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Abstract

To evaluate the influence of graphene oxide (GO) on the mechanical properties and long-term carbon-
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ation resistance of cement mortar, mortar mixtures incorporating different GO dosages were pre-
pared under a fixed water-to-cement ratio and sand-to-binder ratio. Compressive strength tests un-
der standard curing and accelerated carbonation tests were conducted, and the carbonation prod-
ucts and microstructural features were characterized using X-ray diffraction (XRD), Fourier trans-
form infrared spectroscopy (FTIR), and scanning electron microscopy (SEM). The results indicate
that an appropriate amount of GO enhances early-age and 28-day compressive strength, exhibiting
adosage-dependent trend of “optimum at moderate dosage and reduction at excessive dosage.” Spe-
cifically, the 0.05% GO mixture (P05) achieved the best performance, increasing the 28-day com-
pressive strength from 50.74 MPa (control) to 54.58 MPa (approximately 7.6%). In addition, GO
effectively reduces carbonation depth and the carbonation coefficient, significantly suppressing the
advance of the carbonation front. Although compressive strength generally increases with carbon-
ation exposure time, the strength gain in GO-modified mortars is relatively smaller, suggesting that
GO mitigates the secondary densification induced by carbonation. Microstructural observations
further show weakened carbonate-related signatures after GO incorporation, and carbonation
products tend to accumulate locally (e.g., near cracks) rather than depositing extensively through-
out the matrix. This indicates that GO primarily improves carbonation resistance by densifying the
pore structure and increasing the tortuosity of transport pathways. Considering both mechanical
performance and durability, an optimal GO dosage of approximately 0.05% is recommended under
the conditions investigated.
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Table 1. Mix proportions

F* 1. BLAt
H KiE(g) K(g) KL i (g) GO #5H(%)
PO 450 225 0.5 1350 0
P02 450 221.168 0.5 1350 0.02
POS 450 215.4199 0.5 1350 0.05
Pl 450 205.8398 0.5 1350 0.1
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WL, A IR BAL(Z 1 d). 7d 5 28 d PSR

Z [ GB/T 50082-2009 (i VR4t L4 B B8 AN A PERERIE TV bn it ) X0 SR B AT B A 36
[6]o MET S5 BERR PN AE XU T 41, AR T FH 85 S 4RI . 28 o WA IONBRAGAR , TR BE RS KT 50mme.
TERARBRIR P AR ERLE 20 £3, YRS 70+ 5 (BN T 60%), IEE 20+£2. 4T CO, FFRE 3. 7. 14, 28, 56
H198d JE Wl BRAIRFE . WhSA A Bt s, A R VIR DBl 5 B 1 —F, R B aRds i DT, 7
NFER LR EETRAL, BELE TSI, Hritr R Sr BB 1wt EK B . fERD SR il &
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Figure 1. Strength development of cement mortar
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Figure 2. Carbonation images of cement mortar
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Figure 3. Carbonation depth and carbonation coefficient results of cement mortar
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Table 2. Carbonation coefficient results

2. UL ABEEREUE

BRI HA/d PO P02 P05 P1
3 3.80 +0.50 332+1.16 2.78 £0.63 2.88 +0.89
7 3.92+ 141 4.40 +0.77 3.23+1.36 3.35+0.58
14 5.69+1.19 5.33+£0.91 5.04+0.92 5344130
28 8.23+1.26 6.99 + 1.47 6.17+1.59 7.84+1.20
56 10.51 +1.04 9.20+1.92 7.81+0.99 9.86+1.13
98 13.75 = 1.05 10.54 + 1.05 8.96 + 1.86 1130+ 1.16
k 1.440 1.202 1.029 1.267
R2 0.968 0.849 0.845 0.937

