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Effect of polydopamine-coated piperazine pyrophosphate on flame retardancy of ethylene-vinyl acetate coating
XIAO Xiong, YE Wen, LI Xiaolei, WU Gaosheng, GAO Zhimin, LIU Sihao, LI Pingyang, LIN Zhuoshi
(State Key Laboratory of Polyolefins Catalyst and Sino-Spanish Internationl Joint Research Center for Advanced Materials Technology,
Shanghai Research Institute of Chemical Industry Co., Ltd., Shanghai 200062, China)

Abstract : For ethylene-vinyl acetate (VAE) water-based flame-retardant coating system, through a simple one-step reaction, by
the self-aggregation of polydopamine (PDA) shell on piperazine pyrophosphate (PAPP) surface, a core-shell structure flame retar-
dant PAPP@PDA was successfully synthesized. This method effectively improves the compatibility of PAPP in aqueous systems,
addressing its key bottleneck in practical application. The structure and properties of the PAPP@PDA flame retardant were character-
ised by using Fourier transform infrared spectroscopy, scanning electron microscopy, and thermogravimetric analysis. PAPP@PDA
was incorporated into VAE coating to investigate the influence regularity of the core-shell flame retardant PAPP@PDA alone or
combination with melamine polyphosphate(MPP). Flame retardancy testing reveal that compared to unmodified PAPP, at equivalent
loading levels, VAE coating with 20 parts of PAPP@PDA and 10 parts of MPP added [VAE/(PAPP@PDA)20/MPP10] exhibites
5.3% increase in limiting oxygen index, achieves UL 94 V-0 rating (1.0 mm) in vertical burning tests, and demonstrates 5.1% reduc-
tion in total heat release alongside 6.0% decrease in peak heat release rate. The results of the thermogravimetric analysis reveal that
in the high-temperature zone, VAE/(PAPP@PDA) coating exhibite significantly superior thermal stability compared to VAE/PAPP
coating. Scanning electron microscopy results indicate that the char layer formed after combustion of VAE/(PAPP@PDA)20/
MPP10 coating exhibits significantly enhanced density, which effectively inhibits heat and oxygen transfer, thereby exerting a
condensed-phase flame retardant effect. Energy dispersive spectroscopy analysis reveals that the char layer of VAE/(PAPP@PDA)
20/MPP10 coating possesses a higher carbon content post-combustion, primarily attributable to the superior charring properties of
high-carbon PDA.
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Fig. 1 Synthesis process of PAPP@PDA
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Tab.1 Compositions of VAE and flame-retarded VAE coatings

g
Components
Samples .
VAE PAPP PAPP@PDA MPP Other additives
VAE 100 0.5
VAE/PAPP10 90 10 0.5
VAE/PAPP20 80 20 0.5
VAE/PAPP30 70 30 0.5
VAE/(PAPP@PDA)10 90 10 0.5
VAE/(PAPP@PDA)20 80 20 0.5
VAE/(PAPP@PDA)30 70 30 0.5
VAE/PAPP20/MPP10 70 20 10 0.5
VAE/(PAPP@PDA)20/MPP10 70 20 10 0.5
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R B 1 76 R VU SR 2 95 2 11 ) U B R U
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o B £ PR R 45, It SR S VR &G S Y
FHIE.
1.4 WX RAE
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M4 em B SRR RiF 32 1K, 4R L 500~
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(2) SEM R : 2R I SEM WL T ELIALE S5 A% Ay
RIS, A SR AT 2 e 4 A B
(3) TG M7 - ¥ fit SR A i B0 7E TG 43 Hr X Lk

133

17, 15 X H] 24 50~900 °C, FHELHE# N 20 °C/min, <,
SRR N RIS AU, T 24 20 mL/min.

(4) UL 94 3 F{#A B il i - # 8 ASTM D3801—
19 A, SR FH KT 3 ELA BRI ASC I, # 5 R
125 mmx13.0 mmx1.0 mm,

(5) LOTE : $2 ' ASTM D 2863-23 it , % JH
LOTIMBRASGHEA TN, A RSE 4 120 mmx6.5 mmx
1.0 mm,

(6) DSC M : K FH DSCAY, B 5~10 mg A TE 50
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() L RS I

(7)RETE(EDS) 4341 : IR FEBHIA I AERR BTl
(R TC 2R AL K 1 mg B J5R BRI i A2 Hgk
PEFRAWI 5 E T SEM R k4T EDS 2347, %5 B
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Fig.2 FTIR spectra of PAPP and PAPP@PDA
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Fig. 3 SEM photographs and elements distribution mapping of PAPP
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Fig.4 TG and DTG curves of PAPP and PAPP@PDA
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F 4% PAPP ) 25 43 fift HH 114l IR 25 Ak Ak o, 44 1=
X — Y DX (R RS M 15 PAPP 195 — 40 fiff Bt

