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Corrosion studies of Self Compact Concrete with
dilute Hydrochloric Acid in Chemical Industries

Appanna Babu.Gunta

Abstract: Corrosion is the deterioration or destruction of
material by chemical or electro chemical reaction with its
environment. The effect of the effluent dilute Hydrochloric acid
on self compact concrete was cured using concrete with water-
binder ratio 0.5, of after making there to shape of cubes. Silica
fume content was 7.5% by weight of cement & fly ash content
17.5% by weight of cement. High range water reducing agent
(HRWRA) was to ensure the better workability. For each mix
sample, the effect of the variable parameters like p" value of the
acid & its concentration, time of exposure, were studied. Also the
effects of sea water & air on these mixes were studied. In this
study the concrete cubes were exposed to hydrochloric acid (HCI)
of different concentrations like (25 ppm, 50 ppm, and 100ppm),
seawater, open air and pure water. The amount of acid consumed
by concrete per unit surface area, variation of concrete strength
and weight with time for different concentrations of hydrochloric
acid was summarized. The tests revealed that self compacting
concrete (SCC) cubes consumed acid, in all concentrations for 90
days, in increasing order with increase in concentration of acid,
The rate of consumption of acid is higher initially and then
decreases gradually with age. With 25 ppm concentration of
hydrochloric acid in contact , the concrete cubes shows a dlight
gain in weight as well as strength where as, in all remaining
concentrations Hydrochloric acid, the weight and the strength
followed a decreasing trend with increase in concentration of
Hydrochloric acid studied. The consumption of acid on concrete
cubes increased with increase in time. The percentage decrease
in strength increased with increase in the hydrochloric acid
concentration. The use of both silica fume, fly ash resulted in
drastic reduction in chloride permeability at all the ages.

Keywords: Compressive strength, silica fume, durability, fly
ash, corrosion, and self compacting concrete.

I INTRODUCTION

The usage of concrete structures in the mode

civilized work has been beyond expectations malkihem
now and then a scare commodity. Under certain tioha
environmental conditions, they too were found talemgo
chemical attack leading to, if neglected, catastiop
failures, which are even unwarranted some timesst\déd
the chemical industries emit out various polluta@s per
norms of the pollution control board. In some irtdes
these limits are not properly followed. While inns® cases
though the limits are followed even small concetidres of
emmittences, some times, affect the strength ofrete due
to corrosion. In view of this, there is lot of thteof
deterioration due to chemical corrosion [1] to tlencrete
structures, which are with in premises of industrie
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And also to the other civil structures in proximiy these
industries. Acidic environment is prevalent in ierer,
tanning industries, smelters etc, the pollutanth@effluent
water streams, affect the concrete structurestheaffluent
drainages and water bodies while the chloride g§2fs
pollutants get converted to hydrochloric acid daephoto
chemical reaction, rainout, washout and due toti@aevith
the moisture content.

The present work is envisaged to stimtydffect of
hydrochloric acid on self-compact concrete. Chlesicact
on the concrete structures and lead to deterior§idp Self-
compact concrete is a high performance concreis.éery
useful application in the precast industry becaatdts
requirements for high strength and high flow apilj4].
Self-compact concrete is used to improve the prindticof
casting congested sections and to ensure propieq fibf
restricted areas, such that concrete can improwe th
homogeneity of high flow able concrete that is 3seey to
good bond development with reinforcing steel, adégu
structural performance and proper durability [5].

In the present work, studies are conductedhe
self compacting concrete made with silica fume, ORC
ash and admixtures where exposed to different
concentrations of hydrochloric acid and open ag water
and pure water. The amount of acid consumed byretac
per unit surface area with time, strength and weigh
reduction in concrete and depth of deterioratiowaicrete
for a given amount of acid consumed are studieces&h
calculations are useful to estimate the life exgecy of the
structures and to take necessary steps to prékeciancrete
by providing additional cover or by applying prdiee
goatings etc.

Il MATERIALS AND METHODS

Cement: Commercially available Ordinary Portland
Cement 53 grade used in the study. The cement esseadt
for a various properties as per IS 4031-1981.Cemeartt
used in present study is 5.247 kg per every nibhegu

Silica fume: Fosroc 10,000 slurry type silica fume was
used. 0.4 kg of silica fume was used for every cunees.

Fly ash: Fly ash wused in the experimental work was
obtained from NTPC thermal plant Vishakapatnama&si
having mean size 3 mm was used in the investigatiuh
0.9182 kg of fly ash used in every nine cubes.

Coarse and fine aggregate: 13 kg of coarse and fine
aggregate was used.

Superplagticiser: Superplasticizar is a modern type of
water reducing admixture, much more effective thhe
other mixtures and 52.47 ml of admixture were used.
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[l EXPERIMENTAL WORK

10x10x10 cm of 63 concrete cubes were cast to stuf

the compressive strength and weights and consumpfio
acid. These cubes are prepared by every nine Setses
from above data.

