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Progress on Synthesis and Characterization of Ammonium Polyphosphate
Yu Baogen, Mei Yi, Xie Delong, Long Guanghua, Yang Yunyan
(Faculty of Chemical Engineering, Kunming University of Science and Technology; Kunming 650500, China)

Abstract : Some synthesis methods of ammonium polyphosphate (APP).were introduced; including the polymerization of
H,;PO, and CO(NH,),, the polymerization of (NH,),HPO, and P,O; etc, the strengths and weaknesses of them were introduced
as well. For discriminate APP— [ from APP— Il the characterization methods of infrared spectroscopy, X-ray diffraction
spectrum, water solubility and degree of polymerization were also inttrodueced. APP which has a higher polymerization degree is
better compatible with polymer material.’ Determination of the polymerization degree include methods of end-group titration, light
scattering, viscosity and nuclear'magnetic resonance (NMR), etc. Among them, the solid-state NMR method has high accuracy and
is the preferred method for the analysis of polymerization degree. However, due to the limitation of the instrument, the methods can
be used in accordance with the actual situation.

Keywords : ammonium polyphosphate ; flame retardant ; synthesis ; characterization ; progress
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1 APPHI%I&
T4 APP B G A& RUE R ANF, AMTETF R £
F APP A 45 s o

1.1 BhER — RE%aik

o — 7 O A TEC B Al R Bk F A B B g 22 v, A
FI] 100°C A= A7 B 45 3006 05 38 BH (VA AT &2 140°C, )R
N R SR, PRI IR R TS R . AL TRLRE R4 T
—EW RS , THEZE 200 ~ 250°C, 906 1k 5 4k
SR 2 h, BETRAT ) R G R A 5 G U N
(=W

nH,PO,+(n-1)(NH,),CO —> (NH,),,P,0s,.,+(n-4)
NHy+(n-1)CO,

TR TR Z WA IREAE RO R
B 4EA T AIFE T, SRR ) A R AR A S i A L IR R
S5 BHAS APP (50 . INARYIR R 30 456 RO, AAY)
JIE, 7 i A AR, A BT IMARIRERL 2, IRE I
fift 7= A RS WU B ik N, AR R, Ak
A5k

B B 55 ™ AR AN DR 2 R JURE , Hic IR n( B )in( PR
F)=1 1.8 MY L BB kL, Je7E 124 C TR A 25 min, 2
THR 230 ~ 240 °C R A &4k 140 min; iz 7 2898 FR RsAs
F| APP 77 i, I 58 HR G BER.23.3 VA i EH 0.67/ g/
100 mL 7K.
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E R F L BERR h & — 2 (K 43, S 30Z A4 1) APP
RA ML R, — AT 30, % IRAEFER) APP K Z
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MWL R R, W BTy Lo 1.05, 45 80°C T St
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APP FHREGERT 220,

Li Yuntao %5 "% DL ## 2 1 R 2 4 BRORE, 43 P45 &
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SE [EIRLEE R 230 °C, 7E IR BE R SO 90 min, 35 12 2145
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Ui BT S VR R AR S A A B o3 1 Y BE A
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X5, FLBEAR SRR A < 38 1 LT Sl R R s R e
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T2 kRN, SR Dy BA oy S — B fH, BT AR S
JERSFE 3 T AE e Y FRE IR — e i,
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Houwink J5 B2l 5 NaPP [ 4 X 4> F i, NaPP [ AH X} 43
TR HAR S T 102 Z HRI APP IR G P, 5
Sb,FIFH R. Pfanstiel 2 P78 (250205, I NaPP JH:
SR G LRGN APP IR AR . 2558, W
P AR RN ZE A 2R K. L T, fIA Sl Strauss 15
DU oA APP AT 43F Fim i K0S, Pfanstiel 3511 L
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fif P I A R
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XA P A0 TR R i IRV T T Ak R AR
il % APP (VA , 45 SRR, S A i 25 2 1 U B
BT SR B ROV R, S 2 XA SR B S, Thi R
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FAA B R SR H BB TR APP & 55 1,
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A RV ARAZ R PR D v B oy SR R B A T e
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19 AN W22 3508 04 52 A5 IS 19 APP DN 20 A% g 3

S & Xk

(1] BRAEM . BT (M. b« IR Tl bt , 2009:318-321.

