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CORROSION INMIBETING COMPOSITION -
CONTAINING AN AMINOALKYL-PHOSPHONIC
ACID AND AN INORGANEC NITRITE
The present invention relates to a composition for in-
hibiting the corrosion of metal surfaces, particularly
" ferrous metals, in contact with aqueous systems.
In the past, water-soluble chromates and dichromates

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 ecolpgically 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 their

" 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-
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. more than two phosphonic acid groupings separated by .

0

less than two carbon atoms may be attached to any ni- -
trogen atom, R® is hydrogen or an alkylene phoaphonic

acid containing up to 4. carbon atoms, A is & saturated

divalent hydrocarbyl radical containing up to-6 carbon

atoms, m is 0.or an integer from 110 60, n Bs0orl;.
- when m is 0, R¢ raay be a hydroxy grouping or R*and .
R* together with the: nitrogen atom

may:form a six"
membered  ring,’ when mi. is 1, the' grouping
RIN—A—NR® may form a hetercyclic.ring.-and when
m is greater than 1, the constituent R® groupings may .
be -the same or. diférent; and.the water-soluble salts -
thereof.. L TR

If desired, the radicals R?, R%, R, 'R* and R? of the
compound of formula | may contain substituents which
do notincrease the water solubility or react in aqueous
solutions, for example, chlorine. * RPN

The water-soluble salte of the compounds of formula

-} may be the alkali metal and ammonium salts or the

120

‘salts of ofganic 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.

tion could be devised, based on nitrite for cheapness, -

which had at least the same efficiericy 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

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

found that the combination of -
an inorganic nitrite and a member of certain classes of -
aminoalkyl phosphonic acids can result in a corrosion”
inhibitor which is better than could be foreseén froma. |

a simple test for corrosion inhibition properties of ma- -
terials. In this test, the ¢ffectiveness of an additive'as a
corrosion inhibitor in aqueous solution is measured in
terms of the loss of metal from a- test specimen im-
mersed in the agueous solution-under standard condi-
tions. ‘A résult is obtained to show the efficiency of in-
organic nitsite by itself as a corrosion inbibitor, and 2

* result is obtained to show the efficiency of the aminoal-

ky! phesphonic acid under test by iself as a cotrosion
inhibitor; these are plotted on a graph as the figures for
100% imorganic nitrite and 100% aminoalkyl phos-

‘phonic acid. Combinations such as 80% nitrite/20% -

aminoalky! phosphonic acid, 60% nitrite/40% aminoal-

ky! phosphonic acid, 40% nitrite/60% aminoalkyl phos-

phonic acid and 20% .nitrite/80% aminoalkyl phos-

_phonic acid are then tested until a clear graph can be

40

effect is only additive (or even worse than additive) at

other proportions, and this is the situation in the pres-
ent case. All 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.

According to this invention, there is provided a syn- -
ergistic combination (as hereinafter defined) compris-.

ing a combination of an inorganic
pound having the formuia: -

e - o
L i

nitrite and a.com-

o .
~-== OR

. wherein R* and R? may be the seme or different and
each represents hydrogen or a hydrocarbyl or hydéoxy-
substituted hydrocarbyl radical containing up to B car-
bon atowns, R* and R* may- be the same or different and

‘each represents hydrogen of a hydrocarbyl or hydroxy-

‘subs ituted hydrocarby} radical containing up 1o B car-

_ bon atoms, 4 carboxyalkyl or alkoxy ridical containing
up to 3 carbon atoms, a phosphonic acid, an alkylene
phosphonic acid grouping containing up to-4 carbon

- stoms or an aralkylene phoephonic acid such that not

50

45

- or less than 90% of the value of ‘the corrosive weight
loss for that combination on the liriear interpolation be-..
+ tiveen the values for 100% inorganic- nitsite and 100% -

" aminoalkyt phosphounic acid. RS '

e et
A -

60

plotted to show thie effectiveriess as a corrosion: inhitbi-
tor of all combinations of -the nitrite and aminoalky!

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 2 combination'of

- inorganic nitrite and aminoatkyl phospionic acid as 8~ -
“gynergistic combination if the value of corrosive weight

loss observed in prictice by means of ‘this test s 90% of

The test method we use will be preferred to as the
Aerated-Solution
as follows: o ' VL e

The apparatus itself is described with réference to the.
accowipanying drawings. FIG. 1 is'a longitudinal sec-
tion of the bottle uséd for the tést to show a lengthiof.
glass wbing cemented 1o the ifiside 'of he Hotde using
“ Araldite ™ vesin AY 103 in conjunction with hardeney -
HY965, About 2 gramts of the mixture for each bottie is
usnally required. DRSS S

FIG. 2 i3 a transverse cross-section of the bottle wied

" for the test,

65

FIG. 3 is . longitudinal section of the bollé in wse

dusing the test shawing e ciiintetions and cdntens.

