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57 ABSTRACT 
The present invention relates to a synergistic cornposi 
tion for inhibiting the corrosion of metal surfaces, par 
ticularly ferrous metals, in contact with aqueous sys 
tens comprising a combination of an inorganic nitrite 
and an aminoalkyl-phosphonic acid. 
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3,925,245 
CORROSON BNSTING COMPOSTON 

CoNTAINING ANAMINoALKYL-PHosPHONEC 
ACID AND AN INORGANIC NITRITE 

The present invention relates to a composition for in 
hibiting the corrosion of metal surfaces, particularly 
ferous metals, in contact with aqueous systems. 

in the past, water-soluble chromates and dichromates 

s 

have been widely used for inhibiting the corrosion of 
metals in contact with aqueous systems. However, 
chromate and dichromate ions are toxic and pollute 
any stream of river into which water containing them is 
discharged and are therefore ecologically unaccept 
able. Inorganic nitrites have been used as corrosion in 
hibitors, but it is usually necessary to use them at high 
dosage levels, often as much as 650 parts per million. 
Amino phosphonic acids have also been proposed as 
corrosion inhibitors, usually in conjunction with zinc or 
chromate ions or tannins since when used alone some 
amino phosphonic acids have the disadvantage that, 
being sequestering agents, they promote dissolution of 
the metal with formation of complexed ions. 

. A major advantage of inorganic nitrites is thei 
cheapness, but this is offset by the fact that it is neces 
sary to use them at high dosage levels. Clearly it would 
be most advantageous if a corrosion inhibitor combina 

O 

5 

20 

acid grouping separated by more than two phosphonic s 
less than two carbonatoms may be attached to any fair trogen atom, R is hydrogen cran alkylene phosphonic . . . 
acid containing up to 4 carbon atoms, Aisa saturated 
divalent hydrocarbyl radical containing up to 6 carbon 
atoms, m is 0 or an integer from 1 to 60, n is 0 or 1; when m is 0, R I, lay be a hydroxy grouping or Rand . . . . . 
R together with the nitrogen atom may form a six 
membered ring, when m. is , the grouping 
RN-A-NR may form a hetercyclic ring and when 
m is greater than , the constituent R' groupings may 
be the same or diferent; and the water-soluble salts 
thereof. ... ', - - - - - - 

If desired, the radicals R,R,R,RandR of the 
compound of formula 1 may contain substituents which 
do not increase the water solubility or reactin aqueous 
solutions, for example, chlorine, i. 
The water-soluble salts of the compounds of formula 

i may be the alkali metal and ammonium salts or the 
salts of organic bases, for example, the mono-, di- and 
tri-ethanolamines, alkyl and arylamines, and guanidine. 

In this specification, we define synergism in terms of 
the graphical interpretation of the results derived from 

25 

tion could be devised, based on nitrite for cheapness, 
which had at least the same efficiency at much lower 
dose rates, that is if a suitable compromise could be 
reached between efficiency, dose rate and cost of use at 
that dose rate. 

Surprisingly we have found that the combination of . 
an inorganic nitrite and a member of certain classes of 
aminoalkylphosphonic acids can result in a corrosion, 
inhibitor which is better than could be foreseen from a 
knowledge of the properties of each, that is to say these 
compounds can form synergistic combinations. The 
mechanism of synergism is not simple; in chemical syn 
ergism, cases are well known of two or more materials 
which demonstrate significant synergy when combined 
in certain ranges of proportions, but whose combined 
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effect is only additive (or even worse than additive) at 
other proportions, and this is the situation in the pres 
ent case. Ali combinations we shall describe show syn 
ergism as we shall define it when combined in some 
proportions; in other proportions, the combined effect. 
may merely be additive, or can be antagonistic. 

45 

According to this invention, there is provided a syn. 
ergistic combination (as hereinafter defined) compris 
ing a combination of an inorganic nitrite and a com 
pound having the formuia: 

wherein R and R may be the same of different and 
each represents hydrogen or a hydrocarbyi or hydroxy 
substituted hydrocarby radical containing up to 8 car 
bon atons, RandR may be the same or different and 
each represents hydrogen or a hydrocarty or hydroxy 
subsituted hydrocarby radical containing tip to 8 car 
botators, a carboxyalkyl or alkoxy radical containing 
up to 3 carbon atonia, a phosphonic acid, an alkylene 
phosphonic acid grouping containing up to 4 carbon 
storts or an aralkylene phosphonic acid such that nest 

is OH ss 

: or less than 90% of the value of the corrosive weight 
S. 

