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Abstract - CNT nanofluids deliver better rate of heat transfer due to the presence of CNTs which are having high thermal 

conductivity. Since CNTs are hydrophobic in nature , they entangle themselves and form agglomerates specially in polar solvents. The 

agglomerates settle down with time and cause reduction in thermo-physical properties and hence lose their potential to deliver better 

rate of heat transfer. This characteristic of CNT nanofluids requires an efficient preparation method which can provide uniform 

dispersion of CNTs for a longer duration. This study has been focused on preparation of long term stable CNT nanofluids having 

effective dispersion of CNTs by the removal of agglomerates which were formed during preparation. To disperse CNTs in water two 

type of surfactants i.e. sodium dodecylbenzene sulfonate (SDBS) and gum arabic (GA) were used followed by ultrasonication. Based 

on results, it was analyzed that there is an optimum concentration of both the surfactants which provide maximum dispersion of pristine 

(p-CNTS) and functionalized (f-CNTS) at particular ultrasonication time. The maximum dispersion concentration of f-CNTs was found 

to be more than p-CNTs under same conditions. The dispersion of CNTs was more in case when GA was used as surfactant in 

comparison to SDBS irrespective of ultrasonication time while the thermal conductivity was more for SDBS based CNT nanofluids 

instead of GA irrespective of type of CNTs. The thermal conductivity of CNT nanofluids was sufficiently high that can be utilized in 

industries where there is requirement of heat transfer.  
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1. Introduction 
Compact and efficient heat transfer systems are the key requirements of production and process industries. Due to 

enhanced thermal properties, nanofluids have the ability to reduce the size of heat transfer system because they provide the 

high rate of heat transfer in comparison to conventional fluids [1-5].  

Literature reports that due to high thermal conductivity of CNTs, the enhancement in thermal conductivity of CNT 

based nanofluids is much higher in comparison to other nanoparticles (Al2O3, CuO, TiO2, SiO2 Cu, Fe, etc.) based 

nanofluids [1, 6-8]. So, CNT nanofluids appear to be promising as heat transfer fluids for cooling or heating applications in 

industries. Numerous data is available on the thermal conductivity enhancement of CNT nanofluids. Choi et al. [9] 

reported 160% thermal conductivity enhancement by adding 1 vol% of CNTs in olefin oil. Xie et al. [6] reported 19.6%, 

12.7% and 7.0% enhancement in thermal conductivity when functionalized CNTs were dispersed in decene, ethylene 

glycol and water respectively. Rashmi et al. [10] studied the thermal conductivity of CNT nanofluids and measured up to 

250% enhancement in thermal conductivity.  

Though, thermal conductivity of CNT nanofluids is being researched through years, still they have not been 

industrialized because they are not stable for a longer duration. Under normal conditions CNTs entangled themselves and 

form agglomerates resulting in a non-homogeneous and unstable suspension when dispersed in conventional fluids. 

Stability of CNT nanofluids is influenced by nature and quantity of surfactants, functionality of CNT surfaces, size of 

CNT, ultrasonication frequency and time, etc. [11-14].  If CNTs are treated with strong acids like HNO3/H2SO4 then 

hydrophilic group like -OH, -COOH, etc. get attached to the CNT surfaces and help in the better dispersion of CNTs in 

polar solvents in comparison to pristine or purified CNTs (p-CNTs). This happens because the functionalized or treated 

CNTs have acidic functional group on their surfaces which can dissociate in water and dispersion of CNTs gets enhanced 
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by electric repulsion [8, 15-16]. It is also reported that surfactants SDS, SDBS and GA are best surfactants for stabilization 

of CNTs in polar solvents for a longer time [17]. Sadri et al. [14] prepared CNT nanofluids using GA, SDBS and SDS as 

surfactants and reported that CNT nanofluids prepared using GA have highest thermal conductivity enhancement in 

comparison CNT nanofluids prepared using SDS and SDBS. Shanbedi et al. [18] used GA, CTAB and SDS as surfactants 

for dispersion of CNTs in water. They tried 0.5-1, 1-1 and 2-1 surfactant/MWCNTs ratio to prepare CNT nanofluids and 

reported that 1-1 surfactant/MWCNTs ratio showed maximum stability irrespective of surfactant.   

In the present work, efforts were made to study the combined effect of surface treatment and surfactants for preparing 

stable CNT nanofluids using SDBS and GA as dispersing agent. Ultrasonication time, type of CNTs and concentration of 

surfactants were varied to check their effect on dispersion of CNTs. The prepared CNT nanofluids were stored and 

analyzed for its stability followed by of thermal conductivity. 

