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WE: NG E A PRBH AR S A, ASCRURER . XK R 9,10- - F-9-%47%-10-
W4« JE-10- 4L (DOPO) NFE K4 T DOPO Mifigtb &b B (CNSC-DOPO), ##3H 5 K #k
B4 (APP) B 15 3R & R BIKL ( APP/CNSC-DOPO ) Jf#il & 1 3 &M g & & # K
(EP/CNSC-DOPO #il EP/APP/CNSC-DOPO). X} &AM k1 S ANERE . BHIRPE 58 F0 40100 14 g
T THRFL, S5 3RE, 24 CNSC-DOPO iRIE N 3wt%H, EP/3CNSC-DOPO & & M EH1 T #R
N 1.013 W-m K, AHEEF45 EP $27F T 264%. It4h, 24 APP 5 CNSC-DOPO [# i B H R 12.5:
1.5, Bl MEN 14 wt%, EP B &M kX F] V-0 &, LOI N 32.4%. 54 EP M Lk,
EP/12.5APP/1.5CNSC-DOPO FI#EBGE %R (HRR). BB E (THR). A MHE#E %R (SPR).
SHA R (TSP) F CO A i (COP) 70l N FE T 74.39%, 44.16%, 67.65%, 52.13%H
54.83%. 5l A CNSC-DOPO Y EP/APP 14 F /=4 R i v [ PR, A4 7 #5467
B AVRETR, A RARTE T ORRE B BELKA 14 R R4 0 1 i

RERW: 9,10- ~F-9-FAR-10-BE 2 FE-10-A W) KR AN SR FHIAMERE:
0 4 R

WEMAE (EP) BARMMAFEREE. NEERRBASR S, R TS R RS
T T T2 B U2 AH T I B A BE AR S A RE M E A 2 T AR SG mAe B B S I B B0l
UbAk, EP TERARRIT 8 AR R KA BRI, AR Gy R R U8, ik, S
KT H A& T BERE . M RE AN BERE )11 EP R &M RL R E 2L,

R, R WL BP BEBR SO 77 S — U I BRI, o R BHBR, &8 A A R
FABH AT, B 20 2R BELIA 77 R G v s FEL A AN R CRARE VE T A 2 W 7. Hoh, Rk %E: (APP) 2 —
Pl O R BEA T, AR R PRl S da e v . SR, APP AE N —FCHLBEERR, 5 EP A
PR, FEBLRRCRAEN, Kk, APP I 5 H A BH AR5 B R4 DABE s B M g . Li 2503
RIE T —FA WL-TEHLAAC D ReAL 7 RBERR A R, 5 H 5 R R E: (APP) 254 —&EMAEPH, &
SRR V-0 4%, LOI N 30.5%, EFHMIR T EP KM Kk,

TR T A B S AU, Bk BP &M R R AT BB R 1 1 R B 0 75 2 4% H 1 S Ak
Hal, Nigm EP fSHAMERE, JEH RHAB NG SRR 7. mMEMH (g-CNy) £—FRf
FABIGIR E ey bk, BAHI& TR AR L BG4 B e 5 3 s 2 1
R BEEE I F T R AR AT M A TR SR USSR, BT g-CsNy 2 [ Y 8 4R ) 3 B R HUIR g-CsNa,
AN Gy AE A TR A i, T B B LR SR R ) S AR R R L R A R 116, Wa S5 DV G o 2 S R
g-C3Ny fill 8 T RIFLPEE A (CNSCOo BT RBK 7 T IHEAITEL T g-CaNa 57 IE5H, K
T g-CaNg 143 Hi
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AL, S EU EAIRGIK BT Y R EE BRI, BE A RS 5 A R, (BB PE REA
e, R, e — 4R R g-C3Nay 123 HICPE R0 BE A 25026 7 2% kAT PR R Dh B4k - 9,10- —&-9-% 2% -10-
W24 FE-10-4b % (DOPO) 1EN— s R E LI R LA, R RGeS BP RIFH
AHAAE , FE 39 58 1 JZ DR 23 S50 A LA 28026 T T AR I R AR OR B AR 3 - Geng S5 USIRI I 5% it - (MMT)
5 DOPO i i 15 @l 4 J2 72 11 % 7 DOPO-MMT, AR T MMT 7E EP A AH 25 14 [F) I 3 s 32 7+ 1
EP [ FHBR M BE o

