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Abstract: The effects of silica fume contents on the mechanical properties and electromagnetic transmission properties

of sulphoaluminate cement were studied. The results show that with the increase of silica fume content, the

compressive strength and flexural strength of sulphoaluminate cement increase first and then decrease, and the optimal

content of silica fume is 10%. The electromagnetic transmission performance of sulphoaluminate cement increases

with the increase of silica fume content. Compared with the sample without silica fume, the electromagnetic

transmission property of silica fume-sulphoaluminate cement is improved in the range of 3.94—5.99 GHz. The peak

value of electromagnetic transmittance is increased by 23.9% at most.
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Table 1 Chemical compositions(by mass) of SAC and SF

Unit: %
Material CaO Sio, MgO SO, ALO, K,O Fe,O, Na,O MnO SrO P,O; Other
SAC 40. 85 12.28 2.52 17. 80 20.50 0.46 3.40 0.20 0.25 0.13 0.25 1.36
SF 0.19 98.4 0.17 0.18 .55 0.16 0.35
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Table 2 Physical properties of SAC

Setting time/min
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Fig. 5 Dielectric parameters of P-powder composite materials
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Fig. 6 Dielectric parameters of SF-SAC
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E—AFt Y—Ye’ elimite B—AFm
D—C,S A—Anhydrite

£
E YE+A D

ELE EI N g BEE E “
4 Lk M h IA"‘\ ', A2
4 Ly M MMi M Al
4 W l“ IAMl M A0

5 10 15 20 25 30 35 40 45 50 55 60
20/(°)
K8  SF-SACKA™ ¥ XRD &3
Fig. 8 XRD patterns of SF-SAC hydration products

KBRS HL R I A A SR ) B Ak BRFE 2 R R
fL 3 D>100 nm Y FLXF H i  JL-F- TC B FE . il B 9 3
AL B A SE B RN, D<<100 nm fL (% 21114k
BURWHE /N, D>100 nm FLAGAREL & H8 K 5 2 we =
30% M, B M D>100 nm fL A9 A FR |5 H 4 K B B
BTN AT U NI S = e v R v e e R Ny
EL3 i, SF-SAC (1 i 1 % vk BE 4R T .

2.5.3 SEMZr#r

SF-SAC ¥y SEM M J UL &l 10. f1 &1 10 #] UL - B
& SEFB B I, #F ah v L1 43 A0 09 AFCZ [ 4l /)
FL IR 23 K L B AEORE T 7 A B i B A A A I
5 PR S ST RVRICRT B FE KRR R B s i SF BB R, R
1Y SIO, AN R BN , BB 7 AT CFIEE RS [, (R i
R ARG Rt N A =R AT E AN
5 RS HRAE . e ah , SO, A B (0% B @2 30 FE P
BEALS T i 114 R R A i 0 R

4545 XRD ,SEM HI MIP 43 # 7] 41, SF-SAC 2
H AFt.AFm Bt AH R KL SACAHH (5 Bt SRR 45
TCRKAE REMR A5 45 A Al ) R ROV SF AR FIAL B
A2 R AR i 5 [ i vk o0 3k 45 SR T AR N
FR B A B A R Fe 1K, A R T R U0 P 12 . L BURE A
HLPAE R O, AT By T HORE % i A% 5 . SF B il ok
SRR R 7 BB R, FL SR AT L SF 4B A
JT A F TR A% i ) ) AR (R SRy SEORTFL BR AR )
75 L . 1 Lichtenecker ¥F8UR A & &0l 1L KA
Pt B FE A S N SF A FFL BRAH 34 0, B ) €/ Al tan o
TR EsE TS A A VT ECAR B AR T AR
HLREIOURE 2T T LR f b e



%4 AN AR L PO AR TR £k K e 2 R G A7 i R Y 52 TR 289

0.15
= A0
0.2} o Al
a A2
* A3

0.09 -

0.06

0.03

Cumulative pore volume/(mL- g™")

10° 10* 10° 10°¢
D/nm

(a) Cumulative aperture distribution

0 L L
10° 10" 10?

120

0.010

= A0

0.008 -

0.006 -

0.004 -

0.002 -

Incremental pore volume/(mL- g™")

0 L
100 10!

10° 10* 10° 10°
D/nm

(b) Pore size distribution

10°

100 -

80 -

60 -

40 -

Volume fraction/%

66.8%

20 5.9%

B »>100nm [ D<100nm

31.6%
17.3%

A0 Al
Sample

A2 A3

(¢) Volume fraction
K9 SF-SACFLE5
Fig.9 Pore structure of SF-SAC

3 it

(1) Bt % ik JK (SF) 5 f2: (34 i, ik K — 7 0 R 4k
KU (SAC) W4T FEFNHT I 2 B ¥ 256 B IHE TR
HAH TE SF B we=10% BF ikl H K, 43514 98.6.,
10.7 MPa, [t A 45 SF B33l 4 & 1 8.4%6 .15.1%.

(2)B % SF B BRI I, SF-SAC Y %45 i) ] |
it 2P | H B R AL B R B K, A R RO R L
Ak, SE-SAC L4 D<C100 nm A9 L B B0 FE AL
D>100 nm L (7R B B 2 48 T, Y we=30%
b, FLBR AR 7 b AR Ak A I

(3) K% SF B w3, SF-SAC #Y L 5 %
WS AT T B 5 24 wee o 20 % .30 % I, SE-SAC Ay H % 1

(©) A2
El 10 SF-SAC#J SEM i i
Fig. 10 SEM images of SF-SAC

W B R B 5 A B SE A L, SF-SAC WL g 15 4
PERETS B B3 L 78 3.94~5.99 GHz # Bt 3 [ N 1 |
AL M BE 24T BT 4R T, o % U0 3 S SRR 0 (I 1 4R
7 23.9%.

