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Utilizing Decomposed Phosphogypsum for the Preparation of

Belite-Calcium Sulphoaluminate Cement

LIANG Jiao, CHU Wanyi, HUANG Yongbo, LI Fengling, LIU Na, QIAN Jueshi

(College of Materials Science and Engineering, Chongging University, Chongqing 400045)

Abstract

The decomposition characteristics of phosphogypsum (PG) in reductive atmosphere at low temperature and

oxidizing atmosphere at high temperature were investigated. The decomposed phosphogypsum as a calcium source in place of

limestone was used to prepare belite-calcium sulphoaluminate cement. The results showed that the decomposition rate of PG with the
ratio of C/S=2 could reach 87.69% with the calcining process of C0,-950 °‘C-1 h/air-1 200 “C-1 h. SO, could be controlled to

concentratedly release in the temperature range of 900 —1 200 °C. The decomposed PG with the decomposition rate of 87.69% was

used to prepare BCSA cement. C; AS was detected in the cement clinker except for C; A;S, C;S and C; AF. The compressive strength

of cement paste at 3 d could reach 41. 4 MPa. About 0. 98 t phosphogypsum is consumed for 1 t BCSA cement clinker, reducing the

amount of limestone nearly 50 %.
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Table 1 Chemical compositions (wt%) of raw materials

BEME  SO; CaO SiO, AlLO; MgO Fe,O; P,O; LOI

B G F 39.43 28.98 10.43 0.64 0.11 0.17 0.71 18.93

KA H 40.97 33.33 6.06 1.50 3.47 0.67 — 12.73
HARE 0.23 53.68 1.79 0.54 0.59 0.43 — 42.09
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Table 2 The proportions (g) of the cement raw meal

%5 TRE AL BERXRKRET #5H FHomseH
A 84.38 22.19 33.53  6.97 — —
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The Enhancement and Mechanism of Glass Fiber on Mechanical
Properties of Magnesium Phosphate Cement Mortar

FANG Yuan, CHEN Bing

(College of Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240)

Abstract An experimental investigation into the compressive strength, the flexural strength and the water resistance of
magnesium phosphate cement (MPC) mortar reinforced by glass fiber was conducted. Four fiber volume fractions of 1.5%, 2.5%,
3%, 3.5% were designed for the experiments. The microstructure, mechanical and water resistance properties of fiber-reinforced
MPCs were evaluated with respect to the variance in the fiber volume fraction. The results showed that the glass fibers had more
pronounced effects on the flexural strength compared to compressive strength. The optimum volume fraction of glass fiber was
reported at 2. 5%. Furthermore, the effect of glass fiber on the water resistance of MPC was discussed, and a “reserving” method to
resist the strength loss by water was provided. In addition, a possible explanation of the fiber reinforcement mechanism which is in
agreement with the experimental results was proposed.

Key words glass fiber, magnesium phosphate cement, compressive strength, flexural strength, water resistance
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Table 1 The chemical composition of dead burned magnesium oxide and fly ash(mass fraction/ %)
Material MgO Al Oy Fe, O, CaO SiO;, P, 0, SO; K,O Na, O
MgO 89. 51 2.35 1. 16 1. 44 4.91 0.11 — — —
FA 1. 80 25. 80 6. 90 8. 79 54.90 — 0.6 0.3 0.3
Heo MLE B pE O 038 LAY AR 8 0 RSB T L R 4
Table 2 The physical properties of glass fiber MBI ETRE ., [HNE 1 a] L g F], K Hegn
Property Glass fiber i IF A Bl 2 £F 4 = 3 N — B T a0 £ A R
Dry density/(g/cm®) 2.5 R P POE R B . AT LAHEN 53 F Jk Jre ML A 2 D o 3 R )
Linear density/dtex 1.53 G I T HE M LU AE MPC Bb 3R R 5 0 A, — B R 5K &
Modulus of elasticity/GPa 29.5 S JR A N Sy 4B rR, B (A5 K I i B ad B AR R fE—
Breaking strength/MPa 1510 FREE b R AR RS .
Elongation at break/ % 5.4 100
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B POl AL, FE 0 PR 5 15 min 5 AL RAS GRC Azl
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Table 3 Proportion of each component of GRC

