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ABSTRACT

In this study, the effect of nanofibers in cement pastes on the compressive and tensile strength of hardened cement pastes was studied.
Two types of nanofibers, nylon 66 nanofibers and carbon nanotube-nylon 66 hybrid nanofibers, were manufactured by electrospinning
methodology and mixed in cement powder respectively. The specimens for experiments were prepared by water to cement ratio of 0.5
and cured in water for 28 days. The effect of nanofibers on the increase of the compressive and tensile strength were confirmed by the
experimental results. The well-linking effect of nanofibers in the microstructure of the hardened cement pastes has been found by
scanning electron microscope (SEM) analysis and well-explained for the increase in mechanical strength. Besides, field emission
transmission electron microscope (FE-TEM) analysis and thermal gravimetric analysis (TGA) have also been conducted to analyze the
properties of nanofibers as well as the microstructure of the hardened modified cement pastes.
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AWkH 0 2 CNT9| ¢ d%=e} g W& “dAe] k2t 100m,
601} o]’ o]tiTreacy et al., 1996; Walters et al., 1999; Yu
et al., 2000). o]23F EAJd)] oJaf] CNTE= AHE 7]dl A S3atk
ohet the g} hetolE BalER de) AMec
(Naidu et al., 2014; Jafari, 2018; Han et al., 2019). CNT&
AEA Ao £3F & wje] A= CNT 330l 743 Van
der Waals $10 2 Q13| CNT] £2bo] ofgith 4=g-allo] CNTE
A wf 253} A2} A EgAe] 53E JehiE o
77} At Mohsen et al., 2017).

£ Aol ONTE URIE Wil ol E8ste] 38 v
8 WHEaL o]& ANIE Fo]2Ed| 4]0] AHE Altsldrh
UJIE 66 (Suzuki et al., 1998; Zussman et al., 2006) 2 CNTS
F3E UYAE 66 W= Al A7PEAL R oR AR
(Thenmozhi et al., 2017; Xue et al., 2017; Arinstein, 2018).
ArbE Wi e AHEd] A Edehs WHE ARSIt
(Nguyen et al., 2020). WR=AfE5 3 AMIE #o]2E]
RS} PSR Sl o LheAl RS TR A
E o] 2E Q] n|A|T-ZE FA} AR} EH]Z(scanning electron
microscope, SEM), AA| W& T3} 22} #nj7d(field emission-
transmission electron microscope, FE-TEM) & &=-a32-4(thermal
gravimetric analysis, TGA)o| 2J3 2493} c).
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£ a7eME @4 vie FH 9 Nylon 668 F22X55%
EEF Gl BSINA 7] WARE 1R Fel] BAOR AR

2.2 ME FH|

Nylon 66 (N66) U= 234 2 CNT-Nylon 66 W= 234+
A7PAL 340l oJal ARtedtE X5} SREXES BT
] 412 Wgeksid AH] 9:18 B 5 vk N6 el 7injik
fufloll A 2kd3s] &gk 4= 9tk (Zussman et al., 2006; Navarro-
Pardo et al, 2013; An et al., 2017). & S7ollxE= AR T

= e AR S18le] 3 Baiks 3Bk Katsogiannis
et al., 2015). CNT-N66 Z&| &9& A8 49, CNTE
Bl Foll A7) Sl 250} 2] 38S e TR, N66
Aes kel §Ho 2 wnk 3otk

Z7PAE 3L 12 kVe] axsteld] FERAAL 12 ml AR
oF 2H)Qle] 2 vhes ARSI AHIE B Bl e MRS
ke B3 vikItiE 7] SJaix] ke AdEle] e A=
Fig. 19l Hel FEjo] 23t 7] WAL A|25lS: o]83fe] 23
AHE] E9tsFATHNguyen et al., 2020).
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Fig. 1. Schematic of Electrospinning System with the Improved

iy Collector
Table 1. Chemical Composition and Physical Properties of Cement
Specific surface are Compressive strength
CaO ALO; S10, SOs MgO Fe,O4 Ig. loss (cmz o) 28-day (MPa)
61.33 6.40 21.01 2.30 3.02 1.1 2800 425
Table 2. Mixture Designs of Samples (by % mass)
Binder (B)
Samples Water/B
OPC No66 SWCNTs
Control paste 100 0 0 0.5
N66 MCP 99.5 0.5 0 0.5
CNT-N66 MCP 99.5 0.485 0.015 0.5

