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AR mEErERE . (ERE S, CAYMA M
BT T CAq A MA (1 55, RN BB RS
B LB R 2519, 1999 4EFFIE, Gobbels ZEl171)
W T ALO;-CaO-MgO & R H I EAHMEL, K E
H MA Fll CA 1 & #HH B CayMgyAlyg046(CoM1A 1)
GERY, TR CAg Il MA [HFRAR S R RE, [
HE T CoMoA, B RSk 2018 45, Li PSR A
IR R EEH AR % AN 97.5%) CoMA 1, 8%
P, ey HILmA IR . CoMyA L, A
N 1820 CHA, CIEM/EMEIE AR MEER

T 2R AL SR ARG A AR P X m SRR
B, 75 CoMoA 14 B I 5] & & Fe,O5 AR IEEUE 1L
HERE, ARG I AT R A5 IS (A =
BEEET, KT CoMA & BURRH S i A%,
AHEFH CoMaAry SINEERN KA KL, R T
CoMA 1y BIGI ] SEILEE T KA RHER B AL kT
BT 5 S T2 AT i) B SFE N 2 RIASE P88 T 4858 Joi i 2k
P Ak &5 R R BE PRS0
1.1 FER
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Table 1 Chemical compositions of the main raw materials W/%
Raw material MgO Al O3 SiO, Fe O3 CaO Na,O K,O LOI
Magnesium hydroxide 68.65 0.10 0.11 0.14 31.00
Calcium carbonate 1.18 1.31 1.72 0.61 53.19 0.21 41.78
Calcined o-alumina 0.21 99.28 0.05 0.01 0.03 0.12 0.30
Sintered magnesia 95.01 0.44 1.76 0.87 1.92
Cement raw material 2.64 3.23 12.96 2.31 42.09 0.29 0.51 35.97

W—Mass fraction; LOI—Loss on ignition.

1.2 Ca,MgAlyO46 BIE Y

BEANBEAR . RS AR a- ALk
FAMIN 1% (B2 %) Fe,Os (434748, LA Fe it
69.8%~70.1%), %K 2 WIECELEEATIREL, W0 6%
AR A NS &7, IF HIREL 24 h, fHBUE
HUE H R H @36 mmx36 mm [ EFREES, HAR
T4 12h, AR HE T E B 7RI 30, 60 °C
F190 “CHrHIMRIE 3 h, 110 CLRIE 24 h HHATERZL T
T W TR RIREMAE 1 780 CHRIE 5 h AR
CoMbA 14

%3 91780 CHRIE 5h A CoMLA 1 TR H
TRADERVERE o R BE R BUAE 2 S U LR R
Iy B o BRI N 1~3 mm. 0.088~1.000 mm .
0.5~1.0 mm. 0.088~0.500 mm FI4H#}(<0.088 mm)
KPR o

x2 EREMEERILL
Table 2 Match ratio of the synthesized materials wW/%

Raw material ~ Magnesium Calcium Calcined Ferric
number hydroxide carbonate  a-alumina oxide
CoMA 14 6.20 11.50 82.30 1.00

x3 B CMA BIEARMEEE
Table 3 Basic properties of synthetic C,M,A 4

Apparent  Bulk Water True Closed
Number porosity/  density/ absorption/ density/  porosity/
% (gem™) % (gem™) %
CoMLA 4 12.5 3.20 39 3.71 1.25

1 A CoMaA L JEURFI X-5 2R AT B 1 0 17
FES . HE 1a 0L, & Pk A CoMeA L,
WA Mgo Fega3Al) 0704 Al CaAl;;010. HIE 1b
AL, A RUE RS AR AL, KAFLRSTAE 20 pm
KA, HAAEHEASL.

1.3 HmblE

FREEEEND AR (R B2 <<0.088 mm)F1 CoMLA 4
YHH CBRL B4R <<0.088 mm) {4 i & b 1:1 HHTIR &,
TR TR R A B AEFE i (410 mmx 10 mm) . T4
JaRES AT 1600, 1650 TAHT 1700 C{RIE 6 h,
FFHEFE CoMoA 1y 545 BRI il SROSAT A

FHBERD AT CoMLA L VDR R 4 IBC LIS N 2%
(RPRIRE T TR CRIAS 55 /K B LN 1:2) 1B R4 A I T
TRRE, AR 24 h, AEABUENLRE RS @36 mmx