Name G1 G2 G3 G4 G5
Cement/sand (mass ratio) 1:1 1:1 1:1 1:1 1:1

Glass fiber/
solid (% . by volume)

0 1.5 2.5 3.0 3.5
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Fig. 1 The effect of glass fiber on compressive

strength of MPC
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Table 4 The peak load and mid-span deflection
corresponding to peak load
Spec Distinct fiber volume fractions
pecimens
0% 1.5% 2.5% 3% 3.5%
Load/kN 4 715.4 5269.1 7 463.33 6 800.32 6 624.52

Deflection/mm 0.059  0.105 0.274 0.16 0.189

(1)0%
8 000F 2)1.5%
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£ 4000t
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Fig. 4 Effect of glass fiber on load-deflection curves of
MPC: glass fiber effect
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Graphene Oxide Controlled Cement Materials Formation of Large-scale Ordered
Structure and Its Properties Characterization

LU Shenghua'?, LUO Xiaogian', ZHANG Jia', GAO Dangguo®, SUN Li', HU Haoyan'

(1 College of Bioresources Chemical and Materials Engineering, Shaanxi University of Science and Technology, Xi’an 710021
2 National Demonstration Center for Experimental Light Chemistry Engineering Education (Shaanxi University of Science and

Technology), Xi’an 710021;3 Materials Institute, Shaanxi Machinery Research Institute, Xianyang 712000)

Abstract The cement composites was prepared by ultrasonic processing of prepared graphene oxide (GO) and polycarboxylate
superplasticizer (PCs) in mixing water. The research results indicate that GO has been evenly dispersed in cement matrix and the
cement hydration products became uniform polyhedron-shaped crystals and formed large-scale ordered and compact microstructure

within the bulk cement. A 0.03% GO with size range of 30-—190 nm resulted in compressive and flexural strengths increase rate of

78.8% and 112. 7%, compared with the control sample. In constrast to GO with size range of 110—410 nm, the corresponding

increase rate was 72.3% and 93.9%, respectively. Their durability has significantly improved compared to the control sample.

Meanwhile, the forming mechanism of ordered crystals and structure was proposed.
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30-130—190 ) [Ulzasoication, Cement__ - Test | XRD patterns
%1 Portland 42. 5 K I8 144 Plotilater | 30min — Mixing Pore e
Table 1  The main components of Portland cement 42. 5 ! Strength
40 mm X 40 mm x 160 mm \Durability
Chemical  Content Mineral Content “ﬁéﬁ?@;‘,ﬁ? zm’ ﬁr:]?; e
components Wt% components Wt%
- K1 KR A R i 72 K A i 35 H
CaO  62.16 C,S(3Ca0 + Si0,) 51. 75 . e s
Fig.1 Preparation process and testing items
Si0O, 22.25 C,S(2Ca0 « Si0,) 20. 64 of cement composites
Al O, 5.43 C; A(3Ca0 « Al O3) 12.53 . .
o I 1.3 #WwE
Fe, O, 4. 85 C,AF(4CaO « Al O; » Fe, O;) 10.75 GO 9 4k %% %45 44 J VECTOR-22 {f B I 2T 4f ¢ i
Na, O 0. 57 CaSO, » 0.5H,0 0.45 B Kratos 2 8 #E 47 E. GO 4k F 2 MR ~F H
CaSO0, 0.78 CaSO, 0.78 SPI3800N/SPA400 Jit - J1 W i 88 CAFM) & NANO-ZS90

*2 HARGBERSH
Table 2 The structure and performance

indexes of GO nanosheets

Chemical Peak positions in Content in XPS
groups FTIR spectra/cm ! spectra/ %
C-OH 3 350 41.53

C=0/C-O0H 1730,1 690 16. 71

C=C 1620,1 310 9. 35

-C-O0-C- 1420,1 360,1 260,1 100,1 105 32.41
1.2 KiEEEESMBEH &

Fe 18 100:29:0. 2:0. 03 B & KU LK \PCs Hil GO iR
AWK E AR E i PCs HT GO Bk &, LR
A2 PCs WA GO 20808 I & K 43k A& K,
BEELR F 3 40 mm X 40 mm X 160 mm ., K¢ 5 78 5 15 (20 °C)
R R EE 90%0) 5 T 329, KU E A 4RI i %5
o R A T H a1 TR