FiC, 4 is » contracted kmgitudina! sectivn of o wiket:

© distribigtor with T-pleces

Bile Test and is described in detail ..
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FIG. § is a cross-section of a water distributor with a
T-piece. I : ’ _
FIG. 6 is a perspective view of the whole apparatus.
. Referring to FIGS. 1 and 2, the bottle, 10, having a
volume of approximately 130 millilitres héas attached to
the inside wall by means of cement, 11, 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. R
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 tb-
ing, 19, dips below the surface of the water, 27, in the
bottle, 10, and another piece of polythene tubing, 28,
having an intérnal 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 16 and
_ polythene tubing, of % inch internal diameter is fitted
* over this nozzle. Into the copper tube are welded 30
. pieces of copper tubing, 17, each of which are 2 inches
long, have an intemal diameter 1/16 inch. and are

spaced % inch apart to form effectively 30 T-pieces. - ‘

In FIG. 6, the bottles, 10, 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 12 to 15 inches in length and % inch internal di-
_ameter. A 20-litre water reservoir; 20, is connected 1o
" each of the bottles via the distributor, 13, and poly-
thene tubing, 19, dipping below the surface of the lig-
- uid in each. of the bottles, 1. The reservoir is tightly
stoppered with a long glass tube, 21, passing through a
" rubber bung, 22, to the bottom of the reservoir. A small
~ hole, 23, is made in the wall of the tube near the bot-
‘tom. - - ‘ :
In the tést 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 composition .-
20 grams CaSO,.2H:0
15 grams MgSO,. TH:O
4.6 grams NaHCO,
7.7-grams CaClg, 6H.0
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
* has been scrubbed with pumice; dipped for one minute
in hydrochioric acid, dried and weighed, is suspended

- below the surface of the solution. The solution is then

« stored at 40°C in the thermostatted water bath.
© . During the storage period. the botile 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 botile is con-

trolled by a rotameter calibrated in litres per minute

which i connected to an air supply. The outlet of the .
- fotameter is connec.ed to a distributor, constructed
 giritarly to that alrcady described, by polythene tub-

" ing. Contro} 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 replenishest with deionised water

- dispensed from a constant head device, this being the:

45

codpon (5% 2.5 centimetres), whichi -

20-litre water reservoir which is connected:to the dis-
tributor, 13 by polythene tubing and then to the bottle
" containing the sample '
position of the glass tube, 21, in the resérvoir is ad-
5 justed so that the level of the hole, 23, coincides with
‘the required water level in the bottle under test.
After 48 hours the mild steel coupon is removed,

hibited with 1% by weight of hexamine for one minute
and reweighed. | _ Lo e
" The corrosion rate is recorded as the weight loss in

-

0

terms. of milligrams per ‘square decimetre per day

(m.d.d.). Each test is cairied out on duplicate speci-
mens. P e
The following particular classes of compounds may <
be selected from the general formula 1. Class T having
the formula: . -

—
A1

17

1 o
?. v oH
20 3 R W
R —‘—“1‘;"‘“’;‘.‘3"“"-1’\ :
I |
BTN v oH

derived from the general formula 1 where m=0 and RY,
R?, R? and R® may représent hydrogen, hydrocarbylor. -
hydroxyl substituted hydrocarbyl, R3 and R* imay repre-
sent carboxyalkyl, or R®:and R* together with the nitro-
gen atom may form a 6-membered ring, and the fotal
number of carbon atoms.in-the groups R® and R® to-
30 gether does not exceed 10, - o
" The hydrocarbyl or hydroxy substituted hydrocarbyi
group may be: L R
a: alkyl, for example methyl, ethyl, a-propyl, isopro- -
pyl. n-butyl, sec-butyl, t-butyl, n-hexyl, n-octyl-or -
t-octyl group but preferably a methyl group. -
b. aryl, for example phenyl R -
_c. alkaryl; for example o,m,p-tolyl
d. aralkyl, for example beénzyl . - Lo
e. alkeny!, for example allyl, c-methaliyl, crotonyl =
f. cyctoalkyl, for example cyclohexyl I
g. hydroxyalkyl, for example:

