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Abstract 

This study's goal was to determine how adding 0.7 w t% aluminum oxide (Al2O3), copper 
oxide (CuO), and zinc oxide (ZnO) nanoparRcles affected the mechanical characterisRcs of 
heat-cured poly (methyl methacrylate) (PMMA), parRcularly in terms of tensile strength, 
strain, flexural strength, and Shore D hardness. AXer heat-curing PMMA samples, they were 
divided into four groups: an unmodified PMMA group and three experimental groups that 
were reinforced with 0.7 wt% of Al2O3, CuO, or ZnO nanoparRcles, respecRvely. Tensile 
strength, flexural strength, and Shore D hardness tests were used to determine mechanical 
properRes. ANOVA was used to evaluate the differences between the groups. Every mechan-
ical property that was evaluated showed a significant difference between the four groups (P 
< 0.001). Control group's highest stress whereas Al₂O₃ group's maximum stress value was 
significantly lower. Maximum stress values for CuO and ZnO groups were 56.32 ± 3.44 MPa 
and 71.59 ± 1.05 MPa, respecRvely. The mean maximum strain was similar for Control and 
CuO, lowest for Al2O3, and highest for ZnO. All three nanoparRcle-reinforced groups showed 
an increase in flexural strength when compared to control group. When nanoparRcles were 
added, Shore D hardness also rose to 80.70 ± 0.9. The mechanical performance of heat-pol-
ymerized PMMA was considerably altered by addiRon of 0.7 wt % nanoparRcles. ZnO showed 
the best tensile response by producing highest maximum strain and sustaining maximum 
stress around control, and Al₂O₃ showed most gain in flexural strength and surface hardness. 
CuO improved flexural strength and hardness while producing an intermediate mechanical 
response. These results suggest that choosing the right nanoparRcles is crucial in dental ap-
plicaRons. 
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Introduc)on 
One of the most frequent and clinically signifi-
cant problems in removable prosthodonRcs is 
denture base fracture, which can lead to poor 
paRent outcomes, funcRonal impairment, and 
higher maintenance expenses [1]. Due to its fa-
vorable qualiRes, including ease of handling, 
acceptable aestheRcs, biocompaRbility, and 

affordability, polymethyl methacrylate 
(PMMA) has long been the preferred material 
for denture bases [2]. Despite serving these 
funcRons, PMMA has intrinsic limits because to 
its poor impact strength, faRgue resistance, 
and crack iniRaRon and propagaRon under 
funcRonal and parafuncRonal pressures. These 
subpar mechanical performances shorten the 
lifespan of prostheRcs and result in midline 

fractures, especially in paRents who need 
strong occlusal loads or poorly figng dentures. 
In addiRon to mechanical limitaRons, denture 
base materials are frequently subjected to a 
variety of variables, including temperature, 
moisture, pH, microbial acRvity oscillaRons, 
and a mixed surface and microorganisms [3]. 
Denture stomaRRs and oral infecRons are 
made more likely by this environment, which 
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also encourages biofilm formaRon and bacte-
rial colonizaRon [4]. You have thus become 
aware of the increasing significance of improv-
ing the mechanical and anRbacterial perfor-
mance of denture base materials. 
Recently, new methods to improve the perfor-
mance of polymeric dental materials have 
been suggested using nanotechnology. There 
may be potenRal for overcoming PMMA matri-
ces' inherent shortcomings with the use of na-
noparRcles. These nanoparRcles interact with 
the polymer matrix more effecRvely due to 
their unique physicochemical characterisRcs, 
which include a high surface area-to-volume 
raRo and increased reacRvity's [5].However, a 
number of parameters, including as the type, 
concentraRon, size, surface treatment, and 
quality of parRcle dispersion within the poly-
mer matrix, has a significant impact on the re-
inforcing effect. For material performance to 
significantly increase, these variables must be 
opRmized [6]. Aluminum oxide (Al2O3), copper 
oxide (CuO), and zinc oxide (ZnO) nanoparRcles 
have shown encouraging results among the 
many nanofillers studied for denture base rein-
forcement because of their superior mechani-
cal qualiRes and advantageous physicochemi-
cal features. Al2O3 nanoparRcles provide for ef-
ficient stress distribuRon throughout the 
PMMA matrix because of their high hardness, 
elasRc modulus, and wear resistance. ZnO na-
noparRcles are especially appealing for dental 
applicaRons since they have been shown to 
display anRbacterial acRvity and improve me-
chanical characterisRcs. CuO nanoparRcles' 
ability to enhance mechanical behavior and of-
fer anRbacterial qualiRes that can help lower 
microbial colonizaRon on denture surfaces has 
also drawn further amenRon. Because of varia-
Rons in nanoparRcle concentraRon, fabricaRon 
methods, parRcle dispersion, and experi-
mental protocols, published studies have re-
ported inconsistent results regarding the mag-
nitude of mechanical improvement despite 
these encouraging findings [7].  
Direct comparaRve studies incorporaRng 
Al2O3, CuO, and ZnO nanoparRcles at the same 
concentraRon are sRll scarce, even though sev-
eral studies have assessed the reinforcing ef-
fect of individual nanoparRcles on PMMA den-
ture base resin. By standardizing the concen-
traRon of nanoparRcles, associated to concen-
traRon is reduced, and the inherent reinforcing 
capacity of each nanofiller can be compared 
more accurately. Thus, by measuring maxi-
mum stress, maximum strain, flexural strength, 
and Shore D hardness, the current work sought 
to examine and compare the mechanical per-
formance of heat-polymerized PMMA rein-
forced with 0.7 wt % Al2O3, CuO, and ZnO na-
noparRcles. The results of this study should 
help choose the best nanoparRcle 

