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Research Progress of Flame Retardant Modification of Degradable Polylactic Acid
Guo Xuqing, Han Meng
(Carbon -based Synthetic Materials R&D Center of Huayang Group, Taiyuan 030021, China)

Abstract : The research progress of flame-retardant modification of polylactic acids by several common flame retardants in-
cluding phosphorus flame retardants, nitrogen flame retardants, silicon flame retardants, nano flame retardants, expansion flame
retardants and biomass flame retardants in recent years was reviewed. The influence of flame retardants of different materials on the
flame retardancy of polylactic acid was introduced, the flame retardancy effects of different flame retardants on polylactic acid were
compared, and the characteristics of different flame retardants were compared. Finally, the development direction of flame retardancy
modification of polylactic acid material was prospected based on the structural characteristics of polylactic acid material and the de-
velopment trend of flame retardancy material. It is suggested that the flame-retardant modification of polylactic acid material will be
developed in the direction of high efficiency and green in the future.
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MR TR A, SRS I TR A BRRR T REAS R}, i 784
135 2% BELASR 790 OS2 e ELJA 35k T sk A2 B iy 1y = 5 30
Gy PR SEEIBEIR i T RFIT R B AR BEAA TR A BH
PROLIEA , BRI TE i TR 23 & A= A% , 7 A R P o, v
YA R F PLA G WIREMEIE iUk 2, B AR R R G
Bk tG ik, I Hilk R SRR be A o = AR Y &l ) et
ATV PLA A I 7 A 1 I pi B, O 7] 5 3R G W B RO 1
PEE MRS R BN, SSBHMBCR . BRI
JZ I T PLA 55 2 F AR B stk )

B R A O A A R SRR IR T L
PEAT R AR B A Ak, 3 B R A AL R T M (BPB) (A Ak
FEJE Sk 20% B id > EPB20%, ¥ 4 b #2 B R 30% B ic oy
EPB30%), F5 DOPO W15 %] % EPB, DOPO 1K 7+FH
J##%77] EPB-DOPO, 315 PLA & A il #5 i PLA BHEASE & il
MR, 5 SRR, AR R 4l PLA AH LL , JA88 2 P W 4R
5, I AME PLA T ilA EPB-DOPO iU/ T 5 A bR B
B AR 10% 19 EPB 30%-DOPO Ji, PLA FH
PRI MRHI) T ELRRGRBHIR GBI AT I 5] V-0 g, JF FLR
% EPB30%-DOPO ¥ il 34 i, &2 45 b4 6 BELAME g A
WikshaE . AR SO 15% (BT EPB30%-DOPO
J& . LOL 42 T 28 28.5%. A S5 5 43 5N 15% 11 BELA 57
EPB20%-DOPO Ji7, PLA BHBAL & AR BHIAEGL E] V-1
], LOLIKEIT 26%.

W RE Jg % U DL DOPO ., A EE B (CDE) Sy J5 A5 i
T FH#A 77 DOPO-CDE, & 345 iU BHAA 7] 5 DOPO A 1L,
IR E M B R . FE PLA P4 B A % & 1) DOPO I
DOPO-CDE 7 2| PRI BHAA S A A1 EL, 25 5L W], 785l DOPO
1 DOPO-CDE ffJ PLA KA A FHAH LOT #4945 fri i, (0
7RI DOPO-CDE i 7] 42 5 PLA BHIA S 45 AR A Sz i J3
FWTZ A, 59500 DOPO 1 SRR LL , 43 B3 T
13.6% #i1 123.1%.

