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Effects of dispersible graphene in water on the electrical conductivity, heat generation
and thermoelectric properties of cement slurry

GUI Zunyao', PU Yundong' , ZHANG Huiyi®, YUAN Xiaoya*
(1. School of Materials Science and Engineering, Chongging Jiaotong University , Chongqing 400074, China; 2. School of
Civil Engineering, Chongqing Jiaotong University, Chongqing 400074, China; 3. Chongqing 2D Materials Institute,
Chongqing 400714, China)

Abstract: In order to solve the problem that graphene (G) is uniformly dispersed in cement slurry and its dosage is
too high when it is functionalized into cement-based materials, a graphene (G-SD) with both high conductivity and
water solubility was selected as a conductive filler. The effect of sodium lignosulfonate (MN) on the dispersion
ability of G-SD in saturated calcium hydroxide solution (CH) used for simulated cement pore solution in the
presence of polycarboxylate superplasticizer (PCE) and the effects of G-SD on the resistivity, electrothermal
properties, snow melting and deciding, and thermoelectric properties of cement paste were investigated. The
absorbance test shows that when the mass ratio of MN to G-SD is 3 : 1, the dispersion of G-SD reaches the best. The
electrical performance test shows that percolation threshold of graphene cement-based materials is 0.4%. What's
more, good electrothermal performance are shown under the threshold, the temperature of cement paste specimen
can be increased by 320°C for 20 min with 30 V voltage, and 4 cm thick ice layer can be basically melted within
25 min, so it possesses good potential for deicing and snow-melting. The thermoelectric properties shows that

Seebeck coefficient of cement paste specimen is 154.4 uV/K when the content of G-SD is 0.1% by the cement mass.
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The above studies show that G-SD can endow cement-based materials with excellent electrical, thermal and

thermoelectric functional properties at very low dosage.

Keywords: graphene; electrical conductivity; electrothermal performance; cement paste; thermoelectric per-

formance
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AL, O PO 42,5 ¥ EERR SR KR, W EEME AR AN
F1PIR; BRMWOKHF (PCE), M KEMFZ
BB R E A, & 50wt%, Ik %
26.7%; AR EBERA (MN), RNk T 5%
S A R RS HE; 8% 4 5 (50 000 nm), B &G

BEYOR AR BR A w4, 2l 99%; To/K A1k
Bk (FeCly), LiFILAL T A BRA 424k, sr#ral;
i A AL A (H,0,), H BT BRBE b 2 i A BR A ]
A7 4y Hrdi; G-SD il £ = R E K k&
(CN202310595561.X)1"%,

F1 KiEWEERE
Table1 Physical properties of the cement

Water requirement Specific surface Density/ Setting time/min Flexural strength/MPa Compression strength/MPa
of normal 2 g 3

consistency/%  ed/(m*kg)  (Eem™) il Final 3d 28d 3d 28d

27.8 351 3.15 136 244 5.1 6.3 25.6 43.4

1.2 HEEETNR 5 R R AE

K F ESCALAB 250Xi % X 5} £8 5t B 7 fig 1% 1%
(XPS, Thermo Fisher Scientific 23 ) 7 #F G-SD
JCE ., K H PANalytical X'Pert Pro %Y X 4 £k fi7
X (XRD, PANalytical 23 ) 2+ # G-SD [ fi {4
25 ¥ o % F Renishaw 2000 $ii & ¢ 1% X 4 #F
(Raman, Renishaw 23 7)) G-SD 3 ThI 4% ¥4 F1 5t [ o
% Al Dimension ICON #! J& F 71 & ¥ 5 (AFM,
Bruker /%)) F1 FEI Tecnai G2 F20 %Y 3% 5} vt 7 5 i
%% (TEM, FEI/A ) 7M1 G-SD MO IE S o il 2%
G-SD W[, R I RTS-9 B4 0L A ) Y 4 &1 i 28 4%
U7 M P ERET R 28 7)) 43 B G-SD ik JEE 11 3 F Pk
1.3 MN 3t G-SD IS EW 5 (CH) BRFH S
g AR e

