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Abstract 
This study is elaborate with Aalborg university , to f ind a way to improve the 

dispersion and mechanical propert ies of  nanocomposite PP -Graphene.  

The graphene is produced by electrochemical exfoliat ion  of  graphite, with three 

dif ferent concentrat ion of  electrolyte 0.1M, 0.5M and 1M H2SO4  see f igure 1. 

 

 
Figur  1 :  In  th is  setup,  the so lut ion is  wi th  H 2 SO4  and demist ra l i zed wate r  wi th  a graphi te  rod  

on the r ight  s ide  and p la t in(Pt)  wi re  on the le f t  s ide.  

 

From the Hansen Solubi l i ty Parameters(HSP) it  was possible to observe a 

change from the increase in concentrat ion, where the observation was a change 

in hydrogen boding force. Also, with an increase in concentrat ion defects in 

graphene structure where more common. From the HSP and a l i t t le exper iment 

of  dispersion of  graphene in a mixture of  octadecylamine (ODA). The graphene 

wil l be functionalized with ODA. 

 

The functionalized graphene experience better dispersion in polypropylene  than 

pure graphene in polypropylene.  The mechanical propert ies creep resistance 

and max stress is s light ly increased, however the  nanof i l ler  has a negative 

effect on Young’s modulus. The graphene in polypropylene is act ing as 

nucleat ion aid which increasing the degree of  crystall in ity and crystal l izat ion 

temperature.  

     

  



Marc Hove Hansen  Mechanical Propert ies of  Functionalized Electrochemical 

Exfoliated Graphene in Polypropylene  

  

 

 

4 

Table of contents 

PREFACE .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6  

Abbreviat ions and Units  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6  

INTRODUCTION .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

LITERATURE REVIEW ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

Electrochemical  exfoliation of graphite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

Dispersion of graphene in polypropylene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9  

Mechnical propert ies of funtional ized graphene in polypropylene.  . . . . . . . . . . . . . . . . . . . . .  10  

THE ELECTROCHEMICAL EXFOLIATION OF GRAPHITE PROCESSES WILL 

BE DESCRIBED IN THIS SECTION .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12  

CHARACTERIZATION OF ELECROCHEMICAL EXFOLIATION OF GRAPHENE

 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15  

XRD .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15  

Hansen SOLUBILITY parameter (HSP)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16  

Raman spectroscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18  

FUNCTIONALIZATION OF GRAPHENE .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

Funct ionalize procedure of graphene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

COMPOUNDING, EXTRUDING AND INJECTION MOULDING PROCESS. . . . . . . . .  23  

DESCRIPTION OF CHARACTERIZATION METHODS FOR TESTING .. . . . . . . . . . . . .  24  

Light  opt ical microscope (LOM) analysis)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

Tensi le test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

Creep Test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

Differential  Scanning Calorimetry (DSC)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  



Marc Hove Hansen  Mechanical Propert ies of  Functionalized Electrochemical 

Exfoliated Graphene in Polypropylene  

  

 

 

5 

RESULTS AND DISCUSSION .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

Light  opt ical microscope (LOM) analysis)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

Tensi le test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

Creep Test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

Differential  Scanning Calorimetry (DSC)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

CONCLUSION .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41  

REFERENCE .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42  

APPENDIX .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45  

Appendix A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45  

Appendix B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45  

 

 

 

 

 

 

 



Marc Hove Hansen  Mechanical Propert ies of  Functionalized Electrochemical 

Exfoliated Graphene in Polypropylene  

  

 

 

6 

PREFACE 
 

This report is made as an internal project at Aalborg University at the 

Department of  Mechanical and Manufacturing Engineer ing. The project is 

performed as a fourth semester project at the master’s programme in Mater ials 

Technology under the theme master’s thesis.  

 

Al l references in the report are stated in the end of  a sentence as follows:  [ ]  

containing a reference number. The references l ist can be found in the end of  

the report.  
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• R. Mikael. Larsen and Catalina-Gabriela Sanporean for being supervisor on the project. 

 

• The workshop and laboratory at the Department of Mechanical and Manufacturing Engineering for 

production materials and help to analyse the welds. 

