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Abstract

The electrochemical corrosion behaviour of mildestambedded in concrete, and partially immerse@i 2ivi
H.SO,, was studied in this investigation at ambient terafure by potential monitoring technique. The
experimental work was performed with a digital rméter and £u/CuSO<Zlectrode (CSE) as the reference
electrode. Extracts ofarica papayaleaves and sodium nitrite (NaNOin different concentrations were
separately and in combination, used as inhibitbhés paper reports the observed electrochemicabres
from the electrode potential monitoring of the entbed steel rebar during the experiments. The mesult
obtained, showed eeduction in the active corrosion reactions behaviof the embedded mild steel in
concrete with added different concentrations ofiwadnitrite and the pawpaw leaves extracts in ttidia
test environment. This reduced active corrosiogtie@a was an indication of corrosion inhibitionrbpection
characteristic. The observed inhibition was assediavith the protective film provided on the embedld
steel’s surface in the concrete by the complex atencompounds of the plant leaves’ extracts anthef
sodium nitrite with the alkaline composition/enviroent of the concrete constituents. The protedilue
prevented and/or reduced the chloride ions pemnatrad the steel surface. The combinationcopapaya
extracts and the NaNGsolution also provided effective corrosion inhibiti of the embedded steel by
synergism. The 100% concentration of each of théitors and when in combinations, exhibited thesmo
effective corrosion inhibition performance in théghuric acid test environment.

Key words:Inhibitors, corrosion, mild steetarica papayagconcrete, sulphuric acid, sodium nitrite.

I ntroduction

Many research studies on corrosion and protectiGte@l rebar concrete reinforcement had been tadder

by researchers that have also generated a Ideddtlires worldwide [1-10]. The scientific reseairtierest is
due in part to the importance of steel reinforcetdictete as one of the most widely used materials of
construction everywhere. The 0.2M sulphuric aoskd for this investigation simulates the municipal
concrete structures such as in sewage; and aldphur/sulphur dioxide polluted industrial andiagitural
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environments where corrosion of reinforced concegtactures remains prominent. The present study is
contribution to the already existing knowledgetirs research field.

This investigation makes use of extract of pawpeawés as an environment friendly ‘green’ inhibftom a
natural source and also sodium nitrite— a chendoahpound that had already been tested in some other
works for corrosion inhibition of embedded steekconcrete. It is anticipated that the extracts.gbapaya
leaves will possess chemical properties througir traious chemical constituents/composition thatild
provide inhibitive film on the embedded rebar jastthe sodium nitrite also in anticipation. Thenfivill then
serve as a barrier for the steel — concrete enviem interfacial reaction(s) and hence mitigatedteosion
reactions on the steel surface.

Papaya (pawpaw) contains numerous chemical coastiuvhich include the fermenting agent myrosin,
alkaloids, rutin, resin, tannins, carpaine, dehgdrpaines, pseudocarpaine, flavonols, benzylglnotate,
linalool, malic acid, methyl salicylate, chymopapaipapain, calcium, iron, magnesium, manganese,
phosphorus, potassium, zinc, beta-carotene, B-uiand vitamins A, C, and E, anthraquinones (bl
free), philobatinins, and saponins [1These combined constituents may exhibit electroatanactivity
such as corrosion inhibition performance [12].

Sodium nitrite is expected to form complex chemicalmpound(s) with the concrete environment
constituents that could confer passive corrosiactiens at the steel/ concrete environment interfamugh
the formation of strong adherent film on the steeface.

It is expected that a reasonable amount of comaisigibition of the embedded metal in the concreitebe
obtained separately from the sodium nitrite chehdompound ana. papayaextracts; and even more when
these inhibitors are used in combination. The wenyplex structural chemical compounds of the eidrat
carica papayeacould exhibit effective corrosion inhibition perfoance.

Experimental Procedure

Preparation of pawpaw leaves extract(s) and thewunditrite concentrations

Fresh leaves of pawpa(@. papaya)were obtained and oven dried at €1dor two hours. The dried leaves
weighing 0.5kg were ground into powder and put icoatainer. Ethanol was added to the container. The
resulting solution was boiled for two hours andrtheft overnight to settle while it cooled down.wias
filtered with filter papers after about a day antadf. The filtered substance was put into 100ndkee to
make different solutions. From these, three diffemoncentrations of 40, 70 and 100% respectivadyew
made for further use as inhibitors —mixed with cete.

