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Research progress of organic carboxylate nucleating agents for polypropylene
YUAN Meijiao, LU Cuihong,ZHANG Yuefei
(School of Chemistry and Chemical Engineering,, Changsha University of Science and Technology , Hunan Province Key Laboratory of Materials

Protection for Electric Power and Transportation, Changsha 410114, China)

Abstract : Nucleating agent modification has the advantages of low dosage, simple operation, and significant effect, and is

widely used in polypropylene processing. To understand the application of organic carboxylate nucleating agents in polypropylene

modification and realize the high-performance of polypropylene better, the research progress of organic carboxylate nucleating

agents in the past decade was summarized, and different types of a and B crystalline organic carboxylate nucleating agents were

introduced. The main « crystalline nucleating agents included alkali metal benzoate, substituted metal benzoate, hexahydrophthalic

acid metal salt, phthalic acid salt,and so on. 8 nucleating agents included aromatic and aliphatic dicarboxylic acids metal salts. Addi-

tionally, the current challenges faced by organic carboxylate nucleating agents and offers potential solutions were addressed while

summarizing and forecasting future developments in this field.

Keywords : polypropylene ; nucleating agent ; carboxylate salt ; « nucleating agent ; S nucleating agent
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iPP 2 — PSR () 21 25 SR G, HUA B 4R 2 A T

R PEBT AT LBE S S ARG AL O A AR AR, PP RS

JEA T R EAAE AR RIS R, AR R R o =
AP IAEZ ARy MR, a-NA & PP i AT &
B UL H R A A RS o-NA 7F iPP RS i B9 1 22
a 25 i (a-iPP) AT AL, BEWS W& NP iPP Ay &5 sk i, 7
IR BEFNSE B . A, a-NA S REA AL S RS54, A
7745 2 o 25 A R AT, - L i A 1 i
PUISTEIRE 3% SL4 M {0115 iPP fh 75 22 i T rp e IR
HEEREATERE . BT ILAY PP B L, o R
1.1 Fh#kzmix

JF BRI 4 JE R T I R BRI FIORLUER , BRI TS 7 I
BRIREMARER AR R A B AR RS NA
ALA07 — H iR (HHPA) 4 Jm 3 AR 7E — H R ER A% s ROAFT ik
FRIR T 2 T (WAL T 328 H iR) #2240 (ALI-PTBBA) %5 .
Hr 2 R £ (Be-Na) M2 AI-PTBBA B 0 ¥ JH# -1 R
a-NA,

J5 5 SRR 4 8 AR S A% ) AT i S 458 PP A I,
RES AR O — e R L CEEITE . BT IZI
BT BARA 2B 7 A R AT (R 1) G U 1% 38 SR v A
FN B A3 A g, PR s FH T Tl KR AR = SR, 5
TR LAY BT S L A R R 2 UL FAH H X 2 A%
T BAZRBCRBAR , T2 IR AE 05 B R R 4 R 3h 2 %
5 iPP (A A M 25, X T BB T B IR L HE I 51 &
TRIING ; WA, BAZ IR 25 5 32 BDGHET 55 P 3R A 520, A
75 | AR [ B AR RN, , 1 — 2 A HCAE iPP o i 3 HCED,
FOXZ AL TNAS RER U A A AR

A HURFREE 2 U A4 2540 S B LR LA B3
. B, I B IR AU TG L R T AR R R
R IR FRER I BUAZ AR 3 1= T I 0 7 (PR TR 5 AEAN [ 9 4
JEER T, AR H I B UZ TR s AN, S5 IR 1Y
R I ) R i = P A LG AV -y s =8 S M= 1
IVACRPINER SINET 78 S A IIFa: 34 S 22 € eNes
2.

