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ABSTRACT    
Poly lactic acid  is inexperienced various to organic compound artifact plastics, employed in packaging with 

graphene that being one atom thick sheet, composed of sp2 carbon atoms organized in an exceedingly flat 

honeycomb structure .In this analysis victimization plasticizer thymol with composites were ready by an 

answer casting technique with (0.5-10) % towers Graphene .Experimental work contain morphological 

(AFM,FTIR), mechanical(Tensile, Tear, Hardness),electrical conductivity  Color , contact angle, and TGA . 

Results hyperbolic electrical physical phenomenon with hyperbolic Graphene and makes the composite less 

resistive and appropriate to be used as antistatic packaging , increase the strength and tensile modulus and 

elongation at (0.5-1)% and attenuate in (3-10%)%,Tear Resistance attenuate once the tensile decrease 

however hardness hyperbolic with graphene .The results of contact angle of pure PLA is 83◦ that 

hydrophobic and attenuate to 51◦ at PLA/thymol/Graphene 10% percent to get hydrophilic that able to 

dissipate or promote the decay of electricity and improve method ability of device.  Color and Brightness 

show that attenuate however appropriate for antistatic packaging and have become opacity at 100 percent 

Graphene. Thermal stability shows that Graphene hydrolysis by oxidization and exfoliation of carbon and 

also by the functionalization of sheets graphene to hence on the mass loss of composites. 
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INTRODUCTION  

Biopolymers square measure thought-about a 

property various to oil-based artificial polymers 

since they're renewable and don't contribute to 

environmental pollution being perishable and so, 

they're presently utilized in many applications 

like packaging and electrical  packaging like anti- 

static packaging (Justine et al., 2017). Poly-lac-

tic acid (PLA) gained a lot of attention thanks 

to its attention-grabbing properties as well as 

smart method ability, mechanical properties 

and performance, creating it an honest candi-

date for substitution ancient polymers in many 

applications and moreover, appropriate for mec-

hanical recycling (Bonifacio et al., 2017). 

PLA is linear acyclic thermoplastic polyester 

derived from acid, that's obtained from the fer-

mentation of 100 percent renewable and putre-

fiable plant sources, like corn or rice starche-

sand sugar feed stocks. It should be created by 

chemical conversion of corn or completely diff- 

erent carbohydrate sources into dextrose that 

followed by polymerization by polycondensa-

tion of foodstuff acid monomers or lactide. 

However, the foremost common because of end 

up PLA is that the Ring Opening Polymeriza-

tion of lactide matter intentional from acid, utt-

erly completely different stereochemical forms 

exist for lactide: either L-, D- or every L, D-

Lactide (mesolactide), each one having their 

own melting properties (Valdez-Garza et al., 

2017). PLA could be a hydrophobic biopolymer  

 

with contact angle is 81◦C, also Tg of 40-70◦C 

and the strength of PLA is 32–53Mpa (Kanc-

hana et al., 2016). 

Graphene consists of monolayer of conjugated 

sp2 carbon atoms secured into 5-membered 

rings that unit densely packed into a honey-

comb lattice and it is  thinnest material disco-

vered inside the planet with one layer thickness 

to be however one nm, with tremendous appli-

cation potentials (Peter Quosai et al., 2018, 

Anstey et al., 2016). These embrace future gene-

rations of high speed and radiofrequency logic 

devices, thermally and electrically conducting 

reinforced nanocomposites,  electronic circuits, 

sensors, and clear and versatile electrodes for 

displays and star cells, thermal natural pheno-

menon and electrical natural phenomenon, att-

raction interference shielding ability, flexibil-

ity, transparency, and low constant of thermal 

growth (Suliman et al., 2016, Chia et al., 2015). 

Conductors have surface resistance between 104 

− 106 Ω/cm and that they discharge quickly. 

Insulators square measure the supply of electri- 

city and have beyond 1012 Ω/cm surface resis-

tance. Between these materials has associate 

degree electrical phenomenon region and, in 

these regions, materials have surface résistance 

between 106 − 1012 Ω/cm that we tend to decis-

ion antistatic materials. Static charging is a 

very important drawback for our daily lives. 

We’ve to beat this drawback as a result of it 
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ends up in serious consequences. for example, 

equipment scan be break down. If there's dev-

ice, static charge may be any place (Fig. 1) 

(You et al., 2017, Bauhofer and Kovacs 2009, Zoe 

et al., 2018). 
 