(Malvern, UK) Ot KL EE AN 72 . 7K P 2 A 19 WL 55
HITACHI S-4800 %137 % S 148 B 7 Wb (o 88 (SEMD L%, 4%
anE AT ML T R mE g 4k B K U K AL W e S5k T DY/
max2200PC B X GF L it G AL (XRD) BEAT I 5 . 7K U8 5 B4 8
14 L 47 5 JEE 0 45 56 JEE 4% IR GB/T 17617-2007 J5 353 5E - il
T A 2.4 kN/ s IR R AT I E = B2 . oK e 4k
BRI ALEE A Autopore V9500 A 3 R AU . 7K I8 %
BB T & | Rl LA S P RE 12 IR GB/T5082-2009 J5 i
AT

2 HRE5ITR
2.1 GOXMKEEE AWML NI

B 2 Rk e E A MR 28 d IRy SEM IES ., B 2(a) 2
FEG S, 19 SEM JE 8, 7] LLE th 450 h £ 06 B/ R i 3
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IR A AR A] ORBUE . 13X 5K e KA 7= 9 1 R IR K R

EEGMA LR B 2 RN S, 1Y XRD % . R W] 7K
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B aCS  h-C,8 1004 i=CaFeSO,OH), - 19H,0 | i~CaFe,SO,(OH),, + 19H,0
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Fig. 2 SEM images and XRD patterns of cement composites
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Fig. 3 SEM images and EDS tests in cement composites

# 3 EDS Il E 17K Jé K 4k 7= ¥ ot K 41k

Table 3 Element compositions of cement composites by EDS

Element content of S,/at%

Element content of S, /at%

Element content of S, /at%

EDS, EDS, EDS; EDS, EDS; EDS; EDS; EDSg EDS, EDS,, EDS,, EDS,,
C 2.82 2.47 2.08 3.61 14. 52 13.07 12. 39 13.3 15. 47 15. 58 15. 29 15. 08
O 32.17 32.29 36. 44 34. 86 32.37 34. 35 40.12 41.12 51.52 53.2 53.03 51.18
Si 4. 25 4.74 5. 83 6.23 3. 67 3.73 2. 42 2.78 0.76 0.58 0.57 0. 89
Ca 53.58 53.79 47.51 45. 44 41. 25 42.3 39. 15 40. 31 28.96 28.13 28.78 29.43
Al 2. 45 2. 46 4.22 3.59 3.93 2.53 2.04 0. 65 0.63 0.58 0.54 0.59
Mg 0.97 0.76 0.57 1. 69 0.71 1. 07 0.67 0.57 0.78 0.67 0.61 0.92
Na 0. 64 0.76 0. 27 1.12 0.91 0.73 0.67 0.57 1. 46 0.78 0.76 1. 03
K 1. 67 1. 19 1. 46 1. 93 1. 31 0. 38 1.18 0.32 0.15 0.13 0.12 0. 28
Fe 0. 81 0.76 0.79 0.78 0.62 0.92 0. 49 0.15 0.08 0.16 0.11 0.13
S 0. 64 0.78 0. 83 0.75 0.71 0.92 0. 87 0.23 0.19 0.19 0.19 0. 47
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L GOBETE 0. 03% M, 28 d I S, 1S, 194 FE 30 B L *t
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Table 4 Pore structure of cement composites at 28 days Table 5 Durability testing results of cement composites
Pore structure of cement composites Penetration Freeze-thaw Carbonation
Pore parameters . .
S, S, S, resistance cycles™ (X100) depth/mm
Total pore area/(m?/g) 36. 54 21.35 20. 56 Sample Osmotic  Seepage . . P
. 0 loss
Median pore diameter/nm  153.71  20.58 18.75 pressure height = o, Td 28
MP
Average pore diameter/nm  169. 31 20. 27 20.78 4 mm
. S, 3.5 17.6 9 854 0.06 76.3 4.1 5.6
Apparent density/(g/mlL) 2.23 2.38 2.36
. S, 3.5 5.6 9 868 0 100 1.1 1.2
Porosity/ % 27.52 17.71 18. 64
S, 3.5 4.2 9 871 0 100 0.6 1.1
100 Note:m, —weight of samples before freeze-thaw experiments;
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Fig. 4 (a) Compressive strength and (b) flexural strength

