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Selective distribution of B-nucleating agents constructed by in-situ micro-fiberization and its impacts
on structure and properties of polypropylene
CAI Peiling',LUO Shanshan®, SUN Jing’
(1. Guizhou Provincial People’s Hospital , Guiyang 550002, China; 2. Guizhou Material Technology Innovation Base,Guiyang 550014, China)

Abstract : 3-nucleating agent (TMB-5) and ethylene-vinyl alcohol copolymer (EVOH) were melt blended in a twin-screw
extruder for preparing 3 -EVOH. The micro-nano lamination co-extrusion device was employed to in-situ micro-fiberize the 3
-EVOH in the isotactic polypropylene (iPP) phase, constructing a selective distribution of B-nucleating agents and preparing the 3
-EVOH/iPP in-situ micro-fiber composites. Under the combined effects of the flow field, micro-fiber phase, and selective distribu-
tion of B-nucleating agents, the effects of B-EVOH contents on the multi-scale microstructure, crystallinity, mechanical properties,
and barrier performance of the composites were investigated. The results indicate that under the strong shear-stretching flow field of
the micro-nano lamination co-extrusion device, 3-EVOH within the selected content range (5wt%—50wt%) can form micro-fibers in
iPP, and the coexistence of lamellar and cylindrical micro-fiber phase morphology structures is formed. In the original extruded
samples of B-EVOH/iPP in-situ micro-fiber composites, only a-crystals are formed. Only when the samples are melted at high
temperatures to eliminate the effect of the flow field and provide the driving force for 3-nucleating agents to migrate from the fiber
phase to the interface, B-crystals are formed in iPP during iPP recrystallization. With the increase of the -EVOH phase content, the
tensile strength of the B-EVOH/iPP in-situ micro-fiber composite first increases and then changes little, the nominal strain at break
first increases and then decreases, and the water vapor transmission gradually increases, mainly due to the differences in phase
morphology structures.

Keywords : polypropylene ; in-situ micro-fiberization ; selective distribution of nucleating agent ; crystallinity ; mechani-

cal property ; barrier property
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4= [w] 3T K B P M (isotactic polypropylene, iPP)E.
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il iPP (4285 &, 1T Lk BB IR B e . 90, Bai
SEUHN Zhou SFEULE N T axk R A A it e 2
TS AVER , 456 %R T il R 2 A BT
1A A AH AR R A LSRR ) BB R A A
(shish-kebab). X Fh“ F. 81" E 25 F0 78 [R) A 42 T+ A4
ARRA% BEL R A e F1 T v g O T A MR . Luo
SN A AL LA B AR BN T 4544 % PP A9 25 i
FRVRHE , e R Rl T3 B X A7) B A8 TE i)
TE S M 3, JE M5 58 B [ ) SR T 36, B
T 25 iPP AR,

ULAh  FEZ 45 PP E A AR AT A5
S M L UL B A SR PR 2R, B0 SR A i e
DIERIR LR 4RIk R ARAEAET , S5 3 RHR 27k
AE BHLFAIERE S AN R T4l iPP, 40, 38 3 A %
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(1) B-EVOH 43 HIHH A il 45 K B 1A% 57 .EVOH
BT 70 CCHERR R 12 h, SRR R0 B 2% 1Y
B %5 EVOH IR &34 41 )5 , 2R FH [ 1) BUSR 4%
HALET H 15 2 B-EVOH 2 HIUH , B HAILIBAT 5 3 Ay
150 r/min, 5 X i B 43 5] 24 100, 180, 200, 200,
200 °C,,

(2) B-EVOH/iPP JEL{ T 4T 52 & M AL B il 45 <
B-EVOH 3 AH (iPP 7E 70 °CHLAF ri T4 12 h )5 4%
BN 5%, 10%, 20% , 30% , 40% Fi1 50% K
B-EVOH 5 4l iPP 1R & ¥ 2] , FI TN =S 2L 85 13
% B 1T B-EVOH/PP A T ET 2 & M R ] 45
AL 2 AR iE N 5%-EVOH/iPP, 10%-EVOH/iPP,
20%-EVOH/iPP, 30%-EVOH/iPP, 40%-EVOH/iPP,
50%-EVOH/iPP. {4l 2S04t i BT L5
DX 435914 100, 180,200,200, 200 °C, J2 {54 %
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2025 4E, %5 53 4,45 6 1

S VB EE 3452 200 °C , £% 1 HLIRAT5% 3 4 200 v/
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B-EVOH/iPP JE(IEF & G hk 7 A iE i 720k, B
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min K5 FE  THE ZE 200 °C, fH I S min, 15 25—k
FAT 2R | B LA 10 °C/min 6 2 25 IR A9 5 45 S it
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(d) 30%-EVOH/iPP

(e) 40%-EVOH/iPP
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TS 0 7 JZIREA ) . B B-EVOH & BEBG I, BT
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(f) 50%-EVOH/iPP

K1 K[ B-EVOH Bt 435y B-EVOH/APP JF ST & 4444 SEM R -
Fig. 1 SEM photos of B-EVOH/iPP in-situ micro-fiber composites with different f-EVOH mass fractions
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i

(d) 30%-EV!

