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Research on production process of piperazine pyrophosphate and its application
MAO Dun, NIU Pengying, LONG Dexiao, MA Hang, WAN Banglong, KONG Chuiyang, DANG Hui
(Research Institute, Yunnan Yuntianhua Co., Lid., Kunming 650228, China)
Abstract: Piperazine pyrophosphate (PAPP) , as a new type of nitrogen-phosphorus composite environment
friendly flame retardant, features multiple components including acid source, gas source and carbon source,
demonstrates outstanding carbon-forming capacity and flame retardant effect. The Research Institute of Yunnan
Yuntianhua Co., Ltd. uses a two-step synthesis process to prepare PAPP. At a temperature higher than room
temperature, polyphosphoric acid dehydrates to form pyrophosphoric acid, which is then neutralized and
crystallized with piperazine under acidic conditions. The crystallization process can control the crystalline
morphology of the product particles, thereby obtaining products with regular particle appearance, high uniformity
and high whiteness. Compared with the market benchmark products, the PAPP flame retardant compound
(PM-2-PP) independently developed based on the PAPP product has comparable flame retardant performance,
better whiteness and mechanical properties. After double 85 and thermal oxygen aging treatment, its mechanical
properties are even better. This product has excellent prospects for flame retardant applications.
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Table 1 Main raw materials
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Table 2 Main instruments and equipment
W ik WA PR Tk T TR IR B 45
PAPP 7= i X 42k Bruker D8 PRS0 ] Kadft2k, Cu®ill, 26024 5° ~ 50°, TAEHLI 400 mA,
PERERIE  ATSHMU(XRD) TAEHLE 40 kV
YRS Tecnai G2 F20 %! F R A H] FINHE R 200 kV, 43+ 38%0.14 nm
% (SEM)
FHEMASRET AL Bruker IFS 66 % T A i A KBrJE %2 : 2 mg PAPP, 200 mg KBr, J& F JE /1
AL (FT-TR) 6 MPa, ZAETEE 600 ~ 4 000 cm™
PAPPRHMAR. AT TGA 550 IRFF AT B2 ] NS4, SRR 40 mL/min, T3 %4 10 °C/min,
FHPEREM L TEEEMNA T N IR E 450 °C
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Table 3 Comparison of mostly popular production process of

piperazine pyrophosphate in China
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Fig. 3 Production process of PAPP
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Table 4 Performance indicators of PAPP products

W HE  w®P) wN)/ pH(10%/K w(H.0)/ 100 mL/KH%E  IOEEE  ASRIEE (R Pk PRz
: (R457)1% % % BT % (25 C)lg  (Fadiik1%)/°C iR 5%)/°C (dso)/pm  (dso)/pm
IS EINFD =90 =23.0 =10.00 3.0~5.0 <05 <20 <15
FabREisk
FRPRICIMME L 93.3 2341 10.19 3.45 0.08 1.25 281.7 298.7 13.00 28.50
FRFRIZINE2 - 99.0 2343 10.40 3.40 0.07 1.21 291.2 3475 6.23 12.40
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Fig. 4 XRD pattern of PAPP
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Fig. 5 The SEM images of PAPP
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Fig. 6 FT-IR spectra of PAPP
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Fig. 7 TGA and DTG curves of PAPP
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Fig. 8 The *P-NMR pattern of PAPP
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Table 5 Application performance of PAPP flame retardant (PM-2-PP)

HIR POREGH AR {E/ PR SRR CO,7 4t/ CO ™4t/ 820 °C
Fsf 18] /s (kW-m™) (kW-m?) (m*+m™) (kg-kg™) (kg-kg™) BRI 1%
19 345 130.71 17.03 0.269 9 1.254 1.87
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Table 6 Comparison of flame retardant application performance between PM-2-PP products and

industry benchmark products

/% FHARLAS/ pm i JyErERE
B H = e
KERAERY R b2z |
ey WP WL L 210 230 C e P A Y
% %o %]Jizﬁ\ ‘rﬂﬁ%‘l ‘rﬂYﬂ%ll dio dso dw dor R /‘Q/% JiE/MPd (k].m’z)
1h 1h
TR LR LN L
Xthr o 18.71 20.68 3.67 95.1 90 81.5 0.698 4.681 14.10 19.56 83 7.0 09040 0448 18.8 30.5 28.6 17.6 2.00 5.11
TE R 1#
Xthr 18.68 20.81 3.80 96.3 93 86.8 0.661 5.286 15.59 21.44 9.5 9.6 09100 0452 179 258 292 176 2.05 5.10
T 2#
PM- =185 =20.5 425 970 95 =87.0 0.824 6.458 13.80 17.86 8.0 9.0 0.1014 0465 21.8 58.8 29.0 17.2 2.00 5.65

2-PP
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Table 7 Comparison of flame retardant application performance between PM-2-PP products and benchmark products

after 1 000 h double 85 (relative humidity 85%, 85 C) treatment
T PfaRE/MPa WM A/% SRS /MPa BRCE/MPa R R ppi R/ (kS em ) UL-94(1.6 mm)
XFBRI" i 16.5 35.16 27.4 14.26 3.78 V-0
PM-2-PP =19.0 =37.00 =31.0 =15.00 3.00 V-0

%8 1000 h. 150 CHEEN AIEF PM-2-PP = R5 1T\ ARHF 7= G BRI Bz B 1% gE Xt tb

Table 8 Comparison of flame retardant application performance between PM-2-PP products and industry benchmark

products after 1 000 h, 150 C thermal oxygen aging treatment

i PR /MPa WA R /% RS/ MPa IS AR/ MPa B REL O phili e/ (k) m”)  UL-94(1.6 mm)
BRI i 20.69 5.94 33.54 20.41 275 V-0
PM-2-PP =21.00 =8.00 =36.00 =25.00 2.70 V-0
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