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Abstract

Graphene is a nanomaterial chemically synthetized from graphite. The microstructure of graphene is
in hexagonal form with covalent bonding. It exhibits excellent rigidity, electrical conductivity and flexibility.
Several researches indicated that mixing gsraphene oxide with cement mortar can noticeably increase its
strength. In this study, the effects of Graphene Oxide (GO) on the bonding strength of synthetic fibers
were investigated. Three types of fibers were used, i.e. polypropylene, glass and basalt fibers. The GO
solution was mixed with mortar. The specimens were subjected to a single fiber pullout test. Results
showed that the sample with fiber embedded in GO mortar exhibited higher bonding strength than the
control sample. The glass fiber had the highest bond strength compared to the others.

Keywords: Graphene Oxide, Single Fiber Pullout Test, Bond Strength, Basalt Fiber, Glass Fiber,
Polypropylene Fiber

Please cite this article as: A. Techaphatthanakon, B. Maho, S. Jamnam, P. Sukontasukkul, C. Ruttanapun, and
P. Chindaprasirt, “The effect of graphene oxide in bond strength between synthetic fibers and cement mortar,” The
Journal of KMUTNB, vol. 32, no. 4, pp. 924-933, Oct.—Dec. 2022 (in Thai).



http://dx.doi.org/10.14416/j.kmutnb.2022.09.017

926

MIFATIVINTNTLADUNAMTTUATIUT TN 32, aUUT 4 0.A.—6.0. 2565
The Journal of KMUTNB., Vol. 32, No. 4, Oct.-Dec. 2022

1. unin
Hagtuulumeluladifuuinnssuidauuns
vanguntu drdlvgjilutssendludnuuzuestan
Aoulndn dwabiianinuaudfnuanuudusiay
AnuBavgugatu ansitudutagseduunluiigndumy
wazlasumnuaulaaintdnideedraunn Tnensiudl
anwauzidy 2 98 HnannsiSesinvesernauASUaY
Julassasmnuaendidouseiumeiusslaniaus 39
faupsiesilaannunsiidmedsyanil anesrusEnay
yaensiuiifnsueududiuusznoundn vilsiay
Taataulumuanuudanss mshlnihlasuasiiaag
Banegudnaeld [1]
sUsuuvRIns ua I sawuabidunsfuwuy
wanetu (Multilayer Graphene) nsTilunuutuien
(Graphene Nanosheet) nsfiusenlen (Graphene
Oxide) wagsfgnsflusenlen (Reduced Graphene
Oxide) [2] Inensilusenlan (Graphene Oxide) 1Uu
asfilsannsesndladusaunsinld Uszneusens
lansonda dnend Asueia wazasuanda Aanwae
Dulelasitadn (Hydrophilic) asnsaavanelutile [3]
Tuduiainssulesndnis@neInansenuees
nslueenlyddennauiRvosdiuudiined uosns way
AOUN3A Wengui wazansy (4] Anwiduudinasina
frensiitusenlesludnaiu 0.02-0.08% Tagthuin
Y09Fud nnsnadeufdIuLsISaaiuiy
faus 19.1-46.8% WiaiFeuifeuiuduudmadeuam
Donghoon uazagde [5] ag Shenghua WasAtuy [6]
nsvadeuLesnsTinauns iusanlys dndiunay
0.005-1% Inethwiinvesduud wuin fidndruey
0.05% HAMasTuLsIdagsan ot 32.0-47.9%
INUBTNNTAIUAN wazFaw Devi way Khan [7]v1n1s
naunsueanlenlunaunsa dndiunas 0.02-0.08%
Tnehmingundiisnsnan Suws : wasiwazden
AT : 1 (1:1.86 :2.89 : 0.45) 91nWaN1S
VRdeUM§ 3 ULSISAiNTY 9-219% Fansilusenludil

(n) Polypropylene fiber (PF)

m
(A) Basalt fiber (BF)

—_—

(¥) Glass fiber (GF)
JUN 1 sUnswenduledaasie

NANTENUADAINISULIIOAVBITLUUALINER NOIANS Lay
ADUNINOLNHTYEATY
Padeiifinareusidamiemeaduledunsizisu
1O3ANIUTENDUMEMAIUBINEIANS Masvesduluuay
sunsadule Flunsinmadsiibuammensalums
UiuusaussBamiovenduloduaneifuesmie
msidansasanensiiueenlennausuiulesas wdule
imaaeudl 3 viia Uszneusedulefidanudandugs
fio wdlewedlnsfidu wosdiloifnuantfuse Ae
dulouuazidulovzvoas Tnetisedeaiindeuld
MnsvadeuwsBamilsameiSaouduledien (Sinle
Pull Out Test) 8n5133UNNTAY 60 uay 180 Hadluns
fouNd %aﬁu%@aﬂaL‘ﬂummé’uﬁuéim%aLLimauﬁ’U
ILYLANVBIIINAGOU SNEUENTIUALATIATIEING

