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IMPROVEMENTS IN OR RELATING TO CORROSION PREVENTION IN REINFORCED CONCRETE AND BRICK-
WORK CONSTRUCTIONS,

PROVISIONAL SPECIFICATION.

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Rarr MarG, NEw DELHI1, INDIs, AN INDIAN REGISTERED
BODY INCORPORATED UNDER THE REGISTRATION OF SOCIETIES AcT {Act XXI oF 1860).

The following specification describes the nature of this invention.

This is an Invention by KUMMATTITHIDAL SANTHANAM RAJAGOPALAN, Scieatist,
Karaikudi - 3 (Madras

CHEMICAL RESEARCH INSTITUTE,

CENTRAL ELECTRO-

State), - NERUR SANKARANARAYANA

RENGASWAMY, Senior Scieniific Assistant, CENTRAL ELECTROCHEMICAL RESEARCH INSTITUTE, Karaikudi-
3 {Madras State) and THIRUPATHISARAM MUTHUKRISHNA BALASUBRAMANYAN, Senioy soi-ntific Assistant,
CENTRAL ELECTROCHEMICAL RESEARCH INSTITUGE, Karaikudi-3 (Madras State).

This inveniuon relates to improvements in or relating to
corrosion preventign jn reinforced concrete and brick work
constructions,

Hitherto jt has been proposed that : {a) Materials such as
sodium and potassium silicates, sodivm, potassium and
ammoniem soaps, vegetable oils and resins make concrete
fess permeable to water thereby prevening reinforcement
gorrosion ¢

(b) Inorganic coatings, ¢oatings of drving ojls and resins
on reinforcement protect it from gorrosion;

(¢) Coatings of cement slurry 10 which corrosion
inhibitors are added prevent reinforcement corrosion; and

(d} Addiijon of sedjum nitrite to concrete mix inhibits
corrosion,

These are open to the objection that:

(a) Substances added to render conerete impermeable
are not completely effective since very small amounts of
wafer vapour and air are only required to cause reinforce-
ment Ccorrosion ;

(b) Coaiings on reinforcement interfere with the bonding
of steel to concrete ; and

(c) Any one corrosion iphibitor like sodium nitrite or
sodium chromate cannot be dependent upon to prevent rein-

TaABLE

forcement corrosion under the variable conditions that can
be obtained in concrete consiructions,

The invention broadly consists in the development of an
inhibitive mixture to be added to the wuter used for laying
concrete which ensures protection of reinforcement from
corrosion under a wide variety of conditions that are met
with in concrete coustractions. Reinforcement corrosion
takes place when corrosive salts such as the chlorides and
sulphates increase and sufficient alkelinity jis not obtained
within the concrete. The inhibitive mixture has been so
developed thai th: required alkalinity as well as sufficient
concentration of inhibitive ions are always obigined,
Examples of effeciive inhibitor systems are :

Sodium carbonate+Sodium nitrite

Trisodium phosphate4-Sodium  nitrite

Scdium hydroxide-+Sodium nitrite

Sodium silicate+Sodium nitrite

Sodivm hydroxide +Sodium silicate

Sodium carbonate+Ammonicm stearate

Sodium carbonate+Scdinm  nitrite+Trisodivm
phosphate,

Performance of the Inhibitor Systems developed

Deseription of test

System Visual observation

Polished mild steel iz gentrally embedded in 1:2:4
concrete,  After seven days curing in distilled water,
concrete specimen is broken and stesl specimen
visually observed for rust spots (0.25% NaCl by
weight of cement is added through mixing water to
the concrete during preparation of specimens)

No inhibitor
Only sodium carbonate
Only trisodinm phosphate
Only sodium hydroxide

10 rust spots

4 big rust spois

3 to 4 big rust spots
5 rust spots

Mixture 1 Good
Mixture II Good
Mixture IIT Good

Good : Completely free from rust spots, pits etc,

TaBLE
Cost of Treatment by the Inhibitor Mix

Cost by weight of

cement
1. Proprietory additives to the
concrete mix 25.50%
Less than 20%

2. Inhibitor system developed

The following are among the main advantages of the
invention : ' )
1. It is easy tp iIncorporate the Inhibitive mixture in
building constructions ;

2. It does not interfere with the bonding of sieel to
concrete |

3. The chemicals to be used are available indigenously :

4. The treatment cost is less than 20% unlike several
proprietory additives which cost arpund 50%.
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The following specification particularly describes and ascertains the nature of this invention and the manner
in which it is to be performed.

