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Properties and flame retardant mechanism of APBA/MEL synergistic flame retardant TPEE

ZHANG Zitao', XIANG Yushu"’, ZHANG Jinchuan', MAO Shengcheng', HE Min', GUO Jianbing"”
(1. College of Materials and Metallurgy, Guizhou University, Guiyang 550025, China;
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Abstract : In order to enhance the flame retardant performance of thermoplastic polyester elastomer (TPEE) and expand its
application range, an intumescent synergistic flame retardant system was constructed by compounding aluminum diisobutylhypo-
phosphite (APBA) and melamine (MEL) for flame retardant TPEE, and the synergistic flame retardant mechanism was analyzed.
The flame retardant performances of the flame retardant TPEE were tested by limiting oxygen index (LOI), vertical burning (UL 94)
and cone calorimetry. The results show that when the total addition amount of APBA/MEL(A/M) is 15wt% and their compound
mass ratio is 3:1, the flame retardant rating of the TPEE/A/M composite reaches UL 94 V-0 and LOI increases to 27.1%. Compared
with pure TPEE, the peak heat release rate is reduced by 47.1%, and the total heat release is decreased by 16.45%. The flame retar-
dant effect of TPEE/A/M composite is superior to that of the TPEE/APBA flame retardant composite at the same addition amount
of flame retardant. The flame retardant mechanism was analyzed by thermogravimetric analysis (TG), TG-Fourier transform infrared
spectroscopy (TG-IR), scanning electron microscopy and Raman spectroscopy, etc. In the TPEE/A/M synergistic system, oxidation
of phosphorus releases a small amount of phosphorus oxide free radicals to capture H+ and OH* in the combustion reaction, thereby
inhibiting the combustion chain reaction. Simultaneously, it contributes to the formation of a dense and protective char layer that
enhances the barrier effect. Nitrogen can produce non-flammable gases such as N, and NH, during combustion, which not only
dilute the concentration of oxygen and flammable gases but also enable the material to form an expanded char layer, effectively
enhancing the heat insulation and oxygen isolation performance of the char layer. The synergy of A/M significantly enhances the
flame retardancy of TPEE materials, while also increases the volume resistivity of TPEE composites, meeting the high insulation
requirements and further expanding their application range.

Keywords : flame retardant ; aluminum diisobutylhypophosphate ; melamine ; phosphorus/nitrogen synergy ; thermoplastic
polyester elastomer

BEETH: HRHRRPARAETH (52263007)

BIEMEE 1Tk, W, BIOFE DL, WA S0, P50 160 S BELRATR 14 B B SRR AL SR o 5 S8 A, 1 R %, A2/ A R0,
J7 RS A RIS i

WeRs BHA: 2025-12-01

SR VR, TR, 1], 4 APBA/MEL WM FHIE TPEE M RE K BHAAHLEE[D). TREARINFH ,2026,54(2): 174-183.
ZHANG Zitao, XIANG Yushu, ZHANG lJinchuan, et al. Properties and flame retardant mechanism of APBA/MEL synergistic flame retar-
dant TPEE[J]. Engineering Plastics Application,2026,54(2):174-183.



kY5, 5 : APBA/MEL PpALFH A TPEE M 68 A SHIAHLEL 175

P PR S TR WA K (TPEE) /2 F 5B 0 28 — 1 iR
T FR(PBT) i Bt 15 5 Bk ol I 17 16 288 g 4k Bl 1ot i
BRI ARG WU S o3 o0RE, FLAMRR A A - R B g
B R T S R | R R R S i TR R
BRI IR TR P BT AR AT A A R R 2 —
KM, TPEE B BRAEHE BU(LOD LA 17.5% ida , i &)
BRI BRI A b S e A A AT T IR AL
TR AE 1 K O R ™ EE i 2 T TPEE N FH A&
J&& , It LAESY TPEE & & B BHR) B oot HA7 81 %L
(RS RE SL,

