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Effect of TiO, on Thermal Shock Resistance and Slag Penetration Resistance of Magnesia

LI Zhenzhen, XU Yibiao®, WANG Qinghu?, ZHU Tianbin*, DAI Yajie, ZHOU Fen?, XU Chao?
(1. The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, Ching;
2. Wugang Refractory Co. Ltd., Wuhan 430082, China)

Abstract: To improve the resistance to hydration, thermal shock and slag penetration of magnesia, a magnesia based composite was
prepared via adding TiO, powder (i.e., 1% (in mass fraction), 2% and 3%) into a light burned magnesia powder. The effect of TiO,
content on the sintering behavior, microstructure and properties of the composite was investigated. The results show that free CaO
and some MgO transform into CaTiOz and Mg, TiO, and the size of MgO grains increases as TiO, addition increases, leading to an
improvement in the hydration resistance. The formed CaTiO; and Mg,TiO, phases reduce the thermal expansion coefficient and
induce the crack deflection as TiO, content increases, therefore improving the thermal shock resistance of the specimens. Besides, as
1% TiO, is added, the slag penetration resistance of the specimens is enhanced due to the increase in MgO grain size and the
formation of high stable intergranular CaTiO; phase. However, the further increasing TiO, content reduces the slag penetration
resistance due to the formation of low stable Mg, TiO, phase at MgO grain boundaries.

Keywords: magnesium oxide; free calcium oxide; titanium oxide; hydration resistance; thermal shock resistance; dag penetration
resistance
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BRI T AR, phah, BERD FORHEAEAE HLINE M
R MBI EB B TERE ZZ M A B, 4% T BRI
Jebifi Ak 45 5 A6,

FINE Y AN, o] DA SR s
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EEERD TS E ML BE R M K . Zhang S IHT 9T
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FTAE, W TiO, AT REZ &7 25 CaO BERD & id 1)
Nl B, Tio, kedbidfis s CaO JRMA: L
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FALEER T, REWTT T TIO MR RAEAT N W)
AR WA PUKIERE PUIAAGEMERERISL
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11 Hmb&E

LU RE MgO ¥ & [(Dsp=15.1 pm, w(MgO)=
96.06% (J5i f 7 %) ; w(Ca0)=0.97%, w(SiO,)=0.05%,
W(Fe;,03)=0.07%, w NRE 4, kekiEly 1.97%]

Al TiO, MHAR[85EH 7Y, Dgo=1.98 pm, w(TiO,)=
99%] A JEEH TooK ZBEMRE IR & 73408 10%I1#
JERgEER, Wit 7 Tio, it 72404 04 1% (27
) 2%/% 3%IM 4 AR, FEARIC NFE S MTO.
FEd MTL. FEd MT2 FIRES MT3. B5E, SRAL
WREREFAR B Ak, BREERTAA 12 h, BKEEA-
JRRTEKCGEE . NG, W5 RREHE 100 H
(LS A 150 um), BNVEEHLA, FFBIN 10%
L&, IREAIG/E 100 MPa JE /7 K A A R
<} #50 mmx10 mm . FJa IR ARTE 1600 C 4%
PRI 3h ek, HIfRERE MBI R.
12 Mm&TRIE

KH Archimedes HEZK M 2 FF 5 AR 2
MBSFLE. KA X'Pert Pro 2 X 5 2& AT AUk
FEMBYIARZE R, A& Cu BB, K, T2k, T
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16 C . ¥ Nova Nano SEM400 %494 B 7 & 35
MR I A S5 FE 45 & |E 350 Pental FET X-3
BB B AN FE B X R o 34T A . SR A 402
Expedis Classic 2 # Ik A &4 it i HuZ Ik 2244
MR A THEH A 5°C/min.

SR AR E R AR R R g R
A 3 mmx4 mmx34 mm FISCIREE T E T 5 3b kR,
FEZ S INFAZ 1100 °CHARIE 10 min, S8J5 B H R
NI 2 . R = 5 g AR G
RGBT o, MHRES B> 30 mm,  In#GE =N
0.5mm/min, HX 8 NEE ST H)MH

AR S BRI PERE, KRS 620 mmx10 mm
RE SN = RS, HRPE 134 C4&MF N mEE
I 0.14 MPa. {REFIZEJFREE 3 h )5, e
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ELRAE R, i B HLK AL P A0

L RERE IR S PR RS E R
13mmx13mmx2 mm FIFE S0, H145 60 KRR .
BiJE, AR 1 TR 4 O AR
HIENE RPN (TA-Z16BO1, K o B HL 1 i 47
ARAR, THE). BEfE, #%E 1 HsR) RS R
B P IR E 1500 °C, FEEILIRE T
#E 10 min.

