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Study on microstructure of MgO cement-based materials in small-size autoclave-treated specimen//LI Weiwei,
SONG Ziyu, ZHAO Zhenhua, LU Wei, XU Zaixian ( School of Materials and Architectural Engineering, Guizhou Normal
University, Guiyang 550025, China)

Abstract ; In order to promote the application of MgO concrete, the microstructure of MgO cement-based materials ( cement
mortar and one-grade concrete mortar) of small-size autoclave-treated specimens was investigated using mercury intrusion
porosimetry and scanning electron microscopy. The results show that with the change in specimen size, the average pore
diameter of MgO cement-based materials of micro specimens is the largest, followed by small specimens and standard
specimens. The proportion of harmless and less harmful pores of standard specimens is the largest, followed by small
specimens and micro specimens. With the same amount of MgO, as the amount of fly ash increases, the standard

specimens have the smallest average pore diameter and the highest proportion of harmless and less harmful pores compared

to small and micro specimens.
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8 24.94 32.7 19. 08 55.23 25.69 7.2 20.3
0 23.84 31.9 21.51 55.36 23.13 6.9 27.0
20 s 6 23.64 29.0 20.93 61.21 17.86 6.9 29.3
8 24.39 33.8 24.89 48.76 26.35 6.9 18.7
0 20.77 29.5 21.75 52.89 25.36 6.8 26.6
(BNEE 6 20. 65 25.9 25.12 54.76 20. 12 6.8 28.1
8 24.01 31.3 20.91 50. 52 28.57 6.8 17.4
0 21.86 25.1 32.65 55.98 11.37 9.3 31.3
FrifEit 8 20. 94 21.3 34.11 56.19 9.70 9.3 35.3
10 22.20 28.7 28.72 55.34 15.94 9.3 23.1
0 22.93 25.7 26. 67 59. 12 14.21 9.0 28.1
40 JNE A 8 23.24 23.6 28.63 60. 16 11.21 9.0 31.5
10 23.94 30.2 24.91 56.13 18.96 9.0 21.4
0 23.10 26.3 27.43 52.79 19.78 8.8 26.8
ki 8 22.62 24.8 26.78 59.42 13.80 8.8 28.5
10 25.24 31.4 20. 94 54.72 24.34 8.8 17.9
F£2 M0 —RERETWRIXENIBREHNSE MO MRBEREZMERE
WK MO Bk ALBR/% AL AL G /% MO BB /% FEAEHLIERRIE/MPa
<20 mm 20~ 100 mm >100 mm
0 20. 10 28.00 24.06 50. 69 25.25 7.6 25.8
bR 7 19. 99 26. 10 25.65 54.79 19.56 7.6 27.4
9 22.77 30.70 21.84 44. 47 33.69 7.6 16.5
0 19.96 29.40 25.33 47.89 26.78 7.2 21.7
NG 7 19. 49 27.30 28. 84 50.19 20.97 7.2 26.9
9 20. 74 31.60 26. 07 39.34 34.59 7.2 15.9
0 18.65 29. 80 26. 82 44.32 28. 86 6.9 19.8
[NEs 7 18. 18 27. 60 30.01 46.51 23.48 6.9 25.2
9 20. 90 32.10 26. 11 38. 84 35.05 6.9 15.9

BORMF NG R BB, N B T N TIOR8 55
fb, ZET A YO IR R ST R, AR 22
Sy TR BB R XA TR 3 B IR S 34 AL
o/ IMA RGO  TE 3 LR AL e Ee
ARG R R H Z—
2.2.2  BBEAR ST R I ARG #8970

& 3 I K45 5 X MgO 7K Je b 3% FL 4544 1Y
s, NFR 1 AIE 3 AT LA th, X T MgO K ieihs
R, T EnER A N, RO, SR B
KR AR L, 48 AR R 5 i 1A L B HR 5
B/ AR R T AL AR B N T
LA AL LB S 3 K I R ZE b R i B 2

