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YRk T ¥ & T R Fl ADP/MPP Az bt 69 PLA/ADP/MPP 84444}, Jfid it #1547 8 A BAR AR FRAFES(LOD),
T F H(CCT)Fe 12 4b & F ZARABL(SEM)SF 2F A4 AH64 PR M AL 2R 4T AT . 45 R AW, MPP 4F 4 1125, 5 ADP
B FLMA 2R BA 2, % ADP A= MPP #9 /7 & 532 51 4 13.3% #2 6.7% B, T4 PLA 9 LOL #% & £ 36.2%, & AR5

ik 3] V-0 28, Bl i 5% % % b 45 PLA %9 0.9% 32 9+ £ 6.35%, MPP ) F] ADP 3 1E 1L PLA #% % B A 42 h B B 6945 A ;CCT

MR LR A, % ADP Fe MPP 69 )7 8545 51 H 13.3% #= 6.7% B , MPP ¥Rl ADP 7 (4% % T PLA #4144 FLIK M4
FELMK 36 2K 2] T 1,18, T 3 BBk 5 fe 2Bk F0E18 5 31 AR E 105 kW/m* 42 331.6 kW/m?, 5 4L PLA 81, b3
23 A 55.3% F227.6%, FLIA & K% Ffe % JEJ%.miJL%TI‘k SEM & 4E4E R % ¥, % ADP #= MPP & Jfl & 4k \xlj A
13.3% #7 6.7% B, A4 049 5 B 25 M5 4 508 BSR T K, R A 2L [ 26 AR 55 S0 v AR 4 ik e 2 3 3 , ADP/MPP L
R Z 09 5% RARFo SRR AR ZLAN FAF R 1A B AR RUR, MK AR A1 R ST
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FESHES: TQ323.4+1  XEAHRIEAE: A XEHS:1001-3539(2023)10-0008-06

MPP Synergized with ADP Flame Retardant PLA
Tan Xu, Guo Cong,Geng Li,Bi Chengliang
(School of Environmental Science and Safety Engineering, Tianjin University of Technology, Tianjin 300384, China)

Abstract : In order to study the flame retardant effect and flame retardant mechanism of melamine polyphosphate (MPP)
synergized with aluminum diethylphosphinate (ADP) on polylactic acid (PLA), PLA/ADP/MPP composites with different propor-
tions of ADP/MPP were prepared by melt blending process, the flame retardant properties of the composites were analyzed by ther-
mogravimetric analysis, vertical combustion, limiting oxygen index (LOI), cone calorimetry (CCT) and scanning electron microsco-
py (SEM). The results show that MPP synergized with ADP has a significant flame-retarding effect with MPP as a synergist, when
13.3 wt% ADP and 6.7 wt% MPP are added to PLA, the LOI of PLA can be increased to 36.2%, the vertical combustion level can
reach V-0, and the residual carbon rate is increased from 0.9% of pure PLA to 6.35%, and MPP synergized with ADP has a more
obvious effect on catalyzing PLA charcoal. The CCT results show that when 13.3 wt% ADP and 6.7 wt% MPP are added to PLA,
MPP and ADP effectively improve the flame retardant performance of PLA, the flame retardant index reaches 1.18, and the average
heat release rate and peak heat release rate decrease to 105 kW/m® and 331.6 kW/m’, respectively, which decrease by 55.3% and
27.6% respectively compared to pure PLA, and the smoke formation rate and total smoke release of PLA decrease significantly.
When 13.3 wt% ADP and 6.7 wt% MPP are added to PLA, the carbon layer structure of the composite is continuous, dense and
strong, which can effectively isolate the gas contact and heat exchange between the matrix and the outside, the condensation and gas
phase complementary effects of ADP/MPP flame retardant system achieve the best,and the flame retardant ability is the best.

Keywords : polylactic acid ; aluminum diethylphosphinate ; melamine polyphosphate ; synergistic flame retardant ; flame

retardant system
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SRRHER & DR R SR AR, ik et R R
SE SR B N T AR PR SR AT
FEST T A AR Bl T 12 00 FH A 196 A0 Tl 1) 45443
B, BRI, AR BB RIS Gy K, XA SR i
BT E Kb o WIS a3 AL e i3 AL
R A T A R R B SR o TR E R B
TiEH . H RT3 L S5 32 U T R AR R 2R
FLIR(PLA), ‘B S —Fh n] 76 32 By 5 F oK R B0 2E
YRR AW . PLANUZ T HAR, S aewEY
56 R, R A R0 A A 25 R Lo
TEREE R, )2 N T4 Ak Ry
A ARG, SR T PLA R RS, JE T
GrIRMRL LR RIRIAEE T ) A, DAt R T LA
L L IT SR 4 Tl S840k i 1 . Rk,
TR PLA R U, o H AT BHAR e R o 0
BT,