« 2120 - CRERR R 2240 J Chin Ceram Soc, 2024, 52(6): 2118-2130 2024 4E
¢ Ca,Mg,Al,0,
e * Mgy ;Fe Al 5,0,
» CaAl,0,
*
z
|72 .
2 It '
o "
Ll
s 0 ot | o
M It 03 “ 4;1! @ PR "J T|| 3 . .
RN TR L JUJX.M& i Jea
10 20 30 40 50 60 70 80 90
20/(°)
(a) X-ray diffraction pattern of synthetic raw materials (b) Fracture morphology of synthetic raw materials
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Fig. 1 X-ray diffraction pattern and fracture morphology of synthetic raw materials
R4 HRHMYRIELL
Table 4 Mixture ratios of samples W/%
Sample N CMyA, CMyA 14 CMyA 14 Sintered magnesia Sintered magnesia Sintered magnesia
ample No.
i (3—1 mm) (1.000-0.088 mm) (0.500-0.088 mm) (3—1 mm) (1.000-0.088 mm) (=0.088 mm)
A 20 20 20 40
B 10 20 30 40
C 20 40 40
D 10 40 10 40
E 10 40 10 40

36mm. @36 mmx50 mm Fl¢50 mmx50 mm, HPHH
R0 mmx20 mm FIHEREE R, L E T EXA TR
S AITE 304 60 ‘CH1 90 ‘CHRIE 3h, 110 CLRIE 24 h
AT BRI T8 F T2 5 R FA 7E 160041650,
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FE i A@1600 £ A ZHTE 1600 C 444 R Bl i B o
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T
1.4 #FEKIE

& GB/T 2997—2015 (% 5E FEIM K ] i 4
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0.2 MPa faf 2] 2 i BRI o 7R JRAE HH RS2
10 mm A RIARMEEA, #4E GB/T 21650.1—2008

CHR RAF RIS AR 200 5 [ A A LA 23 AT R F LR
FEY, KA 8 8 R e R AE 1 FLAR o A (2
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IKVEVIRMZ It BE o B A= Tk I TR H S AR 5 R L 3
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R 541600 CHERURME A AR A
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EH CMA L MANEIZ, FEMESILEA . B
B PR RO N, for B AR B R B TR
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AN, R RS SLERRRAS, AR RN, T R A
FhiEr, A AR FE ORI .

&5 1600 CLEREmATIERE
Table 5 Performance of samples fired at 1600 C

Apparent Bulk density/  Cold crushing

Sample No. porosity/% (grem™) strength/MPa RUL/C
A@1600 32.8 2.36 222 1464
B@1600 30.6 2.43 23.4 1482
C@1600 26.9 2.57 28.9 1466
D@1600 232 2.70 46.0 1560
E@1600 22.7 2.72 56.6 1554

RUL is load softening temperature.

BEE CoMyA L TINE T 10%3 N 2] 40%, &S
FLEH D@1600 FE 5 Y 23.2%38 K 3 A@1600 #£ 5
11 32.8 %, TR 25 B H 2.70 g/em® FEAKH 2.36 g/em®,

(a) Microstructures of the fired
sample A@1600

Y
Aggregate g

<y

(d) Microstructures of the fired
sample C@1600

JRILRE T CoMoA o IR KA T 222

(b) Microstructures of the fired
sample B@1600

(e) Microstructures of the fired
sample D@1600

AT [FIR 5 AR SR KRR B 2.94 g/em’,
I T REas, R E R A 46.05 MPa |
P3| HH 22,24 MPa, fif B FE R 1560 C 1%
% 1464°C.

Bl 2 A ER 5 PR EURE S 1 600 °C R 2
ghM. BB 2 I, B IRSE AN [E LI
A H B IR el L, KL 2 54855 &
B MR IR CEE,  H R SO B AT L LI JE R
ISCE IR AR 2 TR . B g%
B, BEE CoMaAjg IINEIEIN, JFALFLIFTERS N,
NI GBS FLER I, AR B BRI, I 52 B PRI
AT LA IX AR B T HIE CoMaA L, 5l
NF . xR E@1600 FEES D@1600 &
AR I, B CoMLA L, SINKLEED, TERUAL
TRSFRN, SERE S E@1600 fif 5535 A BT s .

