Eﬁ#ﬁ*ﬂ'i*ﬁ B34 Faly 4 A 2020 4

Acta

Materiae Compositae Sinica Vol.37  No.4  Apr 2020

DOI: 10.

i

A, 43 A R AL (MD /T 50 GPa FlJE
Gaussian PR £ (PDF) 1) i 25 FR 43 I 4L 3

13801/j. cnki. fhelxb. 20190730. 004

ZEmRMAKEILEKEEE SR
MAK N FERE

FAe 0 FRB, BEE, FTRA

(1. INAREF RS AR THE¥PE, Ui 2501015 2. HSL5HN i 5 R s ) TR W M LI, RS 2501015

3. WK B @mﬁém Wil 250101)

E: CRHYKRERE ARG T 2 8Em 94> CNTs) XA BB K Je 32 A M B g K ROBE I 1 2= PERE Y
REBFE (HD /N T 4.0 GPa MBUR AT T Geit, % A% 4 i 47 T

1% 2 3 7K Ak ik R 45 8 i (LD C— S HD i 25 B K AL RE R 45 (HD

C—S—H) B AT T € & (KR L, R EW, BLDC—S—H, HDC—S—H. Ca(OH), (CH) 4}, i H
BT —AMEA, MWCNTSF@ Y LD C-S— H WA, #BE T HD C S H MR , #15

o BOAF TE — E B 22 5%

\ y
m@o ; J1<2ozo>o4—o952—1o

@mmechanical properties of multi-wall %@0n nanotubes/cementitious composites
(o]

(1. School of Civil Engineering, Shan

LIU Qiaoling* " ?, LI Haxea®y PENG Yujiao' » DONG Xiaobin® @

756101, China)

u University, Ji’nan 250101, China; 2. Key I 00“ of
Building Structural Retrofitting and@ ound Space Engineering of Ministry of Education 250101,
25

China; 3. School of Materials Sci@n

nd Engineering, Shandong Jianzhu University, Ji’l:: no

o
Abstract: The effect of mul ¢arbon nanotubes (MWCNTSs) on the nanomechani:@perties of cementitious

materials with sand was inwestgated by nanoindentation technique. The original

al values of the indentation

modulus (M) and indentation hardness ( H) under 50 GPa and 4. 0 GPa wer@g cally analyzed. The experimen-

tal frequency plot and fitted Gaussian probability density functions (PD
quantitative computation of the volume fraction of the low density €
C—S—H gel(HD C—S—H) was performed. In addition to.L
(CH) . a spurious phase is found in the hydration products. O‘%t

LD C—S—H decreases and the volume fraction of

But

different. MWCNTs induce the formation of HD C

ot by deconvolution technique. The

gel(LD C—S—H) and the high density
S—H, HD C—S—H and calcium hydroxide

the addition of MWCNTs, the volume fraction of
)

H increases, the modulus of C—S—H is improved.
the volume fractions of each phase calculate the“testing results of modulus and indentation hardness are

S—H as nanocrystals, which reveals the mechanism of how

MWCNTs enhance the properties of cementitious materials.

Keywords: multi-wall carbon nanotubes; cementitious materials; nanomechanical properties; nanoindentation; in-
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Chemical composition and physical properties of the cement

Chemical composition/wt %

Special surface area, Compressive

CaO SiO2 Al; Os Fe, O3 MgO SO3

Ignition loss Blaine/(m? « kg™ 1) strength/MPa

62.1 20. 2 4.2 3.0 1.0 2.7

2.1 395 59.2

®2 ZEBRYKE(MWCNTs) EREHE IR
Table 2 Properties of multi-wall carbon nanotubes (MWCNTs)

External diameter/nm Length/um Ash/ %

Purity/ %

Special surface area/(m?+g~1)

