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ABSTRACT 

Cyanoacrylate adhesive and its composites have been widely used in industry and dentistry. According to literature sur-
vey done by the authors, there are few papers concentrated on role of nano-sized particles on wear behavior of 
cyanoacrylate glue. Thus the main goal of current research focused on clarifying the role of nano-sized SiO2 on wear 
behavior of cyanoacrylate. Pin-on-disk wear test, SEM imaging and microhardness test was utilized to investigate wear 
performance of cyanoacrylate and its nanocomposites with SiO2. The results indicated that SiO2 nano powders can re-
duce wear rate of cyanoacrylate and change its wear mechanism. It was also shown that surface hardness of cyanoacry-
late is increased by addition of nano-sized SiO2. 
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1. Introduction 

Polymer nanocomposites, have been widely employed to 
replace the traditional metals and ceramics in microelec- 
tronic packaging, coatings, aerospace, automotive, food 
packaging and biomedical applications. This is mainly 
because of their adequate strength, lightness, versatility, 
ease of processing and low cost [1]. By addition of lu-
bricating and/or reinforcing fillers, the tribological prop-
erties of polymers are generally improved [2]. But using 
macro- and micro-composites have some limitations since 
the properties usually involve compromises [3,4], for 
example, stiffness and/or strength, important for scratch 
resistance, are achieved at the expense of toughness. One 
way to overcome this problem is to use fillers with parti- 
cle size smaller than 100 nm the so called nano scale 
fillers. In fact using nano-particles can effectively im- 
prove the mechanical properties such as wear, hardness 
without weakening other properties [1,2]. 

Wear is a damage which happens by rubbing bodies 
due to repeated applications of mechanical, impact and 
other kinds of forces [5,6], involves several intrinsic and 
extrinsic factors. The Factors affecting wear rate of 
polymers are surface roughness, contact kinematics, na-
ture of materials, mechanical, physical and chemical 
properties of interacting bodies, testing environment, etc. 
[1-11]. Wear mechanisms of polymers are still matter of 
controversy among investigators. 

Slide of two surfaces against each other can make 
welding in junctions (in case of polymers may include 
Van der Waals and hydrogen bonds) possibly due to 
heating at the interface [12]. This is the theory of adhe- 
sive wear in polymers that formation and rupture of the 
junctions control the adhesion component of friction 
[7,8]. Abrasive wear is the most common type of wear, 
particularly in polymer composites that can be sub-divided 
into two-body abrasion wear and three-body abrasion 
wear [1,7,8]. When hard asperities plow and cause plastic 
deformation or fracture of the softer ones, two-body 
abrasion wear occurs; on the other hand, when hard abra- 
sive particles or wear debris are introduced into the slid- 
ing system either as environmental contaminants or as 
products of two-body abrasion, three-body abrasion wear 
occurs. The repeated stressing and un-stressing of the 
contacts eventually leading to fatigue wear in polymers 
[7,8], for example epoxy resin can be fined when slides 
against a silicon nitride ball [13]. Other forms of wear 
damages such as delaminating wear [14] and transfer 
wear [15] are also reported for polymers but other forms 
of wear such as chemical, fretting, erosion, corrosion, etc 
are less common in polymers [16-19]. 

Fillers can improve tribological properties of polymers. 
One of the fillers that is used to reinforce polymers is 
SiO2. Because of its rigidity and high stability, nano sized 
silica powders have widely been used to improve properties 
of polymer matrix composite materials [20-22]. Su et al. 
[23] and Zhang et al. [24] have used SiO2 nano powders *Corresponding Author. 
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to improve wear resistance of carbon fabric composites. 
Guo et al. [25] and Zhang et al. [26] obtained that addi- 
tion of nano-SiO2 reduces the wear rate of epoxy and 
Poly-ether-ether-ketone (PEEK) reinforced with short 
carbon fibers. Nano-SiO2 was used as filler for polyure- 
thane by Jie Song et al. [27] to improve tribological be- 
havior of polyurethane coating. 

Cyanoacrylate is a solvent free, one part adhesive that 
is widely used in automotive indusries [28], electrical 
and electronic devices [29], fingerprinting [30,31], and 
medicine [21,32,33]. Like other polymers, fillers could 
be added to cyanoacrylate in order to improve its tribolo- 
gical properties. Modifiers such as alumina [34], calcium 
carbonate [35,36], hydroxyapatite [37,38] and silicon 
dioxide [39-41] are added to cyanoacrylate to promote its 
mechanical and physical properties. The present paper 
aims at filling the literature gap on wear behavior of 
cyanoacrylate in presence of nano-sized SiO2 particles. 

