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Research on the Effects of Fly Ash — Graphene Oxide on Concrete Properties
GAO Renhai, ZHANG Yi, LIU Daopu, QIU Qian
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Abstract: The promotion of fly ash concrete aids in reducing cement consumption, yet its high — volume application presents
challenges with low early strength. To address this, the effects of single or combined addition of 0. 06% graphene oxide ( GO)
with 20% , 30% , or 40% fly ash (FA) on concrete slump, compressive strength, splitting tensile strength, elastic modulus,
and abrasion resistance were investigated, alongside exploring their synergistic enhancement mechanisms. Results indicate: —
Single GO addition significantly reduces slump, while combined FA addition compensates for slump loss and improves
workability ; — Strength gains from single GO addition are concentrated within 28 days, whereas single FA addition exhibits slow
strength development within this period; The combined addition of GO mitigates the delayed early — stage strength development
inherent in FA concrete. Specifically, a 30% FA content yielded 28 — day compressive and splitting tensile strengths 10. 7%
and 3.7% higher than the control group, respectively, with 20% FA demonstrating superior performance to GO alone.
Furthermore, the incorporation of both GO and FA contributes to enhanced elastic modulus and abrasion resistance. The effect
of 30% FA addition surpasses that of GO alone, while 40% FA addition yields higher values than ordinary concrete. These
findings provide valuable reference for the mix design of high — fly — ash — content early — strength concrete.
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Fig.1 Particle size distribution curve of aggregate
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Table 1 Main chemical components of cement and FA /%
B Ca0 Si0,  ALO; Fe,0;  MgO S0,  K,0
K 62.5 21.5 6.4 2.4 1.2 2.8 0.4
FA 2.6 68.7 21.3 3.8 0.6 0.4 1.3
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Table 2 Concrete mix proportion

/ (kg/m®)

s KU FA GO W {La) KWK
FOO 360 710 1120 126 1.8
FOOG 360 216 710 1120 126 5.4
F20 288 72 710 1120 126 1.8
F20G 288 72 2,16 710 1120 126 5.4
F30 252 108 710 1120 126 1.8
F306 252 108 2.16 710 1120 126 5.4
F40 216 144 710 1120 126 1.8

F40G 216 144 2.16 710 1120 126 5.4
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Fig.2 Slump of concrete mixture
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Fig.3 Compressive strength of concrete with
different mix proportions
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Fig. 4 Splitting tensile strength of concrete with
different mix ratios

2.4 wmEgF

AR S B, L] FOO {2 28 . 90 d i fe
90 316, 36.2 GPa; # A 0.06% GO ¢ FOOG
TR B A S 3 e 2, A FOO {4 28, 90 d 43
BT 33.5% | 16.3% . iXJ&H T GO AlfE kK ik ™
Y C—S—H BERCA N, JFMdl R eas 4, [
TR IEARFLBR S, (o s A o 3 R, T R P A
Pl FA BRI/ . 28 d @A, F20 kg
PRt FOO {4 6. 0% , F30, FAO o {4 5 52
AR LL FOO i B T 3. 8% | 13.6% ; FIik
WIZE 90 d [, F20. F30. F40 iR {F i apk s i 1 4
AEHEUEL s X T FA R KAGVE FIH#E T 58 B2 AR
) Ca (OH),, FFHSMR T EH =K C-S-H #E
e, Fem TR EE SR SR, 28 GO W
F20G . F30G, F40G {4, 28 d & 1) i o 4 it 1
I T EMEA FOO IR, A3l 1 21.5% | 16.1% |

50 728 d
1904

383 w P
(=) S (=
T T T

FPER I /GPa

—_
(=}
T

F00 FOOG F20 F20G F30 F30G F40 F40G
EN s
ES5 FAERALRBRIEEES

Fig.5 Elastic modulus of concrete with different mix proportions
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