"synergistic combination if the value of corrosive weigh 

a simple test for corrosion inhibition properties of ma 
terials, in this test, the effectiveness of an additive as a 
corrosion inhibitor in aqueous solution is measured in 
terms of the loss of metal from a test specimen in 
mersed in the aqueous solution under standard condi 
tions. A result is obtained to show the efficiency of in 
organic nitrite by itself as a corrosion inhibitor, and a 
result is obtained to show the efficiency of the aminoal 
kyl phosphonic acid under test by itself as a corrosion 
inhibitor; these are plotted on a graph as the figures for 
100% inorganic nitrite and 100% aminoalkyl phos 
phonic acid. Combinations such as 80% nitritef20% 
aminoalkyl phosphonic acid, 60% nitritef-0% aminoal 
kyl phosphonic acid, 40% nitrite/60% aminoalkylphos 
phonic acid and 20% nitrite/80% aminoalkyl phos 
phonic acid are then tested until a clear graph can be 
plotted to show tie effectiveriess as a corrosion inhibi 
tor of all combinations of the nitrite and aminoalkyl phosphonic acid under test. This graph is plotted, and 
at the same time the linear interpolation between the 
values for 100% inorganic nitrite and 100% aminoalkyl 
phosphonic acid is drawn. We define a combination of 
inorganic nitrite and artinoalkylphosphonic acid as a . 

loss observed in practice by means of this test is 90% of 
loss for that combination on the linear interpolation be: 

: tween the values for 100% inorganic nitrite and 100% 
aminoalkyl phosphonic acid. 

as follows: 

The test method we use will be preferred 
Aerated-Solution citle fest 

to as the 

The apparatus itself is described with reference to the 
accompanying drawings, FG. is a cyngiudina sec 
tion of the bottle used for the test to show a legth of 
glass tubing cemented to the inside of the little using 
"Araldite' resin AY103 in conjunction with hardener 
HY965. About 2 grains of the mixture for each attle is 
usually required. . . . . . . . . . .. 
F.G. 2 is a transverse cross-section of the sittie used 

for the test, 
65 *G. 3 is a longitudinal section of the bottle in se 

during the test showing Ste sections as critesis, 
Fiti. 3 is a contracted Skyigitalia sectists of a water. 

distrihistor with "T-pieces 

and is described in detail . . 
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3. 

FG, S is a cross-section of a water distributor with a 
T-piece. . . 

F.G. 6 is a perspective view of the whole apparatus. 
Referring to FIGS. and 2, the bottle, 10, having a 

containing the sample by more pol 
20-litre water reservoir which is connected to the dise 
tributor, 33 by polythene tubing and then to the bottle ythene tubing. The 
position of the glass tube, 2, in the reservoir is ad 

volume of approximately 130 millilitres has attached to 5 justed so that the level of the hole, 23, coincides with 
the inside wall by means of cement, il, a glass chim 
ney, 12, which is 2 inches in length and positioned so 
that there is a % inch gap between the bottom of the 
tube and the bottom of the bottle. . 

In FIG.3 the bottle, 10, is shown with a mild steel test 
coupon, 24, suspended from the neck of the bottle by a 
nylon thread, 25, which is held in position round the 
neck by a rubber band, 26. A piece of polythene tub 
ing, 19, dips below the surface of the water, 27, in the 
bottle, 10, and another piece of polythene tubing, 28, 
having an internal diameter of 0.030 inches fitted with 
a jet, 29, passes into the glass chimney, 12, and termi 
nates near the bottom of the glass chimney. 

Referring to FIGS. 4 and 5, a distributor, 13, made 
from copper tubing 17 inches in length and having an 
outside diameter of % inch, is sealed at one end, 14. 
The other end, 15, is threaded to take a nozzle 6 and 
polythene tubing, of 4 inch internal diameter is fitted 
over this nozzle. Into the copper tube are welded 30 
pieces of copper tubing, 7, each of which are 2 inches 
long, have an internal diameter 1116 inch and are 

0 

25 

spaced inch apart to form effectively 30 T-pieces, 
In FIG. 6, the bottles, i0, are placed in a thermostat 

ted water-bath, 18. Pushed over the ends of the T 
pieces, 17, are lengths of polythene tubing, 19, approxi 
mately i2 to 15 inches in length and -s inch internal di 
ameter. A 20-litre water reservoir, 20, is connected to 
each of the bottles via the distributor, 13, and poly 
thene tubing, 19, dipping below the surface of the liq 
uid in each of the bottles, i0. The reservoir is tightly 
stoppered with a long glass tube, 2, passing through a 
rubber bung, 22, to the botton of the reservoir. A small 
hole, 23, is made in the wall of the tube near the bot 
ston. . 