2. Materials and Methods 

2.1. Materials 

Alkoxyethyl cyanoacrylate (Loctite 460, Henkel) with a 
viscosity of 45 mPa.s and silicon dioxide nano powders 
(Nanolin, China) were used as matrix and reinforcement 
respectively. SiO2 nano powders were polygonal in shape, 
10-20 nm in size and with a purity of 99%. Figure 1 
shows the TEM micrograph of silicon dioxide nano 
powders. In order to prevent polymerization of cyanoacry- 
late by moisture and other electron donor materials [38, 
42], acids are added to cyanoacrylate. In this research 
para-toluene solfunic acid (catalogue No. 814725, Merck) 
was utilized. Neutralization should take place before po- 
lymerization [28,43] and for this purpose caffeine (cata-
logue No. 119164, Merck) was used in the current re-
search. 

2.2. Sample Preparation 

To prepare nanocomposite samples, 1 wt% acid was 
solved in cyanoacrylate prior mixing with the nano-powder 
to act as an inhibitor. Without dissolving this level of 
acid, polymerization occurs immediately after mixing 
with nano-sized silicon dioxide powders. The reasons for 
the premature polymerization could be the presence of 
moisture on the surface of the powders as well as natural 
chemistry of the powders. In the next step, 1.5 wt% caf- 
feine was added to the mixture for acid neutralization and 
as polymerization initiator. It is worth noting that without 
the presence of the caffeine, polymerization will be retarded 
for several days. Theses minimum levels of acid and 
caffeine were chosen after several experiments. Finally, 
different amounts of silicon dioxide were added in order 
to investigate the role of silicon dioxide nano powders in 

 

Figure 1. TEM micrograph of SiO2 nanopowders. 
 
the nanocomposite. To prevent agglomeration of nano- 
sized powders, they were milled by mixer mill device 
(Retsich MM400, Germany) for 10 minutes prior to 
mixing with cyanoacrylate. The specifications of all fab-
ricated samples are summarized in Table 1. 

A transmission electron microscope, LEO 919 AB, 
was used to observe both size and shape of nano size 
silicon dioxide powders. For sample preparation, pow-
ders were first mixer milled (Retsich MM400, Germany) 
for 10 minutes and then dispersed in ethanol and soni-
cated for 1 hour. Afterward, dispersed powders were placed 
on grid for taking photo. 

2.3. Wear Test 

The wear test method of pin-on-disk [44] was utilized 
inthis research. For each formulation (according to Table 
1), 5 samples were tested. Each sample prepared with 
base area of 4 mm2 and 10 mm height which was at-
tached to a removable sample holder with cyanoacrylate 
glue. In the current study a special wear devise was de-
veloped. The device was consisted of an aluminum 
holder that can freely move up and down. This character 
allows specimens to be under a certain force at all times 
during the tests. The device rotated one orbit per second 
 

Table 1. The produced nanocomposites.  

Sample 
name 

Polymer 
content (wt%)

Acid content 
(wt%) 

Caffeine 
content (wt%)

SiO2 content 
(wt%) 

Cy/0% SiO2 97.5 1 1.5 0 
Cy/8% SiO2 89.5 1 1.5 8 

Cy/10% SiO2 87.5 1 1.5 10 
Cy/12% SiO2 85.5 1 1.5 12 
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and number of turns recorded digitally for each run. A 
brass cup with interior diameter of 26mm was utilized as 
container of artificial saliva and as holder of abrasive 
plate (Al2O3 abrasive plate with diameter of 25 mm, 
Dedeco, #309-0009). Figure 2 shows the used wear de-
vice. Each specimen was abraded by 2000 and 7000 or-
bits. Samples were weighted with the accuracy of 
±0.00001 g before and after testing. Two conditions were 
used for this test: 5cc Fusayama Meyer artificial saliva 
[45,46] and atmosphere. After each 2000 and 7000 orbits, 
both saliva and abrasive plates were replaced. 

For each formulation, 5 samples were tested. After 
each 2000 and 7000 orbits, samples weights were meas- 
ured and wear rate was calculated by the following for- 
mula 

Wear Rate = ΔW/L 
where ΔW is the difference of weight measurement be-
fore and after each 2000 and 7000 orbits and L (in me- 
ter) is the distance for each 2000 and 7000 rotations and 
are calculated as follows,  

L2000 = 2000 × 2πR = 125.6 m 
L7000 = 7000 × 2πR = 439.6 m 
Xiaoqiang et al. [47] expressed that the chewing stress 

on occlusal surface of teeth is varying between 0.8 - 1.75 
MPa. Thus in this research we used the force of 4 N to 
obtain 1 MPa stress on specimens. 

2.4. Hardness Measurement 

In general, surface hardness is one of the most important 
factors that govern materials’ wear resistance. Harder 
surface would have higher wear resistance [25]. Thus, 
hardness measurement was also performed. For hardness 
measurement, samples were first cold mounted by acrylic 
resin. Hardness of specimens was measured by micro- 
hardness test device (MicroMet 4, Buehler) and for each 
formulation 15 indentations were done. The Vickers 
hardness, Hv, is defined as the load divided by the surface 
area of the impression made by the indenter. The Vickers 
hardness was calculated using the mean of the two di-
agonal lengths of the indentation in the following for-
mula: 

2

1.854
v

P
H

d
  

where P is the applied load (kgf) and d is the mean in-
dentation diagonal length (mm). 

