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Preparation of fluorescent nano-SiO,-isotactic polypropylene

composite and morphological characterization of spherulite
XIE Huijie , GORAN Ungar, LIU Yongsong
(School of Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to study the distribution of dyed nanoparticles in isotactic polypropylene, the

distribution and redistribution of dyes during spherulite growth were observed, and the convergence of

dyes at the edge of spherulites was systematically investigated. Nano—silica (SiO,) with different particle

size grafted with fluorescent molecules was synthesized and added into polypropylene (iPP). Fluorescent

Si0, /iPP nanocomposites were prepared by freeze-drying method. Fluorescence microscopy (FM) was

used to observe the two-dimensional diffusion process of SiO, nanoparticles during crystallization of SiO,/

iPP nanocomposites online. The results show that the fluorescent SiO, nanoparticles can track the

aggregation behavior of the dye at the spherulitic boundary. It was found by fluorescence intensity statistics

that SiO; was selectively dispersed in the amorphous region between iPP spherulites and finally

concentrated atspherical boundaries. This study can provide certain reference for improvingpolymer

nanocomposites.

Key words: polypropylene composite; nano-SiQ; ; morphological observation; spherulite

:2019—05—26 :2019—11—04
(21674099)
(1993— H, s ,
: GORAN Ungar, E-mail: g.ungar@zstu.edu.cn



18 ( ) 2020 43
- . 1,6- )
0 .
) N N N (TEOS), )
s R Bruker Avance [] DMX 400 (
) ), BX-53 (
. e ) s Mettler HS82 ( -
) ), Hitachi H-8100 IV (
, ) Do
. 1.2 SiO;,
Frederich  Defor
B4 Calvert L21 SiO, (NPs) Lo
el 15 mL TEOS.30 mL 91 mg L~
o > 10 mL , 60 °C,
o 300 r/min 48 h,
, , N 35 nm SiO, o
N o ) L- ) ,
SiO, ,
(iPP) 0.5 ~1 0 g 35 nm SiO,
o 3 h, , 91 mg
SiO, . L~ 15 mL TEOS 15 mL
. Lee 7 , , 35 nm SiO, )
(PEO) 60 °C.300 r/min 3 d,
(FITO) (Nile Red,NR), )
o ; 200 nm
SiO, . )
(s11] O i
N , . L22 Nile-red L8]
. N Nile-red 1 .
s 6.0g 13 mL HCI 8 mL
o ) ., 0°C
, o 25¢g (0 036 mol 18 mL
) ), 40 min, 0~
, 5°C 3 h, , 50 °C
, 8 h, 100 mL. 200 mL
N . SiO;, . , 40 C,
24 h, 1,
1 1 (49 g, 7070
1.1 250 mL L.0g 1
(iPP-5), ; 725 mg 1, 6- , 100 mL



1 : SiO, -

19
1
DMF , 4, 5~5,5h, R (CH,CH;)>,), L 25 (6H, t, N(CH,CH3),).
,60 C 8 h, 50 mL 80 mg
. , / 3, 20 mlL ,
( v/iv=1/4), , .
, . , , 15 mg H, PtCl; ( ),10 min
(L5 g, 60%) ., 2.'H 07¢g . ;
NMR (400 MHz, DMSO-d; ., ) 6 (ppm): o
10. 46 (1H, br, OH),7 95 (1H, d, 4-H), 7. 88 s s
(1H, d, 1-H), 7. 58 (1H, d, 11-H), 7. 10 (1H, 36 h, N
dd, 3-H), 6. 80 (1H, dd,10-H), 6. 64 (1H, d. & , 4,
H>), 615 (1H, s, 6-H), 349 (4H, g, N (Nile-red) ,
(CH;CH;),) and 1. 20 (6H, t, N(CH,CH;),), o
500 mg 2 50 mL . L23 5 Lol
0°C , 15 mL DMF,66 mg NaH, SiO, 2 o
30 min, . 0.5 mL 25 mg SiO, , 100 mL /
. , 3~4 h, ( v/v=9/1)
o , s 1h, 2 h,
1 mL 0 45 mL 1h ,
., (5X10 mL) ) )
(5X15 mL) .15 mL 2 h, ,
, s ( 4), 50 mL s
, / (v/v= 3 d,
5/3), 3, (200 mg, , )
35. 7%, 3:'H NMR (400 MHz, . ;
CDCl; , ) & (ppm):8 21 (1H, d, 4-H), 8 06 R ,
(1H, d, 1-H), 7. 59 (1H, d, 11-H),7. 17 (1H, 5(Nile-red-NPs) ,
dd, 3-H), 6. 65 (1H, dd, 10-H), 6. 45 (1H, d, 35 nm 200 nm Nile-red-NPs, 3
8-H), 6.29 (1H, s, 6-H), 6.1 (1H, m, , 30T , , ,
OCH;CH= CH,), 549 (1H, d, OCH,CH = )
CH,), 5 33 (1H, d, OCH,CH = CH,), 4 73 135 C  ( 1(b)), ,

(2H, d, OCH,CH = CH,), 3 45 (4H, g, N

b o



20 ( ) 2020 43
2 SiO,
3 Nile-red-SiO,-NPs
124 6 )
10 mg 35 nm 5(Nile-red-NPs) o
, 2 h 250 , 35 nm Si0O, )
mg .25 mL , +2 nm, 200 nm SiO, ,
, s +10 nm( 4, s
2 d, . 11 mg 200 ( 5(a))
nm 5(Nile-red-NPs) ) )
, 2 h 240 mg 25 mL ( 5(b) ) o
2 d, 35 nm Nile-red-iPP s s
200 nm Nile-red-iPP, . ) o
L 25 2. 2 Nile-Red-NPs-iPP
, 6 35 nm NPs-Nile-red 120,125 C
s o 135 C 6Ca) s
. s 30 C, y s
10 C 180 °C,180 C 1h . 6(b)— (o , 125 °C
R 10 C s 135 °C ’
120,125,135 °C o , 35 nm Si0,
) ) . 6Ca)—Cc)
2 )
) . 6 (a)
2.1 SiO;, , l1l20°C , N
4 Si0, . ; o