OH/iPP (e) 40%-EVOH/iPP

50

(f) 50%-EVOH/iPP

[#2  A[F) B-EVOH it 208 B-EVOH/PP JE (4T A kR 2l il 45 iPP J 32T SEM e 77
Fig.2 SEM photos of f-EVOH micro-fiber of f-EVOH/iPP in-situ micro-fiber composites with different f-EVOH mass fractions after etching iPP
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B-EVOH 151 A DL K % 5 1y el 2% | iPP 1) 45 i 5 A7
BRI B ARk, 24 B-EVOH 1Y T 35 M 5%
if, PP ()45 fhl M 115 °CHETF 2= 128 °C, 45 fhfig 1
3R e, 0] B-EVOH X} iPP ELAT S AR A% AE T .

b B-EVOH 7 &t iy i — 2038 0, iPP A 25 il B
SRR, 75 B-EVOH Jix & 43 BUH 20% I, 45 i il Ji2
[ 2 125 °C, J5 I TH 2 127 °C(UNFE 1 ffR). {ERT
W5 b, 4l EVOH il £F H BN iPP 1 45 i T 14 42
T} 2 124 °C, T B-EVOH/iPP J5L 0 (2T 5 & 1 45
i FE AR 125 °C ) LA b, i B 7E EVOH AH 1 i1 B
IS 2 iPP A 75 S iPP 44 i, 5 EVOH i £F
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50%-EVOH/iPP.
40%-EVOH/iPP

30%-EVOH/iPP

20%-EVOH/iPP

10%-EVOH/iPP
5%-EVOH/iPP
Pure EVOH
Pure iPP

Endo

160 liO léO lé() lé‘tO léO 160 1&0 léO
Temperature/°C
3 A B-EVOH JFi /3 81 B-EVOH/iPP JE A AT 5 A bkHE
DSC 45 i lh£k
Fig. 3 DSC crystallization curves of f-EVOH/iPP in-situ micro-fiber

composites with different B-EVOH mass fractions

#*1 B-EVOH/PPRIIMAEE#MRNLE R RIERIFIERE

Tab.1 Crystallization and melting characteristic temperatures of B-EVOH/iPP in-situ micro-fiber composites

Crystallization and melting temperature iPP EVOH

Mass fraction of B-EVOH/%

10 20 30 40 50

Crystallization temperature/°C 115 163 128 127 125 127 127 127

Melting temperature of first melting curves/°C 167 185 167 168 170 170 170 170
Melting temperature of second melting curves/°C 165 185 153/168 153/167 153/167 153/167 153/167 153/167
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F14) s e 7 ‘DG A S AR Ak, iPP A A o s Fb 48 iPP
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fme , F XRD %48 i BIAR AL

50%-EVOH/iPP

40%EVOH/PP  —~_ -~/
30%-EVOH/iPP

20%-EVOH/iPP

10%-EVOH/iPP

5%-EVOH/iPP

Pure EVOH

Endo

Pure iPP

120 130 140 150 160 170 180 190 200
Temperature/°C
(a) First melting curves
50%-EVOH/ iPP
40%-EVOH/ PP~~~
30%-EVOH/ iPP

20%-EVOH/ iPP
10%-EVOH/ iPP
5%-EVOH/ iPP

Endo

Pure EVOH
Pueire
120 130 140 150 160 170 180 190 200
Temperature/°C
(b) Second melting curves

€4 “K[G] B-EVOH Uit 434U B-EVOH/iPP LM ET S A 1R
DSCHimhih £k
Fig. 4 DSC melting curves of f-EVOH/iPP in-situ micro-fiber compos-
ites with different B-EVOH mass fractions
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(300) &1 TH (U E] 5b 7). 5 DSC 44 il it £ P 15 25
R—3, BYKIIEW] B-EVOH/IPP R i 21 5 & 4 K}
JREEAE S TR IC B i, R SRR S AR SS S L B
AR, ARG EBARNET N ES
e AR T, R A BT TP s AU
EVOH {28 Jy KAAR b B TUET , 1815 T iPP ) T4
LI EVOH T EF R B , 77 H: 3 T8 & A B ) | 3 22 R
6] 43 455 5 PP JE i o fb Y, [ Asf o LA T 7
EVOH AH B it M i VE T s 76 e iR A Rl A v, i
SO AR 2 3 1A 1) L) 53—l g B v, () 2 T s ol o
R B A FIERS R IHRAL T 30 )7 ARS8 B Ak
BFERS 128 1 B BRI 5 EVOH £ 1
[RIfEE iPP 25 (AN & 3 7)), i 175 5 iPP TE A B i o

(110) O w130
o ~
£ 50%-EVOH/iPP

40%-EVOH/iPP
30%-EVOH/iPP

20%-EVOH/iPP

10%-EVOH/iPP
5%-EVOH/iPP
10 12 14 16 18 20 22 24 26 28 30 32 34
20/(°)
(a) As-extruded samples

