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ABSTRACT

The effect of 5% Rice Husk Ash (RHA) as a mineral admixture on the
corrosion behavior of reinforced steel in presence of different concentra-
tions of chemical admixtures as lignosulphonate and superplacticizer has
been studied, in HCI, H,SO, acid mediausing Impressed Current Method,
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Impressed Voltage Method and Potentiostatic Polarization Method. It was
found that, the samples which contain 5 % RHA in presence of chemical
admixtures are more resistant to the corrosive media than that containing
chemical admixtures only. This is due to the large surface area of RHA

which decrease the permeability of the samples.
© 2008 Trade Science Inc. - INDIA

INTRODUCTION

Admixturesof concretemortar or cement pasteare
organic or inorganic materialsin solid state, added to
concrete batch immediately before or during mixing.
Chemicd admixturesareoften used to optimizethe coast
effectivenessof concrete mix and controllingthequaity
of the concretelY.

TheRicehull isan abundant materia producedin
many countries around theworld contai ning approx.
20-25 % of silica, which remain suspended intheair
being apotentia cause of respiratory diseases and en-
vironmenta damage. So thiswasteagricultura product
most used in cement industry?.

Corrosion behavior of reinforced steel embedded

in cement pasteincorporating with different amounts of
slicafumeasapartial replacement of Ordinary Port-
land Cement has been studied in chloride and sul phate
solutionsby using different € ectrochemica techniques.
Theresultsindicatethat, whilested passivity degreeis
low inthe control samplesupon soaking in the corro-
sivemedia, it has been highin samplesincorporating
silicafumeandincreased withincreasing silicafume
content. Theimprovement effect of silicafumemay be
attributed to the pore sol ution structure of the cement
paste, which limitsthemobility of aggressiveionsnear
the surface of the steel . The mechanism of steel corro-
sion dueto chloride and sul phate attack, a so passiva
tion effect of silicafume are discussed.

Pazzolanic additionsof RHA havetheability tore-
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TABLE 1: Chemical composition and Blainespecific surfacearea of ordinary Portland cement

Composition Lossinignition SiO, Al>O3

Fe O3

CaO MgO SO;3 L.O.I BlaineCm,/g

% 1.88 21.50 5.18

2.3

63.31 184 2.77 119 3659

TABLE 2: Variousproportion of theconcrete mixtures

Concr ete mixtures

Mixture Cement ry B RHA
1 OPC 0.6 5%
2 OPC 12 5%
3 OPC 1.6 5%
4 OPC 2 - 5%
5 OPC 0.3 5%
6 OPC 0.45 5%
7 OPC 0.6 5%

Where: OPC is ordinary Portland cement, A is chemical admix-
ture superplasticizing, B is chemical admixture lignosulphonate,
RHA is natural Rice Husk Ash

duce bl eeding and segregation and thus cause signifi-
cant improvement inworkability and durability charac-
teristics. Hydration of 10wt % RiceHusk Ash blended
Ordinary Portland Cement hasbeen studied in pres-
enceof 2wt. % CaCl,, 1 wt. % lignosulphonateand a
mixture of thetwo admixturesby using different meth-
ods. Theadmixturesdid not prevent the deterioration
of theblended cement in corrosive atmospherein N/60
H.,SO, because cal cium chloride acceleratesthe cor-
rosion of the cement!.

The RHA blended Ordinary Portland Cement
greatly improvesthedurability characteristics, and re-
ducethe masslossof concretes exposed to HCI acid
solutionand largely reduced the expansion dueto sul-
fateattack and alkali-silicareaction®.

Addition of RHA, superplactisizer and air-entrain-
ing admixtureto cement paste at various ages of these
concrete mixtureswereevauated and their resistance
to chloride penetration was examined theresults show
that the chloride penetration was substantialy decreased
by RHA, angphtha ene sulfonated superplacticizer with
asolid content of 42% wasused to achievethedesired
workability for dl concreteadmixtures, and asynthetic
detergent air entraining (AEA) admixturewasused to
measuretheAEA requirement versusthe addition rate
of SFand RHA®.

