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Research progress in application of piperazine pyrophosphate flame retardant in polymer materials
LI Yongxiang, LIU Chenxi, MA Hang, LI Yundong, Dang Hui, YANG Suohui, WAN Banglong
(Yunnan Yuntianhua Co., Ltd Research Institute, Kunming 650228, China)

Abstract : As a novel intumescent flame retardant, piperazine pyrophosphate (PAPP) possesses core characteristics including
high phosphorus and nitrogen contents, excellent thermal stability, low smoke and toxicity, and superior flame-retardant efficiency. It
has been widely applied in the field of flame-retardant modification of polymeric materials such as polypropylene and nylon 6. First
of all, the main preparation methods of PAPP briefly were described, its synthesis mechanism and process routes were introduced.
Secondly, the recent research progress in the application of PAPP in flame-retardant polymeric materials was reviewed, with a focus
on the specific flame-retardant effects and action mechanisms of different application modes including single-component flame retar-
dancy, composite flame retardancy, and microencapsulation modification. The advantages and limitations of various flame-retardant
approaches were analyzed. In view of the practical application issues of PAPP such as insufficient foaming efficiency, strong caking
tendency, poor water resistance, high migration propensity and inadequate compatibility with polymeric substrates, combined with
current research bottlenecks and industrial demands, future research directions for PAPP in the field of flame-retardant polymeric
materials were proposed.

Keywords : piperazine pyrophosphate ; intumescent flame retardant ; polymer ; halogen-free flame retardancy ; flame retar-

dant application
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(a) Molecular structure of PAPP (b) Molecular structure formula

3D diagram of PAPP
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Fig. I Molecular structure of PAPP and molecular structure formula

3D diagram of PAPP
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(b) Preparation of PAPP

2 THERRWRIEBK I % PAPP
Fig. 2 Preparation of PAPP by dehydration method of diphenthylenedi-
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Fig. 3 Preparation of PAPP by dehydration method using piperazine
phosphate

(3) TSR MR e 2 P T 4R A — W AN R S v il
o FETEIR , KN DR G 52107 i 4 PAPP Y 53, AR Al v
L RV BT BR A B, R S R AN A 4 7R o 8B —20
N LA — R ANBR IR T2 R ST B LG 12 1 AT BORE i
TAAL BRI SN 4 b FESE R i A F T R R v
A BB A i 56 B BB RE T 2.(200+5) °C, K
1 h, 15 2Tk SRR A . 55 20 S R S it
T2 (80+5) °C, ] FUNL 28 AR UK IR £ 50, 04t
YA TCAR R W, AE45 S5 7 1ol bR A8, 7R 3L 115~120 °C
NOREE2 b, BRI R AT R s TR A
PAPP™. I 7 ik A B 7 A PERE 4T (H L3P JRE 2
PR S, TR R R A 15

[ I i
O:P\ /\’:OEEZI 2HO— !"*OII I:::::I H—0—H == 2HO—P—O0—P—OH
0o
OH (‘)H (‘)II
(a) Preparation of pyrophosphate 0
o o HO ‘]" O H OH
I l /N o
HO—P—O—P—OH E::::l HN NH — ,‘ -
‘ OH OH
OH OH ENJr +\IH
(b) Preparation of PAPP

K4 T BERRARL ] % PAPP
Fig. 4 Preparation of PAPP by acid hydrolysis method of pentoxide
phosphoric acid
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Fig. 5 Preparation of PAPP by low-temperature pyrolysis of phosphoric

acid
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Tab.1 Flame retardant performance of PAPP in different polymers materials

Base Material Flame—retardant filler Addition amount/% LOI/% [—_ [ Ol %0 Ref.
PP/GF PAPP 24 28.5 / / 50.4 [31]
PA6 PAPP 40 42.0 384 232 / [32]
RPUF PAPP 17 22.7 54.4 40.6 / [33]

Notes: @y pp is reduction value of peak heat release rate; ¢, is reduction value of total heat release; ¢, is reduction value of total smoke release;

@y, 18 reduction value of tensile strength.
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i F, BLA B 1Y R M AE T, Yuan 25597 ] PAPP FIl MPP 14
Sk S E BHIA 5 7 2 PP/GF il £ BHAK 2 & 41 FH(FRPP/
GF). 4 PAPP FIMPP Jfitt bl 2: 1, BAS NN 20% B, —
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DT 85.8% Fl15.1%, XNFEEFSVATF T —Fh 5+ PAPP/=
AR R ER(MCA)/APP fY IFR f 145 77 1, IFR 76 PP P i
TN A0 20% B, &2 A A0 RE AT UL94 V-0 4544 .

