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Preparation and properties of colorless and
transparent polyimide-silica nanocomposite films
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(1. Engineering Research Center of Ministry of Education for Geological Carbon Storage and Low Carbon
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Abstract: A semi-alicyclic polyimide resin (TFCPI) and the derived colorless and transparent polyimide film (TFCPI-0)
were prepared by one-step high-temperature polycondensation using 1S,2R,4S,5R-hydrogenated pyromellitic dianhydride
(H-PMDA) and a fluoro-containing aromatic diamine 2,2’-bis(trifluoromethyl)benzidine (TFMB). Then, a series of colorless
and transparent polyimide/SiO, composite films with different loading amounts of nano-sized silica fillers were prepared via
mechanical blending method by mixing TFCPI matrix with dispersion liquid of colloidal nano-silica/N, N-dimethylacetamide
(DMAC). The results show that the loading amounts of nano-silica in the composite films can reach to 25%. The derived
composite film TFCPI-25 shows the optical transmittance at the wavelength of 450 nm (7,,,) and yellow index (b*) values of
87.5% and 1.56, respectively, which are slightly inferior to those of TFCPI-0 (7,,,=88.5%, b"=0.91). The 5% weight loss
temperatures (7,,) and glass transition temperature (7,) of TFCPI-25 is at the same level with that of TFCPI-0. However, the
storage modulus of TFCPI-25 at 50°C (E’,,) and its linear coefficient of thermal expansion (CTE) in the range of 50-250C
is 4.86 GPa and 30.9x10° K'', respectively, which are obviously superior to those of TFCPI-0 (£',,=3.02 GPa, CTE=39.6x
10°K™).
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Fig.1 Preparation of TFCPI resin and the composite solutions
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Fig.4 FTIR spectra of TFCPI-0 and TFCPI-0/SiO,

nanocomposite films

A6 3 DL SR G E (Si gt 3R 2p #UiE , Si2p) M ik 45
Ko IWEISHTLLE W, 0T B SRR Wi 5, 247
£ C.N.O.F JL &, Iff TFCPI-0 5 & & M Atk , %
MIGCRMARER FELSI LR, HEFERF
SO, FEURLE 5 (386 1, Si2p F WS YAT s 53 i 328 47 A% 54
X [F) FF 3 B Si0, IR s Zh i 51 N\ T TFCPI 3# i 45
Fyr.

F1s Ols Cls
Nls Si2p

B ! I
aees |
e |
mes o |
Tmemo ]

1200 1000 800 600 400 200 0
ZE5fEleV

Q)& ILHR

TFCPI-25

. ——TFCPI-0
R —o—TFCPI-5

¥ % ——TFCPI-10

‘\ ——TFCPI-15

% ——TFCPI-20

i f %\ ——TFCPI-25

hcbricirtity

106 107

aifriitlevV
(bR
&5 TFCPI-0 KL K TFCPI-0/Si0, 2K & & SEIEH) XPS it &
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Fig.7 UV-Vis plots of TFCPI-0 and TFCPI-0/SiO,

nanocomposite films
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Tab.2 Optical properties of TFCPI-0 and TFCPI-0/SiO,

nanocomposite films composite films

et g mm o To/% Tf/% L a b FE%
TFCPI-0 293 97.0 885 96.17 -0.09 091 0.82
TFCPI-5 290 864 885 96.16 —-0.14 121 099
TFCPI-10 294 865 886 96.17 —-0.11 098 0.48
TFCPI-15 294 865 886 96.18 —0.08 0.88 0.10
TFCPI-20 293  86.1 885 9623 -0.16 137 0.1
TFCPI-25 295 848 878 9624 -0.19 1.56 0.32
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Fig.8 3D CIE Lab optical parameters of TFCPI-0
and TFCPI/SiO, nanocomposite films
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Tab.3 Thermal properties of TFCPI-0 and TFCPI-0/SiO,

nanocomposite films

Ff bt T/)C  To/T Ry /% Ty /T CTE/(x10°K")
TFCPI-0  370.6  513.1 385 5317 39.6
TFCPI-5 3719 5110 412 5327 39.0
TFCPI-10 3724 5170 410  537.3 39.6
TFCPL-15 3756 5148 412 5417 38.6
TFCPI20 3740 5123 453 5367 37.6
TFCPI-25 3789 5111 554 5159 30.9
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Fig.9 TGA and DTG curves of TFCPI-0 and TFCPI-0/SiO,

nanocomposite films
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