Thesuperplagticizer requirement for concrete mix-
turesincorporating SFwashigher thanthat of concrete
mixturesincorporating similar proportions of RHA.
Comparableresultswereobtained by Bouzoubaaand
Fournier(™.

Theaim of the present work isto eval uatethe cor-

rosioninhibition valuefor reinforcing stedl in presence
of 5% RHA when blended with Ordinary Portland Ce-
ment asminerd admixture, with and without chemical
admixturessuch aslignosul phonateand superplacticizer,
thoselead to improve quality of concrete. The experi-
mentsoccur inaggressive mediaof 1M HCl and 1M
H,SO, by using threedifferent electrochemical tech-
niques.

EXPERIMENTAL

Materials

- A Commercial fresh sample of OPC wasused and
itschemical composition and Blaine specific surface
areaaresummarizedin TABLE 1.

- Thericehusk ash wasburnt at 750°C for 1 hour then
seved to 98%, and mixed with concretewith certain
percentage 10% with various proportionsof chemi-
cd admixturesaccordingitstypeanditslimitingvaue
illustratedinTABLE 2.

- Thetwo typesof chemical concrete admixturesused
inthisstudy are:

Admixture(A): Superplasticizer whichissuper water
reducer itsadvantages are produce concretewith high
workability for easy placement, with alower water con-
tent and also good durability characteristic. It wasbased
on sul phonated naphthal eneformal dehyde (SNF), its
dosagesused in range between 0.6to 2L /100 K gm
of cement.
Admixture(B): Retarding water reducing, isbased
on selected lignosul phonateitsadvantagesisretarding
Setting timewith improving propertiesof hardened con-
crete, increasestrength ,durability and decreasethe heeat
of hydration. It isbased on water soluble organic com-
pound consistsof Ca, Na, NH4 salts of lignosulfonic
acid, its percentage used between 0.3t0 0.6 L/100K
gmof cement.

- Thereinforced sted used wasintheformof rods 1mm
diameter and 5 Cm long with asmall hole of 2 mm
diameter in center of upper side of electrode. The
chemicd andyssand mechanica propertiesof there-
inforced stedl bar aresummarizedinTABLE 3.
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TABLE 3: Chemical analysisand mechanical propertiesfor
reinforcing steel

Chemical analysis% Mechanical properties

Yield Ultmiate

Cc S P Mn stress stress Elorl%atl on
MPa MPa
0.12 0.022 0.063 043 38.8 493 23
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Figurel: Potential-timerelationship of reinfor ced steel
embedded in cement pasteswith differ ent amountsof adm.
A and 5% RHA immersedin 1M H,SO,

Prepar ation of samples

- A weighed amount of OPC was placed on asmooth,
non absorbent surface, and acrater wasformedin
the center. Therequired amount of mixing water with
andwithout chemica admixtureswaspouredintothe
crater, tap water wasused in mixing, and water-ce-
ment ratio was determined using vicat apparaus.

- Thereinforced stedl barsweremechanicaly polished
and degreased with acetone, then covered with Teflon
except an areaof 1 cm? They were centrally placed
inthe cement pastein cubic 2.5x2.5x2.5 cm stain-
less steel moulds. After 24 hoursthe sampleswere
molding with and without additivesand curedina
humi dity chamber at 100% relative humidity (R.H.)
and a room temperaturethe sampleswereimmersed
inthetested solutions.

- 1 M of each acid HCI, H,SO, was prepared from

A.R gradeand bi-distilled water and was checked to
keepit at constant concentration values.

Theedectrochemical technique
1. Impressed current method

Thismethod isreliable accel erated corrosion test
for determining whether thegiven mediumiscorrosive
or inhibitive. A constant current density was applied be-
tween the specimens and steel bar considered as a
counter electrode. Thepotentia wasmeasured against
a reference electrode (SCE) with potentiometer
(ORION SA 520) at constant applied current density
15 pA/Cm? the potentid of working electrodeinV was
plotted againgt timeinmin.