Ou Yuxiang. Flame retardant [M]. Beijing: National Defense

Industry Press,2009:318-321.
[2] Ruban LV, et al. Polymer Analysis and Degradation,2002,

23(2):79-88.
[3] Sophie Duquesne, et al. Applied Polymer,2001,82(13):3 262-3 274.
[4] Liu Guosheng, et al. American Chemical Society,2010,49:5 523~

5529.
[5] Shen CY, etal. American Chemical Society, 1969,91(1):62—-67.
[6] Awad W H, etal. Polymer,2010,51(11):2277-2 285.
[7] WuKun, et al. Journal of Polymer Research, 2009, 16(3):283-294.
[8] WH=ZE, 45 . ThREA K, 2006,37(3):424-427.


杨超


AR, A5 SRR B A MR LR 131

Hu Yunchu, et al. Function Materials,2006,37(3):424-427.
[9] BRAE, 4% . WRAL 5K, 2015,30(9):26-27.
Wei Fazhan, et al. Phosphate & Compound Fertilizer,2015,
30(9):26-27.
[10] Li Yuntao,et al. Inorganic Chemicals Industry,2012,44(1):26-29.
[11]  RML, 5 BRI S5, 2014,29(5):17-18.
Xu Kui, et al. Phosphate & Compound Fertilizer,2014,29(5):17—
18.
[12] #BBSF, 55 . F BB (FIIARRERR ), 2013, 34(4):342—
346.
Hao Qiufen, et al. Journal of Qingdao University of Science and
Technology: Natutral Science Edition,2013,34(4):342-346.
[13] #T4 . THLER Tk, 2013,45(3):8-11.
Huang Qianjun. Inorganic Chemicals Industry,2013,45(3):8-11.
[14] Cao Jianxi, et al. Journal of China University of Petroleum(Edition
of Natural Science),2009,33(6):132-135.
[15] Jia Yun, et al. Petrochemical Technology,2006,35(1):56-59.
[16] Watanabe M, et al. Phosphorus Research Bulletin, 2009,23:34-44.
[17] Suzki H, et al. Journal of the Society of Inorganic Materials, 2002,
9(297):84-90.
(18] BEICE, % . mier b =Aii, 2010(31):2 494-2 499,
Chen Wenyan, et al.Chemical Research in Chinese Universities,
2010(31):2494-2499.
[19] Lv Pin, et al. Polymer Degradation and Stability,2005,90:523—
534.
[20] ZR7KER . MERE APP (43 HICR & B X SEDRAR (4 BELIA £ PR 52
[D]. F &« B HRHL R, 2012,

Li Yonggiang. Study on the dispersion polymerization of
insoluble ammonium phosphate and its flame retardant effect on
polypropylene[D]. Qingdao: Qingdao University of Science &
Technology,2012.

[21] Drevellea C, et al. Polymer Degradation and Stability,2005,
88:130-137.

[22] Yi Deqi, et al. Journal of Beijing Institute of Technology,2009,
18(2):238-242.

[23] FIOLH, % . OHLER T, 2005,37(3):52-54.
Zhang Yuanchun, et al. Inorganic Chemicals Industry,2005,
37(3):52-54.

[24] PIEAE, A AR, 1987,12:2308-2314.
Hisae Nakahara, et al.The Chemical Society of Japan, 1987,
12:2308-2314.

[25] EiHAL S JEHLER T, 2007,39(3):55-57.
Wang Qingcai, et al. Inorganic Chemicals Industry, 2007,
39(3):55-57.

[26] Strauss U Py et al. Journal of the American Chemical Society, 1958,
80(10): 2366-2371.

[27] Pfanstiel R, et al. Stain Technology, 1967,42(5):249-252.

(28] AR . K HE APP 93RS RERAETESE [D]. LAt - JLATE TR,
2015.
Deng Yinping. Study on the polymerization degree of long chain
ammonium phosphate[D]. Beijing:Beijing Institute of Technology,
2015.

[29] ARakr, % . BERKHEIHIR ,2012,35(4):552-554.
Zou Zhiliang, et al. Journal of Solid Rocket Technology,2012,
35(4):552-554.

B REHE=FFEE—RUI
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