 
Fig. 1: Surface Resistivity range in Ω.cm of materials 

(Bauhofer and Kovacs 2009, Zoe et al., 2018). 
 

    Graphene/polymer composites will consider-

ably improve durability, coefficient of elasti-

city, electrical, and thermal properties. Compa-

red with carbon nanotubes, graphene encompa-

sses a higher surface-to-volume quantitative 

relation as a result of the unavailability of the 

inner surface of carbon nanotubes to the chemi-

cal compound matrix. This makes graphene an 

additional favorable nanofiller for rising chemi-

cal compound properties like poly(methyl met-

hacrylate), poly (vinylalcohol) phenylethylene 

and PLA, are used as chemical compound mat-

rices for graphene to fabricate graphene/poly- 

mer composites with superior mechanical, elec-

trical, and thermal properties (Nan Nan et al., 

2015,  Liimatainen et al., 2017) 
 

MATERIALA AND METHODS 

Materials: Powder PLA that AI type with ƿ= 

1.25g/cm3 provided by (Shenzhen Esun Indus-

trial Co. Ltd). Graphene provided from Sigma-

Aldrich that particle size is60nm. 

Film of PLA/thymol mix was ready with wei-

ght of 95/5 (w/w) dissolving in chloroform for 

60°C for two hours beneath magnetic stirring 

unceasingly till the answer was cleared; then 

solid into Petri dish that a 20cm diameter at 

temperature for twenty-four hour to make sure 

complete solvent removal. 

Nanocomposites PLA/Thymol/Graphene inven-

ted by casting technique solve three weight unit 

of PLA weight unit of softener thyme camphor 

in thirty cubic centi-meter of chloroform with 

continuous stirring for two h to utterly dissolve 

the PLA mix. Graphene at construction of (0.5, 

1,3,5,10) World Trade Center was spread in 

chloroform (10mL) and PLA–Graphene resolu-

tion stirring at three hand casted on Petri dish 

to dried for 4 h. The dried composite films 

were in the raw off fastidiously from the Petri 

dish, films were finally dried in a very vacuum 

at 40◦C for twelve h. The obtained films were 

hold on in laboratory at temperature and cut 

consistent with ASTM for characterizations 

(Fig. 2). 
 

 
Fig 2: Samples of test of pure PLA and PLA/thymol 

/Graphene composites 
 

Characterizations: The surface morphology of 

graphene nanoparticles was ascertained with 

AFM micrographs as shown in Fig. 3. It emer-

ges that average diameter 50.22 nm for graph-

ene particles. 

Thickness: The thickness calculated for pure 

PLA and PLA/Thymol mix and PLA/Thymol/ 

Graphene nano composites by electronic digital 

micrometer and notice that's 0.110millimeter 

for all composites. 

 
Fig. 3: AFM analysis images of graphene nanoparticles used in the work 
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Fourier Infrared (FTIR): Analysis was recor-

ded with the assistance of Shimadzu kind FTIR 

-7600 in wavenumber between  400 to 4000cm-1. 

Electrical conductivity: The electrical pheno-

menon has been measured as a operate of temp-

erature within the vary 30-110◦C by exploita-

tion the electric resistance (ρ) of the films is 

calculated by exploitation the subsequent equa-

tion: 𝜌=𝑅.𝐴𝐿……….(1) 

Where: R is that the sample resistance, A is that 

the cross-section space of the film and L is that 

the thickness of the samples. The physical phe-

nomenon of the films decided from the relation: 

𝜎𝑑𝑐.=1/ƿ…………(2) 

The activation energies can be calculated from 

the plot of Ln σ versus l000/T from physicist 

equation to get the energy (Ea) by the subse-

quent formula: σ=Aexp(-Ea/KBT)………(3) 

KB is that the constant that is 1.3806 ×10-23 

J/K, T is that the temperature in Kelvin (Arijit 

Basu et al.,  2016). 

Strength: Test according to ASTM D-882 (2010) 

measured modulus of snap, strength and elong-

ation equipped with a five-weight unit load cell 

in tensile mode. strength (σs), Young’s modu-

lus (E) were determined per the subsequent 

equation:σs=F/A…………(4), 

E=FL0/A∆L………(5)  

Where: F: force exerted on associate degree 

object below tension, L0: original length, A: 

cross-section space, ∆L: length of the thing 

changes. 