HO. LHZCHZv

25

35

HO. CH ,CH ,CH,CH
‘or o
Y

CH ,CH-CH,~

50 o R
- The carboxyalkyl group'may be for example ca_;boxy Sl

- thethy! or S-carboxymethyl grougs. S .
T The six-membered ring may be for exampler - 7

55 . ../CHZH”Z\ N .-C!}z-f—- L'Hz\ o
. VCHZ -y : R ‘ N- :
AP /o \'cﬁ' et
Yy S B T
60 R (‘Hg . : .'»r.‘:“ ‘ CH
o e CHgeR
\;-Cﬁww cH . CH, i CH

/-,a 2

68

3

" Class 11 having the formul

by more polythene tubing. The

scrubbed with pumice, dipped in hydrochloric acid in-. - .
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) )
 hydroxy b@nzy! pm&wmc acad mpeﬁdino
. .j‘s

* acid), n-propylamino di(methylene: phosphionic. acid),
allylamino di(methylene phosphonic acid) and cycln—‘

10

» . O#
e
‘ .;-,CHQ.P\O“ R
) . : 1 § § O
RN
~CH P——OH‘
21 ~~on
 derived from the formula I where n=0, R! and R? are

both hydrogen, R® is a methylen¢ phosphonic acid -
- - grouping and R* is a hydrocarbyl or hydroxy substi-
tuted hydrocarbyl radical. Class i havmg the fonnula

0 .

A cuzP\OH
3

R

g3

derived from formula 1 wherein m = 0, R® is hydrogen

or a methylene phosphonic acid grouping and R*is a

hydroxy, —CH;COOH or a —CH,CH,COOH group-
ing. Class IV having the formula:

' 0
e ap”
H L
/ >~y . n” 2\011 ¥
/ AN )
R R

derived from formula 'l wherem RY and R? are hydro-
" gen, R? is hydrogen or a methylene phosphonic acid

grouping, m=1,n=0,R%is hydrogen or 2 methylene

phosphonic acid grouping and R* is a methylene phos-
. phcmc acid grouping. Class V having the formula:.

/P-c_-'s-ﬁ.-}a-.c-i(o“
1 i, ! 3 o

RO sz a) H3 RZ.

derived from the fromula | where m=1, n=1, R'is hy-

drogen R* may be hydrogen ora hydroxy phenyl group- 4
“ing, R* and R® are the same and are hydrogen or methy-
lene phosphonic acid group mpandﬁ.nsasamramddb
valent hydrocarbyl, which may be linear or branched,
containing from 1 to 6 carbon atoms and maybefm'm-
stance & methylene, cthylenie, n-propylene, isopropy-
lene, n-butylene, m-phenylene or p-phenylene group-
ing; or the grouping R*N—A-~NR® may form a ring for

ecid and cminn methane phosphonic acid.
4 Exampm oﬁ‘campouws of Clazs 1l are mhylsmim '
di(methylene phosphonic acid), ethyl smino di(methy- .

lene phosphonic acid),.
. phosphonic -acid), n-hexylamino di(methylene. plms-
phonic acid), p-to!mdmo di(imethylene . phospbomc
+ acid), hydroxy. ethyl amiro di(methylene phosphonic

 hexylamino di(methylen¢ phosphonic acid). -

. An example of a compound of Class Hl'is !\ydroxy S
shonic acid and carboxy methyl’ .

-amino methylene p!

- amino di(methylene phosphonic: acid) and hydroxy

15

20

T 25 - :
' B,0,¥CH,

30

e

S

sozc!eax!y, FIGS. 7 %0 12in the accompanyirg ‘drawings -

amino di(methylene phosphonic acid). An-example of -

a compound of Class Vis hydrazme tetta(methylene
_phosphonic acid). . 0 ¢

. Anexampleofa cémbound of Cllass V is ethylene dl- .

amine tetra(methylene phosphonic acid).
An example of a compound of Class’ Vl 1s a com-

CH, .

: pound havmg ?he formula:

"n ‘. CH

273 L 3 o2 j B
CHiy POy :
. NI
—n (Q){z?osﬁi}‘a
' av.58everege) )

“The compositions of ‘the present invention contain

from 10% to 99% by weight of an inorganic fitrite and
‘from $0% 10 1% by weight of an ammoaikylphmphomc
acid having the formula 1. Preferred synergistic combi-
nations are compomuam containing & compound of

Class §, U1, V or VI.in 'combination with from 0% .

