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ABSTRACT

In this paper, potentiodynamic polarization andlicyanodic polarization measurements were usedvestigate
the corrosion behavior of four samples of steelerib obtained from tyres,with or without addibond. 6
The electrochemical tests in aerated 3.5 % NaGhsHdhat for steel fiber samplewith or without caete, a high amount
addibond 65samples had the lowest corrosion rateoagpared to the samples with low and without aoiaib 65.
The results also indicated that the steel fibensosion rate decreases with increasing its diamatet the withdraw

samples having the lowest corrosion rate.
KEYWORDS: Potentiodynamic, Polarization and Cyclic Anodic
INTRODUCTION

Steel — reinforcedconcrete is widely used in camsiton. It is one of the main causes for the detation of civil
infrastructure. Corrosion occurs in the steel ralgms of the inherent capacity of concrete to ptatee steel fiber from
corrosion; accelerated corrosion results from tes lof alkalinity in the concrete or the penetratad aggressive ions
(such as chloride iond)).It is hypothesized that corrosion, also an expenprocess, can be mitigated with steel fibers as
well. When reinforcing steel within concrete cormesd the rust product applies expansive pressurthersurrounding
concrete inducing cracking in the matrix in clogeinity to the reinforcing steel fiber. Corrosiohein continues further
and increased volume of rust product will propadhte microcrack and initiate others. When theseksgropagate far
enough to reach the concrete surface, they becathevays allowing for the rapid ingress of water ahtbride ions. Both
agents accelerate the corrosion process, leadifugtt@r cracking and eventually to spallifj. Fibers have an advantage
over because they can influence the cracking psoteslose vicinity to the steel reinforcing batsoaset due to their
small diameter. The fibers will result in a higlequired expansive pressure for cracks to initieite propagate. Thus, for
a constant corrosion rate, it will take longer ¢aacking to initiate in fiber-reinforced specimeBsglaying crack formation

will slow the corrosion process by preventing tbherasion products from leaving the reaction site.

The present work was mainly concerned with theystfdthe electrochemical behavior of different whiditeel

fiber in different amount of addibond 65 with ortkout concrete.

EXPERMENTAL

Material s

A newly designed concrete were prepared in CeMetiallurgical Research and Development Institutethsy
authors. An ordinary Portland cement was used ¢pgre the mortar specimens. Fine aggregate betivéerl diameter,

coarse aggregate between 4-14ml diameter and tgp ware employed at laboratory temperature (20233Domposition
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of the concrete is given in Table (1). A cylindtiéder reinforced concrete samples w20 cm diameter and 15 cm
hight were used as shown in Fig(&n embedded steel fibers of 9 cm in height and (@na 2ml) in diameter iaddtition
withdraw steel fibers with 1ml in diameter were dis€he chemical composition of steel fibers is giue Table (3

Four samples of steel fiber with and without coter@re used for electrochemical measuerments. Sainps
recived steel fibexr while sample 2, steel fiber after treatment wAtdl 1:1, rinsed with water, MbCGs solution and finally
with water. Samples 3 and 4 were treated steet fililh different amount of addibond 65. Addibond é&d as surfac
hardener for concrete and camhelastering surface. It is latex dispersion adorix based on styrene butadiene rubbe
it is used for improving the properties of cemermtrtar and concret For every diameter of steel fiber and withdraw Is

fiber the four samples were used. Taf@gincludes the identification of the four testainples

Figure 1: Steel Fibers in Concrete

Tablel: Concrete Composition

Cement(Gm) | Water(MI) | Fine Aggregate (Gm) | Coarse AggregatdGm) | SteelFiber (Gm)
833 520 1666 833 41.6

Table 2: Steel Fibers Chemical Composition

C Mn Si S P Fe
0.8% 0.58% 0.2% 0.012% 0.008% ball.

Table 3:The Four Samples Identification

Sample Nc Name
1 As received
2 After treatment with HCI
3 With normal amounaddibond 65
4 With over amounaddibond 65

Adopted Techniques

The major electrochemical techniques used in thislys were potentiodynamic polarization, cyclic aiac

polarization measurements and surface examinagid@ B.M and EDXA

A three —electrode cell, working electrode, platinum shemiufter eectrode)and Ag/AgCl calomel electroc
(reference electrode)was used for measurements.Electrochemical polanizagxperiments were conducted us
VoltaLab 40(PGZ301Radiometer, connected to a potential and curreY recorded. The results were firy processed

in a personal computer using a data acquisitiorgnara. All the measurements were performed in freshly preg
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solution at room temperature (25+ 20C).