ABBREVIATIONS AND UNITS 

Abbreviations: 

AAU Aalborg University  

LOM Light optical microscope 

PP Polypropylene 

XRD X-ray dif f ract ion 

DSC Dif ferential scanning calor imetry  

ODA 

HSP 

 

 

Units:  

mm Mil l imetre 

bar Bar 

N Newton 

S Seconds 

Hr Hour 

Wt-% Weight percent  

MPa Mega pascal  

°C Celsius 

  



Marc Hove Hansen  Mechanical Propert ies of  Functionalized Electrochemical 

Exfoliated Graphene in Polypropylene  

  

 

 

7 

INTRODUCTION 
In this master thesis, there wi l l be investigated on , how to improve the 

dispersion and mechanical propert ies  of  electrochemical exfoliated graphene in 

polypropylene. As graphene has excel lent mechanical,  electro , thermal 

propert ies [1],  mass product ion for graphene is required, to get f rom lab -scale 

to applicat ion. One method is electrochemical exfoliat ion  see f igure 3, which 

has low cost, environment  f r iendly, safer, fast production and high qual ity. 

[12][23][27][6]  

 

 
Figure 1 :Se tup of  an  e lect rochemical  exfo l ia t ion of  graphi te  

A problem for improving dispersion of  graphene in PP, is the large dif ference in 

interfacial energy between them, would lead to aggregation of  the nanof i l ler in 

polypropylene. By melt blending is most common way to large batches, 

unfortunately, graphene are easy to aggregate during the process. Therefore, 

should the graphene surface modif ies to overcome the van der Walls forces [4] 

 

  

cathode  

Anode  

+ 

- Power  supp ly  

Elec t ro l y te  
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LITERATURE REVIEW 

ELECTROCHEMICAL EXFOLIATION OF GRAPHITE 

There are many studies, which has exper imented with electrochemical 

exfol iat ion of  graphite. The graphite electrode can be charged either posit ive or 

negative, which allows intercalat ion o f  anions or cat ions see f igure 2 . The 

electrochemical process can be grouped into f irst anodic exfol iat ion in a mixture 

of  water and acids, ionic l iquids or aqueous solut ion. And seconded cathodic 

exfol iat ion in organic solvents (propylene carbonate, dimethyl sulfoxide) 

containing l ithium or alkylammonium salts.  The intercalat ion cause gas release 

because of  the electrolyte, which overcome the van der Walls intera ct ion. The 

exfol iat ion process is relat ive fast,  it  can take f rom serval minutes to hours .   

[20] [12] [23] 

 

 
Figure 2:  Elect rochemical  exfo l ia t ion of  g raphi te :  anodic  and c athodic .  [20]  

 

Many studies have got good results by using H2SO4 as electrolyte, but at 

dif ferent concentrat ions.  0.1M 0.5M 1.0M H2SO4, 5.0M H2SO4 and pure H2SO4 

the eff iciency of  the exfol iat ion was lower, at higher  H2SO4 the concentrat ion. 

By using pure H2SO4 no exfol iat ion happened, which indicate that water is 

crucial for generation of  oxygen or hydroxyl for init ia l stage.  [10][12]  

 

Ching-Yuan Su, Adriano Ambrosi and Mart in Pumera investigated three dif ferent 

electrolytes for the exfol ia t ion of  graphite which are:  H2SO4 Na2SO4 and 

LiClO4. They evaluated structural  and chemical,  which results in that LiClO4 

was highly oxidized, and the electrolytes showed defects in structure, most 

defects for H2SO4. [12]  By wett ing the graphite rod with a stat ic bias of  a 
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voltage, it  causes the SO4 l ikely to start intercalat ion gen tle. By wett ing the 

graphite rod, higher quality graphene is  obtained. [11]  

 

DISPERSION OF GRAPHENE IN POLYPROPYLENE 

Covalent functional izat ion of  graphene is the most used functional method 

widely, graphene edges and defects sites are highly react ive. The  graphene 

oxide prepared by chemical oxidation, can contain numbers of  carboxyl groups, 

hydroxyl groups and other act ive groups. [25]  

 

Mungse et al.  ut i l ized ODA to modify graphene oxide through the reaction 

between the amino of  the ODA and the carboxyl of  graphene oxide.  The 

functionalized graphene was stable for a long term in lube oi ls.  

 

Non-covalent bonding methods.  

Melt-blending is the most cost and ef f icient, way to achieve dispersion of  

graphene in a polymer matrix. Many researchers have used a melt -blending 

method to prepare graphene/polymer composite with good dispersibi l i ty, and 

they have found that the combination of  graphene and some polymers occurs 

mainly through the π-π interact ions [27]  

 

 

 

For single-wal led carbon nanotubes with HNO3 treated and ODA modif icat ion 

have improved the interfacial strength for a Polymeric composite. [28]  

 

 

Yuan reported good dispersion  by functional ized the graphene with p -

phenylenediamine(PPD) and Maleic anhydride grafted polypropylene (MAPP)  

with a long procedure to get funct ional ized graphene see f igure 3 .[23]  
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Figure 3:Yuan repor ted method for  funct ional i ze  graphene. [23]  

 

 

R.Mikael Larsen reported that by octadecylamine(ODA) functional ized reduced 

graphite in polypropylene by melt mixing, reduced graphite produced by 

modif ied hummers method. Got a quite homogenous dispersion but the 

graphene or graphite f laks are large. [16]  

 

 

 

MECHNICAL PROPERTIES OF FUNTIONALIZED GRAPHENE IN 

POLYPROPYLENE. 

