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ABSTRACT

Theeffect of 10% Rice Husk ash (RHA) asmineral admixtureson the corro-
sion behavior of reinforced steel in presence of different concentrations
chemical admixturesaslignosul phonate and superplacticizer hasbeen stud-
ied, in acid mdiausing different techniques. It was found that, the samples
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which contain 10% RHA in presence of chemical admixturesismoreresis-
tant to the corrosive media than that contain chemical admixtures only.
Thisisdueto thelarge surface areaof RHA which decrease the permeabil-

ity of the samples.

INTRODUCTION

Each year, more and more reinforced concrete
structures undergo deterioration that ismainly dueto
attack from mediagenerating uniform corrosion asac-
ids. Thehigh cost of maintenancerequired to preserve
thestructura integrity. Some structural designersnow
offer ownersatiered choice of protection systemswith
varying degreesof cost ascorrosioninhibiting admix-
tures, that will prevent or minimize corrosion.

Ontheother hand, rice hull isan abundant material
produced in many countriesaround theworld contain-
ing approx. 20-25% of silica. Rice hull burned at the
fieldslead to seriousenvironmenta of damage. Since
slicaparticlesremain suspendedintheair being apo-
tential cause of respiratory diseasesand environmental
damage. Recently, amethod using RiceHusk Ash as
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raw material for synthesis-Ca, SO, cement at 700°C
where Ca, SO, hasfinecrystaline phasesand 3-phase
is predominant one also other phases are usually
present?,

When usewith fresh concrete mixtures pozzolanic
additionsasRHA havetheability to reduce bleeding
and segregation and thus cause significant improvement
inworkability and durability characteristics?.

Hydration of 10wt % Rice Husk Ash blended Port-
land cement has been studied in presence of 2wt.%
CaCl,,, Iwt.%lignosul phonate and amixtureof thetwo
admixturesby using different methods. Theadmixtures
did not prevent the deterioration of the blended cement
incorrosiveamospherein N/60 H,SO, dueto calcium
chloride accd erates the corros on of the cement!®.

TheRHA blended Portland cement greatly improves
thedurability characteristics. And hel ped substantially
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TABLE 1: Chemical composition and blaine specific surfacear ea of ordinary Portland cement

Composition Lossinignition  SiO, Al,O3

FeOs

CaO MgO SO;3 L.O.l Blaine Cmy/g

% 1.88 21.50 5.18

2.3

63.31 1.84 2.77 119 3659

TABLE 2: Variousproportion of theconcrete mixtures

Concr ete mi xtur es

Mixture Cement . -
Admixture(A) Admixture(B) RHA

1 OPC 0.6 - 10%
2 OoPC 12 - 10%
3 OoPC 16 10%
4 OoPC 2 - 10%
5 OPC - 0.3 10%
6 OPC 0.45 10%
7 OoPC 0.6 10%

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

TABLE 3: Chemical analysisand mechanical propertiesfor
reinforcing steel

Chemical analysis
%

C S

Mechanical properties

P Mn Yield stress Ultmiate Elongation
MPa  stress MPa %

0.120.022 0.0630.43 3838 493 23

to reducethe massloss of concretes exposed to HCI

acid solution and largely reduced the expansion dueto

sulfateattack and alkali-silicareaction®.

Investigation onthe RHA include oxideanaysis,
X-ray differaction, carbon content, grindability, water
demand, pazzolanic activity index, surface area, and
particlesszedistribution measurements. Theworkabil-
ity, superplactiszer and air- entraining admixturerequire-
ments, and compressivestrength at variousages of these
concrete admixtureswere evaluated, and their resis-
tanceto chloride penetrability wereexamined. There-
sultsshow the chloride penetrability was substantially
decreased by RHA, a naphthalene sulfonated
superplacticizer withasolid content of 42% wasused
to achieved thedesired workability for dl concretemix-
ture, and asynthetic detergent air entraining (AEA)
admixture was used to measure the A EA requirement
versustheaddition rate of SFand RHA®.

Thesuperplasticizer requirement for concrete mix-
turesincorporating SFwashigher than that of concrete
mixturesincorporating similar proportions of RHA.
Comparableresultswereobtained by Bouzoubaaand
Fournier,

Admixturesof concrete mortar or pastearein or-
ganicor inorganic materidsin solid state, added to con-
crete batchimmediately before or during mixing. The

useof admixturesin many instancesbased moreon art
than on science Thisdueto incompl ete understanding
of the principles governing their action in concrete.
Chemica admixturesareoften used to optimizethe coast
effectivenessof concrete mix and controlling thequaity
of theconcrete®.