THERSE U il T —Fh RIS 4 3 O g (PCL) BEEL
PLA 5 Bt L B R HE R W R 46 1 B 2L 2R ¥ (PCLA-PIU), Jf
# PCLA-PIU 5 %052 5: (APP) &4 LALXF PLA #E47FH %
Mok, e 445 3 PLA/PCLA-PIU/APP A KL, 455 WK,
Ljali PLA DL X AXf# FH APP /1Y) PLA/APP #f L., PLA/PCLA-
PIU/APP 1) #RE I H %6 5 AR i i 284 BT R AR, O HLik
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RSB S GBI AT 3K 5] V-0 2%, 4k S2 95 il ODOPM & 15%,
LOI 1 35 5| 34.4%, 4 BH #4525 25 DOPO-HQ B, ¥ il 2 J5T
ST BUNE B 15% B A AT AR Be 59055 8] V-0, LOI
1B 28.8% , ¢ W7 BELJA 700 8 fin i AH W] 1) 25 18, 5 PLA/
DOPO-HQ & &1 RHH L , PLA/ODOPM & 441K EA B i
() LOI (B AN FNBH AR AE S . 38 3k 45 P 7 Wb B BE S P2 o i
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J2 I R0 AR E T
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(MWCNT-DOPO-OH), Jf-ill i 15 il IR 51 A Z Ik PLA/ B 1R

5 (AHP) (R Z 1, IR 5 PLA/AHP HIPHIATERE . 45 93] .

MWCNT-DOPO-OH &) fii A A & 3 $i % PLA/AHP 14 % 1)
BELMAPERE , 7E PLA/AHP YA BT #9380 1% 1) MWCNT-
DOPO-OH, & &M B BHIA S AT 145 51 UL94 V-0 4%, LOI {H
K3 28.6%. I HE I MWCNT-DOPO-OH J5 1l 4 24 B 11
HAEMBHRBERS TS G . J17# RN SR, Bk )
SV RBAS B SR , A 5 R R T 2 1 2 2 1

5 IFR

IFR 2 —2TCH AL S (L RO BEIA R, TFR LAk AL
W = Fhoe R Ry BB Sy, R IR AR AR IR =35 54
FURT, FH T PLA BEAACPE B2 i R BELAA A 32 v | TR U 3 22
APP ; SR ETA = REM (MA), =ERT B R RS ik
A ZRIEBEYTER (ST) KT (LIG)., £ 4 3 %4 P,
IFR 7] LU 5 PLA (R 2, A AR M4 . TFR
FELIA PLA BYBEAADLEN Sy, PLA TEARBEIN] I3 10 (14 2% FhfL vk
ST MK , 7 A 2R R 2 FRIE Y 22 MK e J2 LA T 2
MEHRSE . T IFR HA R AR BRI ERCR | 47k 52 5]
ORI I i B

HHM T BT AR T —Fp = —# 4k IFR——CD-nPAB,
LI B - BT (CD) A - Z R BLIAK (PAB) Jy skt R H
FAR IR R 46 T PLA/CD-nPAB & & 4B, 45 S0, 75
PLA il ABH#AHI CD-nPAB, ] LIA R4 55 PLA FHRHE ()
PERE T, IR BIBHARARCR , CD [ AR AR 2 T A7 o

ARIR A B e AT T R A TFR BHAR PLA (940 SCHIF5E
FLAAS R 4 DL APP A R R I 2 4% TE A (MA-g-St)
YR IFR BRI FIf R , LR UK T L & 8% (DE) 1 b 1
AT, il 4 A TFR % PLA BEATRHRE . 45 M, 16
524 TFR PR R op, DL 1 =Rl Sl W VR, b 2 4
5 7 PLA B & MRS o, et T H PR MERE . BER
JEHER 7 ARl AR v BELR R B T B0 1 e )2, 9 ELRE L
AR AU R BB VERT. MR A4k PLA, MA-
g-St, APP I DE [/ Jfi g oA 80 ¢ 10 = 2.5 = 7.5 A, fIrfs
(4 PLA &AM RIBHAR S GO E] UL94V-0 4], iR &
IFR BT R AF BRI RE -