ASCULXI R W, JREA DOPO NJEEL, & i 7 DOPO Jifgft CNSC (CNSC-DOPO).
)5, ¥ CNSC-DOPO 5 APP LA 1) & 43 B by & 19 2 7 FHIR 5 Ak (APP/CNSC-DOPO),
¥ CNSC-DOPO #iI APP/CNSC-DOPO 4 4l # AN ¥ % # Jii 1 3% 1§ T EP/CNSC-DOPO #l
EP/APP/CNSC-DOPO E &4 #L. i S, BT 7 CNSC-DOPO *f EP ‘T MEREII M o HL4h,
M &b BRI B, WE9T T EP/APP/CNSC-DOPO & & W4 B} i FEL A 1 B F0 04 14 it

1 SRS
1.1 A S

XU -A S 4K H I EE (EP, E-51), %248 184~194 g/mol, Kif¥: 11,000~14,000 mPa-s,
MBEERAERMEARAR; JRE (HNCONH2), 95%, RiEERIWERFIEIRAA; XK HEE
(CsHeO2, 98%, Lifi5 BALZEHARARAFD; 9,10- & -9-E A=-10-M 42 JE-10-E 4k (DOPO),
97%, bilgFEwMRAENRERNARAF; Rt (APP), n: 30-100, i3 kAL RHE G
AIRAT,; 44 -"F3E KHFE (DDM), 99%, LigRTH T A bb Rl oA PR A .

R T2MBi: GeminiSEM 360 Y, fH[EZZw] A wF]; AKFHEMEA: CZF-3 &, LT 70
IEET s AARENEA: JF-3 B, VL) s SMAKT: TCi Y, H357, iEE S
WARE AT E AR T AT (FT-IR):  PerkinElmer 400 £, 32 [HH1 4452 /R ER B A PR A 5
X WEATHAN(XRD): Rigaku D/Max-2200 2, H A, LAMNREARAL: Testo 865 AU, 1l [E 1 [&];
HETE B 6810 B, T [H RN FHIZ IR R E Rl B R G IR AW Jife /)2l bl: RGT-20A &, E
g —fE R A g RAAAXBE R RN XC-22 B, AR R A R A A .

1.2 SRR

1.2.1  JERBILPEE AR A6 & R S0 B A 2 8 T Al ) 07 B 15 g JREAM 03 ¢
X R R I\ 5 3, B SR R N S 38 DL 10°C/min Y IR T 26 E IR TE & 550°CHLR
i 2he PR A ERIRG, 193 B O RBILHE R K (CNSC).

1.2.2 DOPO WjRgAb B AL TR (] 4% . i85d Kabachnik-Fields [ B2 9,10- —4-9- 4824 -10-1 24 JE-10-
AP (DOPO) 5| N CNSC, f3%] DOPO Ihfg & B (CNSC-DOPO). F %, ¥ CNSC 43 HfE
CEEVETR, A E She Hk, HX 0.89 g DOPO 1 50 ml Z T =#Ukefir, FE7E s 4k b i
% 80°C. #AJS MM CNSC L, 7£ 80°C R4+t 15h, firf Mg, £idig. Bekk. MT153
DOPO Hifigth B LB (CNSC-DOPO). CNSC-DOPO [l % T. 2.4 Fig.1 fizr.
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Fig. 1 Synthetic routes of CNSC-DOPO
1.2.3 EP &M EHIH] % B ASF LI CNSC-DOPO Al APP i AR Fi v, #1521 J5 In A\ EP
H. 90 °C R AR HidE, HRENEPFRE. MARLT DDM (EP 5 DDM &L N 4: 1), 4k&E
PP ] A0 77 58 VA R . B S K IR G IR R AR, 7R EOR TR HdEAT 100 °CTIE 4K 2 h,
150 °C[Elft. 2 h, 19%] EP B &Mk . FHEAIEL 7 W Tab.1.