R.Mikael Larsen investigated the mechanical propert ies of  functional ized 

graphite oxide in PP, and found out by functionalize the graphite oxide with 

ODA an increase in mechanical propert ies, with creep resistance improved 

most.  

 

Yuan reported with a 1wt% functional ized graphene oxide(fGO) in 

polypropylene. The fGO is act ing as nucleation aid for PP to increase the 
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degree of  crystal l in ity. With only an increase of  0.5wt% fGO storage modulus 

increased by 15.4%. Tensi le strength has no change with increasing loading of  

nanof i l ler,  however elongation break is decreasing.[23]  

 

Electrochemical ly exfoliated few layer graphene w ith two dif ferent diameters (5 

µm and 20 µm) and similar thicknesses were incorporated in a PP matrix by melt 

mixing of  0 to 20 wt% of  graphene f laks. Also an increase in crystal l izat io n 

temperature and degree of  crystal l in ity with the f laks act ing as a nucleat ion site 

for polymer. Mechanical test ing showed that the 5 µm f lakes behaved as short 

f ibres and poorly reinforced the PP matrix compared to the 20 µm f lakes, These 

larger f lakes gave a l inear increase in the modulus even at high wt% [6]  
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THE ELECTROCHEMICAL EXFOLIATION OF GRAPHITE 

PROCESSES WILL BE DESCRIBED IN THIS SECTION 
 

The graphene, used in the nanocomposite is produced by electrochemical 

exfol iat ion of  graphite.  The graphene was obtained by subjecting the graphite bars to three 

different electrolytes: 0.1[M], 0.5 [M] and 1[M] solutions of sulfuric acid (H2SO4). The solutions 

were prepared using demineralized water. The setup seen in f igure 4 consists by:  

 

• Stand 

• Platin Wire 

• Power supply 

• 2 clamps 

• 150 ml breaker 

• 96% Sulfuric acid H2SO4 

• Graphite rods, 3,7[gr] 

 

The graphite rod is set to posit ive voltage and plat in wire to negative.  The 

process starts by wett ing the graphite rod when applying a voltage on 2[V] for 

2[min]. Af ter wett ing the volt  is increased unti l  10[V] to the graphite rod is 

exfol iated completely.  
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Figure 4:  In  th is  setup ,  the so lut ion is  wi th  H2 SO 4  and demist ra l i zed wate r  wi th  a  graphi te  rod 
on the r ight  s ide  and p la t in(Pt)  wi re  on the le f t  s ide.    

The exfol iat ion with 1M solut ion made the plat inum wire to become red and hot 

at 10 [V], therefore the voltage was decreased to 6.9 [V], but  the amp [A] was  

3.52 [A] similar with 0.5 M solut ion.  



Marc Hove Hansen  Mechanical Propert ies of  Functionalized Electrochemical 

Exfoliated Graphene in Polypropylene  

  

 

 

14 

 

 

Figure 5:Elect rochemical  exfo l ia t ion of  the  graph i te  rod,  g raphene is  exfo l ia ted f rom the rod.  

After the exfoliat ion of  the graphite rod. The suspension with graphene was 

f i l tered and washed with demistral ized  water. So, the pH of  the solut ions was 

increased to 5. Af ter f i l t rat ion, the graphene was dried in a vacuum oven at 

40°C for 24hr. 

 

Weight of  graphene 

0,1M H2SO4  2,84 [gr] 

0,5M H2SO4  2,69 [gr] 

1M H2SO4  2,79 [gr] 

 

The lef t-over graphite rods were weighted and there was a loss between 0,2[gr] 

to 0,4[gr] for the 3 dif ferent solut ions.  
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CHARACTERIZATION OF ELECROCHEMICAL 

EXFOLIATION OF GRAPHENE 

XRD 

XRD analysis was performed on a PANalyt ical Empyrean XRD using Cu Ka.  

Five samples: graphene 0.1MH2SO4, graphene 0.5MH2SO4, graphene 

1MH2SO4, graphite and graphene HNO3 were analysed with XRD. The XRD can 

see how the crystal l ine structure and possible to character ize the samples.