S &k

[1] LIUJL,LIY,JINCY, etal. Multi-scale quantitative study on
dielectric properties of C-S-H synthesized by different molar ratio
of Ca/Si[J]. Construction and Building Materials, 2022, 360:
129599.

[2] DINHT T, HEGLER S, LIEBSCHER H, et al. Dielectric
material characterization of concrete in GHz range in dependence

on pore volume and water content[ J]. Construction and Building



290

#OR

MoB % )

27

[3]

[4]

Materials, 2021, 311:125234.

SUNJB, LINS, ZHANG G B, et al. The effect of graphite and
slag on electrical and mechanical properties of electrically
conductive cementitious composites[J]. Construction and Building
Materials, 2021, 281:122606.

Tk, WIEAR, PR, AR iR i TOR LI CME BT R K U
I R LT A UM R, 2023, 26(9) :1023-1030.
YUAN Qiang, XIE Zonglin, YAO Hao, et al. Early performance
of high use level styrene-butadiene rubber latex modified
sulphoaluminate cement[ J . Journal of Building Materials, 2023,
26(9):1023-1030.(in Chinese)

PRI . B SRRER /K YRR BB P M REDT S [ D] b st bt
Tk Rk, 2022.

CHENG Yaping. Study on wave transmission properties of
sulphoaluminate cement-based materials [D]. Beijing: Beijing
University of Technology, 2022.(in Chinese)

XN, X ZE B Vo R 30 i B W D BB (ML) bt A2 Tl
HREAL, 2013:110-120.

LIU Shunhua, LIU Junmin. Electromagnetic wave shielding and
absorbing materials[ M ]. Beijing : Chemical Industry Press, 2013:
110-120. (in Chinese)

K R . T BT D BB ) 7K 8 R IR 3B A ek o) 5 B P e AF 5
[D]. e - iR, 2016,

ZHANG Guodong. Preparation and properties of cement-based
absorbing materials based on impedance matching principle[ D ].
Jinan: University of Jinan, 2016. (in Chinese)

AR, T IRZE, BB . B K e SEWe S bR BIF S [T ], 251
FRHEA L 2010, 13(3):295-299.

TIAN Kun, DING Qingjun, HU Shuguang. Study of new
cementitious microwave absorbing materials [J]. Journal of
Building Materials, 2010, 13(3):295-299. (in Chinese)
VAT, v SR, VR BT, A B ALK AR X K VR D 3K H B 2
WSS IR FETELT]. SR R4, 2018, 21(5):714-719.
ZENG Xiaohui, LING Chenbo, PAN Zhang, et al. Influence of

capillary water absorption on resistivity of cement mortar[J].

[11]

[12]

[13]

[14]

[15]

[16]

Journal of Building Materials, 2018, 21(5):714-719. (in Chinese)
BEIEIR, ERFE, AL, A5 vl A8 IR 5 M0 e 08 e X e AR K
UEPERERZ IR [T]. AR, 2023, 26(4):339-345, 377.
RAO Meijuan, WANG Qunchao, YANG Wang, et al. Effects
of high temperature steam curing and metakaolin on properties of
high ferrite cement[J]. Journal of Building Materials, 2023, 26
(4):339-345, 377.(in Chinese)

MR, BKEE, W ite i, 45 T R O R IO R B b S B o
FERHLIR T [T]. BESA R 4R, 2022, 25(10):999-1006.
SUN Zhenping, GENG Yao, YANG Haijing, et al. Mechanism
analysis of a sulfate complex salt improving early tensile strength
of concrete[J]. Journal of Building Materials, 2022, 25(10) :
999-1006.(in Chinese)

B U, R BRI . Rk O B AR TR R K UK AT S 15 e
HUELLT]. A HUM R 2441, 2017, 20(6) : 840-845.

LIAO Guosheng, XU Lu, LIAO Yishun. Influence of silica fume
on the hydration behavior of calcium sulphoaluminate cement[J].
Journal of Building Materials, 2017, 20 (6) : 840-845. (in
Chinese)

TR, wE, iR B ORGSR K Ve P RE 1 5 1
[T B B 5k R, 2014, 41(9):19-21, 50.

MA Baoguo, HAN Lei, LI Hainan, et al. Impact of mineral
admixture on the performance of sulphate aluminum cement[J].
New Building Materials, 2014, 41(9):19-21, 50.(in Chinese)
YANG B, L1Y, LIU J L, et al. Influence of quartz fiber on
electromagnetic wave transmission properties of high-alumina
cement paste[ J]. Frontiers in Materials, 2022, 9:893927.
SHEN Y N, LI Q H, XU S L, et al. Electromagnetic wave
absorption  of multifunctional ~ cementitious composites
incorporating polyvinyl alcohol (PVA) fibers and fly ash: Effects
of microstructure and hydration [J]. Cement and Concrete
Research, 2021, 143:106389.

HE Z, YANG H M, LIU M Y. Hydration mechanism of
sulphoaluminate cement [J]. Journal of Wuhan University of

Technology(Materials Science), 2014, 29(1):70-74.



