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ABSTRACT

The effect of Nano-silica on blended cement waslistliin tap water by using mechanical propertieshsas
compressive strength and different electrochemieahnique studied on reinforcing steel in addit@mnNano-silica.
Different electrochemical techniques namely: opgouit potential, Tafel polarization and EIS. Thesults refer to an
increase in Nano-silica by 7 % leads to an incréaghe compressive strength and its further ireedaads to reducing
the compressive strength. The study is also tagkhe tap water effects up to 90 days on ordinangl&#d cement and
both slag cement. It is also tackled the contindoydration in the presence of slag cement whiclicatds an increase in
compressive strength with long interval time. Farthore, the presence of water as a medium nevea negjative effect
on all hydrated cements. These results have besdfirroed through the IR and SEM. The polarizatiosistance in all
cement types increases with time, except in OPCSR@. The increase in polarization resistance hawis the formation

of stable passive layer and reduction of poresndutie hydration.

KEYWORDS: Mechanical Properties, Corrosion Behavior, Reirdarent Nano-Silica, Electrochemical Techniques,

Tap Water
1.INTRODUCTION

The durability of reinforced concrete depends am sbrrounding environmental and exposure conditidihe
alkaline phase from hydrated cement has a proteatfect for the embedded reinforcing steel barminfercement
corrosion is one of the major causes of degradati@oncrete structure [1].Nanosilica is the extegnfine silica that has
been used for years as cement admixture both ipithield and in construction and civil engineagimdustries. Because
of its extremely fine nature and high reactivityzpolanic material, Nanosilica has been used to dongrslurry

impermeability and the mechanical properties ofttaedened materig2].

The studies, regarding the improvement of the meichf shrinkage, and some durability propertiesttaf
concrete by NS have been carried out [2-Z].et al.[8] reported the mechanical properties and the SEMrebton of
mortars mixed with nano-silica. They replaced 3ar&l 10 % of the cement with nano-silica with 99.9Sl, at

water -binder (w/b) ratio of 0.5 for all the mix&he compressive strength for all the specimerfsaatd 28 days of curing
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were higher than for the plain cement mortar with same w/b ratio. The nano-silica was effectivéniproving the
strength, with increasing amount cement replacé@. SEM observations also revealed that the Namasitas not only

acting as filler, but also as an activator to prtertoydration.

The cement which is alkaline (pH 13.5) oxidizes edded steel bars, forming a chemically and elettyic
inactive layer (passive film) of ferric oxide [1orrosion of the reinforcing steel bars is initéti® form inactive thin
layer which can be broken when immersed in carlmneliloride or sulphate solutions. Carbonates, rictde and
sulphates media can be found in concrete when usintaminant aggregates, or adding G4&$ an accelerator) during
the mixing step or they are found under the eféédcea-water or ground-water on concrete and theyatso result from

attack of concrete by the surrounding environmemiiastal regions [1].

In the production of iron, iron ore, iron scrapddiuxes (limestone and/or dolomite) are charged & blast
furnace along with coke for fugd]. The coke is combusted to produce carbon monoxitiesh reduces the iron ore to a
molten iron product. This molten iron product candast into iron products, but is most often used #eedstock for steel
production. Blast furnace slag is a nonmetallic rodpct produced in the process. It consists prisnaf silicates,
aluminosilicates, and calcium-alumina-silicateseTiolten slag, which absorbs much of the sulfumfrine charge,
comprises about 20 percent by mass of iron prooincDifferent forms of slag product are producegeataling on the
method used to cool the molten slag. These producisde air-cooled blast furnace slag (ACBFS),anged or foamed
slag, pelletized slag and granulated blast furistang (GBFS).

The present work aims to study the mechanical ptigseof different cement paste with mineral ad@itNano-
silica to improve the properties of the cement gmsAlso, the effect of cement types on the elebimical behavior of

reinforcing steel in tap water.

2. EXPERIMENTAL PROCEDURE
2.1. Materials Used

Materials used in this investigation were groundngitated blast furnace slag (WCS) which producedhftron
and Steel Company, Ordinary Portland Cement (ORP&@Jjyzed from National Cement Company and Sulphat@snce
Cement (SRC) produced from Egypt Cement Companyth®mther side, air-cooled blast furnace slag (ASBused as
reference sample. The chemical analyses of thesengterials are shown in Table (1.R)aterial properties of Nanosilica

(NS) (in liquid form) are shown in Table (2.2).

Table 1.2: Chemical Composition of Starting Materids, (Wt %)

Chemical Types of Cement
Composition
(%) OPC | SRC | wcs(SlagA) | ACBFS(Slag B)
Na,O 0.601 0.215 1.399 0.566
MgO 2.208 1.446 5.501 1.156
Al,O3 4.227 1.358 12.137 3.749
SiO, 15.892 | 8.374 31.303 15.907
P,0O5 0.175 2.472 0.020 0.355
SO, 2.539 0.518 2.358 2.614
K,O 0.103 0.049 1.356 0.197
CaO 67.330 | 41.971 33.179 66.986
TiO, 0.510 0.251 0.607 0.516
MnO 0.047 8.535 5.547 1.038
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Fe,04 5.292 3.378 0.504 6.467
BaO 0.019 0.389 5.730 0.169

Table 2.2: Material Properties of Nanosilica (NS)if Liquid Form)

Composition (Mass %) | SiO, (30%), H,O (70%)
Diameter (nm) 50
pH value 10
Density ( g/cn) 1.03

2.2. Sample Preparations

Cylindrical specimens of 60 mm diameter and 100 height were cast with an embedded steel bar of m2im
diameter and 100 mm in height were prepared farosan test. The steel bars were mechanically petiso remove the
firmly adherent mill scales on the surface and rbehby deionized water, dried with acetone thertezbavith epoxy

leaving 1 criuncoated. The chemical compositions of reinforaitegl are shown in Table (3.2).

