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Thermal properties characterizations for 10% and 15% Gd doped multi wall carbon nanotubes (MWCNTs) 

were investigated. The thermal and structural characteristics were investigated using TGA/DSC and TEM 

techniques. Mass loss characteristics for the synthesized nanocomposite carbon-based nanomaterials were 

analyzed. It was observed that the specific heat capacity of the studied samples increased proportionally with the 

increase in temperature. 
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Introduction 

Doped MWCNT has strong interest for sensors and 

bioimaging applications. The perspective area of carbon 

nanomaterials investigation is focused on incorporation 

different materials to obtain a new nanocomposite with 

more significant properties. Multiwalled carbon 

nanotubes (MWCNTs) have been provided a various 

unique properties: mechanical (deformation properties), 

electrical (high electrical conductivity) and 

physicochemical properties [1]. 

There are different methods to produce CNT: 

chemical vapor deposition, electric arc discharge, laser 

ablation, electrolysis. These methods produce different 

CNTs corresponding to different geometric structures. In 

this case, the diameters and correspondingly the lengths of 

the CNTs are significantly different from each other [2]. 

The multiple molecules can be attached to the 

carboxyl-functionalized MWCNTs (MWCNT-COOH) by 

strong covalent, hydrogen bonds or π-π stacking 

interactions for construction a new nano-platforms [3,4]. 

As example, single-walled carbon nanotubes 

functionalized with a carboxyl group sensor are shown 

sensitivity to CO gas [5]. 

Gadolinium – containing carbon nanomaterials are a 

new class of contrast agent for magnetic resonance 

imaging, medical and biological applications [6-8]. 

Thermal gravimetric analysis (TGA) and differential 

scanning calorimetry are considered as powerful methods 

for investigation and development of carbon-based 
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nanocomposites applications [9]. Through TGA analysis 

studies, MWCNTs show higher air stability than MWNTs, 

diamond, graphite and annealed diamond produced in the 

high temperature range (2200 to 2800 °C). This treatment 

removed different types of defects [10]. Recent advances 

in thermal analysis of carbon nanocomposites were 

summarized in [11]. 

In addition, optimizing the effectiveness of these 

samples requires understanding the mechanisms of CNTs 

decomposition over a certain period, especially under the 

influence of heat [12]. 

In our previous studies [13-18], the synthesis of 

carbon nanotubes, their functionalization, doping, 

appropriate characteristics of their morphology, structure 

and photoelectric properties were studied. 

The objective of this work is the comparative analysis 

of TGA and DSC data at 10 and 15% for different 

concentrations of Gd element addition in Gd-MWCNTs 

nanocomposites. 

I. Experimental details 

Sample preparation. 

The multi-walled carbon nanotubes were obtained by 

the electric arc discharge method. 

Carbon nanotubes were initially obtained by arc 

discharge method and then functionalized [13]. 

Gadolinium-doped multi-walled carbon nanotubes (Gd-

MWCNTs) were obtained using a hydrothermal approach, 

schematically presented in Figure 1, as described in our 

previous research work [14]. All chemicals for synthesis 

were purchased from Sigma-Aldrich, USA and used as 

received. 

Material characterization. 

Hitachi HT 7700 (Japan) TEM microscopy at room 

temperature was used for structural investigation of Gd-

MWCNT. The operating parameters of the research 

equipment includes: resolution equals 0.204 nm for 

100 kV, magnification range 200x - 600,000x, and an 

accelerator voltage range 40-120 kV. Thermogravimetric 

analysis (TGA) was successfully performed using a 

NETZSCH STA 409 PC/PG setup.  

II. Results and discussion 

2.1. TEM  

The morphology features, and Gd dopant distribution 

for Gd-MWCNT nanocomposite were investigated using 

the TEM technique for two magnifications x10.0k 

(1.0 µm), x120.0k (100 nm) with accelerating voltage 

equals 120.0 kV.  

TEM images for carboxyl group-functionalized 

carbon nanotubes (FCNTs) were investigated in our 

previous work [17]. It has been confirmed that the addition 

of certain acids to the side wall or tip of MWCNTs by 

introducing a carboxylic functional group (-COOH) 

during chemical reactions significantly increased the 

solubility of MWCNTs [17]. 

In current research TEM was employed to get an 

insight into the surface morphology of the Gd-

decorated/doped MWCNT nanocomposites. The tubular 

morphology, as well as the close to smooth and 

homogeneous surface was verified for Gd doped 

MWCNTs (same trend with FCNT). 

Figure 2 and 3 shows the TEM image of prepared 

materials at low and high magnification. The structural 

features of 10% and 15 % Gd doped MWCNTs are shown 

in Figure 2 and 3, respectively. The TEM images for Gd-

MWCNTs show that pipe wall is smooth. 

Furthermore, the Gd nanoparticle dopant in bought 

nanocomposites are nearly spherical in shape and 

distributed onto the surface of MWCNT or zipped the 

edges of MWCNT. Minorly, aggregates are also seen. 

This kind structural compatibility between MWCNT and 

Gd dopant opens various uses specifically in catalytic 

sensors and heath care area (as example in bioimaging 

techniques). 

