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Crystallization behavior and mechanical properties of PLA modified with phenylphosphinate
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Abstract : Sodium phenylphosphinite (PPHNa), zinc phenylphosphinite (PPHZn), and aluminum phenylphosphinite (PPHAI)
were individually melt-blended with polylactic acid (PLA). PLA-based blends containing 0.5 wt% of each additive (denoted as PLA/
PPHNa, PLA/PPHZn, and PLA/PPHAI) were subsequently prepared, and their crystallization behavior as well as mechanical prop-
erties were systematically investigated. The results demonstrate that the metal cations in phenyl hypophosphites can interact with the
carbonyl groups (C=0) along PLA molecular chains. The incorporation of these phenyl hypophosphites not only elevates the crys-
tallinity of PLA but also shortens the half-crystallization time, thereby accelerating the overall crystallization rate. Among the three
additives, PPHZn exhibits the most prominent nucleation-promoting effect, which is attributed to its ability to induce heterogeneous
nucleation and form stronger interfacial interactions with PLA matrix. Meanwhile, polarized light microscopy observations of the
blends visually confirm that the introduction of phenyl hypophosphites effectively refines the spherulite size and increases the spher-
ulite density of PLA. Furthermore, the incorporation of phenyl hypophosphites contributes to the enhanced stiffness of PLA. Howev-
er, the addition of PPHAI results in a reduction of approximately 14% in notched impact strength of the corresponding blend, which
can be ascribed to the crosslinking effect induced by the intrinsic structural characteristics of PPHAL

Keywords : polylactic acid ; phenylphosphinate ; crystallization behavior ; mechanical property ; interaction

g i ERE RS U  AOVERE AN 2 BN e n] AR A IR AU B AR R A A i B R
A R LR BOR MR A ™ S AT, SR T s iR FLBR(PLAYE S — A= Wy ke vl [ A i e}, 7 A0A%
A s R M TR AESE B H 45708, 0T Gea il R i R B BRIV IR SR, PLA

BIREE: L, T, B2, WA S, W57 5 SRE WD RE etk

W B #A: 2026-02-03

SIARER: T T 6, B4 0T, 5 RS BERRER B PLA 25 5Tl 5 02 PEREL]. TRAARHI T, 2026, 54(4): 194-200.
NING Dingyi, WANG Meizhen, HAO Xinyu, et al. Crystallization behavior and mechanical properties of PLA modified with phenylphosphi-
nate[J]. Engineering Plastics Application, 2026, 54(4): 194-200.



TG A RIRR R M PLA 55807 5 17k e 195

N O o o OB Rty L ) AW N TR 5 @ A
PEREANEAE B, BRI T AR TORE DRl 0 Y 1 —
CIFI5E R

A AL 4B RS R R AR T L= 205 2 R
SR TNy e/ BIg d X | | P S
HAT, &6 AR 48 B FRNIR2, 2, 115G R IR
B (HPN-68L)""  # J5 5 2 55 (TMN-102)™ X [2, 2, -
M H JE-X(4, 6- —RUT FE R A ) B IR ) 72 3L 41 (NA-
21 MR HL 4 JE £ 28 B ) 2 SE B Mk AR
HLEERE YN TR 72 rp e 3 R A7 45 i fid
RO . A VUEEER CRIEBEIR BF , TMC-200)1E - E
2T A0 PLA (R 88080 70 8 S 307 Mk Ak g FH ™
B o A AR X 4R B 7 5 PLA 43 F
B A AR R A SR L 1 AR . Han
SFUIRITSE R B TMC-200 B INA K K46 %1 T PLA Y
LRI (1) , 5 R R PLA RYSS AR5 45
FE AR 2 — B8 B 55 1L M REAY ) 22 PR BB . Wang
GO PAR BB R TR Y Zn B2 5 PLA
[ C=0 & M1 & A= A BAE T, DT & T 235 b PR RE -
bR MLUEEER A1, HoAth A ML 4 R SR th Bl iF 52 i
PLA 45 5L 97 17 . Pasawat 2506 8 1 5. B ] 48
R I EEANER (SSIPA) YT PLA 45 S RE A 520
45 R W], SSIPA RE W8 4 5y A% % i JF 10 3 4
PLA ft,,. Barczewski“""5%87T 3,5-— H 5 P Ik
25 Bl 1R AP (LAK-301) X PLA 45 54 47T R B9 5% Wi
LAK-301 BN AMH 153 PLA A 45 ST 2% | 45 5 B
B PLAAM L4 T 47.9%. Sebastian 259 Fff NA-21
M PLA (WPERE . BF9Y 3R], NA-21 AT 55 PLLA/
PDLA K ZIE BT A4 45 i I TR 4 4 > 235 S 1)