Table 3.2: Chemical Composition of Reinforcing Stde

Element C Si Mn P S Cr Ni Al Fe
Wt % 0.323| 0.169| 0.782 0.0321 0.01$6 0.0188 0.0135 3.03Bal

Different mixtures were prepared from ground grated slag (WCS) or reference granulated slag (AGESES
well as Nano-silica (NS) with Ordinary Portland Garh (OPC) and Sulphate Resistance Cement (SRCyilimelrical
specimens were vibrated mechanically to assist eotigm. After 24 h of setting the cylindrical spmeins were

demoulded and subjected to water curing for 7 dapsder to avoid any contamination.
2.3. Method of Mechanical Properties

The compressive strength measurements were camietly preparing neat cement cubes 2.5x 2.5 x &5 ¢
which were cured for 24 h, demoulded and continlyoasred in a humidity chamber till the time of tieg. A set of 3
cubes were used for each compressive strengthnaatgion[10]. Compressive strength measurements were carried out

using two tones Amsler testing machine with a lngdate of 100 kg/min determined accordindltamter et al.[11].
2.4. Corrosion Measurements

Three different electrochemical methods were usexvaluate the corrosion behavior of reinforcitegsbar. The
open circuit potential, Tafel Plot polarization reeeements and EIS were performed using the Voltd@tPotentiostat

PGZ301 made in Germany. The Volta Master 4 softuadesigned to measure and analyze corrosion rate.
2.4.1. Open Circuit Potential (OCP)

OCP measurements were often used as an indicatitimeocorrosion risk of the steel. The reinforcisigel
embedded in the cement paste was employed as woekéctrode and a saturated calomel electrode (3€Eeference
electrode. Bi-weekly readings were recorded foeptal till 90 days of exposure period. Before eastasurement, the

potential was recorded until it reached an almtadile value, which was the corrosion potentig),.E

2.4.2. Tafel polarization experiments
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Tafel polarization technique was used to deternthe corrosion parameters; corrosion potentialrosion
current and corrosion rate of reinforcing steelsbambedded in cement paste. The potential of #&l stectrode was
scanned at a scan rate of 2 mV/s. The tests witieed at 250 mV below the corrosion potential,(eand terminated at
250 mV above it, while recording the polarizatiarrrent density (i) The Tafel equation is an empirical relation between

the over potential of the electrode and the curdentsity passing through the electrode:
1 =a+bLogi 0

Where/] is the over potential; i is the current densitgra b are characteristic constants of the eleetsydtem.

A plot of electrode potential against the logaritbfithe current density is called the "Tafel platid the resulting straight
line the "Tafel line". "b" is the "Tafel slope" thprovides information about the mechanism of thaction, and "a" the

intercept, provides information about the rate ¢tamis(and the exchange current density) of theti@ac
The corrosion rate, C.R. (um consumption of steelygar) can be computed using Faraday’'s Law &safsl
C.R. (um/year) = 3.34,; M/zd (2)

Where; z = ionic charge (3 for iron), M = atomicighe of metal (55.85 for iron), d = density of iroh9 g/cn,

and g, = corrosion current density, pA/ém
2.4.3. Electrochemical Impedance Spectroscopy (EI&)easurements

Electrochemical Impedance spectroscopy (EIS) iwepful technique for investigating electrochemieald
corrosion systems. The main advantage of this tqabnis the use of a purely electronic model (eajgnt circuit) to
represent the electrode/electrolyte interface. ®tarface undergoing electrochemical reaction iscbjlly analogous to an
electronic circuit consisting of resistors and adoas. Thus, an electrochemical system can beackenized in terms of
its equivalent circuit. According to AC (alternadircurrent) circuit theory, an impedance plot oledirfor a given
electrochemical system can be correlated with onenore equivalent circuits. The information is udedverify a
mechanistic model for the system or at least te mult incorrect models. Once a particular modehissen, physical or
chemical properties can be correlated with cireléiments and numerical values can be obtainedttygfiexperimental

data to the circuit model.

For impedance measurements a 10 mV amplitude sigmairmally used, since the impedance data waraddo
be dependent of the perturbation signal amplitudléise range 5 - 15 mV. The normal working frequerange is 1 mHz
to 100 kHz. The measurements, processing, storatfieval and analysis of data generated has betmated. After
preliminary setting-up measurements, the electiogedance data can be obtained over a wide fregquamge (1 mHz -
100 kHz). These data are fitted to the suggestaitvalgnt circuit from this circuit useful informati is obtained and plots
can be obtained [92, 95].

2.5. Spectroscopic Analysis

2.5.1. Infrared Spectroscopic Analysis

The infrared spectrum of compound can be usedfager print to provide qualitative and quantit&tianalysis
of mixture. IR spectral analysis was carried out $ome selection sample of hydrated pastes to geosdditional
information on the hydrated products, and it is stimes possible to have conclusions concerningctsiof the structure

from their appropriate spectrum. The samples wespgred using alkali halide (KBr) pressed disk teghes as it gives a
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further reduction in scattering. 1.0 mg of the latdd powder sample was ground with 99 mg of patas&romide in an
agate mortar to produce a homogeneous mixturenikieire was pressed under vacuum to give a traaspdisk of 1.0
cm in diameter. Transfer the KBr disc to a samplkelér and place it in the spectrometer. The infiapectral analysis

was recorded from KBr discs using Genesis-1l IRcgmeneter in the range 400-4000tm

2.5.2. Scanning Electron Microscope (SEM) Analysis.

The SEM was used to observe the surface morphadogythe grain size. The examination was carriedoout
different samples using JEOL JSM 5410 (Japan).detia that presented and discussed in this papetiaded into two
main parts. The first part is concerned with deteimg the mechanical properties for many designédures containing
both types of slag with OPC. In addition, minerdtliive Nanosilica was added to improve the prapsrof the cement
pastes. The second part is ascribed to electrochéimehaviors of reinforcing steel imbedded in OBRC and blended

cements in tap water.