In the test itself a sample of the mixture to be tested 
is added to a 100 millilitre sample of a synthetic corro 
sive water having the following compositior 
20 grams CaSO2H2O 
5 grains MgSO 7.O 

4.6 grams NaHCOs 
7.7 grams CaCl, 6HO 
45 gallons of distilled water. 
The concentration of the mixture to be tested is 100 

parts of mixture per million parts of synthetic corrosive 
"...Water. . ; 
A mild steel test coupon (5x 2.5 centimetres), which 

has been scrubbed with pumice, dipped for one minute 
in hydrochloric acid, dried and weighed, is suspended 

30 

the required water level in the bottle under test, 
After 48 hours the mild steel coupon is removed, scrubbed with pumice, dipped in hydrochloric acid in 

hibited with 1% by weight of hexamine for one minute 
and reweighed. . . 

The corrosion rate is recorded as the weight loss in 
terms of milligrams per square decimetre per day 
(m.d.d.). Each test is carried out on duplicate speci 

e.S. 
The following particular classes of compounds may 

be selected from the general formula . Class t having 
the formula: , 

R. O 
-OH 

- N - C - P 3 2 Y 
R R 

derived from the general formula where n0 and R', 
R, R and R' may represent hydrogen, hydrocarbylor 
hydroxyl substituted hydrocarbyl, RandR may repre 
sent carboxyalkyl, or RandR together with the nitro 
gen atom may form a 6-membered ring, and the total 
number of carbon atoms in the groups R and R to 
gether does not exceed 10. .. 
The hydrocarbyl or hydroxy substituted hydrocarby. 

l R II. 
OH 

group may be: 

35 
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SO 

a: alkyl, for example methyl, ethyl, n-propy, isopro 
pyl, n-butyl, sec-butyl, t-butyl, n-hexyl, n-octylor. 
t-octyl group but preferably a methyl group. 

b. aryl, for example pheny . . . : 
c. alkaryi, for example on,p-toly 
d. araikyi, for example benzyl . . . . 
e, alkenyl, for example alyi, at-faethally, crotony 
f cycloalkyl, for example cyclohexyl, . . . . 
g. hydroxyalkyl, for example: 

ho. CHCH 
CHCHCH-. 

CH-CH 

O. C. 2 2 
or 

ch 
The carboxyalkyl groupinay be for example carboxy- . . . 

* methyl or A-carboxyethyl grougs. 

below the surface of the solution. The solution is then 
: stored at 40°C in the thermostatted water bath. 

. During the storage period the bottle is continuously 
aerated by passing air (500 millilitres/minute) through. 
the tube, 28, screened from the metal surface by the 
glass chimney, 12. The aeration of the bottle is con 
trolled by a rotameter calibrated in litres per minute 
which is connected to an air supply. The outlet of the 
rotarineter is connected to a distributor, constructed 
similarly to that already described, by polythene tub 
ing. Control of the air bubble size and individual aera 
tion rates in each bottie is achieved by using the poly 
thene tubing, 28, with the jet, 29. Water losses caused 
by evaporation are replenished with deionised water 
dispersed from a constant, head device, this being the . 

SS 

65 

The six-membered ring may be for example: ... 
Cat-C 2 - 2 ci, CH, ... / 2 

: cil - 2 

Co-ch, 
-ch 

--- ( it, 

5 

Class it having the formula: . 
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c - "2" Non 

*- . . . CH, P-Oh No. 
0, 

derived from the formula 1 where m-0, R and Rare 
both hydrogen, R is a methylene phosphonic acid 
grouping and R is a hydrocarbyl or hydroxy substi 
tuted hydrocarby radical. Class it having the formula: 

O . . . '. 
A. - OH R - - CPS y 

3. 

derived from formula I wherein m = 0, R is hydrogen 
or a methylene phosphonic acid grouping and R is a . 
hydroxy, -CHCOOH or a -CHCHCOOH group 
ing. Class V having the formula: 

o O 
n CH -oil 

Ho1 2N 1 2 Y ol y 
A N 3. 

R 

derived from formula wherein RandR are hydro 
gen, R is hydrogen or a methylene phosphonic acid 
grouping, n is l, n = 0, R is hydrogen or a methylene 
phosphonic acid grouping and R is a methylene phos 
phonic acid grouping. Class Whaving the fortsula:. 