 
Figure 6:  XRD curves  

XRD patterns for the graphite sample, shows high sharp peak at 26.6 °, This 

peak corresponds to the dif f ract ion (002),  which indicates high crystal l inity. The 

graphene samples have a much lower and a l i t t le boarder peak at 26 °. That 

corresponds to mult i - layered graphene, which have layers 10 and over. Few 

layered graphene and graphene have a lower degree (2 θ) around 22°-25°. [17]  
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HANSEN SOLUBILITY PARAMETER (HSP) 

Hansen solubi l i ty parameters(HSP) is used to calculate the surface attract ion 

between part ic les. A way to predict to optimize the dispersion of  f i l lers in a 

polymer matrix, HSP has been used for t ime to do predict.  HSP represent the 

dispersion (δD),  polar  (δp) and hydrogen bonding force parameters ( δH).   

The normal procedure for the exper imental HSP is based on observat ion, 

between the interact ion of  dif ferent sets of  solvents with known HSP values. 

Each solvent is observed and evaluated as a good or bad dispersion, which is 

indicated 1 for good and 0 for bad.  [18] 

 

HSP exper iments were conducted for three samples: 0.1MH2SO4 graphene, 

1MH2SO4 graphene and 1MH2SO4-HNO3-ODA graphene. 10mg each sample is 

added into 15 solvents.  the solvents have known HSP. There af ter solvents were 

ultrasonicated for 1 hr to disperse the graphene even in the solvents. Then the 

solvents are set to rest for 24hr, af terwards they are evaluated seen in table  1.  

  

Table 1:  Solub i l i ty  o f  Graphene 0.1 MH2SO4,  1MH2SO4 and 1MH2SO4-HNO3-ODA in  var ious 
so lvents .   

HSB  

  Suspension  δD  δp  δH 0,1M 1M 1MODA 

1 Acetonitrile 15.3     18 6.1  0 1 0 

2 Methanol 15.1 12.3 22.3 1 0 0 

3 tetrachloroethylene 18.3 5.7 0 0 0 1 

4 dimethyl formamide 17.4 13.7 11.3 1 1 0 

5 o-xylene 17.8 1 3.1 0 0 1 

6 2-propanol 15.8 6.1 16.4 1 0 0 

7 Hexane 14.9 0 0 0 0 0 

8 Benzene 18.4 0 2 0 0 0 

9 ethyl acetat 15.8 5.3 7.2 1 1 1 

10 cis-decahydronaphtalene 18.8 0 0 0 0 0 

11 Chloroform 17.8 3.1 5.7 0 0 0 

12 cyclohexanone 17.8 6.3 5.1 1 1 0 

13 tetrahydrofuran 16.8 5.6 8 0 1 1 

14 Acetone 15.5 10.4 7 1 1 0 

15 Ethanol 15.8 8.8 19.4 1 0 0 
 

Af ter the observations the HSP spheres are calculated to f ind the posit ion and 

sphere size with the good solvents enclosed and the bad solvents e xcluded. The 

program to calculate them are provided by supervisor.  
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Figure 7:Calcu lated HSP for  0 .1MH2SO4 graphene in  po lypropy lene.  

 

 
Figure 8:  Calcu lated HSP for  1MH2SO4 graphene in  po lypropy lene.  
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Figure 9:  Calcu lated HSP for  1MH2SO4-HNO3-ODA graphene in  po lypropy lene.  

I t  can be seen on f igure 7 and 8, that an increase in strength of  H2SO4 as 

electrolyte wi l l decrease the hydrogen bonding  and wil l have a l i t t le over lapping  

with polypropylene, which can indicate oxygen groups on graphene sheets.  

By threat ing the 1MH2SO4 Graphene with HNO3 and ODA for method see 

section functional izat ion of  graphene. I t  can be seen in f igure 9  that 1MH2SO4-

HNO3-ODA HSP sphere has been smaller  and more concentrated, fur ther the 

overlapping with polypropylene sphere has increased in polar direct ion .  

RAMAN SPECTROSCOPY 

Raman spectroscopy laser was operating 532 nm. The three graphene samples 

made by electrochemical exfoliat ion : 0.1MH2SO4, 0.5MH2SO4, 1MH2SO4 and 

graphite rod, were analysed. Raman spectra were obtained from th e samples 

are seen in f igures 10, 11, 12 and 13  respectively.  The Raman spectra for 0,1M, 

0.5M and 1M graphene, are very similar ly in wave length of  the peaks, but not 

the intensity of  the peaks. D band at a wave length of  ~1350 cm -1  corresponding 

to sp2  defects. whi le the peak with a wave length of  ~1550 cm - 1  corresponds to 

in plane vibrat ions of  sp 2  carbon atoms. The shoulder D’ band on f igure 11 and 