3. RESULTS AND DISCUSSIONS
3.1. Mechanical Properties

3.1.1. Effect of Cement Types on the Mechanical Pperties

The mix designs of the prepared cements are giwehable (4.3). The values of compressive strendtthe
hydrated slag cement pastes as well as OPC andc8R@ in tap water up to 28 days are given in Tghl8). These are

also graphically represented as a function of gutimes in Figure (1.3).

Table 4.3: Mix Composition of the Prepared Cementgwt %)

Mix No. | OPC | SRC | gjag a | Slag B
OPC | 100 | - : ;
SRC - [ 100 - :
SA5 9% | - 5 :
SB5 9% | - i 5

Table 5.3: Compressive Strength (Kg/Crf) of Hydrated Slag Cement Pastes as Well as
OPC and SRC as a Function of Curing Time

Time(Days) gompressive Strength(kg /crf)
Mix No. Days 7 Days | 15 Days| 28 Days
OPC 398 438 476 503
SRC 420 451 484 535
SA5 430 446 504 563
SB5 350 420 502 551
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Fig.(1.3): Compressive strength (kg /cm  °) of hydrated slag cement pastes as well as OPC
and SRC as a function of curing time.

It is clear that the compressive strength for athent pastes increases with curing time due tinttrease of the
amounts of hydration products, such as calciuncag#i and aluminosilicate hydrates. As the hydrafiozceeds, more
cementing materials are formed and accumulatedatenfilled pores to give a more compact body.ORSt¢s give the
lower compressive strength values at all immersiggs. This is mainly due to the high content oftlpndite, which

formed during the hydration.
3.1.2. Effect of Nanosilica Addition on Cement Typein the Mechanical Properties

In this part of investigation, a trial is made txiiease reactivity of the pozzolanic part by usitzmosilica. The
values of compressive strength of hardened bledetent pastes cured in tap water up to 28 daygiaes in Table

(7.3).These are also graphically represented agciibn of curing times in Figure. (2.3).

Table 6.2: Mix Composition of the Prepared Cementgwt %)
Mix No. | OPC | SRC | Slag A | Slag B| NS

OPC+INS| 99 - - - 1
SRC+1NS - 99 - - 1
SA5+INS | 94 - 5 - 1
SB5+1NS | 94 - - 5 1

Table 7.3: Compressive Strength (Kg /CR) of Hardened Blended Cement
Pastes as Function of Curing Time

Time(days) Compressive Strength(kg /crf)
Mix No. 3Days | 7 Days | 15 Days | 28 Days
OPC+1NS 426 461 472 501
SRC+1INS 405 470 514 549
SA5+1NS 455 525 536 579
SB5+1NS 443 487 523 553
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Fig. (2.3): Compressive strength (kg /cm 2) of hardened blended cement pastes
as function of curing time.

It can be seen that the compressive strength waslapeed in cement pastes containing Nanosilicaighest in
every case higher than that of containing cemelné. difference in the strength development of theerg pastes can be
attributed to pozzolanic reaction. Nano particles taought to be more effective in pozzolanic rescthan slag cement.
Also, the Nanosilica would fill pores to increabe ttement paste strength. Therefore, it is confirthat the addition of
Nanosilica to cement pastes improves their stremfjdracteristics. This is may be due the fact thighly reactive
Nanosilica will consume the liberated hydrated liimm hydration reaction and result in the formatad CSH that acts as
nucleating site§l1].

3.1.3. Effect of Nano-silica Concentration on Blereld Water Slag Cement in the Mechanical Properties

A series of tests were performed to study the eféédNano-silica on the mechanical properties & khended
water slag cement paste. The influence of Nanoasitin the microstructure of slag cement pastesaiasinvestigated
using SEM analysis. The values of compressive gtheof blended water slag cement pasi€ various proportion of
Nano-silica cured in tap water up to 28 days avemgin Table (9.3). These are also graphicallyespnted as a function
of curing times in Figure. (3.3).

Table 8.3: Mix Composition of the Prepared Cementgwt %)

Mix No. | OPC | Slag A | NS
INS 94 5 1
3NS 92 5 3
5NS 90 5 5
7NS 88 5 7
9NS 86 5 9

Table (9.3): Compressive Strength (Kg/Crf) of Blended Water Slag Cement Pastes as
Function of Curing Time of Various Proportion of Nano-Silica

Time(days) Compressive Strength (kg /crf)
Mix No. 3 Days | 7 Days | 15 Days| 28 Days
1NS 422 436 458 493
3NS 444 447 483 517
5NS 448 452 502 547
7NS 458 466 513 562
9NS 412 432 447 459
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Fig. (3.3): Compressive strength (kg/cm ) of blended water slag cement pastes as functiono  f
curing time of various proportion of Nanosilica.

