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ABSTRACT

The effect of steel fibers obtained from tyres ba permeability of concrete which governs the fiate of the
fluid into a porous solid was studied. It is foutdt it deceases with the addition of steel fibd@ise fire steel fibers,
withdraw steel fibers, phosphatized, galvanized tiedeffect of diameter of the fire steel fiberteatreatment with HCI
were tested in NaCl solution by using potentiodyitapolarization and potentiodynamic cyclic anodiclgsization
techniques. SEM and EDAX analysis are used to tétecmorphology and identification of the elemeats samples
surface. The results indicated that the treateé@rdibposses more corrosion resistance than untresiésd fibers.
The corrosion resistance increases with increasiagliameter of the steel fibers. The corrosioistasce using withdraw

steel fibers is better than using fire steel fibers

KEYWORDS: Permeability Corrosion; Steel Fibers; Chemical Treatmetihc Phosphate Corrosion and Galvanized

Process.
INTRODUCTION

Permeability is defined as the property that gnsehe rate of flow of a fluid into a porous solidis also can be
defined as ability to resist weathering action,nalval attack, abrasion, or any process of detef@mraThe permeability
occurs in hardened concrete in two scenarios;hffirétom the trapped air pockets from incomplete cortipacand
secondly from the empty space due to loss of miwmater by evaporatiorCorrosion is the deterioration of steel fibers as

a result of chemical reactions between it and tlieanding environment.

Both types of metal and the environmental cond&joparticularly gases that are in contact with thetal,
determine the form and rate of deterioratitethods of corrosion control of steel fiber inclugalvanizing [1, 2] and
ZnPh(phosphatizing) conversion is considered asmgortant addition to steel fiber in terms of caion resistance.
It promotes passivity, widens the passive rangewlirich pitting is less probable, improves corrosi@sistance in
3.5%NaCl solution, and enhances the resistanceet®rgl and pitting corrosiorGalvanized steel attains corrosion
protection by its zinc coating, which acts as aifeial anode [3]. Galvanizing has been increasirapplied because of
zinc protective characteristic that associatechéosteel mechanical strength, results in a veesatidl economic product

[4] Steel surface treatments that improve bothasion resistance and bond strength are attractive.

The aim of the present work is to evaluate theeatffof chemical treatment steel fibers of tyres eund

(phosphatized and galvanized) control to reducednesion in NaCl solution.
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EXPERIMENTAL

Material and Solutions

The material used in this investigation was fowrektfibers samples 3cm in length Table (1) showes th
identification of theses samples fire steel fibdreind 2ml diameter and withdraw steel fibers limhteter. The chemical
compositions of steel fibers are shown in Table TRe withdraw steel fibers is the less in corrogiate because there are
rubber layer on the steel fiber which make as teola the corrosive media. Steel fibers washedhwCl 1:1, then with
water, with NaCO; solution and finally with distilled water to rem®wany impurities ForPhosphatizing process:The
received fibers were treated with a ZnPh conversith formulation of zinc orthophosphate dihydratePO, acid and
water, and prepared as proposed by Sugama ancl@af6], the fibers were immersed for 5 mins in the ZnBhversion
at 90C and then were rinsed with distilled water. Oné¢hef choices for an electrical contact materiaiiig, but it suffers
from poor durability and corrosion resistance, thedency to oxidize, a high thermal expansion édiefit, and high

material and processing costs. The electrolytiatswt 3.5%NaCl was prepared using analar gradeergag

Scanning electron microscope (SEM) and energyeds$ge X-ray analysis (EDAX) were used to detea th
morphology and identification of elements on thegkes surface respectively.

Table 1: Shows the Identification of the Samples

Sample No Name
1 As received
2 After treatment with HCI
3 After phosphatizing
4 After glvanized

Table 2: The Chemical Composition of Steel Fibers

C Mn Si S P Fe
0.8% 0.58% 0.2% 0.012% 0.0089 ball.

ELECTROCHEMICAL MEASUREMENTS

Potentiodynamic Polarization Measurements:

A three compartment cell, with working electrogidatinum sheet (counter electrode) and Ag/AgCl cedb

electrode,(reference electrode) were used for meamnts

Electrochemical polarization experiments were cmted using Voltalab40(PGZ301)-Radiometer, conmkbtbe
a potential and current X-Y recorded. The resuksenfinally processed in a personal computer uainigta acquisition
program.