AR W5 CAE SR RN S & 8 & FIa
ML& JE X PLA 25 A AR HEE (RS XS AN W] 42 )
BT AL R R P I E LS B Z R RIRA
W5, B, AFFFEE B N Zn*" AL =FfAR [ Hr
A0 4 BH S R SRR B IR R A S A% R 5 PLA
YERAEIR , B 7RI PLA 45 5y $m 4k B A
RS o 3 4 L T 2 vk B DA e S PR I TG L. F
KRGV T &)@ B FE BT R GE (1) I8 42 4L
il , SR FH L AR5 2T AP (FTIR) R AIE PLA JR 3
W BEIREZ IR Y S5 F 28 Ak , I8 i 25 R 4 i A4
(DSOMY T REIR IR AL | v o X 58 L B2 AR ' S 5%
(POM), IR 25 AT 0 5 1 PRI T
YRS

1 EIE4S
1.1 EZRHH
PLA:FY-201, ZHE A YA A PR A 75
FEILV R B (PPHNa) : Tk g, BRI BE R A )
BHEABR AT
7% HE R W R B (PPHZn), K K& R BE R 40
(PPHAI): TlVZ%, AAE IS L TR A FR A
1.2 ZEMBAEEL
TR XU AT BF H L . WLG10A , b 75 5 iUk

AL BRA ] 5
TR AR B R RIHL : WZS 10D, | W ks 2%
HUBAT PR3 7 5

FTIR /¥ :iS10, 35 [# Thermo Scientific 27 ;
DSC1{X:Q1000, % TA Al ;
POM:OLYMPUS BX51, H A BAK A 7] 5
J7REATRHA IR L : TY-8000A , V1.5 K PRI 56 %

HHERAT]
B bR IS TY-4021, V175 R U 56 5%
HABRAF

IR AL SHRIOL, 5K S s AR HLIMCA FR
N
BREBUT AR DB-1A , KT T24H 28,
1. 3 PLA/PPHX ZtibAk £ 496 &

W5 PLATE 80 °C F T4 12 h, 43 545 ot - 0 K0k
PLA J£{4 0.5% () PPHNa, PPHZn 5 PPHAI = Ff i
¥, R IR AP S PLA BT 70 iR G . BlJS
FI IR SUHE ST 55 B MLIEA 79 Al 1, I3l e
IARLE PR iE T AR BR A 25 . b Br i 5
IR PRI R AU Oy 205 °C, BEELIR R 38 °CL 1R
FT-5% A 60 r/min, V28 OR FE B[R] A 5 s KBS0
PPHNa, PPHZn . PPHAI 4 #£ & 23 %] fi 4 & PLA/
PPHNa PLA/PPHZn il PLA/PPHAI,

1. 4 PEgbmliX L s R AE

(1) DSC 73 #r : LA SR T W HIB Y i A7 44
Sy BT, HAn AN A A4 4 10 °C/min, I H
I R AT S A R e R AR 210 °CIFIREES
min, —IKTHEZE 210 °CJ , KR A LA 40 °C/min Rt
B 2 135 °C, IR B T A8 iR AR 4 110 min.
| NTRET R 31 1SR/ A w23 4 1 ES sl e S
I ZIHT R IRRY S X . XA
W (1)

_AH, - AH,,

X,
‘ AH?

x 100% 0



196 AR

2026 4E, 45 54 4 55 4 1)

A AH, R HRAR R 5 RS Vg AHL R
HIRIR R L KS T/ ; AH) HPLA 58 225 ST
YERIIES (93.6 J/g)" .

(2) FITR 4847 : 5% FH FITR A GEAF PLA /A VR
i £5 0 Ak 2= 25 00 A8 Ak o I 43 ik £k 4 000~550
em HIRECH 16 1K .