5 95% by weight of sodium pitrite; compositions contais-

mg a compound of Tlass Il in combination, with fmm - =

10% to 90% by weight of sodium nitrite and Composi-
- tions containing a compound of Class IV in combina-
tion with from 10% t0 80% by welg,?at of sodibm nitrite.

In.order to illustraie. the synergism obtained more

- were plotted to'show the efficiency as CorTosion hibi-

mwetogveaptpcramylgfoupms.andk‘ma'

methylene phosphonic acid goupmg Class Vi havmg
the formula

f&! CH,CH, -——-xs —CH,
i,
2

derived from formula { whese m is.a positive m!eger
from 2 10 60, n == 1, A is an ethyiene grouping, R®, R*
. and R® may each be hydrogen or a methylene phos-
phonic acid grouping, provided that at least 50% of
groups are methylens phosphonic acid groupe,
and that not all the R® groupings neud be identical.

(Y

?v"“*‘vn

of compounds of ¢luss § are of2- acetoxy'

Eramples.
am!mo} ‘benzyl phmwwmc acid, a-anilino mﬁu»

tors of mixtures of sodium nitvite and a compound of

~each of the clasees | to 6, FIGS. 7 1o 12 show the varia-

35

tHon of the corrosion ragio against the' percentage of so-

dium nitrite in the mmmre The corrosion fatio fs.de- '

fined as the corrosion Fate in the pwsmce of the mix-

- ture divided by the cofrdsion raté in the presence of

100% sodium nitrite, The vahie. for mﬂ% Mmm i~

trite is, therefore, | in'all emmpfes

FiG. 7 shows the synergism obigined ﬁw a mmmm

- containing  methylaming xix(mamylene p%wapmmp

63

acid), wmpz:mms of C?m;s 118 :
© FIG. 8 shows the synergiam obtained fc,r 8 mtxww
containing  hydrazivg ., tera{methylens gﬁmp%mm:. :

“agid).a compound of Clm AR

. FIG. 10 shows the sysergism oftsined fm B mmtuw -
’wnmmamg a-anilino. gethohydrony berzyl. pm;s}wm
acid & compound of Cless 1 Graph 4 shnm lm syms

, e.:\ S

n-pentylamino ‘di(methylene ;




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

FIG. 11 shows ‘the synergism obtained for ethylene

diamine tetra- (methylene phosphonic acid), a com-
“pound of Class V; and FIG. 12 shows the synergism of
a compound of Class' Vi-wherein m has an average
value of 41.5.. -

From these graphs, it can easily be scen that excellent
results are obtained when the compounds of formuta |
present in the mixtures are hydrazine tetra(methylene

_ phosphonic 'acid), ethylene diamine tetra(methylene

phosphonic acid), ‘methylamino di(methylene phos-
phonic acid) and e-anilino ortho hydroxy benzyl phos-
‘phonic acid. - . - o
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: .
1:‘Mixturés of methylaminodi(methylene phosphonic
‘acid and sodium nitrite containing from 30% to
85% sodium nitrite. '

2. Mixtures of hydrazine tetfa(methylene phosphonic .

acid) and sodium witrite containing from 22% to
"30% of sodium nitrite. :

3. Mixtures of a-anilino ortho hydroxy benzyl phos-
phonic acid and sodium nitrite containing from
30% o 85% of sodium nitrite. *° :

4. Mixtures .of ethylene dia
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 m is 41.5 and sodium nitrite containing
from 20% t0-80% sodium nitrite.

The nitrite that is used may be an:alkali metal nitrite,
for example, potassium nitrite, but is preferabty sodium
nitrite. .

The present invention also provides an aqueous sys- )

tem containing a synergistic combination as hereinbe-
fore defined. . ; : i
Furthermore there is provided a method of forming
or replenishing an inhibited aquecus solution which
comprises adding to the system inorganic nitrite or a
compound of formula I or both in such quantities that

3,925,245

diamine tetra(methylene.

the ‘effect of their odditionis to cauise gynergim 85 -

hereinbefore defined. Conveniently, the corrasion in- . | S

hibiting mixture is present i an amount of from 50t
10,000 pasts per million of the aqueous solution. How-
3 ever ‘amounts
usually ‘unnecessary except when added. in . initial -
‘shock’ doses. Y ST
* if desired there may be a
. cotrosion inhibitors for non-ferrous metals such as-a’.
10 gilicate to control, attack on aluminum, or a specific in-
hibitor to control: attack. on’{or induced by):copper:
There may also be added other corrosion irthibitors fof

ferrous metals known per se, €., 2ing, polyphosphate. ;

.or.chromium ions or amings.
The following Examples v
invention. Parts and percentages are expressed by
weight. . R TR S
7 EXAMPLES1to 8 P
"In edch of the following Examples, four. mixtures
were made up from sodium nitrite ‘and 2 compound of.

