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ABSTRACT

Rice Husk Ash (RHA) obtained from parboiling plants could be used to
dramatically enhance the workability, strength and impermeability of con-
crete mixes. Research that has been carried out in this paper has proved
efficiency that obtained by utilizing Rice husk ash even in small amounts
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(5% to 20% cement replacements), the properties of concrete can be signifi-
cantly giving moreinhibition for corrosion of reinforcementin 1 M of each
HCl, H,SO,, HNO,, CH,COOH acid asaggressive media. The measurements
carried out by three electrochemical techniques. The results showed that
more efficiency of concrete blended with RHA, and the inhibitionincreased
withincreasing % of RHA than that without it toward corrosion prevention

of reinforcing steel.

INTRODUCTION

Rice Husk Ash (RHA) hasbeen used asahighly
reactive pazzolanic materid toimprovethemicrostruc-
tureof theinterfacia transition zone between the ce-
ment pasteand the aggregatein high-performance con-
crete. Theparticlegrading of cement and RHA mix-
turesa so exerted significant influenceson theblending
efficiency. Therelative strength increaseishigher for
coarser cementt.

When usewith fresh concrete mixturespazzolanic
additions, suchasRHA havetheability to reduce bleed-
ing and segregation and thus cause significant improve-
ment inworkability and durability characteristicg?.

Ricehull isan aundant materid produced in many
countriesaround theworld containing approx. 20-25
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of dlicausudly, Ricehull burned at thefieldsthisleadto
serious environmental damage. Sincesilicaparticles
remain suspended intheair being apotentia cause of
respiratory diseasesand environmenta damage. Sothis
waste agricultural product most used in cement indus-
try. Recently, amethod using Rice Husk Ash asraw
material for synthesis 3-Ca,SiO, cement at tempera-
ture 700°C where Ca,SIO, hasfive crystalline phases
and in generally, the 3- phaseis predominant onealso
other phasesare usually present’®. RHA hasahighly
micro-porous structurethat isresponsiblefor itsvery
high surfacearea, which often exceedsthat of Slicafume.
Such high surfaceareaof RHA allowsitspozzolanic
activity to competewith that of themuch finer silica
fume™. Ground RHA isfiner than cement and should
be expected to play not only apazzolanicrole but aso
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TABLE 1: Chemical composition and Blainespecific surfacearea of ordinary Portland cement

Composition Lossinignition Si0,  AlL,O3

Fe O3

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

% 1.88 21.50 5.18

2.3

6331 184 277 119 3659

TABLE 2: Chemical analysisand mechanical propertiesfor
reinforcing steel
Chemical analysis%

Mechanical properties
Yield stress Ultimate Elongation
C S P~ Mn MPa  stress MPa %
0.12 0.022 0.063 0.43 38.8 493 23
TABLE 3: Seady state potential valuesof reinforced steel
embedded in cement pasteswith different % of RHA in differ-
ent acidssolutions

Corrosion potential / V

. In1M In1M Ini1M In1M
composition * /" 1,50, HNO;  CH,COOH
OPC -1.053 -0.852 -0.436 -0.787
5% RHA 0344 02 -0.224 -0.746
10% RHA  0.3875 016  -0.12 -0.705
15% RHA  0.768 0432  0.684 -0.34
20% RHA  0.905  0.96 0.85 -0.129
amicro-filler effect to enhance the particle packing
density of concrete®.

Acidsmay uniformly corrode stedl but they areca
pable of corroding steel under themast common con-
ditionsleadtolocdized corroson. Theaimof thiswork
eva uatetheimprovement of reinforcement corrosion
in presence of different types of acidsas 1M of each
HCI, H,SO,, HNO,, CH,COOH acids asaggressive
media. When used Rice Husk Ash (RHA) asmineral
admixturein concrete.