O - 

HO a. . . . . 
- C - N - A re or C - Ko 

1. O HO ? 

derived from the fromula where m = 1, n = 1, Rishy 
drogen Rasy be hydrogen or a hydroxyphenyl group 
ing. RandR are the same and are hydrogen or methy 
lete phosphonic acid groupings and A is a saturated di 
valent hydrocarbyl, which may be linear or branched, 
containing from 1 to 6 carbon atons and may be for in 
stance a methylene, ethylene, n-propylene, isopropy 
ene, -butylene, m-phenylene or p-phenylene group 
ing; or the grouping RN-A-NR may form a ring for 
instance to give a piperazinyl grouping; and R is a 
methylene phosphonic acid grouping. Class V having 
the form 

... ' 

is'-- chic---C3 v I is is 3 Noi; 
s g 

3,925.245 
Examples of 

: 

2s 

6 
hydroxy beazy positoric cid, s idino te, e 

ic acid aiderain 
compounds of Cesare syllano 

lic acid), ethylaminodi(ethy di(teethylene pcapo ... a' ...a 
lene phosp tylatino tiethylene . honic acid), nipegtyarinostise phosphonic acid), n-hexylamino timethylene phos: 
phonic acid), p-toluidino dimethylene phosphonic 
acid), hydroxyethylamino di(methylene phosphonic acids, propylamiodimethylene hosphonic acid), 

s 

to aliyaniotimethylene phoshonic acid) and cyclo- . . . 
hexylamino di(methylene phosphonic acid). 

... An example of a corn user terry - - - 
amino methylene phosphonic acid and carboxymethyl 
amino di(nethylene phosphonic acid) and hydroxy . . . . 

15 amino di(methylene phosphonic acid). An example of 
a compound of Class Vis hydrazine tetracmethylene 
phosphonic acid). . . . . . . . . . . . . . . 

... An example of a compound of Class V is ethylene di- . 
amine tetra(methylene phosphonic acid). . . . . . . . . 

20 An example of a compound of Class V is a con 
pound having the formula: . . . . . . . . . . . 

9,rch,-- - ch, "T 
chro,” 

30 

YIII 
re- (Chris 

35 

4.5 taverage) 
The compositions of the presee invention contain 

4. from 10% to 99% by weight of an inorganic nitrite and 
from 90% to 2% by weight of an artinoalkylphosphonic 
acid having the formula . Preferred synergistic combi 
nations are compositions cottaining a compound of 
Class , , V or VI in combination with from 10% to 
95% by weight of sodium itsite; compositions contais ing a compound of Class Eli in combination with from . 
i0% to 90% by weight of sodium nitrite and corriposi 
tions containing a compound of Class IV in cornbina 
tion with from 0% to 80% by weight of sodium nitrite, 

In order to illustrate the synergisin obtained tore clearly, FGS. to 2 in the accompasyirg drawings 
- were plotted to show the efficiency as corrosion inhibi 
tors of mixtures of sodium nitrite and a costpound of 

...each of the classes to 6; FGS. 7 to 2 show the varia 
ss ion of the corrosion ratio against the percentage of so . 

dian nitrite in the mixture. The corrosion ratio is tie 
fined as the corrosion rate in the presence cf the inix 
ture divided by the corrcation rate in the presence of 
100% sodium nitrite. The value for 100% sodium ni 
trite is, therefore, 1 is all examples. ... . . 

FIG. 7 shows the synergisin obtained for a fixture 

unofcasifis hydroxy 

... these groups are ethylene phosphonic acid groups, 

derived front formula where m is a positive integer 
from 2 to 60, n is , A is an ethylene grouping, R, R acid), a compound of Class E; 
and R may each be Bydrogen or a methylene phos. F2G, 3 shows the synergists clotaised for a mixture 
photic acid grouping provided that at least 50% of containing hydrazir tetra tethylene phospitanis 

acid) a compound of Class V: . . . . 
and that rics at the R groupings red be identical. FG, G shows the systergists skitained for a sixture 
Earpes of corpounds of class are cr(2-acetoky. . . containing -antino othelytiroxy terzylphosis . 

anilino, tenyl phosphosic acid, a-anilino ortho acid a compoaiad of Cies i; Graph 4 show this syssey 

containing methylamine timethylene phosphonic 

  

  



7 
gism obtained for carboxy methylamino di(methylene 
phosphonic acid), a compound of Class li; 

3,925,245 

FG, 11 shows the synergism, obtained for ethylene 
diamine tetra (methylene phosphonic acid), a com 
pound of Class V; and F.G. 12 shows the synergism of 
a compound of Class V wherein m has an average 
value of 41.5. w : 
From these graphs, it can easily be seen that excellent 

results are obtained when the compounds of formula 
present in the mixtures are hydrazine tetra(methylene 
phosphonic acid), ethylene diamine tetra(methylene 
phosphonic acid), methylamino di(methylene phos 
phonic acid) and ot-anilino ortho hydroxybenzyl phos 
phonic acid. . . 