12 correspond with the presence of  disorders or defec ts. 2D band at a wave 

length of  ~2700 cm - 1  correspond to mult i layered graphene structures , as it  is 

weaker and small shif t of the 2D band.  [21]  



Marc Hove Hansen  Mechanical Propert ies of  Functionalized Electrochemical 

Exfoliated Graphene in Polypropylene  

  

 

 

19 

 
Figure 10:Raman spectroscopy of  0 .1MH2SO4 graphene  

 
Figure 11:  Raman spectroscopy of  0 .5MH2SO4 graphene  
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Figure 12:  Raman spectroscopy of  1MH2SO4 graphene  

 

 
Figure 13:  Raman spectroscopy of  graphi te .  

D/G rat io could be used to evaluate the extent of  defects in the graphene 
samples D/G: 0.1M=1.07 0.5M=1.09 1M=1.14. From the D/G rat io 1M H2SO4 
have more defects than the others as expected. [21]  
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FUNCTIONALIZATION OF GRAPHENE 
To improve the dispersion of  graphene in polypropylene, graphene should be 

functionalized af ter the HSP results . I t  has been chosen to functional ize 

graphene by a method supervisor Mikael tr ied on single -wal l carbon nanotubes 

with octadecylamine (ODA), af ter a l i t t le exper iment, where the three dif ferent 

graphene: 0.1M, and 1M H2SO4, 0.1M treated with HNO3 (nit r ic acid) ref luxing 

for 1 hr, and 0.1M treated with HNO3 ultrasonicated for 1 hr.  af ter that the  

graphene powders are melted with ODA at 125°C in a furnace. Only a small 

amount of  the three exfol iated graphene wil l be used for  the exper iment to see 

how the dispersion in ODA.  

 

 

 

 

 
 

 

 

 

A) B) 

C) D) 
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Figure 14:  A)  0 .1MH2SO4 graphene in  ODA B) 1MH2SO4 I  ODA C)  0.1M t reated wi th  HNO3 

ref lux ing for  1  hr .  D)  0 .1M t reated HNO3 u l t rasonicated for  1  h r .  

As the suspension with graphene threated with HNO3 ultrasonicated for 1 hr, 
have the best dispersion of  graphene in the melted ODA. There is some large  
agglomeration, as the powder didn’t  get mil l properly.  
 

FUNCTIONALIZE PROCEDURE OF GRAPHENE  

1.1 gr of  each exfoliated graphene were ultrasonicated in 100 mL 5M HNO3 for 

1 hr, af ter it  were washed and f i l t rated. The HNO3 treated graphene’s were 

dried for 24 hr at 40°C. 8.7 gr of  ODA was mix with HNO3 treated graphene in a 

breaker, the three breakers were put in a furnac e at 125°C to melt ODA and wet 

the graphene. The mixtures were lef t  for 6 days . Mixture with 0.1M and 0.5M 

H2SO4 graphene has absorb and dr ied with the ODA, and 1m H2SO4 can st i l l  

have absorb ODA, but didn’t  dry out.  

 

   
Figure 15:  le f t )0 .1MH2SO4-HNO3-ODA. mid)  0 .5MH2SO4-HNO3-ODA. r ight )  0 .1MH2SO4-

HNO3-ODA.  

After 6 days, 600 mL ethanol was added to dissolve the addit ional ODA, the 
mixtures were sonicated and heated before f i l t rat ion, to be sure that the 
remaining ODA was removed the graphene suspensions were though f i l t rat ion 
process 2 t imes again. The graphene powders were dr ied for 24 hr at 40 °C.  
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COMPOUNDING, EXTRUDING AND INJECTION 

MOULDING PROCESS. 
 

Six dif ferent masterbatches were produced with graphene: 

• 0.1M H2SO4 graphene 

• 0.5M H2SO4 graphene 

• 1M H2SO4 graphene 

• 0.1M H2SO4-HNO3-ODA graphene 

• 0.5M H2SO4-HNO3-ODA graphene 

• 1M H2SO4-HNO3-ODA graphene 

The masterbatch is made of  10 wt -% graphene and 90% polypropylene in a 

micro-compounder (MC 15 cc, Xplore Instruments) with a temp erature set on 

185°C, screw speed 75[rpm] and a process t ime on 20min.  
 

The nanocomposites are made from a mix of  10 wt -% masterbatch and 90 wt -% 

polypropylene. The nanocomposites are feed though an extruder (Prism 

Eurolab16 Twin Screw Extruder f rom Thermo  Science) two t imes, to even 

dispersion of  masterbatch in the polypropylene. Extruder temperature  set to 200 

°C and screw speed 300rpm.  