R ERLSFAR

Table 1 Chemical compositions of the slag w/%

Al,O;  MgO Ca0 SO, Na,0O FeO TiO,  MnO
2.87 756  49.07 14.46 0.54 23.74  0.69 1.07
w—Mass fraction.
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Fig. 1 Heating rule of the slag penetration experiment
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Fig. 2 XRD patterns of the specimensfired at 1600 ‘C
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FahZe 1600 Ched)a iy SEM [ Fran &l 3 fir
N, FRLA R EDS 7045 R LR 2. H118 3 AT LA
A, FEE MTO G EEcE, NAFAEDESIL,
TrEA SRR BT 10~30 pm Z[Al; FE&

MgO A AFTE /D B B CaO A, (HEEH & &) (d) MT3
fi%, ARAETE XRD 1 H W2 3 7 85 4 AT S I . R B3 R I S A M B

0 1%fFF TiO, FEfmH, JFE CaO A, [EInf Fig. 3 SEM micrographs of the specimens
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Table 2 EDS results of the corresponding phases

of points shown in Fig. 3 x/%

Points (0] Mg Ca Ti Fe Si

A 5142 1012  36.72 0.05 0.60

B 35.87 5.92 28.65 27.64

c 50.07 143 2246 2376 0.28 141

D 4879 3279 0.04 16.77 1.60

E 49.34 053 2392 2605 0.17

F 49.80 0.82 2342 2576 0.19

G 46.89  33.90 0.02 17.80 1.39

x—Molefraction.

MgO #f A Ab 2B BT A CaTiOz. #E— 510N Tio, i)
N, B CaTios A4k, MgO fFtabic il 1
M@, TiO #, HIHSERE TiIo, MnmisL, x5
XRD MARZE R — 3. Ak, i3k 3 Fn, B TiO,
TR, Fed MgO @k RS B GE S . B
i MTO. MT1. MT2 & MT3 1°F¥) MgO d&iki ]
498 20.3. 25.0. 48.4um Al 47.9um.

T BIREERATE, SR Tio N 1%,
TiO, X5 CaO M A CaTiOs; 24 TiO, A 2%k
TZW, iR CaO ¥ N CaTiOs, Fl&R TiO, 5
MgO KA (MM M@TiOy #H. ik %
IS 52 38t A AR R AR o (10 S s ) B B0 1t R i i 2
(# 2). T MTLEES, k5 CaTiOs #(2000 C)

(TR R PELES T edtad fe, BRI 7 Re R B v,
2 TiO, A 2%I, P4y Tio, i@ M A Q) E T
MgO, it [ PR FE (0.3%) ) TiOo, 5 MgO s
AR M@oTiO  AH, fiEE 1A% BT A Sk KR, A Rkde
EREA B ENE, B TIO MNZE 3%, 1% &
] Mg TiO, AHTE BBEIS T MO B & A 8 e KK,
FE i B RS PRI

2MgO +TiO, - Mg,TiO, 2
Mgo__ ., "
TiO, — Ting + Vigy + 205 ©

23 NEFEMEERIMAEMEE

B 4 5B PR S0 1 5 1 BT SR R vk
RPPTHREREEFR . HE 4T LUEH, PURGESLL
AT, BEE TiO, &M\ O SEINE] 3%, Ff& P
FEM 161.4 MPaiZ i 44 113.6 MPa. ¥l 1%
TiOy Ja, FEMEBUEME NI, MgO dikik K, SEHE
b KT B R AP g — B TiO, VRN, K
R R B EER T MgO kLR S R 3
KFFEP, R, FiRGERIE, B Tio, & &M
O N % 3%, Ff i 5k R PUIT 3 E S ik R P 5k
AR M 24.2 MPa J% 15.1%i% A 38 i &2
36.9MPa }% 32.1%.