The compressive strength increases with the ineredshe amount of NS until it reaches an optintabant of
7% and then drops to some lower values at 9 %iaddit is obvious that increase in the Nano-sikicentent beyond 7%
did not change the compressive strength signifigart is found that large amounts of Nano-silicectkase the
compressive strength of the cement paste insteadprbving it. Because when the content of Nanails large, Nano
particles are difficult to disperse unifornfi]. Therefore, they create a weak zone in the formoids; consequently the
homogeneous hydrated microstructure cannot be fibrane a lower strength will be probable. Strengthamcement of
NS can be attributed to reduction in the conter@afOH) which does not have any cementing property andymtion of

hydrated calcium silicate (CSH) that plays a vitdé in mechanical characteristics of cement ja4t&5].

Generally, two fundamental mechanisms can be dediacestrength enhancement of slag cement pasiéalp-
silica: first, strength enhancement by matrix diégcesiion and paste-aggregate interfacial zone eafient. Evidence from
numerous studies has shown that the microstruattiteansition zone between aggregates and cemesté sarongly
influences the strength and durability of concidi@]. The presence of Nano-silica particles reducesnhi effect in
transition zone between the paste and the aggsegatd strengthens this weaker zone due to the higghel between
those twg17]. Strength enhancement by pozzolanic reactioneisd¢cond mechanism. Pozzolanic materials are dbnera
able to combine with the hydrated calcium hydroxi@tsOH)) which has a low cementing property forming therayed
calcium silicate (C—S-H), which is the principabpensible for the strength of hydrated cement gd4t&.The SEM
analysis was carried out on some selected samplesdened cement pastes at 28 days for OPC, Blesidg cement and

mix Nanosilica are shown in Figure.(12 a, b, c).

The results showed that nano-gigarticles formed very dense structure and comfueioiation of the hydrated
products and decreased the size of big crystals ascCa(OH)[18,8]. The effect of nano-Sion the microstructure of
blended slag cement paste was evaluated. It caedrethat the slag cement paste has a porous mictose, but when
7% nano-SiQ was added, the microstructure significantly chan@ée nano-Si@particles improved the microstructures
of paste containing slag cement on dense and cdrfgrat and generated more homogenous distributfadheo hydrated

products.
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Figure (12): SEM Micrographs of Cement Pastes Immesed in Tap Water at 28 Days.
(A). OPC. (B). OPC+ Slag A. (C). OPC +Slag A +NS.

3.1.4. Effect of Tap water on Blended Slag Cemenhd Plain Cement

The influence of tap water was studied on blendad sement pastes and OPC pastes up to 90 dayke In
beginning, samples of hardened cement pastes wezd ander tap water up to 28 days (zero time) twntinued in tap
water up to 3, 7,15,28, 60 and 90 days. The mixpasition of blended slag cement and plain cemengaren in Table
(10.3).The values of compressive strength of thedreed blended slag cement and plain cement pasted in tap water
up to 90 days are given in Table (11.3). Thesabs@ graphically plotted as a function of curinges in Figure (5.3).

Table 10.3: Mix Composition of Blended Slag Cemergnd Plain Cement

Slag A (95% OPC+ 5% WCS)
Slag B | Reference sample ( 95% OPC+5% ACBFS)
OPC 100% OPC

Table 11.3: Compressive Strength (Kg /CR) of Hardened Blended Slag Cement and Plain Cement
Pastes as a Function of Curing Time in Tap Water

Immersing | Compressive Strength (kg /crf)
Time (Days) OPC Slag A Slag B
3 403 408 405
7 429 490 460
15 447 516 496
28 456 519 502
60 476 521 512
90 497 540 531
540 L ]
520 .,,)7.7———72/A
§, 500+ /A A ]
T 4804 ?/ ./
g oo — ./ 7:7§|P§ A
440 oo
é 420 /./. —A—Slag B
2 400
O 380

0 10 20 30 40 50 60 70 80 90
Curing Time (days)
Fig.(5.3): Compressive strength (kg /cm Z) of hardened blended slag cement and plain cement
pastes as a function of curing time in tap water.
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The results show that the compressive strengtle@sas for all cement pastes with the increasirguong time
due to the nature of hydrated phases that formedglthe hydration process. The results can be sanmed as follow:
The gain in the strength for the specimens haviRg€C@ mainly attributed to the hydration of alum&aferroaluminate
and GA in addition to GS phase. The hydration products fill the poresfknd binding characteristi¢s9].

Microstructure: As the physical properties of concrete particylestrength and permeability significantly
depend on its pore structure, the application ahsing electron microscopy (SEM) will improve ouniliy to evaluate
the effect of supplementary cementing materialgtenstrength and durability of the products. Figi8 a, b, ¢) are
shown SEM micrographs of blended slag cement aaid pement pastes immersed in tap water at 90fdayy OPC , b)
Slag A and c) Slag B. The number of pores increbstshe size of each pore decreases shapely dihe thydration

process which reacts with Portlandite to form C®d @arious phases in the pore.

Figure 6.3: SEM Micrographs of Cement Pastes Immeesd In Tap Water at 90 Days.
(A) OPC, (B) Slag A and (C) Slag B

I.R. Spectroscopy

The IR spectral for blended slag cement and plaiment pastes cured in tab water at 90 days aren give
Figure.(7.3).It is clear that, the absorption bad3640 crii which is due to the stretch vibration of OHroup of
Portlandite (CH). The peak at 3437 ¢ris due to water this band increases with curimgtéue to the large incorporation
of H,O molecules in the formation of hydrated produdte Band at 1424 chis attributed to presence of Cagalcite),

possibly formed due to carbonation of the pastbss band increases as the following order:
OPC > Slag B > Slag A

This behavior may be pointing to the porosity ofmest pastes. The intensity of the band at 971" ésndue to
Si — O stretching vibration of CSH. The IR specafl710 crit may be attributed to the alumina content and hiaisd
could be assigned to (Al-O) vibrations of aluminatimeral component, this band also get the samavi@hin vibration
band 971cn.
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Fig.(7.3): IR spectral of blended slag cementand p  lain cement pastes cured
in tab water at 90 days.

