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Figure 1 Synthesis route of POTP
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M gE R EN Wi, i ZkbrT LUE H, 1024 cm AN
1167 cm'(P-O-Ph), 1327 cm '(P=0), 1545 cm '(P-C),
FE820 cm™ KEP—-ClFIH A R SIS 2, Vi T &
B EFR =Y P A AEZEPPTP. POTP I P-NMRIIR G
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Figure 4 The 'H-NMR (a) and "C-NMR (b) of POTP (color online).
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Figure 2 FTIR spectra of PPTP(a) and POTP(b) (color online).

500

60 0 40 | 20 10 -10 -20 -3 -4 50 -60

0
£1 (ppn)

Bl 3 POTPHI P-NMR I 8% 4 L7 1)
Figure 3 *'P.NMR spectrum of POTP (color online).
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(CHCL,, 400 MHz, 6): 148.9 (s, 1C), 119.3 (s, 1C), 124.7
(s, 1C), 148.7 (s, 1C), 130.9 (s, 1C), 121.1 (s, 1C), 133.4
(s, 1C), 131.2 (5,1C), 130 (s, 1C), 134 (s, 1C), 125.1 (s,
1C), 128.4 (s, 1C), 135.2 (s, 1C), 128.6 (s, 1C), 127.8 (s,
1C), 130.3 (s, 1C), 123.6 (s, 1C), 149.26 (s, 1C), 147.3 (s,
1C), 120.4 (s, 1C), 130.6 (s, 1C), 135.6 (s, 1C), 20.7 (s,
1C). Hi bAUEE Barkn, Frér i B ER= 41 ' H-NMR
FPC-NMR (L2 R0 F 5 T PO TP 25 KO A, 6
APOTP ) A5 K.
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LOIMR . UL-94313% X EFF s,  H 3 rh 3 aT LA
E 1, EP-0#ILOIME N19.8%, BHAEPHLOIHE#EP-
O#(1) 7. BEZE FLIAFIPOTP/MMT/APPY I & (1) A Wr 18
I, FEEAEPHLOMEZHT 3 i, 1 EFFE Ja 38 K5/,
2 BRI B AN N BN 7%, FREP I LOTE &
25.6%, UL-94FH#RZm nT A B V-02; BRI I
9%, BHRAEPHILOME Wik $1)27.6%. X it B BH 1A
7IPOTP/MMT/APPIFINANELAE | MR IERAT N, H
R P i I LOIE.
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F 1 HBEPE SAEHHEC ) 2 LOL/UL-94 %3

SIS TAN(TTT) TR B K M e $ia 2 (FPI)E 2
IR AR B M () BB BB, 38 FPUE /D,
g RN 2T LA Y, BEARFHIREPE &1
B TTIHE BE & FEAA T POTP/MMT/APP & & (389 I i
BA, (2 FPUE FE BE AR A3 m Je s/ fa 3K, Rtk
INNE &2 R BRI 77 IS 7T LABEAREP & A MR K 9 X
R M. FARE T (HRR) I H 2 RAE K 9 0 5 1Y) i T
BHHERES AL, WA VPN RRE LR K 5 6 P 1 3 22
Fobr, FUEC R Jok ekt 454 5, b)
MIZZ20T 50, EP-1#11) 5 K BB 0HE #2 (Pk-HRR) /51 T
EP-0#, X EZHT PRI INEE D, SR
FIR IEATRE, miR AR T R R BIR R ATEP P X
BRBE, (155 A3 RHIPK-HRRAG T K Bl BH R
POTP/MMT/APPIHL A& 3N, FHIAEPE & A4k} 1)
Pk-HRRAE A THRAE 51U/, 4 POTP/MMT/APP
TS N9%I, P-HRRAH T 424962 kW/m’, THR{E
BEZE64.2 MI/m’, 2} BIFRAE T 50.1%H127.4%, FEARHI#
PHI . P BHAFIPOTP/MMT/APPATEPR:AL B B
UF PR CR, ReH S KEPHEAM THRR A THRAE,
FEAREPIEA TE K K P AP AE TR AE M. B A MR R 47
FIBHIA R T BE SRk B 1 — 5 T, BELBRTN 0 i e A i
N2 IR (AL EPHE A B, BT 1) 7% ) 78 75 /EEP
SR T PHAE AR A8, (R IR S A RS Y
i, TR R BRI, 0y
T, BEAFE B POKA SRS A -HAM-OH, 55
RZHITEIK, SELEEPHELA I e R ket 7