Theam of thiswork iscomparing and evduatethe
corrosioninhibitionvalueof corrosionfor reinforcing
steel in presence of 10 % RHA when blended with
Ordinary Portland Cement asmineral admixture, with
andwithout chemica admixturesaslignosulphonateand
superplacticizer. Wheretheseadmixtures causeimprove
quality of concrete. The experimentsoccur in aggres-
sivemediaof 1M of each acid HNO,, CH,COOH by
using threedifferent e ectrochemica techniques.

EXPERIMENTAL

Materials

- A Commercial fresh sample of OPC wasused, and
itschemical composition and Blaine specific surface
areaaresummarizedin TABLE (2).

- Thericehusk ashwasburnt at 750°Cfor 1 hour then
seved to 98%, and mixed with concretewith certain
percentage 10% with various proportionsof chemi-
cal admixturesaccording toitstypeand itslimiting
valueusedasTABLE (2).

- Thetwotypesof chemical concreteadmixturesused
inthisstudy are:

Admixture(A): Superplasticizer whichissuper water

reducer derived from sul phonated naphthaeneformal-

dehyde, itsdosagesused inrange between 0.6to 2L /
100K gm of cement.

Admixture(B): Retardingwater reducing, it based on

selected lignosul phonatesits dosages used between 0.3

t0 0.6 L/100K gm of cement.

- Thereinforced sted used wasintheformof rods1mm
diameter and 5Cmlongwithasmall holeof 2mmdi-
ameter incenter of upper Sdeof dectrode. Thechemica
analysisand mechanical propertiesof thereinforced
ged bar aesummarized in TABLE (3).

Prepar ation of samples

Hn Tndéan g%wumé
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- A weighed amount of OPC was placed onasmaooth,
non absorbent surface, and acrater wasformed in
the center. Therequired amount of mixing water with
andwithout chemica admixtureswaspouredintothe
crater, tap water was used in mixing, water-cement
ratio wasdetermined using vicat apparatus.

- Thereinforced sted barsweremechanicaly polished
and degreased with acetone, then covered with Teflon
except an areaof 1 cm? They were centrally placed
inthe cement pastein cubic 2.5x2.5x2.5cm 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.

- 1M of eachacid HNO,, CH,COOH was prepared
from A.R grade and bi-distilled water and was
checked to keepit at constant concentration values.

Theeectrochemical technique
1. Impressed current method

Thismethod isreliable accel erated corrosion test
for determining whether the given mediumiscorrosive
or inhibitive. A constant current density was applied
between the specimens and steel bar considered as
counter el ectrode. The potentia was measured against
a reference electrode (SCE) with potentiometer
(ORION SA520) at constant applied current density
15uA/Cn? thepotentid of working eectrodeinV was
plotted against timeinmin.

2. Impressed voltagemethod

Inwhich constant positive potentia whichissuffi-
cient to causeasignificant changein corros on current
valueisappliedto the stedd bar embedded in concrete
andthiscurrent whichflowing fromthereinforced sted
to counter el ectrodewas measured periodically using
theelectronic potentiostat Amel mode 549. Theanode
was the specimen to betested and the cathode was a
stedl bar of the same dimensions as the anode. The
corrosion current-time plots presented weregivenwith
corrosion currentinmA/Cm? and timein hours. From
thismethod, theweight loss of the steel dueto the cor-
rosion process can be measured from the areaunder
thecurve,

3. Potentiogtatic polarization method
T’lmsical CHEMISTRY comm—

Inwhich apotentia was applying ranging from -
2000V to +2000V toreinforcing steel bar embedded
in concrete using acounter eectrode of steel bar and a
reference electrode, itismuch morereflective of the
corrosion behavior of the bar in which the potential
measuredinmV and currentinmA/ Cn.

RESULTSAND DISSCUSSION

Impressed current method

The potential-time curves at a constant current
15uA/Cm?for reinforced steel embedded in cement
pasteadmixed with admixtureA, admixtureB in pres-
ence of 10 % RHA with and without admixturesim-
mersed inaggressivemedialM of each acidsHNO,,
CH,COOH astest solutionsis studied. Figure (1) is
taken asrepresentative curve. The steady state poten-
tial valuesof thesamplesareshownin TABLE (4).

