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Table 1 Chemical composition of slag w/%

CaO Si02 A1203 MgO SO3 Ti02 Fe203 NaZO Kzo Others

40.23 3486 15.07 5.10 211 071 043 0.19 043 0387

W is mass fraction.
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Fig. 1 XRD pattern of slag
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Table 2 Mixture proportion of specimens

m/g
Sample O .
NaOH Cnaon/(mol-L7™) wW(Na,0) /%
No. Slag )
solution
NI 1 100 0.5 L.5'
N2 1 100 2.0 6.0
N3 1 100 4.0 12.0

''1.5 g Na,O per 100 g water.

2) BRIHORE R A AR

RNT TR AR T AAS BEAL AR TONL 45
MY, i 46 T AN B 2R 4%~8% - K[ LE(w/s
ratio, [EAELFEN T SEL AP AN S )N 0.4
BRI B A AA, AR RS A 40 mmx40 mmx
40 mm, AEALAA R AE B2 R T EE LR 3

®3 AAS BEHIARIBBUECEE R
Table 3 Mixture design of hardened AAS pastes

Sample Type of

m(Slag)/g ; w(Na,0)'/% w/s ratio
No. activator
N-1 100 NaOH 4! 0.4
N-2 100 NaOH 6 0.4
N-3 100 NaOH 3 0.4

"4 g Na,O per 100 g slag. w/s is water-solid.
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Fig. 2 Effect of sodium hydroxide concentration on the ionic dissolution of slag
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(c) Sample N3

Area A: area of slag particles. Area B: area of solution. Area C: area of new phase around the slag. Area D: area of hexagonal plate.

B3 SRR R ORI AP A7 D9 PRI 52

Fig. 3 Effect of concentration of sodium hydroxide solution on dissolution behavior of slag particles

(b)N1,48 h

(a) N3,

(d)N2,48h

(b)N3,48h

B4 BUFE NI N2o N3 ARg ERURL R 4R T AR5 BN 48 h [ TR
Fig. 4 Area of the slag particles at initial age and 48 h in samples N1, N2 and N3
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Table 4 Statistical results of slag particles area

Area proportion of the slag particles to the total view/%

Sample  Number of slag particles Area growth rate of slag particles/%
0Oh 48 h
N-1 17 8.3 29.7 257.8
N-2 16 9.6 11.1 15.6
N-3 15 9.9 10.3 4.0

B 5 Bk N2 ST A e
Fig. 5 In-situ dissolution behavior of specimen N2
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(b)N2,304d

Bl6 ke N2 rp FERORL Y AR
Fig. 6 Area of slag particles in specimen N2

2.3 SEM/EDS &R H7

TFE N1~N3 ULl 48 h J5 (1) SEM/EDS &5 5% L&
7 MK 5, LA AR T B RURLE M. 48 h
J BT A0 I A g B R SR, T
Z(Spectrum 3 1 54 O. Ca. Si. Na. Al. Mg,
Ca/Si L7351 0.62. 1.34, Al/Si Hesr 54 0.10.
0.33, /N T AR ER Ca/Si LL(1.77)F Al/Si
F(0.49), Tt BAA 8 2 171 78 25 1 6 A TR 420 o Sy 7 A= ke
(I N P24 SEM & b b w0 28] 931X (X 35
B)HAFAE L2 WPIR =4,  FEE T Z (Spectrum 1. 4 Al

9)4 O. Si. Na. Ca. Al. Mg, #J WR& T8I A
1) AR Sy LASh, IEFFLE Na. Ca. Al. Mg,
YLD & RN =) =R IX TE R . H ] 7a 7T I,
WAE N1 AR X (X35 C)E A e & B A
ZAE R 3a ot BT NI R 25 R — 2. K
7b FPHTAE X TBORHIESR I, ] Wiz X3 AH % A B
THIATEAR, 4560 B B TE 73 B 45 S (Spectrum
2), HEMN C-(A)-S-H &EIET ). HIE 7c FIE Te
AL, HMEAE R KT 6%, IR B
TEPIR G, HFE RS A O I Na(Spectrum 6 Al
7), HEWAZ 4 0B BNTE T R R A T T
fie B 7E ANTTBOIRIX (K38 D), HFE s O
H1 Ca(Spectrum 8), UtHI WA A dhiE, XA
TW R, S e v AR P S SR A AT T m T DA 3 e
TS P A A ) A 8 PR B e A A
24 RNIZESHH