Potentiodynamic Cyclic Anodic Polarization Measurerents

Potentiodynamic cyclic anodic polarization was mead also by using voltalab40 (PGZ301)-Radiometer,
connect to a potential and current X-Y recordede fiteasurements were conducted at scanning ratéseeny he cyclic
anodic polarization were swept from (-1000 mv tdl®@v). All experiments were performed in aeratelditsan at room

temperature at 26.
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RESULTS AND DISCUSSIONS
Influence of Steel Fibers on the Permeability of Qucrete

Transport Mechanisms

The degradation processes of concrete are govéna@nsport mechanisms which can be roughly divieko
transport in the bulk material and transport in nmiand macro cracks. The relevant transport meshanin the bulk

material include ionic diffusion, gas diffusiongliid sorption, gas permeability and liquid permégb[6]. Tables (3)
represent the results of permeability

Table 3: Permeability of Concrete Samples

Sample Sample No. Permeabilityg/h
without steel fiber (wo) 1 (Wo) 29
with steel fiber after treatment with HCI (Af 21A 7
with normal amount of adebond (N) 3 (N) 4
with over amount of adebond (O) 4 (0) 1.25

Permeability of concrete, which can be definethaspenetration of a fluid through its pores, iasidered one of
the most important transport mechanisms and catirbetly related to the concrete’s durability[In sound concrete, the

permeability is attributed to the capillary porgsiff the cement paste. Aldea et &l fletermined that fiber reinforcement

provides improved resistance to water permeation.

As shown in Fig(1) and Table (3) sample No.4 psssihe lowest permeability, for the rest samples th
permeability increases in the order

4<3<2<1

This means that the steel fibers delay the initialrosion process as well as decreasing permgakdlnd

decreasing volumetric expansion and contractiomdidition, it shows the ability of fibers to arresaick formation and to
control crack propagatio®-13].
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Figure 1: Permeability of Steel Fiber Reinforced Cacrete

Artic les can be downloaded fromvww.impactjournals.us




| 26 W. A. Ghanem, M.A.Maamoun, R. M. Abou Shahba, S.M.Adelmotal, & S.M.Badr |

Potentiodynamic Polarization Measurements

Figure.2 represents the potentiodynamic polanmatheasurements of the designed four samples agedhio
table (1), fire steel fibers (1 and 2 ml )and witlhraw steel fibers (1 ml) in 3.5% NaCl solution.sBd on the results
reported in Figure 2, there are significant deaeazfscurrent density in the active dissolution oggand lower maximum
current density in the phosphatized steel fiben thalvanized steel fiber. So sample No.3 is thetrmogosion resistance

than the rest samples.
The corrosion resistance increasing as follows
3>4>2>1

Tables (4-6) show the comparison between the simmaate of steel fiber samples, with the ZnPletand with
Zn layer. It can be noticed that, the steel fiteanpgles after chemical treatment have the lowesbsimm rate as compared
with the as received one. Sample No.3 has the \@fleerrosion rate =59.8 um/y for 1ml fire stedddfi, 21.15 pm/y for
2ml fire steel fiber and 25.4 pm/y for 1ml withdrateel fiber as compared to sample No.1 which has/alue = 93.87
pum/y for 1ml fire steel fiber, 38.66 for 2 ml figteel fiber and 27.73 for 1 ml with draw steel fib8o the general

sequence of corrosion resistance increasing iorither.
3>4>2>1

As shown from Figs(3,4) the fire steel fiber saespl ml in diameter is more corrosive than 2ml sireel fiber
and also more corrosive than 1 ml withdraw stdmdrfi As shown in Tables (4-6) the value of corrngamte of sample No.
1=93.87 um/y for 1ml in diameter fire steel fibkut for the same sample the value =38.66 um/Rifarin diameter fire
steel fiber and = 27.73 um/y for 1 ml in diametéthdraw steel fiber. While sample No.2 which loviercorrosion rate
than sample No.1 has value = 84.39 pum/y for 1ndidmeter fire steel fiber but for the same sam@8.£1um/y for 2ml
in diameter fire steel fiber and =27.34 pm/y fomlLin diameter withdraw steel fiber. So the genserjuence of the four

samples according to the increasing in corrosisistance is
3>4>2>1

Table 4: The Corrosion Parameters of Four Fire Stdd-iber
Sampleslm in Diameter In 3.5%Naclsolution

e Tafel Slopes Corrosion rate
Sample No. uA/C? B MV BF: umly
1 8.02 281.6 -112.5 93.87
2 7.21 105.9 -140.4 84.39
3 5.11 97.6 -541.8 59.81
4 6.93 4.1 -19.8 81.10