Be-Na ffk 245 4 32 B HoAE i vk iPP s A v BT e KAl
B WIR I R SR F B IR R IR ER R i 2 — &
AT A7 B AFR A AR AR, 22 0 F TR
BT 10 Be-Na BEAT W IT & LU TF Az aleR , 5
AL SRS B AR A% Be-Na UL LA K 5 oAt 2 R %
FIE RS, JLHIRN Be-Na 5 Al = RS s A R B, 7T LA
AR PP A BUAZ KR | [ Be-Na fl BUASEEAIG, A A 5 20
FCRLAR T = AL

BUJE , AR R AR R 7S S AR — F R (HHPA)ER A 1R
R IR IRER AT AR o Zhang FHIS T — %
i) 125 % () HHPA 43 J& £k 2% iPP i A% %) , H: vh HHPA-Na,
HHPA-Ca, HHPA-Li #8 /2 B 201 o-NA , 73 SMEE b AR 1A

v & & Zo Zo oo

I

W1 o U R o 75 S AR R - H R 4 (HHPA-Na) %
I S R AZRIOR, S TR T 2 B0k 0.3% B, 5525 1
iPP AH It , HHPA-Na A% iPP ()45 i IR 4/ T 11.8 °C.,
5 Be-Na#fl Lt , HHPA 4 J& £ B9 W {1k SE A, oA A T Aif
[ {R77 . Abreu Z5™ % Bl N S ALAEZE — B BR4S (HPN-20E)
T REYE 25 00 iPP (A 25 i RDG2 Pk e, RORHE &
T iPP A4S R, /N T Bk RS, 24 HPN-20E Y it 4
Bk 0.2% I, D iPP (4 S IR 3R 55 T 1.2 °C, B
SRS B R R R i R P LS 1 iPP 3 i)
P25 T 8.65%, 10.81%, 16.67% 1 11.96%; 25 J& (&AL T
42.44%, X RIS A LS IR B EL 7E 4 T iPP I FH 1 B
J7 L EAT B T

Al-PTBBA I D) AT R348 25 iPP B I 10 6 1 il 2, ) S
L5 iPP (A PR 2, N AR 32 B FR 1 . 388 2 WIS Ul ) g
AR N 7 B A% R A 1PP 4380, 1 0 il A% T
P o Guo ZEL S N BRI AU T 267 B R o JEURL, B A
Yot 3 ] (Si—OH) , & 1 T —FP 4525 F AI-PTBBA 1) %
B TSD, Si—OH 5| AskEf 1 iPPAE S Az 274, H TSD
B 7K AR =4 Si0, AT WA 824 B TCHLS A%, X iPP AT 74
JRAZAE R, 8145 PP (45 R BE 3R 5 16 °C Tt (25 AT
S RS2 T 0 s
1.2 Pl sk

TEAER BRI ISR R LA —FB M B A R S
WSS B ER B R . M TGRSR SORRIRERAMY
FLA5 T B RS REOR i B S e A L BeAh, X
S AL RE AL TR SR A5 0 2 A 4% T IR M A, ek i
RBZER R A Pyl 45 1 BAR L 2 P BOR[2, 2, 1Bk R
T2 44 (HPN-68) . SUFR[2, 2, 1]-5- B -2, 3- R IR (PA-01,
PA-02)E 1R H HF =908 A9 7 FE ™= i

HPN-68 /& iPP i K (19 3 W iU A% 711, R A% 41 4k iPP K i
2T SR8 . Zhang 55X} L T HPN-68, Be-Na 1l HHPA-
Na % iPP BSF IR A AT R o =Rl A 5 A0 i A X5 W 4l 4
BT PP HYEZE S E] (1), B RAFA O RCR . Ho
HPN-68 AR fc iy, 45 S s W o, A o v XA
IR HPN-68 FH 5T HoAh 12 2 £ 2 iz 71, 78 Tl i F v 4
HHERALH, Zhang %% H] Lamberti 7 , B JH 4515 55 1
TR 2 A IR AR SRR A%, A 25 A
T H(DSC) AW F 58 T HPN-68 A% iPP 1 45 1L 45 AT o
45 LR HPN-68 I I A K K455 T iPP i ¢,,,, BEAL T iPP
&5 Rl 15 HPN-68 % AY iPP B 76 55 & A 45 il
TSRS, HAR BEREN . 3X A F 4598 HPN-68 Bt iPP
TR AL