EXPERIMENTAL

Materialsand preparation

The concrete was prepared containing Ordinary
Portland Cement which contentsare summarized in
TABLE 1. Themain materiasof thisstudy RHA which
washburn at 750°C for 1 hour then sieved to 98%, then
mixed with concrete according various proportion 5%,
10%, 15%, 20% of RHA. The cylinder rod of rein-
forcement steel was embedded in cube of concreteas
working €l ectrode.

Cylindrical specimensof reinforcement has5Cm
height,1Cm diameter was cast in concreteitschemical
analysis and mechanical properties aretabulated in
TABLE 2, after molding specimenin concretewith and
without additiveswere cured for 28 daysat room tem-
perature.

Test solution
Phqsica] CHEMISTRY (—

After curing specimenswereimmersedintest solu-
tions 1M of each HCI, H,SO,, HNO,, CH,COOH
acidswhich prepared with bi-distilled water.

Theedectrochemical technique
1. Impressed current method

Thismethod isreliable accel erated corrosion test
for determining whether thegiven mediumiscorrosive
or inhibitive. A constant current density was gpplied be-
tween the specimens and steel counter electrode.The
el ectromotiveforce wasmeasured against areference
el ectrode (SCE) with potentiometer (ORION SA520)
at constant gpplied current density 10pA/Cn?, the po-
tential of working electrodeinV was plotted against
timeinmin.

2. Impressed voltage method

Inwhich constant positive potential whichissuffi-
cient to causeasignificant changein corrosion current
valueis applied to the steel bar in concrete and this
current ismeasured periodically using the electronic
potentiostateAmel model 549. The corrosion current-
time plots presented weregiven with corrosion current
mA/Cm? and timein hours. And theweight loss of the
steel due to the corrosion process can be measured
from theareaunder thecurve.

3. Potentiogtatic polarization method

Inwhichapotentia wasapplied ranging from-2000
mV to+2000mV toreinforcing steel bar embeddedin
concrete, itismuch morereflective of the corrosion
behavior of thereinforcement. The potential - current
plotsgiveinmV againgt currentinmA/Cm?.

RESULTS

Impressed current method

Figures (1-4) show the potential-timecurveat a
congtant impressed current of 15 pA/Cm?for reinforced
steel embedded in cement pastes admixed with differ-
ent % of RHA when immersed in 1M of each HCI,
H,SO,, HNO,, CH,COOH acidsin order, The steady
state potential vauesof thesampleswitheach acidand
% of RHA areshownin TABLE 3. From theseresults
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it can benoticed that while sted passivity degreeislow
inthe OPC, it hasincreased withincreasing % of RHA
for al acidsasthefollowing order HCI>H,SO,>HNO,
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Figure3: Potential -timerelationship of reinfor ced steel
with different % of RHA immersedin 1M (HNO3)
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Figure4: Potential -timer e ationship of reinfor ced steel
with different % of RHA immersedin 1M (CH,COOH)

>CH,COOH. Thehigher potential with higher % of
RHA isdueto improvement effect of RHA for corro-
sion of reinforcement when mixed with OPC.

Potentiostatic polarization method
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The potentiostati c pol ari zation behavior areshown
infigures(5-8) for reinforced steel embedded in ce-
ment pastes admixed with different % of RHA when
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Figure 5: Potential-current relationship of reinforced
steel embedded in cement pasteswith different % RHA
immersedin1M (HCL)

2600

immersed in 1M of each acid HCI, H,SO,, HNQ,,
CH,COOH in order. It can be seen that increasing %
of RHA content mixed with cement pastecausingin-
creasetheability of reinforced sted tobemore passive
aganst aggressve mediaof different acids. Thediffer-
ent maximashown on the potentiostatic polarization
curves have been attributed to theformation of differ-
ent typesof iron oxide. The corrosion Parameter for
reinforcementin concretemixedwith different % of RHA
indifferent aggressive mediaof acidsare summarized
INTABLES (4-7) asin order of acidsfrom more cor-
rosive to less corrosive, we notice that 1 , , I de-
creased with increasing % of RHA and corrosion rate
decreased, thisindicatespresence RHA makereinforced
steel moreresist for corrosion andinhibitionisoccur.
The corrosion rates of the reinforced steel were
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TABLE 4: Corroson parameter for rebar in concrete mixed

