H 524,940 T B o ok N Vol.52, No.4

2024 4 4 J ENGINEERING PLASTICS APPLICATION Apr. 2024 41

doi:10.3969/j.issn.1001-3539.2024.04.007

A S AR IR M e 10 F 2R RUBR IR

SR, s, SN R, TRAA
(LABAERHE 22 B Al T2 A2 g b =3 065201; 2. fEdbRM 24 Bem 1l e 2B , AL =3 0652015
3 AU ZEBE RN, WAL =0 0652015 4. NS BRI, NSE sk 014000)

FZE: 4F B T4 A B A B R (RPUF) 25 MR A B PRI 77 B8R = (2- 4.7 25 ) B (TCPP) . ¥ A Mk B2 — ' B (DMMP) 49
JJR By B A HPIR A Ay SRR T S AL, R R AR SR LR M e 4 e WA A FOE 68 69 O ik AT AR R PR A AT T
oMk X R & T 3R BE AF a9 IR AL AR BE R P 57 (MDFR), A 77 AL X 3 AUHF %2 T MDFR % RPUF /) 52 1%
AR 09 % rm 5 R A AR PR BR300 L ALMROBR (AT S Ak 093X F B, BT 50 MDFR xt RPUF FRLMR M AR 69 %5 vm s Al R 2t & T
A 3 E AT E RUE BT T MDFR 3 RPUF LT 5000 B A8 R g %, SHAR3T T B ALER . 2 R A 9, PR
] MDFR #9 Am X\, 48 Fb T 4% %% FL#X %) DMMP #= TCPP,RPUF &9 /7 2 L4338 2L 0 B &, e LM n i L
AR EAETT &, RABF LG m 5 B B, MDFR 2 49 ) RPUF K58 B 69 08 S8 20 A0 COB M 5 @t R B, KT A &
HE AN, HLI5H %, MDFR 89 A A [ RPUF JK XS 6 5 B I3 & Ao 50 58 M 38 A | A7 2% FALOE T MR
A2 P 0 A A TR AR R AR R AR AR AR P g A AT 3G AP BOME FLMK i) MDFR-1 fe
MDFR-2, A TCPP % &4 & bk ¢ MDFR-2 FELIK 7] 2 5 8 4%

RERTA : RAEG R AR BE £ 6 TR

FESES: TQ3283  XEFRIREE: A  XEHS:1001-3539(2024)04-0041-07

Microcapsule diatomite adsorption modified mineral polyurethane foam
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Abstract : Aiming at the flammability of mining polyurethane foam (RPUF), the material collapse and the decline of mechani-
cal properties because of the application of flame retardants tris (2-chloropropyl) phosphate (TCPP) and dimethyl methylphospho-
nate (DMMP) Traditional flame retardants were modified by diatomite adsorption and mussel-like material surface coating, and envi-
ronmentally friendly microencapsulated diatomite adsorption flame retardant (MDFR) was designed and prepared. The influence of
MDFR on the mechanics, the flame retardancy, the microscopic morphology and thermal stability of RPUF was studied by the
universal test machine, the methods of limiting oxygen index, vertical combustion, cone calorimetry, scanning electron microscopy
and thermogravimetric analysis. The results show that the mechanical properties of RPUF are significantly improved compared with
traditional flame retardant DMMP and TCPP, the microcosmic vesicle structure is intact, the pyrolysis activation energy is elevated,
and the thermal stability is increased; at the same time, the effect of MDFR in inhibiting the release of smoke and CO during the
combustion of RPUF is obvious, and it reduces the release of toxic and hazardous gases. Mechanism analysis shows that the addition
of MDFR increases the thickness and densification of the charcoal layer after combustion of flame retardant RPUF, effectively
preventing the heat exchange and the release of combustible and toxic gases during the combustion process of the material , making
it safer to use. Comparing the two modified flame retardants MDFR-1 and MDFR-2, the modified MDFR-2 flame retardant with
TCPP as raw material is more effective.