Particularly preferred synergistic combinations of the 
present invention are those where the value of corro 
sion observed in practice by means of this test is 50% or 
less than 50% of the value of the corrosion for that 
combination on the linear interpolation between the 
values for 100% inorganic nitrite and 100% aminoalk 
ylphosphonic acid. As can be seen from the graphs, 
mixtures which give such a corrosion value are: 

l. Mixtures of methylaminodi(methylene phosphonic 
acid and sodium nitrite containing from 30% to 
85% sodium nitrite. 

the effect of their addition, is to cause synergisnas, 
hereinbefore defined. Conveniently, the corrosion int. . . . 
hibiting mixture is present in an amount of from 50 to: 
10,000 parts per million of the aqueous solution; how: . . 
ever amounts greater that 200 parts per million are: 
usually unnecessary except when added in initial 
'shock' doses. : . . . . . . . . . . 

If desired there may be added to the mixture, specific 
corrosion inhibitors for non-ferrous metals such as a ... . . 
silicate to control, attack on aluminum, or a specific in: 
hibitor to control attack on. (or induced by) copper.' . 
There may algo be added other corrosion inhibitors for . . . 
ferrous metals known per se, e.g., zinc, polyphosphate 

: or chromium ions or armines. 
5 

20 

2. Mixtures of hydrazine tetra(methylene phosphonic 
acid) and sodium nitrite containing from 22% to 
30% of sodium nitrite. 

3. Mixtures of a-anilino ortho hydroxybenzyl phos 
phonic acid and sodium nitrite containing from 
30% to 85% of sodium nitrite. 

4. Mixtures of ethylene diamine tetra(methylene 
phosphonic acid) and sodium nitrite containing 
from 25% to 85% sodium nitrite. 

Mixtures of the compound of Class Vi where the av 
erage value of n is 41.5 and sodium nitrite containing 
from 20% to 80% sodium nitrite. 
The nitrite that is used may be an alkali neta nitrite, 

for example, potassium nitrite, but is preferably sodium 
nitrite. 

30 

35. 
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The present invention also provides an aqueous sys 
ten containing a synergistic combination as hereinbe 
fore defined. 
Furthermore there is provided a method of forming 

or replenishing an inhibited aqueous solution which 
comprises adding to the system inorganic nitrite or a 
compound of formula i or both in such quantities that 

45 

The following Examples further illustrate the present. . . . . 
invention. Parts and percentages are expressed by . 
weight. . . . . . . . . . . . . . . . . .: 

. . . EXAMPLES 1 to 8 

were made up from sodium nitrite and a compound of 
formula I as illustrated in Table i, each mixture con 
taining 20%, 40%, 60% and 80% by weight of the com: 
pound of formula respectively. Samples of each of 
these mixtures were added to 100 millitre samples of . . . 
the agressive as hereinbefore defined water so that four, . . . . solutions were prepared each containing 100 parts per : 
million of the mixture. The aerated bottle test was car-. 
ried out on these solutions. ': , , , , in order to demonstrate the synergistic effect of the . 
mixtures of the present invention when compared with 
the individual constituents of the mixture, samples cont. taining sodium nitrite and the respective compound of 
formula were tested separately in a similar manster at 
concentrations of 100 parts per million. The corrosion 
ratio was calculated as hereinbefore defined and the 
results are shown in fable . . . . . . . . . . . 
The results obtained clearly show the synergism of . 

mixtures of the present invention. . . ; . . . . . . . . . 

EXAMPLEs 9 to 20. 
The same procedure described in Examples l to. 8 

was followed except that instead of four mixtures, three 
mixtures were made up containing 25%, 50% and 75%. 
by weight of various other compounds of formula . . 
The results are shown in Table 2. ' . . . " 

topound of Ferhule 1 

Pol) a 3:22 

CHCHPOH) 

CH, C, (ch 
OH) Cheheh (ch 272 2 

f s h "; F). 
. . / \. y " ()- ("re,,, 

Corrosi cn rap cf cox tures certain's very (g per sentages 
of : rarr;nd to for a 5 

9 O.69 

9 1.09 

o (). 13 

2,2S (,, 

1.23 in.' 

In each of the following Examples, four mixtures. 

  

  

  

  

  

  

  

  



inch (Coy), 

c CN(CHPO 

9pic cN(c) cars". N 
oric Chiro 

Some further laboratory tests were carried out using 
a Laboratory Heat Exchanger Rig, a form of laboratory 
testing intended to simulate practical use conditions 
more closely than does the Aerated Solution Bottle 
Test just described. In this rig, corrosive water is aer. 