e
withRHAInHCL
Ipass Epass Icorr  Ecorr CR wae | L
OPC 0.151 -400 0.16 200 1.856
5% RHA 0.035 -400 0.04 400 0.464 "
10%RHA 0.0148 100 0.0172 1200 0.19952 Y
15%RHA 0.0065 100 0.0085 900 0.0986 f
20%RHA 0.005 100 0.0055 900  0.0638 Bz f / e
TABLE5: Corrosion parameter for rebar in concrete mixed ) Jf Bt
withRHAIn H2&)4 &"’ LA / ——20 % RHA
Ipass Epass Icorr  Ecorr CR E f
OPC 0.0538 400 0.055 1800 0.638 '5 noe o f
5%RHA 00244 100 0.025 1000 0.29 £ (
10%RHA 00134 -300 0.0241 500  0.27956 ¢ .l
15%RHA 0.0025 500 0.0045 1500 0.0522 |
200RHA 0.0015 -200  0.002 900 0.0232 A I'
TABLE 6: Corrosion parameter for rebar in concretemixed e
RHAINHNO, ' 9
Ipass Epass Icorr  Ecorr — CR ez | % e RIS e
OPC 0.0256 400 0.0263 1300 0.3051 e
5%RHA 00242 -600 0.025 1000 0.29 o
10%RHA 0.01276 -300 0.0159 1400 0.18444 8 18 il . - £
15%RHA 00043 -600 0006 1200 0.0696 _ _ Timef} _
20%RHA 000187 -100 0.00233 800 0.02703 Figure9: Current-timerelationship of reinforced steel

TABLE 7: Corrosion parameter for rebar in concretemixed
RHAiInCH,COOH

Ipass Epass Icorr  Ecorr CR
OPC 0.0357 -600 00371 900 0.43036
5%RHA 0.019 300 0.0217 1300 0.25172
10%RHA  0.014 -100 0.0193 1200 0.2239
15%RHA 0.00053 -100 0.0025 800 0.029
20%RHA 0.00038  -400 0.001 700 0.0116

cd culated using thefoll owing equation'®:

Corrosionrate(um/yr.) =k (Ai

corr

/ND)

Where: D density of the metal (g/Cm?); K constant depending

embedded in cement pastewith different % of RHA in 1M
HCl at 2V

onthe penetration rate unitsdesired for (um/yr.), K=3.27; Ais
An atomic weight of the metal, N number of electrons, i_
corrosion current density in pA/Cm?

Forironor steel: corrosionrate um/yr. =11.61
I mpressed voltage method

In thismethod a potential of 2V and 4V was ap-
plied tothereinforced sted, the current flowingto the
counter electrodein mA/Cm?being measured every 24

s
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Figure10: current-timerelationship of reinforcing stedl
embedded in cement pastewith different % of RHA in 1M
HCl at 4V
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Figure1l: Current-timerelationship of reinforced steel
embedded in cement pastewith different % of RHA in 1M
(H,S0,) at 4v

hoursrelating to reference el ectrode. Figure (9) asrep-
resentative curve of the current- timerelationship for
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Figurel12: Current -timerelationship of reinfor cing stedl
embedded in cement pastewith different % of RHA in 1M
(HNO,) 4V

reinforcing stedl embedded in cement pastesmixed with
different % of RHA at potentia 2V inHCI, whilefig-
ures (10-13) representsthe current- timerel ationship
for reinforcing sted embedded in cement pastes mixed
with different % of RHA at potentia 4V indifferent
acids. It can be seen that the values of corrosion cur-
rent in experimentsat potentia 2V would bethe same
trend at potentia 4V with differencein valuesaccord-
ing potential which used. The curvesexhibit the same
general trend wherethe corrosion current decreased
sharply withtimefollowed by relatively small current
variations reaching asteady statein most cases after
about 150 h aso, the corrosion current was decreased
by increasing % of RHA and with thefollowing order
of different acidsHCI>H,SO, >HNO,>CH,COOH.