2. Impressed voltage method

Inwhich constant positive potential whichissuffi-
cient to causeasignificant changein corros on current
valueisappliedto the steel bar embedded in concrete
and thiscurrent which flowing fromthereinforced stedl
to counter electrodewas measured periodically using
theeectronic potentiostat Amel model 549. Theanode
was the specimen to betested and the cathode was a
steel bar of the same dimensions as the anode. The
corrosion current-time plots presented were givenwith
corrosion current in mA/Cm? and timein hours. From
thismethod, theweight loss of the steel dueto the cor-
rosion process can be measured from the areaunder
thecurve.

3. Potentiostatic polarization method

In which a potential was applied ranging from-
2000V to +2000V toreinforcing steel bar embedded
in concreteusing acounter eectrode of steel bar and a
saturated reference electrode (SCE), it ismuch more
reflective of the corrosion behavior of thebar inwhich
the potential measured inmV and currentin mA/Cm?,

RESULTSAND DISCUSSION

Impressed current method

Thepotentia -timecurvesat aconstant current 15
nA/Cm?for reinforced steel embeddedin cement paste
admixed with admixtureA and admixtureB in presence
5% of RHA with and without admixturesimmersedin
aggressivemedia 1M of each acid HCI, H,SO, astest
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TABLE 4: Seady statepotential valuesof reinforced steel
embedded in cement pasteswith and without chemical admix-
turesimmer sed in acid aggr essve media

Composition HCI H,SO4
OPC -1.053 -0.852

5% RHA -0.344 -0.2
5%RHA + 0.6adm. A -0.058 -0.023
5%RHA + 1.2adm. A 0.0917 0.515
5%RHA + 1.6adm. A 0.1618 1.007
5%RHA + 2adm. A 0.895 1.228
5%RHA + 0.3adm. B 0.12 0.68

5%RHA + 0.45adm. B 0.3267 1.07
5%RHA + 0.6adm. B 0.881 1.184

TABLE5: Corrosion parameter sfor reinforced steel embed-
ded in cement pasteswith and without chemical admixtureA
immersedin HCI

Ipass  Epass Icorr Ecorr CR
OPC 0.151 -400 0.16 200 1.856
5% RHA 0.035 -400 0.04 400 0.464
0.6%A 0.015 -500 0.02 500 0.232
12%A 0.009 -500 0.0112 300 0.12992
16%A 0.005 -500 0.0075 700 0.087
2%A  0.0015 0 0.0022 700  0.02552

TABLE 6: Corrodon parameter for reinforced steel embed-
ded in cement pasteswith and without chemical admixtureB
immer sed in acid aggressivemediaHCL

Ipass Epass lIcorr Ecorr CR
OPC 0.151 -400 0.16 200 1.856
5% RHA 0.035 -400 0.4 400 0.464
0.3% B 0.016 -800 0.0219 300 0.25404
0.45% B 0.003 -500 0.005 500 0.058
0.6%B -0.064 -600 -0.058 700 -0.6728

TABLE 7: Corrodon parameter for reinforced steel embed-
ded in cement pasteswith and without chemical admixtureA
immersed in acid aggressivemediaH,SO,

Ipass Epass Icorr Ecorr CR
OPC  0.05638 400 0.055 1800 0.638
5% RHA 0.0244 100 0.025 1000 0.29
0.6% A 0.0106 700 0.0115 1800 0.1334
12%A 00047 -100 0.0055 1500 0.0638
16% A 00014 -300 0.002 600 0.0232
2%A -00009 -300 0.0015 1300 0.0174

solutionsare studied. Figure 1 istaken asrepresenta
tive curve. The steady state potential values of the
samplesareshownin TABLE 4.