First set nine cubes were kept in water for 7, 28,
days. Second, third and fourth sets are kept iemfar 28
days and then exposed to pure water, sea watevsptrare
air for 7, 28 and 90 days™56" and 7' set of cubes were
kept in water for 28 days and then exposed to hojdooic
acid of 100 ppm, 50 ppm and 25 ppm concentrations
different closed containers respectively for 7,28 a 90
days.

A. Volumetric Analysis Adopted for Replenishing the
Acid Consumed

After 28 days of water curing the cubes were exgase
dilute hydrochloric acid of 100 ppm, 50ppm and 2%pp
concentrations. The strength of acid was measurezhalar
interval and the depleted acid was replenished.sTiength
of hydrochloric acid present in the sample wasvested by
volumetric analysis.

V. RESULTS AND DISCUSSION

hydrochloric acid of 25 ppm concentration. Compéct
oncrete had less consumption initially and thendased.
yTab Il & Ill shows the variation of volume of acid
consumed with age for cubes in Hydrochloric acitlitson

of 100 ppm and 50 ppm concentrations. Compacted
concrete having less consumption initially and then
increases more acid at 28 and 56 days.

B. Variation of Compressive Strength:

The variation of compressive strength for concoetiees
where exposed for 90 days to 100 ppm, 50 ppm, 26 pp
toncentrations of acid solution, sea water, opeara pure
water were studied. The Compressive strengths feers
out at the end of 7, 28 and 56 days for all seriesr 100
ppm and 50 ppm of acid exposure the compressieagitn
decreased with increase in dosage of hydrochlaiit. &8ut
for 25 ppm of acid exposure the compressive stremagts
lightly improved, probably due to the further cuyriof the
concrete at very low concentrations, making it gead as
water.

The variation of 7, 28 and 90 days compressivangthe
of concrete cubes curing in water, open air and \Bater
was studied. For open air and sea water theseg#tisen
showed a slight variation in decreasing order days and
28 days and then the strength decreases 90 daysilerp

The advantage of SCC prompts for regular usage as alt was also observed, that the strength reduced wit

structural concrete. The initial increase in cestxpected to
give some trade off due to reduction in the numdfdabor
engaged and elimination of vibrators. Furthers iexpected
to offer better resistance in aggressive envirorindele to
the type of ingredients used. In this context danapt has

been made to study the resistance of SCC to agegess

environment like hydrochloric acid.

From the experimental investigations, the databeen
tabulated and graphically represented to show #diavior
of SCC with respect to volume of acid consumeds los
weight and compressive strength of concrete wh@osed
to conditions such as acid, air, Sea water andrwate

The chlorides formation on the surface of the cetgcr
cubes in the form of white fins and a spongy layesmall
thickness can be predominantly seen in the caserafrete
exposed to 25ppm Hydrochloric Acid. In case of ppon

and 50 ppm concentration of Hydrochloric Acid, the

dissolving attack being dominant the surface gsesalved
fast and hence no fins or spongy layer formationldtde
seen on the surface.

A. Variation of Consumption of Acid:

The variation of consumption of acid (V) in Ifrof
surface area of SCC cubes with age for a maximuencdg
90 days was studied. The concrete cubes werectirst in
water for 28 days and then immersed in acid saistiof

100 ppm, 50 ppm and 25 ppm concentrations for 96.da

The quantity of acid consumed by the cubes is fotod
increase with the increase in all concentratiohacid. The
rate of consumption of acid is higher initiallgut it

increase in exposure time. In all concentrationg th
percentage reduction of strength was high for 5¢s dand
there after the percentage reduction of strengtls wa
marginal.

V. CONCLUSIONS

e 7.5% replacement of cement by silica fume has
shown improved strength properties of the self
compacting concrete. Therefore in all cases 7.5%
replacement was considered. The silica fume thus
added accelerates the strength development due to i
pozzolinic reaction at an early stage. It also &iéip
improving the durability of concrete and reducihg t
deterioration when exposed to hydrochloric acid of
different concentration.

 The use of fly ash in the concrete increases flow
ability and workability, it further helps in the
development of strength at early stages.

» The absolute strength of concrete, increased wité t
for all acid concentrations up to about 50 days of
curing and beyond 50 days the absolute strength
values showed gradual fall depending on the
concentration of the acid exposed. The percentage
decrease in strength increased with increase in the
hydrochloric acid concentration.

e Chlorides in the hydrochloric acid are the esséntia
pollutant that deteriorates the concrete strengttal
formation of corresponding chlorides chemically
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Table I. Amount of 100 PPM HCL Consumed by CemenConcrete.
Volume of Cumilative Volume

S. No ([/)AAC\;YES) HC"( rﬁgded of Hc('r'nﬁdded \\//(cl)lltl/JnT %
1 1 1.67 1.69 02463
2 6 258 3.27 0.4851
3 12 13 7.37 0.8372
4 18 13 9.97 1.0855
5 24 1.4 12,57 1.3261
6 30 1.4 17.07 1.9569
7 36 1.4 19.87 2:2548
8 42 1.2 21.07 2.2544
9 48 1.2 23.47 3.7675
10 54 1.2 24,37 4.1314
11 60 0.9 25,17 4.4842
12 66 0.8 26.77 7.2388
13 72 0.8 29.27 11347
14 80 0.5 29.87 16.890
15 86 0.5 29.87 17.800
16 90 0.3 30.07 18.240
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Table Il. The Amount of 50 PR, HCL Consumed Cement Concrete Cubes.

