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Table 1 Chemical compositions of natural brucite

Components MgO SiO, CaO Fe, O3

ALO3 SO; Cl P,0s5 K,O Firing loss

Mass fraction (w)/% 41.95 21.89 13.41 1.20

0.75 0.23 0.01 0.15 0.11 20.3

=2 RWMECALL
Table 2 Mix ratio of the test

Sample w(M/P) w(B)/% w(W/C) w(EP)/% w(HEP)/% Surface drying time/min

BMPC 25:1.0 15 0.17 0 0 12
BMPC-El 25:1.0 15 0.17 5 0 12
BMPC-E2 25:1.0 15 0.17 10 0 11
BMPC-E3 25:1.0 15 0.17 15 0 11
BMPC-E4 25:1.0 15 0.17 20 0 10
BMPC-H1 25:1.0 15 0.17 0 5 12
BMPC-H2 25:1.0 15 0.17 0 10 13
BMPC-H3 25:1.0 15 0.17 0 15 15
BMPC-H4 25:1.0 15 0.17 0 20 17

w(M/P) is the mass ratio of brucite to ammonium dihydrogen phosphate. B is borax, and borax content is expressed as a percentage of the total mass of
brucite. w(W/C) is the ratio of water to the total mass of all cementitious materials and expanded perlite. EP is untreated expanded perlite. HEP is

expanded perlite treated with water absorption.
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Fig. 1 Microscopic morphologies of EP and HEP
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Fig. 2 Effect of EP and HEP on dry density and water absorption
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Fig. 3 Effect of EP and HEP on compressive strength and

adhesive strength of BMPC
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3 &g

AR TAERFR ALK BEA AN R R, K
B NI KERIAARE,  BRIhfl & TR R
REAL S BRI BMPC AR 45 FI 7 K ikl 1538 LT
gEie:

1) KA FLZKE B E (HEP)X BMPC /)%
PERESZ I B /), U R TEAR S B AR R Re AR FF AL
EPUE A . M 1062 kg/m? [FE
647 kg/m’® I, HUERFEM 9.8 MPa [£ % 7.2 MPa,
BisE M 0.62 MPa [%% 0.51 MPa, 3 R B
49.3%, P ELRBPEC 44.0%, BT HEP AR
Jii BARE 2 BRI AT SR BN RE AL, TR
JEAR A BTSRRIk, BMPC-HEP fiif .k
W BR A% 206 min.

2) HEP KX BMPC 1E i 52 K IO

GERFR A B R . S RA RN AR ) 4 fif
TE i NI T REE, 2% TIRER Tt
[EI), HEP i BMPC B A3 2 AL45%, FRAGH
BB AL S, g S BRI Y7, AT
BEARAL A . TE il 32 K& LR, BMPC-HEP &5
FIA H B B SR EUA L, IR B R B
Bt FaE k. i, BMPC-HEP 85 1 kg $vi:
RE TR BR T H AL AR TR R R4 LA
EIREE Fgsifaett.

S 30k

[11 SELVARAJ S, CHAN T. M. Recommendations for implementing
circular economy in construction: Direct reuse of steel structures[J]. J
Constr Steel Res, 2024, 214:108439.

[2] RAABE D, TASAN C C, OLIVETTI E A. Strategies for improving the
sustainability of structural metals[J]. Nature, 2019, 575(7781): 64—74.

[3] FX4H, A-PEME, SHCKE, A% CXUBRT RREE RN SRR R
RESWEFA[I]. AT, 2024, 45(10): 25-32.



. 1562 - CRERR Th 223400

J Chin Ceram Soc, 2026, 54(5): 1555-1563

2026 4

ZHAO Juan, NIU Zepeng, HU Dazhu, et al. Constr Econ, 2024, 45(10):
25-32.

[4] HU X C, ZHU X J, SUN Z Q. Fireproof performance of the
intumescent fire retardant coatings with layered double hydroxides
additives[J]. Constr Build Mater, 2020, 256: 119445.

[5] TANG ZL, GAOM H, ZHANG Z Y, et al. Biomimetic construction of
green, fire-proof and super-hydrophobic multifunctionality-integrated
coatings via one-step spraying method for steel structures[J]. Colloids
Surf A Physicochem Eng Aspects, 2024, 683: 133056.

[6] NASIR K M, SULONG N H R, JOHAN M R, et al. Synergistic effect
of industrial- and bio-fillers waterborne intumescent hybrid coatings on
flame retardancy, physical and mechanical properties[J]. Prog Org Coat,
2020, 149: 105905.

[7] DAI X B, QIAN J S, QIN J H, et al. Preparation and properties of
magnesium phosphate cement-based fire retardant coating for steel[J].
Materials, 2022, 15(12): 4134.

(8] MIgl, EZ#, FF, 5. FE ZEWNAE P KRR & ST
WAL, WPIEE SR, 2019, 38(9): 1285-1289.

