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ABSTRACT

The high cost and the accumulation phenomenon of graphene in the cement
matrix are the main obstacles to its use in the concrete industry. In this study,
both of the above challenges were solved by producing graphene through the
combination of graphite and polycarboxylate ether-based superplasticizer by
exfoliation method. In this regard, mechanical properties and permeability, as
well as comprehensive microstructural studies, were investigated for the
feasibility of using graphene produced based on superplasticizer in cement
composites. The SEM and TEM analyses revealed that the multilayer graphene
sheets produced with a polycarboxylate ether-based superplasticizer are of high
quality and have few defects. According to the results of this research, the sample
containing graphene based on the combination of 5 grams per liter of graphite
and superplasticizer at the rate of 0.1% of the cement used, the compressive and
bending strength was increased by 82.05% and 33.56%, respectively, compared
to the control sample at the age of 3 days. On the other hand, the porosity in the
graphene-containing mixture is reduced by 50% compared to the control sample.
Besides, the results demonstrated that graphene has an effective influence on
capillarity absorption due to increased twisting and modification of cement
matrix pores. Also, the XRD results showed that using solution containing
graphene led to the consumption of C3S and C,S at the age of 3 days and more
CH, CSH phases were formed in the cement structure. These results together with
TGA and FESEM characterization results showed that the effect of graphene
nucleation is more evident at early ages.
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Chemical analysis (% by mass) Cement (type 1)
Loss on ignition 1.33
SiO2 21.78
Al203 5
Fe203 4
CaO 63.04
MgO 2
SOs 2.3
Insoluble residue 0.60
Alkalis 1
(Na20%+0.658K20 %)
Na.0+Kz20 -
Free Cao 14
Humidity -
CsS 455
C2S 28.0
CsA 6.5
CiAF 12.2
specific surface area (m?/kg) 290
specific gravity 3.15

P15 Jolome antd g

@lo 5B 6 lopaY oy, b (B oS bglie G j0 Ol g eaiiS bl 358wl 0,8 bylse | 815 Jelome Gz ol o
Goe dy S byl g o ablol By S hglswe jo Soweli] Ol as eoiiS oy, 399 9 Sl S ume jlaia Il jglaie s 00,5 ags
B oauo,S hgels Sbglite pw 09 00iSTp Ol jo CB1gSs job a0 (31,5 B og (pg, 4iBs j0 490 VFe v v Sy b celn )

ek aidbe GBS oled Jolowo s 03,5 utias Gl )3 S DS 5 sy (Jgere slod 4 kS Vel ey Jol> gl
ook 3l ead ans (BIF Jolome oad g BIS e (e jshaiedy aslllas cpl 5o () JS2) b oslitul Gles s ES Lo
dool 53 yalane cpaus s 00l gtitnds 523 T JSI L,k cpaiz (silshs sLad sk 51 D5 (gl yiid 3l osliil b 1 aige boglina
L sl 5o Lt s 59y 2 0ailagdly ;053 (g i yilid g S +IVO (3loker slid Sy awgi 0ad 4 (315 Jloms 51 ) S

Y JSi) 08,5 awlore sais adg 81,5 Jlade o] 5l es B o ool 1,8 o8 ile az 0 0+ sles

(al)

oo (0 31,5 Jslonn antd g o osliias] G5 1 (55 byn (1 81,8 Jplomo anty

EXO R IR

110 GAY amio A F+Y Jlu ¥ o 5lou cYe 099 (ol g 0 3w (wiigo (i g 33 — (ol 4 i



Ol 0l Gwiigo (ol Jhinlealo

it balso £3b )0 (31,5 Jolono jloud gy (31,5 gl Y U

S bglse yo LMl 6y, asas il alisle;l o £ S hgle G 50 lasw jod slabglie dan bz ol )0
bole 05 Cee s b 4BB0 4 Ske ) o 9 B30, S bgle ;0 1) 1T Jslone g Glowms polie aldS al y0 45 39 &igS
W0)8 pll YU ey b 500 dads SO Sae 4y S bglie lawgs LW fos cwam al> oy aiald
Laigoi 5,0 g ‘S}Lwoélo‘i

ASTM C511 3 ASTM C31 (2021) slas laibiw! bl 5 O+ xO+xB+ MM® oS ylowws oo lodiges (Gudzs ol j0
L oabhdore G 50 g b oddiey (Soidly slodd g 5l Vo b adiges (g9, « B 9,0 ;0 badiged (yidn, 5l G il 4y (2019)
00905 fa LB 5l cels YT 5law 1) badigad dan .50l (6,100 el YT i @y o )5 il 4z 10 YYEY slos jo oas J 08 sleo
Ivexolas )l Gralel Jlaisyge rw b o Sinatl 51 (5 Sl skaiods oad gl Sl O Jsloma (39,0 (5l azed9> 58 9
LMs! 7,k

bl .08 )5 )05 aslllas 0550 +/F Ll (WICM) Slows dlge 0 Ol coll cad b bglses 7,k Ctia gy ol 5o
oo Ao cpl 5o 0 T Ol lew e 0 YU (g lad Cglie jlade slaw p 0aiiS g, (598 s lade bkl cyx
O G 0l Las 095 5l oy /00 (Golo diged 4 Cad (6 iin (6 )Lid Caaglie Hlade 0uiiS lg, 598 duo s o /) (gel> bl
398 S ow)yp yokaieds dign 0aiiS ls, 398 (i olped 4 i 1 S VYDNA e 4 (G) cdl S e polio b bglse )b
Sy90 ladiges LW 7 b ¥ o)leds Jgao L0yo,5 LS loww jas 0 815 o casSlas Jsle laicas oaS s,
boles 7,b 90 ol o a5 wall digad a3 bgspo Jgoo cpl 10 ) 09,5 a0 co Lis 1) Wiloads i 09,5 90 4y a5 Gudzs oyl jo axlllae
5 0auS s,y 398 Al Hlade L el T il polae Sila ¥ 09,8 K0 (sam bl oo caiiS s, 398 bt Jlade g0 (g9l
Mg O3S Al oy S vl dged olyen 4 Vb (5 lid Cuoglie bl bolie g5k SG 09,5 99 58 50 bl e Glewms oS
.\.:.\.3‘\); s.:l?r.».)‘ UL""""" ).A.A} 6)1"->L‘“)'.’.) 9 ‘5)4..\4.)9.64 séulin Qo‘? B 0l

losw pnod Gladiges DS z,b Y Jgur
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