K305 HRESA XRD . K3 A0, 541
3 B B BERR AR A AR R A LA
HA B CoMoA 4 AT CMoAs VAR AT U6, BERHTERR

C e % X

i

(c) Enlarging a section of the blue box in Fig. 2(b)

-

() Microstructures of the fired
sample E@1600

B2 1600 CLEmRE it i) T 45 14
Fig. 2 Microstructures of the fired samples at 1 600 C

T2 CoMLA 4 TN 5 I, i 53 P LA
AR AR AR A I A A LR, Sk, fERFA
B X AR A R RE S I, AN A AN

10%HFFE S E FIFES D YERERE R E 224k, 1
F 6 Fn. HER 6 ]I, BERERGRIE TS, 2 Fhasin
LR A S R S FL R IR AR, R AN R R
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(a) X-ray diffraction patterns (b) Enlargement of a portion
3 1600 CHEMFE 1) X-3 AT
Fig.3 X-ray diffraction patterns of specimens fired at 1 600 C
Fz6 ERHBEN TSN
Table 6 Effect of firing temperature on the propertles of specimen
Sample No. Apparent porosity/% Bulk density/(g-cm™) Cold crushing strength/MPa RUL/C
D@1600 232 2.70 46.1 1560
E@1600 22.7 2.72 56.6 1554
D@1650 22.7 2.72 39.7 1543
E@1650 22.6 2.73 47.2 1578
D@1700 21.9 2.73 35.0 1603
E@1700 20.6 2.76 43.2 1543

T, AR R 5B AR T, i 5 R A
E@1600 2 56.6 MPa, i B 8040 il FE 4 Rr 7R 45 = Y
K, ITE 1500 CLLLE, 27K e 25 I i A
FHEER, #5h D@1700 FF it far 8GR B i, T8
#1603 C.

Kl 4 8 3 M EGRE T CoMyA 4 A EN 10%
FE it 1) 2 4 44 o e ] 4 o] AL, 7E 1650 “CHA 1700 C
PERAE T, ARIFAERH T CMyA IS ATERIR T
TR FLI, R BE S R FE T iy, B T e 4
e R R . Nk, BARILRBEK, HRREE
N, far B AR FE A A 0 R FE T e Y R
DRI A] 2 BT Re IR T, 23S COMLA4 151
MABRBIFLIFRE R, T sl FRERE IAR . |
B2 al L, BEERBURESEE, CMyA L, Mtk 5| A
JE L 5k o 50 73 3503 PR v v R T T e B i v A R
I 5 35 55 5 A 7 B A0 R o 1 55 A 7 o P B 6
E—E R b2 RomaAe i A IR, S8
CoMLA 4 BRI 5| N & EAH RN, SRR, &85

AN A o 5INPT, 85 A 7E 5L i
MRS, S@mm ERAEE. S
CoaMoA 14 FIURLJG X T RERISZ A 232 2 N5 T, KL
FERORET S SR LIRS, % T a8 B Al g B 50
IR EEAR], B GE R FE T 5 CoOMLA 4 BIURL A3 i 5
Ca” AN BUNRE, A FIT A B R ECE, R
i 2 B RIVRARTE A%, 52T B AL IR
2.2 5N CMA ¥ RT A HIEE 2L H1IE
NFTETIN CoMA 4 VIAHBR BT KA R AL
JR R, e CoaMLA L, 40K 5 BERD 404 4451 & LE 50:50
RA, HEHIReI0 mmx10 mm FE& 53 A7E 1 600,
1650 ‘CHI 1700 CHERiR 3 h BER, ¥ 205 7 M AH 4L
o 3 ANIRLEE SRR i K] X-S AT S QB S Fr
o HHES B, 1:1 VREHFE e Rl a 32 ZEAE R T
BA. BEREREAM_ERY, Al E
CaMgyAl;s0,7+ CayMgyrAlygO46 Al CasMgAlOyg o
CoMyA 4 TER RS N 2 KA — USRI 5 -
CoMLA 14 23 R RCBEAB AR AT /AR RS A A,
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CM,Ag B Bt & i CoMbA 4 12 1Y H 18] 41 K3 AR 5 #% M, 241600 CLL LIRS,
CMA, AR kT MgO K& E. 5K 3 1 FEath OMALYIHEERAERN . 2T K 5 il
1600 CLEREFEM A@1600. FEh B@1600. i L) CMoAs Il CsMA, 2 FHIAH, 75 K1 3 /b B A7 7E,
C@1600. it D@1600 FIFEN: E@1600 A RIWATHIE RS K& BEICH K, FELEHMN
AN T B AT BRER AR A A R TR A G589 73 T LAER]

e §
,

4\r', 3 Kirkendall pore R
Lo 0. / S
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—

