O
UNIVERSITAS
GADJAH MADA

GREEN SYNTHESIS OF GRAPHENE FROM PET BOTTLE WASTE THROUGH REDUCTION BY
CAJEPUT (Melaleuca

leucadendron Linn.) BARK AND LEAF EXTRACT

WIDI KURNIAWATI, Indriana Kartini, S.Si., M.Si., Ph.D.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

TABLE OF CONTENTS
COVER e ettt [
PAGE TITLE ..ottt ans i
APPROVAL PAGE ...ttt ii
STATEMENTS ..ottt bbb 1\
DEDICATION PAGE.......ooiiiieiet ittt %
ACKNOWLEDGEMENTS. ..ottt Vi
TABLE OF CONTENTS ..ottt vii
LIST OF FIGURES ...ttt iX
LIST OF TABLES ...t e Xi
ABSTRACT ottt bbbttt bbb n e Xii
INTISARI et bbbt Xiii
CHAPTER | INTRODUCTION ....ccoiiiitctcteeeieiee e 1
1.1 BACKOIOUNGS ..ottt 1
1.2 ODJECHIVES ...ttt et enre s 4
1.3 AQVANTAGES ...ttt 4
CHAPTER ILLITERATURE REVIEW AND HYPOTHESIS ............cce..... 5
ILL  Literature REVIEW.......ccci i 5
111 Graphene ....c.oecveeieee ettt sre e 5
11.1.2 Graphene oxide and reduced graphene oXide .........cccccooveririinennnnns 7
11.1.3 Reduction Of GO ......ccociiiiiiiiieee e 9
[1.1.4 Polyethylene terephthalate (PET) ......cccooviiiiiiiiiieee e 10
I1.1.5 Plant extracts as green reductant for rGO production..................... 11
11.1.6 Active compounds in Kayu Putih (Melaleuca leucadendron Linn.)
....................................................................................................... 12
1.2 Hypothesis FOrmulation ... 15
CHAPTER HI_EXPERIMENTAL METHOD........ccoviiiiiiieie e 17
THLL MALEIIALS e 17
7 1o To S SR 17
111.3 ReSEArch PrOCRAUNES .......ceiiiiiieie ettt 17
[11.3.1Sampling and extraction of M. leucadendron leaf extract............... 17
111.3.2Sampling and extraction of M. leucadendron bark extract............. 18
I11.3.3Preparation of graphitic-based material from PET plastic waste (El
Essawy et al., 2017)....ccoeiiiiiiiiieecee e 18
I11.3.4Preparation of graphene oxide (Manchala et al., 2019) .................. 18
[11.3.5Preparation of reduced graphene oxide using M. Leucadendron
leaf and bark extract (Manchala et al., 2019)........cccccoceriiinennnne 19
[11.3.6Characterization method .............cccooieiiiiinii e, 19
CHAPTER IV_RESULTS AND DISCUSSION .....ccccoveiieieiercie e 22
IV.1 Characteristics of the Prepared Graphitic-based Material from PET
PIASTIC WASTE ..ot 22
IV.2 Characteristics of the Prepared PET-derived Graphene Oxide.......... 26
IV.2.1 PET-derived graphene oxide formation mechanism.................... 26

vii



GREEN SYNTHESIS OF GRAPHENE FROM PET BOTTLE WASTE THROUGH REDUCTION BY
CAJEPUT (Melaleuca

leucadendron Linn.) BARK AND LEAF EXTRACT

WIDI KURNIAWATI, Indriana Kartini, S.Si., M.Si., Ph.D.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

IV.2.2 Characteristics of the prepared graphene oxide.............c.cccccovnee. 32
IV.3 Characteristics of the Prepared Reduced Graphene Oxide.................. 38
IV.3.1 Reduction OF GO.......ccoeiiiiiiieiie e 38
IV.3.2 Characteristics of the prepared rGO..........cccccvvvvevveveicicse e, 39

IV.4 Biomolecules Involved in the Green Reduction of Graphene Oxide by
M. leucadendron Bark and Leaf EXtract..........cccccoceveeveninininenieniinnn, 53
CHAPTER V_CONCLUSIONS AND SUGGESTIONS........ccocovivieiriiaeanns 58
AV R O] s Tod 11 ] (o] 4 SRR OP PRI 58
V.2 SUQUESTIONS ....eiveeiecie ettt e e e beeee e e sre s 58
REFERENGCES. .........o oottt 60
APPENDICES ..ottt ettt 64

viii



O
UNIVERSITAS
GADJAH MADA

Figure 11.1
Figure 11.2

Figure 11.3
Figure 11.4
Figure 11.5
Figure 11.6
Figure 11.7

Figure IV.1

Figure IV.2
Figure IV.3
Figure IV .4

Figure IV.5
Figure IV.6

Figure IV.7
Figure 1V.8

Figure IV.9

Figure IV.10
Figure IV.11
Figure IV.12

Figure IV.13
Figure IV.14

Figure IVV.15
Figure IV.16

Figure IV.17
Figure IV.18
Figure IV.19
Figure IV.20
Figure 1V.21
Figure 1V.22

GREEN SYNTHESIS OF GRAPHENE FROM PET BOTTLE WASTE THROUGH REDUCTION BY
CAJEPUT (Melaleuca

leucadendron Linn.) BARK AND LEAF EXTRACT
WIDI KURNIAWATI, Indriana Kartini, S.Si., M.Si., Ph.D.

Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

LIST OF FIGURES

Structure of graphene sheet (Ahmad and Ezema, 2019) ................. 5

Mother of all graphitic forms that can be wrapped into 0D
buckyball, 1D nanotube, and 3D graphite (Novoselov et al., 2004)

......................................................................................................... 6
Proposed structural models of GO (Mao et al., 2012) .................... 7
Proposed structural models of GO (Swain et al., 2018).................. 8
Structure of PET MONOMET ........couiiiiieriiniesesiesesieiee e 10
Condensed tannin structure (Talib et al., 2014) .........c.cccecoveeeenene 13
Chemical structure of flavonoid monomer of tannin Melaleuca

species (Talib et al., 2014) ......ccooiiiiiiiiiee e 14
Graphitic carbon obtained: (a) before crushing (metallic black)

and (b) after crushing (black powder) ..........cccoovveiineniiiiiins 22
XRD pattern of PET-derived graphitic carbon produced.............. 24
FTIR spectra of PET-derived graphitic carbon produced ............. 25
H2S04-GCIC mechanism (Seiler et al., 2018) ..........cccevvverrnene. 27
Proposed mechanism of HNO3-GCIC............c.cccovevveieiicieee 29
Possible mechanisms of oxidation of graphitic carbon by

Hummers method (Brisebois and Siaj, 2020)...........ccccccevverreenene. 31
XRD spectra of a) PET-derived graphitic carbon b) GO .............. 33
UV-Vis absorption spectra of graphene oxide dispersion in water

....................................................................................................... 34
FT-IR spectra of graphitic carbon (a), and GO (b)..........ccccueneee. 35
TEM images 0f GO ......ccvviiiiiee e 36
Raman spectrum of GO .......ccoviiiiiic e 38
UV-Visible spectra of rGO at different reaction times with (a) LE

as reductant, and (b) BE as reductant ..............ccccceevevieveciiciienenn, 40

UV-Visible spectra of rGO at different concentration of
reductant, with (a) LE as reductant, and (b) BE as reductant........ 42

FT-IR spectra of (a) rGO-LE10-2 (b) rGO-LE10-6 (c) rGO-

LEL0-8 and (d) GO .....oiuiiiiiiieieieieie et 44
FT-IR spectra of (a) rGO-BE10-2 (b) rGO-BE10-6 (c) rGO-BE10-

8 AN (d) GO .. 44
FT-IR spectra of rGO by bioreduction in different concentrations of
(@) LE and (D) BE .....oouiiiieee e 45
XRD pattern of GO, rGO-LE10, and rGO-BE10........c..ccceevvvennnn 47
TEM images of (a,b) rGO-LE10 and (c,d) rGO-BE10 ................. 48
Raman spectrum of rGO-LEL0 .........cccoeviiiiiiiiieeccc e 49
Raman spectrum of rGO-BEL0 .........cccoceviiiiiniiiieee e 50
Raman spectra of GO, rGO-LE10, and rGO-BE10....................... 51
Raman spectra of GO, rGO-LE10, and rGO-BE10....................... 52



GREEN SYNTHESIS OF GRAPHENE FROM PET BOTTLE WASTE THROUGH REDUCTION BY
CAJEPUT (Melaleuca
leucadendron Linn.) BARK AND LEAF EXTRACT
WIDI KURNIAWATI, Indriana Kartini, S.Si., M.Si., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Figure IV.23 Chromatogram of biomolecules in M. leucadendron leaf extract
before and after reduction of GO by GC analysis............ccccueneee. 54

Figure IV.24 Chromatogram of biomolecules in M. leucadendron leaf extract
(a) before and (b) after reduction of GO by GC-MS analysis....... 55
Figure 1V.25 Biomolecules detected in M. leucadendron leaf extract



GREEN SYNTHESIS OF GRAPHENE FROM PET BOTTLE WASTE THROUGH REDUCTION BY
CAJEPUT (Melaleuca
leucadendron Linn.) BARK AND LEAF EXTRACT
WIDI KURNIAWATI, Indriana Kartini, S.Si., M.Si., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

LIST OF TABLES

Table IV.1  Percentage of carbon yield obtained from PET waste by thermal
dECOMPOSITION. ...c.viiiiiiccie e 23

Table IV.2 D and G-band ratio of the prepared GO and rGO ............cccue.e..e. 51

Xi



