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Abstract. This study evaluates the influence of dry rice husk (RH) on the early-age hy-
dration kinetics of Portland cement. Temperature evolution monitoring was used to analyze
the effects of RH content (5—15% by mass of cement) and pre-conditioning regimes (2 h water
soaking and hot-water treatment at 100 °C) on maximum temperature rise (ATpax), time to
peak hydration (tma), reaction-rate indicator (R), suppression coefficient (K), and retardation
index (R;) relative to a control cement paste. The results show that raw RH significantly mod-
ifies hydration behavior by reducing heat evolution and delaying the acceleration stage. In-
creasing RH content progressively decreased AT mnax and prolonged tmax. At 15% RH after ther-
mal pre-conditioning, AT . decreased by approximately 77% compared to the control, while
the retardation index reached R; = 5.99, indicating a substantial delay in peak hydration.
Scanning electron microscopy (SEM) revealed that increasing RH content leads to a more
heterogeneous and porous microstructure of the hardened cement paste, with hydration prod-
ucts forming around rice husk particles. These microstructural features correspond with the
observed suppression of hydration kinetics. The results indicate that untreated rice husk acts
as an active kinetic modifier rather than an inert filler in cement systems due to its high water
absorption capacity and interaction with the pore solution chemistry.
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KYPILI KAYBI3IAPBIHBIH OPTJIAHJIUEMEHTTIH EPTE
TUAPATALIMSICBIHA DCEPI

K. Axmanaiiyast' @ | P.X. Myxamerpaxumos? @ , H.H. Bepaixyn' @,
A.K. Tonerenosa'* ® | A.C. Kaoues'

ICor6aes Yuusepcureri, 050013, Anmarsl, Kazakcran
’Kaszan Memnexertik Coyner-Kypsuisic Yausepcureri, 4200043, Kasan, Peceit

Anparna. byn socymvicma Kypeax Kypiu Kayvizoapvinviy (RH) nopmaanoyemenmmiy
epme KezenOell ecuopamayusi KUHEMUKACbIHA 2cepi Ccanovlk mypavlioa 6azananovi. RH
Menuepiniy (yemenm maccacvinwvly 5—15%) srcane andvin ana eyoey pexcumoepiniy (2 caeam
botibl cyza oacioimy oacone 100 °C memnepamypadagvl blcmvlK CYMeH 6HOeY) MAKCUMAanobl
memnepamyparviy komepinyine (AT max), cuopamayus wblybIHbIY YAKbIMbIHA (1Max), peaxkyus
AHCHLIOAMObIbIHLIY, KopcemKiwine (R), Oacenoemy kosaghgpuyuenmine (Ks) owcone kidipy
unoekcine (R;) acepi memnepamypa 360110YUACHIH OAKbLIAY 20iCi APKbLIbL 3epmmeoi.
3epmmey namuoicenepi wuxi Kypiut Kaybi3vlH eHei3y suopamayus npoyecin aumapivlkmati
632epmemiHin Kepcemmi. JHcblLy O6JIHY KaPKbIHObLIbIEbL MOMEHOEN, yoey Ke3eHi 0asyaaiiob.
RH monwepiniy apmyvimen AT max Moni 6ipminden momenoen, tmax yneasaovl. 15% RH ocone
mepMusanblK, anobii ana eHoey #ca20auvlHoa AT ma 6aKblIaAy KYpaMblMEH CAlblCMblPeaHod
wamamen 77%-2a azauowvl, an Kidipy unoexci R; = 5,99 monine owcemmi. Cxanupneyusi
91eKMpoHOblK,  Mukpockonusi (SEM) nomuowcenepi RH monwepiniy apmyvl yemenm
MacblHOAgbl MUKPOCMPYKMYPAHBIY OIPKENKI eMecmicii HCIHe KeYeKMINIeiHIY HCOApblIaAYblH
kepcememinin anvlkmaowvl. CoHbIMeH Kamap cuopamayusi 6Himoepi Kypiut Kaybi30apblHulH
Oonuekmepiniy auHalacblHoa my3sinemini 6auxanovl. AnviHean Hamudicenep 6HOeIMe2eH
Kypiuwi Kaybl30apblHblY YeMeHm JCyleciHoe uHepmmi MmOJMulpeblul emec, Uopamayus
KUHEMUKACLIH 632epmemil OeliceH0i KOMNOHeHM eKeHIH Kopcemeoi.

