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The present work focuses on synthesizing and deep cryotreatment of hybrid 

Silica–Iron oxide structure followed by finding out the effect of deep cry-

otreatment on nanoscale structure of nanoparticles by using x-ray powder 

diffraction, Fourier transform infrared spectroscopy, field emission gun 

scanning electron microscopy, transmission electron microscope, Brunauer–

Emmett–Teller surface area analysis. Results show that the deep cryotreat-

ment has no effect on the composition of nanostructure; however, the size of 

nanostructure is shrinking and specific surface area is increased. Hence, po-

rosity is decreased and indicates possible enhancement in thermal conductiv-

ity due to an increase in bonding strength. These cryotreated nanostructures 

can possibly be suspended in various conventional base fluids for all heat-

transfer processes with a little compromise on the viscosity of respective base 

fluids. 

Дану роботу зосереджено на синтезі та глибокому кріообробленні гібрид-

ної структури оксид заліза–кремнезем з подальшим з’ясуванням впливу 

глибокого кріоочищення на наномасштабну структуру наночастинок за 

допомогою дифракції Рентґенових променів, інфрачервоної спектроскопії 
з Фур’є-перетвором, сканувальної електронної мікроскопії з польовою 

емісійною гарматою, просвітлювальної електронної мікроскопії, аналізи 

площі поверхні за Брунауером–Емметтом–Теллером. Результати показу-

ють, що глибоке кріооброблення не впливає на склад наноструктури; од-

нак розмір наноструктури зменшується, а питома поверхня збільшується. 
Отже, пористість зменшується та вказує на можливе підвищення теплоп-
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ровідности за рахунок збільшення міцности зчеплення. Ці кріоочищені 
наноструктури можуть бути суспендовані в різних звичайних базових рі-

динах для всіх процесів теплопередачі з невеликим компромісом щодо 

в’язкости відповідних базових рідин. 

Key words: hybrid nano, deep cryotreatment, XRD, FTIR, FEG–SEM, TEM, 

B.E.T. surface area. 
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1. INTRODUCTION 

Conventional heat transfer fluids play a significant role in many in-
dustrial processes. However, the use of these liquids results in lower 

heat exchange rates in thermal engineering devices. This is attributed 

to the lower valve of their thermal conductivity. One of the ways to 

overcome this hurdle is by suspending ultrafine solid particles in con-
ventional heat transfer fluids such as water, Ethylene Glycol, Brines, 

etc. to improve their thermal conductivity. The suspension of nanosize 

particles typically larger than 10 nm and less than 100 nm in a base flu-
id is called a nanofluid. [1]. Hence, one can say that it may be solar en-
ergy, machining, lubrication, medicines, food, electronics, fuel cells or 

any other area of the science and technology nanofluids have indisput-
ably changed the direction of research. 
 The basic idea of dispersing solid particles in a fluid to improve the 

thermal conductivity is not the trend of the 21st century. It finds roots 

right back from 1873 when Maxwell proposed a theoretical concept of 

improvement of effective thermal conductivity of liquid/solid suspen-
sion. This is because of the fact that solid particles generally possess 

higher thermal conductivity than any conventional heat transfer fluids. 
 Various researchers tried their best to augment the inherently poor 

thermal conductivity of conventional heat-transfer liquids for more 

than a hundred years. The foremost setback with the use of large -size 

particles (millimetre & micrometre) was the quick settling of the parti-
cles in fluids the large size particles and the complexity in the produc-
tion of small particles are the preventive factors for the liquid/solid 

suspension to be examined for practical applications [2]. 
 Nanotechnology facilitates to overcome these limitations by sus-
pending nanometer-size particles quite stably in fluids instead of large-
size particles an important step in the development of nanoscience. 
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 The results of the experiments carried pioneered by Choi and then 

followed by others showed that nanoparticles stay suspended longer 

than millimetre or micrometre particles. In addition, nanofluids ex-
hibit excellent thermal properties and cooling capacity. Hence, 
nanofluid research could be a cornerstone in the evolution of coolants 

for various current as well as next-generation applications. Better 

ability to manage thermal properties transforms into better energy ef-
ficiency, compact thermal systems, lesser operating costs, and eco-
friendly development [3]. 
 John Philip and P.D. Shima reported that, although the topic of the 