F 6 NIFE NI~N3 B 48 h Ja IR NFEREE 4,
R, ATILBEEEALN ST BN 1.5% (0.5 mol/L)I %
12.0% (4.0 mol/L), JXMAEFEM 21.1%IH4 % 45.6%,
AA S SO AR g U . FR,
ZAERLH X (X )RR ERY K T i
SRS Ay A e B (LB 3a), (BN E S
BRI G (B 7), 5L R 38 B B T S AN
T B AR VR T R, PRI S AR
i, AERUTYECERE (WA 2), RNV .
2.5 YIEER S

Kl 8 NIAFE N1~N3 ## 6 h il 48 h J51 XRD
W A 8a FTL, RRE N1 A SON P= 4 3 B K TS
Ay WU N2 F N3 BR TOKIE R LA, EARAE
C-(A)-S-H #tle. KEFER A MRS A MEFE
IFEIA 6 h ZEHK: 22 48 h (JLIE] 8b), {FE N1 Fh IR
T C-(A)-S-H B MFFEATHIE, BRTHRFERIAT
SHEESh5R, RURPYHENZ . I, K«
FE N1 IR R R4 AT 0%, %45 5 AL
MRS N1 AR AT HBCR X (LE 3 X35 D)
— 30, 456 SEM &5 T 7S 7 BOIR P2 (0 S R
Fi(Ca(OH),).



(RERR 711

J Chin Ceram Soc, 2024, 52(5): 1508-1519 2024 4

(e) Specimen N3, 48 h
K7

(f) Enlarge image of Fig. 7(e)

JELLAES iU K] SEM JE

Fig. 7 Scanning electron microscope images of specimens in in-situ test

*5 EDSMERIRAFERTH

Table 5 Molar fraction of specimens measured by energy

dispersive spectroscopy X/%
Spectrum O Ca Si Al Mg Na Sum. Area

1 38.70  7.78 42.09 0.64 251 8.28 100 B
2 4096 7.64 39.63 086 2.56 8.35 100 C
3 44.13 17.05 2733 267 2.79 6.03 100 A
4 4377 641 3687 077 238 9.58 100 B
5 4536 2326 1723 572 323 4.82 100 A
6 5775 1.06 3.89 043 055 3632 100

7 5223 249 742 086 099 36.01 100

8 5145 39.07 3.15 031 0.16 5.84 100 D
9 4287 645 3780 096 2.11 9.81 100 B
R 39.79 30.48 17.17 833 423 0 100

" EDS data of unreacted slag. X is molar fraction.

*o HAHFHRNIEE

Table 6 Reaction degree of specimens

Sample my/g my/g Reaction degree/%
NI 0.9248 0.729 0 21.2
N2 0.868 3 0.536 5 382
N3 0.821 6 0.446 8 45.6

2.6 (BAIEE ST

EARIE T 2 AR R I T 285 A r= A7
1, HRTEH KK, —MAMELIIE AAS $5KF
For il B 45 4 PIAFAE, PRt — 2% T ICP-OES 45
T T PRI TE T 5 1F o AAS PR R L
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Fig. 8 XRD spectra of specimens
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Table 7 Dissociation reactions and solubility constants of

major reaction products

Mineral Chemical reactions 1gKso
Portlandite  Ca(OH),&Ca>*+20H -5.20
Jennite-type  (CaO); ¢667(Si02)(H20),.11.666

C-S-H 7Ca*"+Si0(OH); +2.333 30H -0.566 7 H,0 7
Katoite Ca;AL(OH),&3Ca>" +2A1(OH), +40H™ -20.84
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Fig. 10  Saturation indices of main reaction products in the AAS system
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Extended Abstract

Introduction Alkali-activated slag (AAS) cementitious material has attracted much attention due to its high early strength, good
corrosion resistance, and low carbon emission. The microstructure of AAS has a decisive influence on its properties, which depends
on the quantity and spatial distribution of the reaction products. It is thus of great significance for understanding the formation process
of its microstructure to explore the distribution of reaction products in AAS system. In previous studies, the type of activator and the
dosage of sodium oxide both have an effect on the microstructure of AAS. However, the underlying mechanism of sodium oxide
content affecting the microstructure of AAS system via the product distribution is still unclear. In this paper, the dissolution behavior
and product distribution characteristics of slag in sodium hydroxide solution with different concentrations were in-situ observed by a
polarizing microscope. The dissolved ions, phase composition, microscopic morphology, distribution characteristics of reaction
products, and pore structure of hardened AAS were also analyzed to elucidate the difference of reaction process of slag at different
concentrations of sodium hydroxide solution.