3,925.245 
teless 

corrosion 
100% 

SC) 

ated and circulated over a number of metal coupons, 
and is heated by being passed through a heated steel 
heat exchanger tube. After a suitable test period, the 
metal coupons and the heat exchariger tube are exam 
ined, and their state assessed. 

in detail, the rig consists of a closed water - circuit, 
made up of the following items in order; 
2 litre reservoir 

litre reservoir 
flow meter 
coupon chamber 
heat exchanger 
ce filing condenscr 

Corrosive water in the 2 litre reserv (sir is a criteki with 

60 

at about 45°C. a. s. 
f's 

compressed air introduced through a sintered disc at 
about 3 litres per ninute, and is then paraped to th:1 

pieces around whic 

ute provides a velocity of absut 1.25 feet per 

girls a fresh circuit. 

in ticise is in acii as 

b 

ration earning varying percentages. 
of compound ot formula . . . . . . . . ." 

ining varying 

litre reservoir. From this reservoir it is pumped through 
the flow meter to the glass coupon chamber in which 
are a number of rectangular metal coupons each 2.5 by 
5.0 cms. mounted on a perspex jig. The water then 
flows through the he xchanger which is made up of 
a % inch internal dia 

wound a 960 watt-heater coil; 
from the heat exchanger the water flows 

A flow rate in the circuit of about to gallon per min. cond . . 
and a Reynolds number of approx. 6,000 in the he 
changer. The heater coil gives the heat exchanger ti 
a skin temperature of about 60°C. and the water 

ence across the hea 
surface of some St.he citing condenser 
erated as to cool the water to about 35°C, bei 
. Metal coupins are scruthiyeti w aid they 

er steel tube with copper endi:. . . 

- ws through the . . . 
cooling condenser back to the 2-litre reservoir. . 

  

  

  

  

  

  



. . . 
incta- acid - 

raid steel conc, HC diluted: 
with water at totam 
temperature for 1 minute 

copper do. 
brass . do. . 
sluminium. 5% phosphoric acid/2% . . " 

chromic acid, at 75°C. 
- - - . . . for 5 minutes i 

ent invention are at least as good as, if not better than 

12 
The results obtained are illustrated in Table 3 and 

show quite clearly that sy hergistic mixtures of the pres: . 

corrosion inhibiting mixtures containing zinc and/or 
chronate ions. 

coRRosion RATE of METAL s COUPONS 

9 

ins, per sq. decimetre per day. ... " 
Mild : ... " . . . . -:...: . 

Run Steel Copper Brass Aluminium Condition of Heat. Exchange Tube 
1 69 .. 42 156 -. 5.5. SEVERELY coRRoDED. . . . . . . . ." . . . . . 
2 42.5 5. 25. . whoLE surFACE ENCRUSTED wTH HEAVY, i. 

- - . CoRROSION, . . . . . . ; 
. PRODUCTS : . : . . . . 

3 4.4 0.3 0.5 SMALL. PATCHES OF CORROSION. REST OF . 
TUBE . . . . . . . . . . . 
SURFACE COVERed BY A PROTECVE GREEN - 

. . FM . . . . . 
4 8 . . .6. 1.0 3 ... do. ... . 
S 2.6 5 . l suRFACE PROTECTED APART FROM soME 

. . . . SMALL. PITS, 6 9.4 0.8 2.4 6.7 

After such immersion, the coupons are rinsed with 
water, dried and weighed; they are then mounted on a 
perspex jig, care being taken to ensure that none of the 
coupons touch each other, and that they are insulated 
from the bolt holding the jig together. The heat ex 
changer tube is cleaned with pumice, dipped in conc. 
hydrochloric acid diluted 1:1 with water, and then 
rinsed in water and dried. w 
The rig is assembled, and cleaned thoroughly by cir 

culating conc. hydrochloric acid diluted : with water, 
then flushing with tap water for about half an hour 
(about 30 gallons in all) and draining. The necessary 
quantity of additives to produce the desired concentra 
tions is put into one of the reservoirs and the rig is filled 
with 4.5 litres of a standardised corrosive test water, 
which is characterised as follows: 

Phenol Alkalinity 
Total Alkalinity 
Total Hardness 
Chloride 
Conductance . 

35 

4. 

as pp rn of CaCO 
p.p.m. 