(e) D@17O A ) E@1700
4 DY E R 3 AP SR IS Rss M

Fig. 4 Microstructures of specimens of groups D and E fired at three temperature points
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Fig. 5 X-ray diffraction pattern of sample fired at different
temperature in which C,M,A 14 fine powder mixed with
MgO fine powder in 50:50 ratio

Kl 6 S B@1600 FF: kil A 485 44 HE A AT RE 1S 20 4T
iR HIE 6 W, 2 CMA S ANRAREUNE,
USRI IZA CIE AL, 2 CoMaA L 5l KLAR
BRI, Wil 6 45 F s ©IE U S A 3R, H
PR L RALIR , RAN I s 3 T i se A I FLIR
AT A YIARAEAE -

Bl 7 N CoMyA g I NRIARRERIT 1600 CheRk
SR RS L 7 T, CoaMaA ., R AT
TEAS B B O F R BR R 2 Al A FR AR R R 20 A 1 35
WIS, SEEMARESN—BFLIE, FLIANIREA 4 48,

SR B B A RIS  CMpAs Fl CoMLA 4,
Hrp, CoMA L WHCIR . B 6 FIE 7 #E— B EE,
TEFR BT AR CoMLA  H ERAE N

E T KRR B A [R] R4 AH DA [ (R
FESIN, fEARRe i KA R s AEBI 501k &, 4
TEBEW AR LR 5IN CoMoA 1y BRI, CoMaA
AR B AR AR AR B A FARIRES , A
TR AERIRER 3 WHLAERS, 2/ A iR AHan Kl 8
PRSI 559 B, T84 R A AT CasMgALOyg
X B B AR LI AR R 1345 °C

Kl 8 24 FactSage7.0 i} 1] SiO, E & A 0.5%HH]
ALO;-MgO-CaO =JuAHiE, SiO, A A7 5T
AHe HE 8 I, BT EBMEJIMEH, sl
ST EARTARITR,  [FIERE BD T O S
Kirkendall 208, 7£ CoMLA 4 AHFTEE AL IR R ALIAN,
W GINKL R CoMaA L kL, BT RS ANE 52
2, WA TGRS, ERHRHE CMA L MHE
REME, 5 MgO KA, BRI
F. ARG, CMyAg. CoM,A 4 F1 CasMgALO .
b B Gl B T iy, RLEEBUKR IR CoMLA 4 BIURL, A
B PR 2 5 1) Kirkendall 25878 FR Oyt LI,
WK 4 fros. X W THEE R E T, AR
N, RS, $ECREIEM, P XL
IR T B TR B 1) Kirkendall 2505 S EL
CoMLA 14 AR N AT B [ ST RS, A S EAL
TR . CoMLA 4 RS FEAE 3.71 g/, Ty

(a) Microstructure

(b) Photographs of energy spectrum analysis of Fig. 6(a)

6 B@1600 FF fir A K I8 7 MREHE 20 #4521
Fig. 6 Photographs of the microstructure and energy spectrum analysis of the B@1600 specimen



252 55 6 W

B SE: CayMgyAlygOue 0 7K e 725 oL JEHT BRI KR R 45 A4 A0 RE AR M + 2125 -

(a) SEM image

w/%

Elemental ~ Point 4 Point B Point C' Point D Point £

O 40.77 33.03 4333 36.07 41.88
Mg 17.64 0.22 5.01 63.49 2.81
Al 40.51 46.95 45.36 0.45 48.65
Si 0.00 0.61 0.00 0.00 0.00
Ca 0.00 19.18 4.00 0.00 5.13
Fe 1.07 0.00 2.30 0.00 1.53
Total 100 100 100 100 100

(b) EDS result in Fig. 7(a)

Bl 7 C@1600 ZH5EHUFE 5 1 SEM R )7 F1 EDS BERE
Fig. 7 SEM images and EDS result of group C@1600 specimen

Ca0-ALO,~MgO-SiO,

W(Si0,)/w(Ca0+ALO+MgO)= 0.005,

0.7

Point w(A) _ w(B) _ w(C) T,,/C
0.129 75 0.038 16 0.83200 1772.87
0.134 59 0.038 98 0.826 43 1 763.45
0.140 92 0.042 03 0.817 05 1 754.94 <
0.178 77 0.025 20 0.796 03 1 709.79 oy
0.18131 0.031 12 0.787 57 1703.76 O
0.195 13 0.044 67 0.790 19 1 684.63
0.313 05 0.037 35 0.649 60 1517.45
0.524 62 0.047 32 0.428 06 1421.92
0.433 33 0.061 91 0.504 76 1 345.86 03
0.432 27 0.054 24 0.513 50 1 340.08
0.489 36 0.046 91 0.463 73 1329.52
0.484 41 0.026 85 0.488 74 1304.66 0.2