The potentiodynamic polarization was performedcansrate of 2mV/s from -1000 to 1000mV.The cychodic
polarization was measured at scanning rate 5 mwgsepting from -1000 mv to1000 mv. The identificatiof the
elements present in the surface of specimens beafleafter immersion in test solution will be penfied using EDXA
analysis. This technique is used in conjunctiofm&EM.

RESULTS AND DISCUSSION

Potentiodynamic Polarization Measurements of Stedlibers, Without Concrete, in 3.5% Nacl Solution

As cleares from Fig. 2 and the electrochemical patars listed in Tables (4-6) there is significdatreasing in
current density, by, in the active dissolution region and lower maximaurrent density in samples with addibond 65,
samples 3 and 4, compared samples without it, ssipband 2. In general, the corrostion currentstigié decreasing in

the following order:
Sample 4 < Sample3 < Sample2 < Samplel

A possible reason for this phenomenon is attributethe fact that addibond 65 acts as isolatorsteel fibers
from the external environment so by increasing alldibond 65 content, sample 4, the corrosion ratevshe lowest
values.

Fig. 2 and Tables (4-6) indicate also that, theasion rate is decrease by increasing the steet fillameter.
Therefore, steel fiber with 2ml diameter has lowerrosion rate than steel fiber with 1ml diametemdver, withdraw
steel fibers is the lowest in the corrosion ratetlie foure steel fiber samples tested. Withdraeldibers waere the less in
corrosion rate for the four steel fibers becauszettare rubber layer on the steel fiber, which makésolator in the
corrosive media.

Table 4: The Corrosion Parameters of Four Fire Stdd-iber Samples (1ml) in3.5%Nacl, Solution

Sample No. " /173%2 Ta;:lﬁnfllgfes Corrosion rate um/y
1 8.0z 281.¢| -112.f 93.87
2 7.21 105.9] -140.4 84.39
3 3.17 133.2] -84.C 37.1:
4 2.44 107.6] -55.7 28.56

Table 5: The Corrosion Parameters of Four Fire Stderiber Samples (2ml) in 3.5%Nacl, Solution.

Sample No. 0 A;"C’;nz T%];erlnfl’l%‘:es Corrosion rate um/y
1 3.30 | 82.6]-313.9 38.66
2 248 119.€| -35.2 29.117
3 1.76 |50.7] -37.2 20.61
4 1.6C 12.7] -22.¢c 18.7¢
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Table 6: The Corrosion Parameters of Four WithdrawSteel Fiber Samples(1ml) in 3.5%Nacl, Solution

Sample No. 0 A';;’;nz Ta;;:lnillc;fes Corrosion rate pm/y
1 2.37 | 728.1] -304.0 27.73
2 2.3¢ 11.€ | -14.¢ 27.3¢
3 1.28 | 199.9] -80.6 14.98
4 0.99 | 265.3]-121.8 11.62

(b)

(c)

\g“
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Figure 2: Anodic and Cathodic Potentiodynamic Polaization Curves in 3.5%Nacl Solution Without Concree (A)
Four Steel Fiber Samples(1ml),(B)Four Steel Fiberal) and (C.) Four Withdraw Steel Fiber (1ml)

Potentiodynamic Polarization Measurements of Stedliber Samples with Concrete in 3.5% Nacl Solution

Fig.(3) shows polarization response of the conareteain four steel fiber samples in aerated 3.52@Nsolution

using scan rate 2mV/sec. in the potential rangea #5000 to 1000 mV at 25C.

Tables (7,8) show that, there are decrease in siomm@ate with increasing amount of addibond 6% Values of
corrosion rate for 1 ml fire steel fiber sample®,3,and 4 are 43.99, 21.98,17.18and 15.34um/y casply while for 1 ml
withdraw steel fiber for the same samples are 18.86, 2.39and 1.20 pml/y respectively. It is cléeat withdraw steel
fibers have lower corrosion rate than fire steleéfs. Withdraw steel fibers waere the less in ciororate because there

are rubber layer on the steel fiber, which makisalgtor in the corrosive media.
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The mechanisms of corrosion in a steel fiber reogdd matrix need to be isolated and examined iaildet
Postulate that the fibers can influence both thbatdic and anodic reactions in a corrosion celbnirthe standpoint of the
cathodic reaction, the addition of steel fiberdnenediate. The cathodic reaction can control by ¢bacentration of

oxygen Eq. (1),

O, +H,0 + 2¢ > 20H- [1]