T PPAP FHER ST A WAL AIF A b, RDRS v 26 BUAZ 1y
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MNZSURI IR EEk S . Bl ISR ST T PAPP 43
5 DMPY . APP MCA . IX B2 £ (AHP) Fl = 25U (MEL) 1)
PR AE L, & 30 PPAP 5 DMPY P BHIARICR Bcds, 5 4l PP
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AR B PERE , 0.5% i i 4350 ZnO A9 LOT {E
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FH, B ZnO AL AREAE 3 PAPP I 7K 4 B3R AR B 12 , 3 BE 4
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Tab.2 Flame retardant performance of PAPP composite flame retardant in different polymers materials

Addition

Base Material Flame—retardant filler amount/% LOI/% Porrr! 70 oa—_ Pen! V0 Ref.
PP/GF PAPP/MPP 13.3/6.7 39.9 85.8 15.1 / [34]

PP PAPP/DMPY/ Other auxiliary agents 7.8/5.5 29.2 59.6 19.9 9.6 [36]

PP PPAP/MPP/ZnO 10.3/5.2/0.5 323 84.4 28.1 / [39]

TPE PAPP/AHP 17.25/5.75 25.0 81.7 38.7 / [42]
PAG6 PAPP/AHP 16/4 34.0 42.4 40.5 / [43]

PP PAPP / Other auxiliary agents / Micro—sized silicides 13/12/0.2 32.7 12.9 2.2 35 [44]

2.2.2 YeKEFBHLR

YR R E B STBN FHIE HA  Im/ BHARPERE
SRR E WA AUR M B A A BB 05 (GO) b TR A b A
J#i (rGO) A0 K 4 J& A HLHEZE(MOF) i 40 K45 (CNTs) . R 4
(BP)FI MXene 55 X ASATBHG AR T PAPP BHIA
SR AL PAPP WS i i, Rl RE L AL AR e 1 L 2Pk fe
KA HPERE , 18 BOAN ) & 40 T RS I DR 2K, 46 PP FI
BT M T ZER(PBS) SRR BHAR et o FR I S5 25 1 FH
M.

TE PBS [ Z2 R RE 2 21 b L 24 T RE 5 2R R AR ) B 7 43
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FELIE I, B ARAS T T3z Y, Wang S5 H£58 T CNTs
5 PAPP 7 PBS "1 11 13 [6] BELBAAE T, & 98 CNTs A9 I A 48 &
T PBS/PAPP & &M B #E E 1 , 7L H PBS/18PAPP-2CNT
1 i R e TR (T, ) Lt PBS/20PAPP 42 5 T 9.1 °C. 54
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R gl fA] SEUT R FH B0 R B (ZnB)YVE R B AR 3R T
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LiuZ55 9858 T DAEIL ST 15 PAPP A B Rl BELATE FH , 1]
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Tab.3 Flame retardant performance of PAPP nano-composite flame retardant in different polymers materials

Base material Flame—retardant filler Addition amount/% LOI/% o [ Pl Vo Ref.
PBS CNTs/PAPP 2/18 30.1 79.6 52.4 / [54]
PBS PAPP/GO/ZnB 17/1/2 31.8 68.7 29.6 / [57]
PBS PAPP/DK2/ZnB 16.5/1.5/2 324 75.6 26.1 / [39]

PP BP@PPC/PAPP 2/20 29.0 85.8 23.4 16.5 [58]
EP PAPP/HNTs/MCA 14/2/4 343 60.6 / / [60]
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Tab. 4 Flame-retardant performance of different PAPP-based hybrids in different polymer materials

Base Material Flame—retardant filler Addition amount/% LOI/% Porrr! 70 [ P/ V0 Ref.
TPE MT@PAPP 32 28 78.5 29.4 15.0 [70]
TPE PAPP@TA@Co—2-MIM 32 27 79.8 37.1 12.9 [72]

EP PPAP@LDH@rGO 4 29.8 44.4 -1.2 / [75]
TPE MCPAPP 32 25.5 80.6 31.3 12.4 [77]
EP PAPP@COF 2 30.0 37.4 7.1 259 [83]
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