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Synthesis of piperazine pyrophosphate by continuous process and its flame retardant application in poly-
propylene
LI Yongxiang, MA Hang, LIU Chenxi, YANG Suohui, WAN Banglong, SUN Zhi, ZHI Tianfu, LI Yundong
(Research Institute of Yunnan Yuntianhua Co., Ltd., Kunming 650228, China)

Abstract : To improve the production efficiency of piperazine pyrophosphate (PAPP), a continuous preparation process was
developed using phosphoric acid and piperazine as raw materials and water as the solvent. The structure and properties of the PAPP
were characterized by Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and thermogravimetric
analysis (TGA). The optimal process parameters for continuous production of PAPP are a reaction temperature of 260 °C and a rota-
tion speed of 50 r/min, corresponding to a reaction time of approximately 35 min. Under these conditions, PAPP prepared from wet-
process phosphoric acid has a phosphorus content of 23.55%, a nitrogen content of 10.44%, a pH of 3.04, a water solubility of 1.15
g/100 mL, a median particle size of 8.26 wm, and a temperature of 301.85 °C at 1% mass loss. The prepared PAPP was then
combined with melamine polyphosphate (MPP) to form an intumescent flame retardant (IFR). The effects of different phosphoric
acid raw materials on flame-retardant performance polypropylene (PP) were compared. The results show that PAPP prepared from
wet-process phosphoric acid exhibited superior flame-retardant performance on PP. At an IFR loading of 25 wt% with a PAPP:
MPP mass ratio of 3 : 2, the peak heat release rate decreased from 758.91 to 219.72 kW/n7’, the total heat release decreases from
139.51 to 123.17 MJ/m’, and the total smoke release decreases from 782.02 to 604.84 m’/m’. The limiting oxygen index increases
from 18.6% to 35.4%, and the material achieves a UL 94 V-0 rating at a thickness of 1.6 mm. TG analysis results show that IFR-

modified PP exhibits improved thermal stability, with the temperature at the maximum degradation rate increasing from 405.07 to
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467.53 °C and the char residue at 800 °C increasing from 1.51% to 18.48%. However, mechanical testing indicates that the addition

of IFR reduces the tensile strength and elongation at break of PP. This process effectively improves the preparation efficiency of

PAPP, is compatible with wet-process phosphoric acid, and provides a feasible scheme for the industrial production of halogen-free

flame-retardant polypropylene using the resulting intumescent flame-retardant system.

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

retardant application
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Tab.1 Group standard indicators of PAPP

Items Specification

Appearance White powder
Phosphorus mass fraction (w,)/% 223.0
Nitrogen mass fraction (w,)/% =10.0

pH value (10 g/L) 3.0-4.0

Moisture mass fraction (wy;,,)/% <0.2
Whiteness =85
1.0% mass loss temperature/°C =280
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Fig. 1 Schematic diagram of the PAPP reaction mechanism
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Tab.2 Testing indicators of PADP products

Samples /% /% Water solubility/[g+(100 mL) ']
PADP-1  21.70  10.16 18.56
PADP-2  21.77  10.03 17.63
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Tab.3 Mass fraction of each component of PP/IFR composites
%

Samples PP PAPP MPP Other auxiliary agents
PP-0 922 0 0 7.8
PP-1 82.2 0 10 7.8
PP/IFR-1 67.2 15 10 7.8
PP/IFR-2 67.2 15 10 7.8

Notes: PAPP in PP/IFR-1 was prepared using thermal phosphoric
acid; PAPP in PP/IFR-2 was prepared using wet process phosphoric acid.
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Tab. 4 Product indicators of PAPP under different reaction temperatures

No. Temperature/°C Rotate speed/(r*min”") Whiteness Water solubility/[g (100 mL) '] Time/min
1 180 50 81.6 9.42 ~35
2 200 50 80.6 8.76 ~35
3 220 50 84.9 9.41 ~35
4 240 50 84.1 9.33 ~35
5 260 50 79.2 1.19 ~35

2.2 R wEF1E) AF4) & PAPP 69 %R

I % SV T B oA 260 °C , PADP AN W il kL, XL
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Tab.5 Product indicators of PAPP under different reaction times

No. Temperature/°C Rotate speed/(r*min ") Whiteness Water solubility/[g (100 mL) '] Time/min
260 50 79.2 1.19 =35
2 260 100 81.3 3.68 ~26
3 260 200 80.7 3.88 ~10
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Tab. 6 Product indicators of PAPP under different phosphoric acid raw materials

Samples ,/% /% Whiteness Water solubility/[g+ (100 mL) '] pH
PAPP-1 23.50 10.47 79.2 1.19 3.17
PAPP-2 23.55 10.44 77.5 1.15 3.04
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Fig.2 FTIR spectra of PAPP-1 and PAPP-2
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JL N 0.2~75 wm, H A 20.0~45.0 pwm X [] (5 FE ik