100g of NaNQ@ was obtained. From this, three different per camcentrations of 40, 70 and 100 (as
received) were made using distilled water.

Preparation of concrete block samples

Preparation of concrete block samples follows #raes process as previously reported [3, 4, 6, 8hctie
blocks made of Portland cement, Sand, Gravel angMeach with a reinforcing steel rebar embeddeat i
were used for the experiment. Each concrete black ¥60 mm long, 100 mm wide and 100 mm thick. All
the blocks were prepared with 1:2:4 (C: S: G) —estnsand, gravel ratio. The formulation for thef@ced
concrete specimens used, in k@/rwas: Cement 320; Water 140; Sand 700 and GraW@l The water
cement (W/C) ratio was 0.44.

Two sets of reinforced concrete were cast withabfhitors (the control test samples) and 9 setsteél
reinforced concrete were cast with different intabiconcentrations admixed The sets were prepaitd w
different percent concentrations of inhibitors assgnted Table 1.

The steel rebar used for the reinforcement was SIN6Omm. It has the chemical composition of: 0.3%C,
0.25%Si, 1.5%Mn, 0.04%P, 0.04%S, 0.25%Cu, 0.1Qr1%Ni, and the rest Fe. The sodium chloride and
sodium nitrite used were of AnalaR grade.

The steel samples were cut into several pieceswiticla length of 160mm and 16mm diameter. An abeas
grinder was used to remove any mill scale and e stains on the steel specimens before embeddée i
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concrete. Each steel rebar was symmetrically placedss the length of the block in which it was edded
and had a concrete cover of 42 mm. Only about 140 was embedded in each concrete block. The
remaining 20mm protruded at one end of the concbétek, and was painted to prevent atmospheric
corrosion, Fig.1. This part was also used for eleaitconnection. The test medium used for the stigation
was 0.2M HSQ..

Table 1: Preparation of concrete sets

Test medium 0.2M Pawpaw |leaves extracts Sodium nitrite Pawpaw extract
H,SO,/Control concentrations (%) concentrations (%) + NaNO, (%)
No inhibitor 40 40 40
(Contral)
70 7C 70
10C 10C 10C

160mm

100mm

‘</ ——— Exposed and of
the embedded

rainforcermant

Steal rebar

100mm

|—'7 140mm —————

160mm

Fig. 1. A sample block (not to scale).

Potential measurement

Each concrete block was partially immersed in 0.@Mphuric acid such that the medium level was just
below the exposed reinforcing steel but not didmake contact with it. The potential readings wartained

by placing a copper sulphate electrode firmly oa tioncrete block, Fig.2. One of the two termindls o
digital voltmeter was connected to the copper satiptelectrode and the other to the exposed pattieof
embedded steel rebar to make a complete electiicalit. The readings were taken at different poiob
each concrete block directly over the embedded stbar. The average of the three readings was otadp
as the potential reading for the embedded rebarday intervals. All the experiments were perfalmeader
free corrosion potential and at ambient temperature
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Fig. 2. Schematic representation of experimental set up.

Results and Discussion

Varied Percent Concentrations of Napi@ldition

The results obtained for the varied per cent canatons of sodium nitrite addition — 40, 70 andd%
mixed with the concrete test samples are presdant&iy.3 All the curves show the variation of pdials
(mV) with exposure time (days) for the steel reinéa concrete samples partially immersed in 0.2/8®).
The curve for the 100% concentration addition shibavéendency towards active corrosion reactiorns fiee

3 day to the 9 day of the experiment. It however, moved into flessive state of corrosion reactions
throughout the experimental period, achieving piéralues of -227 and -153 mV (CSE) on thé" Hd
21* day of the experiment respectively. The curve sttban indication that there was no corrosion of the
embedded steel inside the concrete within thedlastys of test duration. The curve for the 70% eotration

of NaNGQ, indicated an effective inhibition performance tghout the experimental period, but with a little
tendency towards active corrosion reactions belafiom 12" to the 21st day of the experiment.