H i TPEE A4 BELAR == B2 2 R FH LA Aot Jo VR I (1)
MR Rk E B BIR A R K Z AR & 8 %) TPEE Hr ]
D) B B PERE . Yang 257 TPEE h 5| A T
TR T IR BEIR ER (APBAE M BRI, 45 5,
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i) TPEE FHAR 52 R V-2 9% , APBA JiT i 430N 17%
() TPEE BHIA S5 2% A" BE ik 2] V-0 2%, Ry B iE D SH
RO, | A0 18 2 BELIA AR B 4 B0 15% SRtk A
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FErH 105 °CH 8 3 h i, ik v AL s A 2%
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Tab.1 Formula of flame retardant TPEE composites (mass frac-

tion) %
Samples TPEE APBA MEL
TPEE 100
TPEE/15wt%APBA 85 15

TPEE/15wt%A/M(3:1) 85 11.25 3.75
TPEE/15wt%A/M(2:1) 85 10 5
TPEE/15wt%A/M(1:1) 85 7.5 7.5
TPEE/15wt%A/M(1:2) 85 5 10
TPEE/15wt%A/M(1:3) 85 3.75 11.25

1.4 MX5 k4

UL 94 BHIA S5 9003 : 4% I8 GB/T 2408—2021 F5
1, SR FH 3 BRI SR o %) T ELRR P BH A
S BRSO RSE R (12545) mmx(13.0+£0.3) mmx(3.0+
0.2) mm,

LOL izt : 4% B8 GB/T 2406.2—-2009 Fr ifi , % H
4= [ 3l LOLMR A A4 i LOLEL, B 26 RS
(80£5) mmx(10+0.5) mmx(4.0+£0.25) mm,

CONE MR : #Z R ISO 5660-1:2015 A5 i, %
FH CONE {MHi TPEE K HAZ A A B BREE T 0 B
25 ]SF 2R (100£5) mmx(100+5) mmx(5£0.5) mm ,
AR T HIZR 50 kW/m’,

TG 43 M7 FRHL 5~5.5 mg £ &, FHIR R N

10 °C/min, S A& 3% 7 60 mL/min, 255, NE
IR 700 °C.

TG M FTIRBEFH(TG-IR) /T« BEAH T 20 mg
Fidn AR, FHE R R 40 °C/min, I B X 8] 24
F A F 700 °C, £L AN AR b 14 % E0E L R 450~
4000 e, M HEFE A 4 om ™ HEIRECN 41K

SEM 43#7 : % F SEM 43 #f CONE i J5 TPEE
32 AL I R SO 5 K o 00 T X B e A 2R
AT 2047 25 W 4 Ah B 00 %) T s FL R 3 SE A
20KV,

XPS 43 #7 : XF CONE it J5 TPEE & & #1 &1 1
B AT Ak AHIE A DL R TP A G OT R
AL 2IE S LR EE 435 150 eV (P 1 eV)FI50
eV (FK0.1eV),

$ir 2561 73 B« T CONE i 55 )5 TPEE
A MR A SRR EE  BOROGIR IR
514.5 nm, 78 FEl o 500~3 500 ecm™,

F1 2 PERE M ¢ $i7 1 5% 44 B GB/T 1040.2—
2022 FRAESFEATINI, $r A 2 %2 250 mm/min, I
JSF2R 150 mmx 10 mmx4 mm, £E4H =/ 5 R
i, S5 R BOE A

PAFRU R BE 5K < AR USE A 13 mmx 13 mmix
3 mm, FEZH F /N S AR 45 RO .

2 GR5iITE
2.1 PLRMERE AT

18 1o 3 EBRBE AN LOT I ifF 58 APBA A1 MEL
PIRSOR TPEE (W BHIAPERE B 52, 45 5 W46 2, UL 94
T AL R A AL 1R

2 2 7] %01, 4l TPEE 1 TPEE/15wt%APBA HY

%2 TPEERHEEAMEHLOIF UL 94 iR
Tab.2 LOI and UL 94 test results of TPEE and its composites

