥gH, EHER, ARANR, &5 Wt SRS A EAE F AR FUt e L]
rh AR ERE, 2019, 38(8): 775-781.

HUANG Ao, WANG Yajie, ZOU Yongshun, et al. J Rare Met Lett (in
Chinese), 2019, 38(8): 775-781.

[9 &R, SOk, EHE, 5. CaO-SiIOrAlOx RIEH Y E L
HIBL SOEIEAT L. il 5 oki 4 #r, 2016, 36(10): 3190-3196.
GAO Jinxing, WEN Guanghua, HUANG Ting, et al. J Spectrosc
Spectr Anal(in Chinese), 2016, 36(10): 3190-3196.

[10] CHEN L, MALFLIET A, JONESPT, et a. Influence of Al,O3 level in
Ca0-SiO,MgO-Al,0; refining slags on slag/magnesia—doloma
refractory interactions[J]. Met Mater Trans, 2019, 50(4): 1822—-1829.

[11] ¥, I, Wik, 5. (KT CaO-AlO5f X 45 8 I b kY

(12

(13]

(14]

(19]

(16]

[17]

(18]

(19]

[20]

[21]

(22

(23]

[24]

[29]

[26]

[27]

ZUR[]. ANERRT AL 1R, 2022, 34(1): 58-63.

JANG Xuyong, HUANG Ao, GU Huazhi, et a. JJ Iron Steel Res(in
Chinese), 2022, 34(1): 58-63.

NIGHTINGALE SA, MONAGHAN B J, BROOKS G A. Degradation
of MgO refractory in CaO-SiO-MgO-FeO, and CaO-SiO-Al,05—
MgO—FeOy slags under forced convection[J]. Met Mater Trans, 2005,
36(4): 453-461.

SRIAZE, BREGDS, BUBER, . mAR R R MR AN AR Y
SN[, kR hiEIR, 2015, 34(4): 1160-1164.

ZHANG Mingjun, CHEN Weiging, CHENG Zewsi, et a. J Bull Chin
Ceram Soc(in Chinese), 2015, 34(4): 1160-1164.

KIM Y, KASHIWAYA Y, CHUNG Y. Effect of varying Al,O3
contents of CaO-Al,0s-SiO, slags on lumped MgO dissolution[J].
Ceram Int, 2020, 46(5): 6205-6211.

WANG D, LI X, WANG H, et al. Dissolution rate and mechanism of
solid MgO particles in synthetic ladle slagg[J]. J Non Cryst Solids,
2012, 358(9): 1196-1201.

TREMR, RBOR, WARRIL T8 2280 R BT SO R LR &
JRARNE[J]. i KAFEL, 2008, 42(3): 219-222.

ZHANG Guodong, YUAN Zhenghe, YOU Jegang. J Chinas
Refract(in Chinese), 2008, 42(3): 219-222.

W, EKPH. HUEBERM A SE R I BICRI 4 A (). T KA R
2014(3): 236-238.

XIE Xing, WANG Chengyang. J Chinas Refract (in Chinese), 2014(3):
236-238.

B o, JRIEBE B KPR R B o B ). fERR EhiE@ R, 2006,
25(3): 91-95, 139.

ZHONG Xiangchong. J Bull Chin Ceram Soc(in Chinese), 2006, 25(3):
91-95, 139.

FRPCHT, BRI, o 865 i K JEORHR) R R IR AN SR R[], T K AR,
2013, 47(3): 210-214.

CHEN Qingming, WEI Tong. J Chinds Refract(in Chinese), 2013,
47(3): 210-214.

VERHAEGHE F, LIU J, GUO M, et a. Dissolution and diffusion
behavior of Al,Oz in a CaO-Al,0s-SiO; liquid: An experimental—
numerical approach[J]. Appl Phys Lett, 2007, 91(12): 124104.
VERHAEGHE F, LIU J, GUO M, et a. Determination of the
dissolution mechanism of Al,O3 in CaO-Al,Os-SiO; liquids using a
combined experimental-numerical approach[J]. Appl Phys Lett, 2008,
103(2): 023506.

MARABI A, MAYJOR G, BURBIDGE A, et a. Assessing dissolution
kinetics of powders by a single particle approach[J]. Chem Eng J, 2008,
139(1): 118-127.

VALDEZ M, PRAPAKORN K, CRAMB A W, et a. A study of the
dissolution of Al,O3, MgO and MgAI,O, particles in a CaO-Al,O5—
SiO; slag[J]. Steel ResInt, 2001, 72(8): 291-297.

PARK JH, JUNG | H, LEE H G. Dissolution behavior of Al,Os; and
MgO inclusions in the CaO-Al,05-SiO, slags: Formation of ring-like
structure of MgAl,O, and C&SiO,4 around MgO inclusions[J]. I1SIJ Int,
2006, 46(11): 1626-1634.

BROSH E, PELTON A D, DECTEROV SA. A model to calculate the
viscosity of silicate melts[J]. Int JMater Res, 2012, 103(5): 537-550.
LIU J, GUO M, et d. In situ observation of the direct and indirect
dissolution of MgO particles in CaO-Al,03-SiO,-based slags[J]. J Eur
Ceram Soc, 2007, 27(4): 1961-1972.

LEVENSPIAL, Chemica reaction engineering (3rd ed)[M]. New
York,John Wiley & Sons, 1998: 566-582.