(S 8 ] 898 . PAPP@PDA TE 900 °CH% /i %
FH LT PAPP, 3255 1 13.9%, X 42 i1 T PDA H AT #%
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Tab.2 Data of thermal degradation of PAPP and PAPP@PDA

Samples T,/°C T, ../°C T ../°C T ./°C MMLR/(%*°C™") Char residue at 900 °C/%
PAPP 318 / 401 622 -6.4 10.8
PAPP@PDA 301 326 414 574 7.6 12.3
Notes: T, is temperature of 5% mass loss; T, ., T, ... T, are the temperature at first, second and third maximum mass loss rate respectively;

MMLR is mast mass loss rate.
2.2 [EMRIR B o PR AR

2 3y PAPP . PAPP@PDA UL X & &5 BHIA I 78
ANTRIRE AN R LR VAE % 2 B PE BE 38 45
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el b R TSRS R R G R E S A
— HEE G| IR, S AE R ] R BE . AE R =R
— K GE R BEAR ), PAPP 5| A% VAE AW TS
VAE/PAPP 3 )22 1) LOI{ Fifi % PAPP 5| A &3 finifi
ez B I, H51 A 20 B ) PAPP J5 , 1R 2 (1) T
PRPEEG T LA V-1 9%, I R0 B 88K
I . 51 A PAPP@PDA J& , i 2 ) LOI {H K %
PAPP@PDA 5| A st HGnmi+¢2L b7+, [Rlit, A 1
F PAPP, ZEAHIA] A i, VAE/(PAPP@PDA) )2

%3 VAE RFEM VAE i& BRI PRSI 45 R

Tab.3 Flame retardancy test results of VAE and flame retardant
VAE coating

() LOI {& #H Lt T VAE/PAPP ¥4 JZ /3 9 #2 5 1.4%.
4.6%.8.5%, VLW PDA £5 5 1% PAPP A] LUk — 204
FHAE R BEARRR . S8177, VAE/(PAPP@PDA) IR 2
(IE IR S RATIIRAERFTE V-1 9 A #2142
o Rt THR 2 BRI K PAPP 5 MPP
HATE B FHEDIALES ) , NI ZE R  FEAR TR
JiE: T, PAPP 5 MPP L5 , nf LAE— 48T RHE
LOI & , {H BH #% 5 2 5 SR 1L V-1 9% . VAE/
(PAPP@PDA)20/MPP10 ¥ 2 7€ M 3Ll -, LOI {1
T ERGEIAT E— D8 T L LOIH Lt VAE/PAPP20/
MPP10#1EHE T} 5.3%, HIE B IREESIUAT] V-04,
FEIH R AP BHRRICR
2.3 MRREHGHAS T A

A ) A % Al i P T ) BELAOA P R 1) A 00 4
i, Xt T 48 s P9 A7E A BEBR AL 2 A G B R S
VAE 1 2 FIBHIE VAE U3 2 10 SR i Bl .45 T3

Samples LOI/% UL 94 Dripping .

VAE 18.0 No rating Yes 4, &l SE@EE Nz%ﬁ:? 1 TG HIDTG H:H%%o M%%
VAE/PAPP10 21.3 No rating Yes 4T DIEH, VAEGEM Ts%jg 320.1 °C, VAE # Bt
VAE/PAPP20 26.3 V-1 No . S

N - < HYE R S L
A S TG A T 0 U 4 L 4, 5 B
VAE/(PAPP@PDA)10 216 Norating No PR R A RS2 , WA R A i 4 LD BT 434 °C, Bl S %
VAE/(PAPP@PDA)20 27.5 V-1 No %ﬁg%lﬁﬁ% . 2/[ ?ﬂ%‘lﬁ}i{‘ﬁ ﬂ: 500 °C Bj— , VAE ?/%
VAE/(PAPP@PDA)30 32.0 V-1 No e A 7 S
VAE/(PAPP@PDA)20/MPP10  33.6 V-0 No %251 A 30 i 15 PAPP J5 , VAE/PAPP30 ] UG
F4  VAE RFEMA VAE i B R BE ARSI
Tab.4 Data of thermal degradation of VAE and flame retardant VAE coatings
Samples T,,/°C T ./°C MMLR/(%+°C™") Char residue at 900 °C/%
VAE 320.1 434 —15.7 0.94
VAE/PAPP30 301.3 443 -10.3 2.3