So reductions in ©concentrations reduce the amount of available emytg carry out this reaction. Studies have
demonstrated that steel fibers show increased siorrgesistance when compared to conventional stégorcement [3-
5]. Coupled with the fact that corrosion was nosetved on any of the fibers in this study, it isstiikely that the fibers
were in a passive state. Trejo [6] stated thatfthenation of the passive layer for steel in a cetrteased matrix is an
oxygen intensive process. Whether by formationtalble oxides or direct adsorption of the oxygerhe surface of the

steel fibers.[2]

It is also anticipated that an environment devdidailable oxygen may modify the species of iroides that
typically form in the wake of iron oxidation. Iraxide species with lower oxygen content have a tawelecular volume
and hence are less expansive. In terms of craakiegto corrosion, expansive stresses due to timeatarn of corrosion

products will be reduced in oxygen deprived envinents. [2]

In terms of anodic control, after sufficient contrations of CI are present the surface of the steel, corrosion ca
propagate unimpeded. In the case of conventioméh gloncrete, the formation of iron oxides induegpansive stresses
which cause microcracking. Once a crack has forrtedlmagnitude of expansive stress required toguaje the crack
are reduced [7,8] and the rate of ingress of détete compounds and the rate of egress of corrqsioducts is increased
due to the crack opening. Cracks can only propagader increases in the magnitude of expansivag#e Under this
confined condition, the solid products formed frtime corrosion process will fill surrounding voidsdaany cracks that
may have initiated, locally densifying the cememttrix and cutting off the further ingress of deteias compounds.[2]

While conventional reinforcing bars are efficienfijaced according to the direction of the principesile
stresses, fibers are randomly oriented. Becauskigffibers cannot replace conventional steelfoecement but can be
incorporated into the cement matrix to improve ttesponse of reinforced cracked concrete. In pdaticuiber
reinforcement mainly enhances the toughness ofctiverete’s brittle matrix and leads to a more decthaterial

behaviour. The increased ductility is due to thiéitglof the fibers to transfer tensile stressesoas a crack.[9]

Studies on the influence of steel fibers idicatkdt,the splitting cracks were effectively contrdllby adding
fibers and that transverse cracks were smallemaorg closely spaced than were in specimens witsteed fibers (10). In
a similar study Bischoff [11], concluded that thaility of steel fiber reinforced concrete led taueed crack spacing,

which contribute to an improved crack control.

This article can be downloaded fromyww.impactjournals.us
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Table 7:The Corrosion Parameters of Four Fire SteefFiber Samples(1ml)
With Concrete in 3.5%Nacl, Solution

Sample No. 0 A?Z'Fnz T%Zerlnfl,l%p:es Corrosion rate um/y
1 3.76 | 412.3] -299.2 43.99
2 2.7 | 310.€| -274.¢ 21.9¢
3 1.46 | 357.0| -158.0 17.18
4 1.31 312.¢] -196.1 15.3¢

Table : The Corrosion Parameters of Four Withdraw Seel Fibersamples(1ml)
with Concrete in 3.5%Nacl, Solution.

Sample No. 0 /173%2 Tagaelrn%;?es Corrosion rate pum/y
1 1.51 155.41 -170.2 13.46
2 0.762 73.5 | -72.¢ 8.91
3 0.20 274.2| -336.4 2.39
4 103.4X1C° | 79.c | -85.¢ 1.2C
(a) {b)

EW)

E(v)
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Figure 3:Anodic and Cathodic Polarization Curves ofSteel Fibers with Concrete (A)
Four Steel Fiber Samples(1ml)(B) Four Withdraw Stel Fiber (1ml) in 3.5%Nacl Solution.

Cyclic Anodic Polarization Measurements for Steel bber Samples in Sodium Chloride solution with and whout

concrete

Figs.(5,6) represent the cyclic anodic polarizatiwasurements for test samples in 3.5% NaCl «kiag rate 5mV/sec in
potential range from -1000 to 1000 mV af@5

It is clear that, the anodic current density stastsncrease to form the active region. The indrea®f the
potential in the positive direction lead to inciiegsof the anodic current, which corresponds talation of iron to iron
ions, with increasing the potential a passive fB(OH), F&O, and or FgO;is formed[13].When the potential move
towards more anodic, the current density startdntwease again, forming the transpassive regiororbebxygen
evolution.The current rises suddenly without amnaf oxygen evolution for samples 1land 2, denotirgak down of the

passive layer.