of cement composites
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AU S AR A H I B0 35 L Rl B IR B e A 1
WS B A5 SR AT P RIS R LR 5. B R R EE
JE 3.5 MPa 542 48 h 5. FE 5 S, S, A1 S, B35 K 3 B 43 5]
A 17.6 mm.5. 6 mm Fl 4.2 mm, L THBA GO 4K H )2
K e J 5 A bR B 0w 1 A5 A FE b e FFLIRE >, 32
F T OKIEE AR PLB R, KR IEE A B ORHR Rl R
100 ISERFW L EER S, A1 S, MR A K. S
BRI T B8 GO FF 5 By 5 14 45 1 308 F e B vk
Rl o PUER mLPE R R U W K R B B A M RHIR T R B K
BN SR VKE T 10 B8 7, B TR Rl 1 2 K U8 R A5 B I A
PERE B bR, A S S, S, B4k 28 d (RRR Ak T B 43 31
5.6 mm.1.2 mm fl 1. 1 mm. 8] WEH GO /KRR E &
MBS, S, MRRACTR B BN F R B GO WX BREES S, ,
HIFEF A GO R 42 i 7k U 5 52 & b R B iU % B0 1Y 45
¥4, BB A A I AT 3 SRR A B T I, DA 4 5 K e
B A MR AL, R, $198 % Bk Al A ik kil 5e
SRV T BA GO KKIRIEL S B S, F1 S, MYt At:15
T WERE.

My —weight of samples after 100 freeze-thaw cycles; P—
retention rate of relatively dynamic elasticity modulus of the test

samples after 100 freeze-thaw cycles
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Optimization of Alkali Activated Slag-Limestone Powder Mortar by
Response Surface Methodology

ZHANG Lanfang, LIU Lina, CAO Sheng

(College of Materials Science and Engineering, Chongqing Jiaotong University, Chongqing 400074 )

Abstract Based on the central composite experimental method of response surface methodology, the alkali activated slag-
limestone powder cement mortar was prepared by choosing alkali content and limestone powder content as variables, and the
mechanical strength of different age was studied. The response surface of relation between each variable and the flexural, compressive
strength was obtained through data processing. And the effects of various variables on strength of alkali activated slag-limestone
powder cement mortar were analyzed. The response surface model of strength was established, and it can serve as a scientific method

for predicting the strength of mortar at different ages in the field. The optimized results showed that when the Na,O content is

8.27% and limestone powder content is 14. 02% , the components can exert synergistic effect and ensure good mechanical properties.

Therefore, the response surface methodology is an effective optimization method for alkali activated cement mortar.
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Table 1 Chemical compositions of slag and A 33547 T R TG 45 AT . R T B R AR, SRR AR kL. iR B i
limestone powder(wt%) H g 5K 2 iR,
SiO; CaO Al O Fe, O; %2 hLEARRECCD K% HZ 5K F
s 32.51 43.05 15. 21 0. 16 Table 2 The considered levels for each parameter in
B 4.62 50. 16 1.21 0.52 CCD of experiment
MgO SO, K,O Bk E A F
- . S %
7 7.55 1.18 0. 62 — —1.414 —1 0 1 1.414
a0 — — 40.79 Na,O 4 &/% x 5.17 6.00 8.00 10.00 10.83
EWEE/ N x 7.93  10.00 15.00 20.00 22.07

FH SAIE 5 2 W1 65 R Ay 55 e R A T R B e

=

SR LS M AR TR K Na, O B i A8 35 S 4 A 0

b
BT b AR i 9F 2 5 SOk 12-13 108 Na, O & 4 1 IR(E

BCE 10, FRIEBEE Dy 6. 408 & B0 BRIy 20, F IR
{HBCE N 10, M CCD 4T 2 N E 5 A BE & He it 3t
13 A8 o5, AP 3R Y 3 d.7 d.28 d BT 4T B A 5 B A T
B AE S BIF 58 A ) & Y Na, O F 77 8 52 4 0 Bl i % 07 i - 11

WY IRHUAT B0 58 32 A I 52 2 RO D A0 I i J3E G 36 5
¥ SO #))(GB/T 17671-1999) #47 .