.62 - A K b AR 2024, 44(5)

P, LA B B R O, 3R AR 1k Bk
B4, 0 MgO B2k 0 AR, 5 R B R BIK
FHEL 38 20% Fi1 40% #3 BE IR I, 34 19 7 B £L 4% 4
SN T 6. 7% 1 23. 5% , T FE LA FE AL 7 b4y
ISR T 18. 87%H1 29. 68% , Ui HIKY K 4B A,
AT RE AT AR FLBR A BT K H B K oy 2 4k
AT FE LRI FE ALY o X T840 S W Ry B IR
ALFLBRIVE T, (575 MgO 7K U8 B 4 i fol W 485+
A, [FAF, MgO B AR, B T 8K 3B
R 20% B SF-3FL AR KB/ 1 HE P RO /st
F bR O LA (B 3 () ), KRB R K
HUH K 45 5 Ry 40% 19 /N RT3 1F~F 1 fL AR A

Tel:025 - 83786335 E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



= FRifE L

FHFLAE/mm
(98]
r

0 4 6
MgOB /%
(a) JKIWH BB HR0)

FHFLAE/mm

0

8 10
MgO#51t/%
(c) KIeRPH CRBEIRIE EER40% )

wNRPE A
34r

£
£
& 30+
—
= 28r
-l—\P 26
!
0 6 8
MgOB /%
(b) KIS Ry 420% )
327
£
£ 30F
:@
= 28
T 26t
!
0 7 9
MgO#51t/%

(d) —ZRCREEL I CBBEKIB R0 )

1R RT3 MgO KRR 32 F1— R AL R B £ F AR

w bRERAE wMRPE s O
80 = 100
N
{f}u@ 60 3‘*‘\1@ 80
25 40 i
=) N
0 0
R 0 4 6 0 6 8
MgO#54t/% MgO#5 4::/%
(a) KPePH CRERBER0) (b) IKIIPIK CBHEEIKIB G H20% )
ﬁ 100 = 100
A8 80 {ﬁf e £0
E2 60 Z3 60
g\-&ﬂiﬂ 40 =440
noo20 20
0 iR 0
0 8 10 0 7 9
MgO#511/% MgO#5 41:/%

(c) IKIDH CHHIEIRIE - H40% )

(d) —ZRCREE LN OB IKIB R0 )

2 RS MO KRR RAN—REIRE T R EFLIDEFL SLLA T

w BRI w/MAE e B

2 40 ﬁ[ 90
5 35 a8 80
S 30 &R 70
= &40
;T_ 25 B 60

20 R 50

0 20 40 0 20 40
Y IRAB R 1% B KA 5%

(a) “FHfLIE

(b) TFAFMDEFLSL L

3 HREIRIBEST M0 KiRE R FLEHM RN

KRBV B R RO MKPE bl
T LA AL 7 H /N R HE e R 2 S D
RO FREIRE, W MO B8R 0 KB RN
40% I /K PERP I ARA A il /i oY
SR FLAR SR 25.1.25.7 .26, 3 nm; TOHF LRI H
L 4351 A 88.63% . 85.79% .80.22% , 24 MgO
HUBY I AB AR TR 3 A9 s 28 0 T 5 B MR )
IMEGCARRERPE MR Sk, RIS
TR, L A 5 A o 2 B A AR A 3 B
BIfLAR BN o LA AL A ok W) B i
ROTBRR, 53 IR 8 3 TR P AL B g, A L B

KA K AR 2024 ,44(5)

A AR T AR AL BT | O S R T g A8, DT
RPN, TELMDEANZ, &
T TR VG e B, 25 A B 4 Ak e e 34 7 e
U SRR BE A AR I, py enT D DAAR R
AR e 28RO T I il

