S10);



(CIP)
/Si0, /
2007. 10

( )

ISBN 978 -7 - 81093 - 683 - 5

.o 0. = .0 -
— — IV.0627. 41063 TB32
CIP (2007) 161881
/Si0,
2007 10 1
193 2007 10 1
230009 710X 1000 1/16
:0551 -2903038 9.5
:0551 —2903198 145

www. hfutpress. com. cn

E-mail  press@hfutpress. com. cn

ISBN 978 -7 - 81093 - 683 -5



b o
N N N
9 b K
o b A Y
9 b
9 9 9 9
o
S Y
o
N N N N N N
N <
o
2 A
2 o

2006 9

001



“ 2 “ ” . ( TE()S) ’

/Si0, , . .
1. . TEOS . -B-
(HPMA) TEOS . HPMA
-B- (PHPMA) /SiO, .
HPMA —OH TEOS —OCH,CH,
. HPMA TEOS . PHPMA/SiO,
Si—O—C :
: 350C .
2. . TEOS : . HPMA  MMA
: PHPMA -~ MMA/SiO, . PHPMA
~ MMA/SiO, 6(PA6) . . PA6/SiO,
PA6/SiO, :
PA6 PMMA  PHPMA - MMA/SiO, .
. ,PMMA

001



SiO;,

Si0, s . PMMA
Si0, Si0, . Si0,
: PA6 : PA6/SIO,
,PAG6 Si0, o
PHPMA - MMA/SiO, PA6  «
Y . Sio, 3wt% ,PA6 Y
PAS6, PA6 o X ()
60 % ,Jeziorny PA6 PA6/Si0O,
) X 60 % ) ., Liu
PA6  PA6/SiO,
PHPMA - MMA/SiO, PA6 ,
SiO, 1wt% LPA6/SiO, PA6
12.6%., PA6 2.9 PA6 13.9%,
PHPMA - MMA/SiO, PAG66 s
PA66/Si0O, .PA66 Si0,
Jeziorny PAG6 :
PA66/Si0O, » X(<<1—1/e
. Ozawa PAG66 ,  PA66/SiO,
. Liu PAG66 PA66/Si0O,
. PHPMA - MMA/SiO,
PAG66 , PA66 , PA66
PHPMA - MMA/SiO, PA66
,SiO, 1wt% ,PA66/SiO,
PA66 15.6%, PA66 2.5
3. TEOS ) (VTEOS) ,
, ) (PAA)/
(PS)/Si0O, o PAA/PS/SiO,

002



Si0, ,
, PAA

PAA

v(
PAA/PS/SiO,
PAA Snm,
PAA/PS/SiO,

Si0,

PAA/PS/SiO,
stage | .shell stage [|

~

PS/Si0O,

PAA PAA/PS/Si0O,

, SiO,
v( )/ v( )

,  v(
PAA/PS/SiO,
PA6/Si0,
PAA/PS/SiO,

003

PAA PS o
) SiO,
. PS ,  SiO,
, PAA/PS/Si0O,
. PAA/PS/SiO,
) /v ( y=1:1, 300rpm,
SiO, 15nm.PS 7.5nm,
PS.PS PAA .
s 420°C
core stage, shell
, SiO,
PS/SiO, PAA/
PAA/PS/SiO,
PAA/PS/SiO,
PAA/PS/SiO,
,PAA/PS/SiO,
) /v ( ) 1~1.5 ,
PHPMA/SiO,
PA66/Si0,



ABSTRACT

ABSTRACT

Organic-inorganic hybrid material is an even multiphase material with
the advantageous properties over organic and inorganic polymers. This hy-
brid material can be ranged from organic polymer modified by inorganic
substance to inorganic glass modified by organic substance, and the proper-
ties of material are able to be tailored and constructed by adjusting the com-
ponent and ratio of organic and inorganic phase. In this book, a series of
organic polymer/SiO, organic-inorganic hybrid materials were prepared
with tetraethoxysilane (TEOS) as silica source, moreover, the preparation
principle, hybrid and polymerization mechanisms, structures and properties
of the organic polymer/ SiO, organic-inorganic hybrid materials were inves-
tigated.