53 B il ¢ B o~ 10 mg/L ) MN. G-SD F UV-
32008 74 28 A0 AT UL 43S 5 BE T e il ik 32 PR i s
£ I K 190~900 nm 2 [H] (4 WO BE . 4R 5 I n
2 /R AE 380 nm K IO L VRO
FEMN 7 % ) — 2 iR B K TP RO A
PCE. MN. G-SD, {#i#} 10min /5 # 7 30 min,
PR L R A VR0 A T R AR R CHL VS R R R g A
10 min, # 75 30 min, ##'E 10 min J5 76 A [ B 7]

BEMRX WG o #2346 2 FToR i il & AN TR MN I G-
SD & & 1 ffl Fl CH¥ W . i ¥ 10 min J5 & 7
30min, FHFE 10min 5 — & &M E R E DR
S ZEN-3700 HL A7 A 2 B A K/
1.4 G-SD kiR &K &

KRR AR SR RE S IR ORI i o
K 35 77 ¥ (ISO #:)) (GB/T 17671—2021) 7 #i 17,
AR A R 3 iR, B, WERM G-SD.
MN. PCE 5#:A /KRG 30min, KREHKIHLE
R i g 19 7K R A8 AT 8 19 7T-5 80 7K U S A 4
(R e s PR R A 2% ) ) H IR ((14045) r/min)
Pk 180s, SRIGHE1E 15s Hll — FEIBEIRIK, 285
CHBEFE 12085 R m B HE 90 s ARAF B AT
G-SD 7Kg o Kbl BiZé A 40 mmx40 mmx
40 mm [ 1E 7 B =B IR 4k 5 60 s ALY, i A
PN TE] 4 20 mm 87 X B o B I A AR HE SR 3
i OGRJE (2021)°C, 2 =95%) FE 9 & 28 K, £
AL HEE 3 ATl
1.5 G-SD MK &ERESH A BEEMNNE

L U R R R R AR R 3 K e
S A PR BH AR o B DY AR A R
B 1 0 3ot AR A 2 S b BEL, (L D e R AR X A A

F2 RATRAEN Zeta BAIMKMIKP A S HBEGER (G-SD) BHEM

Table2 Composition of dispersible graphene in water (G-SD) solution for absorbance and Zeta potential test

Sample Water/mL Ca(OH),/g G-SD/mL PCE/mL MN?
Control 90 0.16 10 0.00 0

OMN@1 G-SD 90 0.16 10 0.05 0

1IMN@1 G-SD 90 0.16 10 0.05 1:1
2MN@1 G-SD 90 0.16 10 0.05 2:1
3MN@1 G-SD 90 0.16 10 0.05 3:1
4MN@1 G-SD 90 0.16 10 0.05 4:1
5MN@1 G-SD 90 0.16 10 0.05 5:1

Notes: (D Content of MN is its mass ratio to G-SD; PCE—Polycarboxylate; MN—Sodium lignosulfonate.
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Table 3 Mix ratios of cement paste with different contents of G-SD

Sample Cement/g PCE/g Water/g G-SDY/% MNY/%
Blank 450 1.35 170 0.0 0.00
0.1%G-SD@C 450 1.35 170 0.1 0.03
0.2%G-SD@C 450 1.35 170 0.2 0.06
0.3%G-SD@C 450 1.35 170 0.3 0.09
0.4%G-SD@C 450 1.35 170 0.4 0.12
0.5%G-SD@C 450 1.35 170 0.5 0.15

Notes: () Mass ratio to cement; C—Cement.

