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Fig. 2 XRD patterns of samples cured at 20 “C at different ages
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Fig. 7 XRD patterns of samples cured at 50 C for 56 days
before and after the high-temperature XRD experiment

2.2 KRS FL EDS 947

K 8 J& 20 CFP 28 d HIZKALF=4) SEM & f-.
M 8 AT AR EZ 2 R~ 1~2 um (2 TE 2 14 C3AHg
TG THE (K 8a)P> 2L, JEIEIR (17 A A1#E(K 8b)
BFEE CAHs. A miRe i 5 Bor, Fm
INIATE (B 8e) Ak B2 B 41 /N (K] 8d) I Mg 5

Al KR ELRMgAL L) FEME 558 2.77 1
3.16. XA T Mg Ml AP ST B T4 M0,
FOE R Mg-Al LDH = 2 13 Mg/Al tbA-T 2~
4, MgOg \THIAFI AlO J\HIATE R 32 )2 KRR TS
Fr4 4 . Mg-Al LDH [T RRE M Mg™ 2 53] C;A 7K
et e, HIEZRY LDH SRR 24, tHEp
UE T XRD 3 EHACTEMIAT G . XL A LR
LDH R PR SRl C;AH, £ Mg™ 18 F R iafi#,
2Kl Mg-Al LDH R AL AP (] fetE.
B9 52 50 TP 28 d I/KALF=4) SEM & A .

IX e 5] 8 i o 3 R DXOAE T A 2 )
AFUN . R 10 A S Re i 5 Bon, 1K EE A1)
Mg/Al t=2.21+0.11, BEAKT 20 CFHFEf. H
150 ‘CHRA 28 d I, FES T ITEEA CA CAHE
R AR TR CA B4 TN Mg-Al
LDH 26t Mg> f1 APY, Bt 50 CEES IR
Mg-Al LDH ] Mg/Al AR R K EflRE A
C3AH, % f L f) A2 5 3] Mg-Al LDH £5#9, M
MK T 5K Mg/Al L) LDH.

(a) Polyhedron and cluster (b) Rosette-like cluster

(c) Regular hexagonal sheets (d) Fine-grained flakes

K8 20 KAk 28 d HIZKAL™ 4 SEM fi )7
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(c) Platy particles (d) Hexagonal crystals stacked
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Fig. 11 SEM photos of hydration products after hydration at 50 ‘C for 56 d

(a) Morphology of sample

(c) C;AH, embeded in plate (d) Lamellae thickness
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Fig. 12 SEM photos of hydration products after hydration at 50 ‘C for 120 d



ES3EFE 11 N =

SN BRI = A5 KA VAT ROWE SR Wi

* 3165 -

B 12¢ BoR, ZMRNFBEESR CAHs 46
Kl 8 A 9a HH] C3AHg, LAJ XRD 455, ALAIE
B C3AHs 25 TR T K. XRIR 7] BEAE C3AHg
EHEBETEH T RERR, 5 Mg &6 ER
Ca-Mg-Al KAL) . BEER BoR, KR
Z H i CaMgAI(OH),(F 13).

B 12 SRR R 2 T A i T 7T 2R 4 RAT
TEZ (B 13)e XF T B 12 IR, SR &1
RN 7553 A RORE N S G A AN R . I 3
HTH 14a HHHRT7 7% 500 nms 1 pm A1 2 pm,
33 14b FE 14c. WLAEH, ZRHAEAE 2 pm
Feh AR X2 mREIEEEE (B 15), KIZR
W ERICER LB IR 2, CaMg ULT-AAE—E
LMEXRR. UEEHLENIRIE-046 WRAKRER 2
M Mg BT EN 1 Ca BT

(a) Surface (b) Etching depth 1um

90

s |:| CaMgAI(OH), , 15 points on plate particles surface
80 - |:| Mg,Al(OH), , 27 points of laminar particles
70 L |:| C;AHq , 2 points of polyhedra

60 -

6727

66.63 H-

B
z

50+

Molar fraction/%

18.41

—_ N
o (=) (=)
— T
10.80
44

Ca Mg Al (@)
Elements

K13 50 CK4K 120 d BRI =Y AT R & &

Fig. 13 Average elemental contents of each hydrate phase
after hydration at 50 C for 120 d

1 um tching depth
=

pm etchmadepth

(c) Etching depth 2 pm and 500 nm

(d) Inner lamellar structure

B 14 BCRBURLR I SEM R A145 1212 1 2 i F) PN 948 2 AR S5 4
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Effect of MgO on Hydration Products and Micro-Morphology of C;A
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Extended Abstract

Introduction Magnesium oxide (MgO) content in Portland cement clinker critically influences clinkering and long-term soundness.
Limited MgO(<2%, mass fraction) optimizes mineral formation by reducing liquid-phase viscosity during sintering, but excessive
MgO forms low-reactivity periclase. Delayed hydration of periclase to brucite (Mg(OH),) causes destructive expansion.
Thermodynamically, Mg*" can react with AI** from C;A/C4AF to form magnesium-aluminum layered double hydroxide (Mg-Al
LDH), which offers superior anion binding capacity. However, competition with formation of
AFt(ettringite)/AFm(monosulfate) phases in sulfate-rich systems often suppresses LDH formation. This study investigates the

kinetic
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formation pathway of Mg-Al LDH and the role of temperature in MgO-doped C;A hydration (without sulfate), revealing novel
Ca-Mg-Al hydrates(X-phase) and microstructural evolution mechanisms.