Tyiiin ce3uaep: nopmuanoyemenm, euopamayusi KUHEMUKACHL, Kypiul Kayvl30apbl,
memnepamypanvly 380M0YuUs, uopamayus, cy Cigipy Kabinemi, JIUSHOYELIIONO3ANbIK
mamepuanoap
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AHHOTaNUA. B dannou pabome nposedeHa KOIUHECMEEHHAs. OYEHKA GIUAHUSL CYXOU
pucosoti wenyxu (RH) na kunemuxy suopamayuu nOpmiaHOyeMeHma Ha PaHHUX cmaousix
meepoenus. /s ananuza enuanus cooepaicanus RH (5—15% om maccw yemenma) u pescumos
npeosapumenvHou 0opabomku (3amadsusanue 8 8ode 8 meuenue 2 4 u 0opabomka copsueti
sooou npu 100 °C) Ha maxcumanvnoe nosviwenue memnepamypol (ATmax), 6pems
docmudicenuss nuka euopamayuil (tmax), Nokazamenv ckopocmu peakyuu (R), koagppuyuenm
nooasnenus (Ky) u unoexc 3ameonenus (R;) npumensncs memoo MOHUMOPUHEA
memnepamypHot 2eonroyuu. Pesynemamol nokazanu, umo oobdasnenue culpoll pucogoti
wenyxu CywecmeeHHo U3MeHsAem Xapakmep 2uopamayul, CHUMCAas UHMEHCUBHOCb
menosvioeneHuss u 3ameonss cmaouro yckopeuus. C ysenuueHuem codepxcanus RH
Habnooanocy nocmenennoe ymenvuieHue AT ma u yeenuvenue tmax. Ilpu cooeporcanuu 15%
RH nocne mepmuueckoii npeosapumenvroti 0opabomxu AT max YMEHLUATOCL NPUMEPHO HA
77% no cpasHenuro ¢ KOHMPOIbHLIM COCMABOM, A UHOEKC 3amedneHus docmuzan R; = 5,99.
Hccnedosanus memooom cxaunupyowell 21ekmpouHol mukpockonuu (SEM) nokazanu, umo
yeenuuenue cooepaicanusi RH npusooum k gpopmuposarnuio 6onee HeoOHOPOOHOU U NOPUCTOT
MUKPOCMPYKMYPbl YEMEHMHO20 KAMHS, NpU 3MOM NPOOYVKMbl cuopamayuu oopazyiomcs
80Kpy2 wacmuy pucosou wienyxu. Ilonyuennvie pe3yiomamsi c8UOEmMenbCMEYIOM 0 MOM, YMO
HeobpabomauHas pucosas wenyxa 8viCmynaem He KaK UHepmHblll JecKUll HanoIHumens, d
KaK aKkmuseHblll MOOUGDUKAMOP KUHEMUKU 2UOPamayuu yemeHma.

KiloueBble cioBa: nopmaanoyemenm, KUHemMUKa uopamayuu, pucosas uienyxd,
memMnepamypHas 960110YUs, 2UOpamayus, 6000N0210WeHUe, TUSHOYELTION03HbIE MAMePUATbL
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1 INTRODUCTION

The development of sustainable cementitious materials has become an important direction in
modern construction materials science. The increasing demand for environmentally friendly building
materials has stimulated intensive research on the utilization of industrial and agricultural by-products
in cement-based systems. The incorporation of such materials contributes to reducing environmental
impact, improving resource efficiency, and decreasing the consumption of natural raw materials tra-
ditionally used in cement production (Park et al., 2016; Wang et al., 2024).