2 HRE5HSMH

T SR AN [ 1% 30 ) 500 B2 S S 2 SR B K 3 BT

2.1

3 WPIORIR] SR 4 0 (1 i
Table 3 The strength of mortar at different curing ages
pe Na, O 4 &/ % wmaE/ % o4 # £ /MPa i £ % £ /MPa
(1) (x2) 3dy) 7 d(yy) 28 d(y3) 3 dCy) 7 dCys) 28 d(ys)

1 10. 83 15. 00 5.3 5.4 6 38.1 41. 2 47.4
2 8. 00 15. 00 6.6 6.6 7.4 49.1 50. 6 56. 5
3 8. 00 15. 00 6.6 6.5 7.2 49. 6 50. 4 56. 8
4 8. 00 15. 00 6.5 6.6 7.2 47. 3 50. 8 56. 1
B 8. 00 22.07 6 6.1 6.6 42. 7 44.9 50. 6
6 6. 00 10. 00 5.3 ) 5.9 37 40. 2 45. 6
7 8. 00 7.93 6.3 6.6 7.1 45.7 47.8 53.5
8 10. 00 20. 00 5.6 5.8 6.4 39.4 42.1 48. 3
9 8. 00 15. 00 6.6 6.7 7.3 46.9 50. 4 56.4
10 8. 00 15. 00 6. 4 6.8 7.5 47. 2 49.5 55.3
11 5. 17 15. 00 4.9 5.1 5.6 32.6 35.7 41

12 6. 00 20. 00 5.2 5.4 5.8 36.5 38.9 43.8
13 10. 00 10. 00 5.8 5.9 6.5 40. 2 43. 4 49.7

2.2 HEEPE y,=—85.665 6+27.819 89, +2. 663 43x,—
I ] Design-Expert. V8. 0. 6 #1440 B 56 K - 5 25 0.007 52,2, —1. 677 52,>—0. 091 4z, D
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3 dPLITIRE
y,=—8.203 74-+3.119 1x,+0. 268 892, —
0. 002 52,2, —0.186 872,°—0. 008 9z’
7 d YL
y,=—7.116 25-+2. 981 52z, +0. 222 36z, +
1.797 17X107 " 2,2, —0. 181 562, —0. 008 05x,° (2)
28 d YL E .
y,=—8.591 43+3. 325 36z, +0. 311 82z, +
1.935 95X 10 " 2,2, —0. 200 942, —0. 011 152,7 (3)
3 d YL

(@Y

7 d PUEERE
—75.123 63+25. 916 14z, +2. 601 472, +
1.459 94X 10 " 2,2, —1. 564 372, —0. 092 3x,° (5)

28 d PUIEGEE .