reinforcement to enhance the longevity and 
clinical performance of PMMA denture base 
materials. 
 
Material and Methods 
Preparing Samples 
The recommended powder liquid raRo of 
acrylic resin employed in this invesRgaRon is 
2.5 g: 1 ml or a mulRple, per manufacturer rec-
ommendaRons. The necessary concentraRon 
(0.7%) applied to the monomer liquid is deter-
mined by weighing the nanoparRcles on an 
electronically sensiRve scale. The monomer 
containing nanoparRcles is quickly mixed with 
acrylic powder [8] to reduce the possibility of 
parRcle aggregaRon and phase separaRon. Af-
ter that, the mixture is covered and leX to de-
velop into dough. The flask's mold, which has 
already been covered with a separaRng media, 
is filled with acrylic resin during the dough 
stage. Finally, the flask is closed under hydrau-
lic press pressure unRl metal-to-metal contact 
is achieved, and it is then leX under press 20 
bar for five minutes. The clamped flask is then 
placed in a water bath at 70°C for about 90 
minutes before the temperature is raised to 
boiling temperatures for at least 30 minutes 
[9]. Before removing the acrylic specimens 
from the mold, let the flask cool gradually in 
the water bath. Prior to tesRng, all samples 
were condiRoned in water at 37°C for 48 hours 
in accordance with ADA specificaRon No. 
12.1999 [10]. Each test (hardness, tensile 
strength, and flexural strength) used 20 speci-
mens in total. 
Sample Grouping 
Twenty specimens were broadly divided into 
two groups: n=5 control group and n=15 exper-
imental groups. The experimental group of na-
noparRcles (Al₂O₃, CuO, ZnO) is further divided 
into 3 subgroups with n=5 specimens at con-
centraRons (0.7%) (Figure 1) (Al₂O₃, CuO, ZnO) 
nanoparRcles with an average diameter of 35-
45 nm were purchased from Areej Al-Furat 
company for materials processing and labora-
tory devices. 
 Tensile strength 
The method used in this study followed 
ISO527-1: (2019) [11], standards. The dimen-
sion of the specimens was 75×4-6 (±0.2) 
×2(±0.2) mm Dumbbell- shaped for tensile 
strength. The size of all the specimens was 
measured by a micrometer accurate to ±0.01 
mm. A digital vernier caliper with an accuracy 
of ±0.01 mm was used to measure each speci-
men's size. The rectangular cubic specimens 
were fastened with levers and posiRoned at 
perRnent posiRons on a universal tensile 
strength measurement device (Model HZ-
1007A, Dongguan Lixian Instrument ScienRfic 
Co., Ltd., Dongguan, China). The tensile bond 