20

formitla 1 as illustrated in Table 1, each mixture con-
60% and 80% by weight of the com- -

Aaining 20%, 40%,
pound of formula
25 these mixtures were added
" the agressive as hereinbefore
solutions were prepared each containing 100 parts per...
million.of the mixture. The gerated bottle test was car
‘ried out on these solutions. e
In order to demonstrate the

I respectively. Samples of each of .

, he synergistic effect of the
mixtures of the present invention.when compared with -

_the individual constituents of the mixture, samples con-

taining sedium nitrite and the respective compound of
formula | were tested separately in a similar manper at
concentrations of 100 parts per , ) :
ratio was calculated as hereinbefore defined and the! |
results are shown in Table 1. - S PR
The: resuits obtained clearly show the synergism of.i
mixtures of the present invention.. B

35

40 :
EXAMPLES 9 t0 20
Ttie same procedure démribcd in. Examples kl;ftvdsk '

45 was followed except that instead of four mixtures, three -

by weight of various other compounds of. formula 1. .
The results are shown in Table 2. SRR

IABIE 1

Corrosion Patio of mrtures contain »g varyieg pevseatages
. q.’ cenpaund - of foreuia 3 P

Fxomple |’ Conpound of Formule 1 100% 8% s | ek 20% vk
! SR, PO, 0.58 259 | oan ] e 0.19 VY

2 P22 - : .

2 X .1H5!1(0H2m3A2)2 1,19 B.E% Q.51 . o,.a [SFB 3] 1».‘05‘

3 CH, (E8)) (00 PO Y, 1.79 1,09 0.4% 0.4 .39, L

" €U EHCH HICH, POI,), 0,37 6,13 10,05 10,31 0,24 vaon

T ] g S EOH 229 0.9 0.3 0,01 9,10 M{*

! 5 *u,~-<‘_\A H{OH TG4 ) 1,28 0.9 E n,f L1 puat ' ~'>

i ) 73 2 2 . i ' b L \

greater than 200 pasts per million are -

added 1o the miitjﬁr'e.,,splééiﬁc_ o

furthzr_ilﬁm’mm ﬂleiprese‘ﬁtl By 1‘:; =

added to ‘100 millilitre samplesof 1.
defined water go thatfour, -

million. The corrosion .

mixtures were magle up containing 25%, 50% and 75% .- . '
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9
Tethe. s-Ceaasma
c::ruslm Falte of mistures eowlnlns varylng pnneutagea :
LR L “of eompound of formula 1. X
Fxample] . Compound of Formula 1 400%. 0% | 0% | a0% 20% :
N 1.30 o.60 ] 0.72°) 008} o063}
| O— s--“%
'8 100, | 056 | ooy | o0z ] o} n00
nﬁmms A _ RIS : »
§ c«arnaion Rntc of. mmuns coutuning va. n@
Exampla - Coaponnd of Forsmuls I of .F : ;
9 cu,(cuz) N(CH,PON )z "0.63 o,}js_;'. 0,34 -17Q 3
10 ncsunn(c»zvo} 33 S1e84 - 0,32 057 : 29.&:3_,_,_.»; ;
‘ 0. - ‘ TR ST S
N L omimroiy), 0.4 073"' 0.¢ 933
e HOCH,CH N(CH P01 ‘0.42 0.4 | 0,53 - | 0.3
-t ~~ - PP PP RO
13 HO0CCR, N{CH PO, H ) 0.3 o.f,., 0.5 0.5 :
" HECH PO o.57 J. ©36 ]| o354 1058 E
15 #p "z“‘x(m ) § PO, W’p.az ez | ows |os frtee
’ z°”'z° H P04l e " '
~ O ——CH ™
. . / 2 E~ [ " , e
16 _"z\ muzmsuz 0.2 | 0424 | 045 | D9
S TeH -—:m2 ) ; ;
i - i cuzpo3ﬂz T B ‘ B
7 _nzc;cuz ......cuz.,...cx2 (cszw az)z 0.0 0.3 o.5% | 0.30°
. [ Haroghy ] i o
e H04PCH, |-} —rmCilyorn B, L-szm,aa)z 0.0 | oov | 0008 | 0.48°
: -~ 4 13,5 {avorege) -
. POy ‘
19 H,0,BCH, |8 —-cnz——-mf—-a(cu.m "), 0.1 | 03 | wo.i7 oy
; N 41.% (nvtrum) RS Gd e
. B0, PHLC A, P08, : B -
Lo ra2 \ z e 3.07 - 0.8 1 6.7
nza’rxzc - mz;o L o S