Keywords : polyurethane foam ; diatomaceous earth ; cladding ; flame retardancy
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#1 RPUFEAESE
Tab.1 RPUF formulation contents

g
Sample PAPI PG DMMP TCPP MDFR-1 MDFR-2
RPUF-0 10 10 0 0 0 0
RPUF-1 10 10 5 0 0 0
RPUF-2 10 10 0 5 0 0
RPUF-3 10 10 0 0 5 0
RPUF-4 10 10 0 0 0 5

1.4 FAEF ik
141 FE4%EE

R4 ASTM D 1621-2004, il i K.~ 9 50 mm
x 50 mm x 50 mm BAK [ 0 37 AIRAE . AR
R B B T 0 BRI IR L PR AR
6], 372 2 mm/min PR HEA TR . IR SR 0510
DU TR A P |, 2SR RE A AR X AR T 28 3K 31 10% .
TR S AT =Rt e 45 SR I =k 3k
SRS
142 LOILM

Hi4 ASTM D 2863—2004 #4732t , B i R~
10 mm> 10 mmx130 mm ; &K = R H
SERE AR A ) LOL,
1.43  FEH KRN AKX (UL 94)

i3 ASTM D 3801-2002 #47 UL 94 3 1A k2
I, FEM RSN 127 mmx 13 mmx 10 mm, 5 =
144 TG 4H7

FREX 10 mg FRMiAE , A28 SR B, I i i
4 50 mL/min, BE FHEHE 4 20 °C/min, 73 HrFE il
1 25~700 °ClH] () i AR th £k
145 W EHSH

2 B 1SO 5660-1-2002 14752k, 4 12 $44L
) PR SR 8 B SRy 50 kW/m?, T3l 5 R ST 2R 100
mmx100 mmx40 mm, IR R R ZE/NTF0.1 g, 5
AFE AR = UORHAFIE R 22 +£10%.
2 HFER5IFE
2.1 RE4%®AE
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Fig. 1 Compressive strength of RPUF samples with different flame

retardants
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Fig. 2 SEM of RPUF-0 and RPUF-3
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Tab.2 LOI, UL 94 class and pyrolysis activation
energy of RPUF samples

Pyrolysis activation energy/

Sample LOI/% UL 94 (kJ-mol ')
RPUF-0 17.3 - 254.0
RPUF-1 27.8 V-0 108.5
RPUF-2 28.6 V-0 113.4
RPUF-3 26.5 V-0 170.2
RPUF—-4 27.2 V-0 174.6

2.4 MW ERSH

FE R AU [ B A T i PR 2 — AR
KGR s, AT AAT R H s BHAR SR A W ok be
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Fig. 3 Heat release rate of RPUF samples
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FE 5 HRR (B8 L4l RPUF RES 2518 TIRZ 16 15
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1, e KR G R RN R i T R A B R A
A, 33y RPUF F i 19 KR A8 BOM D8
M2 3 544 7] 401 : RPUF-0 Y FPI{E /)N, 24 0.012,
b T HE KT AE B M e e 5 1711 BT A BELAR RPUF A 0 1Y)
FPI {44 Fr 4 & , Horp RPUF-3 ) FPI{E fie i, M
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Tab.3 Fire index related data of RPUF samples

Sample RPUF-0 RPUF-1 RPUF-2 RPUF-3 RPUF-4
TTl/s 5 4 5 8 6
PHRR/(kWem™)  404.7 273.2 316.3 313.8 355.6
Time to PHRR/s 12 12 11 15 14
FPI 0.012 0.015 0.016 0.025 0.017
FSI 33.725 22767  28.755  20.920  25.400

Note: FSI is Fire spread index.
243 KR EZ AR (FSI)

FSIJ2& PHRR ‘5% ik PHRR I [a] 4 LUAE . FSI%R
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A KR fa B M e/ o X — &5 Rk — 25
MDER 1 —F BHAA I , 7652 T+ RPUF A48} BHIA
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244 WARBHER

MRK KR, REWVIRBESRBA A FR
RSIH% , X AT A e E . WA FER
TR B R TICA B T 38U 5 MR C I IR fe 3
It , CO 1 CO, B RPN SR A A BB T A

P4 4 >k RPUF FE i 19 COBEHGE R . MK 4 7T LA
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Fig. 4 CO release rate of RPUF samples
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Fig. 5 CO, release rate of RPUF samples
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Fig. 7 TG curves of RPUF-0 at different heating rates
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Fig. 9 Macroscopic and microscopic SEM of RPUF samples char
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