IR AT, PR B PR GE MRS H
WK ZHCE IR M, I 5 A, BN Tio, &

*3 HEMAEY MO BRIRT HREE., SALERENHE
Table 3 Mean MgO grain size, bulk density, porosities and relative density of the specimens

Sample No. Mean MgO grain size/pm Bulk density/(g-cm ™) Apparent porosity/% Closed porosity/% Relative density/%
MTO 20.3 341 0.7 35 95.89
MT1 25.0 3.37 0.8 54 93.81
MT2 48.4 342 04 44 95.14
MT3 47.9 342 04 5.0 94.64

200 40
Before thermal shock -
161.4 B After thermal shock 5 Br 32.1
160 - £ .
< 140.4 s 30t
= =
e 77 1244 73
%{) 120 - 7 113.6 § 25 ¢ 236
5 2 §
l;) E 20 18.3
—_ =
g 80 - ,°—>§ 15k 15.1
5 =
[ 36.9 s 10
40772244 25.7 29.6 ~Ezs | o
/ / 30 L 5tk
L | =
% @ % R 0
MTO MT1 MT2 MT3 MTO MT1 MT2 MT3
Sample No. Sample No.

(a) Flexurd strength

(b) Retention rate of flexural strength

4 B PR SEROHT S BT R R AR AR P R IR R
Fig. 4 Flexura strength and retention rate of flexural strength of the specimens
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Fig. 5 Thermal expansion coefficient of the specimens
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Fig. 6 Crack propagation behavior on the surface of the
specimens after thermal shock test
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Fig. 7 Mass gain rate of the specimens after the hydration test
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Fig. 8 SEM images of the specimens after the hydration test
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Table 4 Average thickness of the penetration layer on the

specimens
Sample No. MTO MT1 MT2 MT3
Penetration layer thickness/um 78 51 380 1080

Slag penetration |

40 pm

(& MTO

Slag penetration

(O MT2

K19 Bt 5 i i ) SEM JIE )7
Fig. 9 SEM images of the specimens after the corrosion test

2.6 itig
IR TiO, XHRE S P 5B MERE R S AL B,
I Ay 2 3 FactSage 6.2 #4451 1500 °C %

T FRES MT3 e Al 2t Y. B 10 4
1500 C 21 i MT3 A1V N 5 S 0AR i i
Alpha [1J5% & [m(F & )/m(iif KA K], 24 Alpha=0.5
I, WA %79 100 g £ 5 50 g ¥ S IR
FHE 10 " LLAE H, B Alphaf{t3gin, Mgo (&=
Fe)fii s AN K/, CapSiO,; [ CaFe,Os 71 Hi Bl J5 %
W% . KRPEGINIEES, MgTiO, MR E ¢4
TR, T CaTiOs #HZIBE Alpha 4 n% 0.05 i f2H
BTG, B 5 A B> I E Alpha 79 0.2 I 58
K. BIRITHREEEREY], AT, CaTiOsft
FAAEVERL MO i, T Mg,TiO, AR AAR E 1 NI
WELT MgO.
*5 [E9HPHENESH EDS %R

Table 5 EDS results of the corresponding phases shown in

Fig. 9 x/%

Points Si Ca Fe Ti Mg Mn (0]
H 1968 3640 061 0.10 100 007 4237
590 2905 2283 0.90 098 141 3871

|
J 1396 2421 167 033 1724 010 4271
K 060 317 3872 010 2068 138 3435
L 1396 2471 167 033 1724 010 4271
M 016 2222 024 2347 214 51.90
N 1865 2073 011 042 943 009 4185
3.0
251
2.0 MgO
15}
) 1.0 +
505
2001\ catio, Ca,Sio,
0.5 ¢ \
“10}
-15+ ]
2.0 AN BN
0.0 0.1 02 03 04 05 06 0.7 08 09 1.0

Alpha

Fig. 10 1500 C 2 FA¥: i MT3 ZEJ5E (K A
Fig. 10 Phase evolutions of the specimen MT3 in the molten
slag at 1500 ‘C
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FE b AR BT SRR E PR M@eTiO4 SR [EIAH . HH
Kl 9 RS MT2 2IE 21 EDS 704l 1, 45
5 MgO f FHBIERE, Mg,TiO, S AR 2 S4B N
(PIVEAR A A, AT AR Rt — P BiE .
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