Titanate nanotubes decorated graphene oxide nanocomposites: preparation, flame retardancy and photodegradation
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Supplementary Figure S1. AFM images of GO sheets, the thickness of the GO fragment is ca. 1.72nm.
The AFM images of GO sheets show a GO nanosheet with wrinkle-like features, which is respond to the TEM results, and the apparent thickness is ca. 1.72 nm, meaning that the GO was exfolited into one-two layers for precursor of TNTs/GO [1].



[bookmark: OLE_LINK4][bookmark: OLE_LINK3]Supplementary Figure S2. FTIR spectra of GO, NaTA and TNTs/GO nanocomposites. 
[bookmark: _GoBack][bookmark: OLE_LINK36][bookmark: OLE_LINK37]The FT-IR spectra of raw GO, NaTA, and TNTs/GO nanocomposite are shown in Supplementary Figure S2. The absorption at 1389 and 1066 cm-1 are assigned to the C-O stretching vibration of -COOH and C-OH groups situated at edges of GO nanosheets, which decreased in TNTs/GO, this could be ascribed to the TNTs can reduce GO into graphene in an UV or visible light photocatalytic process [2, 3]. More importantly, the broader absorption band around 500-100 cm-1 in the composite can be considered the combination of Ti-O-Ti and Ti-O-C vibrations, implying that GO was decorated with TNTs and in response to the XRD and Raman results. 

Supplementary Figure S3. SEM images of the fracture surface of flexible PVC (a) and GO-PVC (b), TNTs-PVC (c), and TNTs/GO (d). The inset image of d is Ti-element EDA mapping of TNTs/GO composites.
[bookmark: OLE_LINK63][bookmark: OLE_LINK62]It usually requires a strong interfacial adhesion between fillers and matrix and the homogeneous dispersion of the fillers in the matrix to acquire good mechanical properties, which also plays an important role in flame retardant properties [4, 5]. Supplementary Figure S2a shows that the fracture surface of pure PVC, and the relatively smooth fracture area corresponds to a typical brittle fracture feature. In contrast, the fracture surfaces of the filled PVC-matrix composites, b, c, and d, show rougher and blurred fractured surfaces with many lines and wrinkles, corresponding to typical tough fracture feature. And TNTs-PVC and GO-PVC exhibit obvious aggregation (marked in red tracks). On the contrary, TNTs/GO-PVC is nearly free of any significant aggregation, this indicates that TNTs/GO is well dispersed in the PVC matrix and there is a strong interfacial adhesion between TNTs/GO and PVC matrix. The element compositions in the selected areas (inset in Supplementary Figure S2d) were determined by EDX to survey the dispersion of TNTs/GO. It is observed that Ti element has a homogeneous distribution, which further suggests that TNTs/GO nano-filler exhibits good dispersion in polymer matrix.

[bookmark: OLE_LINK77]Supplementary Figure S4. XRD patterns (a) and Raman patterns (b) of char of PVC and TNTs/GO-PVC. 
XRD and Raman were performed to verify the components of the char residues (supplementary Figure S3). The XRD patterns of the char residues correspond to TiO2 (PDF#21-1272/1278); and the Raman peaks of the char residues below 1000 cm-1 suggest that there is TiO2 phase in the char. These data suggest that TNTs are transformed into TiO2 during the combustion. Moreover, the ID/IG (intensity ratio of D band to G band of GO) of GO-PVC is 1.6, and it declines to 1.1 for TNTs/GO-PVC, which suggests that the attendance of TNTs/GO can transform carbon sources into char.
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