AR T BAT O B ME RE 1Y PLA MR,
B KA RS A APP MEAT A CIE Y TFR J5 6 TFR
A ZI I PLA/ A A1 R e IR Y (TPLA) 45 2 BH AR
) PLA A1}, SEEGZE IR, A TFR 485 T TPLA 115
gk e i, X TPLA EA AR GF 1 PR SCR . U8 o 43 %K
5% MIFR 45 A1 10% APP Ji, TPLA BHAEASE 2% 1] i UL94V-0
g%, LOL Wik%] T 27% ; 541 PLA AL, BtEJA TPLA Y%
H IR HGE SRS A —E BB R . J12#i
SESLFH BHIR TPLA HA T R 1Y )¢ PERE , 546 PLA ML,
SR 1 et i BE RN RLH R I R BT, BT TFR PR
WCRGF AT IR AN S o

Wy SCE G T — R EAT TR ALAE I B A IFR——
(4- IR ASE ) 35 =50 - R (HACP-PA), HACP-PA [f]
WA RRIE SR RV . HACP-PA JARIIIR 45 1h PLA/
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HACP-PA & & ¥ kH, FI T PLA BHAR k. 45 B K0 76
PLA FFi B 4380k 5% B9 HACP-PA, PLA 4RI B %5
44 A3k UL94 V—O0 %%, 7 H LOI {455 & 24.2%. 5 RIF
7 HACP-PA () PLA Xf [, 8 il HACP-PA Ji5 7] DL fil R A%
PLA &AM RHA SRR AR O (. IEAh,
PR i, SRS R, HACP-PA J&—Fhikig R4
AR BELIR AR o 30 2o 4140 Fh Sl Bl A R (A RO 54
I HACP-PA/PLA BAMRHEA B8 i BHAAVE BE , J5E IR 2
HACP-PA Jir A (1 Z2 AL 44K F 25 46 T IR g 1) i e Ak g
I, AR 1 e e A 2, DT Ak R M ) R

Magqsood % 147 KSR Bk 4 ad W R e AR L S A5 2 R
AETERY (OS), VEMBRIE , LA APP 1ERRIR , Fi5 PLA JF IR,
TEXURATHF ML L i #1551 PLA/OS/APP B A MK 5T T
IFR %f PLA M BHBHIASCR . 53R E/R , 24 OS /a8l
7% I, BT A0 R AR O 4l PLA 35945 B W R
k. 52l PLA MILLARBIFEAK 52% F1 29%, F W] IFR AHIA
AT LU4R S PLA BHIRPERE
6 W RBEBAT

PEJUAR, Bl AT IR H 2548 5, AT 1IF 462 i
AGBIFSE 5 T 2 B B R A ) T BELIA ) o Bl PLA F BELASA 1
REo B VLAY AW I LR R EL G Ve Ay P AR ARG 45
) J BELAR 9 (R A R BTGP R 3 in A PLA J5 e SR B IR A2 1
BT R Z AL )2, DT 3K B BELR Y H A AHZE B bt
BT RRE A7 A VR ek A A 5 2 55 m] A, PR 2B )
AR T e B TR S

BRI R T A T RER L MA XA R
BELIAS 7 SRMEHEA T RICHE , Bl 25 1 T eetEse R (MPCS),
SRIGH MPCS = IR U R B R £ (MPP) & AiC, JE A TFR .
I AR O TFR, o - BERRES A1 PLA UEATILIR, 1551
FHIA PLA G M0kE, S5 R R W], LG G MR IR BT 4 53
M 3% 19 o -ZeP RS2 ECH 22% (4 IFR B, PLA &
MR BRI REA BT, 353 UL94V-0 2, ok 1)
AL 7 [Ea)

AR5 PO PLA BERRER R LR AR ek (P-SY),
5= RS SRR EL (MCA), APP & 45 BHA /A 2 MPA-
APP (M-IFR), DA K =W hlifik & 157 (CFA), APP & & BHIAH
& % CFA-APP (C-IFR) 1 il £ BELEA VE B / T ZLI2 (PLA/
IFR-P-St) & A A kL, o045 Rk U, JE My &R ALk Pk s
55 i B AR, P PR A RO R T P-St IR A L
FIPLA WA 4. FHIARI C-IFR, M-IFR fi4 78 il %t P-St/
PLA & & H R 124 Ve RERE W /N, %8I P-St & C-FR,
M-IFR # 7] DL $ 5 PLA & G0 R BRAAPERE , D 588 2 W]
ARZEVENS (P-St) 55 BEARF ELAT BHIA DRI