B(300)
\J a040) 301

a(130) |

a(110)
™ 50%-EVOH/iPP
40%-EVOH/iPP

30%-EVOH/iPP
20%-EVOH/iPP
10%-EVOH/iPP

5%-EVOH/iPP

10 12 14 16 18 20 22 24 26 28 30 32 34
20/(°)
(b) Samples with melting and recrystallization

K5 Il B-EVOH J5thik 534 B-EVOH/iPP RV T S A AR
XRD [ffik
Fig. 5 XRD curves of B-EVOH/iPP in-situ micro-fiber composites with
different B-EVOH mass fractions
2.3 B-EVOH/iPP RAL{k 4T B #4645 A%
PR AT
AR SR, AESEORBERE b UL R (R 2T
A F TR ARy 2 BB PR RE RS i o ASIFS
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o, RN 2 B 50 1 BOR s ZUA 55 U - fdh &2
E RN NER 4145 B-EVOH 43 i AH 7E iPP L 44
R R AR HE I ARET , I 3 8h 7 1) B HE
H, P, A LLTSURFE  iPP Y g2 K BELBE PR RE 23
4 B-EVOH I £F MIAELE A Tl . £ 2 AR
] B-EVOH 75 & X} B-EVOH/iPP J5 i 3 £F & & #1
LY 25 K SRR PERE 5 o R 2 BT UL, 4l iPP
)L AT iR 5 DRI 4R k7 A5 43331 2 50.731 MPa Al
36.036% , X T 1% A i & 4340 5% B-EVOH il £F 1)
TFE (5%-EVOH/iPP) , H:A {158 5 11 Wy 24 b B g AR
A3 53 & 53.202 MPa, 65.594% ., 24— 5
B-EVOH f#£F iy & , B-EVOH/iPP J5A (4T Z A 44
R LA W TP =, T AR AR N AR e 5 R
W, 3% 82 PN B-EVOH 1 ZF 5 iPP 44 ] 1y S
AR M2, JIS IR & 1) B-EVOH i}, B-EVOH i
£F 5 PP JEAAR (A7 A KR 19 55 B 1, 7R RE R
P e FURIR PR AR 0EIR , S BB IGHE & A
Wi, PRt B-EVOH % f 4o /5 B W7 2445 BRI A% KT
TR, 2 [EEHH T B-EVOH/APP JEA I 4F & &
MARKFES S . FTLVES], S40iPP AL, &A
5% B-EVOH AT AL (5%-EVOH/iPP) 1)
IKZERFE N 74.782 g/(m?d)fE & 67.377 g/(m’
d). Ffi#5 B-EVOH & i (13 fin, B-EVOH/iPP J5iAi 3
AR RS L BT, eIl %E 26.835
g/(m*+d), F L2 iPP [ T 64.1%, 85 KAET, 4l
EVOH W BH I TEREAL T iPP, Wi B &, A F T iPP
BEL B 7% fiE A9 42 5, (R Ak B-EVOH A i i 4l )2 &
LB B fr -85 VI3 2h 7 9 V8 AL, £ PP Hh LA I
BRI HEF B LT, L AR Sy BRI AR . X
Pl AT T S AL F B Bl 4549, 4 AR 3% 1 iPP
i, 18 31 B-EVOH PHFF AH 23 e 28 B% A%, DATTT ik 25 4E
KT AR B, iPP (4 PELFRE B I S 4 v
&2 A[EB-EVOHREHHH B-EVOH/iPP R EAMFIH
PAE YA AT
Tab.2 Mechanical and barrier properties of B-EVOH/iPP in-situ

micro-fiber composites with different B-EVOH mass fractions

Samples Tensile Nominal strain Wa?er vapor tzransTis—
strength/MPa  at break/% sion/[g*(m”+d) ]

Pure iPP 50.731 36.036 74.782
5%-EVOH/iPP 53.202 65.594 67.377
10%-EVOH/iPP 53.730 68.896 52.271
20%-EVOH/iPP 54.002 74.988 47.424
30%-EVOH/iPP 55.378 39.228 42.358
40%-EVOH/iPP 55.066 9.203 32.291
50%-EVOH/iPP 54.061 7.876 26.835

3 Hig

(DTERAN)Z B L5 R Z 0 BT U] -7 i 52 A
YT, e & 8 9t Bl (6 0 0 5%~50%) /Y
B-EVOH ¥ RETE iPP H U I SR ET , 2T T 7K -F
B 5 [ U HES B R AR AR - A R ARG AR AT
AR 5454

(2)B-EVOH/iPP JG{v Sl 21 52 5 WAL HA I 4
PR RIE IR B i , i i LA Rl B U s A O
B AP BT RS 3l J) , FAS RS AR o

(3)B-EVOH 4T [t 73 B 1k 20% S LAR I, %o
PP FLA S A1 46525811 B-EVOH BT
i, SR AR A AN T, W RS B AR R AT R 2
7.876%:

(4)B-EVOH T ET 7E iPP h B ) HES , T i 251
T A AR S S . Y SURE L PP I,
B3] B-EVOH BHFAAH 2 SR i 44, NI 3K T
SMRE T AR L PP K 28 A O i A R R
26.835 g/(m*+d).
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