Tab.1 Formulation of EP and its composites

Sample EP/wt% DDM/wt% CNSC-DOPO/wt% APP/wt%
pure EP 80.0 20.0 0 0
EP/1CNSC-DOPO 79.2 19.8 1 0
EP/2CNSC-DOPO 78.4 19.6 2 0
EP/3CNSC-DOPO 77.6 19.4 3 0
EP/4CNSC-DOPO 76.8 19.2 4 0
EP/5CNSC-DOPO 76.0 19.0 5 0
EP/13APP 69.6 17.4 0 13
EP/14APP 68.8 17.2 0 14
EP/15APP 65.6 17.0 0 15
EP/12APP/2CNSC-DOPO 68.8 17.2 2 12

EP/12.5APP/1.5CNSC-DOPO  68.8 17.2 1.5 12.5

EP/13APP/1CNSC-DOPO 68.8 17.2 1 13

1.3 MR5RIE

1.3.1 A2 gE R AE: FT-IR Y6148 ] PerkinElmer 400 %Y 37 20 48 Y6 184G AT M « % KBr JE

A, AL E N 4000-500 cm™; XRD 8 ] Rigaku D/Max-2200 JE#% P M, X 5 2R A7 S 52 41 8} i

REER: R FHASEVE O IREER, Ko 28 X SF2RTE, 2055~ 10-90°, HF# ¥ A 3° min',

1.3.2 SRR SREREIE Y SR EU (TCi, H357) A= FIHA 30 mm>30 mmx5

mm K/NAES, BRI = R .

1.3.3 AP AT A HT: K 30 mm>30 mmx5 mm KDL S B TR UGS (90°C) F 1508, FF

8 FHZL A AR A (Testo 865) 1033 T I #4 J ¥4 £ A FEAE i 3R T 0 IR 2 AR 4K

1.3.4  BHRMERE 7347« 38 EBRECUL-94) MR A F CZF-3 2B B BRI AU RS A 130 mmx 13 mmx3

mm FIFE g T IR PR AEFE 2 (LOD MR A JF-3 S4REL, R4 1SO 4589-2:2006 #5147

WA, AR 130 mmx6.5 mmx3 mm; HEFZE I (CONE) AR A 6810 BUHER B, HR4E
3
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ISO 5660-1:2015 Fr#EdEAT MR, REER A 100 mmx100 mmx4.0 mm, #7535 E N 50 kw-m2.
1.3.5 SEM 73 #1: M E S A H ISM-7500F AL 494 B 7 8 B dE AT R AE, DGR A1 0 0 38 11 2k 47 %
A, NEEE 15 kV.

1.3.6 72 ae il o frnm BE I aCiE i g 5 1 IR ALIEAT , AR U i o) % RO 28 L 25 A,
AR A ASTMD683, Hi 3 8 5 mm/min, RN 3 KECFIME . i 5 B I 0d i % 4 =0
BB g ph RIS ML R A 80 mmx10 mmx4 mm FIRE FhEAT, AR N E A% GB/T 2567-2021,
HEHEIMR 3 WBCF 14 .

2 HR5Hi
2.1 ZEHRAE

g-C3N4. CNSC. DOPO & CNSC-DOPO 4L 4h 6 i 4n Fig.2 fiox . 1E g-CaNs i b, 7+
3032-3491 cm! [ 55 MR IS U6 >R 8L SR R I R AR B, 1047~1590 em! 2 8] (1) — R F REAFIE T PR T
ZHEIA T C=N Ml C—N B3 d Rz . H7F 805 cm! Ab 4R AL WA X B T = R 3R (AR AL 25 fh R 30 X EE
g-C3Ng, CNSC Jtilrh, 3032-3491cm™ YW IS UEE U 5 P I . 818 em! Al 1614cm 4b MR HSC U 43 531 U
DR 5 B 2R3 1 25 AR 3 A1 C=N A 4E IR 3N o U WIS 2K — H I 5 g-CaNy 2 [ 1 20 JE I v
AT RS RS PEE AL R . X T CNSC-DOPO, 7E 2385 cm™! &k DOPO ] P-H {45 R sh i 19, it
Ab, 1E 1465 cm' 618 cm™ A1 903 cm! &b H B 1T RIS U, 43 i BT C—NL P—C. P—O—Ph
AR 4R sl . SLEG 45 FE B DOPO #Ih5 CNSC = Vs

DOPO
M(W
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Fig. 2 FT-IR spectra of g-C3N4, CNSC, DOPO and CNSC-DOPO
CNSC-DOPO Al g-C3Nq4 i) XRD St 41 Fig.3 . 1E g-C3Ny ) XRD S, 29.7° )75 16 5
KT g-C3N4 1) (002) @i, X2 T3R50 05 ik R HES 51 & . X T CNSC-DOPO 1 &, (002)
i TR (147 06 5 Y S8 PRI LW AT M B, 0 A 8 el ) 26 R DOPO IS AT HEL T g-CaNa I IR 4504, 9
KT EMPE, #—PUE T CNSC-DOPO I il % -
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Fig. 3 XRD patterns of g-C3N4 and CNSC-DOPO