A FETE A O SR MRS AT IR A Rk 2
bt ZIF-8 B B AL B0 (ZG) BRI, il 75 8 PLA &
B WFSE T SSINFRITE PLA A rb (1) 2B B0 L K X+
RIBHBAERE 1 #PERERISE NN . 45 IRFI, ZG s e R
FPLA AR MM ZE 1 s FEAR R T I A SERMEF ZG 7T s
MEHY T4 g, 325 PLA MOEHBHIARE

T YR B R B — SRR B IR R (ALPY)
FIVERS HEATELIC , JE UMM BELAA R % PLA BEAT BEAA SO, B
PR R, 25 SRR, 2 Z B R R S e R T R R
1 3 BRI  E R 20% B, &2 A ARk aR: LA Be I i nT
PIiKE) UL94 V-0 454%, LOI AT KiEHEm , iAF] 25.2%.

A U K OMMT 1A BRAIGH, 55 TFR AT 4 il
TR, 15 31— Ff o3 % BELIA R0, JHC oy TFR G 3ok A 1 ok 1 e SR
(PAMC) 5 MPP & it 5 51, &5 5 R0 5 R s m BRI 19
4li PLA FHE, BN 53450k 25% 1) PAMC/MPP, PLA &
A MR BRI B RN A0S M RE XA B, AR/ s by
RGR OMMT J& , BHARPERESE TSI i , ARG e Mt — 204
o WEW]T OMMT 5 PAMC/MPP 7 PLA & &M R fETE
BEUF I BELBA BIMRI O, PT A RL035 PLA S8 BRI BT
fig.

7 £5iE

PLA HYFEBRRPE 2 B AT PLA ST p AR ki 22—, IF
HFE PLA (97 3z, X BEAABE R 215 3 T 220G
AIMBHAATR 242 5 PLA BHAAMERE R A 28078, HHTXT PLA
FHAA MR TIRA ST . PLA 45 IBHEL K Bt $aT Be
AAFEW LA 1H

(1) AR R ZF BN E A, RS [F BEAA ]
B IR A0 T L8 e BRI o

(2) SN ARIBHAR . H X T SOn AL AR R e A, K&
SRS I BB AR IR 5 =X, B B BAAR A B R 982 18] o

(3) BUKKLFBHIR . AN KA BEBR T AS A TT 205 4 )
IBHRATERE , X A8 ) BE A TR R B PLA BHIARCHE
A I Kl BEAR UL SR IR R T R e

5 % 3k
(11 A, 45 . AL T HERE,2020,39(9):3 421-3 432,
Yu Senlong, et al. Chemical Industry and Engineering Progress,
2020,39(9):3421-3432.
[2] FAHE, 4 AL THER,2020,39(1):199-205.
Zhan Shiping, et al. Chemical Industry and Engineering Progress,
2020,33 (1)6:199-205.
[3] Yu Senlong, et al. Progress in Natural Science,2018,28(5):60-67.
[4] T3, % ¥BKE,2018,47(6):114-117.
Sun Ce, et al. Plastics,2018,47(6):114-117.
[5] Durante M, et al. Compos Part B,2017,124:16-22.



