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Microstructure Characteristics of Alkali Activated Slag-Limestone Powder
Paste in Marine Environment
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Abstract: Based on the alkali activated slag-limestone powder (AAS-LS) low carbon cementitious composite system
with different limestone powder contents, X-ray diffraction(XRD), Fourier transform infrared spectrometer(FTIR),
thermogravimetric analysis(TG-DTG) and scanning electron microscope (SEM) were used to study the phase,
functional groups and microstructure of the hydration products in the atmospheric and underwater areas of marine
environment. The results show that during the natural carbonization of AAS-LS pastes in the atmospheric area of
marine environment, the main new carbonization products are the metastable vaterite and aragonite, which are the
polycrystalline phases of calcium carbonate. Mg(OH), and a trace amount of Ca( OH), are formed in the continuous
seawater immersion environment, and the hydrotalcite-like phase appears remarkably after 12 months immersion.
Limestone powder have a potential chemical effect in alkali-activated system.

Key words: marine environment; alkali-activated slag; limestone powder; microstructure

B A& v OOURR bR TR Y K R AT LTRSS ) T AR AT LR AR R S I YRR T kxS B K

ek B W1:2023-04-06; #5171 H #:2023-05-15

R4 H E R A RB RSB H (52078259, 52208259,52225905) 5 I 7544 H AR BF 2 3L 4 ¥ B 15 H (ZR2022QE136) s B 1l % TR
W23 B H (TS20190942)

F—AEE  TRA(1992—) , & 3 Fg JH 0N, F 5 BT R 2A 1 44 E-mail: wangchencuil23@163.com

WIRAE A : AL (1977—) 53 DU I T rp A, 7 & B TR 2 428 -0, 81 . E-mail: jinzuquan@126.com



216 jeis

WM B % W

527 %

Y& Tl Fy 2 0 5 e B AT TR G Y 5 S AR R P Rl
T8 R 7 4 2 T 0 B IR A S8R Bl 2 6 A ik
JBE bR e A B A I HE T B T R TR
2 R R T AIE S ) — A BRGE

Bk P80 A T G R S — AR Bl B R i R i R
PR P T BRGR R  E K UR J T AF OR BF 5T
R TTIZ AR BROK PR R AR AR AE Sy — ok
TR 12 Bt TR % i I P U R A ek, TR E R Y L i
I PR A B A2 8 45 00, B )T 2 T T kR
KRG H BN Bk A BRI
BRI AR # AR, ELR O S 5 R A AR & 5 R
L0 R K i — e e A R
U IR T R BT B Gl 2 R B ERIT S B AN T R

g b AT REA T I AL B, 255 B U IR
MBI €, SR ST [R5 R 5 00 B R4S # Y B2

AT R 7 0 AT S A R R RS &, R
X SR AT S (XRD) A B A2 3 21 46 3% (F TIR) F
WH T (TG-DTG) #878 HaK AL 8y (19 A1 4 AT E
REMTAY S AL, JF 245 & 1 1 i 1 2 Bl BE (SEMD 15 BE 3%
ACCEDS ) X A [a] % 8 PRI T 14 1 5 2 4 R 1 0T i
LEPS T

1 R
1.1 FEH##

RALE P # (GGBFS) R BR i, i 75 8 4
MEHEBR AR (h EE &), A KA (LS R
77 BAERE 7= (k) $2 4t . GGBFS A1 LS [ fb 2= 41
B O B 20 850, SO b B i 21 B 7K e B 25 o 4 S
BH A0 24 Sy Jo 43 B T B B ) XS R 8O g A
(XRE)ME (W4 1).

%1 GGBFSHILSHLZFEAR
Table 1 Chemical compositions(by mass) of GGBFS and LS

Unit: %
Material Ca0 Sio, ALO, MgO Fe,0, SO, K,0 TiO, MnO L
GGBFS 41.661 28.410 15. 264 7.974 0.702 3.669 0. 460 0.979 0.654 0.227
LS 48.821 5.949 1.181 3.066 0.555 1.522 0.284 0.105 0.016 38.501

GGBFS A1 LS () XRD 3% 4n & 1 fr s . i & 1
Al O AN AE 25°~357 4 BN T 0, AR SR AR
H T 1 353 CaO-MgO-ALO,-SiO,, Y& A £ I 5 2%
w5 A1 AR S B 5 A (CaCO,) , IF A D
BHHEA .