N R P R SR S S A= (1 iR
JE R, I BN A AT S LS W F T PLA FH
PRSI , — IR MR AR (ADPYE AR E A 1R
FPEMBE R BRI, LB AT R R e A
T B 7 TR A2 AT S A ORI A AR R
JZ TR TR UE A1 1E FE AR e 37 $as A vp A sk
JZ , DT X JEAA 32 ke 7= A SUZ B B /R RS L
ZR IR 32 B2 DA AT X AR A 7 BELAER , e
2 IR 237 IR ZE R A K AR AR, AT
Xof AR A7 A A ) A R SRR TR R, TR BB 1Y)
RORY, = REERBERRER(MPP)" 2 R A AR A
I, RFEA O TCRE R AL T
N FH TR A AR SR BEL . MPP 5 ADP
AT R BERT , BA P-N R EIFE Y, o] DO b A
R A0 A0 SRS T i O 4 v LB R MR e . Bl
SR ] = BB UG - P (M) W) il %F ADP #4741
#1558 MF@ADP U8 , JfK 5 MPP #2 Jiu i [t
J 2 Vil AT R A 2 B BEAA AR T A BOR 25%
it H:BHAR A 15 % 2 3R 2 M (PE-LD) & & A1 RE A %
PR A8 B (LOD T 2 30.6% , & il 1 Fa E Pk 3 i A
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fif, LOLiA 3] 31.2%, pHRR 1 THR 5 2K 3 i BELA )
I A MR B T T 22.1% F121.9%, 5k 5 4
w1 175%,
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RELK PLA (A A AR AR (22
1 KEeERS
1.1 EZRAMA
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ADP: B &8 23%~24%, | % so kA AL B
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MPP : 4l [§>99% , Bl T 375 (i) A BR A
1.2 F&%&E5ME

B K7 . BSA224S B Mgd # 4t A Z R A
PR T
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1.3 XA &
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SR, T 50 mL/min, 0323 BE X A] SR R
600 °C, FHld# %4 10 °C/min.

RELA 4 1t : LOT 4% 8 GB/T 2406.2—-2009 ]
2, B 5 R ST R 80 mmx(10£0.5) mmx (4+0.25) mm;
T EABEMEREHZ IR GB/T 2408—2021 3k, B 54 R F
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2 FERE5FR
2.1 PLA £ &MA#AE TS
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TG I DTG 4k, #H6 TG 7 At s T 2. R4
1B 2 fg 2 AT 1, PLA & A R R HE 5% B Y TR
JEE (T ) 8 fit T R e K AR TR B (T, 5 4 PLA A
Fo, &0 BRI B T . BB FEIG Y 25 N
J& ADP, MPP [HHA 5 32 451 73 % , ADP 23 i 234
S 5 T T SRl R, M X PLA R 7 A Ak
AR, B0 PLA 2 B0 B T, A T, Y42 0T, 1M
ADP F3fift 77 Az 15 PSR MPP 52 #4737 A=
AR ZE AW T BOX — IR R R 2

B R %
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&1 #liPLA M PLA & &#EHI TG 2k

- min™")
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~0 100 200 300 400 500 600
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PLA/ADP 263.8 330.7 7.05
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PLA/2ADP/IMPP 254.5 3183 6.35

VE Ty WACT 5% IR 5 T, HIEARR 5 I TR

HRAE AT, 40 PLA $Afigad i v U 7 — A
51 B B (300~400 °C), 175 fil T ADP 1 ADP/MPP
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A I f B0 T DR 2 ADP A8 fin B # 2 4R Ri
PR T 5 ERER 1B B 40 i HLA> 0 B
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TV BBl J2 5 B AN ELAS % i o T 8 T v T Al
2 B IR MR
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ADP Z oA i PO - H &, 5 H- B HO - J i A=
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L eI
2.2 PLA 5 &-##4HLOI Ao F KB X 5 A7

4l PLA M B K H PLA &2 & B4 BHY) LOT AN 1.
RPN S R 3. &3 LUE h, 2 PLA B
B LOMEAL R 20% , B ZUABEIT 1A 7™ 5 A 44
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() LOME L R 3] T 25%, T ERBE SRR E] T V-1,
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£, MPP P} [5] ADP RE X%t PLA J 44 7 2= 5 A4 1 BH A

3 #ig

()FE 600 °C T, 54l PLAFH L, A 1 B4y

5 20% BHIE I 1 PLA &2 6 M4 kL% e 5 A BH I (1) 42
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