UL 94
Samples LOI/% . . -
(t/t,))s  Dripping Igniting Rating
TPEE 17.5  7.82/7.20 Yes Yes V-2
TPEE/15wt%
APBA 26.5 1.94/3.20 Yes Yes V-2
0,
TPEE/1SwOsAM 27.1  0.28/0.68 Yes No V-0
(3:1
0,
TPEE/1SwAM 269 0.78/0.42 Yes No V-0
2:1
0,
TPEE/EIST?)A)A/M 26.5 0.87/0.32 Yes No V-0
0,
TPEE/ISwOsAM 26.0  0.56/0.55 Yes Yes V-2
(1:2)
TPEE/15wWt%A/M
/(152)4/ 252 0.95/0.67 Yes Yes V-2

Notes: ¢, is the first ignition time; #, is the second ignition time.
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Fig. 2 CONE test curves of TPEE and its composites
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Tab.3 CONE test data of TPEE and its composites

(THE/TML)/ PHRR/ THR/ TSR/ av-COY/ av-CO,Y/

Sammples MImgh)  RWem?) MI-m?) (m*m %) (ke'ke ) (ke'kg )
TPEE 2072 1458.6 205.58 1375.69 0.134 6.561
TPEE/15wt%APBA 2.019 11126 194.75 2677.90 0.164 3.731
TPEE/15wt%A/M(3: 1) 1.744 771.6 171.75 341835 0.164 2332
TPEE/15wt%A/M(1: 1) 1.835 978.8 182.06 3690.99 0.174 2.760
TPEE/15wt%A/M(1:3) 1.865 1039.3 186.16 3736.44 0.177 2769

Notes: THE/TML is the ratio of total heat release to total mass loss; PHRR is peak heat release rate; THR is total heat release; TSR is total smoke

release; av-COY is average of carbon monoxide yield; av-CO,Y is average of carbon dioxide yield.

HHJE CONE B8 T BHAA TPEE &2 5 44 i BH
KRR P HEAT %E TP 23 B, 73 B B SR) A TPEE
LA R A SRR TR AR AN RN, LSRR Al
BELF R S R AR b , BRI i ()
M (2), AT RS R LR 4,

EC:(I —LLF)x 100% (1)
P T
Ey=(1-"50) X 100% )

A B RN 5 E, R BB PR3P0 5 L A
L 53 5 i BHA% TPEE & & #4 81 Fl TPEE () 51 i & 5
I 5 PN P 4303 2 B R TPEE & 45 #4 KL R TPEE 1Y
PHRR; 7, #l T 53 5| 4 BH A TPEE & 4 #1 ¥} 1 TPEE
Y THR .

F4 [BHATPEE S &HRIEERMERFROEEITN

Tab. 4 Quantitative evaluation of main flame retardant mecha-

nisms of flame retardant TPEE composites

Barrier and protective

Samples Charring effect/% offect/%
TPEE/15wt%APBA 2.74 26.21
TPEE/15wt%A/M(3:1) 1.15 55.81
TPEE/15wt%A/M(1:1) 0.06 40.58
TPEE/15wt%A/M(1:3) —0.60 35.48

MR 45 W < % b TPEE/15wt%APBA BHAAE
G MEL, TPEE/A/M B A BRI 800 T B, {HFH
B O 40 2N b 3 T X2 B APBA RG] A
MEL, i /> T 7£ TPEE " 32 %2 & 4% 5k R AH A H 1Y
APBA & fif ) TPEE/A/M & £ 0 R B R R0
55 T s 7% N APBA 1 TPEE & & 44 kL, (B Hw )2
RH & VE FH A T TPEE/15wt%APBA , iF ] T P/N Pk
{4 22 ] 1 5 e 2 1) B A B AR R . Hirp TPEEY
15wt%A/M(3: 1) G R A/M BRESUAR F 1 iR
S50 B B A 4 RN (3 e R, U B T LR 31 1
) APBA 5 MEL 7£ & FLAAR & & #4135 SR AH BHAR
YE 8