Some further labomlorv tésts were carried out usmg
a Laboratory Heat E‘(ChanCI R:g, a form of laboratory

testing intended to simulate- practical use conditions. ’

more closely than does the Aerated Solution: Botth.
Test just described. In thxs rig, cotrosive water-is aer-
ated and ¢irculated over 2 number of metal coupons,’
-and.is heated by being pdSS(.d through a heated steel’
- heat exchanger tube. After-
. metal coupons and the heat t,xchanger tube are exam-
" ined, and their state assessed, -
In detail, the rig consists-of a- closed water circuit,
made up of the following m_ms in order;
2 litre feservoir
I hitre reserveir
flow meter
coupon chamber
heat exchanger .
um!lng condender
Corrosive water in the 2 litre rescrvoir is acruted with
compressed air introduced thmugh a sintered dise at

a suitable test period, the

S0

A .

litre reservoir. From this reservoir s pumped thmugh

the flow. meter o the gliss coupbn chamber in which -
_are 2 number of rectangulir metal (.oupons each 2.5 by
~5.0 ¢ms. mounted ‘on d. perspex jig. The' water .then
flows through the. héat mhanger which is’ mddc up; Of
" a % nch internal diay
pieces around whichids wound'a. 960 wait'}
"from the heat eschanger the watér flows thmugh thc SRR

ter steel tube with cappér end- .
“heater, coil;

B .Loohng mnd«.n%r _ack to the 2 litre rcservonr

(1(

[}

Lopins @ h'c«h un uu

- dbout § fitres per minute, and is then puriped o the ’

‘ute provides a velogity' of abaut 1
*and @ Reynolds number of dppros. 6 0(‘/0 in the et

“at about 45°C.;

’umnmwd i .uu M fi *yllw\\\

A flow rate in the: cxuult of about 1.0 gal!on pu' mm- :
25 feet per secand

changer. The heates cm! gives the heat ewhanger
askin temper.xmre C md tha W m‘r !L
some !S*i

surfucc’ Of

S Mgtal wupnm are suui\md m!h ;sun




a1

metal” " acid )
mild steel “+ Conc. HCl diluted 11
o with water at room
temperature for 1 minute
copper : . dol
brass | - - ©odo. -
‘stuminium. . 5% phosphoric acid/2%

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

13,925,245

in Table 3.and .
show quite clearly that syaergistic :r_iixt@;és’ of the pres-

The,results obtained are illusteated

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

. corrosion. inhibiting’ mixtures containing. zinc-andfor

% chromate ions.

T 5

CORROSION RATE. OF METAL

, COUPONS. :
h ‘mg. per sq. decimetre per day
: Mild - ; L o o 5 -
Run Steel’  Copper Brass - Aluminium - dition of Heat Exchange Tube
1 69 47 15.6 - 55 SEVERELY CORRODED . . -~ . = oo
2 42,5 1 5 - 25 . WHOLE SURFACE ENCRUSTED WITH HEAVY. &
' CORROSION -, ST SR
* : PRODUCTS . . : s -
3 4.4 03 0.5 26 SMALL PATCHES OF.CORROSION. REST OF .
TUBE . - e el ot
. SURFACE COVERED BY A PROTECTIVE GREEN'
: A . FIL.M s IR ’
4 18 16 10 13 ) .. ‘do. o .
5 2.6 1.5 11 1.1 SURFACE PROTECTED APART FROM SOME.
’ DR : ‘SMALL PITS' n S i
9.4 0.8 ‘2.4 6.7

6 1
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. . .

" The rig is assembled, and cleaned thoroughly by cir-

* culating conc. hydrochloric acid diluted !:1 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 preduce 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 0
. Total Alkalinity 20 as ppm of CaCQ,
Total Hardness & .
Chloride 10 ppm
. Conductance . 180
" The pump is. primed and started. and the heater

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 rewpighed. The results ob.
. served enable an assessment to be made of the anti-
" scaling and anti-corrosive action of the inhibitor under
- The following additives were tested, ail parts and per-
centages being by weight:

a3

50.

