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1. The effect of hybrid nanoparticles showed improved specific heat up to 19.6% enhancement at

0.05wt% nanoparticle concentration and can withstand temperatures up to 540
o
C.

2. The characterisation techniques demonstrated good dispersion of GO/TiO2 into base salt and

also binding of GO with TiO
2
produced via a hydrothermal process. Thus makes this nanofluid as a

suitable candidate for thermal energy storage applications.
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The Main aim of this research is

To develop nitrate eutectic salt mixture with wide operating temperature, low-cost,
thermal stability, non-toxic, eco-friendly, and doping graphene hybrid nanoparticles in
the eutectic salt mixture to improve the thermophysical properties such as enhanced
specific heat capacity, thermal degradation for thermal energy storage applications.

The global thermal energy storage market is evaluated at US$4.204 billion for the year 2019 

growing at a compound annual growth rate (CAGR) of 12.38% reaching the market size of 

US$8.466 billion by the year 2025.

Fig 1. The process of TES system

Thermal energy storage (TES) technology is used to
store thermal energy with the change in
temperature and used for different applications at
later stage.

Concentrated Solar Power (CSP) plays a key role in
converting thermal energy from sun into
electricity by storing it using phase change
materials such as nitrates as thermal energy
storage materials due to their advantages over
others..

The main challenges with phase
change materials are:

Low specific heat capacity

Highly viscous in nature

Highly Corrosive

Easy to decompose

The most effective way to 

improve the thermophysical 

properties of PCMs is by 

doping of nanomaterials.

Results and discussion

Sample Base Salt 

(BS)

BS+0.01%GO/T

iO2

BS+0.05%GO/T

iO2

BS+0.1%GO/Ti

O2

Average (after 

3 runs)

1.342 1.474 1.606 1.599

Enhancement 

(%)

- 9.8 19.6 19.1

Standard 

deviation

0.08 0.21 0.24 0.14

Standard error 0.02 0.07 0.08 0.04

Table 1: Specific heat capacity of hybrid nanoparticles with different wt% (0.01, 0.05 and 0.1)

The highest specific 

heat capacity of 

19.6% was reported 

with 0.5 wt% of 

hybrid nanoparticles 

in the nitrate salt 

mixture.

Table 2: Percentage weight loss of different samples 

Sample Weight loss (%)

Base salt 60-190 ºC (3%)
520-740 ºC (80%)

GO/TiO2- 0.01 60-190 ºC (2%)
540-760 ºC (80%)

GO/TiO2- 0.05 60-190 ºC (2%)
540-760 ºC (78%)

GO/TiO2- 0.1 60-190 ºC (2%)
540-760 ºC (75%)

The weight loss% from 60-190 oC is due 

to moisture loss

DTGA table shows an increase in thermal 

degradation from 520 to 540 oC after the 

addition of hybrid nanoparticles.

Fig 2. a) FTIR spectrum of nitrate salt mixture and hybrid nps in the nitrate salt mixture b) Raman 

spectra of GO (Red) and GO/TiO2 (black) 

Figure 4. SEM images of base salt and base salt with different concentrations of hybrid nanoparticles: a

) Base salt, b) Base salt + 0.01 wt% of GO/TiO2, c) Base salt + 0.05 wt% of GO/TiO2, d) Base salt + 0.1 wt

% of GO/TiO2, e) Structural morphology of graphene and f) Hybrid GO/TiO2 nanoparticle.

Figure 3. HRTEM images of a) Graphene Oxide (GO) and b) hybrid GO/TiO2

FTIR shows the presence 

of nitrates, no structural 

changes after adding nps

Raman shows an 

increased height after 

adding nps from 

ID/IG=0.98 to 1.08

TEM displays no 

agglomeration of TiO2 on 

GO sheet

In our research, we develop a non-toxic, environmental friendly, wide temperature range and 

high thermal degradation of nano-PCM materials for thermal energy storage applications. 

Outcome

We successfully prepared 

hybrid nanofluids with high 

specific heat capacity. 

Thermophysical Properties 

Analyses

DSC

• Temp range: 30-

400 oC, 

• Ramping rate 10 
oC/min, purified air 

20 ml/min

TGA

• Temp range: 50-

900 oC, 

• Ramping rate 10 
oC/min, purified air 

20 ml/min

Structural & Morphological

Analyses

TEM, SEM

FTIR, Raman