strength based on MPa was computed using 
the following formula: 
Bond strength (MPa) =Amount of force 
(N)/CrosssecRon surface area (mm2). 
Flexural Strength (FS) Bending Test 
A three-point bending test was performed to 
determine the flexural strength of acrylic spec-
imens in compliance with ISO 20795-2: (2013) 
[12], requirements using a universal tesRng 
machine (Tinius Olsen, Model H50KT, UK). The 
machine's loading plunger was adjusted to pro-
duce a steady displacement rate of 5 mm/min, 
and distance between the support centers was 
set to 50 mm. In accordance with the ISO 
20795-2: (2013) [12], standard, five specimens 
(n = 5) from each group were prepared with a 
length of 65 mm, a width of 10 (±0.2) mm, and 
a height of 3.3 (±0.2) mm. The specimens were 
stored and prepared according to the method 
described by Mahmoudi Anzabi et al. [13]. The 
apparatus recorded the maximum force re-
quired to fracture each specimen (in Newtons), 
and the following equaRon was used to calcu-
late the flexural strength (σ) in megapascals 
(MPa): 
σ =3Fl/2bh2 
Where F is the maximum load applied to the 
specimen in newtons; l is the distance in milli-
meters between the supports; b is the speci-
men's width in millimeters measured just be-
fore water storage; and h is the specimen's 
height in millimeters measured just before wa-
ter storage. 
Shore D Hardness 
For hard materials, the Durometer hardness 
tester (Shore D, Shaw, Model: LD-YJ, China) 
was used to measure surface hardness. The 
American NaRonal Standard and American 
Dental AssociaRon (ANSI/ADA, 2002) [14], 
were followed in its fabricaRon. Each specimen 
had five measurements taken in various loca-
Rons, and the mean value was determined. 
Since the shore durometer gages the indent-
er's relaRve movement, it is a dimensionless 
number. 
Sta<s<cal Analysis 
The mean ± standard deviaRon (SD) was used 
to express all experimental results. IBM SPSS 
StaRsRcs for Windows Version 18.0 [15] was 
used to do the staRsRcal analysis. For the cyto-
toxicity experiments, one-way analysis of vari-
ance (One-way ANOVA) was used to examine 
differences between experimental groups. A 
staRsRcally significant value was defined as P < 
0.05. 
 
Results 
Table 1 shows that while G2, G3, and G4 con-
tained PMMA modified with 0.7 weight per-
cent of Al2O3, CuO, and ZnO nanoparRcles, re-
specRvely, the control group (G1) included un-
modified heat-polymerized PMMA. The four 
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groups differed significantly in every mechani-
cal property that was examined. Maximum 
stress, maximum strain, flexural strength, and 
Shore D hardness showed staRsRcally signifi-
cant differences between the groups (P < 
0.001), as demonstrated by one-way ANOVA.  
It was discovered that the maximum stresses 
varied considerably among the different exper-
imental groups. The average maximum stress 
for the control group (G1) was 72.88 ± 1.14048 
MPa. The maximum stress values significantly 
decreased to 18.6 ± 1.5 MPa, the lowest value 
among the four groups, upon the addiRon of 
0.7 weight percent Al2O3 nanoparRcles.  The 
sample's maximum stress aXer CuO was added 
was 56.315 ± 3.43621MPa, whereas the ZnO-
reinforced group (G4) had a maximum stress of 
71.587 ± 11.04743 MPa. As a result, the ZnO 
group's maximum stress value was extremely 
similar to the control groups. While the mean 
maximum strain for the control group was 
7.495 ± 0.13039 %. At 6.452 ± 1.26279 %, the 
group containing Al2O3 had the lowest mean 
value.  The mean maximum strain of the CuO 
group was 7.142 ± 0.64732 %, which is compa-
rable to the control group. With a maximum 
strain of 11.374 ±3.25598 %, the ZnO group 
achieved the highest value. 
The control group's mean flexural strength was 
103.036 ±0.707 MPa, according to the flexural 
strength data. Compared to the control, all 
three of the nanoparRcle-reinforced groups 
showed greater mean flexural strength values. 
The Al2O3 group has the highest value, meas-
uring 116.422 ± 2.704 MPa. The CuO group re-
ported 109.106 ± 1.268 MPa, whereas the ZnO 
group recorded 111.326 ± 3.299 MPa. 
The results of the hardness tests showed that, 
at 65.32 ± 0.41473 Shore D, the control group 
had the lowest average hardness. With a hard-
ness value of 80.7 ± 0.97468 Shore D, the Al₂O₃ 
group obtained the highest hardness value. 
The CuO group came in second with 80.6 
±1.11803 Shore D. The medium hardness value 
for the ZnO group was 71.5 ± 6.7328 Shore D. 
In Figure 3, the graph (A) displays the average 
maximum tensile stresses for each of the four 
experimental groups. Maximum tensile stress 
was measured at the highest level of 72.88 
MPa in the control group (G1). The Al₂O₃ mod-
ified sample (G2) exhibits a dramaRc decline in 
tensile stress, with the lowest result among all 
groups examined at 18.6 MPa. In the CuO mod-
ified sample (G3), the maximum tensile stress 
value then increases to 56.32 MPa. Further, a 
rise is noRced in the case of the ZnO modified 
sample (G4) to a value of 71.59 MPa, which is 
pracRcally equivalent to the control. On the 
other hand, Graph (B) shows the mean of the 
greatest strain. The mean strain in the control 
group was 7.5%. The mean strain decreased to 
6.45%, the lowest of the four groups, following 