From theseresultsit can be seen that while steel
passivity degreeislow in OPC in both acids, it has
been high in samplewith 10 % RHA and more high
with dl limiting percentage of thetwo chemical admix-
tures. Thehigher positive potentid isduetoimprove-

M- e 10% «T% Adi

Fid N ALE% AL
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R S A A

107 +0 % AdA

hlll I*' lu'l// 1% A

Potantial (Volts)

q n 40 an an 100
Time (min.)

Figurel: Potential-timerelationship of reinforced steel

embedded in cement pasteswith differ ent amountsof adm.

A and 10% RHA immersedin 1M HNO,
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TABLE 4: Seady statepotential valuesof reinforced steel
embedded in cement pasteswith and without chemical admix-
tureimmersed in acid aggressive media

Composition HNO; CH3COOH
OPC -0.436 -0.787
10% RHA -0.12 -0.705
10%RHA + 0.6 adm. A -0.059 -0.625
10%RHA + 1.2 adm. A 0.271 -0.606
10%RHA + 1.6 adm. A 0.824 -0.535
10%RHA + 2 adm. A 0.918 0.097
10%RHA + 0.3adm. B 0.545 0.803
10%RHA + 0.45adm. B 0.757 0.891
10%RHA + 0.6 adm. B 0.969 0.903

TABLES5: Corrosion parameter for reinforcing steel embed-
dedin concretein presence 10% RHA with and without chemi-
cal admixtureAimmersed in HNO,

Ipass Epass Icorr Ecorr CR
OPC 0.0256 400 0.0278 1500 0.32248
10%RHA 0.01276 -300 0.0181 1500 0.20996
0.6% A 0.01 300 0.013 1500 0.1508
129 A 0.002 -600  0.005 900 0.058
1.6% A 0.0015 -600 0.0026 700 0.03016
2%A -0.009 -200 0.002 1300 0.0232

TABLE 6: Corroson parameter for reinfor cing steel embed-
ded in concretein presence 10% RHA with and without chemi-
cal admixtureBimmersedin HNO,

Ipass Epass Icorr Ecorr CR
OPC 0.0256 400 0.0276 1400 0.32016
10%RHA 0.01276 -300 0.0159 1400 0.18444
0.3% B 0.0045 -700  0.006 100 0.0696
0.45% B 0.004 -600 0.0045 400 0.0522
0.6% B 0.003 -600 0.0038 400  0.04408

TABLE 7: Corroson parameter for reinfor cing steel embed-
ded in concretein presence 10% RHA with and without chemi-
cal admixtureAimmersed CH,COOH

Ipass Epass Icorr  Ecorr CR
OoPC 0.0357 -600 0.0386 1000 0.44776
10%RHA  0.014 -100 0.0190 1100 0.2204
0.6% A 0.012 -600 0.0145 700 0.1682
1.29%A 0.01 -700 00136 700 0.15776
1.6%A 0.005 -300 0.0055 700 0.0638
2% A 0.003 -500 0.0052 700 0.06032

TABLE 8: Corrosion parameter for reinforcing steel embed-
dedin concretein presence 109 RHA with and without chemi-
cal admixtureB immer sed CH ,COOH

Ipass Epass Icorr Ecorr CR
OPC 0.0357 -600 0.0429 1300 0.49764
10%RHA 0.0205 -300 0.0193 1200 0.22388
0.3% B 00089 -200 0.00116 1100 0.13456
0.45% B 0.0025 200 0.004 1000 0.0464
0.6% B 00012 -500 0.0015 900 0.0174

ment effect of RHA whichisnot restricted the effect of
inhibition occursdueto chemica admixturesA and B.
But RHA can beimprovethe effect of theseadmixtures
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Figure2: Potential-current relationship of reinfor ced stedl

embeded in cement pasteswith different amountsof adm.

