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Effect of Phase Distribution on Rheological Behavior of Calcium Aluminate

Cement With Built-in Alumina-Magnesia Spinel

ZHU Boquan , WANG Yulong , L1 Xiangcheng
(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology , Wuhan 430081, China)

Abstract: Three kinds of calcium aluminate cements (CaAl,O,, CA) with built-in alumina-magnesia spinel (MA) were pre-
pared. The mineral composition and microstructure characteristics were investigated by techniques of X-ray diffraction and
scanning electron microscopy. Their setting time and rheological behavior were also analyzed. The results indicated that when
MA phases distributed among CA phases, MA could hinder CA contacting with H,O. It is thus difficult to perform the cement
hydration and its setting time was longest. The values of both yield stress, viscosity, thixotropic character and the increasing
rate of storage modulus G’ become the minimum value. When MA and CA phases distributed crossly, the contact area between
the irregular CA grain and H, O is the greatest, the cement hydration is the fastest, and the setting time is the shortest. The
yield stress, viscosity, thixotropic character and the increasing rate of G’ are the maximum values. When CA phases were
formed into the skeleton and MA distributed among CA phases, CA grains grow well and the cement dissolution process is slo-

wer. The setting time and the rheological parameters are the values between the maximum and the minimum.
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Table 1 General characteristics of the raw materials
. Physical property Chemical composition w/ %
Raw material
Dso/pm Ssa/(m*+g ) ALO; Ca0 MgO SiO, Fe, 04 IL
Industrial alumina 13. 20 1. 35 96. 08 0. 04 0. 05 0. 06 347
Calcined magnesia 12. 18 1L 75 1L 01 91. 46 0. 51 0. 55 6. 04
Ground calcium carbonate 6. 40 1. 76 0. 17 55. 82 0. 35 0. 05 0. 03 43. 48
Ssa is specific surface area and w is mass fraction.
2 (CAM) ) 3. 3
, 3
Table 2 Chemical and mineral phase compositions of the CAM (GB 201—
. . . Calculated phase com- 2000)
C onstituent of raw materials position of tl . °©
sition he cemen
w/ % P DDSJ-308A ( 4
Sample : .
No L Ground D) o Physica MCR301
: Industrial Calcined e
ndustria magne- calcium MA CA  CA, 20 °C
alumina . carbon-
sia .
ate . CC27 s
A 66. 3 20. 2 135 77. 0 19. 1 39
] 2:5 . 0. 1~300
B 63. 1 15. 9 21. 0 63. 3 33. 8 2.9 .
S 5 PPSO )
C 59. 8 1. 5 28. 7 47. 9 50. 2 1.8
w is mass fraction; MA—MgAl,O,; CA—CaAl;O,; CA; 0.33:1 ’
CaAl; O; ; CAM——Calcium aluminate cement with built-in alumina- 0. 01 % —~ 250% , 10
magnesia spinel.
rad/s; , 0. 03%,
112 GB/T 1346—2001
/ 10 rad/s,
’ ’ 1l 3 CAM
LL3 491,255 Table 3 Particle size of CAM cement
0. 33:1 s o
2 Sample ) , ) Ssa/
1L Yo, Do/ pm Dso/pm Dyo/pm (mZegh)
X’ pert pro X . Nova 400
N INCA TE350 P A 1L 472 13 557 5L 214 0. 437
ano 350 Pen- B 1. 475 14. 537 61. 888 0 428
taFET X-3 C 1. 558 13. 622 49, 313 0. 420

R Mastersizer 2000
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Table 4 EDS analysis of micro-phase of CAM cement 2.4 CAM
Mole fraction/ %
Sample  Phase ’
Mg Al Ca O
A MA 12. 15 25. 19 0. 97 61 68
A CA 2. 31 24, 58 9. 38 63. 70 H
B MA 12. 00 22. 58 0 65. 42
B CA 3.08 26. 92 11 89 58 09 ’
C MA 13. 14 26, 12 112 59. 62 (13141
C CA 1L 23 28 309 12. 703 57. 77
> 241 3 -
MA—MgAl; O, ; CA—CaAl, O,.
(z—y) (  5a)
. Bingham
b
A =0 014y+2 22 (D
B :r=0 043y+8 72 (2)
C :r=0 056y+5 15 (3)
b
s [15] . Sb
T 7 (0~
3 — 1sH,B C
Fig. 3 Conductivity-time curves of CAM paste LA
o (1~
b b 1
: 10sH)
, S min . 2 s ’ ’
.3 : ;
10 S ! ’ ]
b ’
Newton ,
) . 4 o
el 3 1 mi
3 : B(9. 4 h), ° "
Cao1h,  AUG 2h, ’ CA ,
C 5 : : m’
CA , ,
9 o
5 . (L~ 3
Table 5 Water-cement ratio under standard consistency and B .C WA ’
setting time of cement motar samples ( 5.
Sample ) Setting time/min ( 5)
Water-cement ratio Inival Final
No. nitia na , 6 Photoshop
Motar A 0. 29 165 295
Motar B 0. 31 15 80 3 .
Motar C 0. 33 65 125 . B C A
. 6
MA CA
. Table 6 Area of Thixotropic hysteresis loop
. A MA ,CA MA
Sample No. Paste A Paste B Paste C
CA ¢ 4 A Areca(element) 15 470 23 862 16 447
A . B MA
CA ; CA 204 2 6 3
R ( 1 min
, . C MA )o 3 ,
CA ,CA ,CA 0. 03%¢( ) LA
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4
Fig. 4 Thixotropic hysteresis loop of CAM paste

6
Fig. 6 Strain-sweep curves of CAM paste
5 T
- onshi : . ) :B . C
Fig. 5 Relationship between ¢ and y of CAM paste
A
. G’ H 7
0 "
0.03% G ’ Table 7 Parameters of strain-sweep curves of CAM paste
’ ’ S | G’ within LVE Yield Flow
Sample No.
5 9. 3 % ( ) , MPa point/ % point/ %
3 Paste A 0. 61 0. 03 9.3
b o
Paste B 1. 20 0. 10 144. 0
Paste C 2. 10 0. 04 51 4
7 .
G’ , G’ 7 3

; 0.03% 10 rad/s
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Fig. 7 Time-sweep curves of CAM paste
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