YING Shanshan, WANG Yanchao, SHAO Ping, et al. Fire Sci Technol,
2019, 38(9): 1285-1289.

[91 LI Q T, LI H X, LIANG T L. Effect of non-intumescent fireproof
coating on the durability of concrete exposed to elevated temperature[J].
Constr Build Mater, 2023, 404: 133211.

[10] VEE4. JERYBETE B KR RS I R K B K PERE[D]. B IR
AT R, 2019.

SHEN Yuling. Study on environmental adaptability and fire
performance of non-expanded tun-nel fire retardant coatings[D].
Chonggqing: Chongging Jiaotong University, 2019.

[I1]LI K, WANG Y S, ZHANG X, et al. Intrinsically hydrophobic
magnesium oxychloride cement foam for thermal insulation material[J].
Constr Build Mater, 2021, 288: 123129.

[12] BMREE, BT, A, &, BAO R &I LI IR & PP K ik
TERESLIA[T]. ThREM KL, 2022, 53(4): 4121-4127.

LUO Junyao, LI Xueying, HOU Li, et al. J Funct Mater, 2022, 53(4):
4121-4127.

[13] ZHANG Q, LI V C. Adhesive bonding of fire-resistive engineered
cementitious composites (ECC) to steel[J]. Constr Build Mater, 2014,
64:431-439.

[14] LANZON M, CASTELLON F J, AYALA M. Effect of the expanded
perlite dose on the fire performance of gypsum plasters[J]. Constr Build
Mater, 2022, 346: 128494.

[15) Z=Wemn. & IR BN B SR 1 46 5 PERERT 5 [D]. EK:
HPRKAE, 2016.

JI Xiaoli. The composite expansion of steel structure fire retardant

coating preparation and performance study[D]. Chongqing: Chongging
University, 2016.

[16] WANG D Q, YUE Y F, QIAN J S. Effect of carbonation on the
corrosion behavior of steel rebar embedded in magnesium phosphate
cement[J]. Compos Part B Eng, 2024, 268: 111088.

[17]LIU X F, WANG N, ZHANG Y, et al. Optimization of printing
precision and mechanical property for powder-based 3D printed
magnesium phosphate cement using fly ash[J]. Cem Concr Compos,
2024, 148: 105482.

[18] ZHUANG J P, NI P J, XU R X, et al. Dynamic properties of steel
fiber-reinforced potassium magnesium phosphate cement-based
materials after high-temperature treatment[J]. J Clean Prod, 2023, 429:
139530.

[19] ¥, R&A, ®BRH, % AN S & BB K e & iR ik
SHVER[T]. SEFUARLER. 2025, 28(6): 499-507.

JANG Wanwan, ZHU Jincai, MENG Xiaokai, et al. Journal of Building
Materials. 2025, 28(6): 499-507.

[20] FANG Y, YIN X H, CUI P, et al. Properties of magnesium potassium
phosphate cement-expanded perlite composites applied as fire
resistance coating[J]. Constr Build Mater, 2021, 293: 123513.

[21] FORMOSA J, CHIMENOS J M, LACASTA A M, et al. Novel
fire-protecting mortars formulated with magnesium by-products[J].
Cem Concr Res, 2011, 41(2): 191-196.

[22] FAEME, MR, ZEmese, . HACEEEE0 & A0 B0 [ i ot
FURHR[I]. B =LA R, 2019(2): 9-15.

WANG Qiangian, CHEN Zhonghang, LI Xiaoan, et al. Multipurp Util
Miner Resour, 2019(2): 9-15.

[23] DAI X B, JIA X W, QIAN J S, et al. Preparation and properties of
hydrotalcite-foamed magnesium phosphate cement for fire protection of
steel structures[J]. J Build Eng, 2023, 76: 107165.

[24] LONG S R, LI Y, WANG N, et al. Research on the influence of
ultrafine metakaolin on the properties of magnesium phosphate cement
prepared by natural brucite[J]. Constr Build Mater, 2024, 452: 138952.

[25] ZHANG C P, FAN D Q, LU J X, et al. Ultra-stable foam enabled by
nano silica engineering for foam concrete improvement[J]. Cem Concr
Compos, 2024, 150: 105575.

1 & STAK A PR -
F O 2HIER. 25T S R0ES
F B REPHIOTE. RIHESOER., BiTIe
TR 2 5 MRS
PO eI SCHER. 2T
XURE®: SIS 5 HAR AT

Effect of Expanded Perlite on Properties of Brucite-Based Magnesium Phosphate Fire
Retardant Coating

WANG Nan', LI Yue', LONG Shiru', LIN Hui', LIU Xiongfei®
(1. Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of
Technology, Beijing 100124, China;
2. School of Civil and Transportation Engineering, Hebei University of Technology, Tianjin 300401, China)

Extended Abstract

Introduction As a type of energy-saving and environmental protection building system, steel structure building is widely used in