 

The nanocomposite granulates, and polypropylene were dried for 1hr at 80 °C to 

ensure that excess water is removed. Af t er that tensi le test samples and 3 -point 

bending test samples were made by inject ion mould (Haake MiniJet I I  f rom 

Thermo Scientif ic) with a cylinder temperature set on 220 °C and mould 

temperature 70°C. Tensile test samples inject ion pressure was set to 60 0bar. 

For 3-point bending test samples the inject ion pressure was set to 100bar .  

  

At the analyses of  the dif ferent nanocomposite and polypropylene wil l be called  

• PP-1%graphene-0.1M H2SO4 

• PP-1%graphene-0.5M H2SO4 

• PP-1%graphene-1M H2SO4 

• PP-1%graphene-0.1M H2SO4-ODA or PP-1%graphene-0.1M H2SO4-HNO3-ODA 

• PP-1%graphene-0.1M H2SO4-ODA or PP-1%graphene-0.5M H2SO4-HNO3-ODA 

• PP-1%graphene-0.1M H2SO4-ODA or PP-1%graphene-1M H2SO4-HNO3-ODA 

To ident ify what graphene that is used in the dif ferent results.  
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DESCRIPTION OF CHARACTERIZATION METHODS FOR 

TESTING 
For the descript ion of  characterizat ion methods for test ing wi l l be conducted as 

early project mechanical propert ies of  electrochemical exfoliated graphene in 

polypropylene [19]  

LIGHT OPTICAL MICROSCOPE (LOM) ANALYSIS) 

To insure to get optimal analysis with equal f low. Therefore, is the middle of  

tensi le test samples for each compound used to analyse the dispersion. From a 

start ing thickness of  2mm, to a thickness on 0.1mm. To hit  that thickness, the 

samples is grinded with grain size of  800 and a  grain size of  1200. In f igure16 

the samples are placed with double sided tape to a holder. The holder has 

0.1mm indicator on the side all around it ,  that helps to  insured that the samples 

got a thickness on 0.1mm measured with a micrometre.  

 
Figure 16:Sample  holder  for  gr ind ing .  

After the samples was taking out of  the holder, glue f rom the tape is on one of  

the sides. To remove the glue, acetone is used careful,  with a white cloth to 

inspect if  any graphene is removed from the samples.[19]  
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TENSILE TEST 

The tensi le test had been done on Instron 5944 with a weight shel l on kN2 and 

equipped with a cl ip-on extensometer. Extensometer is careful placed on the 

test sample. Otherwise l it t le notch could be made in  the sample. Then would 

necking start just under the extensometer . The setup is seen in f igure 17 . 

 

3  

Figure 17:  Setup of  tens i le  spec imen,  the red c i rc les are ind icat ing where the extensometer  is  
c l ipped on.   

The tensi le tests were carr ied in a room with constant temperature at 20[ °C]. 

The tests ran with a strain rate on 5[mm/min] according with ISO 527 -1. The 

tensi le tests are stopped at 50% strain and wil l be evaluated. As that is in the 

plast ic zone, and only would provide elon gation break. [19] 
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CREEP TEST 

The creep test had been done on an Instron 5944 with a 2kN weight shel l on 

and a cl ip-on extensometer see f igure 18 . The creep was evaluated over a t ime 

on 1[hr] with a constant stress on 21.1MPa, which is reduced from the yield  

stress of  the polypropylene. The stress on 21.1MPa is chosen so it  is possible 

to compare results f rom two other nanocomposites. The room temperature was 

on 20°C. [19] 

 
Figure 18:  Creep test  se tup.  
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DIFFERENTIAL SCANNING CALORIMETRY (DSC) 

The analyses were carr ied out on a TA-Q2000. Three samples were made by 

cutt ing a l i t t le piece under 1[mm] in thickness of f , f rom a cut off  that has not 

been unused in DMA. I t  was important that the cut is even f lat for the samples 

to have full contact with the bottom of  the pan. The pans were Tzero Aluminum 

pans.  

The DSC analyses carr ied out as heat/cool/heat f rom 40 -200-40-200°C with a 

ramp on 10°C/min. The f irst heat phase is to rest the material  history.  [19]  

 

 

RESULTS AND DISCUSSION 

LIGHT OPTICAL MICROSCOPE (LOM) ANALYSIS) 

The LOM analysis is made on the 5 specimens, unfortunately one got lost as it  

could easi ly f ly away on the glass with no t ime to make a new.  

I t  was possible to grind the specimens to a thickness on 0.1mm ±0.02mm in 

tolerance.  