TR SCEIL T BRI S R AL B A, 43 Bk
T2, 2, 11BE-5-HE -2, 3- R EREIONA ) IR [2,2, 1157
Jot-2,3- ZIRIAANA,) o HHN 0BT 5345 0.3% Y BUAZ T
NA, H NA, 7> 5] 6 1 i iPP 4 &% i 04 15 7 $52 755 14.5 °C I
16.0 °C, Jf W& T+ iPP (1 J1 2 LR s PR E U5 PP 77 A o
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Tab.1 Molecular structure of some a crystalline carboxylate nucleating agents

Representative

. Chemical structure Application features References
varieties
ONa
Be-Na Cheap, non-toxic, easy to synthesize, and poor nucleation effect
(6]
(0]

HHPA-Na ONa Simple synthesis with good transparency, and inferior nucleation 7]

ONa effect compared to commercial nucleating agents
0
HPN20E O:Ca Low synthesis cost, good transparer%cy, and in.ferior nucleation (8]
O effect compared to commercial nucleating agents
ALPTBBA Hardening nucleating agent, simple synthesis,average transparen-

©/ﬁ\o_ B h

H

OH

cy,easy to scale in processing equipment

TSD HO- Sl—O‘ég—O +T1 -éO ) Avoiding sample yellowing, significantly improving heat resistance, 9]
HO’ | : 3 crystallization behavior,and mechanical properties

HPN-68

Improved tensile strength and toughness, better performance of

. . 10
composite inorganic fillers,and low cost [10]

ONa
ONa
(0]
2 BAHEEREZ -Na

B AHEU) iPP (B-IPP)AS BB , 25 b BERLAR , A AN
B [0 2 55 il 1) J2 A8 XCHESN B 2 DA R AR A7
AE , HAR 1) JZ R 1) 2 19 )8 B LT 450 78 B-iPP I 2 AL
5 b DX, A7 AR R 3 2 00 T S R R 2 i
B 3 A AR BRI RES WO T 2 R B, DY HAT 5ty
R A SR R "7 T LT T3 B A bE S AL 2T 4 25
Tt BARARRE TEA W o i, BLIE WUARA RN W 2], 5
BRI T A RSB, AN v A IR 2 — s R IR
S5 T4 RSN O AR O 8 D) s Ak, B
B-NAZE.
MR G A A, —IORIRE BT
JLRIREL MR TR —ouRIREL . —IURIR G B Eh 2 ik
FBA D A SRR AR AR AR L K i % T
ZRMEAERE AL O Tl A7 B-iPP I T ik A2 . 7ESLPR

)

of F R AR s Ny =R 4 T BH 5 - (R D R S5 5 i 285 £
ACER B I N R R A% T 1 T B A 3 1 B-NA I &
JrEM,
2.1 77723‘2%#75%;\&‘& S
Qin P AT T A R A LT A B A0 R P R
(ZnPht), HXt B-iPP AR MERL 5, ZnPht/iPP 14 22 H1 Y B 78
FERT 5 8 (K M) D 74% 32155 22 97% . 24 ZnPht i [T i 70k
0.2% s, il ol B b as (1 iPP 4R T 29 2.9 1% . X — R HF
A B T A S I 55 A2 25 rh A et 22 AT R A9 TRl R
ZRN AEP R AU FE 5 AR T BRI, 43 58 i A T A
PRSI B T A28 — R4 , id 8 ZnPht 1 ZnPht (S). 4
524344 0.2% 1) ZnPht (S)IFF, PP By 3K i R~ 4825 14 iPP
T/NT 81%, AR T Bitie WNINBLAZFIG , iPP (447 M 5
JEE PR A R RN R AT R A A 1 PP I R
ORI A3 oA R AR [R5 550 B TR S 6 iU A%
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Sun ZEPIG 7S AR IR — H R B (HHPA-Zn) , I 55 H:
TE PP R B S A RE J1 o VR I HHPA-Zn Ji5 , iPP [ 45 fi il
JE KRR TE $E 8 T 249 11.2 °C, HHEA8 K, (45230 0.66, T
Hpzerkne, BRI rp bR B4R & T 193%. 84 A VC fc 2
B, WIE/R T HHPA-Zn 5 iPP 22 [A] B 45 Mg DERE ML, JF 32
— BRI AL

