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This invention relates to improvements in or relating

to the inhibition of corrosion of steel in cooling vater
systems.

vrhosphates
Hitherto it has been proposed that chromates/and silicates

alone or in combination are used as corrosion inhibitors for

steel in coolirgwater, particularly in recirculating systems.

This is open to the objection that chromates at conoentya-
tions generally employed (300-%00 ppm) are toxic from the
point of view of disposal and can give rise to dangerous
localised corrosion, if used singly at lower concentrations.
The thromate-phoaphate doibination can facilitate scale
formation and also cause corrosion of any copper components
in the cooling system, apart from favouring bacterial growth.
51licates are used in high conentrations.(3000-4000 ppm).

The object of thig invention is to obwiate these
disadvantages by avoiding the use of chromates and phosphates

amd employing relatively lower concentrations of silicate.
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To these ends, the invention broadly congists in
combining silicate with organic amines like ‘cyclohexyl aming,
morpholine or triethanol amine and sodium citrate in the
following rangss of concentrations, including benzotriazole
(2 to 10 ppm) to take care of possible attack of copper or

brass componnents wherever necessary.

8ilicate s 250-1500 ppm
Amine  : 100-500 ppm
Trisodimm €itrate: 100-500 ppm

Though these chemicals are known to be corrosion
inhibitors they do not give a high degree of inhibition.
eitcapt at high comgetitratlions in water containing chloride
ions as is evident from Table 1.

IABLE 1
Solution - 10 ppm NaCl Temp. = 30  2°C
Mild steel of size 3" x 1"
8.No, Inhibitor ppm I.B.(%)
for 10 days
e Triethanol amine
(TRA) (250) 51
2. TRA 250 + sodium citrate 250 60
3. TRA (250) + sodium sgilicate(250) 42
L, 8odium silicate (250; +
sodium citrate(250 52
5. Morpholine (1000) 47

A suitable combination of these substances however
ean give a high degree of inhibition at comparstively lowver
goncentrations under similar circﬁmstances. This is brought
out in examples I to IIl given below:
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Exagple 3 1

Temp. = 30 + 2%

8olution = 10 ppm NaCl

Mild steel of sige = 3" x 1"
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1.8.(%) 1.8.(%)
--~ldnipm) | L L L. .. for10.dpys . _ . . for 30 dayp _ .

Inhibitive combination

1) T.E.A.  (250)
+ Sodium citrate (250)
+ Sodium silicate (250)

2) T.B.A. (100).
+ Sodium citrate (100)
+ Sodium silicate (500)

3) T.B.A. (100)
+ Bodium citrate (500)
+ Sodium silicate (500)

L) T.B.A.{500)
+ Sodium citrate(500)
+ Sodium silicate( 500)

5) Morpholine (250)
+ Sodium citrate (250;
+Sodium silicats (250

6) Horpholina%?ﬁbg
+ Citrate (250
+ Silicate(2%)
+ Bengatriazole(10)

?7) Morpholine{ 500)
+ Sodium citrate(500)
+ Sodium silicate(500)

8) Cyclohexyl amine (100)
+ Sodium citrate (500)
+ Sodium silicate{ 500)

99.9

100

100

100

100

100

100

68

7%

95

95

100

100

96
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Examples 2 Temp.30 ¢ 2 C solution = 100 pps NaCl
Duration : 10 days

Mild steel of

1) T.B.A. (100)
4+ Sodium silicate(-soog
+ Sodium citrate (500

2) lohexylamine (100)
sygodium silicate (500)
+ Sodium citrate (500)

3) Morpholine (100)

+ Sodium gilicate (500)
# Sodium citrate (500)

L

size 3" x 1"

Inhibition effeciency(%)

73

73

83



Temp, = 80 + 5°C

Ouration = 10 days
Mild steel of size 3" x 1"

Inhibition efficiency ‘52

10 ppm NaCl 100 ppm Nacl

1) T.£.A, (100)
+ Sodium citrate 2500
+ Sodium silicate(500 100 A few rust spote

2) Morpholine (100)
+ Sodium citrate (500
4+ Sodium silicate (500 100 do
3) Cyclehexylamine (100)
+ Sodium citrate 2530
+ Sodium silicate (500 100 do
Examplag 4
Metal = Copper 3" x 1* Solution = 10 ppm NaC(Cl
Duration = 30 days Temp, 30 ¢ 2%
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Inhibitor cembination Weight loss
(mo.gms)

-------w-----nc»-—0""-‘-’-.---——----.

