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Fig. 1. Gradation curves of aggregate
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Chemical and physical properties

Form Nano powder
Purity % 98.9

Color white
Density 2.55 gr/cm®
SiO;, % 49
AlL,O3; % 34.8

Table. 2. Chemical and physical properties of halloysite
nanotube

8 Scanning electron microscope (SEM)
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Component %
CaO 63.58
SiO, 22.43

Al, O3 4.71
Fe,O, 3.71
MgO 3.75
SO, 2.3
KO 1.05
TiO, 0.29
MnO 0.19
P,0s 0.1
Na,O 0.09
Cl 0.06
La&Lu <1

Table. 1. Chemical properties of Portland cement

dwle —Y-V-Y

L Sal anle 5 51 Jlagn cal o3 odd eslinal anle

Coabe 4 a5 Lol (V) K5 5 sddenls OLAS (guuails

Sal g5 3 Gl b (o dle DS HL ke
s e oo gl Sy ol UL as Ol

.J‘}.:l



0L 5 IISs6 0Ll s e

oy gl 85 B 0 b pimen 5 ol 5 e st
23 S sl s Pae S d5L S
22 ol s ksl e Solie SIS Slids
5 [29] cl os s Olonwr S35 o3 0 B +/0 s 03 gdoms
o 53 UL 5 Lisls b &S sl 4 a5 b pend o
SOl sla 55 » o s dI50 00 L ey 53 YT
Shedd eslinal (glads ;s Ol 5o 5 dsls pleil Ologw als
el gl Ao ¥ des Y5 Y ) e
P ok ol o oplple J11] el adls (g e sl
Sis Ao ¥ e ol Ll el sy

ekt S 3 Ol Sl

oAbl 7 —F-Y
Srddst 5 2L G IS o 5o s el
Ol asle SO LIS & by e slailesl s ol
5o Ol e s bl O B8 Jaxta
oz Olopws anls e (5 pludshi 4 bg e sla iulesl
Sl e O Sl S S cagli
S &u&bﬂ el S5 4 (U'Y Lo g g.j 2 5 e
botass e 03 @bl on slr dsems D5k«
e S B S o 5 SRl 53 00 s e ealil
bl @ axr g b hash opl 5o G adidsd e Gl
ohlesl L8 e o St 3 Sl IS0 03
s oo polatl s 4l (g FelisS Oley oS 558 oL
e 53 0350 cpl 0 s, 50 3 IS s il s Ol U
Ll sl hlsl (bt 03 e Sppe 3 s 38 Iy
el 5 SV (Sapst 5 IS 05 358 Osmes S

.J}M)

Mo 5,8 SraleyT -V -F-Y
L 5 ASTM-C807 syl plas oMo 3,5 iulesl
sl gl Al bl edi PNl SIS O3 Sl enlind
5 csle 5l e Aol sddasle gases il
okl asldlS by BBl s aids Y Sl 4 (.S JB

(W ()T)'lm AL I O s O 358 Ol A

Y2

U)&jﬁgﬁ).a; (u QA?‘M}JLA U}jfbjbﬁ (<Y JSJ

Com o dJ b 2oy, S5

Fig. 2.a) Halloysite nanotube powder b) SEM image of
halloysite nanotube
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Fig. 6. The effect of halloysite nanotube on the slump of the
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Fig. 7. The effect of halloysite nanotube on the flow of the
cement mortar

S S Caa glias —F-

Csad 5 Cawdla oy Vgl e S Sl e glin
sl 4 (A) S 53 63a, YA 508 VX o s dals
Sl U el s a (S SIl Caslie il ol odliS
Osembloden S5 10 Sl A S b o SRl el pas
oo [39] ol o sad Jolo Rl amti s 5 Olacwr
Loy ¥ 03s5l Sl yasie (A) SE s &S sboles
Conslin Olas 105500 Ol et SO 4 S s 4430
Olpear oo SRl 0T i ples o 1) vl (S )
S slla (S5l w50l 0355 YA (Sl Caglie 4 g0l
Ggad bt Sl Coglie 4 Coed 45 ol YY/VYOM
Aas e Ol ) ghe s YA L2158 Y0/40 Om sy sl
o Ll o e Jsdsee sl SSUl cnslie
Lol 23 5 M s iy oS> 5 OVlw g ddsk
Ll S aslie Sa0kear [40] 555 e by
mamosn O s Ol 5 o CekS 5l b Olyeny
Ol (28 slzeas (ST canslie 2l 558 13
ot 1AL AL e ais ) 50 a5l Sl s 5 S
e £ed S S Canglie a5 LB Ll 4 s L
Coils O3l Ol e s IS0 Ay ¥ gl
ol 5 el Jals | sl Con e d 50
Lol 03,5 3l DM (gl F0ST e