1. Based on sol-gel method, using TEOS as silica source to hybridize
with poly (2-hydroxy propylmethacrylate) (HPMA) before the polymeri-
zation of HPMA, the bulk poly (2-hydroxy propylmethacrylate) (PHP-
MA) /SiO, organic-inorganic hybrid material bonded by covalents was pre-
pared in fully transparent homogeneous form. This method is the simplest
method to prepare organic-inorganic hybrid material bonded by covalents
and will have important references on the preparation of the similar organic-
inorganic hybrid materials.

HPMA and TEOS could be hybridized and reacted completely by step
polycondensation between the hydroxyl group of HPMA and ethoxyl group
of TEOS. The organic-inorganic network in the hybrid material was formed

by Si—O—C chains. This PHPMA/SiO, organic-inorganic hybrid material
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possesses advantage thermal properties and can be used even at about
350°C, implying good application future.

2. Based on two-step method and using TEOS as silica source, the po-
ly 2-hydroxy propylmethacrylate-methyl methacrylate (PHPMA-MMA)/
SiO, hybrid sol was prepared by the hybrid reaction among the silica sol,
HPMA and MMA at first, then the hybrid sol was used to synthesize poly-
amide 6(PA6)/SiO, organic-inorganic hybrid materials via blending meth-
od. No other reports were found about this two-step method to prepare
PA6/SiO, organic-inorganic hybrid material. This research result will pro-
vide a new method for preparing organic-inorganic hybrid material and a
new way for reinforcing and toughening polymer.

The material used to modify PA6 is PHPMA - MMA/SiO, hybrid sol
and not traditional nano-inorganic particles. The stable organic-inorganic
hybrid network dispersed by nano-SiO, particles have been formed in the
hybrid sol, and the SiO, inorganic dispersion phase and the organic compo-
nent were bonded by covalents. The covalents among PMMA and SiO, in-
organic dispersion phase fix the nano-SiO, particles in the organic-inorganic
hybrid network, so the assembling phenomena of nano-SiO, particles can be
avoided and this characteristic structure can limit the nano-SiO, particle size
when blended with PA6 matrix. Moreover, nano-SiO, particles and PA6
matrix are bonded by hydrogen bonds directly or covalents indirectly in
PA6/SiO, organic-inorganic hybrid material.

It was found that PHPMA-MMA/SiO, organic-inorganic hybrid mate-
rial could induce PA6 to transit from o to y crystal form, and when the
content of SiO, was approximately 3 wt% or more, PA6 was changed into
v crystal form almost completely. This finding will be very important in
studying the crystal transition of PA6. Based on our experimental data, if
the relative degree of crystallinity was approximately 60% or more, the Je-
ziorny method was not valid to describe the nonisothermal crystallization

process, while Liu’s method was successful to describe the whole noniso-
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thermal crystallization process.

PHPMA - MMA/SiO, organic-inorganic hybrid material has both rein-
forcing and toughening effects on PA6. Compared with PA6, when the
content of Si0O, is 1wt %, the tensile strength and impact strength of PA6/
SiO, organic-inorganic hybrid material are improved by 12. 6% and 290%
respectively, while the tensile elongation PA6/SiO, organic-inorganic hy-
brid material is decreased by 13.9%.

3. Based on two-step method and using TEOS as silica source, the
PHPMA - MMA/SiO, hybrid sol was prepared by the hybrid reaction a-
mong the silica sol, HPMA and MMA at first, then the hybrid sol was
used to synthesize polyamide 66 (PA66)/SiO, organic-inorganic hybrid ma-
terials via blending method. No reports were found about this two-step
method to prepare PA66/Si0O, organic-inorganic hybrid material also.

There exists good compatibility between PHPMA - MMA/SIO,
organic-inorganic hybrid material and PA66 matrix. Moreover, nano-SiO,
particles and PA66 matrix were bonded by hydrogen bonds directly or cova-
lents indirectly in PA66/SiO, organic-inorganic hybrid material.

Jeziorny method was suitable to describe the nonisothermal crystalliza-
tion process of PA66 and not suitable for PA66/SiO, organic-inorganic hy-
brid material, but when X(z) was less than 1—1/e, Jeziorny method was
still valid. Ozawa method was suitable to describe the nonisothermal crys-
tallization process of PA6, and not suitable for PA66/SiO,organic-inorgan-
ic hybrid material. Liu’s method was successful to describe the nonisother-
mal crystallization processes for both PA66 and PA66/SiO, hybrid materi-
al. It was conformed that the presence of PHPMA - MMA/SiO, composite
could increase crystallization rate and had hetero phase nucleation effect on
PA66 matrix.