The pump is primed and started, and the heater 45 
switched on. . . . . . - 
The concentration of inhibitor and the water level in 

the rig are checked daily and any losses made good. 
After a standard period of 10 days, the heat ex 

changer tube is removed, sectioned and examined; the 
test coupons are removed, cleaned as before except 
that the acid is in each case inhibited with 1% hex 
amine, rinsed, dried and reweighed. The results oh 
served enable an assessment to be made of the anti 
scaling and anti-corrosive action of the inhibitor under 

... The following additives were tested, all parts and per 
centages being by weight: 

50 
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Run Additives and Cut, centration 
Nort: 

2 20 ppm Sodium nitrite 
21% tricthylair in ethylene diphosphatic 

3 2K) ppm acid 
{} , t) int: ite 

3 rif k is: we if 1c3. 
i?), sist it it fitti 

'it 21 ppt) 

coRRosion UNDER SCALE DEPOST 

We claim: i. A synergistic combination consisting essentially of 
a combination of from 10% to 99% by weight of an al 
kali metal nitrite and from 90% to 1% by weight of a compound having the formula 

wherein 
R" and R may be the same or different and each rep 

resents hydrogen or a hyrocarby or hydroxy-sub 
stituted hydrocarbyl radical containing up to 8 car 
bon atoms. 

RandR may be the same or different and each rep 
resents hydrogen or a hydrocarbyl or hydroxy-Sub-... 
stituted hydrocarby radical containing up to 8 care 
bon atoms, a carboxy-alkyl or alkoxy radical cont. 
taining up to 3 carbon atoms, a phosphoric acidar alkylene phosphonic acid grouping containing up 
to 4 carbon atoms or an aralkylene phosphonic 
acid such that not more than two phosphonic acid : 
groupings separated by less than two carbon atoms, 
may he attached to any nitrogen atoms, 

R is hydrogen or an alkylene phosphonic acid con 
taining up to 4 carton atons, - . . . . . 

A is a saturated divalent hydrocarby radical contain, 
ing up to 6 carbon ataxis. . . . . . . 

n is 0 or an integer from 1 to 6), 

2 : methylhi: ; dim city lent clips httphanic 

filt with naif it ranks' is f : Rt it 
* , st ppm Synergist) Virit lyrity. , 8') at ' '. 

44; r ). 
A. frn wife is typh splite, it Wit. 

5 : ". . . .'; N., 
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3 

is 0 or ; when n is 0, r 

-ing or RandR together with the nitrogen atom 
may form a six membered ring; when n is , the 
grouping RN-A-NR may form a heterocyclic 
ring, and when m is greater than l, the constituent 

R may be a hydroxy group- - 

R" groupings may be the same or different; and the 
water-soluble salts thereof. 

2. A synergistic combination as claimed in claim in 
which the water-soluble salt of the compound of for 
mula I is the alkali metal or ammonium salt. 
3. A synergistic combination as claimed in claim t in 

which the alkali metal nitrite is sodium nitrite. 
4. A synergistic combination as claimed in claim 1, 

comprising a mixture containing from 10% to 99% of 
sodium nitrite and from 90% to 1% of a compound hav 
ing the formula I, wherein R and R may be the same 
or different and each represents hydrogen or alkyl, al 
kenyl or cycloalkyl containing up to 8 carbonatoms, R. 
and R may be the same or different and each repre 
sents hydrogen or alkyl, alkenyl or cycloalkyl radical 
containing up to 8 carbon atoms, an alkylene phos 

0 

15 

20 

phonic acid grouping containing up to 4 carbon atoms 
such that not more than two phosphonic acid groupings 
separated by less than two carbon atoms may be at 
tached to any nitrogen atom, R is hydrogen or an al 25 
kylene phosphonic acid containing up to 4 carbon. : 
atoms, A is an alkylene radical containing up to 6 car 
bon atoms, n is 0 or an integer from 1 to 60, n is 0 or 
l, and when m is greater than 1, the constituent R 
groupings may be the same or different, and the water 
soluble salts thereof. - 

30 

5. A synergistic combination as claimed in claim in : 
which the compound of formula 1 has the formula 

o R .." . . . . . OH 
r" - - - - - 31 

R R 
3 

where R. R. R. and R may represent hydrogen, hy 
drocarbyl or hydroxy substituted hydrocarby, R and 
-R may represent carboxyalkyl, or Rand R together 
with the nitrogen aton may form a 6-membered sing, 
and the total number of carbon atoms in the groups R 
and R together does not exceed 10. . . . 

6. A synergistic combination as claimed in claim 5 in 
which the compound of formula E is a(2-acetoxy 
anilino) benzyl phosphonic acid, a-anilino ortho 
hydroxybenzyl phosphonic acid, piperidino methylene 
phosphonic acid or amino methane phosphonic acid. 
7. A synergistic combination as claimed in claim in 

which the compound of formula 1 has the formula 

where R' and Rare both hydrogen, R is a methylene 
phosphonic acid grouping and R is a hydrocarbylor 
hydroxysubstituted hydrocarby radical. 