1—Calcite
2— Vaterite
3— Aragonite
4—Dolomite
2
4 1 1
1 I 1
LS b3 af Jla L1
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Bl GGBFS#ILS ) XRD &l
Fig.1 XRD patterns of GGBFS and LS
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d5,=9.483 pm. B {5 1 K B M AT o 6 R AL On
(CaO+MgO)/m (SiO,+ALO,) ) #l Ji & & ¥ (m
(CaO+MgO+ALO;)/m (SiO,+MnO+TiO,) ) i#

ATTHE 430 1,136 F12.16.

T FFI T T B 0 Y ( SRR /K B 38, o 3 LA it it
KRR BR S W AR ) 1) i B (Ms) Oy 2.25. 3
i, SiO, & B 29.99% ,Na,0 % # 13.75% , H,0 & &
R 56.26 %4 . il FH S04 AR B (4 A 20 ) 4 7K 3 38 A 5K
(M) %y 1.5, H 5% Na,O 38 & (B e il £ e 1
R — B B2 A B A, DA PR TIE A 3 YT R R A IR
) A KA B 10% F 20 % #5443 $0E 5
BRI, 038 & 8 — 0 KA B (AAS-LS) 3K (1)
fic A b WLZE 2. K EE iy /my =045, H iR K A1 46 4 im
IR FNK BB A7 (0 7K, IS 368 B R 58 9 3 R KA
Wy H S L10S A LL20S By 28 d Bt R 3 BE 4 i A
61.5.67.3.62.3 MPa.

F2 AAS-LSHERMEALL
Table 2 Mix proportions of AAS-LS pastes

Unit:kg/m®
Sample Slag LS Sodium silicate  NaOH — Water
S 400. 000 0 96.983 8.602 125.437
L10S  360.000  40.000 96. 983 8.602 125.437
L20S  320.000  80.000 96. 983 8.602 125.437

1.2 Rt

K FH 3375 54T B UK I B FEAL , 2 IR GB/
T 17671—2021 7K Ve g b 58 B & 59 5 i (1SO) ),
H 25 ]RSF R 40 mm X 40 mm X 160 mm ¥ 3¢ £ 5 .



& 34

FSRAR A TR R BRI — A A R VA B A R 217

MR 2 AREIF PR 4, TR 6 B 55 DA B 1k K 43 758
K OREGHE 24 h G PR GRS  JFAbR SR =
(room) F# ¥ & 28 .90 d f5 B, W WE AT Bl 1 em FY
R e, 5 BB P A e A S TR R R D 28 0k K Ak
MG 40 CH2 THRAAT T BRETHFLE
55 T ol B R o KR IXORINEE P L S U KIR I A R
FEFEY 28 d J5 B BERE L AR 5 T AR e A B 3012
A R X 45 8 ASM A A12M, 7K 3= 30 X N
S3M I S12M) , H v i 7K 32 3 By A il B H B4 1k
K
1.3 Wik A*E

XoF 5 B0 A [ 38 T 300 0 v B 0 A A R
it 43 J5 3R A5 B9 By K, & FH Bruker D8 %1 XRD | Perkin
Elmer Frontier Spectrometer #! FTIR 1 TAQ600 #Y
TG-DTG 58 H 4™y 41 5% R E Re 9 A8 4k, I 4d
TM4000 Plus % SEM X 4 3¢ K¢ i #F 17 53 0 T2 5
TAE .