SRINAE 45 ] B SR LR LR VRT3

173

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

RN A TR L2021 ,49(12):162-166.
Gao Xueyu, et al. Engineering Plastics Application,201,
49(12):162-166.
Wang Xingguo, et al. Polymer Testing,2019,78. DOI:10.1016/
j-polymertesting.2019.105940.
Yang Aihua, et al. Polymer Degradation and Stability,2017,
144:70-82.
Yan Yuanwei, et al. Polymer Degradation & Stability,2014,99:35—
42.
R AF . TSR L 2020, 48(5):129-136.
Qin Kangpei, et al. Engineering Plastics Application,2020,
48(5):129-136.
VR, 45 TARSERELN L 2021,49(8):135-139, 156.
Feng Wanglong, et al. Engineering Plastics Application,2021,
49(8):135-139, 156.
IR, 45 B T, 2021, 52(2):176-185.
Wu Cong, et al. Acta Polymerica Sinica,201,52(2):176-185.
KL 4 B TR, 2019, 50(1):71-81.
Zhang Tong, et al. Acta Polymerica Sinica,2019,50(1):71-81.
W MR A i B PR IFR BHA PLA BUWFS [D].
i ARRILTIOR A, 2020.
Luo Ji. Preparation of phytic acid mental salt and the synergistic
effect with ifr for the flame retardant perfromance control of PLA
[D]. Shanghai:East China University of Science and Technology,
2020.
Bhasney S M, et al. Journal of Applied Polymer Science,2017,
134(41). DOI: 10.1002/app.45390.
BB, 45 . TRRIBRL 2020, 48(3):150-155, 160.
Hu Xu, et al. Engineering Plastics Application,2020,48(3):150—
155,160.
BANE A PRI, 2015,0(1):19-23
Mao Xiaojun, et al. China Flame Retardant,2015,0(1):19-23
ZEHRIN, 55 L b R}, 2018,32(3):72-78
Li Linshan, et al. China Plastics,2018,32(3):72-78
FRME, A TR 5 1, 2017,33(9):13-17,24.
Qi Jiapeng, et al. Polymeric Materials Science and Engineering,
2017,33(9):13-17,24.
Liao Fenghui, et al. Polymer Degradation and Stability,2015,
120:251-261.
Chen Yajun, et al. Polymer Degradation and Stability,2017,
140:166-175.
Hamad K, et al. Progress in Polymer Science,2018,85:83-127.
Vahabi H, et al. Thermochimica Acta,2018,666:51-59.
Papaspyrides C D, Kiliaris P. Polymer Green Flame Retarda-
nts[M]. 2014.
HFE, S P EREL2017,31(8):24-29.
Meng Xin, et al. China Plastics,2017,31 (8):24-29.
P04 L R EIRE, 2020, 34(6):7-13.

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Liang Juan, et al. China Plastics,2020,34(6):7—13.

EORARL AR A TARRL S TR, 2017, 33(11):119-124.

Cao Hongwei, et al. Polymeric Materials Science and Engineering,
2017,33(11):119-124.

Li Shumao, et al. Polymers for Advanced Technologies, 2010,
20(12):1 114-1 120.

Zhan Zhaoshun, et al. Polymer Degradation & Stability, 2015,
117:66-74.

Shi Xingxing , et al . Polymers for Advanced Technologies, 2018,
29(2):860-866.

IR . JEHLIR AP KA T 1N K B SR L h (4 1o TS
[D]. dbat : JEntf ToR%,2017.

Yan Yongxin. The effect of inorganic acid modified nanoparticles
on intumescent flame retardant polylactic acid.[D]. Beijing:Beijing
University of Chemical Technology,2017.

Zhang Sheng, et al. Polymer Degradation and Stability,2018,
147:142-150.

Fan Qiqi, et al. Polymers,2018,10(8). DOI1:10.3390/poly-
m10080896.

Gu Liqiang, et al. Composites Science and Technology, 2018,
161:39-49.

FYERIA L REAK BB (4 7 F e SRR SR LR ST (D). Iy
IR« MR TR, 2018

Yin Weida. Molecular construction of intumescent flame retardant
and study on flame-retardant polylactic acid[D]. Harbin:Harbin
Institute of Technology.2018

Bourbigot S , et al. Macromolecular Materials and Engineering,
2004, 289(6):499-511.

G . T BRI 2 AL A MR S SELIA TR 9 S A LR R
FURRHAI LT [D]. AT - #2017

Han Pengyu. Synthesis of novel intumescent flame retardants
based on f -cyclodextrin and their application in PLA[D].
Hangzhou:Zhejiang University,2017.

BB, 45 . R T, 2020,48(11):40-45,65.