VAE/(PAPP@PDA)30 303.6 449 -11.6 35

VAE/PAPP20/MPP10 305.2 453 —11.0 7.6
VAE/(PAPP@PDA)20/MPP10 303.5 466 -11.3 12.2

Notes: 7, is temperature at the maximum thermal weight loss rate.
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Fig. 5 TG and DTG curves of VAE and flame retarding VAE coatings
O3 E R 2 301.3 °C, X AT AE & FAEX — By
B, PAPP T U538 20 fift 7 HE Wi 1R S A W TR, (i1 75 5
Fife Yk AR T, T IR AR TR B 2, o i o A
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pr S =
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FoESBXEHABFHFMMBEE. Y
PAPP@PDA 5 MPP & &1 Fit, VAE 14 )2 i B K
PR A R AH L T-21 VAE R T 28%, HAE iR IX
I T AR E W RS2 S5 K, [FIIRE 900 °CHE A 4 AH
b T4l VAE 42 5 & 12.2%, X & 1 T PDA {3 7
PAPP J5 , fERE i B, S 7 2 1) PDA Bl i il
it R A S A Ak B, T T TR A8 282 | v ot 1) i
R 2 A B SRR
€ 6 °& VAE LA K BHIK VAE 7% J2 78 TH i g # v
1) DSC 2k, HAH CHU B85 T3 5. &S
F i, © Ak 89 4l VAE 3% )2 505 B4 (AH) R
-942.7 J/g. GI A PAPPJ5 , i LI B WLE 2] AH,
B, XTI RE S AN S AR 53 )5 BEAR T

VAE IR 2B SR ¥ o Al FE4, 5] A PAPP@PDA |
MPP Z5BHBRZH 43 ), AH, Y945 — & R FERRAIG, {H(H
97 B A 2 , PAPP@PDA 5| A Lt T PAPP Bt 5|
AR AH, S BN o 53— 7 T, 5] A PAPP #I
PAPP@PDA J& , BHER IR Z 0 AH, P5A B35 10 T ¢,
14 8] VAE/PAPP30 H VAE/(PAPP@PDA)30 [ fiif #4
£ #H L T VAE I 2 AR, {515 1 & W & VAE/
(PAPP@PDA)30 % )2 1) AH, T B3R AU A 13.1%, B
AR T VAE/PAPP30, 2% B 78 [Fl A 51 A BHAR 1% Bl
T LS R M A% - S A EL AT AR R E
i), 3X 5 TG K H VAE/(PAPP@PDA)30 i #4fa E
AT VAE/PAPP30 AR ZE T2 — 20 .

—— VAE

—— VAE/PAPP30
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Fig. 6 DSC curves of VAE and flame retarding VAE coatings
%5 VAERFE# VAE R EH DSC HiiE
Tab.5 DSC data of VAE and flame retarding VAE coatings

Samples AH JJ-g ™)
VAE -942.7
VAE/PAPP30 —329.0
VAE/(PAPP@PDA)30 ~819.0
VAE/PAPP20/MPP10 —556.5
VAE/(PAPP@PDA)20/MPP10 =765.3

Notes: 7, is glass transition temperature; A/, is melt enthalpy.
2.4 [RIRIR B0 ABEFOERLAT A

MCC RJ DUA R0 A4 78 552 K TR D Y
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Fig. 7 HRR curves of VAE and VAE flame retarding coatings
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Tab. 6 MCC data of VAE and flame retarding VAE coatings

PHRR/ THR/ HRC/

Samples (W-m?) (g’ T/°C U
VAE 211.3 228 3614 212
VAE/PAPP30 197.7 155 3519 191
VAE/(PAPP@PDA)30 144.8 15.1 350.8 163
VAE/PAPP20/MPP10 1439 15.6 3602 152

VAE/(PAPP@PDA)20/MPP10 135.2 14.8 357.2 140

Notes: PHRR is peak heat release rate; THR is total heat release;

T is the maximum heat release temperature; HRC is heat release capacity.
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Fig. 8 SEM photos of residual carbon of flame retardant coating after
UL94 testing (x500)

(c) VAE/PAPP20/MPP10
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Tab.7 EDS results of residue of flame retarding coatings after

vertical combustion(mass fraction)
%

Samples C N (0} P
VAE/PAPP30 33.2 - 213 455
VAE/(PAPP@PDA)30 43.1 42 18.9 33.8
VAE/PAPP20/MPP10 30.2 18.9 14.9 36.0

VAE/(PAPP@PDA)20/MPP10 38.6 20.3 15.2 25.9
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