  

2. Experimental Procedure and Apparatus 
Double distilled water was used as basefluid and two type of multi-walled carbon nanotubes (MWCNTs) i.e. pristine 

CNTs (p-CNTs) and functionalized (-COOH) CNTs (f-CNTs) were used to prepare CNT nanofluids. The CNTs were 

supplied by Nanostructured & Amorphous Materials, Inc. USA having specifications - outside diameter 50-80 nm, length 

10-20 µm, purity >90%. Sodium dodecyl benzene sulfonte (SDBS) and gum arabic (GA) purchased from HiMedia 

Laboratories Pvt. Ltd. India, were used as dispersing agent. Ultrasonication was done by using bath ultrasonicaor provided 

by Golju, Scientific, India.  

In order to prepare stable CNT nanofluids, two step method was utilized under dynamic conditions. Initially, stock 

aqueous surfactant solution was prepared for each surfactant or dispersing agent at 0.685 wt%. Then the next four 

consequent concentration of surfactant water solution was prepared by diluting the stock solution by adding double 

distilled water. After that both type of CNTs at constant concentration were added into both type of surfactant water 

solution while stirring with the help of magnetic stirrer followed by ultrasonication at frequency 40 ± 3 KHz. 

Ultrasonication time was varied from 1 to 4 hour for each and every sample. To avoid the increase in temperature of CNT 

nanofluid due to ultrasonication, cooled water was circulated to maintain the bath temperature ~25 
0
C. After ultrasonication 

each sample was centrifuged at 200 rpm for a fixed interval of time to provide dynamic condition. After centrifugation the 

supernatant was separated from sediment. Then 1 mL sample was taken out from the supernatant to measure the CNT 

concentration and rest of the sample were placed for further analysis. The concentration of CNTs was measured using UV-

spectrophotometer at 800 nm because at 800 nm the absorbance due to the presence of surfactant is negligible [19-22]. The 

thermal conductivity was measured using KD2 Pro thermal property analyzer (Decagon devices, Inc., USA) based on 

transient hot wire technique at room temperature.  

 

3. Results and Discussion 
 
3.1. Stability of p-CNTs and f-CNTs in Water 

One of the main technical challenges in front of CNT nanofluids is their dispersion in polar solvents like water. To 

overcome this problem surfactants can be used [17] and mixed in basefluids before adding CNTs into it because surfactants 

forms non-covalent bond with CNTs and helps to stabilize the CNTs in water [23]. To check the dispersion of p-CNTs and 

f-CNTs in water two samples of equal concentration of both the CNTs were prepared followed by ultrasonication for same 

interval of time. It was observed that p-CNTs gradually settled down just after preparation due to hydrophobic nature of p-

CNTs, Fig. 1a. Acid treated CNTs or f-CNTs showed better dispersion in water in comparison to p-CNTs, Fig. 1b. 

However, the CNT nanofluid which was prepared using f-CNTs also did not stable for a longer duration. After 24 hours of 

preparation there was significant settling of f-CNTs, Fig. 1c. So, to prepare long term stable CNT nanofluids and to check 

the effect of surfactants on the dispersion of p-CNTs and f-CNTs in water, GA and SDBS were used. It was found that the 

CNT nanofluids prepared using SDBS and p-CNTs, SDBS and f-CNTs, GA and p-CNTs, GA and f-CNTS were stable for 

more than three months, Fig. 1d, 1e, 1f, and 1g respectively.  
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Fig. 1: Stability of (a) p-CNTs in water just after preparation, (b) f-CNTs in water just after preparation, and (c) f-CNTs in water after 

24 hours, (d) p-CNTs stabilized using SDBS, (e) f-CNTS stabilized using SDBS, (f) p-CNTs stabilized using GA, and (g) f-CNTs 

stabilized using GA. 

 

3.2. Effect of GA and SDBS Concentration on the Dispersion of p-CNTS and f-CNTs in Water 
To study the effect of surfactant concentration on the dispersion of p-CNTs and f-CNTs, the surfactant concentration 

was varied from 0.137 to 0.685 wt% keeping p-CNTs and f-CNTs concentration constant (0.274 wt%). Results are shown 

in Fig. 2 to Fig. 5. Fig. 2 and 3 show the effect of SDBS concentration on the dispersion of p-CNTs and f-CNTs in water 

respectively. It was found that initially the dispersion of both type of CNTs increased with increase in SDBS concentration 

upto 0.411 wt% and afterwards dispersion start decreasing. The increase in dispersion of CNTS may be due to the increase 

in steric hindrance between CNTs surfaces [24]. The decrease in dispersion of CNTs after 0.411 wt% may be due to the 

excess amount of SDBS adsorbed on to the surface of CNTs which make the CNT agglomerates bulky and cause settling 

due to gravitational force [25]. Fig. 4 and 5 show the effect of GA concentration on the dispersion of p-CNTs and f-CNTs 

in water at different ultrasonication time, respectively. According to fig. 4 and 5, it was observed that with an increase in 

GA concentration dispersion of p-CNTs and f-CNTs in water increased. This result agrees with the results of Kim et al. 

