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AR (AICL, « 6H,O0) 4384, L T A b B A BRA Rl 54, 4~ 3 Z K 1 58 (DDMD L 43 #r
afi , B8 AL B R A R F 5 Uy A BLER AR T W) ES1CF B FR 4 0. 51mol/100g) , Tolk4li, v = 7 1k 48
W 2B EHARA R B R AL AH .,
1.2 DOPO-Al &

# DOPO-OH(10. 45g) 5 75mL Jo/K ZBEM A B = DB b, 78 65°C FHEFEIAE . B AICL
6H,O(3. 73) ¥ 7 75mL JorK £ B B U W - 45 32 0 0 A B 4E e O < v, SR )5 R B S T <11 0 W
SN = BRI N SE RS L 7E 65°C R KU 10h, B2 25 Hh kL 45 30 AL S8 B T K BRI P IK

T TS VR P IR SR G A B 28 THR AR TP /e 70°C F TH 24h, 15 3 (3 @ [ /& DOPO-AL, 7= R 7E
SOULEFH., EHIEETFE 1R,

2o 0
9 OO
O

P=OH  p > P o AT,

o

K1 DOPO-AL & gz
Figure 1  The synthetic pathway of DOPO-AI

1.3 HEMENT&E

AR BC 7 ¥ DOPO-AL 5 3 %44 fi 72 80°C T AL IR & 1h, @,H\/“*ﬁzi’m VDN
DDM(#% DDM Hifi Tk & 09 BT i 5 5 3R AR s iR RS R i Lol 1 s D R R 5 K IR & W 8]
AE 80°C i iy AL Ho v, M E MG BEH LA 80°C B8 T4 rh FL s il < EJ‘%WZIK%EPE’J%?@ PR A
BARF THA P 7E 80°C FEL 2h, FHE ZE 150°C B4k 4h, B HS BCH 3188 1S 3R AW A5 il ke . ks
DOPO-AL B fins , il # — & 50 3 AR IR R FE  f 11X 40 Bl A5 10 28 DO, D2.5,.D5,D7.5 F1 D10, D &R
DOPO-AL,0.2.5.5.7. 5,10 /R BHLBA TG it oF P42 AR A9 Bt it 7 43 b . BARA ORU R 5 an 38 1 B ow

®1 WEMEBHESR

Table 1 Formulas of epoxy resins

RE g 5 E51/% (wt) DOPO-Al/ % (wt) DDM/ % (wt)
DO 79. 82 0 20. 18
D2.5 77. 83 2.5 19. 67
D5 75. 83 5 19.17
D7.5 73. 84 7.5 18. 66
D10 71. 84 10 18.16

1.4 HRBMeERRIE
7E 25 [ Nicolet 6700 B L H--27 SR S8 AL HEATL0AMGIE (FTIR) R, KBr JE A 32 5 B4 4% 14 3 9%
P i ("' P NMR) 7E Bruker AVANCE 111 400 WB [ /& i SL R4 L 847 ;76 H A Hitachi S-4800 4
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Bi EHEATIESOWES  TE LA 1) EDAX TEAM BE 3% 3 #1417 BB 1% (EDS) 43 7 ; 78 55 |8 PerkinElmer
STA6000 # oM AL 1 47 # R PR A0 b7 » R, FHELHE R 10°C /min 76 B 5UVL T JF-3 FA B 4048 B0o
A F AT PR AR H50 52 L i RE R SF 150mm X 6. 5mm X 3mm , MK AR #E ASTM D2863; ZEE [ FTT0007
RYHETE e PRAL L HEAT R M AR 43 A 1R RUSF 2 100mm X 100mm X 4mm, 35kW/m” B #4325 B2 1
KK AR E 1SO:5660-1; 7278 [F NETZSCH 27 TAQ 2000 2278 $1 4 ft X _E 1547 Bl 385 4k 5% 28 7L B 4%
Br, 1438 % 10°C /min,