v, =—285. 665 6+27. 819 89z, +2. 663 432, —

0. 007 52,2, —1.677 52,°—0. 091 4x,° (6)
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Table 4 Variance analysis of regression model for flexural strength
A /d T 5ok IR F 7 An # F & P& % E
#A 4.33 0.87 68. 25 <<0.000 1 L
e 0. 27 0. 27 21. 14 0.002 5
Z 0. 066 0. 066 5.16 0.057 3
Ty T 0.002 5 0.002 5 0. 20 0.670 7
¥ x1? 3. 89 3. 89 306. 06 <0. 000 1
z5° 0. 34 0. 34 27.12 0.001 2
W %= 0. 089 0.013
% IR 0.061 0. 020 2.90 0.165 1 N
A 4. 01 0. 80 47.73 <<0. 000 1 =
1 0.19 0.19 11.15 0.012 4
z 0.073 0.073 4. 36 0.075 1
; T, X 0 0 0 1
° 3. 67 3. 67 218. 38 <0. 000 1
x5t 0.28 0.28 16. 77 0.004 6
¥ %= 0.12 0.017
& B 0. 066 0.022 1. 68 0.307 9 L
A 5. 20 1. 04 34. 39 <<0. 000 1 =
x 0. 39 0. 39 12. 89 0.008 9
z 0.10 0.10 3. 40 0.107 7
2 22 —8.882X10° ' —8.882X10°'° —2.937X10"" 1
x° 4. 49 4. 49 148. 61 <0. 000 1
z5° 0.54 0.54 17. 87 0.003 9
% % 0.21 0. 030
K WA 0.14 0. 048 2. 82 0.171 3 F B
25 PUH IR R AR ARy 2% 43 Br
Table 5 Variance analysis of regression model for compressive strength
I A/d 5k IR F 7 An # 0 F1# P& %E
il 355. 21 71. 04 41. 30 <0.000 1 i
) 24. 08 24. 08 13.99 0.007 3
B 3. 84 3. 84 2.23 0.178 8
17, 0. 022 0. 022 0.013 0.912 2
; .t 313.21 313.21 182. 06 <C0. 000 1
20 36. 32 36. 32 21. 11 0.002 5
% 2 12. 04 1.72
% B 5.93 1.98 1. 30 0.390 9 o
A A 318. 87 63.77 96. 29 <0. 000 1 =
e 25.13 25.13 37. 94 0.000 5
x5 5.61 5.61 8. 48 0.022 6
T Xy 0 0 0 1
! x° 272. 39 272. 39 411. 28 <0. 000 1
5° 37. 04 37. 04 55.93 0. 000 1
% % 4. 46 0. 66
2 LI 3. 64 1.21 4. 90 0.079 5 rE%
A A 341. 91 68. 38 102. 14 <0. 000 1 =
x 38. 94 38. 94 58.17 0.000 1
Z 6. 66 6. 66 9.95 0.016 0
0 22 0. 040 0. 040 0. 060 0.813 9
x° 278. 63 278. 63 416. 20 <0. 000 1
x5’ 40. 19 40. 19 60. 04 0.000 1
% 4. 69 0.67
% #LIR 3. 38 1.13 3. 44 0.1317 F g ¥
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Table 6 Prediction and actual values of strength of optimised mixture
T ST
/% 2/ % L7 % £ /MPa i JE 58 £ /MPa 47 58 & /MPa U JE 58 £ /MPa
3d 7d 28 d 3d 7d 28 d 3d 7 d 28 d 3d 7 d 28 d
8. 27 14. 02 6. 54 6. 66 7.35 48.18 50.54  56.49 6.49 6.58 7.21 47.84 51.37 55.61
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Influence of Dry/Wet State Variation on Piezoresistivity of Multi-walled
Carbon Nanotube Reinforced Cement Mortar

WANG Yanfeng., ZHAO Xiaohua, LI Gengying

(Department of Civil Engineering, Shantou University, Shantou 515063)

Abstract The influence of water content variation on the resistance and piezoresistivity of multi-wall carbon nanotube
reinforced mortar was investigated by means of four times drying and three times wetting experiments. The results were compared
with the cement mortar. It showed small impact on resistance and piezoresistivity of specimen with more water content. With
decreasing water content, the change of resistance became significant, especially for the cement mortar. The magnitude of the
piezoresistivity of composites became large. The piezoresistivity of CM was more sensitive to the change of water than MWCNTs/CM
in this case. Moreover, the magnitude of piezoresistivity near the percolation during the wetting process was higher than the drying

process. Finally, the mechanisms of piezoresistivity change of MWCNTs/CM were analyzed during the process. The equivalent

circuits were obtained to explain the change of conductive network.

Key words multi-walled carbon nanotubes, mortar, piezoresistivity, dry/wet state variation, equivalent circuit model
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Table 1  The physical properties of MWCNTs Force
P R P R A ) A R

OD/nm  Length/pm  Purity/% SSA/(m?/g) EC/(S/cm)
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28 K,

>90
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Table 2 Mix proportions of CM and MWCNTs/CM
. Cement Water Sand MWCNTs PVP
Mixes
g g g g g
CM 1 0.4 1.5 0 0.15%
MWCNTs/CM 1 0.4 1.5 0.50% 0.15%
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Fig. 1 Schematic representation of the specimen

and the place of the probes
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Fig.2 The flow chart of the drying/wetting

process of the specimen
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Table 3 The mass and the change of the mass of CM and MWCNTs/CM during the drying/wetting process