The test with the 40% concentration addition of Ialdlso gave a good corrosion inhibition performaase

it remained in the passive corrosion reactionestatindicated by the obtained potential valuesutjinout
the experimental period. In general, the effectagsnof NaN@as corrosion inhibitor here was not significant
when the curves with the added inhibitor and thiiakd potential values were compared with the eurv
without added inhibitor. The test duration was gy not long enough to come out with conclusive
information in this regard.
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Figure 3: Variation of potential with exposure time for th@ld steel specimen embedded in concrete with
varied concentrations of NaN@ddition, partially immersed 0.2M,80,

Varied Percent Concentrations of Extracts of C.paaddition

The varied concentrations of 40, 70 and 100% ofpaaw(Carica papaya extracts used as inhibitor for the
experiments are presented in Fig. 4. The embeddedl specimen in the concrete remained in the yassi
state of corrosion reactions throughout the expemiad period except for the curve of 40% extraditémh
on the &' and 13' day. The fluctuation is difficult to explain. Hower, it could be due to the inability of the
extract at that low concentration to maintain stgissivity during that period of the experimemtteRtial
values of -182 and -278mV were recorded respegtifet the 100 and 70% extract concentrations audit
on the last day of the experiment; an indicationabolute corrosion passivity at that period. Test t
performed with the 40% concentration of the adddthet, though remained in the passive state abswn
reactions for most period of the experiment, géeeleéast effectiveness in corrosion inhibition perfance.

0

- 0 3 &) 9 12 15 18 21
> -100 A
E
E -200 —4— Nainhibitor
@ == PAW L 40%
2 -300 -
.g PAW L 70%
g 400 = PAW L 100%
o

-500 A

-600

Exposure Time (Days)

Figure 4. Variation of potential with exposure time for th@ld steel specimen embedded in concrete with
varied concentrations of pawpaw extracts additiamially immersed in E50O,
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Obviously, extract of pawpavedrica papaya was concentration sensitive/dependent; its effeatorrosion
inhibition improves with increase in extract conication. The overall performance was very good
particularly at very high concentrations. The diffex performance can be associated with the venypbex
chemical composition of the extract as mentionethi introduction. These could react with the afial
environment of the concrete to form a strongly adhepassive film on the embedded steel surface tha
hindered the penetration of the sulphate ions,{S® initiate, perpetrate and sustain continuoutivec
corrosion reactions at the concrete matrix enviremiisteel’s interface.

Combination of sodium nitrite and pawpaw (c. papagracts

The results obtained for the combination of diffédreoncentrations of NaNQand extracts of pawpaw
addition to the concrete are presented in Fig.bapparent synergism of results is shown here.IN®8%6
concentration of the combined inhibitors achievld potential values with increasing active cormosio
reactions from the beginning of the experimenthe 12" day after which it maintained stable passive
reactions to the end of the experiment with a valtie284mV on the 21 day. The 70% concentration
addition remained in the passive corrosion reastistate throughout the experimental period, thotingh
performance was low in the first 18 days of the ezipent. The inhibitive performance of the 40%
concentration addition was significant as the cupraained in the passive corrosion reactions §tate the
12" day to end of the experimental period and witt bessive potential values ranging from -214mVhat t
12" day to -211mV on the last day of the experimefieré was apparent corrosion reactions synergism in
these combined concentrations with best resultezeki with the 40% concentration addition and |east

the 100% concentration addition.

S01 o 3 6 9 12 15 18 21
-100 -
-150 A =—&=—no nhibitor
-200 -

=250 ~
300 | : synergy 70%

== synergy 40%

Potential vs. CSE (mV)

-350 A = gyinergy 100%
-400 A
-450 A
-500

Exposure Time {Days)

Figure 5: Variation of potential with exposure time for th@ld steel specimen embedded in concrete with
varied combined concentrations of NajNdpawpaw extracts addition partially in immersed in
H,SO,

A very noticeable and interesting observation hees that NaN@ an inorganic chemical compound
inhibitor synergised with pawpaw extract with vesgmplex multifarious constituents to for an adheren
protective film on the embedded steel surface fiecéfely hinder sulphate ions (3Qfrom initiating active
corrosion reactions in the combined concentratadribe inhibitors during the most period of the esment.
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Comparison of the inhibitors’ corrosion inhibitia@ffectiveness

The results obtained for the comparison of thehitdis effectiveness at each of the different cotregions
of 100, 70 and 40% respectively are presentedgs. i to 8.