Agricultural residues are considered promising alternative materials for use in cementitious
composites due to their availability and unique physicochemical properties. Among them, rice husk
has attracted considerable attention because of its high silica content and potential influence on the
hydration processes of cement-based binders. Large quantities of rice husk are generated annually as
a by-product of rice milling, and its utilization in construction materials represents an effective ap-
proach for waste valorization and sustainable material development (Xu et al., 2015; Marangu et
al., 2020).

Previous studies have mainly focused on the use of rice husk ash (RHA) obtained after con-
trolled combustion of rice husk. Due to its high amorphous silica content and pozzolanic activity,
RHA can react with calcium hydroxide released during cement hydration, leading to the formation of
additional calcium silicate hydrate (C—S—H) phases and improvement of the microstructure of hard-
ened cement paste (Park et al., 2016; Wang et al., 2024). As a result, the incorporation of RHA has
been associated with enhanced mechanical properties, durability, and reduced permeability of ce-
ment-based materials.

However, while the pozzolanic properties of rice husk ash have been extensively investigated,
significantly less attention has been paid to the influence of raw rice husk particles on the hydration
behavior of Portland cement. Unlike ash obtained after thermal treatment, raw rice husk contains
organic components and lignocellulosic structures that may interact with the cement pore solution
and influence hydration processes through physical and chemical mechanisms. Understanding the
interaction between raw rice husk and hydrating Portland cement is important for evaluating its po-
tential use as a functional component in lightweight cementitious composites. Therefore, further in-
vestigation is required to clarify how the presence of untreated rice husk affects hydration kinetics
and the formation of hydration products in cement-based systems.

Rice husk (RH) has been widely investigated as a supplementary cementitious material due to
its high amorphous silica content and pozzolanic reactivity. When incorporated into cement systems,
RH can react with calcium hydroxide released during cement hydration, forming additional calcium
silicate hydrate (C—S—H) phases and contributing to microstructural densification of hardened cement
paste (Xu et al., 2015; Marangu et al., 2020). As a result, the use of RH in cementitious composites
has been associated with improvements in strength development and durability.

Several studies have investigated the influence of rice husk ash on the hydration behavior of
cement-based materials. Experimental research indicates that the presence of rise husk ash (RHA)
can modify the hydration process by affecting the dissolution of clinker phases and the formation of
hydration products (Park et al., 2016). In particular, the incorporation of finely divided RHA particles
may accelerate secondary reactions with calcium hydroxide, which leads to additional formation of
C—S—H phases and refinement of the microstructure of the cement matrix (Wang et al., 2024).

The hydration kinetics of cementitious systems containing rice husk ash have also been
analyzed using calorimetric techniques. Previous studies demonstrate that RHA can significantly
influence the heat evolution during early hydration stages, altering both the induction period and the
rate of heat release associated with the formation of hydration products (Liu et al., 2020; Liu et al.,
2025). These changes in heat evolution are associated with both physical filler effects and chemical
pozzolanic reactions occurring in the cement system.

Microstructural investigations using scanning electron microscopy (SEM) have also provided
valuable information on the interaction between RHA and the cement matrix. SEM observations have
shown that the addition of rice husk ash affects the morphology and distribution of hydration products,
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leading to a more refined and compact microstructure of hardened cement paste (Sivakumar & Ravi-
baskar, 2009). Similar findings were reported in later studies where the presence of RHA contributed
to the formation of dense C—S—H structures and reduction of capillary porosity in cement-based
materials (Wang et al., 2020; Wang et al., 2024).

In addition to studies on rice husk ash, several researchers have investigated the influence of
mineral and ash-containing additives on cement hydration and structural development of cementitious
binders. These studies demonstrate that the incorporation of mineral additives can significantly
modify hydration reactions, microstructural evolution, and the resulting properties of cement-based
materials (Saginov et al., 2025; Takirova et al., 2025; Maikonov et al., 2025).