Tear Strength: decided on an equivalent Uni-

versal Electronic measuring instrument per 

ASTM D-1922 (2014) by the garment tear met-

hodology. The sample size was a hundred-milli 

-meter long and sixty-three millimeter-wide 

having a cut of fifty millimeter at the middle of 

sample.  

Hardness: was conducted at temperature (25°C) 

with 50% humidness. The surface hardness of 

the samples was measured by employing a (Sh-

ore A durometer) per ASTM D 2240 (2010). 

All the hardness values according area unit 

obtained from a minimum of 3 check results. 

Color check and Brightness: Evaluated meas-

ure color coordinates by equipment CIELAB 

color house L* (lightness), a*(redness – green-

ness) and b* (yellowness -blueness) were anal- 

yzed employing a Konica CM-3600d color. 

Average values for samples were calculated by 

the color a distinction (ΔE) was evaluated by 

equivalent 6 (2006). 

ΔE=√(Δa2+Δb2+ΔL2)…………………6  

Where: ΔL = L stander*-L sample, Δa = a stan-

der*– a sample, Δb = b stander*-b sample, org-

anism values for white paper were L = 96.86, a 

= - 0.02 and , b = 1.99 severally for pure PLA.  

Contact angles: the contact angles (CA) were 

measured by ASTM D7334 (2013), the sessile 

drop technique employing a contact angle sys-

tem (OCA20, Data physics, Germany) at temp-

erature. The testing used water measured dur-

ing a direction finder through drop form anal-

ysis. The contact associate degreeless of water 

was measured (right and left contact angles) on 

a flat sample surface at an interval of 60s. 
 

RESULTS AND DISCUSSION  

In Fig. 4 Shows the all main peaks of pure PLA 

that realize in 1418, 2994 and 3600cm−1 were 

allotted to the C–O, C–H (double), the bond O–

H stretching of the –CH(CH3)–OH finish clus-

ter of PLA, severally. PLA the height at 3000-

2850cm-1 were allotted to the –C–H uneven and 

trigonal vibration of CH3 teams within the fac-

et chains, peak at 3424 cm−1 of -OH, the hei-

ght at 2921cm-1 uneven stretching –CH2-, peak 

at 1730cm-1 like the stretching vibration radical 

(C-O) from the perennial organic compound 

units (is because of the radical within the dairy 

product acid), peaks at 1300-1500cm-1 of the 

modification vibrations of methyl radical of 

PLA area unit seem at peal at 1414cm-1 of –

CH3 bending vibration and peak at 1150 cm-1 of 

–C–O– stretching vibration from the organic 

compound units, and peak at 934 – 851cm-1 of 

C-C single. In PLA/Thymol/G.O composites sho-

ws the peak at 3404cm−1 belong to the O–H stre-

tching, peak at 1517cm−1 corresponds to the stret-

ching vibration peak of C=O in the ester bond  

and carboxylic groups that connected with  graph-

ene chains onto the surface of GO. The peak at 

1645cm-1 is most possibly due to the skeletal vib-

ration of graphitic domains. Furthermore, the 

characteristic peaks of PLA, including the stret-

ching vibration of C–CH3, the bending vibration 

of –CH3, and the asymmetric bending vibration of 

–O-H), appeared at 995cm−l. The absorbance 

bands at about 2925cm_1 and 2855cm_1 in curve 

are ascribed to hydroxyl groups O-H.  
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Fig. 4: FTIR of pure PLA and PLA/thymol /Graphene nanocomposites 
 

Mechanical Properties: The pressure strain con-

duct of the various examples is appeared in Fig. 

5 demonstrates the estimations of pure PLA 

that ductile strength 36 MPa, Elongation 8.5% 

and Young Modulus a pair of.83GPa in light-

weight of the very fact that that PLA based mos-

tly materials are inflexible and weak compound 

at temperature (RT) due to its Tg~55°C (Anstey 

et al., 2016). 

