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Preparation and properties of HKUST-1@APP
epoxy flame retardant composites
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Abstract: HKUST-1[Cu3(BTC),, BTC means trimesic acid ion]@ammonium polyphosphate (APP) was
prepared by loading HKUST-1 onto the surface of APP via solvothermal method. Then,
HKUST-1@APP/epoxy resin (EP) flame-retardant composites were synthesized by mixing
HKUST-1@APP and EP. HKUST-1@APP was characterized by SEM, EDS, XRD and FTIR, while
HKUST-1@APP/EP composites were analyzed via vertical combustion tester, oxygen index tester, TGA
and electronic tensile machine. The results showed that when the HKUST-1@APP added was 5% of the
total mass, the HKUST-1@APP/EP composite displayed a limiting oxygen index of 27.5%, the vertical
combustion test (UL-94) of V-1 level and the Ap/Ag (the peak area ratio of D to G peaks formed by the
vibration of carbon atoms in amorphous carbon and sp” hybrid carbon atoms in graphite carbon in Raman
spectrum) of the residual char reduced to 0.043, while the Ap/Ag of EP composite with only 5% addition of
APP was 0.3161. This indicated that HKUST-1@APP also improved the carbon layer produced during EP
combustion, making the carbon layer more continuous and graphitic.
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Table 1 Formulations of HKUST-1@APP/EP composites

v E-51 TEPA APP HKUST-1@APP

Fri iU % mlg T i 43U % mlg iU % mlg iU % mlg
EP 87.72 30 12.28 4.2 0 0 0 0
EA-5 83.33 30 11.67 4.2 5.00 1.80 0 0
EAC-3 85.09 30 11.91 4.2 0 0 3.01 1.06
EAC-5 83.33 30 11.67 4.2 0 0 5.00 1.80
EAC-7 81.59 30 11.42 4.2 0 0 6.99 2.57
EAC-10 78.95 30 11.05 4.2 0 0 10.00 3.80

{:: APP 5 HKUST-1@APP (Wi /- B W & G A R B E M S, R,

HEHHT (TGA) i HIME AT, 7EA
SR IEATIERL, FESL RN 2~3 mg, TSR B
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A 20 mL/min,

I FF R0 HG 500 2 SR A 7 i R SRR Ak, S 1R
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Bk 5, BESR SR 100 mm*6.5 mmx3.2 mm,

I T B R e e A HE AT 3 B R e I it
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~800 °C, JHEMR K 20 °C/min, A TMEBEE N
20 mL/min, FEE 5 FE 7 AR SR L1 4K L
400~4000 cm ™', 4&f 20 s BUEE—IR .
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mapping spectra of HKUST-1@APP (d~f)
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Fig. 3 SEM image (a) and Mapping spectrum (b) of EAC-5
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Fig. 10 FTIR spectra of carbon residue of EP composites
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Fig. 11 Raman spectra of carbon residue of EP composites
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