 

 
Fig.1. Schema of Gd doping process of MWCNT with different concentration of Gd:  

a) 10% and b) 15%, respectively. 
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2.2. TGA and specific heat capacity analysis 

Thermogravimetric analyses were performed in the 

air atmosphere to see the nature and behavior of these 

distinctive structure in the Gd-MWCNT. 

The influence of COOH- functional group 

modification on thermal properties MWCNTs (FCNT) 

was identified by TGA in our previous work [17].  

 

 
Fig. 4. TGA curves of functionalized CNTs, 10% 

gadolinium doped CNTs, and 15% gadolinium doped 

CNTs. 

 

The TGA weight loss curves of MWCNTs with 

COOH- functional group (FCNT) and Gd-MWCNT are 

shown in Fig. 4. Thermogravimetric data of COOH 

functionalized was added for comparison with Gd-

MWCNT to provide more detailed information about the 

thermal stability and surface functionalization the 

investigated carbon nanomaterials. 

The first step (25-190°C) of ~12% mass loss belongs 

to the evaporation of physically adsorbed water, and it was 

seen in all Gd-doped CNT samples. A second degradation 

step (200-340 °C) with mass losses of ~27% for 10% Gd, 

~25% for 15% Gd shows the decomposition of Gd(OH)3 

to the GdOOH intermediate product before transforming 

into the final product of Gd2O3. Transformation of 

GdOOH into Gd2O3 is observed between 400 and 600 °C 

together with the degradation of CNT. The clear 

degradation of GdOOH into the final oxide product can be 

detected in the temperature interval of 340-490 °C in the 

15% Gd-doped CNT sample. Based on TGA experiments, 

it is suggested that during the Gd-doped CNT synthesis 

reaction, gadolinium was transformed into oxide or 

hydroxide forms and pure Gd doping on the CNT surface 

was not achieved due to conducting the reaction in the 

presence of air instead of inert gas.  

The multistep mass loss also can be associated with 

samples decompositions. 

DSC data were used for calculation of heat capacity 

parameter temperature dependencies feature. The heat 

capacity parameters were calculated using the same 

approach as in [17] for constant pressure. The calculations 

were performed using a FORTRAN script.  

As shown in Figure 5, the temperature dependences 

the specific heat capacities (Cp = Cp(T)) for 10% Gd-

MWCNTs and 15% Gd-MWCNTs nanocomposites at 

constant pressure has same trend but different values. 

The Cp parameter of the specific heat capacities of 

Gd-MWCNTs samples gradually changes with the 

             
a)            b) 

Fig.2. TEM images of synthesized 10 % Gd -MWCNTs (a) at low and (b) at high resolution. 

 

               
a)            b) 

Fig.3. TEM images of synthesized 50 % Gd -MWCNTs (a) at low and (b) at high resolution. 
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temperature change, that is, increases, for all the studied 

materials. The trend of Cp parameter agreed with literature 

data [19-20]. The difference in Cp for different Gd dopant 

concentration of MWCNTs can be associated with 

different defect surface conditions. 

 

 
Fig. 5. Temperature dependencies of specific heat 

capacity parameters for 10 % Gd - MWCNT and 15% Gd- 

MWCNT. 

 

 

It is shown in Table 1 that FCNTs samples were 

summarized with maximum values of specific heat 

capacities accordingly. 

 

Table 1.  

Data on specific heat capacities are given in comparison 

with FCNT. 

Sample 
Cp, J/kg K 

T (K) Cp 

FCNT 916.3 [17] 1588.5 [17] 

10%Gd - MWCNTs 916.290 2888.15 

15%Gd - MWCNTs 1106.290 1108 

Conclusion  

The work represents the synthesis and thermal 

properties characterization of gadolinium doped MWCNT 

with 10 and 15 % of dopant, respectively. 

The microstructure of were studied using TEM 

techniques. By studying Gd-MWCNTs the smooth as well 

and homogeneous surface morphology were observed 

which affected on the properties of carbon nanotubes. The 

distribution and location of Gd dopant on MWCNTs 

surfaces were confirmed. 

The thermal properties for synthesized Gd-MWCNTs 

(with 10% and 15% dopant) were confirmed by TGA 

measurements. Multistep mass loss associated with 

material degradation and Gd-intermediate product 

decompositions. 

During the study of DSC data, the corresponding 

values of specific heat capacities of Gd-MWCNTs were 

calculated. The specific heat capacities Cp of the 

investigated samples has the same dynamics. Was found 

that, maxima specific heat capacity for 10% Gd-doped 

MCNTs equals Cp = 2.88815 kJ/kg·K (T = 916,290 K) 

and for 15% Gd-doped MCNTs equals  

Cp = 1.10801 kJ/kg·K (T =1106,290 K), respectively. 
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Досліджено характеристики теплових властивостей багатостінних вуглецевих нанотрубок (МВНТ), 

легованих 10% та 15% Gd. Відповідні характеристики дослідження були досліджені за допомогою методів 

TGA/DSC та TEM. Проаналізовано характеристики втрати маси для синтезованих нанокомпозитних 

вуглецевих наноматеріалів. Помічено, що питома теплоємність досліджуваних зразків зростала 

пропорційно з ростом температури. 
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