2 #R53%®

2.1 DOPO-Al By & #)RAE

2.1.1 FTIR 4 #7 2 4 AICL, » 6H,0,DOPO-OH F174#) DOPO-Al fJ FTIR &, 5 AICI, -
6H,O #l DOPO-OH #H It , DOPO-Al A W] W A, H E& A 8 AICL, » 6H,0 1 596em ' Ab Al—
CI2 g 48 2 Wz e i, % A 4 3 DOPO-OH £ 2000 ~ 2800cm ' 2 [i] P—OH"™ Yy 55 W Wi i, {H 7¢
477cm ' AEHIEE AL—O B4R S I % , 7F 3064cm 1. 1597cm ' 1478cm | Rl 1434cm M B0 AE BR AR AE
W Y&, 7 1226em ' 1168em '.1123em P ML P = O @ i 45 5%, 1077em ' HEL P—O & i 4
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2 AIClL, » 6H,0,DOPO-OH #1 DOPO-AI 4 FTIR [
Figure 2 FTIR spectra of AICl; « 6H, 0, DOPO-OH and DOPO-AI

2.1.2 SEM M EDS 734 & 3 5 DOPO-AI ) SEM F1 EDS E, MWEF A1, DOPO-Al Ry HeR 454,
A C.OP Al A LR AFAHEILR. GREW, AICL « 6H,0 M DOPO-OH k4 T I , 4 i,
DOPO-AL,

2.1.3 "P NMR4r#r K 4 5 DOPO-AI #°'P NMR K, T PJET N FHE T, Hit £ DOPO-AI
S ANME S 06, MK 4 7] 4, DOPO-AL 7 — 11. 52ppm F1 — 3. 97ppm Ab i 30 Wz e 06 , 12 45 55 F 1,
A8 DOPO-AL Ky i 45 4

2. 1.4 HEEMESHT WEE DOPO-OH Hl AICL, « 6H,O K™ #) DOPO-Al 347 #8a E H#r , AR
AR TG £ n & 5 Fisn. DOPO-AL B TG 4k 558 A9 TG il £k 01 WA 6] How 46 45 i TR
GY% (WORKEBE, T, K 595.5°C, 5 DOPO-OH F1 AICL, « 6H, 0 BAHIL, 20 3425 T 267.0°C .
444.7°C, DOPO-Al 5 800°C ¥ 5 F N 36. 6%, 5 DOPO-OH il AICl, « 6H,O B AH b, 4> 5 #2 5
31.1%.13. 4%, Z5HFRW, & DOPO-AL B A &5 i Pk 8 1E B0 1 1 i % fig

2.2 IRERAEPE B I BE S 4T

2.2.1 WPREFEC(LOD R G M B A8 B S 30 25 2 5 T 3% 2 h. BEE DOPO-AL %0 &t i34
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Figure 3 SEM picture and EDS spectrum of DOPO-AL
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Figure 4 * P NMR spectrum of DOPO-AI
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Figure 5 TG curves of DOPO-OH. AICl; « 6H,O and DOPO-AI

I FRERIR B9 LOT R SE 3 B, S 7. 5% (wo iF FRAARIR B LOT {5 5 i i
R 31.3%, AREY] L, DOPO-AL 7EXEM i bk B BHIARCR .