1) Control 2,4

2) T.EsA., (100)
+ Sodium silicate (500)
+ Sodium citrate (500) 3.3

3) Combination (2
+ Benzotriazols (2 ppm) 2.7

4) Morpholine (250)
+ Sodium citrate (250)
4+ Sodium gilicate (250)
+ Benzotriazole ( 10 ppm) nil

5) morpholine (100)
+ Sodium citrate 55003
¢ Sodium silicate(S00
+ Benzotriazolae(10) nil

6) Cyclohexylamine (250%
+ Sodium citrate (250)

+ Sodium silicate (250)
+ Benzotriazole (10) nil

—*-—-----_-aooaoh.------‘--—-—-Q‘--.
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The following are among the main advantages of the

inventiong

1) 't is possible to avoid completely the use of
toxic substances like chromates in inhibiting the corrosion

of stesl in cooling water systems,

2 )Even without chromate, & high degree of corrosion

inhibition is echieved by suitable combination of amine,
silicate and citrate,

3) The incorporation of benzotriazole in the inhibition
combination makes it harmless to Copper components in the

systom,

4) Pollution problem is considerably minimised by the
avoid#nce of toxic chemiceals.

Dated this 2nd day of July, §974

5d/-
Asstt.Patents Officer,

Council of Scientific & Industrial Regsear-

ye

ch



THEE FATENT ACT 1970

COMFLEN: 5r .2ISIC.TIOH

SECTIL 10

IMPROVEMENTS IN o 210106 To TUALSITICN CF CURRUSION
OF ST4eL IN COULING Waluk 3YSTHMS.

COUNCIL OF SCIENTIFIC aNb INDUSTRIAL RiSEARCH, Rafi
Marg, New Delhi-1, India, an Indian reglistered body mexp
incorporated under the Registration of Societles nct (4et

XXI of 1860).

Xiae
The fcllowing cpecification particularly describes and

ascertains the nature of this invention and the manner in which

it 1s to be performed :-

This is an invention by br. Narayanaswami Subramanyan,
Sclientist, bDr. nrishnaswaml salakrishnan, Sclentist,
Sri Bhagavathl Sathianandham, Senior Scientific Assistant,
and Sri Mahadeva Iyer Krishnan, Junior S;ientific dAssistant
all of Central klectrochemical Research Institute,

Karaikudi-6, Tamil Nadu, India, all Indian citizens.
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This invention relates to improvements in or rélating to the inhi-

bition of corrosion of stesl in cooling watsr systemd.

Hither“to it has been proposed that chromate, phosphates and
silicates, alone or in combination sre used as corrosion inhibitors for

stesl in cooling water,particularly in recirculating aystems.

This is open to the objaction that chromates at concentrations
generelly employed (3(")0 - 500 ppm) are toxic from the point of view of
disposal snd cen give rise to dangerous localised corroaidn, if used
singly st lower concentrations. The chromate-=phoaphate combination ean
facilitate scale furmation. High concentretion of phosphates cen, in additien,
cause corrosion of any coppsr components in the cooling system, while
phosphats slone oan fswour bacterisl growth, Silicstes are used in
high concentrstions of the order of 3000 to 4000 ppm in water containing

chloride besis.