thermal property of nanofluids is rich with the large database, there are 

many inconsistent reports on thermal conductivity augmentation. This 

includes an enhancement in thermal conductivity with a decrease with 

the size of nanoparticles and otherwise also. This was attributed to the 

poor characterization of nanofluids and inaccuracies in the measure-
ment techniques. However, in general, most of the studies report in-
verse relation with particle size [4]. 
 J. Srakar et al. reviewed research, developments, and applications of 

hybrid nanofluids and concluded that as far as mononanofluids are con-
cerned stability is one of the most vital constraints. Stability of nano-
particles dispersion for a prolonged time and synthesis of homogeneous 

suspension still a technical challenge. Due to this application front of 

nanofluids is limited. It is worth to note that hybrid nanofluids are no 

exception for the same. Suspension of two different types (shape and 

size) of nanoparticles may cause enhanced viscosity and consequently 

larger pressure drop and pumping power in comparison with mono-
suspension nanofluids [5]. 
 L. Shyam Sundar et al. reported that the stability of hybrid nanopar-
ticles in the base fluid is a major challenge, while for mononanofluids, 
the stability of the particles is accomplished with customary techniques. 
As far as hybrid nanofluids are concerned, the suspension of two differ-
ent materials in the base fluid poses a substantial difficulty due to the 

surface charge, which contrasts from one to another particle [6]. 
 Hence, it can be stated that the advantage of the enhanced thermal 
conductivity is counteracted by increased viscosity. Both of these fac-
tors are greatly influenced by the size of the nanoparticles. Thermal 
conductivity of nanofluids is inversely proportional to the size, and vis-
cosity of nanofluids is directly proportional to the size of the nanopar-
ticles. However, to synthesize the nanoparticles of the lowermost size is 

really a herculean task. Hence, one of the via media could be to synthe-
size nanoparticles by the best available methods and subsequently treat 

the nanoparticles in such a way that, their size is reduced. 
 The practice of cryotreatment on metals has been comprehensively 

used for many years mostly for improving the life of cutting tools. 
Numerous researchers have reported that cryotreatment applied for 
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cutting tools has enhanced the performance. This enhancement was in 

terms of tool life, either directly or indirectly through related parame-
ters such as wear resistance, hardness, dimensional integrity, etc. [7]. 
 This is mainly due to the refined grain structure. It is a known fact 

that microstructural changes not only affect mechanical properties but 

also thermo-physical properties of the cryotreated specimen, which 

may be a solid or nanoparticle. Hence, it can be considered for the op-
tion via media for the reduction in the size of nanoparticles. 
 Nevertheless, very a few works have been reported to study the ef-
fect of cryotreatment on microstructure tests of nanoparticles and 

consequently their usage in heat transfer technology [8–10]. However, 

best to the knowledge of the authors, hardly any work has been report-
ed the effect of cryotreatment of the several microstructures of hybrid 

nanoparticles. The primary objective of this work is to present the ef-
fect of deep cryogenic treatment on hybrid silica–iron oxide nanopar-
ticles on the selected structural studies. Consequently, the possibility 

of using these nanoparticles in various applications. 

2. SYNTHESIS OF NANOPARTICLES 

In literature, many methods have been employed for the preparation of 

hybrid nanoparticles [6]. In the present work, Fe2O3 nanoparticles were 

prepared by simple combustion technique, whereas hybrid nanosilica is 

 

Fig. 1. Synthesis of nanoparticles. 
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prepared by using the sol–gel technique in line with the method de-
scribed by Chate et al. [11]. Sodium silicate and hydrochloric acid are 

used as primary materials. 
 Figure 1 shows the apparatus used and the process of preparing the 

hybrid nanosilica. 

3. CRYOTREATMENT 

As stated earlier, cryotreatment is basically applied to cutting tools to 

enhance the tool life. However, based on the different factors the cry-
otreatment or cold treatment can be categorized into three major clas-
ses: deep cryogenic treatment (DCT), cryogenic treatment (CT) and 

sub-zero treatment (SZT). A comparative evaluation DCT, CT, and SZT 

as applied to tool materials have been given in Table 1 [12]. 
 Shirbhate et al. reported that the soaking temperature and soaking 

time predominantly affect the performance of the drilling operation. 

[14]. Hence, deep cryogenic treatment of nanoparticles was selected and 

carried out at Kryo Space, Pune. The treatment was done at 193C (80 

K). Some of the process parameters of treatment are given in Table 2. 

TABLE 1. Comparative evaluations of DCT, CT, and SZT. 

