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Abstract: The influence of saturation degree on the carbonation resistance of alkali-activated slag mortar( ASm) with

water glass as activator was studied by X-ray diffraction, thermogravimetric analysis, nuclear magnetic resonance,

and mercury intrusion porosimetry. The results show that with the decreases of saturation degree, the decalcification

of calcium alumino silicate hydrate (C-( A )-S-H) gel becomes more severe, the total porosity and the most probable

pore size of ASm increase. The unstable aragonite and vaterite generated by carbonation increase with the decreases

of the saturation degree, resulting in the deterioration of the carbonation resistance of ASm. With the decreases of

saturation degree, the reduction in compressive strength retention rate and the increase in carbonation depth of ASm

are decreased.
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Table 1 Chemical composition(by mass) of slag

Unit: %
CaO Sio, AlLO, MgO TiO,
34.29 35.74 16. 45 9.44 0.60
F2 ASmME AL
Table 2 Mix proportion of ASm
Unit: kg/m®

NaOH  Primary water glass ~ Standard sand Slag Water

17.87 122.29 1313.00 600.00  179.00

1.2 REEHEIR A &

B 3% AR BE L AE 40 mm X 40 mm X 160 mm ) #5
HW, B T(20£2)C MR E RH=(65+5)%
FRAP 24 h e B A AR Ca(OH) , %5 W Y 1H
KW 3R 28 d, 30 s R IR 1 BT ang. IR
4 v T % L A 50 °C R s KUHE A At 2 fE
03 58 4 TR AYRE & BT m. K5 ASm Y B i m
51 R g ) 22 o n th 2k, A5 20 R L, ot on] B E AN
(] 6 R0 A 1 1 5 I 1) A ) 4 AR A i Jo
imwﬂﬂ:

me,=ms— (1 —Sy)(ms — my) (1)

BT AR S AR RN R X A TR D 2 e A T RE R R 1055
620
600 ™=

0 \\\_
= 580

560 \

540

T~

0 4 8 12 16 20 24 28 32 36 40
Time/d
11 ASm Jo et fifi 4 B ] Y 722 1k th 28

Fig.1 Variation of ASm mass with drying time
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Fig. 3 Variation of compressive strength and its retention of ASm with carbonization time
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Table 3 Deconvolution analysis calculation results of ’Si NMR and mean chain length of C-(A-)S-H
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S Q" /Y 1(QY/ Y QY Y L.
pecimen 1(Q")/% (anhydrous)/%  cham)/¥%  (aby/y XY Baay eanyy eanyy QA L
NCM 8.53 8.51 14. 04 29.25 14.91 5.35 10. 37
CM-90 5.94 8. 36 11.73 7.86 12.68 11.48 13.93 13.74 13. 26 6.17
CM-70 5.41 8.45 11.22 7.50 12.96 13.79 15.88 15.77 14.49 6.32
CM-50 6.49 8.13 6.33 6.74 9.43 14.06 15.96 17.86 15.01 8.17
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Table 4 Pore structure characteristic parameters of ASm with different saturation degree(¢,=28 d)

Pore size distribution/ %

Specimen Total porosity(by Effective porosity Ave.rage pore Mec%ium pore  Most plrobable -
volume)/ % (by volume)/ % size/nm size/nm pore size/nm 4<750 nm 50 nm<< d 4100 nm
<100 nm
CM-90 9.56 3.99 10. 01 4.85 4.85 5.08 0.11 4.37
CM-70 10. 53 4.75 10. 27 5.74 5.74 6. 20 0.06 4.27

CM-50 12.06 5.32 12.70 6.13 6.12 6.59 0.38 5.09




55114

P T B A A R R X R Y A7 S A gk A P RE 5 1059

CO, A B 8 2 50 D, ASm Y $T i 1k 1k e
P E VR DK, COLME ASm FLER P A 4% i
KPR, ASm PR L P RE M 2 ASm Y D, B
R

50(1 - SD)”_fcn

A
1+2(73)]

Ko N EALBA QN LA BT 5y RN
FLHF- R FLAR 50 R AR M FFLAR b B K BB R B 5 S ok
TR0 LAY 5T B BELE PR T B =634 & CO, 5% 1 F
¥ A B, BA=45 nm; Dy CO,FERL Y HL R 4L .

X AS [ A1 R R m A ASm 1) COLA 8 &R
D, S KK EAR d, % Knudsen ¥ #fL 5 L e, 47
TR, S5 5 0L 10, iy 18 10 AT L A 0 B, ASm
B DB, d, B/, FLAS R PN R BOME LR B 3% 22 1 7K
W .CO7E AASIR R A 3KY HfL—Fick ¥ #
L (d>102) 3L ¥ X P H# L (10A=d =) Fll Knudsen
P AL (A>d>d )" 18 Knudsen 3 L 19 FL 42 38 [
W, CO, 5 5 C-(A-) S-H % i & A= I 45 I hg , PR it
Knudsen §" #FL /i He e, K, D, A K,90% . 70% F1
50% 1 R R R Bk 4k ASm B e, 43 9l A 9.8% .
38.6% .51.0%.