5 10 15 20 25 30 35 40 45 50 55 60 65
20/(°)

(a) 28 d in room

1,2

4 L20S
45,3 4
3239 053 2 2 23 22% 29

5 10 15 20 25 30 35 40 45 50 55 60 65

26/(°)
(©) A3M
1,2
92 %ls 2 2 29 L208
\-_L § A 0 §A a8 22
N L10S
\....LL A LS S
5 10 15 20 25 30 35 40 45 50 55 60 65
20/(°)
(e) S3M

2 ER5HM

2.1 ELERBXEXTWHEARRIZME

&2 R AN [F B8R B9 AAS-LS %3¢ i XRD K]
T N 29 LA

(DA AKAEE ) BRES (1) (C(N)-(A-)S-H)JE
i (29.43°~29.59°) , 1H 5 CaCO, i I 75 29°fff i &
B KA RE (B FRES (C-(A-)S-H) 18 #IA A 2 Bl
R AT KU KA Y, IR KA Y %
)7 32 A T R o 28 A S

(2)ZE N F B AAS-LS Hr 3 A & A= W 5 (4 e
b AR R 3 ) 288 3 12 A J5 , 3R L &
U BE S 2 & AR T A A AL, B £ A CaCo,
R SRS AT B0 .C(N)-(A-)S-HIY
U F T B A VR T B85 23 e 55 L 2 2k, ok A )
JZ Rk B A7 s Ca#k K BRIOF 58 M 19 CO,(HCO,
M COZ )M IE I CaCO, i 22 f B Yy, 4045 7 i A7
Bk AR SCA R R A AR A R

1,2

4 L.20S

5 2 2
M/ 23N 353 X 22
L10S

M S

5 10 15 20 25 30 35 40 45 50 55 60 65

200(°)
(b) 90 d in room
1,2
41 4
L20S
; 1238532 2 3 0% L%

RS U, S W SO W
S 10 15 20 25 30 35 40 45 50 55 60 65
20/(°)

(d) Al2M

1,2
94 4

[ 832,13 |5 282 2 23 , 50
Mk koo e
AT L10S
h*“‘»---—4[ A —J\Um,..._‘a S
5 10 15 20 25 30 35 40 45 50 55 60 65

26/(°)

() S12M

1—C(N)-(A-)S-H; 2—Calcite; 3— Vaterite; 4— Aragonite; 5— Dolomite; 6— Akermanite;
7—Hydrotalcite; 8—Mg(OH),; 9—Ca(OH),

F2 ARREFE T AAS-LS 3K A XRD K %
Fig.2 XRD patterns of AAS-LS pastes in different environments
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Fig.3 FTIR spectra of GGBFS, LS and AAS-LS pastes in different environments
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Fig.5 BES-SEM images of AAS pastes in different marine environments
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Table 3 Elemental distributions(by mass) of external hydration products of AAS-LS pastes in different marine environments

Unit: %
Area Point Na C Mg Al Si Ca Cl
1 3.742 4.597 2.332 6.859 17.282 6.004 0.103
2 3.977 2.378 3.443 7.893 19.174 4.889 0.041
3 3.827 1.354 3.084 8.075 19. 297 5.121 0.075
OP, 4 3.097 0.040 2.248 7.522 20. 386 7.297 0.066
5 3.463 3.879 2.270 6.572 18. 635 6.984 0.169
6 3.818 6. 644 1.158 5.551 17. 881 8.275 0
7 3.394 7.034 3.116 6.555 14.169 8.563 0.107
8 2.536 9.703 1.458 4.075 9.670 15.072 0.116
9 1.925 6.581 1. 564 4.985 11.812 15. 681 0
10 2.136 6.974 1. 386 4.284 9.542 17. 004 0.020
OP 11 2.174 7.099 1.487 8.965 7.765 12.184 0.051
12 3. 040 5.355 2.185 5.624 12.736 13.451 0. 054
13 2.359 9.567 1. 644 4.493 9.816 15.539 0.063
14 0.899 7.031 1.873 6.126 16. 565 12.75 0. 525
15 0.578 6.926 2.564 6.074 15. 430 12.584 0.454
16 0.665 7.945 1.127 5.769 14. 550 14.099 0.624
or 17 0.817 7.665 1.403 6.246 15.273 13.069 0.525
18 0.642 4.556 1.727 4.526 15.193 12.433 0.689
19 0.506 5.813 1.542 5.333 15.745 13.499 0.543
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