(3) POM 43 #7 : il i POM M %% PLA . PLA/
PPHNa.PLA/PPHZn .PLA/PPHAL ({45 f 4T H , 34
IR G ARG EE . 7 210 °CRYF B A
M b R BT 5 w3 R 8] A e S
JEE RO ) 375 B, FH POM LA IR 3 ) P 14
BT, Sk RESL L 10 °C/min B R AN 210 °C
IEORFE 5 min VW BRAE AL A ST s, AR5 LA 40 °C/
min YRR E 2 135 °CHAE 135 °C 45 30 min,

(4 F12APERE ST - #% R GB/T 1040.1-2006 .GB/
T 9341-2008 . GB/T 1043—2008 F 743 511 %5 BE & 1)
AL RE 2SR E AR LA R B B v s MR RE HE AT
IR, 2520 T2 R BESS LABR R A0 3 45 S B34
1B, VR0 AR 3R A R 28 T ) 2 PR e B8
2 SER5IFE
2. 1 RIS AT

PLA i 1Y FTIR 3% E 40 &1 1 fr /s . PLA 1Y
FTIR 3% (& i) UL TR R S0 < 1 747 em ™ bRy
C=O iR zhis, 1 451 .1 359 cm ™' &by O—H {H1 45
P, 1 180 e AL NIH & F C—O—C 45 ¥k 5 .
A ZE SR B iR £1 )5 , PLA/PPHNa , PLA/PPHZn FI
PLA/PPHALI 1 C=0 {1 4 4i 2y I 73 7l # 2 1 748,
1754.1 748 cm™, O—H ¥R 3l 1t A A N A% , B
PPHNa.PPHZn 5 PPHAI ¥ 5 PLA 11 C=0 1] fiE
KT B - EAEN . PPHZn 512 R C=0 %

1451 cm™! |
i }359 cm™! I
- A1 1180cm’ |
PLA \( 2N w
[ | |
1747 cm™ | | | I
PLA/PPHNa :
|

PLA/PPHZn

P f
PLA/PPHAL y ‘
1748 cm™'] !

3500 3000 2000 1500 1000 1800 1750 1700

Wavenumber/cm™! Wavenumber/cm™!
(a) FTIR spectra of (b) FTIR magnified section
PLA samples image of PLA samples

Fl 1 PLAKES (Y FTIR 3% A FTIR R R
Fig. 1 FTIR spectra and FTIR magnified section image of PLA samples

P T, X R ZA P F Zn A BRI Lewis
PR T R v LT 2 L BB S C=0 R 7 &k B
() ES F-RAE T ,  BUIR 25 B2 A8 KU, T Na' iy
H iy 2 B I, LB R T e 55, Ol S AR
/e BAR AV A BRI % (Bl T ALAT
524 PLA BE F () C=0 nl GE[A] It & A= B - i
YEHT, PTITIE B— o 72 B2 ACHR A5 ), BR 1 T C=0
(IR B ) F R, DT S5 1 AR il A5 5 AL 2 B /)N
T Zn*,
2.2 RROLE AT A M
221 HBWEFELERATH

P& 2 AL 3 43510 PLA R H R 0 IR 235
A2 o B2 AR 3 S T 2R IE YO R £
AT PLA A AESEIRZE 5 RIS AT R (5%
i), TR A A A AL G A AR DG S ES IR (T)
I Rl T2V B (T,) M R O AT B8 (T, ) K
FERPIE (AH,) X8RS TR 1

—

—PLA
PLA/PPHNa

Endo —

PLA/PPHZn
——PLA/PPHAI

60 70 80 90 100 110 120 130 140 150 160
Temperature/°C
K12 PLA IR RIS flh 4
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Tab.1 Non isothermal crystallization related parameters of PLA

and its blends

Samples T/rC T,°C T, /°C AHm_A,I,i“ / X, 1%
d-g))

PLA - 173.8 - 51.3 54.8
PLA/PPHNa - 173.2 - 55.2 59.0
PLA/PPHZn 1240 1706 175.7 58.3 62.3
PLA/PPHAI 948 173.0 - 54.0 57.7

Notes: T, is crystallization temperature; 7, is melting main peak
temperature; 7, is melting secondary peak temperature; AH,_ is melting

enthalpy; AH._ is cold crystallization enthalpy; X, is crystallinity.
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Fig. 4 Isothermal crystallization curves of PLA and its blends at 135 °C
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Tab. 2 Isothermal crystallization Kinetics parameters of PLA and
its blends at 135 °C

In[~In(1-X)]

Samples n K t,,/min
PLA 22 2.1x107* 312
PLA/PPHNa 2.0 5.1x107* 24.1
PLA/PPHZn 3.0 3.9x10" 1.1
PLA/PPHAL 22 1.2x107 16.0

Notes: n is Avrami index; K is crystallization rate constant; ¢,, is

half crystallization time.
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