\Yavdl /Y e)‘w.«j:/r.ﬁv\?bhb)}.)

oot Ol jes wdige g — oo doe

o e e T 085 553 1 S dla 6 30 0 IS8
3.50

¢ Control
3.00 AHNT3 %
2.50

2.00

1.50

Rate of desorption (kg/m?)

0.00
0.00 5.00

10.00

15.00 20.00

Time : sqrt (hour)
Fig. 11. The effect of halloysite nanotube on the water
desorption of the cement mortar

S 5 dom £

3 @b Ceslle Glad JoU S0 tass ) s
2o @l s edkd Shil Ol anle O (6 A3 58
s Lol

Sl 5 Cowslla g 5LV ohy aw e Lo
Sl s 2 2als e osle pl 035590 OT e gsl
Olosw (335 Moy ¥ 380l 25 oo Olowes anle S5
L e sl S Oles alS o e o s S50 L
Lo S D Gl s cedlul Lals 5 ds s YT Ol
A L3 YA 580 Ol

Olazwr anle DB @y owslla 50 035338 roman @
b aS ssd e ol SSIE caglas il el
53 Ologw awle e 3 Shoo 5500 o g0 Al o0 Lol
2 Sayst e

et sas Jidss Srals Sl ol Clir glacas o @
Sadyes 4 Comd Cowslla glad J5U L odd ~3o
s Ao Y Sl il e ol Slew anle O
ol Sl 5 SR e Sl 0 L Ole
VU Ol 4 ez O Gl 28 5 Aoy YU Ol
L Ao

Rl oS L e tals | O wds &5 el D3 e

9/

o 2T e —fY
() IS 55 a3l bg e gl
Rl J.i..: Q—l‘ 53 &S )}.b&m el okl OLES
Olar sl Sl 550 Ao sa 7 035580 L o
Loy V0 Sl e e Ol Ol Ol D @
L eddods Ol 5 2alS ol cle .l sl j2als
G o o (S5l Gl gas Jdsd fals o Ol 5
Cde Sl G meS a g slad 355 e Sl &S [11] sl
DA O ez Sl s 5 AL wdls sy O

Ll

S1VUH U PR VAN PR CRUICIUN (P N R L R L
8-
7-
6 -
5_

Water absorption (%)

HNT 3 %

Control
Sample

Fig. 10. The effect of halloysite nanotube on the water
absorption of the cement mortar

;.;Té:—‘/—\‘
T ISV PGP PPN L. I QR DIt
Aoy ¥ ISl e s e OLES Olesn anle S0
Y& B Gl e Oloms (230 o lla 500
Gyt 4 Comd sl (Gol gas o 23 ghe)s
St S 4 Ol 1 sl opl ool sl dald
C_',..u)a.ﬁks BEREEC Y J6lw ;’Lwﬁ u;,.alS BE W}ju
shge e Abe 58 G dls dJ 50 cuils Lo e lawws
Sl e O S 5 i W5 L NSy
dols Bile Sawgs alS 50 5 on s el
Sl wsms 53 Ol @By pde Glare oS

Gl B a4y ok (5 L s



O 5 IS5 OL3l 5, s e

nano-limestone on  flowability and mechanical
properties of ultra-high-performance concrete matrix.
Construction and Building Materials, 95: p. 366-374.
[10] Kalpokaité-Dic¢kuviené, R., et al., Influence of
the organically modified nanoclay on properties of
cement paste.