[16], as gum arabic adsorbs onto the CNT agglomerates and hence provides repulsive forces between them. The dispersion 

of both p-CNTs and f-CNTs were maximum at GA concentration 0.548 wt% and further increase in concentration cause 

reduction in dispersion. 

The maximum dispersion of p-CNTs and f-CNTs in water obtained with different surfactants i.e. SDBS and GA is 

different. The maximum dispersion of p-CNTs and f-CNTs was obtained when GA concentration is 0.548 wt% but for 

SDBS the maximum dispersion of p-CNTs and f-CNTs was obtained at 0.411 wt% of SDBS. This concentration difference 

may be due to difference in surfactant behavior or their structure. It also may be due to the difference in mechanism of 

adsorption of both of the surfactant on CNTs surfaces [24]. The concentration of p-CNTs and f-CNTs is greater when GA 

used as surfactant in comparison to CNT nanofluids prepared using SDBS.  According to Hao et al. [26] each surfactant 

has its own best concentration and capability to stabilize the nanofluids for a longer duration.  

 

 
Fig. 2: Effect of SDBS concentration on the dispersion of p-CNTs in water at different ultrasonication time. 
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Fig. 3: Effect of SDBS concentration on the dispersion of f-CNTs in water at different ultrasonication time. 

 

 
Fig. 4: Effect of GA concentration on the dispersion of p-CNTs in water at different ultrasonication time. 

 

 
Fig. 5: Effect of GA concentration on the dispersion of f-CNTs in water at different ultrasonication time. 

 
3.3. Effect of Ultrasonication Time on the Dispersion of p-CNTS and f-CNTs in Water 

Since, CNTs form agglomerates and entangle themselves and it is very difficult to disperse them in basefluids without 

the use of any physical treatment like ultrasonication [27-308-31] or mixing at high shear [31-332-34]. Both the processes 

are governed by the transfer of shear stress to break the agglomerates of CNTs [34] and have a significant effect on the 

dispersion of CNTs in basefluids. So, to study the effect of ultrasonication time on the dispersion of p-CNTs and f-CNTs in 

water it was varied from 1 to 4 hour for SDBS and GA concentration 0.137 to 0.685 wt%. Fig. 6 and 7 show the effect of 

ultrasonication time on the dispersion of p-CNTs and f-CNTs in water at constant SDBS concentration. It is observed that 

with increase in ultrasonication time dispersion of p-CNTs and f-CNTs increased and at 2 hour ultrasonication, dispersion 

is maximum. Effect of ultrasonication time on CNT nanofluids is attributed to the breakup of CNT agglomerates into 
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smaller clusters of CNTs. Also, increased ultrasonication time leads to an increase in the dispersion of CNTs in basefluids 

[14]. Further increase in ultrasonication time leads to the reduction in the dispersion of p-CNTs and f-CNTs. It may be due 

to the fact that, providing excess ultrasonication to CNT nanofluids leads to a decrease in aspect ratio of CNTs. Also, 

prolonged sonication effect the structure of surfactants or the micro-SDBS particles might be formed of SDBS which was 

already adsorbed on to surface of CNTs and due to Vander Waals forces the micro particles of SDBS accumulate 

themselves and form packages which resulted in sedimentation of CNTs or SDBS [25] Fig. 8 and 9 show the effect of 

ultrasonication time on the dispersion of p-CNTs and f-CNTs in water at constant GA concentration. It is observed that 

with increase in ultrasonication time dispersion of p-CNTs and f-CNTs in water increased. It is reported in literature that, 4 

hour ultrasonication is sufficient for the CNT nanofluids prepared using GA. Further ultrasonication leads to the reduction 

in CNTs dispersion due to damage of CNT structure which includes bending, bucking or dislocations in carbon structure 

[10].   

 

 
Fig. 6: Effect of ultrasonication time on the dispersion of f-CNTs in water at different SDBS concentration. 

 

 
Fig. 7: Effect of ultrasonication time on the dispersion of f-CNTs in water at different SDBS concentration. 

 

 
Fig. 8: Effect of ultrasonication time on the dispersion of p-CNTs in water at different GA concentration. 
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Fig. 9: Effect of ultrasonication time on the dispersion of f-CNTs in water at different GA concentration. 

