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Table 1 Ratio of modified seafoam fibers to each component
w/%

Sepiolite  Brucite  Silicon Organobent

fiber fiber oxide fiber onite SAP  CMS HPMC

50 30 8 5 1 1 5

w—Mass fraction. SAP—super absorbent polymer. CMS—Carboxymethyl
starch. HPMC—Hydroxypropyl methy! cellulose ether.
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Table 2 Ratio of raw materials for modified seafoam fiber

fireproofing coatings m/kg
Sample No. Cement Kaolinite  Vermiculite Mcf)i(:)ief:ed '2&3?;(\)/?
M-1 350 205 330 100 15
M-2 350 180 330 125 15
M-3 350 155 330 150 15
M-4 350 130 330 175 15
M-5 350 105 330 200 15
M-6 350 80 330 225 15

m is mass.
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Fig. 1 Self-made Fireproof Coating Fire Resistance Performance
Testing Furnace
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Table 3 Time required for the backside of samples M-1 to
M-6 to reach 538 °C

Sample No. Back temperature/C Time/min
M-1 538.5 133
M-2 538.0 147
M-3 538.5 163
M-4 539.5 172
M-5 538.5 185
M-6 537.7 210

0 2000 4000 6000 8000 10000
Time/s

K2 B M-1 2R M-6 15— 7] 26
Back temperature-time curve of specimens from
samples M-1 to M-6
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Fig. 4 Back temperature-time curve of specimens samples
M-0 and M-5
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Fig. 5 Curves of fire performance between sample M-5 and
commercial fireproofing coatings
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Fig. 6 XRD patterns of seafoam fiber and modified seafoam fiber

B 7 i A S R S A A AR R 204
WEMZE. M7 AT, SRS A AR R R
AL 4E RS0, YITE 951 em™ Kb A7 7E B 5 (1)
Si—O—Si PR LEHRBN I, X WA 44 g A
WA RS o0, mTHEAGHEAENKE
Si—O—Si fi . WA AR T . PSR
Wi, S5 Si—O—Si it 5 i 2 =4 Si—OH &5
TH, XL Si—OH & Haets 5t s R i
o FAEEAER, S HMANRLSE, A
SR A AT AT O

Modified sepiolite

Si—O—Si

Transmittance/%

Sepiolite

1800 1600 1400 1200 1000 800 600
Wavenumber/cm™

K7 A4 S Sk A A LA
Fig. 7 Infrared spectra of seafoam fiber and modified
seafoam fiber
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Fig. 9 TG and DTG curves of seafoam fiber and modified seafoam fiber
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(a) M-1 before combustion

(b) M-2 before combustion  (c) M-3 before combustion

(d) M-4 before combustion  (e) M-5 before combustion  (f) M-6 before combustion
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(j) M-4 after combustion (k) M-5 after combustion (1) M-6 after combustion V
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Fig. 10 Photographs of specimens from samples M-1 to M-6 before and after burning
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(d) SEM of M-4 before combustion (e) SEM of M-5 before combustion (f) SEM of M-6 before combustion
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Fig. 11 SEM images of samples from M-1 to M-6 before combustion
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(d) SEM of M-4 after combustion (e) SEM of M-5 after combustion (f) SEM of M-6 after combustion
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(a) Photo of M-0 before combustion (b) Photo of M-5 before combustion
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Fig. 13 Macroscopic and microscopic images of unmodified sepiolite fiber samples M-0 and sample M-5 before and after combustion
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Extend Abstract