55

CORROSION UNDER SCALE DEPOSIT

- We claim: . . : Lo e
1. '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 theformula

Loy ‘
f ®Y'o . on
4 . RO
B NA) N e .7

‘1‘25” ‘3‘_.: s \ G

R, m RTVRY OH

\ i - o

wlxereid

. R¥and R* may be the same or different and each rep-

resents hydrogen or a hyrocarbyl or hydroxy-subx

-stituted hydrocarbyl radical containing up to 8 car-

. bon atoms, Sl ‘ : o

R®and R* may be the same or different and each rep- -
resents hydrogen or a hydrocarbyl og hydroxy-sub- " -
stitdited hydrocarbyl radicat containing upto §car. .
bon atoms, a carboxy-alkyl or alkoxy redical con-
taining up to 3 carbon atoms, 2 phosphonic agidia

to 4 carbon atoms or an aralkylene ‘phosphonic.-
‘acid such that not more than two phosphonic acid
groupings separated by léss than two carbon atoms,
may be attached to any pitrogen atoms, - o
R*is hydrogen of an alkylene phosphonic acid don- -

taining up to 4.¢arbon atoms, : ST
A is a saturated divalent hydrocarbyl radical contain-; .

ing up to 6 carbdn atoms. o
m is O or an integer from 1 t0'60,

Sy

Run Additves and Cuncertration
i . None
2 200 ppm  Sodium nitsite
20% methylamino ihmethylene diphesphunic
3 200 ppm  acud . T
RO o it e X
U methylapmne dunciiylene diphosphunic
4 Inital level of A pomy ond ’ :
0% sodwm minis
follawed by munisnance as fof Run 3
5.

St ppm

Syacrgined Zime/ hrnmate,
4% (e,
ZinePalyplusphate, H 767 po),
SR, W) N

it prn

R Znte,

- alkylene phosphonic acid grouping -containing wp




3,925,245

: 13
- aiOorl; - when m is 0, R‘maybenhydmxygmup-
- ing or R’ and R* together with the nitrogen atom
may form a six membered ring; when m is 1, the .
groupmg RN--A--NR® may form a hetemyc!xc

ting, and when m is greater than 1, the constituent .

UO

R® groupings may be the same or different; and the -

water-soluble salts thereof. ‘

2. A synergistic combination as claimed in claim 1 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 riitrite is sodium-nitrite.

4, A synerglsnc 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 1, wherein R and R* may be the same
or different and each represents hydrogen or alkyl, al-:
keny! ot cycloatkyl containing up to 8 carbon atoms, R3.
-and R* may be the same or different and each repre-
sents’ hydrogen or alkyl, alkenyl or cycloatkyl radical
. _containing up to' 8 carbon atoms, an alkylene phos-
* phonic acid grouping containing up to 4 carbon atoms
such that'not more than two phogphonic acid groupings

20

. -separated by Tess than two carbon atomis may be at-

" tached to any nitrogen atom, R® is hydrogen'.or an al-

kylene phosphomc acid’ containing up to .4 carbon .
-atoms, A is-an alkylene radical containing up to6car-

bon atoms, m is-0 or an integer from 1 10 60, nis 0 or
1, and when m is greater than 1, the constituent R?
groupings may be the saine or dlfferem, and the water-
soluble salts thereof.

25

30

5. A synergistic combination as clalmed in claim l in

whnch the compound of formula { has the formula

0.

: R
. |.!. Sa OH
Rl‘———}. e Cp I
4 1 - \OH o
R, R
3

where R?, R?, R?® and R* may represent hydrogen, hy-
" drocarbyl or hydroxy substituted hydrocarbyl, R? and
‘R* may represent carboxyalkyl, or R* and R* together
with the nitrogen atom may form a 6~membcre<.s ring,
and the total number of carbon atoms in Lha groups R’
and Ry together does not exceed 10.
6. A synergistic combination as claimed in claim 5 in
~ which the compound of formula I} is af{2-acetoxy
“anilino) benzyl phosphonic acid; a-anilino ortho-
hydroxy benzyl pbesphomc acid, pxpendmo methylene
‘" phosphonic acid or amino methane phosphomc acid.
7. A synergistic combination as claimed in claim'l in
which the comnound of fmmula 1 has the formula