the addiRon of Al2O3 nanoparRcles. At 7.14%, 
the CuO group had the next lowest figure, 
which was near the control. However, out of 
the four groups, the ZnO group showed the 
highest strain, at 11.37%. As a result, the 
graph's trend differs from that of maximum 
stress. 
The trend shown in the third graph (C) is en-
Rrely different. With a mean of 103.04 MPa, 
the control sample (G1) exhibited the lowest 
flexural strength. AXer adding Al₂O₃, there was 
a noRceable increase in flexural strength; the 
G2 group recorded the highest flexural 
strength value of 116.42 MPa. The ZnO group's 
average value was 111.33 MPa, whereas the 
CuO group's was 109.11 MPa. As a result, all 
three of the nanoparRcle-modified groups had 
higher flexural strengths than the unmodified 
control. The means of the Shore D hardness 
values are displayed in Graph (D). With a mean 
of 65.32, the control sample exhibited the low-
est hardness. With a mean of 80.7, the most 
notable rise was seen following the addiRon of 
Al2O3, and the CuO samples had a similarly high 
mean of 80.6. 

 
Figure 2. Mean mechanical properRes of the 
tested groups. 
	
Discussion 
The impact of 0.7 wt % Al2O3, CuO, and ZnO na-
noparRcles on the mechanical characterisRcs 
of heat-polymerized PMMA was evaluated in 
this work. It was discovered that the addiRon 
of nanoparRcles did not consistently affect 
every mechanical property; rather, the impact 
varied according to the kind of nanoparRcle 
and mechanical property examined. This is 
consistent with current understanding that 
suggests the composiRon, concentraRon, size, 
distribuRon, and interacRon of nanoparRcles 
with the polymer matrix affect the mechanical 
properRes of dental acrylic resins in disRnct 
ways. The introducRon of nanoparRcles may 
not always result in improvements in all me-
chanical parameters, according to a systemaRc 
review and meta-analysis of dental acrylic res-
ins modified by nanoparRcles, which discov-
ered significant variances in mechanical prop-
erRes [16].  
The inclusion of 0.7 wt % Al2O3 nanoparRcles 
significantly reduced the maximum stress, 
which is the most important finding from the 
current study. When Al2O3 nanoparRcles were 
added to the specimens, the maximum stress 
dropped from 72.88 MPa in the control speci-
mens to 18.6 MPa. The addiRon of nanoparR-
cles does not provide an increase in tensile 
strength, even though Al2O3 is a strong and 
rigid ceramic that was considered in the litera-
ture as the reinforcing phase for PMMA. The 
degree of nanoparRcle dispersion, parRcle and 
matrix adhesion, parRcle concentraRon, and 
processing parameters all affect mechanical 
characterisRcs; Proper dispersion of nanoparR-
cles in the matrix and efficient stress transfer 
between the polymer matrix and reinforcing 
phase are criRcal to the effecRveness of nano-
parRcles in enhancing the mechanical charac-
terisRcs of polymers. If not, nanoparRcle aggre-
gaRon may result in stress concentraRons that 
cause early crack and failure start. The concen-
traRon, size, and distribuRon of nanoparRcles 
are given consideraRon in recent evaluaRons 
of dental acrylic resins reinforced with nano-
parRcles [17].         
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Therefore, it is evident that this result is con-
sistent with the idea that an appropriate nano-
parRcle formulaRon is required rather than just 
raising the concentraRon of nanoparRcles. Ac-
cording to a recent review for Galant et al. [17], 
of the mechanical properRes of PMMA/Ag na-
noparRcle composites, the tensile and flexural 
strengths vary according to parRcle size and 
concentraRon rather than increasing linearly 
with respect to nanoparRcle concentraRons. 
This demonstrates the general rule even when 
silver nanoparRcles were used in place of 
Al2O3, CuO, or ZnO nanoparRcles. The ZnO 
group performance stood out from the rest. 
The maximum stress of 71.59 MPa was quite 
near to the 72.88 MPa regulaRon threshold. 
This implies that the PMMA material's tensile 
strength was mostly preserved at 0.7 wt % 
ZnO. Most notably, ZnO had the highest strain 
of 11.37%. To show that incorporaRng na-
nosized ZnO into PMMA may alter some of the 
polymer's physical properRes, some research 
has been done with an emphasis on the impact 
of introducing ZnO nanoparRcles on the prop-
erRes of PMMA. Salahuddin et al. [18], discov-
ered that adding ZnO improved the mechanical 