10. 14028/j. enki. 1003-3726. 2020. 05. 004

24. 1% 3%



55 M = N ¥ W Eild ¢ 35

x2 REMEHBRREEHIEER
Table 2 The results of LOI tests of epoxy resins

AR DO D2.5 D5 D7.5 D10

LOI/ % 24.1 27. 4 28.3 31.3 27. 4

2.2.2 HEEEI T HE— 855 DOPO-AL AT ¥ E M AG 1 8RB A7 4 A9 2, XF DO fl D7. 5 k47
HEF BRI, 18 6 & DO FI D7. 5 il BB i 3 2R (HRR) | B BB i CTHR) FLECKE B (TSRO #4841
KEAEH TR 3 T, 7.5% (wt) DOPO-ALMIA {5 FF R i 1 R 0H R G (H (PHRR) O 347 24088 il
Z(MHRR) FIE AR CTHR) ¥ B AR, AH R 4 B A B2 43 301 o 28. 996,20, 2 %6 ,16. 3 % 5 fif 38 S8 44 g °F
0 5 O R (MMLR) BRAIG , 55% B8 40 (RW) S8 35 34 mn, RW 35 i 3 85 38 135 %6 5 {1 4 404 Al J0R Joe ook A
o ) — Rk AR B (M-COY) T S - 2 S ARk A i i (M-CO, Y) FE AR, M-COY Ft & fil M-CO, Y
A, BEIIR B B rh R S8 R BRI 2, 58 R BEREAR . BIRSSRE U], DOPO-AL By £77E 6 31 20 5 1Y
PRBETR B s . M H 7. 5% (wt) DOPO-AL Jin A il 35 2B i 19 S0 40 B il CTSRO ARV 7™ & (TSP)
PIREA , BRARIR 20 500 13. 8% .13. 9%, Z5 S £ 1, DOPO-AL 16 3 A M i Pl 2] — E M mscs . 5
DO FH L, D7. 5 5% B8 8 3538 i, B0 DOPO-AL B A #8141 7 38 58 il ¢ )2 BE 77+ BE 76 E 3R A0 Hh ke B
BAPEFT . DO A1 D7. 5 24 IR T | 5% 52 9 A0 S0 1] LA K AR B 5¢ )2 (9 SEM &G 2 434 485 31
7 i, IWEHATLLE Do BZ B AL 2 R 808 A58 ANEDT, H SEM & 35 E 2455 i
FLAR 32 0 J2 45 K AN Rl 400 i) A e R0 g T Ag 4 R R BIR P AE FE . T D7, 5 gk )2 B S BRI L SE AR
SEM &t i 7~ B85 i 5T NI 0 S5 48, 3R I 2 45 48 BB A RIT wh R b DX R e )2 T A A 3k I () 4 I A A
A, N EEEER . D7.5 B ICE ML R B R HRESA CNLOALP AfftXE.HY
DO ZMHE, ZER CUESE TR, O i€ T8 m. LG REYW ., & DOPO-Al H & W s 7E A H%
TR BEIE B B R AT AR L A STk A R Ak A 1 DR A e )2 S ) (R 7 R SEL I 0N 5 DA T R AT AR e
AR IR GRS

1000 - —— DO 6000
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Kl 6 Do Fl D7.5 1 HRR.,THR F1 TSP #hi£k
Figure 6 HRR, THR and TSP curves of DO and D7. 5

*£ 3 DOFD7.SHEREREHIE
Table 3 The cone calorimeter data of DO and D7. 5

- PHRR/ MHRR/ THR/ M-COY/ M-CO, Y/ MMLR/ RW/ TSR/ TSP/
1 2 2 2

(kW/m®) (kW/m*) (MJ/m?) (kg/kg) (kg/kg) (g/s) % (m®/m") (m?%)

DO 1010 247 123 0. 06 1. 56 0. 106 9.2 5633 49. 8

D7.5 718 197 103 0.08 1.75 0.078 21.6 4854 42.9

2.2.3 #PERE N THFSE DOPO-AL AT B8 E A B #PE BB 19 32 0 . XF DO Al D7. 5 #E47 #4885 1 Mgk
T Ak B AR UL R Y A0 T A RE 1 TG T DSC £ &l 8 i . DO H1 D7. 5 B4R A R iR BE (T 50 ) 43 51
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Figure 7 Digital, SEM and elemental mapping images of the residue from DO and D7. 5 after cone calorimeter tests