D =

g

X D) (3)
0

10~ 10 460
N :l DI>’ dp &

10710 ¢ ) NERE 150
o~ — 140
w1071 F % 16 .

<
k= £ {305
< 10-2 F lgq =
= 10 S N 12
1075 7 2 110
10-14 |_ 0 1o
50 70 90
Sol%

P10 A [A] 6 A0 T oK i 16 ASm Y CO, A 2 B &
B A KAK B AR S Knudsen § #LAL i L
Fig.10 D,, d, and ¢, of uncarbonated ASm with
different saturation degree

3 it

(1) Fifi 25 100 R BE (9 B AIG , ASm 1 CO, 75 i85 P 38
K, C-(A-) S-H BE R 1 585 38 ™ 8, e fb = M) B 2 1
RSSO MEREA AL IS ASm /Y B FLBR R 1
K, e Al JLALARBE I, 415 ASm 78 A [ B Ak s E] T )
PUH 5 BE K i B AR BE R AKX 0 A EE ML 90 %6 T B
2 70% BF, ASm By HT B IR B R RAR T 10.1%;

Y00 FIEE M 70 % F B2 50 % BF, ASm A HT R 5 {5
B R IEAR T 1.4% . bt 2 10 R0 A9 [ AIG , ASm Bt R it
JE R B8 2R U0

(2) PR RN B BRI, ASm 1) B KAR K B AR B/, fL
8 A PN 0 B M LA B 2R B K G, COL AT 3L HLR
D, K, ASm I B £k R B BE OR Bt i Ak M AR
1% .90 %6 TR RN EE R ASm 4 ke T TR FE 7 AN [] ke £ i (1]
IR AR T 70 % M FIE 50 % F11 70 % 4R FITEE ASm
WRALTR BEAER AL 0~3 d B 23T, 7F 3~28 d Z{H %
T I U A A ARG AS e B A T 3 T AR A1

S 3Lk -

[1] LIFP,LUYY, LIUZZ, etal. Reverse-diffusion phenomenon
of high ductility fly ash-based geopolymer against carbonation[J].
Ceramics International, 2023, 49(17):28954-28964.

[2] MEIKY, GUT, ZHENG Y Z, et al. Effectiveness and
microstructure change of alkali-activated materials during
accelerated carbonation curing [J]. Construction and Building
Materials, 2021, 274.122063.

[ 3] LIN, FARZADNIA N, SHI C J. Microstructural changes in
alkali-activated slag mortars induced by accelerated carbonation
[J]. Cement and Concrete Research, 2017, 100:214-226.

[4] XURS, WANG H, ZHA Q K, et al. Improving the carbonation
resistance of alkali-activated slag mortars with different additives :
Experimental evaluations [J].
Materials, 2023, 366:130197.

[ 5] ZRfE, Mok R, 8k . AN IR) BREE IR 3% 00 R 56 1 e AL R B2 1Y
S AEDEZELT]. NRERIT, 2017, 38(1):21-24.

LI Zhaoheng, YANG Yongmin, CAI Jielong. Effects of the

Construction and Building

climate conditions to the carbonation depth of concrete[ J]. Pearl
River, 2017, 38(1):21-24. (in Chinese)

[ 6] MCCASLIN E R, WHITE C E. A parametric study of
accelerated carbonation in alkali-activated slag[J]. Cement and
Concrete Research, 2021, 145:106454.

[ 7] LIZG, LIS. Carbonation resistance of fly ash and blast furnace
slag based geopolymer concrete [J]. Cement and Concrete
Research, 2018, 163:668-680.

[8] LIFP,CHENDF, YANG Z M, et al. Effect of mixed fibers
on fly ash-based geopolymer resistance against carbonation[J].
Construction and Building Materials, 2022, 322:126394.

[9] ZHANG M T, WANG F, LONG Y F, et al. Improving the
carbonation resistance of alkali-activated slag mortars by calcined
Mg/Al layered double hydroxides[J]. Applied Clay Science,
2022, 216:106379.

(101 JR3%, BRWelE, T30, 55 . 45 5 VM 27 4k i) Bl v M 10 K TR
Uk L B0 Ak Pk B B B A A [T]. BE R 4R 38 4l , 2016, 35(5):
1481-1485.

SU Ying, WEI Xiaochao, WANG Yingbin, et al. Performance

of carbonation resistance and micro-structure of alkali slag and fly

(T# % 10701T)