PHPMA - MMA/SiO, organic-inorganic hybrid material has both rein-
forcing and toughening effects on PA66 also. Compared with PA66, when

the content of SiO, is 1wt%, the tensile strength and impact strength of
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PA66/SiO,organic-inorganic hybrid material are improved by 15. 6% and
250% respectively, but the change of the tensile elongation is not obvi-
siously.

4. Using TEOS as silica source and vinyltriethoxysilane (VTEOS) as
silane agent, core-shell poly Cacrylic acid)/polystyrene/SiO, (PAA/PS/
Si0,) organic-inorganic hybrid microspheres were prepared by dispersion
polymerization in ethanol and ethyl acetate mixture medium. In the core-
shell PAA/PS/SiO, hybrid microsphere, the core is silica particles and the
shell is composed of PAA and PS. When polarity polymer is modified by
these hybrid microspheres, there exists good compatibility between the po-
larity PAA outermost shell and polymer matrix, which makes it possible
for silica particles to disperse evenly in polymer matrix. Moreover, PS lay-
er may work as lubricant owing to its superior processing rheological prop-
erty between silica core and PAA outermost shell and contributes superior
processability in polymer modifying.

These core-shell PAA/PS/SiO, hybrid microspheres have potential as
new materials for polar polymer modification. No other reports were found
about the preparation of these multilayer core-shell PAA/PS/SiO, organic-
inorganic hybrid microspheres. This research result will provide fundamen-
tal theory for preparing multilayer core-shell organic-inorganic hybrid mi-
crosphere.

When v(ethyl acetate) /v(ethanol) =1 : 1 and stirring rate is 300rpm,
most PAA/PS/SiO, hybrid microspheres are composed of silica cores about
15nm in diameter, a layer of PS shell about 7. 5 nm thick and a layer of
PAA outermost shell about 5 nm thick. Moreover, the silica core, PS shell
and PAA outermost shell are bonded by covalents. This PAA/PS/SiO,hy-
brid microsphere possesses advantage thermal properties and it begins to
decompose when the temperature exceeds 420°C.

The preparation of PAA/PS/SiO,organic-inorganic hybrid microsphere

includes three stages, that is core stage, shell stage and shell stage, the
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functional organic-inorganic silica particles structured vinyl groups on sur-
faces, PS/SiO,organic-inorganic hybrid microspheres with active free radi-
cals and PAA/PS/Si0O, organic-inorganic hybrid microsphere were formed
correspondingly in these three stages. When the PAA/PS/SiO, hybrid mi-
crosphere increased at a certain size, they were separated out in ethanol and
ethyl acetate mixture medium, then the phase separation phenomena was
obtained. Because the homogeneous polymer PAA has stable effect on
PAA/PS/SiO,organic-inorganic hybrid microsphere, no dispersion agent is
needed in dispersion polymerization. This dispersion polymerization with-
out dispersion agent is a useful supplement to traditional dispersion poly-
merization, which will provide a new method for preparing similar
organic-inorganic hybrid microsphere.

The stirring rate and the component of dispersion medium have certain
effects on the size of PAA/PS/SiO, organic-inorganic hybrid microsphere.
When the stirring rate is too slow, the hybrid microsphere size is bigger,
while the stirring rate is too fast, the SiO, core will shift from the centre of
the hybrid microsphere. The size of PAA/PS/SiO,organic-inorganic hybrid
microsphere is decreasing with the increase of volume ratio value of ethyl
acetate and ethanol, and when the volume ratio of ethyl acetate and ethanol
is between 1 and 1. 5, monodisperse PAA/PS/SiO,organic-inorganic hybrid

microsphere can be obtained.

KEYWORDS: Sol-gel method; PHPMA/SiO, organic-inorganic hybrid
material; Two-step method; PA6/SiO, organic-inorganic hybrid material;
PA66/Si0O, organic-inorganic hybrid material; Dispersion polymerization;

PAA/PS/SiO,organic-inorganic hybrid microsphere
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