In Fig. 6, 40% concentration each of NajN&ahd extracts of pawpaw (c. papaya) inhibitors wen@pared.
Based on the potential values recorded, there itidnbperformance or effectiveness was relatively lin
general when compared with the test without addiibitor to the concrete. However, from the 12tly ta
the 18" day of the experiment, the better effectivenessasfosion inhibition in terms of potential values
achieved for the sodium nitrite was observed witkeptial values of -256 and -242mV respectivelytiom
days mentioned above. The curve for the pawpavaeixpicked up on the Z1day of the experiment and
achieving appreciable passive potential value 6DrR2V. The acid seemed very strong for the inhibitar
make impressive inhibition early in the experimétdats.

2200 == Control Inhibitor
——NaNO02 40%
PAW Ext 40%

Potential {mV) vs CSE
wl
o
o

7
N

Exposure Time {(Days)

Figure 6: Variation of potential with exposure time for th@ld steel specimen embedded in concrete with
40% concentration of each of the NaNdpawpaw extracts addition partially in immersed in
H,SO,

0
-50
-100

-150 —&#— Control Inhibitor

-200 == PAW Ext 70%

250 M—— NaNO2 70%
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-400
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Figure 7: Variation of potential with exposure time for theld steel specimen embedded in concrete with 70%
concentration of each of the Nab&hdpawpaw extracts addition partially in immersed u$6,

201



J. Mater. Environ. Sci. 3 (1) (2012) 195-205 Loto
ISSN : 2028-2508
CODEN: JMESCN

Fig. 7 shows the curves obtained when 70% condeniraf each of the inhibitors was used as additiothe
steel reinforced concrete. Here, the pawpaw extrachained in the passive state of corrosion reasti
throughout the experimental duration, and recorithedoverall best passive potential value of -198 an
182mV on the 18 and 2f day respectively. The NaNOnhibitor also performed fairly well but with a
tendency towards active corrosion reactions fromdhday achieving a potential value of -377mV on the
21st day of the experiment. Averagely, their cdoosinhibition performance was not better than the
protection given by the concrete alkaline environmantil the 18' day when the pawpaw extract gave an
increased significant passive potential corroseacttions behaviour.

——
(Sg]
—
(e

-50 15 20 2p
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-200 _
=¢==Control Inhibitor

-250
——Q [ ~B-NaN02 100%
-300
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-450
-500

Potential {mV) vs CSE

Exposure Time (Days)

Figure 8: Variation of potential with exposure time for th@ld steel specimen embedded in concrete with
100% concentration of each of the NaN@dpawpaw extracts addition partially in immersed 8,

The addition of sodium nitrite at 100% to the stemhforced concrete matrix showed better corrosion
inhibition performance than the same concentratbrpawpaw extract only after the “W&ay of the
experiment, as presented in Fig. 8. Prior to thimtpof time, its behaviour was more of active osion
reactions. Though with some little fluctuationss tddition of pawpaw extract at 100% concentrativowed
effective corrosion inhibition performance thatgad between -251 at the beginning and -278mV aétide

of the experiment. This was an indication that @imained absolute passivity and no corrosion tecyle
throughout the experimental period.

Effect of pH

The recorded pH values for the whole duration ef éxperiment are presented in Table 2. The reiafbrc
concrete blocks recorded pH values which its acidiecreased from 0.97 from the beginning of the
experiment to 1.16 at the end in a period of 21sd&milar trends were recorded for all the difféngercent
concentrations of inhibitor addition.

Sodium nitrite at 40% concentration addition, t&lity reduced from 0.92 — 0.99. At 70% concentmatiit
reduced from 0.91 — 1.32; and at 100%, from 0.9B.24. This decrease in acidity could be due to the
reactions between the concrete constituents, theNachemical, the EBO, test environment and the
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reactions at the steel/environment interface ferdteel reinforced concrete blocks. In addition¢eithe steel
was partially immersed, the carbon dioxide from atrmosphere could have penetrated by diffusionutitro
the concrete pores and reacted with water contettieotest medium to form the weak carbonic acit th
further reduced the sulphuric acid strength.