Zhao 253 % BN A AL AR — I BRI (HHPA-Ba) Jly i
ALY B-iPP HAZ ], I X RS PP Y T2 RE B A i
SRR R T R AR TR SE o R B4 HHPA-Ba it bt 4340 R
0.4% B, J8A% iPP 19 K, (6 AT ik 0.80, 575 F1iPP A HL , 1A%
iPP PR R = T 2.4 65

HHPA 438 EE S RiA% 772 PP E 3% Y a-NA 3 8-NA, a-NA
(4 HHPA-Na, HHPA-Ca) A] 27 iPP $& {14 4 fit 4% (5 W Ui B
K AR 250 5 8-NA (41 HHPA-Zn, HHPA-Ba) ELA3 5 45-H B
m A% T P, T A PP A, BTN R . [
B MEAT A R P e, Tl AR WA, AT S AL
WERRERAH I SE (1 iPP MY WA . #R9¢ HHPA 43 )& £ i
FNRI A Ay 48 I AR R LA S B A B 3
2.2 ek LR H K

R N AR B R R RS M LR S nT I
B-iPP A% (H 2 AT R B R S R 2 o vy
Mz,

W ZE e WLRR VI e — T0 IR R 4z JA R 28 WU (4 AR AL
R HBR T PR . X FIAE K BE O T 5~8 ML F N
W R B 1% e R R , FLAS BRIV BN MU R B A 1)
B-NA (HC —FREG B TREFERAI

Ren 25 L £ R KoM I 1) 4 T S8 Ak 4 sk Stk i 1y It
BB T —FRIC R Ee BRI . gREN, O
PR FE(Adi-Zn) F . R A1 (Adi-Ba) ¥ BEA S #E iPP 7 B
PR o 3K T AR B AZ R B AR FH R L B R G 25 i 4 T
i 90%. AEIEAEA M BT 5340 0.05% [ Adi-Zn B, B Y
AT 2 B 38 94% . Qin ZFPLL & "R N ZnO A JFURL, i it
ST RN AR T H AR ) O FREF[ZnAA (IS)]. 1 Ik
ZINFRE A R O SR AR R A 5 B-NA 1 U AR . ZnAA (IS)
JA% PP 1Y K (355 0.99, Wi 3 5 T3l ZnAA ., AHELT 2
9 iPP, VR I35 438K 0.1% 149 ZnA A (IS)J80 % iPP (14 ik
PERIT 5.3 4%, AR RIS 0 A3 8 Zn AA A LU , e i R g
BT 157% 3K B AL R VA A B ZnAA HA B 5
) JRAZ RN I N B A I BE 77 . Shen Z5°7R HIVA W5
T4 T ZnAA, G 5K A HT)E A X PP e
YICAHT PR Y 3 A K3 R (SP179) Bt 73 B 21 50%
BF L iPP ARy a5 1T ok AR (AR Ui 8 il S f (B 4331k 26.01
kJ-m™ }% 9.88 g/10 min, H.ZnAA, HT F1 SP179 %} iPP (1) 4
PEEA YRR o X LERFSE W], Pk iPP Al N 2
FASTUER , AN IR AT ORESFT AN AR, R A SR PR H