and thermal characterisRcs of PMMA. This may 
indicate that, compared to the Al2O3 sample, 
the ZnO sample offers a bemer trade-off be-
tween preserving its strength and deformabil-
ity. However, as tensile deformaRon is influ-
enced by several variables, including polymeri-
zaRon, unreacted monomers, filler distribu-
Ron, and matrix-parRcle interacRon, this find-
ing needs to be regarded with cauRon. 
 It is also important to note that all the groups 
reinforced with nanoparRcles had higher mean 
flexural strengths than the control group, with 
aluminum oxide (Al2O3) exhibiRng the highest 
flexural strength (116.42 MPa). When com-
pared to the control group, it represents an im-
provement of about 13%. It might be explained 
by the inorganic nanoparRcles strengthening 
funcRon within the polymeric material matrix. 
Well-distributed inorganic nanoparRcles can 
aid in stress transmission and lessen the poly-
mer matrix's deformability. When the contact 
is right, the high sRffness of aluminum oxide 
(Al2O3) nanoparRcles can aid in prevenRng de-
formaRons while bending the material. Ac-
cording to recent research on heat-polymer-
ized PMMA incorporaRng Al2O3 nanoparRcles 
[19], the addiRon of Al2O3 led to increased flex-
ural strength, with the degree of strength var-
ying according to the concentraRon of Al2O3. 
The outcomes of the current invesRgaRon may 
be connected to the observaRon. 
However, the current study shows that while a 
certain concentraRon of Al2O3 produced the 
largest flexural strength, it also indicated the 
lowest tensile stress. Since the stress distribu-
Ron in the tensile strength and flexural 

strength tesRng differs, it would be inappropri-
ate to infer any conflicts from this result. As a 
result, the increase in tensile strength and flex-
ural strength cannot be directly related. These 
findings are consistent with earlier research 
that shown that the impact of nanoparRcles on 
acrylic resin varied according on the quanRty of 
nanoparRcles uRlized. According to Ozkan et 
al. [20], flexural strength was enhanced by 1 wt 
% TiO₂, but it was diminished by other nano-
parRcles, including CuO, in high concentra-
Rons. Therefore, rather than if high concentra-
Rons of nanoparRcles will always enhance 
PMMA, it is crucial to adjust nanoparRcle con-
centraRon for each specific nanoparRcle. It's 
interesRng to note that the CuO group in this 
invesRgaRon had a flexural strength value of 
109.11 MPa, which was higher than the con-
trol. This finding must be considered, too, as 
previous research has shown a variety of re-
sults regarding the impact of CuO on the flex-
ural strength of acrylic resin. Ozkan et al. [20] 
found that the 3 wt% CuO group had a lower 
flexural strength than the control group. This 
suggests that the concentraRon of CuO has a 
substanRal impact on the mechanical proper-
Res of the acrylic resin. 
On the other hand, the hardness measure-
ments demonstrated one of the biggest im-
provements caused by nanoparRcles. When 
Al2O3 and CuO were added, Shore D's hard-
ness increased from 65.32 in the control sam-
ple to 80.7 and 80.60, respecRvely. The corre-
sponding improvement values are 23.5% and 
23.4%. The addiRon of hard inorganic parRcles 
to the PMMA matrix is responsible for the 
hardness improvement. This is since nanopar-
Rcles restrict deformaRon in a single locaRon, 
which hinders the mobility of the polymer 
chain and increases resistance to indentaRon. 
When the reinforcement parRcles are hard and 
evenly distributed throughout the polymer 
matrix, the hardness augmentaRon is more ap-
parent. Research on ZnO-PMMA nanocompo-
sites also shows that inorganic nanoparRcles 
can improve PMMA hardness. Cierech et al. 
[21], showed that ZnO nanoparRcles improve 
PMMA's hardness; a staRsRcally significant im-
provement in hardness was seen when com-
pared to the unmodified PMMA at the maxi-
mum ZnO nanoparRcle concentraRon used in 
the test. According to the researchers, adding 
inorganic nanofillers might improve the poly-
mer matrix's hardness. However, compared to 
ZnO, the hardness improvement of Al2O3 and 
CuO was more noRceable in the current inves-
RgaRon. This could be explained by variaRons 
in the parRcles' characterisRcs and how they 
interact with the PMMA matrix. However, they 
could only be regarded as likely contributors 
because parRcle shape, surface chemistry, and 
dispersion were not examined in the current 