ANRGFIR AR HOR E A ZEUaE 52 SR FH o — S L. 22 AT 3 AT A i R A A 0 IR

R A R /N RO i A rLBH 26 . R, AR SR
FH B L E A B R G-SD B K Ve v 3K i A M
AR BH R A RS AR A a1 s,
HL B 2 40 mm, %5 CH 30 mm, HHIKHKh
40 mm, AW 20 mm, KMFFEE T 80C
WEFEIBE T E L, DLk e /K 435 L BH 2 19 52 1)
%ﬁ%ﬁﬂmm@ﬂ%ﬁ%%%ﬁﬁ#%ﬁﬁ%
BH o 31 R A R i B 384 A5
o= )
L

Hrp: p Al B (Qm); R IKFHEE
{8 (Q); S Ay i 4 B4 48 5 1 17 AL (B 1 600 mm?); L
Sy e 1] R A D B =2 () £ BE 2 (B 20 mm)

(b) Electrode Electrode

40

40  Unit: mm
K1 (a) WA E; (b) HIARIEIEE 20 mm

Fig.1 (a) Two-electrode arrangement; (b) Electrode spacing 20 mm
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25 [6) S EL 4% i N R S ERE 2 E UK U8 A N R K
WYy, BT EKe A s s, 20T 0 il
S Ee & DL IR AUHOR RN, B 2 S gE
M RE Y S0 e AR P, A HEBR R BT IR 51
MR 25, MR RE LI 7R IR A Th i AT . R
P i i f1 30 VY A2 Ui HL s (AC), kAR rh,
B 5 min AR GM320 %Y w5 A% 1 21 41 2k I 95 430l

feIs o, m¥ﬂﬁﬁﬁ%%m%,ﬂﬁﬁmﬂm
TG297 55 Y 21 F1 # KAZ AR 4 314 1 I i 1% 4]
e, BN IG BHE] S 20 min,

Single ph; e r" N |
voltage regul 101'..#..__.__.': .................. -~
""""""""""""""""""""" .. Cement paste

AC (220 V) specimen

AC—Alternating voltage
2 i ERES R

Fig.2 Experimental model of electrothermal performance
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KA E BN S o fF A e L T R BT
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Fig.3 Experimental device for melting snow and ice indoor
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(Seebeck) R &L : & S6 AP ARTT BE A2 A 7 > AH X
Uiy (40 mmx40 mm), T B OCH J5 43 5 76 W s 10 00
R T3 F A 25 R 2 A T P BRCRD T A A
ity s SRS R PR B8 — i GRS ) A J R T 8] ) /)
AURE B b, IR AE 53— TR E R AR (3C,
PEIV ENKAE M) 5 IR0 n AR 1 I8 o 3K 799 i
EIARTE (20~407C) 3k 2 . Seebeck F Uil i /A
N S=AV/ATHE (AV R HIE; AT HIZE).

T thermocouple

Computer acquisition of T thermocouple

thermoelectric potential

AT—The temperature difference between the hot end and the cold end
4 P PERESR B

Fig.4 Experimental device of thermoelectric properties

2 HR5R
2.1 G-SD BJKFMESHMEN
HERTE G-SD WK, >R F o4 vk Il
TE 7K 3R 8 B R B O 1 UL L B O
LR G-SD e K JE O 5.4 g/L, JERIKALY)
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TE AN [7) 5 8] B2 £ 0 B DL AR 15T 5 B, Al ALAE
B1K. 2K, 4K, 5 K)g K@ AR K] B2
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e 21 A2 T G R JZ [ R FE 8 4R g Al
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0

5 G-SD TEA [ ] BL ity o B Bl

Fig.5 Dispersion of G-SD in different time periods
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T FAE BRI B UIAHC, GO W T H & H K i
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Fig.6 XPS curve (a) and Cls survey (b) of G-SD
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Fig. 8 XRD patterns of G-SD
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Fig.9 TEM images of G-SD
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Fig. 11 UV-visible absorption spectra of G-SD and MN solutions

2.05
[=] Control
N OMN@!1 G-SD E5 3MN@1 G-SD
2.00 771 IMN@1 G-SD Il 4MN@1 G-SD
XX 2MN@1 G-SD [ 5MN@1 G-SD
1.95 +
3
g
£ 190 +
2
=}
<
1.85
1.80
1.75