6. A synergistic combination as claimed in claim 7 in 

phosphonic acid), n-hexylamino dimethylete phos: 
phonic acid), p-toluidino dimethylene phosphonic: 
acid) or hydroxyethyl mino di(methylene phosphonic 
acid), n-pentylamino di(methylene phosphonic acid), 
n-propylamino di(methylene phosphonic acid), al 
lylamino di(methylene phosphonic acid), or cyclohex 
ylamino di(methylene phosphonic acid). . . . . 
9. A synergistic combination as claimed inclaim in . . . 

which the compound of formula has the formula . . . . 
... 9 - OH . . . . 
* - N - CH . . . . 

"art IV 3 NOH 
wherein R is hydrogen or a methylene phosphonic acid 
grouping and R. is a hydroxy, -CHCOOH, or a 
CHCHCOOH grouping. . . . . . . . 
10. A synergistic combination as claimed in claim 9 

in which the compound of formula W is hydroxyanino 
methylene phosphonic acid, carboxymethylamino di(- 
methylene phosphonic acid) or hydroxy arrino di(- 
methylene phosphonic acid). ... . . . 

1. A synergistic combination as claimed in clairn 
in which the compound of formula has the formula. 

O 

/ 
it . . . , . 

PCH - N - N - CHP 2 . . . .2 
X R3 

wherein each of the groupings rand R is hydrogen or 
a methylene phosphonic acid grouping. - 

HO 

2. A synergistic combination as claimed in claim 
in which the compound of formula V is hydrazine tet 
ra(Tethylene phosphonic acid). 

40 

45 

50 

which the corrips:und if formula 1 is methyl antino di(.. 
methylene phosphonic acid}, ethylamino di(methylene 

13. A synergistic combination as claimed in claim 
in which the compound of formula has the formula 

HO H. O. OH 
N i i / 

P ... C. - N - A - N - C - F W. 
/ 2. It is a NoH C R?. 39 RY R 

where R is hydrogen or a hydroxyphenyi grouping, R 
and R are the same and are hydrogen of methylene 
phosphonic acid groupings and A. is a linear or 
branched saturated divalent hydrocarbyl, containing 
from 1 to 6 carbon atoms; or the grouping RN 
-A-NR may form a ring. 

14. A syncrgistic corribination as claimed in claim 3 
wherein A, in the compound of formula V, is a methy 
lene, ethylene, in-propylene, isopropylene, n-bityette, 
m-phenylene or p-Phenylene grouping. ' ' , " ... v ., 

5. A synergistic combination as cisired in clair 3 
wherein the compound of formula V is ethylene di 
amine tetra (Enethylene phosphonic acid), 

6. A synergistic combination as claimed in claira B 
in which the corpoist of forra has the for is . 

l ..Y t r Q} . . . 
R"... : CHCit. ---- N - CHP S. yi. R 

s ( . 
R R 

where n is a positive integer from 2 ty ei, R, R taxi 
R" may each be hydrogen of a tiethylene phyaghanic 

  



3,925,245 - 
acid grouping, provided that at least 50% of these 20. A synergistic combination as claimed in claim a 
groups are methylene phosphonic acid groups, and that consisting essentially of a mixture containing a-anilino 
not all the R groupings need by identical. orthohydroxybenzylphosphonic acid and from 30% to 

17. A synergistic combination as claimed in claim 6 - 85% of sodium nitrite. ." . . . . . . . . . . 
in which the compound of formula VII is: s 21. A synergistic combination as claimed in claim 

HeoPCha- - Cha-Cis 
CHP0H2 -l.5 (average) 

8. A synergistic combination as claimed in claim . consisting essentially of a mixture containing ethylene . . . . 
consisting essentially of a mixture containing me- 15 diamine tetra (methylene phosphonic acid) and from 
thylamino di(methylene phosphonic acid) and from 30 25% to 85% sodium nitrite. . . ... 
to 85% by weight of sodium nitrite. 22. A synergistic combination as claimed in claim.17. 

19. A synergistic combination as claimed in claim 1 consisting essentially of a mixture containing a com 
consisting essentially of a mixture containing hydrazine pound of formula Viti and from 20% to 80% sodiurn 
tetra(methylene phosphonic acid) and from 22% to 20 nitrite. . . . . 
30% by weight of sodium nitrite. e . . . . to 

2s 

30 

3S 

40. 

45 

  

  