The object of this invention is to obviate these disedvantages
by avoiding ths uee of chromstes and phosphates and employing telativedy

jower concentrations of eilicate.
— — ‘53 & ee
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3. TEA (100)
+ Sodium citrate (500)
+ Sodium silicate (500)

100 99
4, TEA (500)
+ Sodium oitrate {500)
+ Sodium silicete (500) 100 o8

5. TRR Morpholine (280)
. + Sodium citrate (250)
+ Sodium eilicate (280) 100

8. Morpholine (250)
+ Sodium aitrete (250)
+ Sodium silicate (250)
+ Benzotriszole (10) 100 100

7. Morpholine (500)
+ Sodium citrete (500)
+ Sodium eilicate (800) 100 100

8, Cyslohexyl amine (100
4+ Sodium citrate (500
+ Sodium Silicate (500) 100 9

95
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Lxamgle 21

Mild Steel specimens of eize 3" x 1"
Tamperature 3 30 ¥ 2°C i Solution s 100 ppm NaCl
Duration 3 10 days

Lnhibition Efficiency (%)

1. TEA J100)
¢ Sodium silicate (500)
4 Sodium oitrets (s00) 13

2. Cyslohexylamine (900)
+ Sodium silicate (500)
+ Sodium citrate (500) 73

3, Morpholine (100)
+ Sodium eilicete (500)
+ Sodium citrste (500) 83

Example 3%
Mild Stesl specimens of size 3" x i
A
Tempersture 1 80 % 5°C st Duration & 25 days

inhibition affici
10 NeCl 100 NaCl

1. TEA {100)
+ Sodium citrate (500) 98 97

2, Mezpholine (100)
+ Sodium citrate (500) . 10
4 Sadium eilicets (s00) 98 1 A

s Cyoclohexylamine {100)
+ Sodium oitrate (500) v
4+ Sodium silicate (500) 99

8 hours sach d&y‘
¢ The cimens wers exposed to high tempsreturs only for '
and ;:.: the temaining period the solution was kept st room temperatire.

1



Lammgls 4;

Caopper Specimen of ofize 3* x %

Zelutier 3 910 ppm NeCl Y] Duretion o éo deyo
Tamperatute 3 30 % 2°C
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Inhdibitér combination - Weight loes (m.oms)
—wnamm.wmnnwnwmwmnmmmanm:—:mmammmwr~ :
1. Controi 2.8 *
L)

2. TEA (100)
4+ Sodiim silicate {506}

+ 30diun citrates (50C} 3.3
3. Combination (2)
+ Benzotriazole {2 ppm) 2,7

4, Morpholine (250)
+ Sadium oltrats (250)
+ Sodium silicate (250)
+ Banzotriezale (10 ppm) nil

8, Morpholine (100)
+ Sodium citrate (S500)
+ Sodium aflicate (SN0}
+ Benzontriazole (13) nil

6. Cyclohexylamine (250)
+ Sndium citrate (250)
+ Sodium silicate (250)
4+ Benzotriaszole (10) nil

The following are smong the main advantagee of the inventiont
1. It is possible to awvold complately ths ue3 of toxic substences like

chromate in inhibiting the corrosion of steel in zooling water systems.

2. Inhibition of corrosion of stesl greater than 90% for more than

30 days is nbtainad by any of the above mantioned combinations.

3, The inco poration of Lenzotriazole in the iphibitor combination

mekes {1t harmivas 0 copper componants in the system,
4, Poliuytion problem is considerebly minimised by sliminating ohromate.

We olaiwms

4, A zomposition for inhibition of sorrosion of steel in cooling
water system comprising a combination of silicate,aliphatic amines 1ike
oyclohexylemine and ksfukhxk tristhanolamine snd sells of polycatboxyli%;'ff

orgenic acids iike oitric acid with or without benzotriazols in the

~”j@2E;,



concentration ranges of amine S0 to 250 ppm, silicate 250 to 500 ppm end
citrata 250 to 500 ppm,

2. A composition as claimed in claim (1) in water containing chlaride

up to a concentration of 100 ppm snd up to s temperature of 80°C,

3. A composition for inhibition of corrosion of steel in cooling

water systems substantially as herein before described,

Dated this 20th day of September 1975
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PATENTS OF FICER,
COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH



