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Synergistic Hydration Characteristics of Volcanic Ash-Silica

Fume-Cement Composite Cementitious Material
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(1.State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan
430072, China; 2.Key Laboratory of Water Grid Project and Regulation of Ministry of Water Resources,
Changjiang Institute of Survey, Planning, Design and Research Co., Lid., Wuhan 430010, China; 3.State

Key Laboratory of Eco-hydraulics in Northwest Arid Region of China, Xi’ an University of Technology,
Xi’an 710048, China)

Abstract ; [ Objective ] Natural volcanic ash has environmental advantages in reducing cement consumption and
lowering carbon emissions. However, due to its low reactivity, the use of volcanic ash alone often leads to reduced
early-age performance of cement-based materials. This study aims to develop a volcanic ash-silica fume composite
cementitious system based on low-reactivity volcanic ash from the Sichuan-Xizang region, and to systematically in-
vestigate its hydration behavior, microstructural evolution, and mechanical properties, thereby providing theoretical
and technical support for the engineering application of volcanic ash. [ Methods ] Multiple characterization methods
were used to systematically analyze the hydration characteristics and microstructure of the composite cementitious
system. First, X-ray diffraction (XRD) and scanning electron microscopy (SEM) were used to qualitatively and
quantitatively analyze hydration products at different curing ages to investigate the formation of C-S-H gel and its
microstructural characteristics in the volcanic ash-silica fume composite system. Second, thermogravimetric and de-
rivative thermogravimetric analysis ( TG-DTG) was conducted to examine the thermal decomposition behavior of the
materials, thereby revealing the composite effect of volcanic ash and silica fume from a thermodynamic perspective.
To further evaluate the influence of pore structure on strength, mercury intrusion porosimetry ( MIP) was used to

analyze the pore size distribution of samples at different curing ages. Meanwhile, mechanical performance tests,
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such as compressive strength tests, were conducted to evaluate the mechanical properties of systems with different
mix proportions. | Results ] The single volcanic ash-blended system exhibited relatively sluggish early hydration, re-
sulting in a lower strength activity index and mechanical strength. In contrast, the incorporation of silica fume sig-
nificantly promoted the formation of C-S-H gel, refined the pore size distribution, enhanced the densification of ce-
ment-based materials, and consequently improved both the early- and late-age strength of the composite system. At
28 days, the composite system containing 27% volcanic ash and 3% silica fume showed a significant advantage,
with its compressive strength approximately 28% higher than that of the single volcanic ash-blended system, and
with a markedly increased strength activity index. Microstructural analysis further indicated that the C-S-H gel in the
composite system was dense and uniformly distributed, and the pore structure was effectively optimized.
[ Conclusion | The combined use of low-reactivity volcanic ash and silica fume significantly enhances hydration ac-
tivity and mechanical performance, particularly strength. The novelty of this study lies in optimizing the combined
dosage of volcanic ash and silica fume, which not only improves mechanical performance but also optimizes the mi-
crostructure, resulting in a denser structural system. Therefore, the volcanic ash-silica fume composite cementitious
system shows strong engineering applicability and provides an important reference for the development of low-carbon

and environmentally friendly cement replacement materials.

Key words:silica fume; low-reactivity volcanic ash; composite cementitious material ; mineral admixture ; X-Ray

diffraction (XRD) ; scanning electron microscopy (SEM) ; compressive strength
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Table 1 Chemical composition of silica fume and
volcanic ash %

MEL S0, S0, MgO  Ca0  Na,0 AlLO; Fe,0,
FEKE 9756 0.82 021 0.9  0.11  0.09 0.02
KR 5293 019 0.65 1117 0.82 1831 8091
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Table 2 Physical and chemical properties of silica fume

Bk R/ HRiAE/ pm

W/% (g+em™) D10 D25 D50 D75 D90
4.1 2.10 2.16 927 1595 2651  56.93
1.2 BE&LE

FHAE R 40 mmx40 mmx40 mm [y 57 J5 4,
VERERAR KR AN 45 K LK 5 1 IR R AT % e ik
5, KB e 0.4 AR Bp v 0 25 4 T AR i R
AR UE SR AR FRAP, SR 153500 0 3 d A1 28 d,
LG R 3 s o

#=3 KiREREELL
Table 3 Mix proportions of cement paste

OGS KR KSR/ % KWK E /% TR E R/ %

HP-0 0.4 100 0 0

HP-10 0.4 90 10.0 0

HP-30 0.4 70 30.0 0
HP-30-3 0.4 70 29.1 0.9
HP-30-5 0.4 70 28.5 1.5
HP-30-7 0.4 70 27.9 2.1
HP-30-10 0.4 70 27.0 3.0
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Fig.1 Effect of natural volcanic ash content on
compressive strength of cement-based materials
at different ages
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Table 4 Evaluation of activity index of natural

volcanic ash

SUREIEIL % KGR SR Po/%
ROERE K 7
3d 28 d 3d 28 d
HP-10 0.40 62.5 94.3 -43.90 4.63
HP-30 0.40 56.5 70.2 -23.85 0.27
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Fig.2 Effect of silica fume content on compressive

strength of cement paste
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Fig.3 XRD patterns of hydration products in cement

samples at different ages
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Fig.4 Microstructural morphologies of different

specimens
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Fig.5 TG-DTG curves of specimens at 28-day age
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Table 5 Thermogravimetric analysis results of

different cement paste specimens
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