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Synthesis and Application of Novel Halogen-Free Flame
Retardant Aluminum Diethylphosphinate

Wang Yingzhou, Ding Xinru,Jiang Hao, Bai Lijun, Zhi Huizhen, Yang Jinfei,Huang Xiaodong
(School of Chemistry and Materials Science , Nanjing Normal University, Nanjing 210023, China)

Abstract: Aluminum diethylphosphinate ( AIPi) was synthesized by di-initiator. The optimal reaction conditions were
explored, and the yield of AlPi is up to 94.4% under the conditions that the reaction temperature , time , concentration of
aluminum sulfate solution and pH are 80 °C, 2 h, 0.1 mol/L. and 2.0~2.5, respectively. The molecular structure of the
sample was characterized by FT-IR, ICP,'H NMR and *'P NMR. The result of thermal stability of the products stated
that T\ and Ts, are up to 391.88 °C and 429.38 °C respectively, which could meet decomposition temperature of the
excellent flame retardant. The application of AIPi to Nylon 66 (PA66)was investigated. When the content is 15% , the
LOI to 33.2% and UL94 to V-0, the flame retardant of PA66 has been significantly enhanced. And the bending strength
and impact strength still have been remained at reasonable range.
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B, LD 555 220, O IR R BRI BN 5 B R A0 VA TR N AR B . SRR R R, LK (2) . 20k AR s A
T T RG] &), KK G Ja 55— 2 SO i 18], FLAE AR T BRI AT AT, 528 R i1k 94.4%.

SEEHRAE AR RN TN 60 g LTRHN 5.3 ¢ —IKGUREBERR AN, FF MRS A 0.41 ¢ 51 &5 1 il
0.365 g 5l &5 2. LA 0 Kl HECHER IO 2 N2 S, FRRFEA M, 7178 1.6 MPa. 100 CJ
N 4hJ5 R RS AR AR . BEZE AR K R 2 500 mL PUSE T, 80 “CIR N 0.1 mol/L it
FRESVA , SO 2 h s, 15 Ak 6.14 ¢, 77 % 94.4%.
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Table 1 Effect of reaction temperature on the yield of AIPi Table 2 Effect of reaction time on the yield of AIPi
e SV I EE G A ¥ S BT/ e
1 60 63.4% 1 1.0 53.2%
2 70 83.8% 2 1.5 79.3%
3 80 94.4% 3 2.0 94.4%
4 90 94.1% 4 2.5 94.6%

2.1.3 BRBRABIRE %R

BRI IR R RO X AP #ARR e PR I BE ], 455 L2 3.

2 3 AT, Y IR A TR VR MR EE 43 A 0.05 mol/L F 0.10 mol/L i, AP F) ) 16 43+ i s E 43 ) g
391.89 CH1 391.88 °C, —#{UAHZE 0.01 °C, I BLIEEFE 0.10 mol/L BT g 75 H . B 45 i R 40 1 TR Vi B3 3%
W3 K, 0 I 3 e U R R R R 3K R R R PR T IR A VA VR VA R R, B R R R 2 T AN
FaE e f 7 — 2 R R B R AR L 3 BO00 UG 0 MR R BE B R L TR IR R R TR R VA VR B A VR Bl 0.10
mol/L.

2.14 ik pH %k
PRITIA pH XF ALPi B 5 B 152, 25 53 L 3% 4.
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Table 3 Effect of the concentration of aluminum sulfate Table 4 Effect of pH on the contents of
on the thermal stability of AIPi phosphorus of AIPi
J7 TR FE e 4/ (mol/L) T1l°C P pH P/%
1 0.05 391.89 1 1.5~2.0 23.20
2 0.10 391.88 2 2.0~2.5 23.92
3 0.20 372.21 3 2.5-3.0 23.62
4 0.30 367.40 4 3.0~3.5 20.79
Hi ¢ 4 T AL, B B pH E R REAG, AIP H Y #5 APIFPAIZENE
@;giﬂ%}%j&;ﬂlﬁﬁ( 23.85% ) , %/l pH ﬁﬁ 2.0~2.5 Table 5 The contents of phosphorus and
P Sk e B T R H . SR TR T KA aluminum of AIP:
WP B PR RSAE SRR 3R 9 pH SR A BS 1O A7 b P i
TEIG M pH o 4 ZEATI ST R SR 70 22
TE R B - R B R . MR T A B ALL (CoHs) PO, s e 6.92 2385

Hh AR ATRRAERL T ALL(CoHs).PO,1,(OH) L ALL (C.Hs),PO, ] COH ), 52 M0 77 5 (4 21 B2 e 5 . A SEBR 25 1
OYHT BERRIR I pH LT 2.0~2.5 Z[H] .
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Fig.1 FT-IR spectrum of AIPi Fig.2 TGA spectrum of AIPi under N,
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A0S .6 1.34 ppm~1.43 ppm Z[A] 1 22 UG JE T FH 3L b 57 S0 AL 400 B, W 5T 70 1) B0 T
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Fig.3 'H NMR spectrum of AlPi

2.3 ZZEIRBEBRIRTE PA66 H R A A
2.3.1 RAEHR &

¥ ALPi \PAG6 5 1R — 2 A9 LU TR & 3847, 8 5 SV E AT B FE ML AN DRI AL T 255 C~265 °CF H i
K TS R LT 255 °C~265 °C,5 MPa J& ) T B AU, SR /5 BT 5 MPa [R5 F 1% He , Pl b
RS ]
232 HARm K,

T AR (UL-94) 3 GB/T 2048-2008 FrifEilll ik , # B 445 2 (LOD % GB/T 2406—1993 #75 #E ]
i, B SR FE 4% GB/T 1040-2006 A fEI IR, vhas 5 B 4% GB/T 1843—2008 i i U , 25 i 58 B 4% GB/T
9341—2008 FRfEM I, ML R WK 6 Fis .
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Table 6 Influence of the additive amount of AIPi on the flame retardancy and mechanical properties of PA66

W (AIPi)/% UL-94(3.2 mm) LOI/% Sy sLEd FLAHGE EE/MPa il /M Pa thib R/ (kJ-m™)
0 Te 5 21.5 i K 59.7 53.6 4.9
5 V-1 27.4 Bk 46.7 53.9 4.5
10 V-1 30.6 AT 35.3 54.3 42
15 V-0 332 el TE 28.2 54.8 3.8
20 V-0 373 el TE 26.6 552 3.7
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