SRHASDHE BT

A
D=2

0.1

e, FactSage

CaO

T(min) = 1 304.66 C, g
T(max)=2 821.19 C I

2525

2025
Monoxide 0.3 1
1525
BALO, 3 2
0.5 % 1025
Ca,MgALO); CaAlO, &
0.6
CaAl,0, 325
Monoxide 0.7
25

CaMg,AlO,

CazMng]szm
Ca,Mg,AlyO,4

_ CaMg,Al, O

0.9
N CaAl,0,

MgO

mis mass; Tppc is liquid phase crystallization temperature.

0.6 0.5 0.4

0.3 0.2 0.1
MgALO, AlLO;
m(MgO)/g

8 Si0, FE N 0.5%Ff Al,0;-MgO-CaO =JiH
Fig. 8 Ternary phase diagram of Al,0;—-MgO—-CaO with 0.5% SiO,

BEATL B L 3.58 glem’, AR S A R EE S
JE1E 3.58 glem’, ARIRES B E KL 2.90 glem’,
CM,Ag [IHE % B KAIE 3.66 g/em’ s 4T FE i
D@1600 F#E i A@1600 AT 2.70 g/em’
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Effect of Ca,Mg;Al,3046 Addition on Structure and Properties of Magnesia Refractories for
Cement Kiln Transition Zone

HU Yue, YIN Hongfeng, LIU Yun, XIN Yalou, LIU Yuchi, TANG Yun, REN Xiaohu, YUAN Hudie
(College of Materials Science and Engineering, Xi'an University of Architecture & Technology, Xi'an 710055, China)

Extended Abstract

Introduction Cement industry is one of the major carbon-emitting industries, which is characterized by a thermal efficiency below
54% and an energy consumption ranging from 3—4 GJ per ton of cement clinker. China annual average cement production reaches
2341 million tons, contributing to approximately 14.3% of the total CO, emissions. In addition to the CO, emissions resulting from
the high-temperature decomposition of limestone, which serves as a primary raw material, the cement production process significantly
contributes to elevated CO, emissions due to its substantial energy consumption. The cement rotary kiln is a pivotal equipment in the
production process, with its high energy consumption primarily attributed to subpar performance of certain refractory materials and an
irrational configuration. Consequently, this leads to elevated temperatures (reaching up to 350-400 ‘C) in both the transition zone and
firing zone of the kiln shell, resulting in a substantial energy loss accounting for 8%—15% of the total heat input. Previous studies
demonstrated that the implementation of light weight refractory materials could effectively mitigate heat loss from the kiln shell,
thereby enhancing energy efficiency. The CA¢/MA composite material C,M,A 4 has the excellent high-temperature performance and
chemical stability of both CAg and MA. It is proven to be an effective ladle lining material in the non-slag line part. Incorporating a
proper quantity of Fe,03 during the synthesis process of C;M,A 4 results in a denser product under identical firing conditions. In this
paper, C;M,A |, was introduced into magnesite refractories to achieve light weighting of magnesite refractories. In addition, the
mechanism of achieving light weighting and the effects of addition amount and particle size on the microstructure and properties of
magnesite refractories were also investigated.

Methods Magnesium hydroxide, calcium carbonate and calcined o-alumina fine powders as raw materials were mixed. Also, 1%
Fe,0; was added to the mixture according to a specific mass ratio. The mixture was then pressed into cylindrical samples with a
diameter of ¢36 mmx36 mm. C,M,A 4 was synthesized via firing at 1780 ‘C for 5 h. The synthesized material was crushed and sieved
to obtain fine particles with different sizes of 1-3 mm, 0.088—1.000 mm, 0.5-1.0 mm, 0.088-0.500 mm, and<<0.088 mm. Magnesia
and materials such as C;M,A |4 were mixed according to the specified ratio, and then pressed into cylindrical samples with dimensions
of #36 mmx36 mm and @36 mmx50 mm, as well as crucible samples with the dimensions of ¢50 mmx50 mm. These samples were
fired at different temperatures (i.e., 1600, 1650 °C and 1700 ‘C) for 3 h. The bulk density, apparent porosity, true density, and cold
crushing strength at room temperature of A sample with the size of @36 mmx36 mm were characterized according to national
standards. The load softening temperature of a sample with the size of 36 mmx50 mm was measured. The pore size distribution of
the original brick was determined by a fully automatic mercury porosimeter. Cement material in crucible was heated at 1350 ‘C for 6
h to investigate its corrosion-resistance to cement material. The microstructure before and after corrosion of the crucible samples and
original bricks was determined in a backscattered electron imaging mode by field corrosion scanning electron microscopy. The phase
composition of the samples was characterized by X-ray diffraction with a software named Jade .