[E, T bR MR e 2O, 5
KB MO FIMHE RIS AR EL , X8 MO R IR ,
R B FLBR R AR AN A S| i ~F- 8 FLAR B MgO A1l
Lips YTz 3iip N Y N S Ve | = ]
LIS DAnE ], K48 MgO Fky it
TR LB Ay 22. 87% ,F-HFL12 K 32. 8 nm, TG

Tel ;025 - 83786335  E-mail ;jz@ hhu. edu. cn  hitp ://jour. hhu. edu. cn -+ 63 -



FLLADEFL G N 58.95% ; MgO B K 6% K
SIS N 20% 0], HALBRE R 22. 66% , -3 FL1%
9 27.5 nm, ToF LA FALL L R 85.62% ; MgO
BEN 8% K IKB R 40% B, H AL R K
20.94% ,F-I440L42 K 21. 3 nm, T FEALFELL G 1
90.30% , XULHT, [FEF4B A MgO UK, 11
(FLES R IH 03, RS BB (K 4) .
HIE MO BN 6% Ky IKIB &R 20% 0], 5HKB
MgO FURHEIK B AR B, 3 14 1) T $4 L AR ol /) it 2 58
AN ABICEFLADESL G R, AR
WFoE R TR EE P48 A GG & MgO, g A 2k 35K
RIS A FLBR A 5E R R Sy L R 1 OB
EY S VAR oy ORI € Vo VAR (it S w L = I
PR B B e, R, BB MO MUK ,
g MgO FUR I B B A H i i SO0 45+ B 1.
BRI, 36 MgO BZIERHTES AR B IR (17K T
TREE A+ TR v i o AR R A R

i R
') %
LRy

(a) *MgOﬂ:ﬂ*ﬁﬁm

MgO7K L)

YOIk KAL)

100 pm
(b) MgOIB R HN8% . ¥ IKiB i }40%

4 KBEWIB M0 FIMERIRAERER SEM B§
24 MgO 7K IeHP AR R i 45 &R 20% B
LR B AL B SR KB 50 0 Fl40%
I —H iR b A AR (1 (b) F
3(a)), HEXFRXE LR NA GIE—4
e,

3 & it

a. TG AK R IR, ik e — S BC TR B
F, WAE R B AR X I RAE 248 /0 | b
ARSI AE AL, MgO 7K U8 B A1 R P24 LA A
RENVNRHERP R S 1 /NP ARl G

FFLAFEAL b7 H INELR I HE P 28 o 1/
A FRAERAE, B RT O R ZE R R oK
PN, TEHE AL FEAL S BB,

b. XFTF MgO KIBEPHAR 1, Toie AR il 1 |
AN IR SRR AT, 5 AR B A L, B
AN F5 AL R AR B i/, HIZ i
PR FLAR B Bk /N, TEE FLA DAL F
KA R 2R DU O B B e, R, MgO
SEARFIET , B Ry K5 8 i3, 5 /R A i
PEAR LG, BRI Y FLAR S O FE LA
fL ek

c. SETALS 1 A R R0 45 SR 25 A 2
Y2 %1 (B 5T R AT LAAS Y, 3 GB/T 750—
1992 7K He 25 22 5 MR B0 5 1 ) v RIS 14 A o 3
RS 25 mmx25 mmx280 mm 1E kR Z2 2 AL
(=SSPl

SE

[ 1] B e, S BEREE L SN AR [ M. e st
Il FL At kL, 2003.

[ 2 ] MEHTA P K, PIRTZ D. Magnesium oxide additive for
producing selfstress in mass concrete [ C ]//The 7th
International Congress on the Chemistry of Cement. Paris;
Septima, 1980:6-9.