Methods MgO was obtained by calcining basic magnesium carbonate (900 ‘C, 2 h). C;A-MgO composites (40 g MgO to 100 g
C;A) were synthesized from CaCO;/Al,0; mixtures (Ca/Al=3 : 2), sintered at 1450 ‘C for 3 h, and air-quenched. XRD-Rietveld
analysis quantified phases: 69.70% cubic C;A, 25.09% periclase, 3.58% C;,A7, and 1.63% free CaO. Hydration suspensions (w/s =
10 : 1, under N, atmosphere) were cured at 20 C and 50 C for 1 h—120 d. Hydration was stopped with isopropanol; solids were
filtered, vacuum-dried (40 °C), and characterized. Phase evolution was analyzed via XRD (Rietveld refinement) and in-situ
high-temperature XRD (25-200 C). Morphology and elemental distribution were examined using FIB-SEM (Helios 5 UC) and EDS
(Oxford UltimMax65). Platy particles were cross-sectioned by FIB etching (500 nm—2 um depths) for compositional profiling.

Results and Discussion At 20 ‘C, C3;AHg forms rapidly, constituting 50% of solids within 1 h, and C;A is fully consumed by 3 d.
Mg-Al LDH emerges after 6 h, grows gradually to 45% and with approximately 7% periclase residue at 56 d. XRD analysis reveals a
novel X-phase at 28 d, characterized by distinct diffraction peaks at 6.70° and 13.38° 26. In contrast, at 50 ‘C, accelerated dissolution
of periclase enables complete hydrolysis of MgO by 28 d. Mg-Al LDH dominates the system after 7 d, reaching 54% at 56 d and
replacing C;AHg as the primary phase. The X-phase forms within just 1 h and consistently increases with prolonged curing.

The morphology and composition of Mg-Al LDH exhibit significant temperature dependence. At 20 ‘C, LDH crystallizes as
well-defined hexagonal sheet with Mg/Al ratios ranging from 2.77 to 3.16 (EDS data). SEM images and EDS confirmed C;AHg
dissolution is driven by Mg?*, and AI*" originated from C3;AHg supports AI** for LDH growth. At 50 ‘C, however, LDH shows
irregularly shaped flake with a lower, more homogeneous Mg/Al ratio (2.21 + 0.11). This decrease of Mg/Al ratio suggests enhanced
APP" availability from C;AH; at elevated temperatures.

The formation pathway of the X-phase involves a three-component reaction: C;AHg+Mg,Al(OH),4-3H,0+CH—X. X-phase
early appearance at 50 C (1 h vs. 28 d at 20°C) confirms temperature-dependent kinetics. In situ high-temperature XRD indicates its
structural reversibility: heating above 50°C induces peak shifts (e.g., new peaks at 8.82° and 10.64° 26), yet cooling restores the
original pattern, confirming thermally reversible structure. EDS of X-phase surface identifies composition of CaMgAl(OH),.
FIB-EDS cross-sectional profiling exposes a linear Ca/Mg ratio within X-phase inner lamellae (slope = —0.46), implying continuous
Mg?* substitution for Ca?* during maturation. Under curing at 50 °C for 120 d, platy X-phase particles evolve into stacked lamellar up
to 20 um width and 2 um thickness. These particles encapsulate residual C3AHg, demonstrating the role of C;AHg as reactants.

Conclusions Elevating curing temperature from 20 ‘C to 50 C accelerates periclase dissolution, enabling Mg-Al LDH to dominate
C3A hydration after 7 d and reducing its Mg/Al ratio from 2.77 to 2.21. Mg etches C3AH, surfaces, facilitating LDH growth by the
release of AI*". A novel Ca-Mg-Al hydrate (X-phase) forms through reactions of C;AHs, Mg-Al LDH, and Ca(OH),, exhibiting
thermally reversible phase transitions and a composition of this phase surface near CaMgAl(OH);. Internal Ca/Mg ratio within
X-phase lamellar particles suggests ion exchange during maturation.

Keywords magnesium oxide; tricalcium aluminate; hydration; Mg-Al layered double hydroxide; new phase