Table5: The Corrosion Parameters of Four Fire SteeFiber
Samples 2ml in Diameter in 3.5%Nacl, Solution

| corr Tafel Slopes .
Sample No. uA/CT? B.mV B, Corrosion rate pm/y
1 3.30 82.6 -313.9 38.66
2 2.48 19.9 -35.3 29.11
3 1.80 117.6 -236.3 21.15
4 2.10 133.6 -162.9 24.65
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Table 6: The Corrosion Parameters of Four Drawn Stel Fiber
Samples 1ml in Diameter In 3.5%Nacl, Solution.

[ Tafel Slopes .
Sample No. uAlC? B MV B Corrosion rate pum/y
1 2.37 728.1 -304.0 27.73
2 2.33 11.6 -14.8 27.34
3 2.17 127.4 -489.0 25.40
4 2.25 46.5 -40.0 26.32
e | —_
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Four fire steel fiber samples, 1 ml in diamete8if %NaCl solution

Figure.2: Anodic and Cathodic Polarization Curves

Four fire steel fiber 2 ml in diameter in 3.5 %NaGlution.

Four withdraw steel fiber 1 ml in diameter in 3. &I solution.
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Figure.3: Comparison between Fire Steel Fiber (1 Ath2ml) In Diameter at 25C°
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Figure.4: Comparison between Fire (F) and Drawn (Dteel Fiber Samples at 25C

Potentiodynamic Cyclic Anodic Polarization Measurerents

Cyclic polarization can provides @gualitative view of pitting corrosion mechanisms and can deiee the

tendency of a metal to undergo surface pittingrevicing when placed in a special corrosive envirent.

Figure Srepresentthe potentiodynamic cyclic anodic polarization si@@ments for samples (a), (b) for 1,2ml
fire and (c) withdraw steel fibers in 3.5% NaClwa@n using scan rate 5mV/sec in potential rangenfr1000 to 1000 mV
at 250C..

The current rises suddenly without any sign ofgety evolution for samples 1land 2, denoting breatkndof the

passive layer, when the polarization potential heac certain critical potential (Epit).

For samples 3 and 4, in 3.5% NacCl solution, thdicyolarization curves don't have a hysteresaplevhere the
forwards scan current density are higher than baoltsvat the same potential, indicating the goodtildta and self

repairing ability of the passive film. For the reaimples, the hysteresis loops were observed.

As clear from Tables (7-9), for all samples therasion current, | corr. decreased and pitting pidéd Epit.
Increased in case of chemical treated steel fiDee. value of corrosion rate for sample No. 3 aratet44.68 um/y and

50.65 um/y while the value of Epit are 0.15 mV @nti4 mV for fire steel fiber 1 ml in diameter respieely.
The data reveal that, the value of Epit for athptes in test NaCl solution follows the sequence
Samples 3>4>2>1

This sequence reflects the beneficial effect ef@nized and ZnPh conversion) in the corrosiorstasce of

steel fibers sample.

From the Tables we can also observed that the giorreesistance increases as the diameter inchieaselml to
2ml for fire steel fibers. While the corrosion i#aince for withdraw steel fibers is higher thart thiafire steel fiber.
Which the value of corrosion rate for sample Ne.@0.26 um/y for 1ml fire steel fiber 52.20 um/y foml fire steel fiber

and 43.86 uml/y for 1 ml withdraw steel fiber.
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Table7: The Corrosion Parameters of Four Fire StedfFiber
Samples 1ml in Diameter in 3.5% Nacl Solution at 25°

Corrosion rate

Sample No. |  Eg(mV) I cortA/CM? iy
1 0.10 5.2 60.26
2 0.13 4.62 54.05
3 0.15 3.82 44.68
4 0.14 4.33 50.65

Table 8: The Corrosion Parameters of Four Fire StdeFiber
Samples 2ml in Diameter In 3.5%Nacl Solution at 25C