2.2 WTERAT A 5T

X TPEE/A/M FHIA S A5 M BHE RS T B4
FaEVEVE T TGIRI , BF5E A/M IR E R Tt rp ot
TPEE [N R T M52 . K] 3 /& TPEE S BHIA R
BB TG FMIDTG ML, AHSCRHE R IC SR AR S
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DTG I , & BI73 I APBA F MEL Ji & %} TPEE (1%
i =2 AR
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Fig.3 TG and DTG curves of TPEE and its composites under nitrogen

atmosphere
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Tab.5 TG data of TPEE and its composites under nitrogen atmo-

sphere

Experimen- Theoretical

Samples T,/°C 2= tal charring  charring AR/%
yield/% yield/%
TPEE 366.3 4129 0.006 - -
APBA 307.6 374.7 3.629 - -
MEL 2725 3342 0.347 - -
TPEE/15wt%
46.2  410. . .54 .04
APBA 346 0.6 3.589 0.549 3.040
0,
TPEE(/;'SS)A/M 328.8 405.2 4.519 0.426 4.093
0,
TPEE(/II"S]/)OA/M 310.7 4045 4.006 0.303 3.703
TPEE/15%A/M
5% 295.2 402.2 3.354 0.180 3.174

(1:3)

Notes: T, is initial decomposition temperature; 7, is temperature

at maximum decomposition rate; AR is difference between experimental
and theoretical charring yield.
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Fig. 4 TG-IR 3D images of TPEE and TPEE/15wt%A/M(3: 1) under nitrogen atmosphere, along with FTIR spectra of thermal degradation products at

various temperatures
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Fig. 5 Digital images of TPEE and its composites
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Fig. 6 SEM images and Raman spectra of TPEE composites
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Tab. 6 XPS analysis data of TPEE/15wt%A/M(3:1)

Systems Binding energy/eV Atomic percent/%
C, (C—C/C—H) 284.80 9.99
C,(C—0) 286.02 9.53
C (C=0) 289.52 2.76
0,(=0) 532.57 14.88
0,(—0—) 533.28 36.40
P, (P—0) 133.94 3.79
P, (P=0) 135.28 9.05
Al 75.89 11.57
N, (C—N) 399.38 2.02
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Fig. 8 Flame retardant mechanism diagram of TPEE/A/M

20 - 18.04

Tensile strength/MPa

TPEE TPEE/15%A/M(3:1)
Samples
(a) Tensile strength
15 - 12.94

Volume resistivity/(10'* -m)

TPEE TPEE/15wt%A/M(3:1)
Samples
(b) Volume resistivity

K9 TPEE ML A RPRAY 127 M AL e 2 VR
Fig. 9 Mechanical and electrical insulation properties of TPEE and its

composites

32129-2015  RFHHL B >2x10° Q- m), 3X 2 K S
TCER 5 AR P AR SE A CAnE 3 R 3 JE iR
(B S (P—O) , N FEL e X AL A FL RS , RUCER
() iR G R P (O e 35 VIR R 45 40 ) T 3 o 378 S 50
I 30 500 43 FCH T s R R A O B Y A

P
3 &g

(WEIAT AM R R X TPEE $E47 B 2k
P, ZEEHF9E T A [F] APBA Hl MEL 19 Jii & b %)
TPEE JLARAA A} BHAANE RE FA 520 , I % L H: 55 TPEE/

APBA &5 BRI BH AR BB 1Y 22 57 , 42 14 P/N PR 24 BHL
#X TPEE 1Y BHARHLIE
(2) BELJA DN X2 SR 2 Y, 7 R[] LR 550 45 o
T, A/M PR BEHAAROCR UG T 51— APBA BHAR
K%, 4 APBA FIMEL Jii & [ #y 3: 1 0, TPEE & &
BB BRSS9 15 8 UL 94 V-0 4, LOT{E$2 T %=
27.1%, PHRR il THR 44 TPEE 43 % FF& T 47.1%
H116.45%.
Q)M =W Wi 2 W, TPEE/15Wt%A/M(3: 1)
1A R 1) B 7R 6 A2 7 300~400 °C X [7] , APBA #4453
BRI W I ph BE LA Wik e sk U N, MEL W
BN, NH, FIH,0 A 5¢ J2 K [ 1] 7 B CRH ] R )
TR IR
(HBEERAA ) 3R W], APBA 7E /& il T 43t
H %) SR Wl R N O e 22 12 0 B A i i, [R) REE
AIPO, AL(P,0,),F1 ALO, SR FR R FER A ALY , 5%
AL
(5) 177 Be A R PERE I 10 ], A/M B I
U TPEE WY J1 A PEREAT — e REBE Y T B L (B AR il
SRR, A M RE IR 5
% % 3k
(1] #lh, Bifh . OB R ARSI (TPEE) BT SRR M K JR a3 )]
Tl T 54645 ,2022(5):218-220.
YANG Bo, CHEN Wei. Research status and development trend of
thermoplastic polyester elastomer (TPEE)[J]. Chemical Engineer-
ing & Equipment,2022(5):218-220.
(2] XUHEAE , K IDE . B P SRR A 1 R SR LR AN LA 0], 9728
F41,2011(3):59-60.
LIU Lihua, ZHANG Xiaojing. Development and application of
thermoplastic polyester elastomer[J]. China Textile Leader,2011(3):
59-60.
[3] ZOULY,ZHOU M,LIUJ Y, et al. Flame-retardant thermoplastic