Despite extensive research on rice husk, relatively limited attention has been given to the
influence of raw rice husk particles on the hydration behavior of Portland cement. Therefore, the
present study aims to provide a quantitative assessment of the modification of the hydration kinetics
induced by raw rice husk. Using temperature evolution monitoring, the influence of rice husk content
(5-15% by mass of cement) and pre-conditioning regime on exothermic response (ATmax), time to
peak hydration (tmax), and derived kinetic indices is evaluated relative to a pure cement paste control.
The study seeks to clarify the combined physical and chemical mechanisms governing hydration sup-
pression in cement systems incorporating untreated lignocellulosic particles.

2 MATERIALS AND METHODS

Ordinary Portland cement CEM I 42.5N according to EN 197-1 was used as a mineral binder
to eliminate the influence of additional cementitious materials and isolate the effect of raw rice husk
on the hydration kinetics. The cement was stored in sealed conditions at laboratory temperature (22
+ 2 °C) prior to testing to prevent moisture uptake. The visual appearance of the cement powder is
presented in Figure 1c.

Raw rice husk (RH), obtained as an agricultural by-product from rice milling (Kyzylorda re-
gion), was used as a lignocellulosic component without grinding or chemical treatment. The husk
particles exhibit an elongated geometry, low bulk density, and fibrous surface morphology (Figure
1a, b), which may influence the retention of water and the interaction with the chemistry of the pore
solution.

Figure 1 — Materials used in the study: (a) raw rice husk (general view); (b) raw rice husk particles (magnified view);
(c) portland cement [author’s material].

Tap water was used that met laboratory standards for cement testing. The temperature of the
mixing water was maintained at 22.9 + 0.5 °C.

A three-component system (cement, rice husk, water) was investigated. The experimental ma-

trix evaluated the rice husk content (5-15% by mass of cement) and pre-conditioning regime. The
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reference control mixture (CO0) consisted of 200 g cement and 70 g water (W/C = 0.35). Rice husk
was incorporated at 5% (10 g), 10% (20 g), and 15% (30 g). The added water mass was kept constant
for all compositions to ensure comparability of hydration behavior.

The Water-preconditioned husk (RH-W) was soaked for 2 h at 20-25 °C. Water absorption,
% was calculated using the equation:

w = Dwettdry o 100% (1)

Mdry
where mye: — mass of materials in wet state, g; may — mass of materials in dry state, g.

The measured water absorption was 133%.

Thermal pre-conditioning (RH-T) consisted of immersion in water at 100 °C for 45 min fol-
lowed by cooling to laboratory temperature.

The cement and rice husk were mixed dry prior to adding water. The addition of water defined
time zero (t = 0). The fresh paste was transferred to a thermally insulated container for temperature
monitoring.

Temperature evolution was recorded using a multi-channel acquisition system at 1-minute
intervals. The maximum temperature rise (ATmax), the time to peak (tmax), the reaction-rate indicator
(R), the suppression coefficient (Ks) and the retardation index (R;) were calculated relative to the
control paste coefficient Ks = Ri/Rco, and the retardation index R; = tmax,i / tmax,co. The hydration char-
acteristics of the fresh RH paste were measured using an exothermic profile according to the ALCOA
methodology (Almatis, 1999) and evaluated according to (Okino et al., 2004). The evolution of ex-
othermic temperature during early hydration was monitored using the experimental setup shown in
Figure 2.

Figure 2 — Experimental setup used to monitor the evolution of temperature during cement hydration
(author’s material)

Scanning electron microscopy (SEM) was used to investigate the microstructure of the hard-
ened samples. A small fragment of the specimen (approximately 10 mm) obtained after the compres-
sive strength test was used for analysis. The fragment was cleaned from dust by air blowing and
placed on a 25 mm metal sample holder. The prepared sample was then introduced into the SEM
chamber for microstructural observation at different magnifications. The analysis procedure followed
the general methodology described by Kuldeyev et al. (2025).
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3 RESULTS AND DISCUSSION

Figure 3 and Figure 4 present the temperature evolution curves for mixtures containing 5%,
10%, and 15% RH under RH-W and RH-T regimes, respectively. For both regimes, increasing RH
content led to a lower peak temperature and a systematic shift of the main peak toward longer times,
indicating simultaneous suppression (reduced intensity) and retardation (delayed peak) of hydration.
Notably, the 15% RH-T mixture exhibits a pronounced delay and a markedly reduced peak, reflecting
a strong inhibition regime.