CMA CMB CMC MWCNTs/CMA  MWCNTs/CMB ~ MWCNTs/CMC
M, Mass/g  AM/%  Mass/g AM/%  Mass/g AM/%  Mass/g AM/%  Mass/g AM/%  Mass/g AM/%
M, 576. 21 0 579.16 0 573.79 0 578. 39 0 584. 34 0 581. 365 0
M, 566. 32 —1.7 570. 47 —1.5 564. 44 —1.6 569.52 —1.5 575.29 —1.5 572.405 —1.5
M, 562. 55 —2.4 566. 78 —2.1 561.01 —2.2 565. 81 —2.2 571.77 —2.2 568.79 —2.2
M, 558. 28 —3.1 561.12 —3.1 555. 57 —3.2 560. 95 —3 566. 37 —3.1 563. 66 —3.1
M, 557.56 —3.3 560. 36 —3.2 554. 57 —3.3 560. 45 —3.1 564.92 —3.3 562. 685 —3.2
M; 565. 44 —1.9 568. 01 —1.9 562.77 —1.9 568. 42 —1.7 573.03 —1.9 570. 725 —1.8
M; 567. 94 —1.4 571.11 —1.4 566.23 —1.3 571. 14 —1.3 575. 66 —1.5 573. 4 —1.4
M, 572.93 —0.6 575.76 —0.6 570. 33 —0.6 575. 36 —0.5 580. 98 —0.6 578.17 —0.6
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Fig. 3 The results of the change of the resistance of CM
and MWCNTs/CM during the drying and wetting process
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The piezoresistivity of CM and MWCNTs/CM after the third time drying
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Sulfate Attack Product of Composite Silicate Cementing System with
Silica Fume in Weak Alkaline

LI Yan, YANG Xuguang, SUN Daosheng, WANG Aiguo, LIU Kaiwei

(College of Materials and Chemical Engineering, Anhui Jianzhu University, Hefei 230601)

Abstract The composite silicate cementing systems with 0%, 5% and 10% (mass fraction) cement replacement ratio by
silica fume were immersed in 10% (mass fraction) sodium sulfate and weak alkaline solution for 210 d, the attack products and
contents were studied. The attack products were characterized by XRD, SEM and EDS. The contents of gypsum in composite silicate
cementing system with silica fume were calculated by using K value, the contents of free and total sulfate ion in composite silicate
cementing system with silica fume were determined by spectrophotometry. The results show that the main attack products of
composite silicate cementing system with silica fume are gypsum and ettringite in 10% sodium sulfate and weak alkaline solution, and
the formation of attack products causes the specimen to expand and crack. The contents of free and total sulfate ion and the attack
product in composite silicate cementing system with silica fume obviously decrease, and the expansion rates decrease with the increase
of silica fume. Silica fume has a certain improvement effect on the expansion of composite silicate cementing system with silica fume.

Key words weak alkaline, sodium sulfate, Portland cement, silica fume. attack product
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Table 1

Chemical compositions of cement and silica fume(wt%)

SiO, Al O; Fe, O, CaO

Cement 19. 99 4.79 3.16 63.18
Silica fume 92 0.3 0.8 0.4

MgO SO; K,O Na, O
Cement 1. 21 2. 38 — —
Silica fume 0.3 — 0.9 0.3

ST TN EEANN A X H L AT AL (Bruker D8
ADVANCE) , 8 4h 0] W 4p 66 B3 (UV-5500PC) , 35 K 23 1
il L ¥ 1 R (JSM-7500F)

1.2 AFHEREHR

FEIRE A FERRER BB IR R LA LU L3R 2, 3l th#E il /5
BEA 20 mm X20 mm X80 mm.25 mm X 25 mm X280 mm
CHI T 00t i e 30 RO RS L v IR ABEZK 3% 28 d 5 8 9 7E B 4t 43
BOR 10 V0 (T R AV VL v o 32 LA FH VA RL I

B2 RREATER LI R A I
Table 2 Mix proportion of composite silicate

cementing system with silica fume

Sample Cement/wt% Silica fume/wt% WwW/C
C100 100 0 0.4
C95 95 5 0.4
C90 90 10 0.4

R4S R C100 (Al ik R £h e #E 1k 52 . C95 (95 % i 7K
TB A SN HEIK I A REMRE L EEIR F) .CI0(90 K /K e 45
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Fig. 1 XRD patterns of composite silicate cementing

system with silica fume
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Fig. 2 SEM images and EDS pattern of composite silicate

cementing system with silica fume
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Fig. 3 Standard curve of (a) free SO,*
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Table 3 The sulfate ion content of composite silicate

cementing system with silica fume(mg/g)