 

 

PLA 

PLA/thymol 

PLA 
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Fig. 5: Mechanical properties of pure PLA and PLA/thymol /Graphene nanocomposites 
 

The movies application for antistatic bundling 

needed adequate ability to abstain from break-

ing amid the bundling system that mean want 

materials have high ability, the target of blend-

ing with phenol with PLA was to upgrade plas-

tic extension and reduce weakness of PLA. Pla-

sticizer growth into PLA network was to dimi-

nish rigid nature of PLA Associate in  increm-

ent plasticity of PLA on the grounds that cap-

able phenol builds the capability of PLA to pla-

PLA/thymol/0.5%Graphen

e 

PLA/thymol/10%Graphene 

PLA/thymol/3%Graphen

e 

PLA/thymol/5% Graphene 

PLA/thymol/%Graphene 
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stic distortion that is mirrored within the 

decline of yield pressure and an growth of twe-

nty-two protraction that show up in Fig (5) that 

decline in Tensile Strength 36.43 to 24.12MPa, 

Young modulus from 2.83 to 2.02GPa but imp-

roved and swollen in stretching between 8.5-

72% at break of PLA film when mixture with 

thymol. 

From 1-5wt is clearly decline within the rigid-

ity and extension is watched for the PLA comp-

osites but stay useful in antistatic application 

since that flexibility of PLA is viably improved 

with the fuse of Graphene on the grounds that 

as a scaffold to put off the crack procedure of 

PLA composites and on these lines decreases 

the surprising danger of disappointment. At 

more loadings of Graphene (10wt %) physical 

property and diminished at 8MPa, five-hitter 

and progressed toward changing into modifi-

cation fragile which since growth of 1-5 World 

Trade Center of graphene basically diminishes 

the tractable modulus, and consequently the fir-

mness. this is often be} due to the method that 

graphene can connect when the rotating unreel-

ing by means that of direct contacts or cross-

over by compound chains, Associate in Nur 

singed assemble an example spreading over fil-

ler organize, that offers ascend to the versatile 

reaction as depicted in Fig 5 due to the high 

surface zone of graphene within the nanocom-

posites, the connected pressure was needed to 

exchange viably from the grid to graphene lay-

ers conveyance concerning upgrade of mecha-

nical properties.  

Table 1 demonstrates the estimations of tear 

engendering check reenacts a previous tear 

within the film. All plastic sheet with a prope-

rty of fragility can have exceptionally low tear 

protection from power and for certain under-

stood that weak materials assimilate lesser vita-

lity to crack than the pliant materials, this is 

often clearly recorded in Table 1, pure PLA 

could be a fragile material it demonstrates tear 

obstruction is 12.5mN/mm because it clearly 

growth of phenol and Graphene nanocompo-

sites improvement in tear opposition for 0.5-3% 

between 15.50-14.60mN/mm considerably by 

the fuse of the Graphene particles that on the 

grounds that the surface zone of Graphene and 

contain layers of carbon will hinder or if noth-

ing else to hinder break unfold by digressing 

their tear approach and at (5-10) twin towers 

demonstrate the estimations of tear obstruction 

decline since that composites is progressed 

toward changing into modification weak that 

show up in Table 1. 

 

Table 1: Mechanical properties of pure PLA, PLA/ 

thymol and PLA/thymol /Graphene nanocomposites  

 

The estimations of hardness determined by Sh-

ore A that proportion of the opposition of a 

fabric to entrance of a spring stacked needle-

like indenter bury the composites, pure PLA is 

ninety-seven. 66 and decreasing to ninety sev-

en. 60 once utilized plasticizers phenol on the 

grounds that appear increasingly pliable plastic 

but motivations lost quality and distended to 

98.20 for 5-10 twin towers 

 Electrical Conductivity: Plastics materials pos-

sible to accumulate electricity as a result of 

their high electric insulation and may be accus- 

tomed produce materials with stable static 

charges like the electrets employed in perish-

able filtration materials. The surface electrical 

resistance is inside the vary (1010-1012Ω/cm) 

for associate antistatic film (Zoe et al., 2018)   

The electrical conduction of the pure PLA is 

showed in Fig. 6 and also the conduction is 

1.39E-12 S/cm as a result of PLA is charac-

terized by a high electrical resistance and stuff 

materials, an inclination toward electricity 

additionally at PLA/Thymol keep dielectric and 

also the conduction is 1.49E-12 S/cm. 
 