Shao Na , et al. China Plastics Industry,2020,48(11):40-45,65.
FUER L AF R TAORRR S TR, 2020,36(3):23-29.

Li Defu , et al. Polymeric Materials Science and Engineering,
2020,36(3):23-29.

WS . R S LA R K ) ) o5 B A SR FLIR P By s
[D]. 4R FH : PYRRHER, 2021,

Yang Wenxue. Preparation of a novel intumescent flame
retardant nanosheets and its application in polylactide[D].
Mianyang:Southwest University of Science and Technology,2021.
Magsood M , et al. Coatings,2020,10(3). DOI:10.3390/coatings
10030291.

BAT,AF . IEIRBEAAEOR S T [M]. 2R3 - W 7R Tl
AL, 2005.

Bao Zhiyu, et al. Research and Application of Intumescent Flame



174

AR

2022 4F 45 50 45,55 7 W)

Retardant[M]. Harbin:Harbin Institute of Technology Press, 2005.

[46]

[47]

Harbin:Northeast Forestry University,2021.

% HE L AF L BRL,2019,48(2):32-35.

Cen Xinhao, et al. Plastics,2019,48(2):32-35.

W2, AF BRI, 2016,44(3):139-141, 160.

Pan Hongyu, et al. China Plastics industry,2016,44(3):139-141,
160.

B, MR TR, 2017, 2(4):77-83.

Li Hang, et al. Journal of Forestry Engineering 2017,2(4):77-83.

[43] Feng Jiabin, et al. ACS Sustainable Chem Eng,2017,5(9):7 894—
7904.

[44] HETT, 5 . YKL, 2020,49(1):6-10.
Huang Xiaofang, et al. Plastics,2020,49(1):6-10.

[45] AR . BHMEYMZHE/ RIRE SR SRR EERER BT
% [D]. MR « bl k2%, 2021.
Zha Yuying. Study on mechanical and degradation properties of
flame retardant plant polysaccharide/polylactic acid composites[D].

(E#E 159 TT)
43(10):97-101.

[51] BEZA3C, 55 . TREIRHY HT,2021,49(10):124-130.
Huang Shaowen, et al. Engineering Plastics Application,2021,
49(10):124-130.

[52] Fengl B, et al. ACS Sustainable Chemistry & Engineering,2017,
5(9):7 894-7904.

[53] ki, % . S AP RRRE S TR ,2020,36(11):49-55.
Zhang Y, et al. Polymer Materials Science & Engineering, 2020,
36(11):49-55.

[54] Niaounakis M. European Polymer Journal,2019, 114(5):464—475.

[55] Zhao P, et al. Journal of Cleaner Production,2018,197(10):1 046—
1 055.

[56] Beltran F R, et al. Journal of Polymers and the Environment,
2018,26(10),4046-4055.

[57] Christoph A, et al.. ChemistrySelect,2020,5(46):14 759-14 763.

[58] DailL, etal. Green Chemistry,2018,20(8):1 777-1 783.

[59] Yagihashi M, et al. Industrial & engineering chemistry research,

[62]

[63]

[64]

[65]

[66]

[67]
[68]

2010,49(3):1247-1251.

Ee R A P EYEL, 2020, 34(8):1-8.

Bi Chenxi, et al. China Plastics,2020,34(8):1-8.

Chauliac D, et al. Journal of Polymers and the Environment,2020,
28(5):1503-1512.

Shen J, et al. Advanced Materials Research,2011,152-153:222—
228.

BEPE,SE . TRRMURHR 2021, 49(11):27-32.

Xue Dan, et al. Engineering Plastics Application,2021,49(11):27—
32.

Alberti C, et al. Chemistryselect, 2020,5(39):12313-12316.
Alberti C, et al. Chemistryselect,2019,4(23):6 845—6 848.
Hajighasemi M, et al. Environmental science & technology, 2018,
52(21):12388-12401.

Wang X, et al. Chemosphere,2019,231(9):126-133.

Hajighasemi M, et al. Biomacromolecules,2016,17(6):2 027—
2039.