teAh, KT GO S APERE T SRS 18, Udumulla 5(2024) 125 RF6 H, GO @ G S
A A A o T Xt it A 7 AR RS, (B ROR e B OB B S B [ 7] Hu 5(2025) 4338 [FIFE
BRI, GO XKV FEATEHCIIIRAB I RE 1 TR £ 25 FLIR AR 2 IE T HIR SR I LA 5%, B E
BB RN 7 SR e 5 11 5 RS 2 1 95 FE 0 FLAS R A DR8], Ik, ASHEFTAR POS ART P1 AIIL G mT 2
R FERFFTIN LIS 2 BASERRTIR T, &8 GO HErlaestdl “ILAMBU% b - ML) - BRIk
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IKVEHD ST PR BAL RS, 45 SR R BRI 56 d B R ST 5 /N RS A7 3808 20 I B AL TR JBE 43 ol 5 2
IR 58.4% 5 38.2%, JFHE—DE AL T BRAGIREZ AT, oo “ PRARBRACIREE - WGz AL HIHL
ARG EEE9]. SiaAW TR 3 a8k A9F BE LU 5 IR AL TR 5 1 2 25 B, T ELAN GO
FEATRIG 1A 2 rp 2 B0E I A M SO AL S5 AL AR AR 1 il 7 PR COL IR, MR MK Ve bR <
W HIPURR AL L BE -

3.3. BRLIRHIESRE KGR - RIS

H & 4 3 HTAI4R, 76 20% COxv 29 70% RH BN B #8264 T, & LRSI B A 08 I e s i 5
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SINTEE 3 BRIE SRR TR, AR GO BEEENAR T “REMKEE” o LR
Af(56) =156 — 10, Hiaitl: R(56)=f56/f0. XXM/ NEFRHT A 45: PO () Af(56) =24.13 MPa. R(56)=
1.478, NVUH i E; P05 ) Af(56)=13.99 MPa. R(56)=1.256, NIU4 K. K& P05 kAL 0d I
(P EEHE SR P O B =1(54.58 £ 2.57 MPa), (HIHJG 2R IG 28 B/, RIS “HIaaigae” 5 “mibigas”
HAEFE—HLHEFE ] . GO AT LASE FH bR #EF= 57 B B R 58 B2 7K ST, AFL [ 1 1T g BRI S SR A Abas i) « =ik
W MR .

B3 2 552 3 3T RS HIR A AT AT 15 WAL I 9 56 d I, PO BUBRALIRE N 10.51 + 1.04 mm H.
WAk R k = 1.440 mm-eT'?, POS MIBRALIAFEIL 7.81 £0.99 mm H. k = 1.029 mm-d'?, ¥JEZELT PO.
LAY RL, PO E 56d HI5R K538 25 Lb sy, 17 POS fefiKe
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Figure 4. Compressive strength of cement mortar at different carbonation ages

B 4. KRS R IRALUS HASR AT

Table 3. Compressive strength and strength gain indices of mortars with different GO dosages at carbonation ages

3. N[E GO 2R RN HAHUE R K SR 18 5 1545

WAL HA/d PO P02 P05 Pl
0 50.47 +£2.85 52.03+2.25 54.58 +2.57 53.98 + 1.06
14 59.87 +2.81 56.04 +2.80 54.90 +2.79 58.12 +2.76
28 62.59+2.74 59.13 +2.05 57.82+2.19 60.15+£2.72
56 74.60 +2.30 70.70 +2.58 68.57 +1.36 71.59 +2.63
Af(56)/MPa 24.13 18.67 13.99 17.61
R(56) = £56/f0 1.478 1.359 1.256 1.326

PP “ORAGHERE B AR A SRPEEIE R R IR AERIC R R R b, BRI A
2, WArRe—MIERE CaCOs AR FLAS ) B MBI, S B AR BBk =, fi%“r%ﬁ/ﬁkﬁﬁiﬁ’l “LRRIE 7
SECEA” BN, WTHEES RS . DRI A 70 % 2 5 B B R AR S 0 BT, a2 “CaCOs PivEH
LR BRASLBE @V S 52T B 4K R 17 1R AR I .