21.75%, 3 W] PAPP-1 KUK &7 L m  PAPP-2 1Y
Dy, M 8.26 pm . Dy, N 19.54 wm , KiA2 20 A 5 b T 2~
20 pm, HH12.0~10.0 wm H 40 X [A] 5 Eb Ry 45.84%,
>20.0 pm HLRE 5 HLAUA 9.41% , 26 B PAPP-2 [
BEARTEAN . PAPP-2 K7 A2 55 /N D A ] R R
WEIR WP AT AE B 24 B T A A A K = A R
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Tab.7 Particle size test data of PAPP-1 and PAPP-2

Category Parameter PAPP-1 PAPP-2
0.200~0.500 pm 1.58 1.41
0.500<~1.000 pm 7.31 7.51
) ) 1.000<~2.000 pm 4.22 5.40
Particle size 5 16005 000 pm 7.95 14.61

distribution/%
5.000<~10.00 pm 21.92 31.23
10.00<~20.00 pm 34.73 30.43
20.00<~45.00 pm 21.75 9.28
45.00<~75.00 pm 0.54 0.13
o » D, 1.07 111
?racte?rlstlc D 11.24 8.26
particle size/pm 0

D 22.60 19.54

90

Notes: D, is cumulative particle size at 10%; Dy, is median particle

size; Dy, is cumulative particle size at 90%.
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(a) PAPP-1 (b) PAPP-2

%13 PAPP-17#1PAPP-2 [{Y) SEM e i
Fig.3 SEM photos of PAPP-1 and PAPP-2
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Fig.4 TG and DTG curve of PAPP
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Fig. 5 TG and DTG curves of PP-0, PP-1, PP/IFR-1, and PP/IFR-2
%8 PP-0.PP-1.PP/IFR-170 PP/IFR-2 BB AR 1R
Tab. 8 Data of thermal degradation of PP-0, PP-1, PP/IFR-1, and

PP/TFR-2
Samples 1,/°C 1,/°C T, /C (i"‘;rogesgf,‘f
PP-0 30596 33562 405.07 1.51
PP-1 31979 36743 456.72 13.05
PP/IFR-1 30697 36320 471.59 18.98
PP/IFR-2 30261 35192 467.53 18.48

Notes: T, is temperature at 1% mass loss; T. %, 1 temperature at 5%

mass loss; T’

max

is temperature at the maximum mass loss rate.
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Fig. 6 Heat release rate, total heat release and total smoke released of

PP-0, PP-1, PP/IFR-1, and PP/IFR-2

%9 PP-0.PP-1,PP/IFR-171PP/IFR-2 i CONE illi #11&
Tab.9 CONE test date of PP-0, PP-1, PP/IFR-1, and PP/IFR-2

Resi-
due
rate/%

PP-0 24 178 75891 139.51 782.02 243
PP-1 16 151 409.36 127.60 873.68 10.63
PP/IFR-1 12 257 251.28 127.34 419.59 15.95
PP/IFR-2 15 238 219.72 123.17 604.84 18.13

PHRR/ THR/ TSR/

Samples TTI/s ¢ (kW-m’Z) (MJ~m’2) (mz-m’z)

/s

PHRR

Notes: TTI is time to ignition; 7, is time to peak heat release rate;
PHRR is peak heat release rate; THR is total heat release; TSR is total

smoke released.
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Fig. 7 Limiting oxygen index (LOI) of PP-0, PP-1, PP/IFR-1,
and PP/IFR-2
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%10 PP-0.PP-1.PP/IFR-17%1PP/IFR-2 Y UL 94 Uiz 45 R (1.6mm)
Tab. 10 UL 94 test results (1.6 mm) of PP-0, PP-1, PP/IFR-1, and

PP/IFR-2
Samples ~ Number /s t,/s  t+t,/s Dripping Rating
PP-0 1 Yes No Rating
PP-1 1 Yes No Rating
1 1.3 1.4 2.7 No
2 1.3 1.2 2.5 No
PP/IFR-1 3 1.2 14 26 No V-0
4 0.9 1.1 2.0 No
5 1.0 1.1 2.1 No
1 1.2 1.6 2.8 No
2 1.2 5.7 6.9 No
PP/IFR-2 3 1.1 2.0 3.1 No V-0
4 1.2 1.5 2.7 No
5 2.0 1.8 38 No

Notes: ¢, is first afterflame time; ¢, is second afterflame time; #,+1, is

total afterflame time.

(c) PP/IFR-1

(d) PP/IFR-2
8 PP-0.PP-1 PP/IFR-1 il PP/IFR-2 Z:jt CONE iz (1955 4% 140
P AL
Fig. 8 Front and side views of char residues of PP-0, PP-1, PP/IFR-1,
and PP/IFR-2 after CONE test
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Fig. 9 SEM images of the char residues of the PP-1, PP/IFR-1, and PP/
IFR-2 samples after CONE test
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Fig. 10 FTIR spectra of the char residues of the PP-1, PP/IFR-1, and
PP/IFR-2 samples after CONE test
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