Hysteresis loop area is a rough measure of thasitjeof pitting corrosion. Larger size of loap meagreater
intensity of pitting corrosion[14].For samples 3daf in 3.5% NacCl solution, the cyclic polarizatioarves don’t have a

hysteresis loop where the forwards scan currensieare higher than back words at the same patemtdicating the

| This article can be sent teeditor@impactjournals.us |
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good stability and self repairing ability of thesgave film. For the rest samples, the hysteresipdavas observed.

As shown from Figs. (5,6), the hysteresis loop asedecreasing with increasing in the amount ofilzaftd 65.
This is due to the formation of the iron — rich deilayer that accounts chiefly for the corrosicsisnce of steel fibers
.However this layer is susceptible to damage, @alerly in the presence of chlorides, and such dgntan lead to the
onset of localized corrosion such as pitting areVice corrosion. Addibond 65 does not influenceittigation phase, but
is important in reducing the rate at which bothipg and crevice corrosion propagates. This iscaliin determining how
serious corrosion will be and this explain the hygpitting resistance of sample No.4.Sample 4,ithprovement in the

pitting resistance and the stability of passivefi related to the addition of over amount of &ddid 65 at steel fibers.

The stability of a corroding pit depends on theeptial drop, the composition of the pit electrolgied the pH
drop. pH shifts have often served to explain thabity of a corroding pit.The hydrolysis of metans lead to
acidification according to:

Me*? +H,0 = MeOH®Y + H* 2)

The corrosion parameters for steel fiber sampl8$H% sodium chloride solution are given in Tabled(8).As
clear from these tables, the value of corrosioesrdbr samples 1,2,3 and 4 are 60.26, 54.05,3937aM5 pm/y
respectively for (1ml) steel fibers without conesetvhile for (2ml) steel fibers samples 1,2,3 aratel 52.20,49.42 , 20.48
and 15.61uml/y respectively. On the other side (Maithdraw steel fiber without concrete for sample®,3 and 4 are
43.86,33.44,21.95 and 11.48um/yrespectively. I adssteel fibers with concrete, the value of csioo rates (1ml) for
steel fiber for samples 1,2,3and 4 are 47.12, 429383 and 14.78 um/y respectively while for(Imijharaw steel fibers
the value of corrosion rates for samples 1,2,34ade 34.45,18.02,11.77and0um/y respectivelit can concluded that
corrosion rate decreases and pitting potentjg| iBcreases with increasing addibond 65 contentlinases. Withdraw
steel fibers have better corrosion resistance 8tael fibers. The value of Efor all samples in 3.5% NaCl solution

follows the sequence
Sample1<2<3<4

It is clear that higher content of addibond65, sken?h not only reduce susceptibility to pit nucleat but also

diminish the rate of pit growth.

Table 9: The Corrosion Parameter of Fire Four SteeFiber (1ml)
Sampleswithout Concrete in 3.5% Nacl Solution

S?\lrg?le (E‘{'}) u A?‘g;nz Corrosion rate um/y
1 0.1C 5.2 60.2¢
2 0.1< 4.62 54.0¢
3 0.19 3.36 39.37
4 0.21 1.49 17.45

Table 10: The Corrosion Parameter Of Fire Four StekFibersamples( 2ml)
Without Concrete In 3.5% Nacl Solution

Sample Epit I corr i
No. mv) | parem? Corrosion rate pm/y
1 0.19 | 4.46 52.20

This article can be downloaded fromyww.impactjournals.us
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2 0.22 ] 4.22 49.42
3 0.27 1.7¢ 20.8¢
4 0.29 ] 1.33 15.61

Table 11: The Corrosion Parameter of Four Withdraw Steel Fiber Samples (1ml)

Without Concrete In 3.5% Nacl Solution

S?\lrr(;ple (ER'}) u A?‘g;nz Corrosion rate um/y
1 0.20 3.8 43.86
2 0.24 2.8t 33.4¢
3 0.32 1.87 21.95
4 0.3¢ 0.9¢ 11.4¢

Table 12: The Corrosion Parameter of Fire Steel Fier Samples (1ml)

with Concrete in 3.5% Nacl Solution

S?\In;?le (E‘{'}) " /L?(’:’;nz Corrosion rate pm/y
1 0.17 | 4.025 47.12
2 0.2 3.62 42.3¢
3 0.25 1.69 19.83
4 0.3C 1.2¢€ 14.7¢

Table 13: The Corrosion Parameter of with Draw SteleFiber Samples (1ml)

with Concrete in 3.5% Nacl Solution

S?\ln;?le (ER'}) u b‘(’:’;nz Corrosion rate um/y
1 0.2C | 2.94 34.4¢

2 0.25 | 1.54 18.02

3 0.2€ ] 1.00¢ 11.73

4 0.37 ] 0.03 0.41

(=)

(b)

=

(c)

an

Figure 5a-C:Cyclic Anodic Polarization Curves For $eel Fibers Without Concrete (A,B)
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for 1,2 Ml Steel Fibersand (C ) for 1ml Withdraw Seel Fibers in 3.5%Nacl Solition

(b)

Eqi)

Figure 6 A,B:Cyclic Anodic Polarization Curves for Steel Fiber With Concrete in 3.5%Nacl Solution. FouSteel
Fiber Samples( 1ml), Four Withdraw Steel Fiber (1m).