A 0T 58 BE BV AE — OB T2 N B “XCEM” |, FEA IR B2 3 25 o B fb R — J7 T 7] 38 5d CaCOs
HA SRS E S8, B — T T e C-S-H B 51 N B fIBanfL. FHAEBEm LI K imze
4%, WX 7152 5T A= AR . Li 55(2023) Lk e, Bt E LA AS i EEGR T “CaCOs
WG LR ZE” 5 “C-S-H B SER MM Z B C R, XM IR E T
IR E ZRIE[10]. SHEEEM IS RN [FIFECHE « Varzina 55(2022) R 1S T R42 5hxib
IR ERFR, 48 H R4 2 W35 R COL M4 5 I NI A2, A BRAGAE R BRI 5 5y R A FF 540140
B[] FEARTFFREAT, REFESTE 56 d N EBURREIEEE, (HXFh “XEBN” 50 5 S8
MBRAE(WIZEEX CaCOs B C-S-H B E LA B JRAL | EZMREAMESE . iR LL “ = iE 7 1
B7ORER, SR BT AL TR O, SRERE RS AT RE R IR B N B
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D effi _ & !
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kiw = ko [i]
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b &, MBRAL B 5 5T MIP A LR . N ORIERRAE R SCORE N R AT BB S AT EE I, ASSOR AR
TRE m =4 BEATFRHEST, JFLL PO AR E THRRAR R BOE M, AT A T LIRS A 0 AR e /1 A AR T
TR 2 4L TERALRTID IR MIP FLER R . I8 0L A B A0 R E ke S T FLIR B AG RIALAR Ko ot
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Table 4. Porosity and theoretical comparison based on the porosity-diffusivity model

4. FLBRRSFLBRER - i HUREIRIL I EE

415 e LB (%) exp mm-d12) (k. k)’ Jen
PO 17.06 1.440 1.000 1.440
P02 16.53 1202 0.697 1352
POS 15.00 1.029 0.511 1.113
P1 16.73 1.267 0.774 1.385

% 4 70, GO BN FEERAHT MIP fLIRRESA R &S, H P05 AHALIRAERIN(15.00%), 5
Hth KRBT E IR 8. 2, FLBRR A4S AL IE A X A FR(15.00%~17.06%), fEm =4
A FL B 2 5 bR B N AS B ke, BRI PH 52/ T 036 ke FOFRIE, R BH GO XHRRAL M H] HAEA ih “ E FLBR
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Figure 5. XRD patterns of mortars after 56 days of carbonation
B 5. BRI 56 XA XRD
3.5.2. 4I5MAER

KRR H I FTIR WU 6 Frs, W LA H S B FR S 22 57 1052 1450 em™! BHIE COS HURFAEIR
W, JHCHG R HN B CaCOs SRR 26 AH 1) RAHAE k.

ST 6 II4S, XTHEZH PO 7E 1450 om™! PRT HIBRK R SRRFIERSCE A 2, T GO JE % IE B4
Fo55, Hdr Pos IESE NEIE, Ui GO 7E 0.05%B & T Res A Ml kB £ =i R R, A
A 5> SR SN JZ TH R “IRZiRAHERE” RITER

AR CaCOs (A i B B 2 B T RBELAT J= 1 BR 1) CO2 4R 2E [m N9 Hk, (A s S 52 30
A B2 BREFE (Kalkreuth 25, 2024) [12]; 1 GO 1N 4Eg4hK B 2 AE K P8 4k & b m) 3@ i i s ikt
14 5 A SO E @ RIS T AT . M58 CO2 SR NPES TR AR 8E, I FEABRAL =4 (1 T 1%
R G BB (Udumulla 25, 2024) [7].