Time/min

12 MN EH%f G-SD 7 A AL (CH) R IO B

Fig. 12 Effect of content of MN on the absorbance of G-SD in saturated

calcium hydroxide (CH) solution
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Fig. 13 Zeta potential diagram of different G-SD solutions

K4 0.1%G-SD@C. 0.2%G-SD@C. 0.3%G-SD@C.
0.4%G-SD@C. 0.5%G-SD@C ¥ F, [H R 4 5 F [
B, HEBHARS 5]k 837, 580, 121, 53, 49Qm,
A8 H Blank £ (900 Q-m) 43 ) &4 T 7.0%. 35.5%.
86.5%. 94.0%. 94.5%, Ui G-SDAIB AL &
FEA K e e B, e m H ik, HApl
i G-SD & it 3 ik >, EKWIBE G-SD # i
R B A0, K UE ¥R IR 0 S B PR 5 o K UE AR
SHAATFTERNETIH ., FFH S H
FIE I 4 5 ) A P i ™), 24 G-SD B i i
GRS, BT AR BEAE A VE AR Y BT S 4%, ik
B S FZEIEX,; HE G-SDEBEM
I, HAE K VE G A B 1R B B 2 ]
FEL 3 % AR SR I R, DT T ol DL B 3 355 0 5 R M
F . AT E R S RIE R, O K U R
Y HL B AR — 20/ s B A G-SD 45 i 1Y R
I, FEAE K U8 ¥ 3 R A B B B — A 58 5T
B2 [a] S 4%, i S i Oy R DLk R
R E, FHEM G-SD B m i Ekm FiE R, i
M1 32 R Y i S A R B 2, JF s L 3 L

F4 XEPBRAXTBOIBTE

Table 4 Dispersion methods of carbon nanomaterials in literature

Reference Conductive fillers Dispersant Dispersion mode and parameter

This paper Graphene Wet mix method, ultrasonic, 30 min

[30] Graphene nanosheets Wet mix method, ultrasonic, 1 h

[31] Nickel nanowires Wet mix method, ultrasonic, 15 min

[32] Carbon nanotubes Wet mix method, ultrasonic, -

[33] Carbon nanotubes/nano carbon black Wet mix method, mechanical stirring, 4 min
[27] Multiwalled carbon nanotubes Wet mix method, ultrasonic, 30 min

Notes: SP—Polycarboxylate superplasticizer; 3310 E—3310 E polycarboxylate superplasticizer.
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Fig. 14 (a) Relationship between the resistivity of cement paste and G-SD content; (b) First-order partial derivative of cement paste resistivity on G-SD

RIGB I, 5 HL DR R K U8 564 JE
23 (0] 3 L I 45 1 e /NB R R B UE (B . AR ST G-
SD MK e I 2 A bR B IR A, AF A
il G-SD 45 it T 7K U 1+ 2% HL B 2% i1 4% 1) — B it 5
BE, wE 14b) B, HERE, 4 G-SD
O 0.2% I, — B 5 pR AR (A IR B B/ ME, BIK
e v 1) H BHL R AR i R B R R 4 G-SD B
KF 0.4% iF,  HL B % il 28 0 — s 5 2Bl G-SD
B 2 B 80T A 2%, Ui R R K TR R R A
R BH AR IR T 22 . Rk vl DLHE 14K R
TAKVEH I Z A MRS IR IR (E ) 0.4%., A SCT
1395 U8 IR 0% 1 (5 R (9 s B R 5 2 A SCR T L
5 fron, Al W G-SD gk P 7Kk U ¥ 3 52 4w k)
995 U8 BIE 0 25 FRAR, M PHR T RE T LSRR,
X345 F G-SD H B 15 T s AL R K s
TRAUE T HAE KR IR i 2451 i, (BB 7R
KB =B A28 (0] A RO 4%, AT 7 G-SD 2k
MK Ve K 2 AR A KB R . &SR,
I H A T AR AR (R AR RE L Rk AL T AR
PERE) 4R 4L T ST IR

F5 AEHKEESSHREERRE

Table 5 Percolation threshold of graphene
cement-based composites

Reference Conductive Percolation  Resistivity/
fillers thresholds/%"  (Q-m)

This paper Graphene 0.4 53

[34] Graphene 0.8 800

[29] Graphene 1.6 2 800

[35] Graphene 2.0 1300

[36] Graphene 1.4 500

[37] Graphene 1.2 100

Note: 1) Mass ratio to cement.