Table 2: pH valuesfor thetest in H,SO,solution

0 3 6 9 12 15 18 21
SAMPLES
/ DAYS
Concrete 0.97] 1 1.02 1.06 1.07 1.13 1.14 1.16
(without
inhibitor)
NaNO, 0.92 0.93] 0.95 0.96 0.97] 0.98 0.98 0.99
40%
NaNO, 0.91 0.97 1.03 1.09 1.06 1.09 1.3 1.32
70%
NaNO, 0.93 0.99 1.04 1.07 1.09 1.1 1.17 1.21
100%
Pawpaw 0.9 1 1.09 1.07 1.06 1.11 1.22 1.41
Leaves
40%
Pawpaw 0.89 0.99 1.09 1.09 1.09 1.13 1.2 1.3
Leaves
70%
Pawpaw 0.87] 0.91 0.95 0.97 0.98 0.95 1 1.02
Leaves
100%
Pawpaw L 0.88 0.93] 0.97] 1.04 1.02 0.96 0.95 1.02
+ NaNO,
40%
Pawpaw L 0.86 0.92 0.98 1.1 1.04 0.97 1.01 1.06
+ NaNO,
70%
Pawpaw L 0.87] 0.94 1 1.21 1.13 1.03 1.1 1.35]
+ NaNO,
100%

The same trend of reduced/decreased acidity wasded with the use of pawpaw extracts addition @lad
with the use of combined inhibitors, for examplereuction from 0.87 to 1.35 at 100% combined
concentrations.

Though minimal, one clear correlation of this dasiag acidity with potential readings was that wtitle
decreasing acidity, there was a tendency toward®asing passive potential values, that is, legmthe
values of potentials, though sometimes with ranflactuations, particularly with some of the congatibns

of pawpaw extracts.
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Table 3: Compressive strength test

REINFORCED CRUSHING STRENGTH FOR REINFORCED
CONCRETE SAMPLES CONCRETE IN (H,SO,) MEDIUM

Concrete (without inhibitor) 125KN
NaNO, 40% 80KN

NaNO, 70% 13CKN
NaNO, 100% 140KN
Pawpaw L eaves 40% 70KN

Pawpaw L eaves 70% 130KN
Pawpaw L eaves 100% 150KN
Pawpaw L + NaNO, 40% 50KN

Pawpaw L + NaNO, 70% 155KN
Pawpaw L + NaNO, 100% 160KN

Compressive strength test

The results obtained for the compressive strereghare presented in Table 3. While the concretlea
without inhibitor addition had a compressive sttbn@f 125 KN, the inhibitors with lower percent
concentration addition had lower values. The 40%ceatration of NaN@ addition had a compressive
strength value of 80 KN while the same per centeatration of pawpaw extract even had a lower agxbr
value of 70 KN. From table 3, the trend showed that compressive strength increased with incremse i
percent concentrations of each of the two inhibitased. While the lowest percent concentration408b
could be said to be detrimental, to the compressivength of the concrete samples, highest percent
concentration (100%) of the inhibitors addition disémproved the compressive strength significantly,
achieving different values of 140 and 150 KN fag Hodium nitrite and pawpaw extract respectively7@%o
concentration, the pawpaw extract and the Nahlfdition recorded the same compressive strengthe\af
130KN each. The combined inhibitors gave a clearend of increasing and hence better compressive
strength with increase in the percent concentratmfnadded inhibitors and thus exhibiting anottomf of
synergism. At 40% concentration, the combined iithib had a very poor comparative compressive gthen
(50KN) with the concrete samples without inhibitdowever, with 70 and 100% concentrations of thdead
combined inhibitors, the recorded values were X&b160 KN respectively.

Conclusion

All the percent concentrations of the pawpaw extragave good corrosion inhibition performance a th
embedded steel rebar but not in any particularrasfieoncentrations. The sodium nitrite inhibitds@gave
effective corrosion inhibition of the embedded ktaad not in any particular order of concentragion

The combinations of the inhibitors were effectibert did not give an appreciably better performaimce
corrosion inhibition of the metal substrate. A piesieffective synergy was formed by the combinedcpnt
concentrations of an inorganic chemical compoundN®, and the extract from the leaves of a plant,
pawpaw(carica papaya).

The compressive strength of the tested concretplsa increased in most cases and even recordedya v
appreciable value increase (160 KN) with the comtiam of pawpaw extracts and sodium nitrite at 100%
concentration.
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