polyester based on multiarm aluminum phosphinate for improving



K587 , % . APBA/MEL W34 BHAR TPEE 1 8 S SHIAHLEE

183

(4]

(3]

(6]

(7

(8]

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

anti-dripping[J]. Thermochimica Acta,2018,664:118-127.
ZHANG L C, WU W, ZHONG Y H, et al. Synergistic effects of
BHDB-IPC with AIPi/MCA on flame retarding TPEE[J]. RSC
Advances,2015,5(106):87 609-87 615.
KIM S,LINH P T T, KANG J, et al. Phosphorus-containing ther-
moplastic poly(ether ester) elastomers showing intrinsic flame retar-
dancy[J]. Journal of Applied Polymer Science, 2017, 134(46). DOI:
10.1002/app.45478.
YANG M, XIANG Y S, ZHANG Z T, et al. Impact of diisobutyl
aluminum hypophosphite on flame-retarded thermoplastic polyester
elastomers composites and its mechanism[J]. Journal of Vinyl and
Additive Technology,2025,31(4):886-903.
ZHONG Y H, WU W, WU R, et al. The flame retarding mecha-
nism of the novolac as char agent with the fire retardant containing
phosphorous - nitrogen in thermoplastic poly(ether ester) elastomer
system[J]. Polymer Degradation and Stability,2014,105:166—177.
YANG X, ZHANG Y, CHEN J, et al. Flame-retardant thermoplas-
tic polyether ester/aluminum butylmethylphosphinate/phenolphtha-
lein composites with enhanced mechanical properties and antidrip-
ping[J]. Polymers,2024,16(4). DOI:10.3390/polym16040552.
XIANG Y S,GAO Y, XU G M, et al. Effect of aluminum diisobu-
tyl hypophosphate in polyethylene terephthalate and its flame retar-
dant mechanism[J]. Journal of Vinyl and Additive Technology,
2024,30(3):760-771.
AR AL, p I, BE R, A L 2R I DU B b SRR IR RR 15 MCA
S T 7 A SEL 99 24 9 44 38 s 5P P A (9] 2B T, 2018, 46(2):
92-97.
ZHAO Yichun, LU Shan, XIONG Gaoyan, et al. Preparation of
intumescent flame retarded thermoplastic polyester elastomer with
pentaerythritol-based alkyl phosphinate and MCA[J]. China Plas-
tics Industry,2018,46(2):92-97.
ZHOU R, LI W J,MU J J, et al. Synergistic effects of aluminum
diethylphosphinate and melamine on improving the flame retar-
dancy of phenolic resin[J]. Materials, 2020, 13(1). DOI: 10.3390/
mal3010158.
DING Z, WANG S, GE J Y, et al. Flame-retardant epoxy resin:
synergistic effect between aluminum diethylphosphinate and
piperazine pyrophosphate[J]. Iranian Polymer Journal, 2024, 33
(2):119-129.
25 3L W/ G DA SR 7R X PAG6 1 BELIA i P B 1 BT 5% [D].
B BT T K2, 2022.
WANG Yiwen. Study on flame retardant modification and proper-
ties of PA66 with P/N synergistic flame retardant[D]. Hangzhou:
Zhejiang Sci-Tech University,2022.
SCHARTEL B, HULL T R. Development of fire-retarded materi-
als—Interpretation of cone calorimeter data[J]. Fire and Materials,
2007,31(5):327-354.
TOMIAK F,RATHBERGER K, SCHOFFEL A, et al. Expandable
graphite for flame retardant PA6 applications[J]. Polymers, 2021,
13(16). DOI:10.3390/polym13162733.
SUN J Z,ZHANG D H,SHANG X Y, et al. Flame-retardant prop-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