S10, ,



Si0, -

21

1 Si0, TEM

5 Si0,  TEM

35 nm-NPs-Nile red-iPP



22 ( ) 2020 43

) . 135 °C , , , 35 nm
, ) s, T(b)—(o ) 125,
s 135 C s
. 200 nm NPs-Nile-red
C 7D, 7 , l20°C , .
7 200 nm NPs-Nile red-iPP

8  NPs-Nile red-iPP . 35 nm 200 nm iPP

8 NPs-Nile red-iPP (135 °C)
9  NPs-Nile red-iPP , s

, A.B . 9 )

(a) 9(b) ) ’ ’ ’



1 : SiO, -

23

35 nm NPs-Nile red-iPP
s 9(a)
. 200 nm NPsNile red-iPP

9 NPs-Nile red-iPP

a) Nile red Si0,
b) NPs-Nile red-
iPP , ,
c)
) ’ 200 nm
Si0, o
[1] , , .
[Jl. , 2018, 32(2).
37-43.
[2] . . . Si0, /
[1]. , 2014,
25(1) :45-48.

[3] Lin L, Argon A S. Structure and plastic deformation of
polyethylene[ J]. Journal of Materials Science, 1994, 29
(2): 294-323.

[4] Ford J R, Bassett D C, Mitchell G R, et al. Morphology
of a main chain liquid crystal polymer containing semi—
flexible coupling chain [ J]. Molecular Crystals and
Liquid Crystals Incorporating Nonlinear Optics, 1990,
180(2) . 233-243.

b

b b

,200 nm 35 nm SO, .

[5] Calvert P D, Ryan T G. Redistribution of impurities in
crystallizing polymers[ J]. Polymer, 1978, 19(6);: 611-
616.

[6] Ryan T G, Calvert P D. Diffusion and annealing in
crystallizing polymers[J]. Polymer, 1982, 23(6) . 877-
883.

[7] Lee E, Hong J Y, Ungar G, et al. Crystallization of
poly Cethylene oxide) embedded with surface-modified
Si0, nanoparticles[J]. Polymer International, 2013, 62
(7). 1112-1122.

[8] Yang S G, Zhang Z C, Zhou D, et al. Flow and pressure
jointly induced ultrahigh melting temperature spherulites
with oriented thick lamellae in isotactic polypropylene
[J]. Macromolecules, 2015, 48(16): 5834-5844.

[9] Yang S G, Zhang Z C, Zhang L Q, et al. Unexpected
shear dependence of pressure — induced y-crystals in
isotactic polypropylene[ J]. Polymer Chemistry, 2015, 6
(25): 4588-4596.

[10] Yang S G, Ma Z, Lei J, et al. A criterion for flow—

induced oriented crystals in isotactic polypropylene

L1

Communications, 2017, 38(23): 1700407-1700416.

[11] Yang S G, Chen Y H, Deng B W, et al. Window of

under  pressure Macromolecular ~ Rapid

pressure and flow to produce B-crystals in isotactic
polypropylene mixed with B-nucleating agent [ ] J.
Macromolecules, 2017, 50(12) ;. 4807-4816.

[12] Weir M, Boothroyd S, Johnson D, et al. Distortion of
chain conformation and reduced entanglement in
polymer — graphene oxide nanocomposites [ J]. ACS
Macro Letters, 2016, 5(4) . 430-434.

[13] Yang Y, He J, Li Q, et al. Self —healing of electrical

superparamagnetic

damage in  polymers using

nanoparticles[ J ]. Nature Nanotechnology, 2019, 14



24

) 2020 43

[14]

[15]

(16]

(2): 151-155.

Zhao D, Gimenez-Pinto V., Jimenez A M, et al.
Tunable multiscale nanoparticle ordering by polymer
crystallization[ J ]. ACS Centra Science, 2017, 3(7):
751-738.

Gaur M S, Indolia A P, Rogachev A A, et al
Influence of SiO,
thermal, and dielectric properties of PVDF[]J]. Journal
of Thermal Analysis and Calorimetry, 2015, 122(3).
1403-1416.

Chen Z H, Hwang S H. Zeng X B, et al. Solvent

nanoparticles on morphological,

diffusion in polymer — embedded hollow nanoparticles

studied by in situ small angle X-ray scattering [ J].

[17]

[18]

(19]

Physical Chemistry Chemical Physics, 2017, 19(32):
21663-21671.

Yokoi T, Wakabayashi J, Otsuka Y, et al. Mechanism
of formation of uniform — sized silica nanospheres
catalyzed by basic amino acids [ J]. Chemistry of
Materials, 2009, 21(15). 3719-3729.

Martin-Brown S A, Fu Y, Saroja G, et al. Single—
molecule studies of diffusion by oligomer-bound dyes in
organically modified solgel-derived silicate films[]J].
Analytical Chemistry, 2005, 77(2); 486-494.
Kickelbick G, Holzinger D. Ivanovici S. Organically
Functionalized Silica Nanoparticles [ M .
Springer, 2008.: 127-133.

Vienna:.