22 SHESHT

Fig.4 N EP K HEAMEIR SH A WE R, 20 EP M AEHMN 0279 W m! KT, X4
MBI g-C3Na F1 CNSC-DOPO J& , & EH T 3 R B B4R & o, 40 3wt% 1) g-C3Ny
B, SAMESRRECN 0.527 W-m-K!, I 3wt%[1 CNSC i, E&MESMAECN 0.745
W-m-K-o T I0 3wt% CNSC-DOPO [ EP &M B S ARECH 1.013 W-mK!, 54l EP #HLL
PRI T 264%. XULAEAFGINE T, HET g-CsNs 5 CNSC, CNSC-DOPO F I H 4T ) T 4
PERE. 1X FZEIHT CNSC-DOPO 5 EP HJE B A HAE EP rh 54 B 0o = 1) 43 |, AT S
CNSC-DOPO 4 FEHEF, TR 2% (4% P A2 AP 75 T S i, o6 Z 3T 7 AL ik e,
tk4t, DOPO EAAWIMEF ¥R, w5 EP @i n-ndf SR A HAEH, AT mA, #3F—537t EP
MR, R, HGFREERE DN, SE5MEK SRAEAFEIK. Xl T FHRE
RIS T BI5E, RGBS R8N, MK T EP E6 MBS 3k,

Z: k%W, EP/CNSC-DOPO [ F#MLEIAI T« LI & 1) g-CaNy AT 2 5 A MRS
PrERE . HA R INE KBTS, CNSC-DOPO EE AR Bt g-CsNa 7E EP H B AT [ 47 (0 S # ik g
X B BT R CPE N g-CaNa e R TE g-CsN4 7E EP 120k, B8 5 T 52 G 7 10 T #ul
P, HEM KRR EP B &M R FHMEE. A1, 4 CNSC-DOPO ¥ i & 3 i/ 48 <= 51 ik 41 5
W, 7E EP WITCIATE R E B S Gl s, R S8 T SRR K.

12 - JEP/gC\N,

L ewesoro
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Fig. 4 Thermal conductivity of EP composites
NT R BP MBI BT N, i I A AR AR 3 T IR A ) i R R TH R R
A4k, &5 a0 Fig.s M Fig.6 Fion. BHEW AL, 76 100°CHn#G b, 46 EP iR & _EAHEiE, 150
s WX T+ 2 57.4°C. #MLkZ &, EP/3CNSC-DOPO ] FHif & 64.2°C, H EP/3CNSC-DOPO #[#H 14 44
R 4D 2 T I B A A4 T8 BH R AT EP/3g-C3Ny #1 EP/3CNSC .
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Fig. 5 Infrared thermal images of the (a) heating process and (b) cooling process of EP and its composites
NYGAE EP 2 & MR ECGRERE, 08 TR R AR . 26 EP 1R TR EAE 150 s WA
52.8°CP# %5 44.2°C. EP/3CNSC-DOPO H & 1K HUHR E M 57.2°CF# 55 43.7°C. MM i T APEAR,
FER T HAE T SRR IA IR, DU 8 AN DR A7 R 7 A2 (0 A 38 2% o M P B SR s o T 8% Jit A
SRR BT T A T AR, AT BEAS T IR R A Y . M2 R, 51 CNSC-DOPO Ja
EP/CNSC-DOPO & &M BH S H LS 2] T #2 7 . 1X 122 CNSC-DOPO (¥ R 451 B AT BRI L%
AR FE LE . BESRTH I 55 3 SR IR 1) 510 AR 8 1k JF T e 4 (0 S PG B, A RO e S T AL R s 1
AU, TR T 1 Ik RE .
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Fig. 6 Changes in surface temperature of its composites as a function of (a) heating time and (b) cooling time