I

JueranuiAugegavaadulonazanuirudamies

o

12a8 TReANUNLITERIT

2. 79 gUnIaluazIsn1side
2.1 Jaquazaunsal
2.1.1 Jap
1) YuTudvesauaud Uselan 1
2) NEaElBYA HIUATINTIUDS 16 ANALUBS 50
3) 1azom
4) ansupdinauiiia (Superplasticizer)
5) dulewedlnsiiau (Polypropylene Fiber; PF)
6) wileuns (Glass Fiber; GF)
7) duleuswoas (Basalt Fiber; BF)
auasTRveadile 3 Ussinn Gandnafiassum
JUI A8 LN UAUENALAE SIS UL FUad
ey wansden e 1 waeguil 1

0AaNE WINRWINT Uazealy, “NansenuvednTIiiveanluanausednmideisenirsauleaunieiasdiausuasnis.”



MFANFIVINTNITIULNA NS UASWTD U 32, aTUf 4 91.A.-5.A. 2565

927

The Journal of KMUTNB., Vol. 32, No. 4, Oct.-Dec. 2022
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Fiber Polypropylene| Glass Fiber |Basalt Fiber
Fiber (PF) (GF) (BF)
bundle with|bundle with
Type polymer i )
coating coating
Shape crimped twisted twisted
Length (mm) 55 43 43
Dlameter 0.85 0.72 0.72
(mm)
Tens
ensile strength 365 1,100 1,400
(N/mm°)

8) @sazatuniflusenlan (Graphene Oxide
Solution) AMLTNYY 10 Aadnsusalaaans danvy
1A59851919.Adl AU 2 feaudi danns1ed 2

M15197 2 AuanURvesasaratensiiueenten

Graphene Oxide Solution (GO)

Appearance Brown/Black
Solvent Dispersion in H,0
Concentration (mg/mL) 10

2.1.2 ww3esilouazgunsnl
LATDINAABULIY (Universal Testing Machine)
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A1519% 3 dndIUNANLDIANT
Proportion of Mix (kg/m’) GO
Sand Water

Specification

Cement Fraction

Normal Cement
Mortar (NC)

Graphene Oxide
Modified Mortar 825
(GOM)

825 1,221 305 -

1,221 305 0.05%
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Type No. of Specimens
Single Pull Out Test 60 mm/min |180 mm/min
NC/F: NC/PF 3 3
NC/GF 3 3
NC/BF 3 3
GOM/F: GOM/PF 3 3
GOM/GF 3 3
GOM/BF 3 3
Compiressive Strength Test
NC 3
GOM 3
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3. NANINARBIAZNITBAUTIENA
3.1 MAYTULIIDN

HANIIVIAADY WU MIkaasazanensiueanlen
Tusesmimuauiidadiu 0.05% lneiwiinvesdiuugd
dawaiﬁﬁwé’ﬂ%'ULLiaé“mqﬁu 910 42.20 MPa tJu 49.13
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3.2 ussBawmieaszuinadulosazuadang

3.2.1 sUuuumsIthvesiegmagaunsida
willgszninaduleduasesituuesnig
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(¥) Glass fiber
UM 5 dileifinnidauuuzneenanuesnis

(n) Polypropylene fiber

Basalt fiber
JUN 6 duleifinnsIdRkuuang
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Mode of Failure
Type of Samples Speed Test
60 mm/min 180 mm/min
NC/PF Slip slip
GOM/PF Slip slip
NC/GF Slip slip
GOM/GF Slip Slip
NC/BF Torn Torn
GOM/BF Torn Torn

3.2.2 weAnssunelaissnauduloinen
1) wans¥nuvesalsarargnsiiusenlenne
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adhesion force Anchor force + Friction force

Pullout load (M)

Head distance (mm)

U 7 anwduiusseninausneuvendulefiussugia
VoImNAEDU

woAnssumeliusaneuduleden

nansnadauLansduALduTLS ST In ey
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(Adhesion Force) ussdnss Lﬁmmﬂgﬂmwaué’ﬂs
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(Friction Force)
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msnunaeivenduly lneduleaiunsasuusinaula
a9y deszesnisneumingsreriundsveaduley
wazanaufiorusyesiunaeaty dmsuusadoaniu
seunuduleiuuesnig dnaneauaunsalun1ssu
usaneulunnszermsnowvesdile Sannsfioudio
SEININTINANUFUNUTTEN IS0 OUAUMAISTUL IR
vouduly wud Massuusefaveaduleumiimgind
wsadanizlutaedt 1 wasussdadafuusudoaniu
seniradulefunesmsludaed 2 vlddnwazns
ANMNAURUSSEMINLssnaureuduluiussuL v
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Pullout Tensile Average Bond
Strength of Fiber Strength
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Type Rate of Loading Rate of Loading
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60 180 60 180
NC/PF 194.7 2214 1.38 1.57
GOM/PF 227.0 283.7 1.61 2.01
NC/GF 635.1 744.4 3.81 4.47
GOM/GF 701.8 792.6 4.21 4.76
NC/BF 466.5 539.3 2.80 3.24
GOM/BF 627.4 701.6 3.76 4.21
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