 
Figure 19:5 samples fo r  LOM analys is ,  PP -1%graphene-0.1MH2SO4 d isappeared .  

 From f igure 19 it  is possible to see, that the functional izat ion has helped with 

the dispersion of  graphene in PP, this is also in according to HSP  combabil ity 

for 1MH2SO4 and 1MH2SO4-HNO3-ODA, where the 1MH2SO4-HNO3-ODA is 

overlapping more in polypropylene.  
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Figure 20:  Lef t )  PP-1%graphene-0.1M H2SO4-HNO3-ODA x5.  Right )  PP-1%graphene-0.1M 

H2SO4-HNO3-ODA x50.  

  
Figure 21:Lef t )  0 .5M H2SO4 graphene x5 Right)  0 .5M H2SO4 graphene x50  

  
Figure 22:  Lef t )  PP-1%graphene-0.5M H2SO4-HNO3-ODA x5.  Right )  PP-1%graphene-0.5M 

H2SO4-HNO3-ODA x50.  
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Figure 23:  Lef t )  1M H2SO4 graphene x5 Righ t)  1M H2SO4 graphene x50  

  
Figure 24:  Lef t )  PP-1%graphene-1M H2SO4-HNO3-ODA x5.  Right)  PP-1%graphene-1M 

H2SO4-HNO3-ODA x50.  

For f igure 20, 21, 22, 23 and 24. I t  is possible to see that the functionalizat ion 

has help to optimize the dispersion of  the graphene in PP, which also HSP  

combabil ity had a good indication on, unfortunately it  was not possible to a 

homogeneous nanocomposite with ODA as functionalizat ion. But it  has helped 

with the size of  agglomerates.  
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TENSILE TEST 

I t  is possible to calculate the theoret ical Young’s-modulus with equation:  

 

𝐸1 = 𝑉𝑓 ∙ 𝐸𝑓 + 𝑉𝑚 ∙ 𝐸𝑚 

E f  = 1.04TPa [24]  

V f  =0.01 

Em  =1350MPa Appendix A 

Vm  =0.99 

 

E1  = 2376.5 MPa, is the theoret ical Young’s modulus if  the graphene is fully 

dispersed in HP400R PP. The Young’s modulus has decreased from the pure PP 

samples, which can indicate no or bad interact ion between ODA and PP, or 

graphene and ODA functional izat ion, which contradicts the LOM analysis with 

better dispersion when functional ized with ODA. But somet imes functional izat ion 

can have a negative effect on some propert ies. The standard deviat ion is good 

for the specimens, which mean the production of  nanocomposite is good to get 

similar ly specimens.  

 

 
Figure 25:  Mean va lues for  Young ’s  modulus for  the spec imens wi th  s tandard dev iat ion.  

The maximum stress from the tensi le curves underneath are taking ~0.1mm/mm 

where yield stress according to ISO 527-1, -2. 
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One specimen broke before 0.5mm/mm, PP-1%graphene-0.5MH2SO4-HNO3-

ODA-1. Otherwise necking is moved sl ight ly higher in strain and holding 

~20MPa to 0.5mm/mm. 

  
Figure 26:  Lef t )  PP-1%graphene-0.1M H2SO4 Right)  PP-1%graphene-0.1MH2SO4-HNO3-ODA 

 

  
Figure 27:  Lef t )  PP-1%graphene-0.5M H2SO4 Right)  PP-1%graphene-0.5MH2SO4-HNO3-ODA 
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Figure 28:  Lef t  PP-1%graphene-1M H2SO4) Righ t)  PP-1%graphene-1MH2SO4-HNO3-ODA 

 

 
Figure 29:  HP400R Pure  

Max stress has increased sl ight ly for all nanocomposites, that corresponding 

with a dispersion of  graphene in polypropylene. The functional iz at ion has 

helped with a small increase over non-functionalized specimens, but with 

standard deviat ion al l the specimens overlapping each other. Furthermore, the 

functionalized specimens have higher standard deviat ion.  
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Figure 30:  Mean va lues of  max s t ress wi th  s tandard dev iat ion.  