20—40 0.5—15 3.0

97 % 90—120
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Qo
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Cement/g Sand/g MWCI\(T,W‘g\ \J/PVP/g Organosilicone/g Water/g\
Cl1-1 100 300 :[%,) 0 0.05 50 @
Cl1-2 100 300 @ 0.02 0. 05 0 @9
C1-3 100 300 0.08 0.05 QA ©
Note: PVP—Polyvinylpyrrolidone. %
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Table 4 Mechanical properties of low density C—S—H/(LD C—S—H) and high density C—S—H (HD C—S—H)

Comment and reference

Phase Indentation modulus/GPa Indentation hardness/GPa -
Water cement ratio Age
—S—H 16+3.7 — 0. 65 10 dk24
LD C—S—H 16.5+3.7 — 0.5 1 month(?]
LDC—-S—H 18.2+3.4 0.35 10 dz)
LDC—S—H 16.54+4.7 — 0.5 10 dz4)
LDC—S—H 19.7+2.5 0.2 90°C, 2 d-23)
LD C—S—H 18.2+4.2 0.5 0.5 al20!
LDC—-S—H 21.742.2 0.5 1 al29)
LDC—S—H 2042 0.2 Ca/Si<(1(26]
LDC—S—H 19.1+5.0 0.5 28 d28]
LDC-S—H 23.4+3.4 @.073i0. 15 0.35 28 dC30
LDC—S—H 23.7+0.8 @ 0.9340.11 0.45 1 month!!
LDC—S—H 18.1+4 @ — 0.5 20°C, 28 dt2!
LDC—S—H 18.1+3.1 @ — 0.5 60°C, 28 dt21
LDC S H 17.844. 3 @O - 0.5 @ 20°C, 27 d122)
LD C—S—H L343 CBD — 0.5 @9 20°C, 27 dtz2
: — @O 10 dfz3]
— éﬁ 5 1 montht23]
0.35 10 drzs)
@ 0.5 10 dF#3)
1. 36+0. 35 @ 0.2 90°C, 2 d'#J
0.83%0. @@ 0.5 0.5 a2
H 0.5 1 al29)
H 0.9 O 0.2 ca/Si@f
H @ 11 0.5 28 @
H @wo. 18 0. 35 @@W
H @1. 2240.07 0. 45 é month®3!J
H : %\ — 0.5 20°C, 28 dt?
HDC-S—H 28.5+2.6 oo — 0.5 @ 60°C, 28 dL21
HDC—-S—H 29.8+2.3 @ 0.5 @ 20°C, 27 dt?%
HDC-SH 29.1+5. ! — 0@/\ 20°C, 27 dtz2
AV
£5 CalOH), (CH)B AR @
Table 5 Mechanical properties of Ca H)
. . . %@ Comment and reference
Phase Indentation modulus/GPa Indentation hardn -
“ % Water cement ratio Age
CH 10.3+4. 2 1.3140.23 o \\ Y 0.5 0.5 al2]
CH 38+5 O 0.5 1 al2]
CH 36+3 3 0.2 Ca/Si<C1026]
CH 39.744.5 1. 17 0.5 28 dLsz]
CH 32.5+3.4 — 0.65 10 d-#3!
CH 33+3.4 — 0.5 1 month(23!
CH 37.843.9 — 0.35 10 dCzs)
CH 36.9+3.5 — 0.5 10 dCzs)

0. 08wt o}, HD C—S—H & i /Y 34 i 5 M A 1k i REA.

i 23.7 GPa #2752 25.8 GPa, HHl. FEEFRAINAY 2.3 MWCNTs X} MWCNTs/7KiEE & ## ERE
C—S—H BRI S LR SF/NF 10 nm, B ffiA< 52 FE W%

55 Bt M WCNTs JoAE ] A 3R R 4F 20 1, IR e ik AR SOG4 K IR S 56 00 A5 1% R R B /N 4. 0
HEABEREFLIN . Bt MWCNTSs 1] fig 25 h— Fh 44 GPa MEEHEAT T et 20 B . X R I A8 B 1) 43 58 3
KamAZ, X HD C—S—H BRI MRS T —& AT T Gaussian bR 5 B0 1 Ab 38, 14
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