2.3 EP K EP E&5#E KRR

IEW NG A PRI 2 R e R AR B 420 HE A0 45 SR Tab.2 ATl o

i Tab.2 AJ 1, RZEFHMRACEER EP 75 SR G R8s, ik A48, H LOL{EIHN 23.2%, K
ai EP tH 5 k. BiE APP & =G N, EP/APP E &M B LOTZHIG . 24 APP IRINE N 14wt%
i, EP 24 MEHAS] UL-94 V-0 %54, LOI #INZE 29.6%. 1X £ EJE H T APP 752 ) il i F& v =
A B R IR AE WS (R 3t EP /K s, R I RS 0 B9 NH &5 AN ] SRS v] 7 RUORR B S80S T IR SR ik
B, MM ZEHRTE T EP LA TERE . 24 1.5wt% ) CNSC-DOPO 5 12.5wt%f] APP ERCH;, EP )
LOI fH =14 32.4%, FFiEid | UL-94 V-0 4. 45 R Ui 7EA & 1 Fl ~, APP/CNSC-DOPO FH#A
A RTINS I SR A5 TE A S 1 LR

Tab. 2 Flame retardancy of EP thermosets

Sample ti+t2/s  Dripping UL-94 LOI/%

Pure EP >50 No NO 232
EP/13APP 13.7 No V-1 28.8
EP/14APP 53 No V-0 29.6

6
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EP/15APP 4.8 No V-0 30.9
EP/12APP/2CNSC-DOPO 14.7 No V-1 30.8
EP/12.5APP/1.5CNSC-DOPO 8.8 No V-0 32.4
EP/13APP/1CNSC-DOPO 6.9 No V-0 33.2

2.4 EP REAMEKREEITA

T HE T B BT EP S B A MR BT N AT A vP Al . 45 R S A AR K]
(TTD. #EERBGEZR (HRR). HARAE (THR). BABME (TSP). ~HMAMAERE (COP)
F—4 Bk E R (COP) 4%, 1 Tab.3 #1 Fig.7, Fig.8 Fi7r.

MORF & KB CTTLD 2 i & M REfE K ) — A~ = 248 bx . H Tab.3 W] %1, EP H
EP/12.5APP/1.5CNSC-DOPO ] TTI 54> %109 55 s+ 48's, iXJ& T FLAFIMIIMAIEH T EP 25 &
fit, ST E KBS R . 40 Fig.7 Frax, 46 EP IR HUE R IE(E (pHRR) 4 1366.7 kW-m?2, THR
9 125.9 MI'm2, UBA4E EP 7fERR eI FE vh & 72 R KR (W #vER . #HE T4l EP, EP/14APP (1) pHRR F
THR % 54 449.3 kW-m2 fl 99.5 MJ-m=2. ifi EP/12.5APP/1.5CNSC-DOPO [{] pHRR [& 1k & 349.9
kW-m?2, THR {4 70.3 MJ-m?2, 54 EP fHEL, 2 &K T 74.39%M1 44.16%. b4, 5 EP/14APP
#H ., EP/12.5APP/1.5CNSC-DOPO [) HRR A1 THR FREEEHENEE. X FERLH T APP 5
CNSC-DOPO ¥ [F/F H Be 8 {2 14 EP TRIE Y il R 47 1) R J2 » AR H 2 88 B B B2 PO\ PO2-%5)
DA 2 H-F1 OH- H f 2%, A APHIE T EP I#RKke, M 7 # i R

(a) 1500 | — EP/12.5APP/1.5CNSC-DOPO (b) ——EP/I12.5APP/1.5CNSC-DOPO

EP/14APP EP/14APP
—Ep 120 | ol

1200

900 80 -

HRR (kW/m?)
=Y
=}
T

THR(MJ/m?)

600

300
’J\ 20 F
0 L L L ) 0 | L L )
0 100 200 300 400 0 100 200 300 400
Time (s) Time (s)

o
(=)

Fig. 7 (a) HRR and (b) THR curves of EP and EP composites

Tab.3 Cone calorimetric test data for EP and EP composites

Sample EP EP/14APP EP/12.5APP/1.5CNSC - DOPO
TTUs 55.00 52.00 48.00
pHRR/KW-m?  1366.70 449.30 349.90
THR/MJ-m 125.90 99.50 70.30
pSPR/m?'s! 0.34 0.13 0.11
TSP/m? 33.09 21.11 15.84
COyP/gs! 0.31 0.18 0.14
COP/g-s! 0.028 0.0072 0.0068