[11] Farzadnia, N., et al. 2013 Effect of halloysite
nanoclay on mechanical properties, thermal behavior
and microstructure of cement mortars. Cement and
Concrete Research, 48: p. 97-104.

[12] Zhang, H., et al. 2015 The modification
effects of a nano-silica slurry on microstructure,
strength, and strain development of recycled aggregate
concrete applied in an enlarged structural test.
Construction and Building Materials, 95: p. 721-735.
[13] Madani, H., A. Bagheri, and T. Parhizkar.
2012 The pozzolanic reactivity of monodispersed
nanosilica hydrosols and their influence on the
hydration characteristics of Portland cement. Cement
and concrete research, 42(12): p. 1563-1570.

[14] Morsy, M., S. Alsayed, and M. Agel. 2011
Hybrid effect of carbon nanotube and nano-clay on
physico-mechanical properties of cement mortar.
Construction and Building Materials, 25(1) :p. 145-149.
[15] Nazari, A. and S. Riahi. 2011 Assessment of
the effects of Fe203 nanoparticles on water
permeability, workability, and setting time of concrete.
Journal of Composite Materials, 45(8): p. 923-930.

[16] Konsta-Gdoutos, M.S., Z.S. Metaxa, and S.P.
Shah. 2010 Highly dispersed carbon nanotube
reinforced cement based materials. Cement and

Concrete Research, 40(7): p. 1052-1059.

[17] Yousefi, A., A. Allahverdi, and P. Hejazi.
2013 Effective dispersion of nano-TiO 2 powder for
enhancement of photocatalytic properties in cement
mixes. Construction and building materials, 41: p. 224-
230.

[18] Nazari, A. and S. Riahi. 2011 Al 2 O 3
nanoparticles in concrete and different curing media.
Energy and Buildings, 43(6): p. 1480-1488.

[19] Pan, Z., et al. 2015 Mechanical properties and
microstructure of a graphene oxide—cement composite.
Cement and Concrete Composites, 58: p. 140-147.

[20] Yuan, P., D. Tan, and F. Annabi-Bergaya.
2015 Properties and applications of halloysite
nanotubes: recent research advances and future

prospects. Applied Clay Science, 112: p. 75-93.

[21] Wang, W.-C., S.-Y. Wang, and C.-H. Lin.
2016 Effect of Hot Environment on Strength and Heat
Transfer Coefficient of Nano-Clay Concrete Paper Title.
Journal of Materials Science and Chemical Engineering,
4(07): p. 45.

[22] Amin, M. and K. Abu el-Hassan. 2015 Effect
of using different types of nano materials on mechanical
properties of high strength concrete. Construction and
Building Materials, 80: p. 116-124.

[23] Parrott, L. 1992 Water absorption in cover
concrete. Materials and Structures, 25(5): p. 284-292.
[24] Khaloo, A., M.H. Mobini, and P. Hosseini.
2016 Influence of different types of nano-SiO 2 particles
on properties of high-performance  concrete.

Ol e Mo (5 21350 5 LLE o Jls S50 56 o)

98

CoiaelS 050 Ble Sasy el s 4 dls el
Al Slew

9 oFle js Oldgl 58 @ .,Uljjda 3 ;ﬁ\ Gﬂb
plos i 03 5 Siml kit ol b alag 4
LS s L

S1oy8 9 L5 -0
SUoKalsl sl 5 (e s ol OBt 5

s r.l.c« an.:,;\; & (_gjjjjﬂi}' a&.ﬁ.ﬂu)T 9 Q‘J.A.C«

L o C)‘ OB O‘i‘ cbul 530y O‘ﬁ\

o sk p3lel -1

ESIREety
References &=y
[1] Mohamed, A.M.. 2016 Influence of nano

materials on flexural behavior and compressive strength
of concrete. HBRC Journal, 12(2): p. 212-225.

[2] Qing, Y., et al.. 2007 Influence of nano-SiO 2
addition on properties of hardened cement paste as
compared with silica fume. Construction and building
materials, 21(3): p. 539-545.

[3] Silvestre, J., N. Silvestre, and J. de Brito.
2016 Review on concrete nanotechnology. European
Journal of Environmental and Civil Engineering, 20(4):
p. 455-485.