 

 

CREEP TEST 

A small improvement of  creep resistance for the samples . Which are a l i t t le 

surprised as the previous knowledge of  nanocomposites with graphene and 

carbon nanotube, creep resistance has always improved  most . But f rom 

previous report ,  maleic anhydr ide graf ted PP(MAgPP)  was used in the 

nanocomposite, that could g ive an effect on creep resistance wil l be a 

possibil i ty. More test  needs to be conducted . [19] but f rom R.Mikael got good 

creep resistance improvements  that only corresponds with PP-1%graphene-

1MH2SO4-HNO3-ODA. [16] The standard deviat ion is a l i t t le highe r for non-

functionalized specimens. So the standard deviat ion shif ts between max stress, 

creep, and is almost even at Young’s modulus.   
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Figure 31:  

 
Figure 32:  HP 400R pure  
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Figure 33:  PP-1%graphene-0.1M H2SO4 

 
Figure 34:  PP-1%graphene-0.5M H2SO4 
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Figure 35:  PP-1%graphene-1M H2SO4 

 
Figure 36:  PP-1%graphene-0.1M H2SO4-HNO3-ODA 
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Figure 37:  PP-1%graphene-0.5M H2SO4-HNO3-ODA 

 
Figure 38:  PP-1%graphene-1M H2SO4-HNO3-ODA 
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DIFFERENTIAL SCANNING CALORIMETRY (DSC) 

The crystal l inity is calculated for cold phase and second heat phase, as f irst 

heat phase is to rest  the history for the nanocomposite.  

 

The Crystal l in ity was calculated by equat ion.  

 

𝑋𝑐 =
Δ𝐻

Δ𝐻0
∙ 100 

ΔH0=207[J/g].  [15] 

ΔH = Enthalpy for crystal l in ity [J/g].  

 

 

Table 2:  DSC calcu lat ion  of  c rys ta l l in i ty  

DSC calculation of crystallinity 

Polypropyle
ne 

ΔH0 
[J/g] 207           

                

Samples 
HP400
R Pure 

PP-
1%Graphen
e-
0.1MH2SO4 

PP-
1%Graphen
e-
0.5MH2SO4 

PP-
1%Graphen
e-1MH2SO4 

PP-
1%Graphen
e-
0.1MH2SO4
-HNO3-ODA 

PP-
1%Graphen
e-
0.5MH2SO4
-HNO3-ODA 

PP-
1%Graphen
e-
1MH2SO4-
HNO3-ODA 

Crystaline 
temperature 
[°C] Tc 119,76 127,97 127,3 128,14 125,85 126,44 128,18 

Enthalpy 
[J/g] ΔHc 89,5 93,46 92,23 92,3 92,35 91,99 94,46 

Crystallinity 
[%] 43% 45% 45% 45% 45% 44% 46% 

                

Melting 
temperature 159,53 163,27 163,2 163,13 162,62 163,13 162,22 

Enthalpy 
[J/g] ΔHm 85,26 91,89 89,09 89,78 88,36 89,51 90,88 

Crystallinity 
[%] 41% 44% 43% 43% 43% 43% 44% 

 

I t  is possible to a sl ight ly increase in  degree of  crystal l in ity as expected as the 

graphene helps nucleation this can have in f luence on the improvement in max 

stress and not the graphene. The melt ing temperature improved by 3 -4 degree 

Celsius.   
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Figure 39:  co ld  phase  fo r  graphene in  po lypropy lene spec imens  

  

 
Figure 40:  Second heat  phase for  graphene in  po lypropy lene spec imens  

 
Figure 41:  co ld  phase  fo r  funct ional i zed graphene in  po lypropy lene spec imens  
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Figure 42 :  Second heat  phase for  funct ional i zed graphene in  po lypropy len e spec imens  
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CONCLUSION 
Electrochemical exfoliat ion of  graphite  with H2SO4 as electrolyte,  is a fast way 

to produce mult i - layered graphene. Higher concentrat ion of  H2SO4 faster 

exfol iat ion process happens, with water present. W ith higher concentrat ion of  

electrolyte H2SO4, higher defects  are presents in the graphene structure.  

 

The dispersion of  graphene seen easi ly in f igure  43 that functional izat ion 

method with ODA gave a better dispersion of  graphene in polypropylene. As 

HSP combabil ity, gave a good indicat ion on the dispersion with the HSP 

1MH2SO4-HNO3-ODA and polypropylene HSP spheres over lapping.  

 

 
Figure 43:  5  samples fo r  LOM analys is ,  PP -1%graphene-0.1MH2SO4 d isappeared.  

 

The mechanical propert ies for nanocomposites have only improved in two areas 

max stress and creep resistance, where max stress can have increased as the 

degree of  crystal l in ity is increased. The Young’s modulus had got a negative 

effect on the f i l ler.  I t  could be if  the graphene structure has to many defe cts, 

which lowers the graphene propert ies.  

 

From the standard deviat ion, no sample have stood out f rom each group. So it  is 

good to be careful when making the nanocomposite and take t ime to do the 

character izing test.     
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APPENDIX 

APPENDIX A 

Data Sheet PP-HP400R - PDF. 

APPENDIX B 

Mean Data with DSC Calculat ions - Excel f i le.  

 

 