 
 

Fig. 6: Electrical conductivity of pure PLA and 

PLA/thymol/Graphene nanocomposites 
 

The electrical conduction of the composites 

PLA/thymol/Graphene distended with increas-

ing in grouping of Graphene that due to a solit-

ary nuclear layer of carbon which mineral that 
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 Samples 

Young 

Modulus 

GPa 

Tear 

Resistance 

mN/mm 

Hardness 

Shore A   

Pure PLA 2.83 12.5 97.66 
PLA/Thymol 95/5 % 2.02 13.4 97.60 
PLA/Thymol/0.5%Graphene  1.87 15.50 97.50 
PLA/Thymol/1% Graphene  1.55 14.90 96.50 
PLA/Thymol/ 3% Graphene  1.10 14.60 96.80 
PLA/Thymol/5% Graphene  0.26 13.20 97.70 
PLA/Thymol/10% Graphene  0.12 11.01 98.20 
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is associate chemical element of carbon that's 

comprised of all told respects firmly fortified 

carbon molecules sorted out into a polygonal 

shape cross section, that produces graphene 

therefore extraordinary is its sp2 interbreeding 

and intensely slim nuclear thickness (o.345nm). 

Carbon molecules have associate combination 

of half-dozen electrons; a pair of within the 

internal shell and four within the external shell. 

The four external shell electrons in a private 

carbon molecule are accessible for compound 

holding, nevertheless in graphene, each to is 

related to three different carbon iotas on the 2D 

plane, outgoing one negatron uninhibitedly acc-

essible within the third measure for electronic 

physical phenomenon. These exceptionally mov-

eable electrons referred to as pi (π) electrons 

and placed on top of and beneath the graphene 

sheet. These pi orbitals cowl and facilitate to 

boost the carbon to carbon bonds in graphene. 

On a really basic level, the electronic properties 

of graphene are managed by the holding and 

hostile to holding (the cornice and physical 

phenomenon groups) of those pi orbitals that 

prompted increment the electrical conduction 

between (5.43 E-12 S/cm to a pair of.83E-4 

S/cm ) at temperature show up in Table 2. 
 

Table 2: Table 2: Electrical conductivity values of 

pure PLA and PLA/thymol/Graphene nanocomposites. 

Contact Angle: In antistatic packaging need to 

prevent the build-up of static electrical charge due 

to the transfer of electrons to the material surface. 

Electrostatic charging of composites can lead dust 

deposition, electric shocks and damages in elect-

ronic equipment therefore antistatic packaging 

able to dissipate or promote the decay of static 

electricity. Poly lactic acid a biomaterial that have 

combination of biocompatible, biodegradable and 

have relative hydrophobic surfaces with approxi-

mate 83˚ from Fig. 7 high static electricity and 

low moisture regain that are attributed to the hyd-

rophobic nature of synthetic. PLA can cause a 

sense of discomfort, creating electric shock and 

attracting dust and soils in a dry environment ther-

efore used materials and filler to reduce the hydro-

phobic surface and increased the hydrophilic 

surface. 
 

 

 

 

 

 

  

 

 

 

Samples Electrical conductivity 

at (R.T) (S/cm) 

Pure PLA 1.39E-12 

PLA/Thymol 95/5 % 1.46 E-12 

PLA/Thymol/0.5% Graphene 5.43E-12 

PLA/Thymol/1% Graphene 7.53E-11 

PLA/Thymol/ 3% Graphene 1.38E-8 

PLA/Thymol/5% Graphene          6.64E-5 

PLA/Thymol/10% Graphene 2.83E-4 
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Fig. 7: Contact angle of pure PLA and PLA/Thymol/Graphene composites 
 

 The wettability of pure PLA and PLA/Thymol/ 

Graphene nanocomposites with different is shown 

in Fig 7. The water contact angle decreased from 

80◦-51◦ with the addition of thymol and Graphene 

this was due to the hydrophilicity of thymol and 

the amount of hydroxyl hydrophilic that contain- 

ing functional groups on the Graphene surface can 

easily adsorb water from air  thus increasing the 

composite absorption capacity of water and incre-

ases its hydrophilicity. Polar functional groups 

that appear in FTIR shown in Fig. 4 of composites 

can form and enhance bond ability include (C=O),  

(HOOC), (HOO-) and (HO-) groups that  appear 

into polymers can be highly beneficial to improv-

ing the  surface characteristics and wettability and 

contact angle . 