TESRFR KRS, RPN E A AR SR T EERE. Bk, WEHE

5 BRI 77 3802 PEAN KO B P 1) B 2T B . 456 Tab.3 1 Fig.8, EP [ RS 50 22 W fE (pSPRO

TSP. CO2P 7354 0.34 m2-s7. 33.09 m? Al 0.31 g-s™!, ¥i B EP 7ERRBEIT SR K B 5 Al 7554k .

ifi EP/14APP & & #1 K] pSPR. TSP COoP 4 %24 0.13 m2-s'. 21.11 m2 F1 0.18 g-s'x IX VA AT APP

AR R R AL 3 EP MK Bk, TR R E, N> A BB . T
7



BAFHERESTIE
POLYMER MATERIALS SCIENCE & ENGINEERING

EP/12.5APP/1.5CNSC-DOPO [J pSPR. TSP 1 CO2P 73 AIFEMKZ 0.11 m?-s'. 15.84 m2 f1 0.14 gs's
Lol EP AL, 05 T 67.65%. 52.13%-. 54.83%F1 75.36%. It4k, EP/12.5APP/1.5CNSC-DOPO
ff) COP {1 EP il EP/14APP. W] APP Al CNSC-DOPO [FJ I R ] 1 MR 55 AR (KRR L
H— DR T EP M.

041 40
(a) —— EP/12.5APP/1.5CNSC-DOPO (b) ——EP/12.5APP/1.5CNSC-DOPO
EP/APP 35F - -EP/14APP
—FEP —FEP
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Fig. 8 (a) SPR, (b) TSP and (c) COzP and (d) COP curves of EP and EP composites

2.5 FHBRNLE T

Fig.9 Jy EP K HE &R TE B a5 i 7oR B Al SEM K. L% Fig.9, 4l EP WK &
A%, HIRJZRERE . 1 EP/14APP B-EM BRI IETE R 72 3.8 em M ORI R =, BRok & B R 38,
W2 AR B 58 . (H5VE R L, EP/12.5APP/1.5CNSC-DOPO & 2= EiAF] 7 5.1 cm, #il] APP
) CNSC-DOPO (1A GefE it EP ¥ i TE A2 € I K (1) % /2 - 1l EP 55 EP/14APP 5 & MPEHK R 2K 1M
A/ K EFLIH . 1 EP/12.5APP/1.5CNSC-DOPO ik |2 K ¥ i /N I FLIR . ok )2 30 0 B 42T .
X T APP 5 DOPO 73 fifg = AE I R B R . BERR A B T B R E &, (EE SRR /= 454
ke E MECE . ks, CNSC-DOPO 5 EP A R4F, W AEEAR I A e IBERE 2%, A 24
1E EP B R PG B A & Y, 4k R E SR T T EP A RE . Ktk, APP/CNSC-DOPO A fié i3
EP U A RIUFBEMEH R R =, ARG | A& AL, MTTEE S 1 EP (%) FE A Be A 4

PERE .
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) o d 3 s Lo
Fig. 9 Digital photographs and SEM images of residual carbon after cone calorimeter testing of (a, d, g) pure EP, (b,
e, h) EP/14APP and (c, f, i) EP/12.5APP/1.5CNSC-DOPO

& Lk #Hr, APP/CNSC-DOPO HIBHBAMLEI W~ (Fig.10). {E&EEAHH, APP 5 DOPO #fi#
FEAE IR AT AE WA 3 EP MK R H Y BOE SR BUE . FROE MK RE, fef Zsksz a5

AL, IHIRRE N I EERE . AR CNSC-DOPO H/r Bt — 4k iR by, BAWH BN, W]
HE— DR R A B AR S VR IR, TSR R I PR MERE . L4, CNSC-DOPO fh
(1) 5 ANE BRI A A A SRR N A BT AR 0, BRI T EP N BRI AVEFRER, AR & e T
TES MY, APP 5 DOPO & 1] 7p fiff H & B I 2, i SRR BE I S H 1) H- A OH- H Hi 2%, A3 &3 il
TARMBREEE N . AL, APP P24E NHsy No SR AR AR S T FRER, MM F 7 EP
5T E PRI 8 1R BELA T R