3.2. Corrosion Measurements

The data presented and discussed in this part £dliereffect of different cement pastes (Sulphasif®ance
Cement (SRC), Ordinary Portland Cement (OPC), wsltey cement (slag A), air slag cement (slag B)ix Whater slag
cement (Mix A) and Mix air slag cement (Mix B)) dime electrochemical behavior of reinforcing steetap water. The
electrochemical measurements used through thisstigedion include Open circuit potential measuretnerafel
Polarization measurements and Electrochemical laopeel Spectroscopy (EIS).

3.2.1. Open Circuit Potential (OCP)

Open circuit potential (OCP) has been studied thetmchemical behavior of reinforcing steel infeliént types
of cement immersed in Tap Water. The open ciraoieéptial measurements for the plain OPC, SRC, 8laglag B, Mix

A and Mix B blends are presented in Figure. (8T3) open circuit potential was monitored periaflicfor a period of

90 days of exposure.

In cases of OPC and SRC, the open potential valees observed a steady state potential and rempimesive
state. While in case of Slag A, Slag B, Mix A ankM8, open potential values shifts towards moreatieg value up to 28
days, then sharply shifts towards more nobler tacThe pore size distribution may be the reagonshe cement paste
has significantly reduced potential, which actdilker material. The increases of potential indeatassive state. At the
end of exposure period, the potential for Slag B feaind to be lesser than other types of cement.
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Fig.(8.3):Variation of open circuit potential of rei nforcing steel electrode immersed
in tap water in different types of cements as a fun ction of time.

3.2.2. Tafel Polarization Experiments

The progress of the corrosion and consequentlpéntrmance of the MK admixed concretes was momitdry
means of the corrosion current density and theesponding corrosion rates. Tafel polarization tésp had employed at
scan 2 mV/s. The linear polarization resistanaeesifor reinforcing steel embedded in OrdinarytRod Cement (OPC),
Sulphate Resistance Cement (SRC), water slag cefBtag A), air slag cement (Slag B), Mix A and M on the
electrochemical behavior of reinforcing steel imgset in tap water for 3, 7, 15, 28, 60 and 90 dagsan rate 5 mV/sec.,
are shown in Figures.(9.3-14.3). The values okdiffit corrosion parameters are calculated andmeské Tables (12.3-
17.3). Inspection of Tables (12.3, 13.3) in caseOSfC and SRC, it is found thatk values and also polarization
resistance (F values decreased with increasing the exposuiedewnhile Lo, and corrosion rate values increased with
increasing exposure period. The low corrosion mttdés have been observed due to compactness whigdloped as the
CSH gel (3Ca0.Si¢) formed[20].

During the first hour of the hydration of the cemetle pH originates partly from production of teaper
saturated calcium hydroxide and partly from sodamd potassium hydroxide in the pore liquid, astime goes mainly
the sodium and potassium hydroxide in the solutidhdetermine the pH21]. The amount of calcium hydroxide will be
determined by amount of;8 and GS in the Portland cement clinker. Furthermorei @& very low € 3.5%) causing
decrease in the pH of pore solution. At 60, 90 dagscorrosion potentials (&) decrease and this is mainly due to the
low alkalinity of Portlandite which produced duritige hydration process and precipitated in porgfefences in the
types of cement are a result of variation in contsor fineness or both, and as such, not alesypf cement have the

same ability to provide protection of the embedsie@I[22].

To compare the results in Tables (12.3,13.3), fbisd that, Rvalue in case of SRC paste is more than that in
case of OPC paste and also, C.R value in case 6f @Rte is lower than that in case of OPC pastest ldbthe work
reported previously on the performance of OPC dadded cements are done on hardened cement fi28teslowever,
if chloride is present inherently by the use of tmmtaminated water or aggregate or a freshly ast is immersed in

contaminated environment then most of the damawgeigih corrosion will be experienced during the tiofidydration.

Slag improves the mechanical and physicochemiacgigaties of the cement paste. Blast furnace sl#geisnost
useful latent hydraulic material, because the armpuooduced is very large and its properties arg wable composed
with other industrial by-produc{8]. Water slag cement (slag A) created by grindingtunéxof 5 percent water granulated
slag and 95 percent Portland cement. In this dageye.(11.3) and Table (34), the free corrosioteptial shifts towards
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more positive values up to 90 day due to the hiahadf slag, which consumed large amount of (Ca(pk) produce C-
S-H. Air slag cement (slag B) created by grindingtaore of 5 percent air granulated slag and 95 gr&rortland cement.
Inspection of Figure (12.3) and Table (15.3), ifasnd that the free corrosion potential shifts aods more negative
values up to 90 day and the potential values cléfrgen (- 315.2 mV to - 472.2 mV). The decreadimdree corrosion
potential at 90 day is attributed to the reduciffgats of sulfur species, such as S,,S80;, etc., derived from slag.

These sulfur species can reduce the potentialsithhower values depending on the concrete enviesmfa3].

