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Field of the Invention
The present invention relates to a method of

inhibiting corrosion in boiler water systems and more
particularly to compositions and methods for scavenging
oxygen in both low temperature and high temperature areas

in boiler-steam condensate systems.

Background of the Invention

In steam generating systems, boiler water systems,
steam lines, steam condensate lines, and the like,
hereinafter referred to as boiler-steam condensate
systems, one objective of a water treatment program is
the removal of dissolved oxygen from the feedwater. The
removal may be partially accomplished by using either
vacuum or thermal deaeration techniques or both.

However, since complete oxygen removal cannot be effected
by these technigques, further removal through the use of
chemical oxygen_scavenging agents has been a customary
practice.

Sodium sulfite and hydrazine have commonly been used
for scavenging oxygen in boilers, hot water plants, etc.
However, the use of sodium sulfite introduces solids into
the boiler watér and hydrazine is é suspect carcinogen.
In addition, these chemicals are not volatile and
therefore are not effective in scavenging oxygen in steam
and steam condensate lines.

Hydroxylamines and certain derivatives thereof are
not only effective oxygen scavengers, but are also
volatile, and have been used to control corrosién of iron
and steel surfaces in boiler apparatus caused by
dissolved oxygen. However, in boiler-steam condensate
systems, there exist not only high temperature areas such
as the boiler proper and steam lines but also low
temperature areas such as boiler feedwater lines. The
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use of hydroxylamines has not been entirely effective for
treating all areas of boiler-steam condensate systems.

Brief Description of the Drawings

Figure 1 is a schematic diagram of an apparatus
which is useful for evaluating oxygen scavenging activity
in a boiler-steam condensate system.

Summary of the Inventijion
It is an objective of this invention to provide a

method for inhibiting corrosion in boiler-steam
condensate systems due to the presence of dissolved
oxygen in the systems.

It is another objective of this invention to provide
novel corrosion inhibiting compositions for use in
boiler~-steam condensate systems.

In accordance with the provisions of the present
invention there have been provided certain novel
corrosion inhibiting compositions comprising the
combination of N,N-dihydrocarbylhydroxylamine and N-
hydrocarbylhydroxylamine.

Also, in accordance with the present invention,
there has been provided a method for inhibiting corrosion
in boiler-steam condensate systems which comprises adding
to the system at least one water-soluble N,N-dihydro-
carbylhydroxylamine and at least one water-soluble N-
hydrocarbylhydroxylamine in amounts effective to inhibit
corrosion. -

Detailed Description

The present invention is directed to the control and

inhibition of corrosion caused by the presence of
dissolved oxygen in boiler-steam condensate systems. It
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ore are not effective in scavengi ng oxygen in steam and steam

sate |lines. Hydroxylam nes and certain derivatives thereof are not
ff\t@t%@l%kygen scavengers, but are also volatile, an®CTAUS9¥E2879used
trol corrosion of iron and steel surfaces in boiler apparatus caused
sol ved oxygen. However, in boiler-steam condensate systens, there

not only high tenperature areas sugh as the boiler proper and steam
but also | ow tenperature areas such as boiler feedwater |ines. The

r has now been found that the combination of N,N-di-~
hydrocarbylhydroxylamine and N-hydrocarbylhydroxylamine
provide surprisingly enhanced oxygen scavenging effects.

As used herein, the terminology hydrocarbyl refers
5 to C, and C,, alkyl, hetero or homocycloalkyl or aromatic
Yy compounds such as benzyl, phenyl, or tolyl, preferably C,
to C, alkyl compounds.
It has now been found that N,N-dihydrocarbyl-
hydrbxylamine and N-hydrocarbylhydroxylamine have
10 unexpectedly different chemical and physical
characteristics. For exémple, N,N~dihydrocarbyl-
hydroxylamines such as N,N-diethylhydroxylamine react
with oxygen rather slowly at low temperatures, but

