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Preparation of Sulfonated Mesoporous Silica and Its Regulation on
Flame Retardancy and Transparency of Polycarbonate
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Abstract: To enhance the flame retardancy of polycarbonate (PC) while preserving its excellent optical
transparency and mechanical integrity, a sulfonated mesoporous silica (m-SiO,-SN) nanosphere flame
retardant was designed. By chemically grafting sulfonate groups onto both the external surface and
internal channels of mesoporous silica, a high sulfonate grafting content of 26 wt% was achieved. The
robust chemical bonding effectively overcame the drawbacks of migration and leaching, which are
typical of water-soluble sulfonates. Studies showed that at an ultralow loading of 0.3 wt%, the PC/m-
Si0,-SNcomposite exhibited a limiting oxygen index (LOI) of 36% and achieved a UL-94 V-0 rating,
accompanied by significant reductions in peak heat release rate, total heat release, and smoke production.
Notably, the composite maintained its UL-94 V-0 rating even after immersion in water at room temperature
for 72 h, confirming that the mesoporous silica framework effectively inhibited the migration and loss
of sulfonate groups in aqueous environments. Mechanistic investigations revealed that m-SiO,-SN
exerted synergistic gas-phase and condensed-phase flame-retardant effects by suppressing the release of
combustible volatiles and promoting the formation of a dense, highly graphitized protective char layer.
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Furthermore, the incorporation of m-SiO,-SN at low loadings did not compromise the tensile properties or

optical transparency of PC, retaining approximately 95% of the light transmittance of neat PC.
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Figure 1 SEM images of (a) m-SiO, and (b) m-SiO,-SN; TEM images of (c) m-SiO, and (d) m-SiO,-SN
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Figure 2 (a) FTIR spectra of m-SiO,, m-SiO,-K and m-SiO,-SN; (b—f) XPS full patterns and fine patterns of m-SiO,-SN
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Figure 4 TGA curves (a) and DTG curves (b) of PC and

composites in N, atmosphere
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Table 1 Detailed TGA test data for PCs and their composites

Sample Ts0, (°C) Tmax (°C)  Char residue (wt%)
PC 461.8 500.5 22.1
PC/S,1 440.8 483.9 21.1
PC/S,,3 430.0 475.1 19.3
PC/S,,5 425.7 466.0 20.5

&2 PCHRHEAHEHILOTMUL-94M i ¥
Table 2 LOI and UL-94 test data of PC and its composites

UL-%4
Sample LOI (%) — — -
Dripping Igniting the cotton ~Rating
PC 25.7 Yes Yes V-2
PC/S,1 34.1 Yes Yes V-2
PC/S,,3 36.0 No No V-0
PC/S.,)5 352 Yes Yes V-2

TN ] B 58U A S, MBHRRCRIEH T 4.
it KPR AT R N2 . 1 PC/S,3

FEAAE 2 IR /K AR AN [F) I (8] S5 32047 UK (3R 3)

gE W B oR, BIER 72 h)5, PC/S, 3 15 # #F UL-
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Figure 5 Optical images of PC(a) and PC/S,;3 (b) during
UL-94 testing

=3 PC/S, 3B/ MEREIR
Table 3 PC/S,3 waterproof performance test

Soak period
Sample
0h 24h 48N 72h
PC/FR-A 2 (0.1%)140] V-0 V-1 V-2 V-2
PC/KSS ® (0.1%)4] V-1 V-2 V-2 V-2
PC/S,,3 V-0 V-0 V-0 V-0

*FR-A: 1,3,5,7-tetrakis (phenyl-4-sodium sulfonate) adamantane;
Y KSS: potassium diphenylsulfone sulfonate
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Figure 6 HRR (a), THR (b), TSP (c), and CO release rate (d) curves of PC and its composites
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Table 4 Cone calorimetry data of PC and its composites
Sample TTI (s) PHRR (kW/m?) THR (MJ/m?) TSP (m?) PSR (m?/s) ¢ (p-COy) % (%) ¢ (p-CO)® (%)
PC 47 694.6 83.5 25.1 0.213 1.620 0.091
PC/S,,1 33 489.5 71.2 223 0.210 1.156 0.074
PC/S,,3 30 466.4 64.4 21.9 0.170 1.141 0.072
PC/S,,5 26 558.4 76.1 22.7 0.206 1.347 0.089
2 peak CO, concentration; ® Peak CO concentration
(a) CH, 0-C=0, Pheny1 (b) CH, . Phenyl
ho Lo €200 T Bihers H,0 600 °C C-Oéo&g_% :

3500 3000 2500 2000 1500 1000
Wavernumber (cm™")

4000

470°C |

© pc
——PCss,3 CHy
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