This is an invention by KUMMATTITHIDAL SANTHANAM  RAJAGOPALAN,

Scientist, NERUR SANKARA-
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,}"he canotared title of the invention :
This invention relates to prevention of corrosion of mild

steel reipforocment in reinforced concrete and brickwork
constructions.

Price: TWQ RUPEES.
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Prior knowledge !

Hitherto it has been proposed that—

(a) materals such as sodwm and potdssivm  silicates,
sodium, polassaum av AMMONOM s0aps, yogetabie oils and
resins make concrete less permeable to water thereby prevent-
ing reinforcement corrosion ;

(b) Inorganic coatings, coatings of drying oils and resing
on reinforcement protect it irom cotrosion;

{c) Coatings of cement sluny to which corroston inhibis
tois are added to prevent reinforcement coirosion.

Drawbacks connected with hitherto known processes:

These are open to the objections that--

{(a) Substanc:s added to render concrele impermeable
are not completely effective simce very smo | amounts of
water vapour and air are only required to cause reinforce-
mert CCrrocion ;

(b} Coatings on reinforcement may interfere with tae
bondmg of steel to concrefe.

The main obfect of the invention :

The object of inveniion is to prevent iron or steel re-
inforcement corrosion in remnforced concrete and reinforced
brickwork constructions by iatroduing along with water used
for mixing concrete, an inhibilive mixture which would
prevent corrosion.

The main finding :

By the addition of the inhibilive mixture to the water
used for mixing concrete, steel embedded in cement concrete
or mortar does not corrode at the concentrations of chloride
and sulphate morma'ly present in cemenf concrete or mortar.
The new result flowing from the new finding :

The likelihood of reinforcement corrosion taking place
because of the presence of more than average amounts of
chloride and sulphate in coocrete will be prevented.
Statemnent of invention :

According to the present invention, the composition which
on addition to water used in mixing of concrete can inhibit
cosrosion of steel reinforcemenis embedded in  concrete
constructions consists of a mixture of sodium hydroxide and
sodium mitrite or a mixture of sodium carbonate and sodium
Aitri‘e ar a mixtare of firi-sodium phosphate and sodium
nitrite in the ratio of alkaline ingredient, namely sodium hy-

droxide, sodiunt carbonate, tri-sodium phopliate to the paw
sivating ingredient, namely, sodium nitrite in the range of
0.25 to 1 to 0.25 to 2, 0.25 to 2 bteing the preferred ratio,

The provess for obtauung the Suipdsilon coflsiats 1 s
solving the two types of ingredients in water to obtain A
liquid cencentrate.

As stated, the alkaline ingredient te passivating inhibitor
ingredient ratio is 0.25 :1 te 0.25 :2 respectively, The ingredi-
ents are dissoived in the specified proportion range with water
to make a Mquid concentrate,

Thus, 3 gramé of the alkaline ingrediemt and 20 grams of
the pussivating type inhibitor are dissolved in 30 ccs. of water.

The composition may be added in the ratio of 50 ces. of
composition (liquid concentrate) to 1 kg. of eement during
mixing of concrete in the case of concrete exposed to rural
and urban conditions and 100 ces. of composition (liquid
concentrate) to 1 kg, of cement during mixing of concrete 1o
be exposed to marine and industrial conditions.

The inhibitor systems are :

Sodium carbonate--Sodivm nitrite

Trisodium phosphate++Sodium nitrite

Sodium hvdroxide 4+ Sodium nitrite

Sodiem silicate4+Sodium nitrite

Sodium hydroxide -Sodiom silicate

Sodium carbonate + Ammonium stearate

Sodium carbonate 4 Sodinm  nitrite-- Trisodiums
phosphate.

EXAMPLE 1

One gram of inhibitor mixture (equal quantities of sodiung
carbonate and sodium nitrite) is dissolved in 35 cc. of dise
tilled wafer. 50 gm., of posrtland ¢ement is iaken and corres-
ponding quantities of sand and jelly are also taken and a 1 :2 :4
concrete mix is thus prepared using the inhibited water for
mixing, 0.5 gm, of sodium chloride is also introduced to the
mixing solution, during preparation of concrefe. A 2.8 cm.
X 2.8 cm. size polished cylindrical mild steel specimen is cen-
trally embedded in the above concrete and a cylindrical con-
crete specimen of 5 cm. X35 cm. size is thus made. The con-
crete specimen is immersed in distilled water and st the end
of 7 days, specimen removed, broken and the steel specimen

is tisually observed for rust spots. The observation is as
given below :