SR TS B (TSR)FI A A 2R (SPR) A& PEA 44 )
TEKRRRAER PSR EES. 245 KES)R(d)
ALAE H, 7E130 s, PE-1#H FLSPRIG(E BEP-04 5,
125 sif, EP-4#HIISPRIG(H; PHIAEPHITSRAMISPRIE
YUK TEP-0#, Bl#E FHBRFIPOTP/MMT/APPI N 1)

Table 1 Formulation and LOI/UL-94 data of flame retardant EP composites

Mass fraction (%)

Sample LOI (%) UL-94 EFF
EP POTP MMT APP m-PDA

EP-0# 91 0 0 0 9 19.8 NR. \

EP-1# 88 0.67 1 133 9 23.1 NR. 0.66

EP-24# 86 1.33 1 2.67 9 249 V-1 1.02

EP-3# 84 2 1 4 9 25.6 V-0 0.83

EP-4# 82 2.67 1 533 9 27.6 V-0 0.83
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Figure 5 Cone calorimetry curves of EP and its flame retardant composites: (a) HHR, (b) THR, (c) SPR, (d) TSR (color online).

% 2 POTP/APP/MMT/EPH#ETE B H: Bl
Table 2 Data from cone calorimetry of POTP/APP/MMT/EP

Sample TTI (5) Pk-HRR (kW/m®)  FPI (sm”kW) Av-HRR (kW/m?) THR MJ/m®) TSP (m’) Mass loss (g)
EP-0# 70 993.1 0.075 2389 88.4 105.3 91.9
EP-14 60 1235.7 0.048 149.9 87.7 83.3 874
EP-4# 55 496.2 0.11 101.2 642 754 777

$0, TSR, SPRUVAGIENTE T 42, th THRHERIIF 44
FBELIAALSMAEP PO TR S BT E R RO B, 8
R AT, B2 MR 75 U REAE T
B ISR, AR (£, ST
SRR, T BRI S SR, 0
B

3.2.3  FHAREPHYER R K

T B2 HTPOTP/MMT/APP X EP ) FHIAHL
B, OHHEM & AGS R B R TESEET T 0 #r. B
645t T ZEEPAIFHIREP & & A RHBR B J5 5% o 1 T 3
K. tHE6(a). (b)F(c)rT LAF H, EP-0##ked 5 JLF

A TR A, B BRI N LA FE 386 T, 5 o= i i
W%, RIS LR B4R E R AEZKILS,; EP-
IH#FEP- 4 FE R B2 5 1 JE BE 23 IS 31 1 2.8 em Al
5.6 cm, i B BRI R 3E i T EPFEA R Rl R M RE.
— 5T, BELBRF A3 A= A Tl I A SR B IR 5 78 24 PR YR AT
IR IIVE FEACEPIE M R T B, R )% J5 FHAREP Y
R BRI, 07, MMTHEZ G0 R Pk
(R R 2 2000 VAR JR 56 ) s &5 A R T 2 G BELRA 571 ) 52
R RS IV B 5 ¢ J2 R T B RIS 4545 e (d) AT LA
B BIEP-O#7 A MR 2 —AELLN, MAMNEH 2~
Az, N RTBRIE R ENRAE T RS IEIE, BT DA RERE
FRLF I RRAE T, SEEP-045 K. 454 KEl6(e)Al
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B 6 A E A 1 POTP/APP/MMT/EPHE F (a~c) X SEM i (d~f). (a, d) EP-0#, (b, e) EP-1#4, (c, f) EP-4# (M4 IE)
Figure 6 Photos (a—c) and SEM images (d—f) of POTP/APP/MMT/EP after CONE measurement. (a, d) EP-0#, (b, e) EP-1#, (c, f) EP-4# (color

online).
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BT BRI T N, AR T BBFIPO-
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Figure 7 Schematic illustration of the flame-retardation mechanism
of POTP/MMT/APP-EP (color online).
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Figure 8 TG (a) and DTG (b) curves of POTP/APP/MMT/EP (color online).
% 3 POTP/APP/MMT/EPHITGHIDTG¥
Table 3 TG and DTG data of POTP/APP/MMT/EP
Sample Tsy, (°C) Toy, (°C) Tso, (°C) Tax (°C) Rigpec (%)
EP-0# 357 378 408 397 15.03
EP-1# 348 360 405 372 24.65
EP-2# 336 351 404 380 28.22
EP-3# 321 336 410 363 27.81
EP-4# 321 329 399 373 29.32
T3, HPpEEKRS% R E NI RE 4 458

