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Preparation of ettringite with different aspect ratios and its effect

on the mechanical properties of mortar

CAO Weihua', CHEN Feng', LIU Xiao®, YAO Yan®, QIAN Shanshan™
(1. Anhui Conch Material Technology Co., Ltd., Wuhu 241000, China; 2. Faculty of Materials and Manufacturing, Beijing
University of Technology, Beijing 100124, China; 3. State Key Laboratory of Green Building Materials, China Building
Materials Academy, Beijing 100124, China)

Abstract: To investigate the influence of different sizes of ettringite on the early strength performance of foundry
sand, various sizes of ettringite (AFt-0, AFt-1, and AFt-2) were first prepared using different dispersants. The
prepared series of AFt were characterized by FTIR, XRD, and SEM. Comparative analyses were conducted on the
mechanical properties, microscopic morphology, hydration heat of cement, and setting time of foundry sand using
different analytical methods to assess the effects of various sizes of ettringite on the foundry sand. The results show
that adding dispersants could control the size of ettringite and improve its suspension stability in solution. The
addition of ettringite of different sizes could enhance the early compressive strength of foundry sand, with a greater
increase observed as the size of ettringite decreases. Specifically, incorporating AFt-2 into the foundry sand
increases the compressive strength by 225% compared to the blank sample at the same age, approaching the
compressive strength of the blank sample at 1 d. Microscopic structural analysis of the foundry sand also reveals

that with decreasing ettringite size, the early formation of ettringite in the foundry sand increases, which facilitates

lig=1=1- ]

2024-04-26; 1EE HEH: 2024-05-29; RAHH: 2024-06-06 ; MLEEH LZRFIE: 2024-06-15 13:46:33

4B %& itk . https://doi.org/10.13801/j.cnki.fhclxb.20240614.001

HETH:
EiEEE:

5l AR

ER AR Fl2=5E4 (52372020)

National Natural Science Foundation of China (52372020)

BRI, 1, g AR, B AR S, WS ) it R TRE 1 | TREE MG TREE L A B AR B I 5 5 T K

E-mail: gianshanshan4410@163.com

T, Wik, XIS, % AR TR RS HLE 1 4 B OB 12 PR RO (1], S A bhRIAR, 2025, 42(4): 2152-2161.

CAO Weihua, CHEN Feng, LIU Xiao, et al. Preparation of ettringite with different aspect ratios and its effect on the mechanical properties of
mortar|[J]. Acta Materiae Compositae Sinica, 2025, 42(4): 2152-2161(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20240614.001
mailto:qianshanshan4410@163.com

T 5

AN T RS 5 B0 A S T 8 B FE T IR ) 24V B FA 2 i

-+ 2153 -

the formation of an early skeleton system in the foundry sand. Hydration heat analysis further indicates that as the

size of ettringite decreases, the rate of cement hydration accelerates, leading to a shorter cement setting time.

Keywords:

Bt 25 A A AT L AT & R, TR BE - T A 4 1
(o Tg 27 i N (1B B 7= T R e o R
B, DA B R R T gR e R, Rk
F 58 N B3 G 7 R AR A 00 o B 4 g T TR g -
W15 B F2 258 S 28RS B I R R, Raeie
R R, HAEAE A — PG, WZER IR
ARSI . AR . BEFE RS, B
5 R R A Sy W AR TF 24 . 5 RSl Rk &
FIRE i) Ji 0] 5 B 46 ) U 30 YR+ DR R R 2
S EE R, NT HEG, REUREE
i R R AT AR RERE 5T, AT R BB
AR, gk Si0, . 402K TiO, . BRAKA .
9 K K A R R 55 (C-S-H) 45 AE IA W 32 i i b L o
PERE, HLHE 90K B R RE S R K Ak = S it o 2
WAZAT S, REARK AL =9 0 i 5 22, oK e
MR AL IERR , DT S 2 B8 v D R i R, (X
LK TR SRS A AR, —28 982K Tio, .
IR, ENASKEER T Cca*. AI*. SO,
LB TR, A B A% AL S SUA AR,
DL B 5 2O AR R K Ak, KAk T & SRR B
Wy B—KWghk sio,. 4k C-S-H, BB T
SRk AR 7= A B AL S5 A, I8 AT LS K PR R TR
W kAR RN, b A R AR R K R K AR
T8 JC 2 Y C-S-H BEfig 1,