Sample No. Epit(mv) I corr IJA/ sz Corrflsl’:'lc;; o
1 0.19 4.46 52.20
2 0.22 4.22 49.42
3 0.25 3.41 39.99
4 0.23 4.02 47.06

Table 9: The Corrosion Parameters of Four WithdrawSteel Fiber
Samples 1ml in Diameter In 3.5% Nacl Solution at 260

Lomy

a5

Sample No. Epit(mv) I corr IJA/CmZ Corr?lsr;IC;S o
1 0.20 3.8 43.86
2 0.24 2.85 33.44
3 0.34 2.45 28.17
4 0.29 2.66 31.12

-1m

-1n =

-1

Log(m

Figure 5: Cyclic Anodic Polarization Curves For (A,B), 1, 2 Ml Fire Steel Fiber and (C)
1ml Withdraw Steel Fiber in 3.5%Nacl Solution at 2%°.
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SPECTROSCOPIC SURFACE EXAMINATION

Scanning Electron Microscope (SEM).

To confirm the results obtained after potentiodyitapolarization measurements, the tested steet Bamples
were observed under the scanning electron micres(®gM).Figures (6,7)illustrates the morphologyfate of steel fiber
samples after potentiodynamic polarization in 3.B5&EI solution. Fig.(6a) which belong to the samte1(as received)
in 3.5% NacCl solution showed that, the surfacehefsample was highly corroded. While Figure. (618 @) for samples
No. 3 and 4 show no evidence of corrosion attaak fammation of passive film on steel surfaces. Téliservation
indicates that samples No.3 and 4 which underganida treatment have excellent corrosion resistathge to the
presence of a very thin protective passive filmtloa surface of the samples. Fig (7 a, b and c) sBBM for withdraw

steel fiber samples 1, 3 and 4 which has less simmahan fire steel fiber.

The influence of ZnPh in the active — dissolutiegion has been related to the original smoothaserbf the
steel fibers to be modified into a rough topographifeature by precipitating ZnPh crystals on tliteerf These
observations are in good agreement with the previtiservations where the surfaces of the treabedsfiwere examined
in details using SEM [5].

(@) Sample 1 (b) Sample 3
T “B

v

X1, 888 18nm 8086

(c) Sample 4

Figure.6: Surface Morphology of Three Fire Steel Fier Samples In 3.5% Nacl Solution.
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Sample 1 (b)Sample 3

28kV X5, BB8 Swum BB8E

Figure.7: Surface Morphology of Three Samples of 8tl Fiber (Withdraw) In 3.5% Nacl Solution.
Energy Dispersive X-ray Analysis (EDAX)

It is important to take into consideration the geetage of elements and oxide formed on the suidadbe
samples. This percentage was obtained from anakgteedent composition by energy dispersive X-raylyaig (EDAX).
The observed spectra Fig. (8) Indicated the presefi¢-e, and S in fire steel fiber. The presencehbdride ion on the
passive film is known to create a concentratiordignat that facilitates its diffusion into the filmyhere it undergoes
hydrolysis and reduces the local pH, causing diggw of the film [14].Fig. (9) Indicated the presences of lower

percentage of chloride ion which indicate that ditiw steel fibers are lower corrosion rate tham dieel fibers.
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Figure.8: EDAX Spectra of Fire Steel Fiber In 3.5 %Nacl Solution.
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Figure 9: EDAX Spectra of Draw Steel Fiber In 3.5%Nacl Solution.
CONCLUSIONS

The corrosion attack was found to be retardedHgmical treatment:From potentiodynamic polarization and

potentiodynamic cyclic anodic polarization techr@guhe corrosion resistance increase in the oedeples 3> 4 > 2 >1

.ZnPh addition to steel fiber promotes the passavatPhosphatized steel fibers have lower corrosida than
galvanized steel fibers. Phosphatized and galvdrsgeel fibers have a lower corrosion rate thareasived steel fibers.
The corrosion resistance of fire steel fibers igdothan that of withdraw steel fiber§he corrosion resistance is shown to
be increased with increasing the diametéfrom SEM examination, the samples No.3 and 4 whiuhergo to chemical
treatment have excellent corrosion resistance altieet presence of a very thin protective passiwe dn the surface of the

samples.SEM and EDAX analysis are in good agreement with ¢lectrochemical techniques used.
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