The corrosion current values of thedifferent % of
RHA indifferent acidsare shown in TABLE 8 when
used potential 2V and TABLE 9 when used potential
4V.

Thedegreeof thecorrosion intensity which related
to the size of areaunder the corrosion current-time
curves, can be estimated by using Faraday’slaw:
W=K (I.T),

Where W is the mass of substance liberated, | isthe intensity
of current, t is the prolonged time and K is a proportiona
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TABLE 8: Corrosion current valuesof reinforced steel em-

026

bedded in cement pasteswith different % of RHA in different
acidssolutionsat potential 2V
] Corr osion current (mA/Cm?)
u.zﬂl " In1M In1M In1M In1M
CompoSItion ey 1,50, HNOs _ CHsCOOH
| OPC 0.1664 0.1617 0.0404 0.06
L | 5% RHA 0.015 0.15 0.0381 0.036
5. BT \ 10% RHA  0.0132 0.082 0.0315 0.0343
'% ope. 15% RHA 0.0096 0.0492 0.0145 0.0186
= g BT 20% RHA 0.0088 0.015 0.0063 0.0085
£ | ikl TABLE 9: Corrosion current valuesof reinforced steel em-
G o Jul bedded in cement pasteswith different % of RHA in different
I'. acidssolutionsat potential 4V
i Corr osion current (mA/Cm°)
! o In1M In1M In1M In1M
MR composition "o H,50, HNO;  CH,COOH
AN eyl OoPC 0.15 01351 0.1227 0.1268
T el 56 RHA 01142 0.0266 0.117 0.123
i , , , , 10% RHA 0.0511 0.01867 0.1024 0.1195
0 12 200 520 &00 0 15% RHA 0.0377 0.0107 0.0654 0.0186
Time (h.} 20% RHA 0.0213 0.0056 0.03 0.011

Figure13: Current -timerdationship of reinforcing seel . o .
embedded in cement pastewith different % of RHA in 1M termined quantitatively from the above equationand re-

(CH,COOH) at 4V |ated to thetime of the experiment. Figure (14) asrep-
resentative curvewhen used potentia 2V and figures
0er (15-18) show, theweight loss of reinforcement steel
when used potential 4V in 1M HCI, H,SO,, HNO,,
m_ / CH,COOH acids astest solutions. It can be seen that
' the curves exhibit the same general trend wherethe
weight loss (g/Cm?) increaseslinearly withtimeaong
/ time of experiments. It can be noticed that whilethe
/ weightlossishighintheOPCintheacidsmedia, it has
| / beenlow insamplesmixed with RHA. Alsotheamount
' / of steel dissolved dueto corrosion decreased in pres-
: ence of RHA depending on % of RHA and types of

v | f/ o acid asaggressivemedia

J —8-10% RHA
/ —— 16% RHA

ooz | / ——20% FHA DISCUSSION

L

-

Wit.Loss (glem”)

/ Thepreviousresults can be explained onthebasis
/ that, thereinforced steel embedded in concreteiswell
protected against corrosion by apassivatingfilmof fer-

. ; . ric oxide which devel oped on the steel surface. The

. W ‘“"""Tm:;”["minf;""” . - pr(_)tective acti on of thepz?ssivati ngfilm qn_d highd kg—
Figure 14 : Weight loss-time relationship of reinforced lintyof maelSthebEGSOf.condaem“tyto Cheml._
steel embedded in cement pastewith different % of RHA  Cally protect steel from corrosion process, Stedl exhibit
in1M HCL at 2V passive behavior over an extended range of potential,
pH and oxidizing power, for which avery thinfilm ad-

constant equaling to 0.0167g/A.min for steel™. herent and of low ionic permeability developson the
Theweight lossof reinforcement steel canbede-  gyrface of the steel (passive state) thisreducestheki-
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Figure 17: Weight loss-time relationship of reinforced
sted embedded in cement pastewith different % of RHA
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Figure 16: Weight loss-time relationship of reinforced
steel embeded in cement pastewith different % of RHA