B and 10% RHA immersed in CH,COOH

and havemoreinhibitionthanitspresencewithout RHA.
Potentiostatic polarization method

The potenti ostatic polarization experimentsfor re-
inforced steel embedded in cement pasteadmixed with
admixtureA and admixture B in presenceof 10% RHA
with and without admixturesimmersed in 1M of each
acidsHNO,, CH,COOH astest solutionsareinvesti-
gated. Figure (2) istaken asrepresentative curve. It
can be seenthat, presence of RHA increased the ability
of steel to be more passive against acids, whilethese
ability increasewith mixing chemicad admixturesto OPC
without any restricted of RHA. Thedifferent maxima
attributed to theformation of different typesof iron ox-
ide. Corrosionrates of thetest electrodeswere cal cu-
lated using thefoll owing equation®.
Corrosionrate(um/yr.) =k (Ai_, /ND)

Where: D density of themetal (g/cm?®) , K constant depending
on the penetration rate unitsdesired for (umv/yr.) where K=3.27,

A isatomic weight of themetal, N number of electronsandi
corrosion current density in uA/Cm?. For iron or steel: corro-

sonrateum/yr.=11.6i
and tabulated in TABLES (5-8) of admixtureA and
admixture B percentageintest solutionsof two acids,
with other corrosion parameter of reinforcing steel that
shown fromthefigures.

Wenoticedthat | decreasedin presenceof RHA
and thisdecreasi ng becoming morewith chemicd ad-
mixturesA and B inthe aggressvemedia. Also corro-
sionrate (CR) of consuming steel per year decreased.
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Figure3: Current-timerelationship of reinfor ced steel
embeded in cement pasteswith different amountsof adm.
B and 10% RHA immersedin 1M CH,COOH at 2V
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Figure4: Current-timerelationship of reinforced steel
embedded in cement pastewith different amountsof adm.
B and 10% RHA immersed in HNO, at 4V

And other parameter as|

whichisbetter indicator of

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

Composition HNO3 CH3COOH

OPC 0.0404 0.06

10% RHA 0.0315 0.0343
10%RHA + 0.6 adm. A 0.0291 0.0273
10%RHA + 1.2 adm. A 0.02 0.017
10%RHA + 1.6 adm. A 0.0074 0.0129
10%RHA + 2 adm. A 0.005 0.003
10%RHA + 0.3 adm B 0.0283 0.0255
10%RHA + 0.45adm. B 0.0265 0.0158
10%RHA + 0.6 adm. B 0.0236 0.0107

TABLE 10: Corrosion current values of reinforced steel
embedded in cement pasteswith and without chemical admix-
tureimmer sed in acid aggr essve media at potential 4V

Composition HNO3; CH;COOF+

OPC 0.1227 0.1268

10% RHA 0.1024 0.1195
10%RHA + 0.6 adm. A 0.0746 0.11
10%RHA + 1.2 adm. A 0.03 0.028
10%RHA + 1.6 adm. A 0.025 0.02
10%RHA + 2 adm. A 0.01 0.011
10%RHA + 0.3adm B 0.0405 0.067
10%RHA + 0.45adm. B 0.0325 0.029

10%RHA + 0.6 adm. B 0.0215 0.0149

without and with chemical admixtures A, B when
samplesimmersedinaggressvemediaof acidsasshown
fromTABLES.

I mpressed voltage method

In thismethod potentialsof 2V and 4V were ap-
plied tothereinforced sted, the current flowingto the
counter e ectrodein mA/Cm being measured every
24 hoursrelating to referenceelectrode. Figure (3) is
taken asrepresentative curve, showsthe current-time
relationship for reinforcing steel embedded in cement
pastes mixed with different values of both chemica ad-
mixtureswith 10% RHA at potentid 2V asrepresenta
tivecurve. Whilefigure (4) represented asrepresenta-
tivecurvethecurrent-timereationship for reinforcing
steel embedded in cement pastes mixed with different
% of both chemica admixtureswith 10% RHA at po-
tentia 4V in 1M of each acid HNO,, CH,COOH. It
can be seen that thevalues of corrosion current in ex-
periments occurred at potential 2V has same trend
of behavior as experiments occurred at potentia 4V,
but different in the values of corrosion current accord-
ingtothevaueof potential asinTABLES (9-10). The

corrosive behavior isdepcasrsea%d inpresenceof RHA  curvesexhibit the samegenerd trend wherethe corro-

PhMSiCAl CHEMISTRY comm—
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sion current decreased sharply with timefollowed by
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sted embeded in cement pasteswith different amountsof
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in most casesabout 150 hours, and the corrosion cur-
rent was decreased by increasing percentage of both
chemical admixturesA and B withthefollowing order
HNO_>CH_COOH. The degree of the corrosion in-
tensity which related to the size of areaunder the cor-
rosion current —time curves, can beestimated 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 steel9,