FHES T H AR B, 5] AE5A (AFt) AL
B A% AL S AE R, KU 7K Ak s &4 R i
BERLAT SR B . T IR 25 4, %o B D R
17 i R R O B MY L AR RE D s
Awt% AR AN S L AT, AF EL R I ACES B A A X IR
PR K Ve KA PIE B T 3 2 K AR S A,
4h WP R TR HE S T 380%, Yu 2508 L kB, 4%
BT b Bl A AR 0E T K e K Ab R AR, I Rk
T D B R RO R, S A AR
L, & awt% B A7 b B RS 3 h BT 5 i 4
T 290%, AR, HETXT 5] Rl ]S A B
AR T2 e b s MR BRI AR i gL

R T WG AN R RS 45 LA X6 e 40 e 40 5 1Y

dispersants; ettringite; silane coupling agent; compressive strength; mortar

SR, AR SCM A [8) 23 B0 i) 45 AN TR R 350 A0 R~
M ILAT, RGHRIT T AR RE 85I R E 1k
DA B HX A0 e s 56 B8 L 7K 8 7K A TR G 3 I ok
JEBELE I 6] B S, IF A0 A SR TS IR A R o R
si 'k BE B AR HIPLA

1 £I§
1.1 E#s

S NG L R R LA BE (TPEG, H(X 0> 148
2400), TolkZ%, T WS H AR R A R A
3-H 3 TN M TG 403 R 3 = P R0 JE R e (KH-570)
IR (AA). $iFETNBR (3-MPA), VUE W (THF)
2 5 TH§ (AIBN), VUK A iR 55 (Ca(NOs),:
4H,0). /KA B (Al,(SO,)s18H,0) 14 43
Mral, 2582 RA R . HEAMEKIE PI
25 fbF AR FE 1R,
1.2 N[E S B B ol

] PO 17 %68 3 i A 360 g TPEG #il 300 g THF,
W PE IR 70°C, B RS2 A RS A
1.5gAIBN, %% 43.2 g AA 5 30 g THF it il LA
W A, 1.5g3-MPA 5 30g THF B #| i {5 % B, %
WA R BAE 2h WHESEE S, IR 1h, £
HEK RE YV RORE T 25 THRMS, 50C F
HET 72h, 158Kz E A0 [R5 BN PCE-1, i
1E PCE-1 il £ J5 15 0¥ W A TR &3 71 in A 28.1 g KH-
570 [a] 6 45 11 B L, A5 W Iz 6 4 AR 43 i)
PCE-2, AN[a] 73 B 4 B ik i 1 35 3% (GPC) %X
PnE 2 ok, ERERMEWME LR, F£ 28R
51 A KH-570 J& , @R oy F AR K, oA AR
Ye, M 1(a) B H WA KH-570 J5 , 047 B 5T
e WM A e, ULEH 454 P 5] A KH-570 J5
XoF 43 IR e 78 7 A A g, IET 1(b) BT &
M 5] A KH-570 B 1K J5 , PCE-2 1Y #% #f 3t Ik & 1%
(*H NMR) i 1§ 54 /i1 7 0.7x107°, 1.8x107° Fll 3.3x
107° 250, H 4y 5 X6 B KH-570 25 #4004 rp ik S8 b
H R R HL AR P R HOR G A I
H, A LLIACH PCE-2 454 th i 2 5| A T KH-

F1 KENEEUFEK

Table1 Main chemical composition of cement

Cement SiO, CaO MgO

Fe,04

ALO, SO, Na,0 K0

Content/wt% 20.06 63.32 2.46

3.02

5.28 2.69 0.06 0.76
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Table 2 Composition and gel permeation chromatography (GPC) data of dispersants
Dispersant n(AA) : n(KH-570) : n(TPEG; 40) M, M, PDI
PCE-1 4:0:1 25400 42 700 1.68
PCE-2 4:1:1 35 000 69 000 1.97

Notes: AA—Acrylic acid; KH-570—y-methacryloxypropyl trimethoxy silane; TPEG, 40o—Isobutene polyoxyethylene ether with a molecular
weight of 2 400; M,—Number average molecular weight; M,,—Weight average molecular weight; PDI—Polymer dispersity index; PCE-1

and PCE-2 are dispersants prepared.
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Table 3 Raw materials for the synthesis of ettringite (AFt)

Sample Composition of synthetic materials

AFt-0 Ca(NO3),-4H,0 Aly(SO,)3:18H,0 —
AFt-1 Ca(NO3),-4H,0 Aly(S0O,)3:18H,0 PCE-1
AFt-2 Ca(NO,),-4H,0 Al,(S0,);18H,0 PCE-2
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Fig.2 FTIR spectra of ettringite
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Fig.3 Morphology of ettringite
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morphology of foundry sand
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curves of foundry sand
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