Zhang %930 il BHR LA AT SRR 5 P RS A T b2

G54 LA OB LS A U R R A A BRI B R
(Gra/CaPi)o 4 [n] iPP V8 il i 4 34K 0.3% 119 Gra/CaPi i,
KB E P T2 0.87, [RI IS 25 Sl BE T T 8 °C. Gra/CaPi
A WA TS PP IE AN B , 1A B 1 i< 4 ke J °F
M5 o RN B T Y B A, S ARAT I R M B4 O R 1 PP R it
TwRE. He%™F|FH DSC A HfoR T =0 B-NAK ik —
BER (TMB-5) i + e A4 (WBG-1D) 1 g R4 (CaPi) | 7EAS
[ 554 T4 iPP oh K (B A SE I o AR SR ARV o et A0 2 5 M1Kv8
AR ILFEVER T, = F % PP 4 REAE E B B M .
A HIHE R Ry 2.5 °C/min B, 35 i1 5T 44348 0.15% TMB-5,
0.20%WBG-II F10.20% CaPi, #it Pt iPP i K, 4 AT 1551 0.90 L
o Zhang ZPIESE T 4 AT B84 (GO) N CaPi 7E iPP HP (K,
BAER . & Z MGG , U PP 1Y K (YRR, B AL
AR . NI AZ RSN NI GE AL BN 23 A A,
H TSR 5K T B FH SR R UKL 1] 2% THT SR A%, P4 b U
F B AR F AR VUL . DL 2551k B-iPP il 5 5 T
AT EEMTE S

Qin ZEP0 % B BE R B (ZnPA) X iPP HA i3 1 PE e £
Mo AT 5340 0.1% 1) ZnPA , K, {H 15 5] 99% , vh it 568
oS PP R E T 2.84% . 1EDSCIR A, Z/ IR
5 FH AT AR 3E PP /25 & , T AU AUE I E AR
XF ZnPA/IPP FE i B AR HTE B LT 1A 0, XA T fift
JH ZoPA FHF Tl T A48 A

X SOMREEC G BT — o 28 e R B-iPP LA, K, AT
ik 87% LA, A% iPP (1) b il it B AR 5T 25 11 iPP T 42T 2~4
5, [l T T VISR . A R R 4 AR
K1 (PA-03) 5 4K 52+ (MMT) 58 4 et iPP, 24 78 in 5 &
43%0.2% 14 PA-03, 3% i MMT i), iPP [ shifi s 3 i
J3E RS S A A0 SR 5 140%, 5.2% Fi1 14% , K, i5 5] 35.4%,
et PP 1 W24y S R ME ML AR B 2 . o AT
K APP (1 FHTE L

PRARFR IR R 28 A% 7 B B B P T 4544 , RERS 5 iPP
e AR S A TR VR o X — AR ELVE I AT RE A
HAeE A 305 T B-iPP L AT BN 2 . JRIF R IRTR
R EAT R IRER S A ) G B R T3 BAZ S5 R
SRR R IO T AR DS R A LA

R VK R s ZFR IR ERAE B R B 5 2 T iPP A &5 il
B iZ RS 1940 EE (BCHEL 1) #1455 (BCHE20) 7 & 51 42 g
R R P BT 5 BB N BAE AR . PR a-NA,
R EFERAE N B-NA