Results and discussion The results show that at 1 600 ‘C, the apparent porosity of sample increases while their bulk density and
cold crushing strength decrease as the amount of C,;M,A 4 increases. Also, the load softening temperature decreases. The apparent
porosity of samples with particle sizes ranging from 0.5-1.0 mm increases from 23.2% to 32.8% with increasing C,;M,A 4 from 10%
to 40%. The bulk density decreases from 2.70 g/cm’ to 2.36 g/em®, which is lower than the one of dense refractory (which is also
made of the same material) at 2.94 g/cm’, indicating a trend towards light weighting. At the same addition amount of 10%, the particle
size of C,M,A 4 becomes smaller, the apparent porosity of the sample decreases, and the bulk density and cold crushing strength both
increase. The load softening temperature is closer. The apparent porosity of samples with different particle sizes (i.e., 0.5-1.0 mm and
0.088—0.500 mm) gradually decreases, while the bulk density increases as the firing temperature increases. However, there is no
corresponding increase in cold crushing strength. The maximum cold crushing strength is 56.6 MPa, and the particle sizes both exhibit
a load softening temperature of >1 540 ‘C, meeting the requirements for application in cement kiln transition zones. The presence of
magnesia in the matrix during firing induces the decomposition of C;M,A 4, as evidenced by XRD and SEM analysis. In the
magnesite—spinel-aluminate ternary system, a liquid phase forms at elevated temperatures, facilitating a pore formation through
liquid-assisted Kirkendall effect and achieving a light weighting in the samples. Furthermore, increasing the amount of C,M,A 4
results in a higher apparent porosity, while leading to a decrease in bulk density, cold crushing strength, and load softening
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temperature. The corrosion resistance of group D and E samples with particle sizes of 0.5-1.0 mm and 0.088-0.500 mm was
investigated at 1 350 C by a static crucible method with the addition of 10% C,M,A14. The crucibles of D series samples exhibit a
visible corrosion penetration, while those of group E samples show a negligible corrosion penetration. No adhering slag appears on
the side walls in either group. The microstructural analysis reveals that different sizes of C,M,A, particles are responsible for
variations in penetration depth between the two group samples. Larger and more pores occur in group D samples, allowing cement
material to penetrate through them. The introduction of C,M,A |, particles with the sizes of 0.088—0.500 mm in group E results in
smaller pores resulted from the reaction between C,;M,A}, particle and magnesia matrix, making them denser and effectively
inhibiting the penetration by a low melting point cement phase.

Conclusions 1) Introducing Ca,Mg,Al,304 was introduced into magnesium refractor during firing. Magnesite—spinel-aluminate
ternary system formed a liquid phase at a high temperature. The pores formed with a liquid phase assisted the Kirkendall effect and
resulted in magnesium refractory to achieve lightweight. The apparent porosity of samples increased, the bulk density, compressive
strength and the refractoriness under load decreased with increasing the amount of Ca;Mg,Al,30,4 additions. At the same amount of
CayMg,Alg046 added, the performance could be improved via reducing its particle size. 2) As the firing temperature increased, the
apparent porosity of specimen decreased, the bulk density increased, but their compressive strength did not increase, and the
refractoriness under a load maintained at a high level (>1 540 ‘C). The refractoriness under a load could reach 1603 C when 10% (in
mass fraction) of Ca,Mg,Aly3O44 particles with the sizes of 0.50-1.00 mm were added and fired at 1700 C. 3) The static crucible
experiments at 1 350 ‘C showed that the specimens with the introduction of Ca,Mg,Al0y particles with the sizes of less than
0.50 mm at 10% addition had the optimum corrosion resistance to cement materials when the specimens were fired at 1 650 C.

Keywords calcium magnesium and aluminum oxide; Kirkendall effect; magnesium refractory; corrosion resistance to cement
material; cement kiln transition zone