15 LT G-SD PR 7K 8 ¥ 3 52 & BRI

P B A BT AR A O B o TR PRI B R R
B UM OG I A BR IRRE AT DR e O T Y
e FE AT R A, A UL T 3 RE A B T S g
i A2 B R B Y T R T K PRV S A
9 G-SD B K , A 1~ ] A 3 fish =5 1) 5 LA i
W, AR s ) S WA RS, AT F 3L G-
SD 7K Y v H LA T BB

1 000
—®— Blank
—o— 0.1%G-SD@C
800 - A— 0.2%G-SD@C
—v— 0.3%G-SD@C
5 ¢ 0.4%G-SD@C
a 600 —4— 0.5%G-SD@C
s
z T
(=2 A \.
A
v
200 0 T— A
v\v
T~V
v v
Q: < Q- & &
0 . . h h b
30 40 50 60 70 80

Degrees celsius/'C
Bl 15 KUl S G pP R L A Rl R A AL G R
Fig. 15 Relationship between the resistivity of cement paste and

the temperature
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Fig. 16 Effect of the content of G-SD on electrothermal performance of

cement paste
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Fig. 17 Thermal imaging of cement paste specimens with different contents of G-SD at 20 min

®6 FHEKESFRAGUEHENOUSSHY
Table 6 Parameters of fitted curves of each group of cement B p &l 2 BRI AR oy p 2 Bk W2 gk e

paste specimen

Ko EAE T, X UL G-SD BittE K g IR B G b

0.1%G-SD@C ) Seebeck % ¥ 7E 20~40°C i FE {1 [l

Parameter A B R NN N . .
Bk oo 308 W Tt . AR 40°C I ik B 4 K H 154.4 pv/K.,
an . . —
0.1%G-SD@C 0.10 306  0.708 i 0.2%G-SD@C.. 0.3%G-SD@C. 0.4%G-SD@C .
0-2%G-SD@C 062 308 0925 0.5%G-SD@C [ Seebeck F ¥ 7E 20~40°C i FZ 3 [l
0.3%G-SD@C 4.56 41.8 0.919 . g -
0.4%G-SD@C 14.80 520 0937 N AR L . BEE G-SD BRI, 0.2%G-
0.5%G-SD@C 10.80 420  0.965 SD@C. 0.3%G-SD@C. 0.4%G-SD@C . 0.5%G-SD@C
F7 FESBHEEEHRNFRER
Table 7 Temperature rises of cement-based composites with different conductive fillers
Reference Conductive fillers Content/wt% Voltage/V Time/min Temperature rise/ C
This paper Graphene 0.4 30 20 289.0
[9] Graphene 0.5 60 60 15.2
[39] Carbon fiber 2.0 36 80 25.0
[40] Carbon nanofiber 5.0 150 30 65.0
(18] Carbon nanotube 1.1 30 10 90.0
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cement-based composites
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Table 8 Seebeck coefficient of composites with different
conductive phases

Content/ Seebeck
Reference  Conductive fillers coefficient/
wt% "
(pV-K™)
This paper  Graphene 0.1 154.40
[43] Carbon nanotube 10.0 57.98
[41] Re‘duced graphene 1.0 168.12
oxide
[10] Graphene 15.0 34.00
nanosheets
[5] Graphene 10.0 100.00

300 S/cm; Ji i vk I A5 G-SD K I TR Hic K vk
H5.4g/L,

(2) K JR R R E4 (MN) REFE U G-SD 7 /K Je 7K
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