— 5% RSH
10% R5H
— 15% RSH

55 7

50 ~

45

40

35

Temperature (°C)

30

251

T T T T
0 1000 2000 3000 4000
Time (minutes)

Figure 3 — Evolution of the temperature for cement pastes incorporating rice husk after 2 h of water pre-conditioning
(RH-W) (author’s material)

55 1

5% RSH
10% RSH

— 15% RSH
50 A

45

40

35 A

Temperature (*C)

30

25 4

T T T T
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Time (minutes)

Figure 4 — Evolution of the temperature for cement pastes incorporating rice husk after hot-water pre-condi-
tioning (RH-T) (author’s material)
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The control cement paste (CO) showed ATmax = 50.62 °C and tmax = 469.6 min, corresponding
to Rco = 0.1078 °C/min. Findings in Table 1 demonstrate the kinetic parameters for all mixtures and
provide a dimensionless framework referenced to CO.

Table 1
Hydration kinetic parameters derived from temperature evolution (author’s material)
Mixture ATmax, (°C) tmax, (Min) R, (°C/min) Ks Ri
CO 50.62 469.6 0.1078 1.00 1.00
RH5-W 34.36 704 0.0488 0.45 1.50
RH10-W 23.12 892 0.0259 0.24 1.90
RH15-W 17.38 1319 0.0132 0.12 2.81
RH5-T 31.55 756 0.0417 0.39 1.61
RH10-T 19.42 1241 0.0156 0.15 2.64
RH15-T 11.72 2814 0.00416 0.039 5.99

For RH-W mixtures, ATmax decreased from 34.36 °C (5%) to 17.38 °C (15%), while tmax in-
creased from 704 min to 1319 min. The suppression coefficient decreased from Ks = 0.45 to 0.12,
indicating substantial reduction of hydration intensity even under moderate pre-conditioning. Ther-
mal pre-conditioning (RH-T) intensified the effect at higher RH contents: ATmax decreased to 11.72
°C and tmax increased to 2814 min for 15% RH-T. The corresponding Ks = 0.039 indicates that the
reaction-rate indicator dropped to ~4% of the control, while R; = 5.99 shows an almost sixfold delay
of peak hydration. The nonlinear nature of the response suggests a transition from moderate kinetic
modification at 5% RH to a strongly inhibited regime at 15%, particularly after thermal conditioning.

The observed behaviour is consistent with coupled physical and chemical controls. Physical
water redistribution: RH exhibits high water absorption (133%), retaining water within its porous
structure and reducing the amount of free water available for clinker dissolution. This delays the
buildup of ionic supersaturation required for C—S—H nucleation, extending the induction period and
shifting tmax. Chemical inhibition: soluble organic extractives present in raw lignocellulosic materi-
als may complex Ca? and interfere with hydrate nucleation and growth. The sharp decrease in R and
K at high RH-T dosage suggests that chemical inhibition becomes dominant when thermal pre-con-
ditioning likely increases the mobility/release of soluble compounds. Together, these mechanisms
explain the simultaneous reduction of ATmax and strong delay of tmax observed in Figures 3—4.

The microstructure of cement paste modified with raw rice husk (RH) was investigated using
scanning electron microscopy to evaluate the morphology of hydration products.

As shown in Figure 5a, the sample containing 5% RH exhibits a relatively dense microstructure
with typical hydration products of Portland cement, mainly gel-like calcium silicate hydrate (C—S—
H) phases and partially hydrated cement grains. Such microstructural features are characteristic of
hydrated cement systems containing silica-rich additives (Park et al., 2016).