The amount of buffering substance (Ca(g@Hpr the penetrating COdecrease with the amount of slag or
pozzolanic material. However, the additional reattiwithin blended cement leads to less or much fessneable
concrete. The pozzolanic reaction leads to fillofgpores. The decrease in buffering capacity onedecrease in pH is
therefore counter act by the decrease in permgabidditionally, the pozzolanic reaction leads it@wrease of the

electrical resistivity, and decrease of mobilityagfgressive ions and therefore decreasing thesiornf22].

Mix A created by grinding mixture of 5 percent watganulated slag , 7 percent NS and 88 percerttaRdr
cement. Mix B created by grinding mixture of 5 partair granulated slag, 7 percent NS and 88 peRemland cement.
Inspection of these curves in Figures.(13.3,14m8) Bables (16.3,17.3), it is found that, the freerasion potential shifts
towards more positive values. The high values effthe corrosion potential at early days of hydrais due to the high
amount of OPC in cement mix, and formation of thghhamount of Portlandite (Ca(Op)during the hydration of
ordinary Portland cement. The increase in poteigiahainly due to increase in the Portlandite cotra¢ion with time.

Furthermore, NS in this type of cement reduce®ffext of internal sulphide attack during the rehrcof pores.

The use of large quantities of cement producegasing CQ emissions. A method to reduce the cement content
in concrete mixes is the use of silica fines. Onhdhe silica fines with high potential as cemenplagement and as
concrete additive is Nano-silica (NB4]. In addition, a mix design tool used for self-comtzg concrete (SCC) will be
modified to take into account particles in the siaege of 10 to 50 nm. From the results in Tatlés3, 17.3), for Mix A
and Mix B, respectively, it is found that corrosiaie values decreased with increasing the expgaried in case of Mix

B than these values in case of Mix A and that cordd by (SEM) analysis.

The corrosion current density values of slag Agdka Mix A and Mix B decreased with time. The dexsiag
values of {,, are mainly due to the physical and chemical ptatecThe physical protection is attributed to fbemation
of dense passive layer on the surface of steel.chieenical protection can be explained through teactions: the first
reaction is related to the formation of discontinsidayer of Portlandite (Ca(O})) the second reaction includes the
hydration of cement and the formation of Calciuriedte-Hydrate (CSH) gel which imparts an additiopaysical

protection to the steel matrix.
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Mechanical Properties and Corrosion Behavior of Reiforcing Steel in
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Table 12.3: Corrosion Parameters of Reinforcing St Presented in OPC Paste in Tap Water

Table 13.3: Corrosion Parameters of Reinforcing Sl Presented in SRC Paste in Tap Water

Table 14.3: Corrosion Parameters of Reinforcing St Presented in Slag a Paste in Tap Water

Table 15.3: Corrosion Parameters of Reinforcing St Presented in Slag B Paste in Tap Water

Table 16.3: Corrosion Parameters of Reinforcing St Presented In Mix a Paste in Tap Water

www.iaset.us

Immersing Ecor | corr R, Corrosion Rate

Time (Days) | (mV) | (uA/cm?) | (kQ.cn?) (umly)

3 days -246.8 1.6240 24.70 18.99
7 days -249.4 1.8282 23.20 21.38
15 days -255.1 1.9320 21.62 22.59
28 days -255.9 2.0176 21.51 23.59
60 days -475.5 2.0653 21.08 24.15
90 days -554.2 2.2216 16.55 25.98

Immersing Ecor | corr R, Corrosion
Time (Days) (mV) (MA/cm?) | (kQ.cn?) | Rate (umly)
3 days -109.2 0.4636 53.60 5.42
7 days -111.8 0.4752 51.57 5.558
15 days -124.4 0.6109 50.69 7.144
28 days -131.6 0.6541 49.67 7.650
60 days -135.2 0.6708 44.76 7.846
90 days -156.0 0.9569 42.89 11.19

Immersing Ecorr | corr R, Corrosion Rate

Time (Days) | (mV) | (uAlcm?) | (kQ.cm?) (nmly)

3 days -447.5 1.9092 14.16 22.33
7 days -417.3 1.8999 14.59 22.22
15 days -357.8 1.6109 15.73 18.84
28 days -343.0 1.3208 19.11 15.44
60 days -310.0 1.2473 21.01 14.58
90 days -227.3 1.0489 27.01 12.26

Immersing Ecorr lcor R, Corrosion Rate

Time (Days) | (mV) | (uA/cm?) | (kQ.cnr) (um/y)

3 days -315.2 2.7620 12.21 32.30
7 days -386.7 2.2728 12.53 26.58
15 days -399.6 2.2118 13.28 25.87
28 days -421.2 2.1297 13.52 24.90
60 days -448.6 1.8920 14.66 22.12
90 days -472.2 1.8013 17.05 21.06

Immersing Ecorr I corr R, Corrosion Rate

Time (Days) | (mV) | (uAlcm?) | (kQ.cn?) (umly)

3 days -354.1 0.9831 45.02 11.49
7 days -305.7 0.7404 46.70 8.660
15 days -299.6 0.5877 47.50 6.873
28 days -264.5 0.5787 50.26 6.769
60 days -189.3 0.5533 57.90 6.471
90 days -146.6 0.4772 58.25 5.581
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Table 17.3: Corrosion Parameters of Reinforcing Sl Presented in Mix B Paste in Tap Water

Immersing Ecorr corr R, Corrosion Rate

Time (Days) | (mV) | (uA/cm?) | (kQ.cnr) (umly)

3 days -344.6| 0.5982 49.82 6.996
7 days -343.9| 0.4921 53.60 5.755
15 days -326.1]  0.4913 55.10 5.746
28 days -317.9]  0.4273 60.61 4.997
60 days -312.2]  0.3217 62.91 3.762
90 days -267.5]  0.2821 86.93 3.300