 Color and brightness: PLA are very straight for-

ward and drab in the noticeable area of the spectra 

(400–700 nm) that have straightforward is 90.05% 

and 88.87 of PLA/thymol show up in Table 3.  
 

Table 3: Color Properties of pure PLA and PLA/ 

thymol/Graphene composites  

 

Splendor is rate reflectance of light at wavelength 

457 nm demonstrate that high brilliance in unadu-

lterated PLA that is 80.88% and 88.47% for PLA/ 

thymol, that due to the free volume of the polymer 

organize, as clarified somewhere else, in this way 

expanding the portability of the polymer chains 

and diminishing the darkness and expanded strai-

ght forward and splendor by allowing a superior 

entrance of the light additionally that thymol was 

drab semi-straight forward precious stones expan-

ded in straightforward and splendor the distinc-

tions among tests were not detectable to the 

human eyes. 

Table 3 shown Color parameter of unadulterated 

PLA and PLA/thymol/Graphene composites dimi-

nished in L* (Transparency) between in (83.10-

59.50) and brilliance in 79.30-55.41% in light of 

the fact that Graphene is comprised of nebulous 

carbon structures and turbo-stratically stacked 

graphene sheets and the utilization of most extr-

eme measures of biochar produces a slight variety 

and the film become haziness and give dark shad-

ing to film. In the advancement of biodegradable 

PLA-based antistatic bundling nanocomposite app-

lication with limiting the decrease of optical str-

aight forwardness, which by and large begins 

from light dispersing brought about by nanofillers 

disseminated inside the film. 

Thermal Properties: Thermal stability is key fac-

tor used to evaluate the application field of mate-

rials. Thus, the thermal stability of polymer and 

composites need to be investigated to meet appli-

cation requirements. The thermogravimetric anal-

ysis showed that the decomposition temperatures 

of pure PLA Fig. 8 mass loss are lower occurred 

in the 387.89℃ this significant decrease in ther-

mal stability for PLA. The thermal stability of the 

PLA/Thymol/Graphene nano-composites were de-

composing at temperatures with the maximum de-

composition occurring at approximately 392.81°C 

and 405.72◦C. This indicates that the dispersed 

graphene-based fillers in the PLA matrix have a 

slight influence on the thermal stability of their 

nano hybrids by  oxidation and exfoliation of gra-

phite or the functionalization of graphene sheets 

give rise to marked differences in the mass loss % 

as a function of increasing temperature ◦C with 

constant heating rate. 

 

 

 

 

 %Brightness *L Sample 
80.88 90.05 Pure PLA 

88.47 89.87 PLA/thymol (95/5) 

79.30 83.10 PLA/thymol/0.5%Graphene  

73.20 75.70 PLA/thymol /1% Graphene  

62.24 66.04 PLA/thymol/3% Graphene  

55.41 59.50 PLA/thymol/5% Graphene  

-52.30 -20.75 PLA/thymol /10% Graphene  
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Fig. 8: Thermal gravimetric analysis of pure PLA and PLA/Thymol/Graphene composites 

Conclusion 

PLA/Thymol/Graphene composites were created 

by an answer throwing strategy. The sheet of 

graphite of carbon significantly affects its proper- 

ties i.e., the electronic, mechanical, contact edge, 

shading test and warm solidness. In this investi-

gation demonstrate that electrical conductivity 

increment with expanded Graphene and makes the 

composite less resistive and appropriate for use as 

antistatic bundling for the transportation and capa-

city of electronic segments, brought about mecha-

nical test demonstrate that expanded the Tensile 

quality and Young Modules yet diminished in 

lengthening and Tear Resistance and expanded in 

hardness. Contact edge diminished when utilized 

plasticizers and Graphene because ended up hyd-

rophilic surface that helpful in antistatic bundling 

to scatter a static charge. Shading and Brightness 

demonstrate the straightforwardness of the unad-

ulterated PLA film was high that 90% whiteness 

(L*) and diminished however stay satisfactory 

until 5% and progressed toward becoming hazi-

ness at 10% biochar. Warm dependability demon-

strate that include graphene expanded the solid-
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ness of unadulterated polylactic corrosive by 

oxidation and peeling of graphite or the functiona-

lization of graphene sheets offer ascent to checked 

contrasts in the mass misfortune. 
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