From theseresultsit was found that steady state
potential of samplescontain RHA and different ratios
of thechemica admixtureshave avauesincreaseto-
wards positivedirection, this meansthat the samples
have moreresistanceto corrosion than that with OPC
only. Thisisduetoimprovement effect of RHA which
isnot restrict the effect of inhibition occursdueto pres-
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Figure2: Potential-current relationship of reinfor ced sted
embeded in cement pasteswith different amountsof adm.
B and 5% RHA immersed in HCI

ence of chemica admixturesA and B. But RHA can
improvetheeffect of those admixturesand havemore
inhibition effect than their without RHA.

Potentiostatic polarization method

The potenti ostatic polari zation experimentsfor re-
inforced steel embedded in cement pasteadmixed with
admixtureA and admixture B in presence of 5% RHA
with and without admixturesimmersed in 1M of each
acidHCl, H,S0, astest solutionsareinvestigated. Fig-
ure2istaken asrepresentative curve. It can be seen
that, presence of RHA increasesthe ability of steel to
be morepassiveagainst acids, whileat ability increases
with mixing chemical admixturesto OPC without any
restricted of RHA. Thedifferent maximaattributed to
theformation of different types of iron oxide. Corro-
sionratesof thetest electrodeswere cal culated using
thefollowing equation’®:

Corrosionrate (um/yr.) =k (Ai_, /ND) (@)

Where: D density of the metal (g/cm?), K constant depending
on the penetration rateunitsdesired for (um/yr.) where K=3.27,
A isatomic weight of themetal, N number of electronsandi_,

corrosion current density in pfA/Cm?2. For iron or steel:
Corrosionrate (um/yr)=116i

and tabulated in TABLES (5-8) for admixtureA and
admixture B intest solutions of two acids, with other
corrosion parameters of reinforcing steel that shown

fromthefigures.
Wenoticethat | _decreased in presenceof RHA

Au Tudian Yourual



48 Corrosion behavior of reinforced steel

PCAIJ, 3(1) April 2008

Full Poper —===—

TABLE 8: Corrosion parameter for reinforced sted embed-
ded in cement pasteswith and without chemical admixtureB
immersed in acid aggressivemediaH,SO,

Ipass Epass Icorr Ecorr CR
OPC  0.05638 400 0.055 1800 0.638
5% RHA 0.0244 100 0.025 1000 0.29
0.3% B 0.0045 -200 0.008 1300 0.0928
045% B 0.002 -400 0.0023 400 0.02668
0.6% B 0.0015 600 0.0017 1200 0.01972

TABLE9: Corrosion current valuesof reinforced steel em-
bedded in cement pasteswith and without chemical admixture
immer sed in both acid aggressivemedia at potential 2V

Composition HCI H,SO,4
OPC 0.1664 0.1617
5% RHA 0.015 0.15
5%RHA + 0.6adm. A 0.0115 0.0047
5%RHA + 1.2adm A 0.0107 0.004
5%RHA + 1.6adm. A 0.0078 0.0016
5%RHA +2adm. A 0.0069 0.0005
5%RHA + 0.3adm. B 0.01 0.125
5%RHA + 0.45 adm. B 0.009 0.077
5%RHA + 0.6adm. B 0.005 0.023

and at decreases become more with chemical admix-
turesA and B inthe aggressive media. Also corrosion
rate (CR) of consuming steel per year decreased. an-
other parameter as | s whichisbetter indicator of cor-
rosivebehavior isdecreased in presence of RHA with-
out and with chemica admixturesA, B when samples
immersed in aggressive mediaof acidsillustratedin
TABLES(5-8).