[ 3] 0%, 05 Wror i, 55, SME MgO TREE LK%
EMRIS T AR [ 1]. K1, 2010,26 (1) .
67-71. (LI Wanjun, LI Xiaoyong, CHEN Xuemao, et al.
Probing into admixed MgO concrete autoclave soundness
test method [ J ]. Design of Hydroelectric Power Station,
2010,26(1) :67-71. (in Chinese) )

[ 4] BREAL, 73l SM2 A AL BE IR BE % s PERDLIA 56 T
IEBIWTTE [ T]. K J1 Ak L2741, 2012, 31 (5) ; 241-244.
(CHEN Changli, FANG Kunhe. Study on simulation test
method for invariability of concrete with light-burned
magnesium oxide [ J ]. Journal
Engineering,2012,31(5) :241-244. (in Chinese) )

[ 5] PREAL, B A2fidf | 5. s AL BEIR BE 750K
R S HEI TR R AN [ T ] KR s Rk 4 2 L 2016,
36(6): 64-68. ( CHEN Changli, ZHAO Qixing, LI

Weiwei, et al. Application of concrete with high content of

of  Hydroelectric

MgO in arch dam of hydropower station[ J]. Advances in
Science and Technology of Water Resources, 2016, 36
(6) :64-68. (in Chinese) )

[ 6 ] CHEN Changli, LI Weiwei, YANG Dongsheng, et al. Study
on autoclave expansion deformation of MgO-admixed

cement-based materials [ J ]. Materials

Research,2017,6(2) :422-428.

Emerging

(F#EZ 19 R)

- 64 - KA K A R ,2024,44(5)  Tel:025 - 83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



S .
[ 1] AREGE. W1 IRSHBLG SARSRHE D[ T]. BHEFEIR,

(2]

(3]

[4]

(5]

[6]

(7]

2010,8(16) :116. ( LIN Dunzhi. Analysis of gate vibration
phenomenon and vibration characteristics [ J ]. Science &
Technology Information,2010,8(16) :116. (in Chinese) )
SR R 2 B R IO B I D 3 IR 3l
BAE B[ J]. KRR R IR, 2022,42(3) :90-96.
(PENG Sixian,ZHAO Lanhao, MAO Jia, et al. Numerical
analysis of flow-induced vibration of a steel radial gate
with large width to height ratio[ J ]. Advances in Science
and Technology of Water Resources,2022,42(3) .90-96.
(in Chinese) )

XUTH R, B, wIBE, 5. TR ARG A IIO) W T -
LA R AR S 5T [ 1] /K BEIR 5K TR,
2023,34 (5): 149-154. (LIU Jiliang, XI Honglin, SI
Zheng, et al. Flow induced vibration of radial gate-pier
system based on fluid-structure coupling[ J]. Journal of
Water Resources and Water Engineering, 2023,34(5) .
149-154. (in Chinese) )

L. AR A 1] R S AR AR 0 M A Ab et [T].
M Tk AR H, 2023, 51 (4): 96-99. ( RUAN
Yingying. Model test and optimization design of flow-
induced vibration of flap gate[ J]. Heilongjiang Hydraulic
Science and Technology, 2023, 51 (4): 96-99. (in
Chinese) )

Ja 500, B AR TR S5 R S R )RR IR Ik 3 B e
(M. U5 M i ik, 1983,

JERRAE S Ih s . RSB R ] A R B 4
il S JE B SO S T [ )] K K e Bl 4 i R 2020, 40
(5) :55-61. (YAN Genhua,DONG Jia, SUN Yunxi. Flow-
induced vibration control and prototype measurement
verification of large upwelling arch gate[ J]. Advances in
Science and Technology of Water Resources, 2020, 40
(5) :55-61. (in Chinese) )

X 20 ARIR A TR K ) 1] I AR 3 el 1 g — el

[8]

(9]

[10]

[11]

[12]

[13]

W )] R 4l (A SRR ) |, 2005, 33
(4) .404-408. (ZHAO Lanhao, LI Tongchun, WANG Ling.
A computation method for flow-induced vibration response
of gates [ ] ]. of Hohai
Sciences) ,2005,33(4) :404-408. (in Chinese) )

TR, BT, TR S K Dk Bl T 7 T A S A
TREELT]. BTl K754 (A RBFERR) |, 1998,
21(5):71-76. ( WANG Yumiao, LU Guanping, ZHANG

Fabao. The spectrum character and coherence scale of

Journal University ( Natural

fluctuation pressure in water flow [ J ]. Journal of Hefei
University of Technology, 1998, 21 (5): 71-76. (in
Chinese) )

FEZRh, ERTHT. BEHLIRSIAE IS [ M. db 50 5= i
1, 1982.

o2 FEHLRSD S35 e [ M. 5[, 33 5T pL
BTl H AT, 1980.