“MCP” stands for “modified cement paste”
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AR Sfel PFIE Al B KR AL SisitE o] el
A ARIE Flo]~E s} Ag B/ATA H] 0.52 Alz=s8t8ich
HE 733t AMIE Flo]RE HZe] 9 AAIE Table 29 LR
o} BE Ze 28U A3} Fof AlFF e ASTM C307-03(2012)
2 ASTM C109/C109M-16ad]] ARH WZe] =7|E ulgrh

3. Ay

o

7w A18e ASTM C307-03(2012)0] wheh 5 kN 825
AR 7178 ARSI, UEE
ASTM C109/C109M-16a(2016)e] w} 1,000 kN2] 8-S 7}
s AIR71E ARgske] Akt 28Y % sk 5 2t
370e] Al FEHIBHITh
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Table 3. Mechanical Strength Results After 28 Days
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e AbRe] e Bl ARIE 73} Hjo]E Fo] v Afe
A= TGAR 2] ai3itk TGA g2 3 5=l 1000°Ce]
7Hd H9 el Bk, A ti7] slelrde frE 2 71 S
Z¥ZF 100 ml/min 2 10°C/minZ® 3}tk

4. 2t X E9

4.1 74X &4

Uk AHE Fo]~Ee} Hlarste] the Afol o3 7jaE
733} AHIE so]nEe] Ao} Q=S Zb7} Figs. 2 and
3ol LFERATE: Table 3¢l 3wttt Bmdxks Aefsialct vk
Q) WHAN e e EGT AHE Fo] e JE7we}
D= F71 AL B 5 9lth Fig 28 4S4= 4139
A7 YeRJT 9lom, N66 2 CNT-N66 Lhe=di-2 B3
AHIE sjo]~Ee] P57 247t 9F 8 %, 10 % Z718Ich
Table 3¢] Ax}ol|x], CNT-N66 LEAdro] oJsf Z3sld AHE
Flo]2~E 2] 21%(toughness)= 212} 30 %, 49 %= =7 Z713143
o} Fig. 33} 2o, ONT-N66 Li= A5 E313 ARIE Ho]~E

Compressive strength (MPa) Toughness (J/m’) Tensile strength (MPa)
Control paste 35.17(0.725) 62031 (5049.7) 1.14 (0.172)
N66 MCP 39.90 (2.376) 92179 (8229.3) 1.46 (0.348)
SWCNTs-N66 MCP 38.54(3.077) 80882 (7196.5) 1.63 (0.080)

Table 4. Comparison of the Tensile Strength Results between the Work of Rocha et al.(2019) and the Present Work

Rocha et al.” work Present work
CNTs MWCNTs SWCNTs
CNTs Proportion (%) 0.05 0.1 0.015
Increase ratio (%) 40 45 43
45 2.04
1.84
g 204 _ 1.6 /E
2 e & 1.4+
5035 [ = 121 k
o =
= 5 1.0
E a
% 304 5 038
) £ 064
g =
O 25 0.44
—=— Compressive strength 0.2 —=— Tensile strength
20 T T T 0.0 T T T
Plain paste N66 MCP  SWCNTSs-N66 MCP Plain paste N66 MCP  SWCNTs-N66 MCP

Fig. 2. Compressive Strength Results

Fig. 3. Tensile Strength Results
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o] QI A= 43 % TVRE wbE, N66 e iE Tt
AME o] ~Ee] Q1 A 28 % S715Ht) Table 4=
A o1 = Aol fofxl Axks 71%3}e] Rocha et al(2019)
o o] Bare Axkel ulaakdth CNTZ 0.05 % 2 0.1 %
A7k AHE slo]2Eo] 1 Awrt 247 40 % H 45 %
71 7REe] ol Hlsle] £ o Afelih= CNTE 0.015 %
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(b)

Fig. 4. Morphological Characteristics of Nanofibers, (a) N66 Nanofibers,
(b) CNT-N66 Nanofibers