Particular DCT CT SZT 

Temperature in K 80 163 193 

TimeTaken Hrs* 80–100 10–20 5–6 

When to process 
any time after 

heat treatment 
after tempering 

within 1 hr of 

quenching 

Wear Resistance 100–500% 30–40% max 20% 

Stress Relief complete some what no 

Grain Structure refines slight none 

Note:  *Including tempering if any. 

 

Fig. 2. Cryotreatment cycle. 
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4. STRUCTURAL STUDY 

To know the effect of the cryotreatment on nanoparticles, following 

morphological tests were conducted. 

4.1. X-Ray Powder Diffraction (XRD) 

XRD is carried out for phase identification of crystalline material. The 

XRD patterns are shown in Fig. 3, a (UT) and b (CT). 
 X-ray powder diffraction (XRD) of Untreated hybrid nanoparticles 

shows peaks at 31.65, 38.36,45.42, 56.37,66.1, 75.2, whereas 

XRD of cryotreated hybrid nanoparticles shows peaks at 31.66, 

38.34, 45.48, 56.42, 66.2, 75.38. In addition, the half-width full 
maximum for the cryotreated hybrid nanoparticles is less than that of 

untreated particles. Hence, deep cryotreatment decreases the particle 

size of the hybrid silica–iron oxide nanoparticles. 

4.2. Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR is for the identification and characterization of a functional 
group. The same has been shown in Fig. 4, a (UT) and b (CT). 

TABLE 2. Process parameters employed for deep cryotreatment (DCT). 

Process Temperature range, K Time in hrs 

Cooling 300–80 24 hrs 

Soaking 80–80 24 hrs 

Warming 80–300 24 hrs 

  
                          a                                                  b 

Fig. 3. a, b XRD of UT and CT nanoparticles. 
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 The test shows no change has been brought by cryotreatment in the 

composition of the nanoparticles. 

4.3. Field Emission Gun Scanning Electron Microscopy (FEG–SEM) 

FEG–SEM is meant to know the exact composition of the specimen. 
The images of the same have been shown in Fig. 5, a (UT) and b (CT). 
 Elemental analysis of untreated and cryotreated hybrid nanoparticles 

by field emission gun scanning electron microscopy (FEG–SEM) indi-
cates the presence of silicon (Si), iron (Fe) and oxygen (O) elements con-

 
a 

 
b 

Fig. 4. a and b FTIR of UT and CT nanoparticles. 
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firming hybrid silica–iron oxide (SiO2–Fe2O3) nanoparticles. 

4.4. Transmission Electron Microscopy (TEM) 

TEM is the most common method employed for magnification details 

up to 1.000.000. The TEM image of both untreated and cryotreated 

nanoparticles are shown in Fig. 6, a (UT) and b (CT). 
 It is observed that due to cryotreatment the morphology and size of 

the nanoparticles have been reduced considerably, which subscribes 

with XRD results. The reduction in size leads to an increase in 

strength and thermal conductivity. In addition, the bonding strength 

of the particles has been enhanced due to cryotreatment, and, com-
pared to untreated particles, the porosity of the nanoparticles has re-
duced in case of cryotreated particles. 

    
                         a                                                 b 

Fig. 5. a and b FEG–SEM of UT and CT nanoparticles. 

  
                         a                                                  b 

Fig. 6. a and b TEM of UT and CT nanoparticles. 
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4.5. Brunauer–Emmett–Teller (BET) Surface Area 

This test is to know the change in specific surface area of a sample. 
Surface area measurement shows that the surface area of the hybrid 

nanoparticles increased from 24.65 m2/g to 28.36 m2/g after cry-
otreatment. This also shows reduced porosity in the case of cryotreated 

nanoparticles. This is in line with TEM analysis. 

5. CONCLUSIONS 

From the morphological tests conducted and their analysis, following 

conclusions can be drawn. 
 Deep cryotreatment decreases the particle size of the hybrid silica–
iron oxide nanoparticles. 
 Deep cryotreatment did not affect the composition of the nanoparti-
cles. 
 The nanoparticles the specific surface area increased due to deep 

cryotreatment. 
 The bonding strength seems to be enhanced due to cryotreatment. 
 Finally, the authors opine that cryotreated nanoparticles may be 

employed in various conventional base fluids for all the applications of 

heat transfer with considerably enhanced thermal conductivity and 

little compromise on the viscosity of respective base fluids. 
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