[4] Shekari, A. and M. Razzaghi. 2011 Influence
of nano particles on durability and mechanical
properties of high performance concrete. Procedia
Engineering, 14: p. 3036-3041.

[5] Tayser Sumer Gaaz, M.N.M.A., Robert A.
Shanks ,Ing Kong, Mechanical Properties of Halloysite
Nanotube (HNT)Polyurethane (PU) Nano-composites.
[6] Ozyildirim, C. and C. Zegetosky. 2010
Laboratory investigation of nanomaterials to improve
the permeability and strength of concrete. (No.
FHWA/VTRC 10-R18).

[7] Owsiak, Z., et al. 2015 Properties of
Autoclaved Aerated Concrete with Halloysite Under
Industrial Conditions. Procedia Engineering, 108: p.
214-219.

[8] Morsy, M., S. Alsayed, and M. Agel. 2010
Effect of nano-clay on mechanical properties and
microstructure of ordinary Portland cement mortar.
International Journal of Civil & Environmental
Engineering IJCEE-1IJENS, 10(01): p. 23-27.

[9] Li, W., et al. 2015 Effects of nano-silica and



\Yavdl /7 Y e_)u/r.h.k?;ha_)jé

[34] Hall, C. 1994 Barrier performance of
concrete: a review of fluid transport theory. Materials
and Structures, 27(5): p. 291-306.

[35] Hall, C. 1977 Water movement in porous
building materials—I. Unsaturated flow theory and its
applications. Building and Environment, 12(2): p. 117-
125.

[36] Aldred, J., et al. 2001 The effect of initial
moisture content on water transport in concrete
containing a hydrophobic admixture. Magazine of
Concrete Research, 53(2): p. .\ V¢ YV

[37] Chithra, S., S.S. Kumar, and K. Chinnaraju.
2016 The effect of Colloidal Nano-silica on workability,
mechanical and durability properties of High
Performance Concrete with Copper slag as partial fine
aggregate. Construction and Building Materials,.113 p.
794-804.

[38] Du, M., B. Guo, and D. Jia. 2010 Newly
emerging applications of halloysite nanotubes: a review.
Polymer International, 59(5): p. 574-582.

[39] Gutteridge, W.A. and J.A. Dalziel. 1990 Filler
cement: the effect of the secondary component on the
hydration of Portland cement: part I. A fine non-
hydraulic filler. Cement and Concrete Research, 20(5):
p. 778-782.

[40] Whiting, D.A. and M.A. Nagi. 2003 Electrical
resistivity of concrete-a literature review. R&D Serial,
2457,

[41] Costa ,A. and J. Appleton. 2002 Case studies
of concrete deterioration in a marine environment in
Portugal. Cement and Concrete Composites, 24(1): p.
169-179.

99

oot Ol jes wdige g — oo doe

Construction and Building Materials, 113: p. 188-201.
[25] Hilsdorf, H. and J. Kropp. 2004 Performance
criteria for concrete durability. Vol. 12. CRC Press.

[26] Prashantha, K., M. Lacrampe, and P.
Krawczak. 2011 Processing and characterization of
halloysite nanotubes filled polypropylene
nanocomposites based on a masterbatch route: effect of
halloysites treatment on structural and mechanical
properties. Express Polymer Letters, 5(4).

[27] John, U., et al. 2011 Leaching evaluation of
cement stabilisation/solidification treated kaolin clay.
Engineering geology, 123(4): p. 315-323.

[28] Mehta, P. K. 2012 Microstructure, Properties,
and Concrete Components (Advanced Concrete
Technology), Translation by A.A Ramezanianpour,
P.Ghodousi, l.Ganjian. Amir Kabir University of
Technology Publication (Tehran Polytechnic). (In
Persian).

[29] Korayem, A., et al. 2017 A review of
dispersion of nanoparticles in cementitious matrices:
Nanoparticle geometry perspective. Construction and
Building Materials, 153: p. 346-357.