erties and mechanism of LGF/PBT/DOPO-HQ-conjugated flame-
retardant composites[J]. Frontiers in Chemistry, 2022, 10. DOIL:
10.3389/fchem.2022.981579.

VANGREVELYNGHE M, LE NOUVEL L, PESENTI C, et al. A
method to quantitatively assess the modes-of-action of flame-
retardants[J]. Polymer Degradation and Stability, 2022, 195. DOL:
10.1016/j.polymdegradstab.2021.109767.

ZHANG L C,WU W, LIJ H,et al. New insight into the prepara-
tion of flame-retardant thermoplastic polyether ester utilizing
B-cyclodextrin as a charring agent[J]. High Performance Poly-
mers,2017,29(4):422-430.

TOMIAK F, SCHOEFFEL A, RATHBERGER K, et al. Expand-
able graphite, aluminum diethylphospinate and melamine poly-
phosphate as flame retarding system in glass fiber-reinforced PA6
[J]. Polymers, 2022, 14(6). DOI:10.3390/polym14061263.

B , WRIE, ¥ i 55 A T R BELAA S 1) ] 2 b AR SR M 6
R I, SRR , 2023, 51(2):36-42.

GU Lei, CHEN Shuang, XIAO Ru. Preparation of aromatic schiff-
based flame retardant and its application in polyamide 6[J]. Plas-
tics Science and Technology,2023,51(2):36-42.

QI'Y Z,HOU Z M, XU S J, et al. The flame retardant properties
and mechanism of the composites based on DOPS and triazine-
trione groups in epoxy resin[J]. Polymer Degradation and Stabil-
ity,2023,216. DOI:10.1016/j.polymdegradstab.2023.110482.
ZHOU Y Y,LIN Y C, TAWIAH B, et al. DOPO-decorated two-
dimensional MXene nanosheets for flame-retardant, ultraviolet-
protective, and reinforced polylactide composites[J]. ACS Applied
Materials & Interfaces,2021,13(18):21 876-21 887.

TAWIAH B, YU B, YUEN R K K, et al. Highly efficient flame
retardant and smoke suppression mechanism of boron modified
graphene Oxide/Poly(Lactic acid) nanocomposites[J]. Carbon,
2019,150:8-20.

ZHONG Y H,LI M L,ZHANG L C, et al. Adding the combina-
tion of CNTs and MoS, into halogen-free flame retarding TPEE
with enhanced the anti-dripping behavior and char forming proper-
ties[J]. Thermochimica Acta,2015,613:87-93.

HU Y X,JIANG Z L, ZHU M, et al. Thermal cross-linking and
anti - meltdrop properties of copolyester containing phosphorus/
magnesium salt composites by in situ polymerization[J]. Journal
of Vinyl and Additive Technology,2021,27(2):432-444.

A AR BB AR T4 Li-S v it 2R 300 SOGAR7K
BB [D]. A4 : NS R, 2021,

DONG Yinan. Theoretical investigations on low-dimensional
nitrogen/phosphorus-based materials for inhibiting the shuttle
effect in Li-S batteries and photocatalyzing water splitting[D].
Hohhot:Inner Mongolia University,2021.

WANG Y D,GAO J J,ZHU G P, et al. Bio-based molecules
with ionically bonded phosphorus toward ultra-high flame-
efficiency of PLA plastics[J].
Journal of Biological Macromolecules, 2025, 286. DOI:
10.1016/j.ijbiomac.2024.138560.

retardant International



