Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2017

SUPPORTING INFORMATION

Enhanced Thermal Properties for Poly(vinylidene fluoride)

Composites with Ultrathin Nanosheets of MXene

Yong Cao*, Qihuang Deng®®, Zhiduo Liu®, Dianyu Shen®, Ting Wang®, Qing Huang®, Shiyu Du®, Nan
Jiang®*, Cheng-Te Lin®*, Jinhong Yu®*

aKey Laboratory of Marine Materials and Related Technologies, Zhejiang Key Laboratory of Marine
Materials and Protective Technologies, Ningbo Institute of Materials Technology & Engineering,
Chinese Academy of Sciences, Ningbo, 315201, China.

bDivision of Functional Materials and Nanodevices, Ningbo Institute of Materials Technology and
Engineering, Chinese Academy of Sciences, Ningbo, Zhejiang, 315201, China.

*Corresponding author, E-mail: Jiangnan@nimte.ac.cn, linzhengde@nimte.ac.cn;
yujinhong@nimte.ac.cn;

#These authors contributed equally to this study.



SUPPLEMENT

Optical Density

Delaminated MXene
As-prepared MXenes

0.24

0.0 4

T L2 T v L] A 1} . L] 2 L]
300 400 500 600 700 800
Wavelength (nm)

Figure S1. UV-Visible spectra of as-prepared MXenes and delaminated MXene nanosheets in DMF.
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Figure S2.FE-SEM images of (a) MXenes and EDS images of MXene: (b) Ti, (c) C, (d) F, (e) Al, (f)
O.

UV/VIS/NIR spectrophotometer was used to characterize the as-prepared MXenes and delaminated

MXene nanosheets in DMF and UV/visible absorption spectra are shown in Figure S1. It is obvious



that as-prepared MXenes does not possess an evident absorption in the UV/visible region while
delaminated MXene nanosheets show quite high absorption at 280 nm in the UV region.

Figure S2 shows FE-SEM image and EDS images of MXenes. From Figure S2 (a), it can be seen
that the MXenes are made up of many layered nanosheets resembling exfoliated graphite and the
thickness is quite small. In order to have a preliminary understanding of the surface element of
MXenes, X-ray energy-dispersive spectroscopy (EDAX) was performed and the EDX images are
shown in Figure S2 (b-f), which demonstrated that MXenes are composed of Ti, C, F, Al, O. The
existence of F and O implied that Al layers were replaced by F or O to a certain extent.

Neat PVDF and PVDF/MXene composites are characterized by XRD and the results are shown as
Figure S3. It is clearly observed that PVDF/MXene composited have peaks around 17.6, 18.4, 20.0
°C, which indicates that PVDF possess a-crystallite other than B-crystallite according to the

literature!.

PVDF-Ti;C, 1 wt%

E e e e
s T
2 | 184°C__  200°C
@ \ 4t PVDF-T|30 2 Wt%
g - N P
= PV N\ " PVDF- Tufic2 3 wt %

17ec AN\ PVDFTILC, 4wt

76°C._i A
e AL _PVDF-TisC, 5 wtt
. : . : ,
10 20 30 40
20 (degree)

Figure S3 XRD of the neat PVDF and PVDF composites.
The heating DSC thermograms of neat PVDF and PVDF/MXene composites with different loading
of MXene (Ti;C,Tx) were gained by Pyris Diamond DSC (Perkin-Elmer, American) and shown in
Figure S4. Figure S4 exhibits that the melting temperatures of neat PVDF and PVDF/MXene with
the content ranging from 1 wt% to 5 wt% are 162.23 °C, 162.18 °C, 162.70 °C and 162.52 °C,
163.05 °C and 162.61°C, respectively. Obviously, the incorporation of MXene does not significantly

decrease the melting temperature of PVDF.
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Figure S4 DSC thermograms of neat PVDF and PVDF composites.

TGA and DTG curves of neat PVDF and PVDF composites are shown in Figure SS. Figure S5 (a)
shows that TGA curves of neat PVDF and PVDF composites all exhibit two obvious weight-loss
steps, which implies that degradation mechanism of PVDF does not significantly change in the case
of MXene. Besides, it is interesting to figure that the weight-loss temperature of PVDF composites
tend to lower temperature compared with that of neat PVDF. Especially for PVDF composites with 5
wt% of MXene, the weight-loss temperature decreases as high as 123 °C ,which can be clearly
observed from Figure S5 (b). Accordingly, we may safely draw the conclusion that the addition of
MXene contributes to the decomposition of PVDF and results in a big shifting from high temperature
to low temperature. As far as we are aware, there are no relevant report about the mechanism of
promoting the decomposition of neat PVDF. We assume that promotion may be ascribed to the fact
that MXene result in the formation of new compound accelerating the decomposition of PVDF at
low temperature. Further studies are in progress to reveal the mechanism explaining the novel

behavior of MXene nanaosheets on the decomposition temperature of PVDF.



b‘
1004 0 (b) v
. o | [
X
. 80 4 = .74
g 5
- Q
S  60- 2 44
o ——PVDF g ——PVDF
= {1 —— PVDF-Ti5Cy 1 wt% = | —PVDF-TizCp 1 wi%
40 ——PVDF-Ti5C5 2 wi% 2 —— PVDF-TizCy 2 wt%
—— PVDF-Ti5C5 3 wt% 8 211 — pvDF-Tisc, 3 wi%
—— PVDF-TisCy 4 wt% { —— PVDF-Ti;C, 4 wi%
204 —— PVDF-Ti3C5 5 wt% _2g 4 —PVDF-TizCy 5 wt%
L] hd L] v L) v L) v ) L 4 L] b L] L L] st L]
150 300 450 600 750 150 300 450 600 750
Temperature (°C) Temperature (°C)
Figure S5 (a) TGA and (b) DTG curve of the neat PVDF and PVDF composites.
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