[30] Wong, H.S., et al. 2015 Hydrophobic concrete
using waste paper sludge ash. Cement and Concrete
Research, 70: p. 9-2.-

[31] M.Tadayon, M.Khanzadi, M.Maleki, S.Zahab.
2014 Comparison of Electrical Resistivity of Concrete
Evaluated by Bulk Method and Electrical Conductivity
Method ASTM C1760-12.  6th Annual National
Concrete Conference of Iran-Tehran. (In Persian).

[32] ASTM C1585-13, Standard Test Method for
Measurement of Rate of Absorption of Water by
Hydraulic-Cement Concretes, ASTM International,
West Conshohocken, PA, 2013, www.astm.org.

[33] Quenard, D.A., et al. 1998 Microstructure and
transport properties of porous building materials.
Materials and Structures, 31(5): p. 317-324.


file:///C:/Users/mehrdad8888/Desktop/final-tarbiat%20modares/www.astm.org

Modares Civil Engineering Journal (M.C.E.J) Vol.17, No.3, December 2017

Effect of halloysite nanotubes on workability and permeability of
cement mortar

Mehrdad Razzaghian Ghadikolaee!, Asghar Habibnejad Korayem?", Mahyar Ghoroghi® and
Alireza Sharif’

1 M. Sc., Faculty of Civil Engineering, Iran University of Science and Technology

2 Assistant Professor, Faculty of Civil Engineering, Iran University of Science and Technology
3 PhD candidate, Faculty of Civil Engineering, Iran University of Science and Technology

4 Assistant Professor, Faculty of Chemical Engineering, Trbiat Modares University

*ahkorayem@iust.ac.ir

Abstract:

In the last decades, the development of nanotechnology has been rising and nanomaterials have been widely
used in combination with many traditional materials. The prominent chemical and physical properties of
nanomaterials enable them to play an important role in various applications such as modifying the structure
of materials, improving the properties of composites, and manufacturing new multifunctional products.
Many studies have been carried out on the effect of nanoparticles on concrete performance and most of them
demonstrated the improvement of concrete properties.

There are a lot of studies on the effect of nanoclay on cement composites. However, there are little
researches on the halloysite nanotube (HNT) effect, as subcategories of nanoclay, on the properties of
cement composites. Halloysites are a kind of mineral clay which are often produced by air-induced erosion
or by thermal transformation of ultramafic rocks, volcanic glasses, and pumice. They are chemically similar
to kaolinite but, unit layers in halloysites are separated by a monolayer of water molecules. In general,
halloysites have different shapes and exist in the plate, spherical, and tubular forms. The tubular structure is
the dominant form of halloysite in nature. Chemically, the outer surface of the HNTSs has properties similar
to SiO, while the inner cylinder core is related to Al,Os. Due to the tubular geometry, HNTSs like carbon
nanotubes could be classified as one-dimensional nanoparticles. Halloysite can grow into long multi-walled
tubules, which morphologically resemble to multi-walled carbon nanotubes. In terms of dimensional
characteristics, HNTs have an external diameter of about 30 to 190 nm, an inner diameter of about 10 to 100
nm and a length between 3 to 30 um. Halloysite characteristics could be sum up as high length to diameter
(L/D) ratio, high specific surface, large pore volume, low density in surface, and pozzolanic properties.
Mechanical properties of HNTs could make them an ideal reinforcing additive to improve the mechanical
properties of cement composites. In addition, due to the nano scale size of HNTSs, they can play the role of
filler and make a denser and stronger microstructure. Therefore, in this research, the effect of HNTs on the
performance of cement mortar was evaluated and the workability and permeability of mortar samples
containing 3% halloysite nanotubes were presented. The results indicated an increase of more than 28% of
electrical resistance, a decrease of approximately 26% of water absorption rate, 23% reduction in water
repellent, a decrease in the workability, and an increment in the rate of hydration of cement mortar due to the
incorporation of 3% halloysite nanotube. These results indicate that halloysite nanotubes can be used as an
appropriate nanoparticle to improve the properties of cementitious composites. The pozzolanic properties of
HNTSs enable them to decrease the permeability of cementitious matrices. This could lead to an enhancement
in the durability of cementitious matrices.
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