IR IR IR ER I U RN FERAR AV It 5t v] LA
iPP =R K B iy, R iPP (B VIS TR R .
BEAZ R BA R RE 2 (1) B-NA B BRI &, BN o
IIEUE T 0.08%~0.1% Z 1], K, (E L AE 1% 7% 51 0.90 LA |5 (2)
IR 038 RO A &, 7R AT B-NA Hh b T4 5 Hi A 5 (3)
AT M, R 3T 300 °C, 78 2 AT S
A5 IH REAS DA i 1) B A BUAZ BE 77 5 (4) 5 T i R 4% HL AT e hy
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FRORH R , B8 IR TR 5 10 T A L A% e T AN B
Broda 2% B 7-SE A2 WA [2, 2, 1] BE-5 02, 3- R
B(OBCHE 19)7EAIRVR I (7 50 T, a8t T LASR 5 iPP 11 ) 2%
PERE . YT 0N 0.1% B, iPP whfi 35 BE A 45 25 B
iPP 4T 1 125%, A% iPP #) K, {6355 0.82. {H OBCHE 19
IV I HLR TRIAA, 24 5 7 AR e 0.1% I, iPP 1Y g 4
REI K (EFAK . 32 OBCHE 19 75 ik B it 23 A1 3R, I
M 5% ) A A% . Lin %5 & B A i3 BB [2, 2, 1]

BE-5H-2- 1 ZBERE-3-R IR R U I (NBDA30), il mais
PAPPE B USRI HON 0.1% I, K 4 0.97 3
WA T NBDA30 7% 5 iPP i /A% /L3 . NBDA30 75 5
DL it AR P AE R T ZnO 48K B0kE , ROO— 3 A1 il it 1k
LR BIVERTS ZnO IS5 A , A HLIRER 1) 2 18 W B b 32 10
T ZnO GIKIFURL S iPP BYAHZA M , 175 ZnO K ORI A%
BORAGEN T WA T . 2 RR T B AL ML IR R
FEIAZ TN T840 B o R A5

R2 Y pRBEEBRBEBZT NS TEH

Tab.2 Molecular structure of some f crystalline carboxylate nucleating agents

Representative .
P Chemical structure

Application features References

varieties
O_ Using in-situ synthesis method to synthesize the materials with good dispers-
ZnPht ~Zn T . . . [20]
o ibility , high nucleation efficiency, and good impact strength
(0]
O_ Effici leati ,synthesi 1 iti
HHPA-Zn ~Zn icient B nucleating agen.t synt e§1zed by double decomposition [22]
o method, with good impact strength
(0]
(0]
ZnAA o w Zn* Significant improvement in impact strength at low temperatures [26]
2 High activi lectivity, high f Is, signifi i -
ZnPA ] /ﬁ\/\/\/ﬁ\ 702 igh activity and selectivity ig f:ontent of B crystals, significant improve 31]
O O ment in impact strength
o
OK
OBCHE 19 o High B nucleation efficiency, significantly improving impact strength [34]
K
(0)
NH(CH,), CH;
NBDA30 o Zn? Efficient 8 nucleating agent with good compatibility with iPP [35]
(6]
3 BB PEo LR S PP AR MRS 132 WM A% 1), w] Lo

A HLERI £ IR0 DR AR AV L G 4 T L L A3
RS AR A TSR all A 77 v 2 B o IR
BN RENS 1035 4 =i iPP B HIPERE , 36 REAT R4 Al
B A 7 AR, TR R U A e i R v, BAT 35 I8 5F

SR, 1222 FUAZ 30 T e 14— A 2 22 ] AR i A A A 2
TESEPRIL I PPl EOR HA B B W, LI AL 5
L B ™ A BT R o 8 1 SR — RV, T LU 5
AT B0 32 W 1) A R A T SR, SRR i )™ i 14 25 T

PRI Ay IS A 790 25 AN X i 2 77 it S WL A 1 7 T 5210
WEA T 0 A ) PO ARt — A SR SR . 2
A RAZ R URE TT LA 25 48 2 LA PP SRR T ik . R
L 7 B EA R T I R e SR W R A P 3 20 A T
etk iPP 2r 7B A P HES . X Bl A 7 HES LK AT B TR AR 45
sir R 14D H R, A 2R 0 ) o At 4 R S A
B NI AP RHEA RAF A I

i 5t X SR AR T B, AN AT LA A R X iPP 45 b i
FEIE AN BRI , i BEAE A RAAR i)™ i (128 WP AN S UL i
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