experiment. Increased surface hardness can 
result in improved wear and scratch resistance, 
making it another potenRally significant ele-
ment when choosing a dental material. Accord-
ing to Cierech et al. [21] hardness may be a cru-
cial characterisRc for denture base materials' 
resistance to surface wear. 
Overall, the present study shows that the me-
chanical characterisRcs of heat-polymerized 
PMMA are affected in a nanoparRcle-depend-
ent manner by the 0.7 wt % addiRon of Al2O3, 
CuO, and ZnO nanoparRcles. Al2O3 significantly 
reduced the tensile maximum strength, but 
having a bemer influence on the flexural 
strength and Shore D hardness. CuO had a 
small impact on tensile strength, while its hard-
ness and flexural strength were greater. Con-
versely, ZnO exhibited the highest maximum 
strain and an ideal tensile strength that was 
close to the control. The findings show that the 
choice of nanoparRcle for PMMA reinforce-
ment relies on the desired mechanical quality 
required for the specific applicaRon; no single 
nanoparRcle would improve all mechanical 
qualiRes at once. The results are in line with 
earlier research showing that the type, concen-
traRon, shape, size, dispersion, and interacRon 
of the parRcles with the matrix all have an im-
pact on the reinforcement of dental PMMA uR-
lizing nanoparRcles [17]. 
	
Conclusion 
The current invesRgaRon showed that the me-
chanical characterisRcs of heat-polymerized 
PMMA were affected differently by the addi-
Ron of 0.7 weight percent Al2O3, CuO, and ZnO 
nanoparRcles. ZnO demonstrated the best ten-
sile performance, with a maximum stress of 
71.59 MPa and the largest strain (11.37%), 
whereas Al₂O₃ demonstrated the most gain in 
flexural strength (116.42 MPa) and surface 
hardness (80.7 Shore D). CuO had a somewhat 
balanced and intermediate impact, especially 
on hardness. Overall, no nanoparRcle en-
hanced every mechanical feature at once, sug-
gesRng that the type of nanoparRcle and the 
mechanical quality being assessed determine 
the reinforcing impact. Within the constraints 
of this work, 0.7 wt% ZnO seems promising for 
applicaRons that need tensile performance, 
but 0.7 wt% Al2O3 would be more appropriate 
when flexural strength and surface hardness 
are the most important factors. 
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Figure 1. Flow chart depicRng distribuRon of specimens. 
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Table 1. Mechanical properRes of PMMA reinforced with 0.7 wt% nanoparRcles. 

 
 
 
 

Groups Maximum Stress   
(MPa) Mean ± SD 

Maximum Strain (%) 
Mean ± SD 

Flexural Strength 
(MPa) Mean ± SD 

Shore D Hardness 
Mean ± SD 

G1 
Control 72.88 ± 1.14048 7.495 ± .13039 103.036 ±0.707 65.32 ± 0.41473 

G2 
Al₂O₃ (0.7%) 18.601 ± 1.50125 6.452 ± 1.26279 116.422 ± 2.704 80.7 ± 0.97468 

G3 
CuO (0.7%) 56.315 ±3.43621 7.142 ± .64732 109.106 ± 1.268 80.600 ±1.11803 

G4 
ZnO (0.7%) 71.587 ± 11.04743 11.374 ±3.25598 111.326 ± 3.299 71.5 ± 6.7328 

P-Value < 0.001 < 0.001 < 0.001 < 0.001 