INEE AR, GRS R RITT B R 3 0 1 1 R
SEEREUDTFE [T ]. KRR AR (P s0) 2023,
54(9) . 148-155. (SU Shengzhi, YANG Chunxia, RAO
Tianhua, et al. Numerical simulation of flow-induced
vibration of a gate with different opening degrees [ J].
Water Resources and Hydropower Technology ( Chinese
and English) ,2023,54(9) ;148-155. (in Chinese) )
FRSC, R R EE EVK, 4L R T LES BYZK AN 1T
PRANVBUEAUBT S [J]. AN RHEI, 2024,46(3) : 126-
131. ( GUO Bowen, GAO Yugin, FAN Bing, et al.
vibration  of

Yellow River,

Numerical simulation of flow-induced
hydraulic steel gate based on LES [ J].
2019,46(3) :126-131. (in Chinese) )

EOCHR, ERE A, B H M R AR IR ) R
SARAIIELT]. WS KA, 2024(4) :15-17. (WANG
Wengiang, WANG Xueyan, LI Chao. Experimental study
on flow-induced vibration of working sluice gate of a
project [ J]. Inner Mongolia Ancient Water Conservancy,

2024(4) :15-17. (in Chinese) )
(ki H 1:2024-03 - 18 Zilt . fr = Al

(LE#% 64 )

(7]

(8]

(9]

RN PR, BB . G T AME MO iR Bk K784
SEVERIR A LA TR ], T A 7K A KL, 2009 (6) - 1-
4. (LI Chengmu, CHEN Xuemao, LI Xiaoyong. Some
problems related to autoclave stability test of concrete
mixed magnesia [ J ]. Guangdong Water Resources and
Hydropower,2009(6) :1-4. (in Chinese) )
PRI AL, B E AL, i RT XFAME MgO TR JE 9% 75
SRR A2 FE 152 e [0 ). JR E £, 2014 (3) : 7-10. (CHEN
Rongfei,CHEN Changli. Dimensional effect on deformation of
autoclave expansion in cement paste maxed with magnesium
oxide[ J]. Concrete,2014(3) :7-10. (in Chinese) )
YR REAL, BRI 4. SME MO /K e 3K FIaD
FKNRCHAFRRZE I ATE [ 1] AR R 5 TR
KA K AR 2024 ,44(5)

[10]

[11]

[12]

#2,2016,34 (1) :160-165. (LI Weiwei, CHEN Changli,
LI Liangchuan, et al. Autoclave-treated expansibility of
small dimension specimens of cement paste and mortar
with magnesium oxide[ J]. Journal of Materials Science &
Engineering,2016,34( 1) :160-165. (in Chinese) )
bl BREE. mYERRREE L [ M]. bt b EERIE
JoAL,1999.
e MR B AL, T, 2. AMB MgO KR A1 R Y 3
WMEEFIWTFE[J]. THRER KE, 2017,47 (2) : 2166-2171.
(LI Weiwei, CHEN Changli, LEI Ping, et al. Study on
microstructure of MgO cement-based materials[ J ]. Journal
of Functional Materials,2017,47(2) :2166-2171.
TCELH Ry BERIR BE 4 [ M. b st vp [ BRE Hh R,
1989.

(Wi F91:2023 09 -29 Skt AT A1)

Tel ;025 - 83786335  E-mail ;jz@ hhu. edu. cn hitp ; //jour. hhu. edu. cn «79 -