I mpr essed voltage method

In thismethod potentialsof 2V and 4V were ap-
pliedtothereinforced sted, the current flowing to the
counter electrodein mA/Cm? being measured every
24 hours relating to a reference electrode (SCE).
Figure 3 istaken as representative curve, show the
current-timerelationship for reinforcing steel embed-
dedin cement pastesmixed with different va uesof both
chemicda admixtureswith 5% RHA at potential of 2V
asrepresentative curve. Whilefigure 4 represented as
representative curvethe current-timerelationship for
reinforcing sted embeddedin cement pastesmixed with
different percentage of both chemical admixtureswith
5% RHA at potential 4V in 1M of each acid HCI,
H,SO,. It can be seen that theval ues of corrosion cur-
rent in experiments occurred at potentia of 2V have
same trend of behavior as experiments occurred at
potential 4V, but different in the values of corrosion

Physical CHEMISTRY — commmm
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Figure3: Current-timerelationship of reinfor ced steel
embedded in cement pasteswith different amountsof adm.
A and 5% RHA immersedin 1M HCl at 2V
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Figure4: Current-timerelationship of reinfor ced steel
embedded in cement pasteswith different amountsof adm.
A and 5% RHA immersedin 1M HCl at 4V

current according tothevaueof potentid asinTABLES
(9-10). Thecurvesexhibit thesamegenerd trend where
the corrosion current decreased sharply withtimefol-
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TABLE 10 : Corrosion current values of reinforced steel
embedded in cement pasteswith and without chemical admix-
tureimmer sed in both acid aggr essve mediaat potential 4V

Composition HCI H,SO,
OPC 0.15 0.1351
5% RHA 0.1142 0.0266
5%RHA +0.6adm. A 0.085 0.02
5%RHA +1.2adm. A 0.075 0.0168
5%RHA + 1.6adm A 0.0246 0.11
5%RHA + 2adm. A 0.021 0.0087
5%RHA +0.3adm. B 0.029 0.0199
5%RHA + 0.45 adm. B 0.0279 0.014
5%RHA + 0.6adm. B 0.009 0.0083
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Figure 5 : Weight loss- time relationship of reinforced
sted embeded in cement pasteswith different amountsof
adm. B and 5% RHA immersedin 1M H_SO, at 2V

lowed by relatively small current variationsreachinga
steady state in most cases about 150 hours, and the
corrosion current was decreased with increasing per-
centage of both chemical admixturesA and B inthe
following order HCI > H_SO,. The degree of the cor-
rosionintensity whichisrelated to thesizeof areaun-
der thecorros on current-time curves, can be estimated
by using Faraday’slaw:

W=K (I.T) @)
Where: W isthe mass of substance liberated, | isthe intensity
of current, t is the prolonged time and K is a proportional
constant = 0.0167g/A. min. for steel,

Theweight loss of reinforcement steel can bede-
termined quantitatively from the above equation and
related to thetime of the experiment. Figure5istaken
asrepresentative curve upon using potentia 2V, where
theweight lossincreaseslinearly withtime. Whilefig-
ures(6-9) showstheweight lossof reinforcement steel
upon using potential 4V in 1M of each HCI, H,SO,

Full Peper

=11

Qe |
54 elh

(=K

T w0 Al A

[

Wt. Loss [g!cmz}

10200 18000 pd e} 2E00D
Time {min.)

Figure6: weight losstimerelationship of reinfor ced stedl

embeded in cement pasteswith different amountsof adm. A

and 5% RHA immersedin 1M HCI 4V

il

s - L

F
y

oo | /

L

g -

Wt. Loss [g:’cmﬂ}

4, A

oot | i
/ e

A% 40T Ad A
- il
- - % 0.2 A
/ e lﬁ:ﬂ-" 1: L% Ada
- —_-_‘I'-_:ri:F"-_,_-I—‘!Zf
p— -|_—.|.'1T — 84 3% AdA

16200 20002 ZEQOD i)

Time {min.)
Figure 7 : Weight lossl-time relationship of reinforced
steel embedded in cement pasteswith differ ent amountsof

adm. A and 5% RHAimmersedin 1M H,SO, at 4V

2 [ilie 10000

acid astest solution with admixturesA and B. It canbe
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Figure 9 : Weight loss- time relationship of reinforced
sted embeded in cement pasteswith different amountsof
adm. B and 5% RHA immersedin 1M H_SO, at 4V

theweight loss (g/Cm?) increases linearly with along
whole experiments. It can be noticed that while the
weight loss of reinforced steel barsishighinthe OPC
sampleintheacidsmedia, it hasbeenlow in samples
mixed with chemica admixturesand RHA. Also the
amount of steel dissolved dueto corrosion decreased
in presence RHA with chemica admixturesdepending
on % of chemical admixturesand typesof acid asag-
gressvemedia