Fig. 5. FE-TEM Images of the Hybrid Nanofibers
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Heko = veRdth the Afe] S5 w7 & A4S THe
e A5 SEM ofn|z]elx] & 4= Qlri(Fig. 4(b)). =
5 Atelol] 21713] gk 23} Hlo] Helt) 2y o2 N66
e Afre] SEMdolxlE ARl B vie Ad-fERE o2}
e 236 Alolol] 4dE 23t Helle] oF HRIt(Fig. 4(a)). o|2ist
T 7R AN Bl F FEREES] FHuE] Ao
2 4ol 9JrkKatsogiannis et al., 2015). N66 L= 2
CNT-N66 Wi=dro] et 21732 247F 267 nm 2 264 nmo|Th
N66-CNT L= 4d-7-¢] FE-TEM £ Ay}= Fig. 594 & <
Atk Fig. 5ol veRd upe} o], 27 ©F 200 nme] N66 1=
Ao & wheh A7 oF 1-2 nme] CNT7} 782 Ko girk
ol2f3t Avh= Baji et al(2010)0] 373k Aufe} YAt ONT
EA 28l e o] A=) oIt Treacy et al., 1996;
Walters et al., 1999; Yu et al., 2000).

43 Z5t AIRIE TiolAES] Ol BE S

Ag2] eV skl SEM He3ek 2k Fig 60 vehick
ST, AMLE 281 Aol 200 nmobge] 23S 74 vhe
97} TR ot SIITk ARIES] S} AARe 1 Feje) weh

X

= . o
(a) The Hardened Cement Paste Containing N66 NFs

L RS

A TR 1 d

(b) The Hardened Cement Paste Containing SWCNTs-N66 NFs

Fig. 6. Microstructure of the Hardened Cement Paste Containing
Nanofibers
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AAE & o} Fkskdg(Caleium Hydroxide, CH)2 ¥har
AgsA Ve AR el ZsaefAlo] E4sHE(Calcium
Silicate Hydrates, CSH)o]t}. o] CSHe] A& <F 50 nmo]t}
(Mehta and Monteiro., 2006). w2}x] 23} AHIE Hjo]2~E9]
wAlZell o] CSHeE F7be vie Adfreke] g-io] golsitt.
Figs. 6(a) and 6(b)ol] LFERl= SEM] o|n] 2| & Ko}, o]e]dt
e A 3t e Abole] s, ARIE mER] X gl
P39 7139 7t 9EE ghvh EEgh AME F3kE FEl|
ofdl] Ve Adfre] S BT HEEe] Fig 49} o] tie Adhe]
o] A Fejol wjs] EsEEattk 1 A3, e ARt
AHIE szl 2 F-25o] 3152 EjIsigin: ARIE #Hlo]x

Eo] A F2oM Fre] WEE ve A7t 3t AE

Aole] QiAo B& FAE Vepich 2 25, w8 9 2t
SRR
4.4 BEN

HRA] A N66 EeAade] T 7] ARRF 5= 300°Ce]|
X AAE, 410°ColA ExthKroschwitz, 1998; Liu et al.,
2010). CNT-N66 i o] S5 7hA AR 350°Cellx] 2%
AL 460°Collx] Bkck(Baiji et al,, 2010). F8f &7} 500°Co]
2] ONTE Z7IREe 24|, CNT9] fi-ol] &J3F N66 L 2]
FEA At HYE AT 4 QIri(Hsieh et al, 2010). T3

1o o] B8l k0] S7HE CNT-N66 Wie Alfro] 23&
HofEr) weba] ONT &3 Wie i Bt 52 Ids
e g 5 Ak

73} AMIE o] ~E9] TGA-DTGATI: 71&e] a3 7e} fA}
}it(Foley et al., 2012; Kim et al., 2013). CSH+= 145~200°C
9] L% WS} Bo] g4 MR 7I5Hrk CHE 400~500°CS]
2% H9E Eo] € ISR ek 550-900°Ce] 2= H9E
EREAEH(CaCO;,)oll A olikslekiyt Rafwo] Sxkdiriar 7153
th A2(N,) 2 o2k} ENCO,) 3Ha(Taylor, 1997)0l4] Al
E Fo]2E Uje] §le]o] RS 145°Colx] SHSIEAMIE o)
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