3. Results and Discussion 

3.1. Wear Teat Results 

The results of wear tests in atmosphere are shown in Figure 
3. It can be observed that wear rate decreases by increas- 
ing in SiO2 content. This is because of presence of ceramic 
powders of SiO2 which have high hardness that can im- 

 

Figure 2. Wear device which was used. 
 

SiO2 (%)  
Figure 3. Wear test in atmosphere. 

prove sliding wear rate [25]. This improvement in wear 
rates is more obvious for Cy/8% SiO2 comparing to pure 
cyanoacrylate, which emphasis the role of SiO2 in impro- 
vement of wear rate. For both 2000 and 7000 orbit this 
trend can be observed. 

Figure 4 shows the results of wear test in Fusayama- 
Meyer artificial saliva. As seen, the improvement in wear 
rate of cyanoacrylate at the presence of SiO2 nano pow- 
ders is greater than atmospheric media. This is because 
of third body abrasion effect. Abraded particles act as an 
additional abrasive surface and cause more wear [1,13, 
48]. In the mouth, this type of wear occurs during “mas-
tication” and is prevalent in patients who eat abrasive  
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SiO2 (%)  

Figure 4. Wear test in Fusayama Meyer artificial saliva. 
 
diet such as grained bread. During the “early stage”, 
when the occlusal surfaces are separated by the food bo-
lus, the abrasive particles act as a slurry and abrade the 
whole surface [48]. In wet condition (saliva) the abraded 
particles are removed from the surface but it can not 
happen in dry condition (atmosphere). This is the reason 
for higher wear rate in atmosphere in comparison with 
saliva. 

Figure 5 shows SEM micrographs of the worn surface 
of the specimens. For neat cyanoacrylate (Figure 5(a)), 
adhesive wear is the main mechanism responsible for 
material loss in the specimen. When nano-SiO2 is incor- 
porated, the worn morphologies of the composites (Fig- 
ures 5(b)-(d)) become less coarse and the wear mecha- 
nism is changed to abrasive wear. This is the main reason 
of improvement of wear resistance in presence of nano- 
sized SiO2. It can be observed that there is no significant 
difference between SEM micrographs of three compos- 
ites contain 8% - 10% nano SiO2 which verifies the re-
sults in Figures 3 and 4. As it is clear there are some 
splinted wear debris in some regions and implies the role 
of third body on wear mechanism. Wang et al. [49] and 
Bragdon et al. [50] have shown the effect of third body 
on increasing of wear rate for highly cross-linked poly-
ethylene. Pallav et al. [51] have also studied influence of 
third body on wear rate of amalgam which can increase 
it. 

Figures 6 and 7 are comparisons between 2000 and 
7000 rotations in saliva and atmospheric media. In both 
figures it can be observed that there is a higher wear rate 
in atmospheric media in comparison with saliva. As it 
was mentioned, this is because of more third body abra-
sion in atmospheric media than in saliva. 

3.2. Hardness Test Results 

The developing hardness of the cement formulations 
can be seen in Figure 8. Each data is the mean hardness  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 5. SEM micrograph of worn surfaces. 
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calculated from fifteen indentations. It can be observed 
that the hardness of composite improves more than 40% 
by addition of 8% SiO2 nano powders. The hardness im-
proves gradually by addition of more powders but this 
improvement is not remarkable. This hardness develop-
ment can be mainly because of [38]: 

1) The ratio of cyanoacrylate and SiO2; 
2) The hardness of SiO2 nano powders; 
3) The bond strength achieved between SiO2 and cya- 

noacrylate. 
As it was mentioned, one of the most important factors 

in wear resistance of materials is surface hardness. There- 
fore, this development in hardness can support the im-
provement of wear resistance that was achieved in this 
investigation. 

4. Conclusions 

Wear behavior of Cyanoacrylate in presence of nano-sized  
 

SiO2 (%)  

Figure 6. Comparison between Wear tests in Fusayama Meyer 
artificial saliva and atmosphere in 2000 orbits. 

SiO2 (%)  

Figure 7. Comparison between Wear tests in Fusayama Meyer 
artificial saliva and atmosphere in 7000 orbits. 

SiO2 (%)  

Figure 8. Data of hardness test. 
 
SiO2 was investigated. Pin-on-disk test and microscopic 
evaluation were performed. The results are remarked: 

1) SiO2 nano powders can reduce wear damage in cya- 
noacrylate; 

2) SEM imaging shows that SiO2 nano powders can 
alter adhesive wear mechanism to abrasive wear; 

3) SiO2 nano powders can also increase surface hard- 
ness of cyanoacrylate and that can improve wear per- 
formance of cyanoacrylate composites. 
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