Physical CHEMISTRY o

Theresults can be explained onthe basesthat, the
increaseof inhibitionin OPC pastesampleblended with
RHA attributed to thehigher specific areaof RHA com-
pared to Ordinary Portland Cement. Thusthe corro-
sioninhibition wasenhanced considerably in presence
of RHA whichispazzolanic material that reduced the
pore structureand improved the particle packing den-
sity of the blended cement, leading to areduced vol-
umeof larger pores. Also, RHA hasahighly micro po-
rous structurethat isresponsiblefor itsvery high sur-
faceareawhich allowsits pazzolanic activity to com-
petewiththat of themuch finer OPC. From thisground
RHA isfiner than cement and should be expected to
play not only apazzolanic rolebut a'so amicro-filler
effect to enhancethe particle packing density of con-
crete.

Mixtureswith highworkability and very high early
strengthsare called high performance concrete (HPC)
by some researchers. The incorporation of fine par-
ticlesof RHA dramaticdly enhancestheworkability and
impermeability thus making the concrete durabl e,
However, the contribution of RHA to strengthisrela-
tively smdl inlow water-cementitiousratioin HPC mix-
tures. The high strength of these HPC mixturesare at-
tributableto extremely low water-cement ratiosresult-
ing from the application of a large percentage of
superplagticizer, whichisadded to theconcrete mix for
properly dispersing thefine particles of the pazzolanic
admixture.

Thephysicd effect, followed by thechemica effect
involving the pozzolanicreection (inwhichthecacium
hydroxideformed during hydration of cement in con-
cretereactswiththesilicapresent intheadmixtureto
form cacium hydrideslicate), fillsup theempty spaces
and resultsin thedensification ( porerefinement) and
strengthening of themicrostructure.

Studies have shown that RHA can reduce large
poresin hydrated cement pastesto much smaler pores.
It hasal so been observed that such transformation of
an open-poresystem into aclosed-pore system through
the process of porerefinement hasamuch greater ef-
fect onthe permesbility than on the strength of thema-
terids.

Presence of lignosul phonate or superplacticizer in-
creased degree of inhibition upon increasing as per-
centage of thesechemica admixturesincreaseinitslim-
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ited value, Lignosul phonate acts asaretarder, dueto
itseffect thewater requirement isreduced. The effect
of aggressive medialM HCI, H,SO, will be reduced
dueto addition of RiceHusk Ashto Ordinary Portland
Cement formsaCalcium Silicate Hydrate (CSH) gel
around the cement particleswhichishighly denseand
less porous, thisdecrease the permeability of aggres-
sveionswhich attack sted!.

Thismay increasethe strength of concrete against
cracking due to its positive effect towards both the
chemica composition of cement paste and the chemi-
cd propertiesof concrete, thismay increasethestrength
of concrete against corrosion of reinforcing steel em-
beddedinit with effect of chemica admixturesused.

CONCLUSION

Corrosion of reinforcing barsinthedectrolytic con-
crete poresolutioninvolveseectron or chargetransfer
through of chemical reactionsat theinterface. Samples
blended with 5% RHA only or in presence chemical
admixturesaremoreres stant to the corrosive mediaof
acidsthanthat blended with Portland cement only and
also therewere moreinhibitionto corrosionin pres-
enceof chemical admixtureswith RHA thanitseffect
only. Thisisdueto the replacement of Rice Husk Ash
refined the pores, improvesthe particle packing den-
sity of the blended cement, leading to areduced vol -
ume of larger poresand thereby the permeability and
corrosion getsreduced.
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