Methods Sodium hydroxide solutions with molar concentrations of 0.5, 2.0 mol/L and 4.0 mol./L were prepared. Slag was
uniformly mixed with sodium hydroxide solution at a solid/liquid ratio of 1/100. 1-2 drops of the mixture were added into a single
concave slide by a dropper. The excessive solution was removed with absorbent paper and the edges of the cover slip were sealed
with paraffin. The prepared slide sample was placed on the stage of the polarizing microscope and independent slag particles were
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selected for the coming characterization. The area change rate of slag particles or reaction products was analyzed by a software named
Image J. The surface morphology of slag and the distribution of reaction products were characterized by scanning electron
microscopy, and the elemental analysis of different morphological substances was determined by energy-dispersive X-ray
spectroscopy.

After the mixed samples were stayed for 1, 6 h and 48 h, pore solutions were obtained through centrifugation and filtration, and
the reaction products in the precipitate were dissolved by a methanol-salicylic acid solution. The ion quantity was determined by
inductively coupled plasma optical emission spectroscopy. After the mixture was stayed for 6 h and 48 h, residual solids were
obtained after centrifugation. In the hydration of residual solids, the phase composition was analyzed by X-ray diffraction, and the
reaction degree was determined by a selective dissolution method.

The alkali-activated slag pastes with different sodium oxide contents (i.e., 4%—8%) and a water-solid ratio of 0.4 were prepared.
After standard curing for 3 d, the samples were broken, and then the hydration was terminated and dried. The dried samples were
placed into the dilatometer, and the pore size distribution was determined by a model Auto pore IV 9500 mercury injection
instrument.

Results and discussion At a low concentration of sodium hydroxide (sample N1), the ion dissolves slowly because of the slow
depolymerization of slag. Since the saturation concentration is not reached, the dissolved ion continues to diffuse outwards, forming a
new gel phase zone containing a great amount of water, which makes the initial dissolved precipitate products distributed in a wide
range. After 48 h reaction, the area of this region is increased by 257.8%, compared to the initial area of slag. The main reaction
products are C-(A)-S-H gel and hydrotalcite.

At a high concentration of sodium hydroxide (samples N2 and N3), [SiO,]* and Ca®" are dissolved in large quantities due to the
rapid depolymerization of slag. Calcium hydroxide crystallizes out because its saturation index is greater than 0. Also, ion
concentration rapidly reaches the solubility product (K,) of calcium silicate hydrate, forming a layer of dissolve-precipitate reaction
products on the surface of slag particle. Therefore, the product distribution range of AAS system with a high concentration of sodium
hydroxide is narrow. The area growth rates after 48-h reaction for samples N2 and N3 are 15.6% and 4.0%, respectively. The reaction
products mainly consist of C-(A)-S-H gel, hydrotalcite, katoite and portlandite.

At the same curing age, AAS with a high sodium oxide content has a higher reaction degree and a lower porosity, compared to
AAS with a low sodium oxide content. However, AAS with a high sodium oxide content has more macro-pores due to the difference
in the distribution characteristics of reaction products.

Conclusions The concentration of sodium hydroxide had an influence on the product distribution in AAS system. For the AAS
system with a low concentration of sodium hydroxide, the ions dissolved slowly and spread outward continuously, forming a new gel
phase around the slag, and then polycondensation and dehydration with the area increment rate of 257.8%. For the AAS system with a
high concentration of sodium hydroxide, the slag quickly dissolved a large number of silicate and calcium ions, resulting in the
saturation index of calcium hydroxide of greater than 0 and the formation of portlandite crystals. The distribution range of reaction
products was relatively narrow with the area growth rate of less than 15.6% because the surface of the slag particles was quickly
covered by reaction products. Although the hardened AAS paste with a high Na,O content had a higher reaction degree and a smaller
porosity, compared to AAS with a low Na,O content, the size of pore was larger.

Keywords alkali-activated slag; sodium oxide content; reaction process; distribution of reaction products