In the sample with 10% RH (Figure 5b), the microstructure becomes more heterogeneous, with
hydration products forming clusters around RH particles. This indicates that the presence of rice husk
influences the spatial distribution of hydration phases within the cement matrix.

For the sample containing 15% RH (Figure Sc¢), a more porous structure with visible voids is
observed. The increased RH content reduces the compactness of the matrix, which is consistent with
the changes observed in the heat evolution curves during hydration. Similar relationships between
microstructural development and hydration behavior in cement systems containing rice husk-derived
materials have been reported in previous studies (Xu et al., 2015).
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Figure 5 — SEM micrographs of hydrated cement paste modified with raw rice husk: (a) 5% RH; (b) 10%
RH; (c) 15% RH. Magnification x2000 (author’s material)

From a material design perspective, the results indicate that raw RH cannot be treated as an
inert lightweight filler in cement systems. At 10-15% RH, substantial hydration retardation is ex-
pected, potentially affecting setting and early-age strength. If high RH contents are targeted for light-
weight/insulating applications, compatibility measures (optimized pre-treatment, binder selection, or
chemical activation) may be required to mitigate excessive retardation.

4 CONCLUSIONS

This study quantitatively evaluated the influence of the content of raw rice husk (RH) and the
pre-conditioning regime on the hydration kinetics of Portland cement using a temperature evolution
analysis.

The results show that raw RH significantly modifies early-age hydration behaviour. Compared
to control cement paste (ATmax = 50.62 °C; tmax = 469.6 min), the incorporation of RH led to simul-
taneous suppression of the intensity of heat evolution and delay of the acceleration stage.

Key findings include:

1. Systematic reduction in hydration intensity. The maximum temperature rise (ATmax) progres-
sively decreased with increasing RH content. At 15% RH under thermal pre-conditioning, AT max was
reduced by approximately 77% relative to the control.

2. Pronounced delay of peak hydration. The time to peak temperature (tmax) increased signifi-
cantly with RH content. The highest retardation index (R1 = 5.99) was observed for 15% RH-T, cor-
responding to nearly sixfold extension of the induction period.

3. Nonlinear suppression behaviour. The reaction-rate indicator (R) and suppression coefficient
(Ks) revealed a nonlinear response to an increase in RH dosage. Although moderate modification
occurred at 5% RH, a transition to strong kinetic inhibition was observed at >15%, particularly after
thermal pre-conditioning.

4. Coupled physical and chemical mechanisms. The hydration modification is attributed to the
combined effects of:
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— internal water redistribution due to high RH absorption capacity (133%), reducing effective
free water availability;

— chemical interaction of soluble organic extractives with pore solution chemistry, potentially
interfering with Ca?* availability and hydrate nucleation.

5. Microstructural observations. SEM analysis confirmed that the incorporation of raw rice husk
influences the microstructural development of cement paste. At lower RH contents (5%), the cement
matrix remained relatively dense with typical hydration products. Increasing RH dosage led to a more
heterogeneous and porous structure, indicating reduced compactness of the hydration products. These
observations are consistent with the calorimetric results showing suppression and delay of hydration
reactions.

6. Practical implications. Raw rice husk cannot be treated as an inert lightweight filler in cement
systems. At higher doses (>10%), significant retardation must be expected, which may affect setting
time and early strength development. Optimized pre-conditioning strategies or binder adjustments
may be required to mitigate excessive kinetic suppression.

In general, the study confirms that untreated lignocellulosic additives act as active kinetic mod-
ifiers in cement systems. The derived dimensionless indices (R, Ks, Ri) provide a quantitative frame-
work for assessing hydration suppression in bio-modified cementitious materials.

Further investigations combining calorimetric analysis and microstructural characterisation are
recommended to isolate the relative contributions of physical water redistribution and chemical inhi-
bition mechanisms.
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