3.4.3. SEM Fs5ixtEE

MIESE EFE, POS Bifk 56d ] SEM SR EARFBAKTE HEE (K 7), FRAKMW= SR ER, LK
S GRS XA D o Bl =4 S A 1) T 2 S FLAT I X S s 4, P LA/ N OIR BRAE AR DR S AR
KAEREGED TR LG = “HH T - 80 - H3E7 IR IRHE. R “ LTI IR S REEE
9 COL PRIEALHIMIE . B b 7ERLGE P T B B AR BN IR —B(Varzina 5%, 2022) [11].
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Figure 6. FTIR spectra of mortars after 56 days of carbonation
6. FZLARSIRBEIL 56 RAY FTIR &

Figure 7. SEM micrographs of the P05 specimen after 56 days of carbonation
7. P05 Fixfk 56 RHJ SEM [

CAEXT GO TR H, GO AIEN CaCOs AL AL R R BRIR S FE RLEE A P UTAR, AT R I H
gk “Haa” HEAKHE(Gong 25, 2023) [13]. XL SCHRESS 5 AHE 70 H POS 1) “ RIS V24 4% 42
AR TESUHEENE, B GO TE 0.05%15 & T 5l gl N FLA5 ) B2 m i 37 Skl CO, 1l &4k
PRI BI, R e B B SR IR T2 44 4 el Fd T, AT AR I BE A PR A A (Jiang 5§, 2018) [14].

FHXSI &, PO BRAL 56 d ) SEM /R FEAR S B AA (K] 8), RURLRUTA A AT 2, m i B mr oK
EYNNERTEBURL 5 AR IR R4S B, Y e SO T3R0S LB Tt . X Pl 32 20 A5 Bk
=T EIE H B CO, RS T 25 5y i i i i FLIR 1) N 3B 0 A% - 7E B8 KR B ST B FEEEA: i CaCOss
KL, ¥ POS &5 PO XJ EE T LATS 155 % B A0 R P — BB A5 18 . GO {8 b RS B8 {1 ) T~ 75 5445 55 J=) 0
WIEE IR, MARERAAR N TIZAE R, TN ES CO, I Rtk i 5 I NAfEE, eI H S A PR
CEYAR

DOI: 10.12677/hjce.2026.152031 124 TARTHE


https://doi.org/10.12677/hjce.2026.152031

FH F

Figure 8. SEM micrographs of the PO specimen after 56 days of carbonation
8. PO fiRfk 56 R#J SEM

4. &g

FEAR R R AR S B & LE 6 1E T (wie = 0.50, BB/KUE = 3.0), A SIS A SR IG (GO KT /D 2 7
SVERE S PURRAG T BE MM T & T I B AL IR 5 2 RERIE DT, HE S AR E A S HS MOMIE
PEESHE FALEEAT 7099, BT RIgE RS 00, B2 EEL58:

(1) 7E[E wic=0.50 5H//KUE =3.0 1T, GO X /K JRRb AT i T “ & B0 g | i & [y 7
B BN, ZEEAERIRERD, BFMBEX AT 0.05% (P05,

(2) TEMIETRA KA (COL TR HLT 20%. #RSEL 20°C « FHXTIEEL 70%) N, & 2B AL FE Bt 38 3
BRI L x = kN B B GO AR IR KBS IR AL HEE, Horh POS 76 56 d 15 98 d HIBRALIA TE HIAL
PO 43 HIBEIR L) 25.7% 5 34.8%, HLANHIEFHLE G B N

(3) GO RS BRI Ak H % R k: XTREZH PO 1) k= 1.440, I POS %% k=1.029 (N 4% 28.5%),
R GO B HIFS CO, A &kt 5 I MR, M TPt EE

(4) WFRAELEREKH, ¥ GO JakR 2h A4 B S TR AL Z 2140 XRD Hx 2 CaCOs RHIEIETE
R, 1 GO A(JEH P05)CaCO; HSRIEAHXT IR TS ; FTIR 7E 1450 cm™' B9 COZ™ R HEWL ISR 5 4 )i
B, AR IBRER 2R R AR

(5) SEM WM& IR, POS FEAATEHUE, Bicfb =4 S A0 ) 448 S A0 X S s SRR R I “ I 7 - $54F
- BB RFIEs SEE UM S HOWIESE, GO 3= BUIM i FLAS W BUE AL 5 A5 IR A2 1 47 BE PR COx B
RS SRy A, AT SEIURR AL 1 BE SR TT -
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