Theweight loss of reinforced steel can be deter-
mined quantitatively from the above equationand re-
lated to thetime of the experiment. Figure (5) istaken
asrepresentative curvewhen used potentia 2V. Which
showsthat, theweight lossincreaseslinearly withtime,
whilefigures(6-9) showstheweight lossof reinforced
steel when used potentia 4V in 1M of each HNO,,
CH,COOH acidsastest solutionin both admixturesA
and B. It can be seen that the curves exhibit the same
generd trend wheretheweight 10ss (g/Cm?) increases
linearly with timea ong time of experiments. It canbe
noticed that whiletheweight lossishighinthe OPCin
theacidsmedia, it hasbeen low in samples mixed with
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chemica admixturesand RHA. Also theamount of sted!
dissolved dueto corrosion decreased in presence RHA

T’lmsical CHEMISTRY comm—

with chemica admixtures depending on % of chemica
admixturesand typesof acid asaggressivemedia

Theresults can be explained onthe basesthat, the
increase of inhibition in sample of OPC paste blended
with RHA attributed to thehigher specificareaof RHA
compared to Portland cement. Thusthecorrosioninhi-
bition wasenhanced considerably in presenceof RHA
whichispazzolanic materid that increased theporosity
and reduced the pore structure and improved the par-
ticlepacking density of the blended cement, leading to
areduced volume of larger pores. Also, RHA hasa
highly micro porousstructurethat isresponsiblefor its
very high surface areawhich alowsits pazzolanic ac-
tivity to competewith that of themuchfiner OPC. From
thisground RHA isfiner than cement and should be
expected to play not only apazzolanicrolebut also a
micro-filler effect to enhancethe particle packing den-
Sty of concrete.

Theadmixturemay remaininafreestateasasolid
or insolution, may interact at thesurface, or chemicaly
combinewith the constituentsof thecement in cement
pagte. Theextent of interaction may influencethe physi-
cochemical propertiesof concrete such aswater de-
mand, viscosity, hydration kinetics, composition of the
products, setting, microstructure, strength and durabil-
ity. Themechanism of hydration of the constituents of
cement involvesthe physicd or chemica adsorptionand
chemica reaction with certain cement congtituents.

Theaction of additive (A) involvesadsorptionand
dispersion in cement-water systemwherethisaction
dependsonits concentrationinthe concreteand vari-
ous congtituents of the concrete. Also theaction of ad-
ditive(B) involvestheir effect on hydration of cement
smilarto(A) isrelated totheir adsorption and dispers-
ing effectsinthe cement water system.

Presence of lignosul phonate or superplacticizer in-
creased degreeof inhibitionwhichincreaseas percent-
age of these chemical admixturesincreasedinitslim-
ited valuewhich used. Lignosulphonate actsasare-
tarder duetoitseffect on thewater requirementisre-
duced. Theeffect of aggressvemedialM aceticacid
or nitricacidwill reduced dueto addition of RiceHusk
Ashto Ordinary Portland Cement formsacaciumsili-
cate hydrate (CSH) gel around the cement particles
whichishighly denseand lessporous. Thisdecreased
thepermesbility of ionswhich attack steel from acids.
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Thismay increasethe strength of concreteagaingt crack-
ing duetoitspositive effect towardsboth the chemical
composition of cement paste and thechemical proper-
tiesof concrete. Thismay increasethe strength of con-
crete against corrosion of reinforcing steel embedded
initwith effect of chemica admixtureswhichincrease
the compressive strength of concrete. Thisindicated
that the replacement of rice husk ash refined the pores,
improvesthe particle packing density of the blended
cement, leading to areduced volume of larger pores
and thereby the permeability and corrosion gets re-
duced.

CONCLUSION

Corrosionof reinforcingbarsintheeectrolytic
concrete poresolutioninvolvese ectron or chargetrans-
fer through the chemical reactions at the interface.
Samplesblended with 10 percentage RHA only or in
presence chemica admixturesismoreresistant to the
corrosive mediaof acidsthan that blended with Ordi-
nary Portland Cement only and also therewas more
inhibitionto corrosonin presence of chemical admix-
tureswith RHA than their effect only, dueto the effect
of RiceHusk Ashwhich decrease permesbility of ions
through concrete.

— rull P@p@f
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