SURFACE EXAMINATION

Scanning Electron Microscope (SEM)

To confirm the results obtained after potentiodyitapolarization measurements, the tested steet Sbaeples
were observed under the scanning electron micres€(®BM). Fig.(7-10) illustrates the surface morpiggl of steel fiber
samples after potentiodynamic polarization in 3. &I solution. Fig.(7-a) for as received sampleINghowed that, the
surface of the sample was highly corroded. Theodad areas are shown as grooves in the samplegrathand white
products. fig. (7b,c) show no evidence of corrosittack and formation of passive film on alloy sads. This observation
indicates that samples No. 3 and 4, which contajh percentage of addibond 65 gave excellent cmmasistance due

to the protective passive film formed on the swefatthe samples.

(Fig. 8-a) For withdraw steel fiber sample No.lheiit addibond 65, a heterogeneous, non-protectivedxide,
possibly rust product is observed. Fig. (8,b,c)samples No. 3 and 4 show uniform surface freenfsion attack, due to
the existence of addibond 65 on their surfacess.Hi®,10) withdraw and steel fibers in concretenfa No.1 shows
heterogeneous oxide film formed on the surface witime pitting corrosion. Samples 3 and 4 covered thin and thick
concrete layers which preventing from seeing th#asa. SEM results are in good agreement with teet®chemical

measurements results.

This article can be downloaded fromyww.impactjournals.us
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(a) Sample(1) (b)sample (3)

Addibondé5

Figure 7:Surface Morphology of Three Fire Steel Fier Samples in 3.5% Nacl Solution.

(a) Sample 1 (b)Sample 3

addibond65

Figure.8: Surface Morphology of Steel Fibesr (Withdaw) in 3.5% Nacl Solution.
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(a) Sample (1) (b)sample (3)

%35 Soonm eBoe

{c) sample (4)

Figure.9:Steel Fibers in Concrete

(_) sample 1

AT
=l ) EB_» B

Figure.10:Draw Steel Fibers in Concrete
Energy Dispersive X-Ray Analysis (EDXA)

It is important to take into consideration the getage of element and oxide formed on the surfdctheo
samples. This percentage was obtained from anabtesdent composition by energy dispersive X-raylyaig (EDXA).
Fig.(11-13) show the energy dispersive X-ray anal{EDXA) for samples No. 1, 3 and 4 in 3.5% NaTte observed
spectra indicated the presence of Fe, and S ihfdtees. According to the peak strength Fe dongeahe component of
the film. The presence of chloride ion on the pasdilm knows to create a concentration gradiemtt facilitates its

diffusion into the film, where it undergoes hydrailyand reduces the local pH, causing dissolutigheofilm [15].

This article can be downloaded fromwww.impactjournals.us
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(a) Sample(1) (o) Sample(3)

[c ) sample (4)

Figure. 11:EDAX Spectra of Steel Fibers In 3.5% NacSolution.

[a) Sample 1 [b) Sample 4

I‘.—‘"\»m.- .—r" "'\, T

Figure 12: EDAX Spectra of Withdraw and Steel Fiberin3.5% Nacl Solution.

(a) sample (1) h)sample(3)

] !
| |! Nl Ly

f (U]

) ; l'th-,r‘l L% | i E_ ‘“‘"ru" 1\-,._,.1" T

LN O

(e ) sample(4)

Figure 13: EDAX Spectra of Fire Steel Fibers in3.5%Nacl Solution. with Concrete

CONCLUSIONS
*  From this work, we conclude that

* From potentiodynamic polarization techniques, thi& of L,,and corrosion rate decrease in the order:samples
4<3<2<1.
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From potentiodynamic cyclic anodic polarization mated that corrosion rate decrease in the sequsaroples
4<3<2<1.

The samples with fiber size of (2ml) showed lowemrasion rate than samples of (1ml).
Steel fiber samples showed more active corrosiompeoed to the withdrawn steel fiber samples.

SEM and EDAX analysis are in good agreement wighrédsults from electrochemical techniques used.
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