Sample C100 C95 C90
Free sulfate 15. 31 11. 80 6.65
All sulfate 59.90 41,47 28.14
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Table 4 The gypsum content of composite silicate
cementing system with silica fume after 210 d

immersion(wt %)

Sample C100 C95 C90
3. 957 3. 300 2. 550

Gypsum content
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Fig.4 The appearance of composite silicate cementing

system with silica fume
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Preparation of Fly Ash Belite Cement from High-carbon Low-quality
Fly Ash and Its Properties

DU Chao, LIU Fei, WAN Yuanyuan., GONG Yongfan, FANG Yonghao

(College of Mechanics and Materials, Hohai University, Nanjing 211100)

Abstract Stockpiled fly ash with high carbon-content and low reactivity was used to prepare belite cement by hydrothermal
treatment followed by low temperature calcination. The effects of CaO content of starting mixture, hydrothermal treatment time at 97
°C &2 °C, calcination temperature and durating time on the composition of the precursor and clinker, and on the properties of the {ly
ash belite cement were investigated. The results show that the mullite and quartz in fly ash nearly do not take part in the reactions
during hydrothermal treatment at 97 °C =22 °C and calcination at 800 °C. The main hydraulic minerals in the belite cement clinker are
o’1.-C,S and Ci; A; when the clinker was calcined at 800 ‘C, while g-C,S and gehlenite exist when the clinker was calcined at 900 C
or higher temperature. Fly ash belite cement with the compressive strength as high as 30. 2 MPa at 28 d was prepared from mixture
with the CaO content of 30% , by hydrothermal treatment at 97 °C for 10 h followed by calcination at 800 °C for 1 h. Fly ash belite

cement is characterized by rapid setting, which makes it suitable for rush-repairing project, however, high water requirement which

result in looser microstructure and higher porosity of the hardened cement paste.

Key words fly-ash, belite cement, hydrothermal synthesis, low temperature calcination
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Study on Low-temperature Preparation and Hydration Properties of Calcium
Sulphoaluminate-Belite Cement Clinker

GUO Wei, WANG Chun, SUN Jiasheng, CHEN Yan, YU Pingsheng, JIANG Jinhai

(School of Material Science and Engineering, Yancheng Institute of Technology, Yancheng 224051)

Abstract Coal gangue, desulfurization gypsum and lime were used as main raw materials, the calcium sulphoaluminate-belite
cement clinker was prepared by hydrothermal synthesis and low-temperature calcination. The mineral phases of hydrothermal
synthesis products, calcined samples and their hydration products were measured by XRD (X-ray diffraction), SEM (scanning
electron microscope). The change of hydration heat of cement with time was analyzed by isothermal calorimeter, and the mechanical
properties of cement were measured. The results showed that under the premise of hydrothermal synthesis of precursor at 120 C,
the calcium sulphoaluminate-belite cement clinker can be completely sintered at 1 050 “C. The early hydration heat release rate of this
low-temperature sintered cement is higher, compared with that of one-step calcined cement. When gypsum content is 13wt% in
cement, the 1 d and 28 d compressive strength of cement were 30. 2 MPa and 57.3 MPa, respectively. The hydration product of
cement in 28 d was mainly AFt with long fiber.

Key words calcium sulphoaluminate-belite cement, hydrothermal synthesis, low-temperature calcination, hydration properties
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Table 1  Chemical composition of raw materials(wt%)
CaO SiO, Al O SO; Fe, O MgO Na, O K,O L
Coal Gangue 2.01 51.42 27.05 1.70 4. 48 1. 39 0. 20 1. 41 9.96
Desulphurization gypsum 26. 08 1.02 2.73 46. 21 0.21 0. 64 0. 05 0.13 22.91
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20/

1 BT A 1 XRD %

Fig. 1 XRD pattern of calcined coal gangue
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Fig. 2 XRD pattern of desulphurization gypsum
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Fig. 3 XRD pattern of hydrothermal precursor
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Fig. 4 XRD patterns of calcined samples at

different temperatures
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Fig. 6 Curves of the heat evolution to time for the cement pastes
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Fig. 7 XRD patterns of calcium sulphoaluminate-belite

cement samples
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Fig. 8 SEM pattern of calcium sulphoaluminate-belite

cement paste
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Fig. 9 Compressive strength of calcium sulphoaluminate-belite

cement sample
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