3.2.3. Electrochemical Impedance Spectroscopy

The electrochemical impedance spectroscopy (EIS)bkan studied the electrochemical behavior oforimg

steel embedded in cement pastes. Nyquist diagrdmeinforcing steels in difference types of cemeninersed in Tap
water are shown in Figures (15.3-20.3). These éiguepresent the relation between the resistiveakZ (Zr) against the
capacitive Z imaginary (Zi). The calculated equérdlcircuit parameters for the investigated reicifoy steel of Nyquist
diagrams are reported in Tables (18.3-23.3). Thalsles include the equivalent parameters at logueacy, such as, the
solution resistance (R double layer capacitance {ICand polarization resistance JRt low frequency, an electric
resistance in series with (R-C) network can desctiie spectra of peaks. The series resistancessspisethe solution
resistance (B, which increases with time for all types of cemexcept for OPC and SRC. This is due to the foionadf

protected layers (passive layer and cement phaie).90 days, the solution resistances are irfadhewing order
Mix B > Mix A > Slag A> Slag B > SRC > OP

The solution resistance in presence of OPC and @R®wer value compared to the other types of cemlee to
the degree of permeability in OPC and SRC cemartiigh increases in presence of slag cement.

The polarization resistance gRncreased with time in all types of cement exdeptresence of OPC and SRC,
this mainly attributed to the growth of passivedayn the surface of steel, which formed in allalppH during the

formation of Portlandite. The polarization resistas at the 90 days are in the following order
Mix B > Mix A > Slag B > Slag A > SRC > OPC.

In the presence of Mix A and Mix B, the passivatncess record high values especially at earlg dag to the
internal sulphide attack. Both OPC and SRC getvailues due to the hydration process on steel sirfabich produce
large amount of heat that increases the activitgteél. It is concluded that, in case of OPC an@ SR values decrease
with time. The decrease in resistance is due tpémetration of chloride ion from the tap water.il&In cases of Slag A
and Slag B, Rvalues increase with time due to the formationpa$sive layer on surface of steel and the physical

protection by the cement layer.

In case of presence of (NS), and that in Mix A &fid B paste, it is found that a high values gf Rherefore,
adding (NS) to concrete effectively reduced theasion rate and also increased the polarizatiostesse25].

The double layer capacitance of reinforcing stegbédded in tap water { decreases with time due to the

absence of aggressive ions. At 90 days, the ddaipée capacitances are following the order

Slag B > Mix A > SRC > Mix B > Slag A > OPC
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The recorded values for slag cement and mix slageot are related to the presence of active sulphidgernal
solution. While in case of OPC, the capacitancendsd very low value due to the formation of thimdadense oxide
layer. Furthermore, thickness of passive layerriespnce of OPC records the best result compardoetohickness of
passive layer in other types of cement. As it isvin, oxygen input into the concrete is facilitatgdhigher porosities.
Oxygen and water are definitely required in ordeenable the corrosion to continue in a neutralrenment[26].Water
normally enters the concrete through capillaryactthe fewer and smaller the capillary pores hedess water enters the
concrete and the lower the rates of oxygen diffusidue to the high alkalinity in concrete, there aery few H ions to be
consumed in the cathodic reaction, so that the exywas to be reduced in order to sustain the cathedction. Low air
void content and low water absorptivity help ke@fppade ions from going through the concrete arathing the surface

of the stee[25].

54 8-
I's Ao o
/ 4 >/ R v
I-X—23 days /A / v/
A 7 />< A/ l /'
4 N /
4] [A-15as A/A F-X—3days X /A/ v 4
v )
o - A [ e
-m— 60 days X A 61 La-ssas X
—w— 90 days A/‘ /V/ f Vs o N
4 5] |a—codys N '/v
Fv—®das T

-Zi [kohm.cm?]
-Zi [kohm.cm?]

10 2 u
Zr [kohm.cr?] Zr [kohmend]

Fig.(15.3): Nyquist plot of reinforcing steel prese  nited in OPC paste Fig(16.3; Nypist plat of reirfarding - steel preserted in SRC peste
intapwater.

in tap water.

-Zi [kohm.cm?]

Zr [kohmcn?]

Fig.(17.3): Nyquist plot of reinforcing  steel presented in Slag A paste
in tap water.

-Zi [kohm.cm?]

Fo(183; Naist fd dreirfodingsteel rese. rtedlinSag Bpeste

—X—3das
7 —X— 3days
254 | A Badas
—A—15days
*l 60 d el
—M— aay
o] [-v-w wysys 204 |—v-Daas|

154

Q5+

Q0. -
10

T T T T
15 20 25 30

Zmard]

intgpwater.

T T T
35 40 45

1

50

www.iaset.us

anti@iaset.us



30 Wafaa A. Ghanem, Amal S. |. Ahmed, Azza E. El- Shenwy, Walaa A. Hussein & Ghalia A. Gaber

v
454 | X S@s A e /'/
/./ v
40 o
# v
354 i/‘ V/
T a0 v g
=} €
E‘ 254 S
£ 2
g 204 IN
N 15 '
104
05+
0-0‘”‘1 L LA B B N L L B p | 1
10 15 20 25 30 35 40 45 50 55 60 65 7.0 0
Zr [kohmend] Zfomand]
Fig(42): Nyquist plot of reinfarding steel present.—— edinMix A peste Fg(03 Nouspd drerfody sl presertedinivxBresie
inmv\aa». intgpwater.