8. No.

System

Visual observation

inhibitor
2 New inh bitor system -+ MaCi

1. Control system containing only NaCl and not

5 to 10 rust spots

no rost spots

EXAMPLE 2

Cne gram of inbibitor mixture {equal quantities of sodium
hyvdroxide and sodium nitrite) is dissolved in 35 c¢c. of dis-
tilled water. 50 gm., of portland cement is taken and corres-
ponding quantities of sand and jelly are also tsken and a
1:2:4 concrete mix is thus prepared using the inhibited water

for mixing. A 2.8 ¢m.x 2.8 cm. size polished cylindrical mild
steel specimen is cenirally embedded in the above concrete
and a cylindrica! concrete specimen of 5 cm.X 5 cm. size i
thus made. The concrete specimen is immersed in synthetic
sea water and at the end of 30 days, specimen removed, bro-

ken and the steel specimen is visually observed for rust spots,
The observation is as given below :

5. No, System Visaal observation
1. Control system without inhibitive mixture Innumerable rust spots
2. New inhibitor system no rust spots
EXAMPLE 3

5 cm.X 5 cm. si¢ goncrete specimen is prepared similar to
that explained in Example 2 and the specimen is exposed in

salt fog chamber and at the end of 500 hours exposure, speci-
men removed, broken and the steel specimen is visually obe
served for rust spots. The observation is as given below :

S, No. System Visual observation
1. Control system without inhibitive mixture 4 to 5 big rust spots
2, New inhibitor system

no rust spots

Main advantages :

fa} It iz easy to incorporate the inhibitor mixtare in
building constructions,

(b) It does not interfere with the bonding of stee! to
concrete.

(¢) The chemicals to be used are available indigenously,

{(d)The treatmtnt cost is less than 20% unlike several

proprietery additives which cost around 509% of the cost of
cement,

Summary

In the case of several instances of premature failure of
roofings of RCC and RCBW constructions, it has been moticed
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that the reinforéenient in these roofings have undergone ex-
tensive corrosion, It has also been noticed that concrete and
mortar surrounding the reinforcement has appreciable amounts
of chloride and sulphate, The inrhibitive mixture developed
can prevent corrosion of reinforcement in the presence of
the maximum amount of chlorides and sulphates that can be
szturally present in RCC and RCBW constructions.
Noteworthy features :

(a) An inhibitive mixtute consisting of a <constitueni
which belps in meintaining a high PH and a passivating or
adsorption inhibitor which when added to water used for lay-
ing concrete ensures protection from corrosion of irop and
steel reinforcements in RCC and RCBW constructions.

{b) The inhibitive mixture is introduced by adding to
the water used for mixing concrete.

{c) The inkibitive mixture can be made available in the
foom of a liquid concentrate.

We c¢laim :

I. A composition which on addition to water used in
mixing concrete inhibits corrosion of steel reinforcements
embedded in concrete comstructions which consists of a mix-
ture of sodium hydroxide and sodinm nitrite or a mixture of
sodium carbonate and sodiem nitrite or a mixture of tri-sodinm
phosphate and sodium nitrite in the ratio of alkaline ingredi-
ent namelyy sodiom hydroxide, sodium carbonate, tri-sodium
phosphate to the passivating ingredient mamely sodium nitrite

in the range of 0.25:1 to 0.25:2, 0.25:2 being the preferred
tatio,

MGIP Sant,-—SL~4 Patent{74—7-7-76— 100,

2. A process for obtaining the composition claimed in
Claim 1 whigh consists in dissolving the two types of ingredi-
ents in water to obtain a liquid concentrate, namely, 2.5 gms,
of the alkaline ingredient and 20 gm. of the passivating type
of intubitor dissolved in 100 ccs, of water,

3. A process as claimed in Claim 2 wherein the com-
position is added in the ratio of 50 ccs. of composition (liquid
concentrate} to one kg, of cement during mixing of concrete

in ite case of ¢oncrete to be exposed to rural and urban
conditions.

4. A process as claimed in Claitln 2 wherein the composi-
tion is added in the ratio of 100 ccs. of composition {(liguid
concentrate) to one kg. of cement during mizing of concrete
in the case of concrete to be exposed to marine and indast-
rial conditions.

5. A composition as claimed in any of the preceding
claims for preventing steel reinforcement cotrosion in con-
crete canstructions sach as RCBW and RCC constructions
substantially as hereinbefore described.

R. BHASKAR PAY,
Patenis Officer,

COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH.,

Dared this 27th day of December 1967,