360.3°C.368.9°C, 5 DO AHIL,D7.5 B T.y 4255 8. 6°C LM 7. 5% (wt) DOPO-AL Jil A2 55 FF & b g
M IRFEE . DOPO-AL B4 b $A53 fif  BE 2 T 30 48028 5 D e DOPO-AL 5 3 40 5 5t 1] 19 A B AE T, 34
HHMTHEMIE AT EMER IR E ., Do il D7.5 () 800°C 5k 5 F 20 5~ 18.2%.28. 6%, 5 Do A/ 1L,
D7. 5 [ 800°C 5 Jie 4 = i £ =535 57 %60 . B R 14 & Al I3 B F DOPO-AL 55 ¥R 403 i (] /) AH B 7E
LI & DOPO-AL 24 7= My 4 ik PR 48 3L R AL % . DO Al D7.5 B 3% B4k 55 A8 R B (T,) 40 %1 o~ 158.6°C |
161.8°C. 5 D0 M ,D7.5 ) T, #8&5 3. 2°CL, B 7. 5% (wt) DOPO-AL ML A GE 42 = P12 W A5 A9 i 4
P 33 AT fi 0] PR BELAR 500 A A B ) 3R A W B B as s

100 o]
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80 1 ---D75
z
o E 2
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= =3 .
2 E o34\
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2 w0 5 0 158.6 °C
Y
20 5 te18ec- T
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8 Dol D7.5 ) TG Hl DSC il £k
Figure 8 TG and DSC curves of DO and D7. 5
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BF, B SECRRY Bl 170 A R i T 23 U L T B AR I 30 R BB i i R IR R B 3 ) R 28.990.20. 2%,
16. 3 %6 3 F- 35 o f 4 2k SRR B AIR , 8% 0 1S IR B R Gk 135 00 AN ARG £ L 58 A R BR I /D 5 AR R ik
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Preparation of DOPO-based Aluminum Phosphinate and Its Flame
Retarding Epoxy Resin

LUO Qin-qgin', SUN Yu-lin*"
(1. School of Chemistry and Chemical Engineering , Lingnan Normal University , Zhanjiang 524048, China ;
2. School of Life Science and Technology, Lingnan Normal University, Zhanjiang 524048, China)

Abstract;: DOPO-based aluminum phosphinate, named as DOPO-Al, was synthesized from 10-hydroxy-9-oxa-10-
phosphorphenanthrene-10-oxide (DOPO-OH) and aluminum chloride hexahydrate. Its structure was characterized by the
infrared spectrum, scanning electron microscope, energy spectrum, phosphorus nuclear magnetic resonance spectrum and
thermogravimetry. The flame-retardant epoxy resin based on DOPO-AIl was prepared, and it flame-retardant and thermal
properties were analyzed using limiting oxygen index (LLOID), cone calorimetry, thermogravimetry and differential scanning
calorimetry. The results showed that DOPO-Al was a high-temperature flame retardant. and its initial thermal
decomposition temperature (T;, ) was as high as 595. 5°C. The flame-retardant property and heat resistance of epoxy resin
were improved by incorporation of DOPO-Al. When 7. 5% (wt) DOPO-AI was introduced into the epoxy resin, the LOI
value of epoxy resin was increased from 24.1% to 31.3% ., and during the combustion, its peak heat release rate, average
heat release rate, total heat release, total smoke release and total smoke production were all reduced, and the increase rate
of the residue was up to 135%. The analysis of carbon layer suggested that DOPO-AI existed the condensed-phase flame-
retardant mechanism. Its T;y and glass transition temperature were up to 368.9°C and 161.8°C, respectively. The
prepared flame-retardant epoxy resin had the good thermal properties.

Key words: DOPO-Based aluminum phosphinate; Epoxy resin; Flame-retardant properties; Thermal properties;

Flame-retardant mechanism

10. 14028/j. cnki. 1003-3726. 2020. 05. 004