Introduction  Steel building is a form of construction. Non-intumescent fireproofing materials have superior fireproofing effects and
can provide effective fireproofing and thermal insulation protection for steel structures. However, the modification and innovation of
non-intumescent fireproofing materials are insufficient in China at present. Seafoam has a good thermal stability and a low thermal
conductivity, having a thermal insulation effect, which can be used as a filler for fireproof coating or fireproof board. Seafoam can
effectively improve the fire resistance of fireproof coating or fireproof board. Seafoam mineral fibers dispersed in a low concentration
solution can form a stable high-viscosity suspension, so they can be dispersed and modified with other fillers and added to fireproof
coating or fireproof board slurry. Therefore, the fire performance of seafoam fiber fireproofing materials can be improved. In this
work, a modified seafoam fiber was added to fireproof coatings for improving the fire performance of non-intumescent fireproof
coatings. This modified fiber as a kind of modified fiber was prepared via mixing seafoam fiber, magnesium hydroxide fiber and
silicon oxide fiber under high-speed mixing and adding polymer modifier. In addition, the physical and chemical properties and fire
performance of the finished product were also analyzed.

Methods In this work, 5-70 mm hydromagnesite fibers were ground in a mill to obtain the fibers with the lengths of < 5 mm.
Subsequently, 1-5mm seafoam fibers and 3-6 mm silicon oxide fibers were selected, and 50% seafoam fibers, 30% hydromagnesite
fibers, 8% silicon oxide fibers, 5% organic bentonite, 1% polymer water-absorbent resins, 1% starch ether, 5% hydroxypropyl methyl
cellulose ether were mixed as raw materials in a dry mixer for 30 min to obtain the modified seafoam fibers. The modified seafoam
fibers were analyzed based on the physical phase characterization. Cement, kaolin, modified fiber, and fire protection additives in
different weight ratios were added to the dry mixer and stirred for 300 s, and then an expanded vermiculite was added to the mixer and
stirred for 1205, and six groups of fireproofing coating samples were obtained. Afterwards, the samples were then stirred slowly in a
cement sand mixer according to a mass ratio of fireproofing coating:707 emulsion: water of 1.0:0.2:0.8 and mixed for 5 min to make
the mixture homogeneous. After mixing, the fire resistance, bond strength and compressive strength of the samples were
characterized.

Results and discussion Based on the fire resistance test analysis of fireproofing materials doped with six different contents of
modified seafoam fibers (i.e., 10%, 12.5%, 15%, 17.5%, 20% and 22.5%), the fireproofing and thermal insulation properties of
fireproofing coatings are gradually improved with the increase in the addition of modified seafoam fibers. Their fireproofing and
thermal insulation properties enhance with the increase in the doping of modified seafoam fibers, indicating that modified seafoam
fibers play a key role in the fireproofing coatings. Seafoam fibers play a key role in fireproof coatings. The fireproof performance is
obviously better than that of two commercial fireproof materials. The analysis by X-ray diffraction patterns shows that Mg(OH): is
added to the modified seafoam fiber. According to the TG-DTG analysis, Mg(OH)2 decomposes into MgO during the heat process,
and MgO is a kind of superior heat-insulating and insulating material, indicating that the modified seafoam fibers greatly improve the
fire-insulating and heat-insulating performance. The FTIR analysis shows that there are a large number of Si—O—Si bonds in the
sample, and that there is a large number of Si—O—Si bonds in the sample. There are a lot of Si—O—Si bonds in the sample, so that
the modified seafoam fibers maintain its original adsorption and rheological properties. The appearance and morphology of the
fireproof coating after combustion show that the silicon oxide fibers improve the crack resistance of the fireproof coating.

Conclusions In this paper, the modified seafoam fiber was prepared via mixing seafoam fiber, magnesite fiber, silicon oxide fiber
and some polymer modifiers in a certain proportion. The modified seafoam fiber had a better fireproofing and thermal insulation
performance, the magnesite fiber could further reduce the thermal conductivity of the material, and the silicon oxide fiber could
ensure that the fireproofing coating was not easy to crack. To meet the national standards of bonding strength and compressive
strength of the basis, the fireproof coating with 20% of the modified seafoam fibers had the optimum fire insulation performance. At
the effective fire prevention time of 185 min, the coating had a bonding strength of 0.042 MPa and a compressive strength of 0.461
MPa. Compared with some other commercial fireproofing materials, the coating had a fireproofing effect and some application
prospects.
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