III

.\
It e

“ S OH

. where R' and R® are both hydn’)gen, R? i$ a methylene °
phosphonic acid grouping and R® is-a hydmcarbyl or
’hydroxysubsmuwd hydrocarbyl radxca!
. 8.A synergistic combination as claimed in claim 7 in’
" which the compound of formula 18 is methy! amino di(-
methylene phosphonic acid J, ethyl amino di(methylene:

33

g M"
phosphonic, wd}. n-he »xylammo dn(memy!enc phm»
phonic - acid), p-toluidino di(methylene  phosphonic..
acid) or hydroxy ethyl umino d:(methy!zne phospmmc
acid), n-pentylamitio di(methylene phosphonic

n-propylamino di(wicthyléne “phosphonic  acid), al
lylamino di( methylene phosphonic acid), or: cyclohe»
ylamino di(methylene. phosphionic acid). o

9. A synergistic combination as clanmed in. clmm l in _
which lhe compound of t‘ormula T has the formula

P 0,

R" - N - CH g/

R AN
OH’

wherein R"’ is hydrogen ora methylene phosphomc acnd‘
grouping and R* is-a hydroxy, —CH,COOH or a
—CHCH,COOH" grouping,.

10, A synergistic combination as clalmed in claxm 9
in which the compound of forrnula IV is hydroxy amino
methylene phosphonic acid, carboxymethylammo di(-
methylené phosphonic acid) or hydroxy anuno di(-
methylene. phosphomc acid).

11. A synergistic | combination as clasmed in clanm 1.
in whlch the compound of formula [ has the’ formula .

OH

R

\

wherein each of the groupings R® and RO is: hydrogen or
a methylene phosphonic acid grouping. .
- 12. A synergitic combination as claimed in elaxm H

. ) ‘:Z: ) 0‘
\PICIIH, - N - N - CH P
S ‘!,)

HO VR

" in which the compound of formuls ¥V is hydrazine tet
- ra{miethylene phosphoruc acid). :

40
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© 13. Asynergistic combination as claimed in claim 1

in which the compound of formula has the fomula
HO H '
N L n/ )
P~C-N’-’\--N—C» Vi
o lg s 1o \on |
HO R B’ piid

where R’ is hydrogen ora hydroxy phmy! gmupmg' R’
and R3 are the same and are hydmgen of methylene
phosphonic acid ‘groupings and A is. a:linear or .
branched saturated divalent ‘hydrogarbyl, conwmng
from 1 to 6 carbon atoms; or the gxoupmg R"N
—A—NR® may form a ring.

14. 4 symrg;msc combination 2 claimed in Nwm i3
wherein A, in the oompound of formula Vi, is'a methy-
tene. ethylene, n-propy !ene, lsopmpy!cne. -bmyicne.

l“ A synergistic combination as ci.mmed in a!mm 13
wherein the compound of formula Viis eﬂxy!ea\e di-
amine tetra(methylene phosphonic avid),

16, A synergistic combination as: claimed @ i claim 8
in which the commuw of formuta 't ke the formats

1 o 9 on
i eHO .,[M -------- N - cHP
b i d ’

bt

A 0w
R S

whue mis 2 wmme integer from 2 ® S00RS, W and
R° ay each e h},dmgan or A mmhyﬂmo mmswmm

acid),
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acid grouping, provided that at least 50% of these. - _ 20, A synergistic combination zs claimed inclaim 8~ . ..
groups are methylene phosphonic acid groups, and that consisting essentially of a mixture containing e-anilino '

“not all the R® groupings need by identical. ortho hydroxy benzyl phosphonic acid and from 30% to
.17, A synergistic combination as claimed in claim 16 . 85% of sodium-pitrite. -~ - S e

in which the compound of formula VIl is: s’ 21. A synergistic combination as claimed inclaiml

H,40,PCH, L }: - CHs— CHj MN(cazPo) )y Vi
o) engpogt; : AR
- B 41.5(ayerage) :

18. A synergistic combination as claimed in claim 1. consisting és_seﬁt_iaﬂy.of a mixture cOntaihmg evtyi\yl.é_i"xé'i ‘I' o
" consisting essentially of a mixture containing me- {5 diamine tetra (methylene phosphonic acid) and from- 7
thylamino di(methylene phosphonic acid) and from 30 125% to 85% sodium nitrite., . R

" to 85% by weight of sodium nitrite. 22, A synergistic combination as claimed in clmml Ll
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 VIIt and from 20% to 80% sodium

* .tetra(methylene . phosphonic acid) and from 22% to 20 -nitrite.
- 30% by weignt of sodmmmtnte ' o % ,;-_ e
25
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