APP
CNSC-DOPO

Fig. 10 Flame retardant mechanism of EP/APP/CNSC-DOPO

2.6 EP KB AWHRIK /1R

Fig.11 24 EP K IL G & MR R om B 5 ph i 50 % . 4l BEP (1 S Ad 5 5 5 o o 9 5 43 3 60.2
MPa 5 7.8 kl/m?. ¥/l APP J5, EP/14APP HEAMEBIHIJ124 e 03 NI, EZIHKT APP 5 EP
SR AE R E, SEIAERANREERE, S TR . M FER 5N APP 5
CNSC-DOPO i, EP/12.5APP/1.5CNSC-DOPO & & #4 B Iy v At 5 52 15 b o5 58 52 43 71 9 45.7 MPa 5
5.6 kI/m2, #% T EP/14APP, 7 5liRTF T 29.9%5 37.7%. X—I % ETIFHT CNSC-DOPO 454
ALK T 52 AN T RS EP R 1 AC AR JE, 1871 T RS EP MIAHZ M5 FL1H AH HAE
. s 7 56 RHR 15 1 R
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Fig. 11 Tensile and impacts strength of EP and its composites

3 i

ASCLAXT R — HE . JREF DOPO A kLG AL 7 CNSC-DOPO #4453 5 APP A T EP H. 4
CNSC-DOPO & A 3wt%Hf, EP/CNSC-DOPO [ S # A A F] 1.013 W-m-K-!', tL4l EP & 7
264%. X FEJET CNSC-DOPO 5 EP 2 [A] B A BEAE H 3% HoAE EP A 20 B, AT TR A 5 1
S, FEmHETE EP SRS, b4, EP/12.5APP/1.5CNSC-DOPO & & 44k 5] UL-94 V-0 2%,
LOI ik F] 32.4%, 54 EP #Htk LOI 425 1 39.65%. T It[H M, EP/12.5APP/1.SCNSC-DOPO &
4 KHP HRR. THR. SPR. TSP Fll CO.P tb4li EP 70 % N P& T 74.39%. 44.16% 67.65%- 52.13%
A1 54.83%, H KHETHT EP MG k%4t . CNSC-DOPO 1] F )2 45 ¥y 5 Ak AL /E 23 7 EP/APP
RO, TEREMBERERNRZE, MIHES S RSB, BERT TR BR A1 e,
FIN, BT H 4RGN, W RSB, AR006 7 RESHRESRRS . AN R
FHEETERR . T HE K 2 DhRe AW IR 2 S A BHR A 178 0 B
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Effect of Modified Carbon Nitride Synergized with Ammonium
Polyphosphate on Thermal Conductivity and Flame Retardancy of Epoxy

Resin
Bo Pan, Qinting Su, Jiahao Song, Yihan Wang, Mingyu Yang, Miaojun Xu, Bin Li, Yang Leng

(College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University,

Harbin 150040, China)

ABSTRACT: To address the poor flame retardancy and low thermal conductivity of carbon nitride, in this
paper, urea, p-formaldehyde, and 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOPO) were
utilized as raw materials to prepare DOPO-functionalized carbon nitride (CNSC-DOPO). It was then
blended with ammonium polyphosphate (APP) to obtain a composite flame retardancy particle
(APP/CNSC-DOPO), followed by fabricating epoxy resin composites (EP/CNSC-DOPO and
EP/APP/CNSC-DOPO). The thermal conductivity, flame retardancy, and smoke suppression properties of
these composites were investigated. The results reveal that when the CNSC-DOPO is added at an addition
of 3wt%, the thermal conductivity of EP/3CNSC-DOPO reaches 1.013 W-m™-K"!, representing a 264%
increase compared to pure epoxy resin. Furthermore, When the mass ratio of APP to CNSC-DOPO is
12.5:1.5 and the total addition is 14wt%, the EP composite achieve a V-0 rating with an LOI of 32.4%.
Compared to pure EP, the heat release rate (HRR), total heat release (THR), smoke production rate (SPR),
total smoke production (TSP), and CO; production (CO2P) are decreased by 74.39%, 44.16%, 67.65%,
52.13%, and 54.83%, respectively. The incorporation of CNSC-DOPO into the EP/APP formulations
exhibits a synergistic flame-retardant effect, thereby effectively suppressing the release of heat and toxic
fumes and significantly improving the flame-retardant and smoke-suppressing properties of the material.
Keywords: 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide; ammonium polyphosphate; epoxy
resin; thermally conductive performance; flame retardancy; smoke-suppressing property
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