immersedin H,SO, at 4V

neticsof dissolution (corrosion) to alevel acceptableto
the user. When service conditions become more ag-
gressivethelossof thenature passvity of concretestruc-
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in 1M CH,COOH at 4V

e

Figure 18: Weight losstime relationship of reinforced
sted embedded in cement pastewith different % of RHA

tureswill belost. Thedegree of attack depend on many
factorswhich accel erating the corrosion process. Ac-
ids are examples of mediagenerating uniform corro-
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sion, Inthiswork we used different typesof acidsac-
cordingtotheir nature.

Hydrochloric acid asreducing type mineral acids
which causing generd corrosionfrom high activity of it
and dueto thefact that thisreducing mediumisvery
unfavorableto the passivation of stedl. It follow from
thisthat the presence of oxidants, which leadsto an
increaseinthekineticsof thecathodic reaction, increases
theexchange current and therefore the dissolution rate
of thested!.

Such behavior isthusfundamentdly different from
that observed, in sulfuric acid for which the presence of
oxidantscan leadin many casesto passivation of stedl.
Wheresulfuric acidisconsidered Non-oxidizing min-
eral acid but it haslessactivity than hydrochloric acid
and significantly increasesthe corrosonrateinthe ac-
tive state of the steel andinamoderately concentrated
sulfuric medium. Nitric acid isstrongly oxidizingmin-
era acids, it isobtained by catal ytic oxidation of am-
moniaNH_, which forms gases NO, or N,O, which
arethen absorbed by water. These compoundsare not
particularly corrogvefor sted, theonly significant prob-
lem encountered, istherisk of intergranular corrosion
onwelded structures. aswell asmoderately concen-
trated sol utions containing highly oxidizing cationsare
very aggressive and induce aparticular form of local -
izedintergranular corros on, independent of themicro-
structureof thereinforcement(®.

Aceticacidisexampleof anorganicacidwhichis
generally lessaggressive mediathan minerd acidsfor
they areweakly dissociated in solution. So, theresults
show the effective of test solutionsaccording thefol-
lowing order of acids HCI>H,SO,>HNO_>
CH,COOH. Although acetic acid hasavery low ion-
ization constant (Ka=1.8x10°) compared to other ac-
ids, theeffective acidity in agueous solution increases
rapidly with the concentration, making thisproduct rela-
tively lessaggressivethan minerd acid.

The consistency of OPC paste blended with RHA
increased with increasein theamount of RHA. This
attributed to the higher specific surfaceareaof RHA
30, itisnot only hasapozzolanicrole, but alsoamicro-
filler effect to enhance the particle packing density of
concrete compareto cement. Addition of ricehusk ash
to Portland cement forms acalcium silicate hydrate
(CSH) gel around the cement particleswhichishighly
denseand lessporous. Thismay increasethe strength

= Pyl Paper

of concrete against cracking. And duetoitsaffect both
the chemical composition of cement paste and the
chemical propertiesof concrete. Thismay increasethe
strength of concreteagaingt corroson of reinforcing sted
embedded init. Thisindicatethat the replacement of
rice husk ash refined the pores and thereby the perme-
ability and corrosion getsreduced. The percentage of
RHA was optimizing by measuring theinitia and final
settingtimes? .

CONCLUSION

Using RHA asaminera admixturewith OPCis
very useful not only for improving the concrete proper-
tiesbut dsofrom theresultsgivinglower corrosion cur-
rent va uesof thesamplesincorporatingwith OPC when
mixingwith RHA and thisinhibitionincreasewithin-
creasing % of RHA thanthat of OPCin absence RHA,
thismeanscorrosoninhibition duetoimprovement ef-
fect of adding RHA. Where RHA act asmicro-filler
reducing permesbility of ionsincreasestheresidtivity of
the paste and thus reduces the corrosion rate of the
reinforcing sted.
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