 

3.4. Effect of Type of CNTs on the Dispersion of p-CNTs and f-CNTs in Water 

To study the dispersion of CNTs in water, CNT nanofluids were prepared using two type of CNTs i.e. p-CNTs and f-

CNTs of same specifications. Results are shown in Fig. 10 and 11 for dispersion of both type of CNT nanofluids prepared 

using SDBS and GA, respectively and results were compared in terms of CNT dispersion. It is observed that dispersion of 

f-CNTs is more than p-CNTs at constant surfactant concentration and at particular ultrasonication time. This may be due to 

the fact that on the surface of f-CNTs, -COOH group is attached due to acid treatment of p-CNTS and which causes 

conversion of hydrophobic to hydrophillic. It is reported in literature that during acid treatment carboxyl group attached to 

the CNTs surfaces leads to breaking of CNTs into shorter with less twisted shreds, hence results in better dispersion of f-

CNTs in basefluids. There are no van der Waals forces between f-CNTs because of ionization of acidic surface group on f-

CNTs which increases the electrostatic repulsion between them and make them more dispersible in basefluids in 

comparison to p-CNTs [6, 13, 15, 21]. 

 

 
Fig. 10: Comparison of p-CNTs and f-CNTs dispersion in water with change in SDBS concentration at ultrasonication (a) 1 hr, (b) 

2 hr, (c) 3 hr and (d) 4 hr. 

 

 
Fig. 11: Comparison of p-CNTs and f-CNTs dispersion in water with change in GA concentration at ultrasonication (a)1 hr, (b)2 hr, 

(c)3 hr and (d)4 hr. 
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3.5. Thermal Conductivity of CNT Nanofluids 
The thermal conductivity of CNT nanofluids is reported in Fig. 12 in terms of thermal conductivity enhancement. The 

enhancement in thermal conductivity is calculated as follow: 

%𝐓𝐡𝐞𝐫𝐦𝐚𝐥 𝐜𝐨𝐧𝐝𝐮𝐜𝐭𝐢𝐯𝐢𝐭𝐲 𝐞𝐧𝐡𝐚𝐧𝐜𝐞𝐦𝐞𝐧𝐭 =  
𝐤𝐂𝐍𝐓 𝐧𝐚𝐧𝐨𝐟𝐥𝐮𝐢𝐝 − 𝐤𝐰𝐚𝐭𝐞𝐫

𝐤𝐰𝐚𝐭𝐞𝐫
∗ 𝟏𝟎𝟎 

The thermal conductivity of CNT nanofluids was measured only for those samples which gave maximum dispersion 

of p-CNTs and f-CNTs with SDBS and GA, Fig. 12. The optimum condition at which there was maximum dispersion of p-

CNTs and f-CNTs was 0.411 wt% conc. and 2 hr ultrasonication time, 0.548 wt% conc. and 4 hr ultrasonication time for 

SDBS and GA based CNT nanofluids respectively. Figure 12 shows that there is a large thermal conductivity enhancement 

of CNT nanofluids in comparison to water irrespective of type of CNTs and surfactant.  From the Fig. it is analyzed that 

there is a little difference in thermal conductivity enhancement when CNT nanofluids prepared using p-CNTs and f-CNTs 

irrespective of surfactant. But, when comparison is done on the basis of dispersion of CNTs then it is more for f-CNTs 

compared to p-CNTs. It means there is a non-linear relation between thermal conductivity and concentration of CNT 

nanofluids [35, 36]. Also, thermal conductivity of CNT nanofluids prepared using SDBS is more compared to GA based 

CNT nanofluids irrespective of type of CNTs while the dispersion of CNTs in more for GA based CNT nanofluids. This 

indicates that thermal conductivity of CNT nanofluids not only depends on the concentration of CNTs but also dependent 

on the type of surfactant and its concentration, ultrasonication time, etc. [36].  

 

 
Fig. 12: Thermal conductivity of CNT nanofluids at optimum conditions. 

 

4. Conclusions 
In this study the combined effect of surface treatment and surfactants were investigated to check the dispersion of 

CNTs in water. The dispersion of p-CNTs and f-CNTs is dependent on the type of surfactant and concentration of 

surfactant. Also, ultrasonication time has a significant effect on the dispersion of CNTs. Different surfactants have their 

own best concentration to disperse CNTs in water. There is more dispersion of f-CNTs in water compared to p-CNTs. 

Enhancement in thermal conductivity found to be more for SDBS based CNT nanofluids than GA based CNT nanofluids 

irrespective of type of CNTs. In addition to CNT concentration thermal conductivity of CNT nanofluids also depends on 

type and concentration of surfactant, ultrasonication time, stability, etc.. The prepared CNT nanofluids were found to be 

stable for more than three months. 
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