Volume of Cumilative Volume

< No (égfs) HCL( rﬁgded of Hc(lr_n ﬁdded \\/’(cl’l't‘;r;”?)
1 1 0.845 0.845 0.00242
2 6 0.845 2.44 0.0819
3 12 0.75 3.14 0.1369
4 18 0.70 3.82 0.4156
5 24 0.68 45 0.5344
6 30 0.68 5.05 08118
7 36 0.55 5.58 0.9479
8 42 0.53 6.61 1.074
9 48 0.50 6.62 1757
10 54 0.50 7.12 1.9087
11 60 0.5 7.52 3.0638
12 66 0.4 7.92 3.2611
13 72 0.4 8.12 7.066
14 80 0.2 8.32 7.4055
15 86 0.2 8.42 7:5694
16 90 0.1 8.56 78745

Table Ill. The Amount of 25 PPm HCL Consumed on Cerant Concrete Cube

Volume of Cumilative Volume of

S. No (@355) HCL( r/:gded HCL( nA]l(;ded \\//(‘ﬁ'tyrfr?ze)
1 1 0.4425 0.4425 0.0026
2 6 0.4425 0.865 0.0304
3 12 0.42 1.285 0.0692
4 18 0.40 1.685 0.1015
5 24 0.40 2.085 0.1328
6 30 0.40 2.485 0.2034
7 36 0.39 2.875 0.2404
8 42 0.37 3.245 0.2754
9 48 0.35 3.595 0.4122
10 54 0.35 4.275 0.4552
11 60 0.35 4.595 0.4964
12 66 0.33 4.905 0.8037
13 72 0.32 5.205 0.86
14 80 0.30 5.405 1.9769
15 86 0.2 5.62 2.0242
16 90 01 577 2.125
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Table IV. Strength of Concrete Cubes (10x 10 x 1@m Cured in 100 PPm HCL.

Range of Average Average
Strength of Difference in Percentage Decrease
Concrete Strength of -
Age concrete Strength in Streangth
S. No Strength Concrete 2
(Days) (Kglcm?) (Kglem?) Water (Kg/cm?) Compared To Water
9 9 (Kglem?)
1 7 350 - 400 303 486 93.3 19.17
2 28 450-489 487 516.6 35.6 6.8912
3 54 432-456 456 566.6 90.4 16.714
4 90 432-478 466.6 576.6 110 19.077
Table V. Strength of Concrete Cubes (10x 10x 10)c@ured in 50 PPm HCL.
Average
Range of Concrete Average Strength strength of Difference In Percentage Decrease
S. No Age Stre?l th (Kglcn?) of Concrete concrete Strength in Streangth
(Days) gth (K9 (Kg/em?) Water (Kg/lcm?) Compared To Water
(Kg/lcm?
1 7 450-480 476.6 486 10 2.055
2 28 460-473 4733 516.6 433 8.8348
3 54 480-490 500 566.6 56.6 10.58
4 90 493.4-510.0 510.0 576.6 66.6 11.57
Table VI. Strength of Concrete Cubes (10x 10x 10yreCured in 25ppm HCL.
Range of Average
9 Average Strength strength of . . Percentage Decrease in
Concrete Difference in Strength
S. No Age of Concrete concrete 2 Streangth Compared To
Strength 2 (Kg/cm?)
(Days) (Kglcm?) (Kg/cm?) Water Water
9 (Kg/cm?)
1 7 430-450 456.6 486 29.9 6.1444
2 28 460-482 481.6 516.6 35 6.77
3 54 470-480 480 566.6 76.5 12.51
4 90 495-495 490 576.6 86.6 15.81
Table VII. Strength of Concrete Cubes (10x 10x 1@m Cured in Sea Water.
Average Percentage
Range of Average Strength of Difference in Decrease in
Concrete Strength of
S. No Age Concrete Strength Streangth
Strength Concrete >
(Days) (Kglcm?) (Kglem?) Water (Kg/lem) Compared To
9 9 (Kg/em?) Water
1 7 400-403 403 486 83.6 17.19
2 28 456-471.6 471.6 516.6 45 8.71
3 54 498-498 498 566.6 58.3 9.75
4 90 493.4-508.3 508.3 576.6 68.3 11.845
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Table VIII. Strength of Concrete Cubes (10x 10 x I0cm Cured in Open Air

Average Percentage
Range of Concrete Average Strength  strength of Difference In Decrease In
S. No Age Stre?l th (Kglcn?) of Concrete concrete Strength Streangth
(Days) gth (K9 (Kg/em?) Water (Kg/em?) Compared To
(Kg/em?) Water
1 7 350-376.7 486.6 486 109.9 22.58
2 28 450-510 516.6 516.6 5.7 1.1036
3 54 495-512 524 566.6 46.3 8.45
9.725
4 90 495-520.5 576.6 576.6 56.1
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