FE, Tad€ SN R EIRRI 1R E. 255 K8®).
O)VFIRIFTLUEH, FHBREPE A PRI Ty 1 T PIE
TEP-0#, H.FHEBHERFIPOTP/MMT/APP& & K4 N
Ho T T, SR EAG. X IFHEFRBA AT E, TR
TRIREE R AE IR . SRR ] R AE BRI £ ot
RESEE 3t T EPEAM [ M5 M, FEHMREPE &M R
Ty M T BERTY. 137740, 700 °CIN BEEAEP I, 3¢
B LEP-0#1, fix i I EP-4#5% 5 B 1l 15 529.32%,
FLEP-0# 751 H14.29%, 15 BABHEAIPOTP/MMT/APPH)
TN B T EPRIRIRAT R, HHBEAE IR
AR, BT BRI il r= W mT 78 A R IR B EP S A
1 H SR EA AR E IR 2, RYE
JZEPEARAG it — 25 B, DR G S BB REP 1 5 0% &
R, U BRI AN\ BE G A EP IR B A 1 e

S5 3k

(1) AKX A TDOPORTAEMPOTP, HKH
FIIR. ’'P-NMR. 'H-NMR#"C-NMR*} H#4T T &5
FIZRALE; (2) #POTP 5MMT M2 APPE Bt X EPEAT FH A
B, BRI N B N 7%, BHIAEPE & A REIUL-
94 ATIE V-0, LOUE N25.6%; s InBHEATI A
9%Irt, FHBREPE &44 BT LOME AT ik $127.6%. BT
I NAL EPYI UG 7 A FE A BT BRI, H L R VR
R TR T50.1%, AREBUS & R 127.4%, Bk
1529.32%, BEIATIA 23 i 1 EP ) BELA 14 BE A 4
PERE. (3) POTP/MMT/APPRHIAFGEMEHEEPIR T FE
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Effect of polyphosphate flame retardant compounded montmorillonite
and ammonium polyphosphate on flame retardancy of epoxy resin

Ji Yang, Yonghang Zhang, Juanjuan Fan, Yang Min, Daming Ban’

School of Chemistry and Materials Science, Guizhou Normal University, Guiyang 550001, China
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Abstract: A new polyphosphate flame retardant, polyphosphate-2-10-hydrogen-9-oxa-10-phosphaphenanthrene-10-
oxide hydroquinone p-tolyl ester (POTP), was successful synthesized by p-methyl dichlorophosphate acid phenyl ester
and 10-(2,5-dihydroxyphenyl)-10-hydro-9-oxa-10-phosphaphenanthrene-10-oxide (ODOPB). The chemical structure
was characterized by Fourier transform infrared spectroscopy (FTIR) and nuclear magnetic resonance (31P-NMR, 'N-
NMR and 13C-NMR). The POTP with ammonium polyphosphate (APP) and montmorillonite (MMT) was added to
epoxy resin (EP) for Flame retardant modified. The flame retardancy and thermal performance of epoxy composites
were investigated by vertical burning (UL-94), limiting oxygen index (LOI), thermal weight loss (TGA), cone
calorimetry (CONE) and scanning electron microscope (SEM). The results showed that epoxy composites obtained a
UL-94 V-0 grade when 5% flame retardant added. When the added amount of flame retardant was increased to 9%, a
higher LOI value of 27.6% can be achieved. The cone test showed that the residual carbon content was as high as 29%,
and the peak of heat release rate (Pk-HHR) and total heat release (THR) decreased by 41.7% and 31.1%, respectively.
The thermal stability and flame retardant properties of flame retardant EP at high temperatures have been improved. The
morphology of residual carbon after the CONE test shows that flame retardant EP forms a more stable and dense
expanded carbon layer at high temperature. Its carbon structure can isolate the exchange of combustible gas and air, and
effectively inhibit the release of toxic gases in the flue gas.
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