5 54 &5 5 3 £ M S WK ECE K B SRR BB K IREHE BE RO RE I + 1563 -

engineering construction in recent years, and its fire protection measures are particularly important. At present, the commonly used
fire retardant coatings are mainly divided into two categories, i.e., organic intumescent and inorganic non-intumescent coatings.
Although organic intumescent coatings exhibit a good fire resistance in the initial stage, their duration of protection is relatively short,
and they may release toxic and corrosive gases during combustion, posing certain safety risks. In contrast, inorganic non-intumescent
fireproof coatings have advantages such as high thermal resistance, strong durability, good wear resistance, and low cost, making
them considered as an ideal fire protection material for steel structures. However, some issues such as insufficient adhesion and poor
overall durability seriously limit its widespread application in practical engineering. Magnesium phosphate cement (MPC) is regarded
as a fireproof material with an application potential due to its high strength, high-temperature resistance and excellent interfacial
bonding performance with steel. However, the conventional raw material for MPC like dead-burned magnesia has a high density and
carbon emissions, which is unfavorable for its green and sustainable development. To address the above issues, this study was to
select a low-grade natural brucite powder as a complete substitute for dead-burned magnesia to prepare magnesium phosphate cement,
and optimize the physical, mechanical, and fire insulation properties of brucite-based magnesium phosphate steel structure fireproof
coatings (BMPC) via introducing modified expanded perlite.

Methods The raw materials for the preparation of BMPC included natural brucite powder, ammonium dihydrogen phosphate,
analytical grade borax, and expanded perlite. Expanded perlite was divided into two types, i.e., untreated (EP) and water absorption
pretreatment (HEP) according to different treatment methods. Under the condition of fixed process parameters (i.e., M/P mass ratio of
2.5, borax content of 15%, water-cement ratio of 0.17, and expanded perlite content of 0-20% of the total mass of brucite powder and
ammonium dihydrogen phosphate), the BMPC slurry was prepared.

The dry density and surface drying time of the BMPC coating under natural curing conditions were tested in accordance with the
standard GB 14907—2018. The compressive strength and adhesive strength tests were conducted on the specimens after 3-d, 7-d and
28-d curing, respectively. The thermal conductivity of BMPC was determined by a transient plane source method. The fire resistance
limit was tested according to the standard GB/T 9978.1—2008. The internal pore structure of BMPC samples was analyzed by an
industrial computed tomography system, and its microstructure was analyzed by field emission scanning electron microscopy. The
phase change of BMPC coating before and after fire test was analyzed by X-ray diffractometry, and its thermal stability in the range
0of 30-1000 C was analyzed by thermogravimetric analysis.

Results and discussion The expanded perlite (HEP) after water absorption treatment has a more open pore structure and a higher
surface roughness rather than the untreated expanded perlite (EP). In the BMPC system, the HEP has a relatively small effect on the
mechanical properties, especially under low density conditions, it can still maintain high compressive strength and adhesive strength.
At the HEP content of 20%, the microporous structure inside the material significantly reduces the thermal conductivity and thermal
diffusion coefficient. This is mainly since the HEP acts as a low thermal conductivity filler, and the air layer retained in its pores (i.e.,
thermal conductivity of 0.026 W/(m-K)) effectively blocks heat transfer. Also, the introduction of HEP optimizes the pore structure,
reduces the proportion of large pores, makes the heat conduction path more complex, delays the diffusion process of heat into the
substrate, and significantly slows down the flame propagation rate and thermal decomposition process. The results of fire resistance
test and pore structure show that the porosity of BMPC-HEP sample is higher than that of the control group, and the standard
deviation of pore fluctuation increases from 4.0% to 5.1%, indicating that HEP forms a lightweight porous structure at a high
temperature, further improving the thermal insulation performance and thermal stability of the material. The addition of HEP has a
significant effect on the microstructure of BMPC at a high temperature. Some struvite and unreacted raw materials absorb a large
amount of heat during pyrolysis, which plays a role in delaying temperature rise and enhancing thermal buffering, and provides an
important support for the thermal insulation protection mechanism of fire retardant coatings.

Conclusions The expanded perlite after water absorption treatment had little effect on the mechanical properties of BMPC system.
When the density reduced from 1062 kg/m? to 647 kg/m?, the 28-d compressive strength and adhesive strength were only reduced by
26.5% and 17.7%, respectively. At the content of HEP of 20%, the thermal conductivity and thermal diffusivity of BMPC were 49.3%
and 44.0% lower than those of BMPC without HEP, respectively. The significant improvement of this thermal performance could be
mainly attributed to the fact that HEP itself had low density and low thermal diffusion characteristics, effectively slowing down the
heat transfer rate in the process of temperature change, and thereby improving the thermal insulation performance of the material. The
fire resistance limit of BMPC-HEP system reached 206 min, which was significantly better than that of the control sample. Its
excellent fire resistance was mainly attributed to the synergistic effect of porous structure, low thermal conductivity filler and
microstructure stability at a high temperature, indicating that it could have a promising application potential in the field of fire
retardant coatings for steel structures.
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