Table 18.3: Impedance Parameters of Reinforcing Sé¢Presented in OPC Paste in Tap Water

Immersin Ry(kohm.cm?) | Cy(uF/cm?)
Time (Daygs) Ry{kohm.cm?) | "°
3 days 8.489 14.1 22.70
7 days 2.437 4.662 3.806
15 days 2.285 4.335 1.771
28 days 2.075 3.914 1.739
60 days 2.025 3.6 1.409
90 days 2.001 3.023 1.352

Table 19.3: Impedance Parameters of Reinforcing Sé¢Presented in SRC Paste in Tap Water

Immersin Rp(kohm.cm?) | Cy(puF/cm?)
Time (Dayg']s) Ry(kohm.cm?) P
3 days 3.307 13.70 80.86
7 days 2.559 6.998 67.43
15 days 2.505 6.878 61.50
28 days 2.453 6.575 65.59
60 days 2.374 5.975 50.21
90 days 2.352 4.658 49.59

Table (20.3): Impedance Parameters of Reinforcingt8el Presented in Slag a Paste in Tap Water

Immersing | R{(kohm.cm?) | R,(kohm.cm?) | Cy(1F/cm?)
Time (Days)
3 days 1.277 3.017 53.03
7 days 1.320 4.482 52.74
15 days 1.400 5.834 35.50
28 days 1.439 6.00 27.27
60 days 1.672 7.585 20.98
90 days 2.448 8.367 19.02

Table 21.3: Impedance Parameters of Reinforcing Sé¢Presented in Slag B Paste in Tap Water
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i 2
1I'Pr1nnem(rDsg]ygs) Ry(kohm.cm?) | R,(kohm.cm?) SR G
3 days 1.126 9.418 168.9
7 days 1.137 9.607 165.6
15 days 1.179 10.93 145.5
28 days 1.223 12.59 126.3
60 days 1.886 14.89 106.8
90 days 2.370 15.07 105.5

Table 22.3: Impedance Parameters of Reinforcing Sé¢Presented in Mix a Paste in Tap Water

Immersin Ry(kohm.cm?) | Cy(uF/cm?
Time (Daygs) Ry(kohm.cm2) | ~'P (u )
3 days 1.229 6.046 147.3
7 days 1.348 15.73 101.1
15 days 1.405 16.45 96.73
28 days 1.542 21.67 73.44
60 days 1.763 24.57 64.76
90 days 2.635 25.44 62.55

Table 23.3: Impedance Parameters of Reinforcing Sé¢Presented in Mix B Paste in Tap Water

Immersing 2 2 .
Time (Days) Rykohm.cm?) | Rp(kohm.cm?) | Cy(nF/cm?)
3 days 1.150 13.62 93.43
7 days 1.389 17.51 90.85
15 days 1.485 28.11 56.60
28 days 1.884 45.10 35.28
60 days 1.936 49.51 31.54
90 days 2.704 50.45 28.80

3.2.4. Scanning Electron Microscopy (SEM)

The scanning electron microscope (SEM) is a typele€tron microscope that images the sample suligce
scanning it with a high energy beam of electrona naster scan pattern. The electrons interact t@hatoms (at or near
surface of the sample) that make of the sampleymiad signals that contain information absent thme’s surface.

Figure (21.3), shows SEM image of the surface offoecing steel embedded in Mix B cement specimaftsr 90 days
immersions in tap water.

The resulting micrographs appear formation of fom the surface of rebar which increases its resistaThis
attributed to good rebar protection by Mix B cornerepecimens.Ji[18] demonstrated that NS can react with Ca(OH)
crystals, and reduce the size and amount of thbos inaking the interfacial transition zone (ITZ) aggregates and
binding cement paste denser. The NS particleshi@lvoids of the CSH-gel structure and act as mgcte tightly bond
with CSH-gel particles. This means that NS applicateduces the calcium leaching rate of cementepaand therefore
increasing their durability. This result is in agmegent with the result of open circuit potential swament, tafel

polarization measurement and electrochemical impaslanicroscopy measurements.
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ToORm % 500

Figure 21.3: Surface Morphology for Reinforcing Stel Embedded in Mix B Paste for 90 Days in Tap Water
4, CONCLUSIONS

e« The mechanical properties of cement pastes wemiestun tap water up to 28 days of hydration sush a
compressive strength of cement pastes. The fadimgbchanged is the average amount of Nano-silich a
replaced by ordinary Portland cement with stabitifythe amount of slag cement added at 5 % to asing the

quality of cement.

* The effect of cement types on the electrochemiehlliior of reinforcing steel immersed in tap watelution
was studied. In cases of OPC and SRC, the opemtfaitealues were observed a steady state potestidl
remained passive state. While in case of Slag &g 8, Mix A and Mix B, the potential values shiftezivards
more negative up to 28 days, then sharply shifteeatds nobler direction. At the end of exposuraqgakrthe

potential for Slag B was found to be lesser th&eiotypes of cement.

» Tafel polarization r curves showed that corrosiomrent density and corrosion rate values in cas®@R€ and
SRC increased with increasing exposure period. &\thitir values decreased with time in case of Alaglag B,
Mix A and Mix B. The polarization resistance i eément types increased with time, except in ORE SRC.
The increase in polarization resistance showedattmeation of stable passive layer and reductiopares during

the hydration.

» The electrochemical impedance spectroscopy datervdxs, for polarization resistancepfJRwere in agreement
with those obtained from the Tafel polarization sweaments. The polarization resistances at thea98 were in
the following order: Mix B > Mix A > 8 B > Slag A > SRC > OPC.
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