le possess good stability at high temperatures. 1In

15 contrast, N-hydrocarbylhydroxylamines such as N-

isopropylhydroxylamine are fast reacting at low

temperatures, but have relatively low thermal stability.
In boiler-steam condensate systems, there exist low

temperature areas such as boiler feedwater lines as well

20 as high temperature areas such as the boiler proper and

steam lines. The use of either N,N-dihydrocarbyl-
hydroxylamines or N-hydrocarbylhydroxylamines alone have

n ' not been completely satisfactory. It has now been
g discovered that these difficulties can be overcome by the
25 use of a mixture of N,N-dihydrocarbylhydroxylamine and N-

hydrocarbylhydroxylamine to provide enhanced oxygen

scavenging activity in all areas of a boiler~steam

condensate system. -

Specific examples of N,N-dihydrocarbylhydroxylamines

30 suitable for use in this invention include, but are not
d limited to, N,N-dimethylhydroxylamine, N,N-diethyl-~-
hydroxylamine, N-methyl N-ethylhydroxylamine, N,N-
dipropylhydroxylamine, N,N,-dibutylhydroxylamine, N-
ethyl, N-tolylhydroxylamine, N-N-dibenzylhydroxylamine
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| areas of boiler-steam condensate systens. Brief -Description of the
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pr eval uating oxygen scavenging activity in a boil er-steam condensate
ystem Sunmmary of the Invention It is an objective of this invention to
fovide a nethod for inhibiting corrosion in boiler-steam condensate
ystens due to the presence of dissolved -

and the like, and the water soluble salts therecof, and
mixtures thereof. A preferred N,N-dihydrocarbyl-
hydroxylamine for use in this invention is N,N-
diethylhydroxylamine.

5 Specific examples of N-hydrocarbylhydroxylamines
suitable for use in this invention include, but are not
limited to, N-methylhydroxylamine, N-ethylhydroxylamine,
N-propylhydroxylamine, N-butylhydroxylamine, N-
isopropylhydroxylamine, N-cyclohexylhydroxylamine, N-

10 tert-butylhydroxylamine, N-benzylhydroxylamine, and the
like, and mixtures thereof. A preferred N-hydrocarbyl-
hydroxylamine for use in this invention is N-isopropyl-

hydroxylamine.
The dosage amounts of the corrosion inhibiting
15 compositions of the present invention is not per se

critical to the invention and can be readily determined
by one of ordinary skill in the art by conventional
methods. In general, approximately 3 parts per million
of hydroxylamine or an equivalent amount of a derivative
20 is needed to remove each part per million of oxygen.
Accordingly, an effective dosage amount is relative to
the amount of dissclved oxygen in the system to be
treated. Normal dosages are in the range of from 0.001
ppm to 500 ppm (as hydroxylamine), preferably from 0.01
25 to 50 ppm and most preferably from 0.02 to 25 ppm.

The ratios of N,N-dihydrocarbylhydroxylamine to N-
hydrocarbylhydfoxylamine can vary widely depending on the
nature of the system _being treated and the relative
concentration of dissolved oxygen in the high temperature

30 and low temperature areas of the boiler-steam condensate
system. In general the ratio is from 1:50 to 50:1,
preferably 1:10 to 10:1 and most preferably 1:1 N,N-
dihydrocarbylhydroxylamine:N-hydrocarbylhydroxylamine on
a weight basis. e
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Ih in the systens. It is another objective of this invention to provide
- corrosion inhibiting conpositions for use in boiler-steam condensate
MmO P/ 23¢br dance with the provisions of the present PRVANIINE8TPere
been provided certain novel corrosion inhibiting conpositions

I sing the conbination of N, N-di hydrocar byl hydroxyl am ne and N-

bcar byl hydr oxyl am ne. Al so, in accordance with the present invention,

t herf has been provided a nethod for inﬂTbiting corrosion in boiler-steam
condensat e systens whi ch conpri ses addi ng

The corrosion inhibiting compositions of this
invention may be used in combination with other boiler
treatment agents including other corrosion inhibitors or
oxygen scavengers such as neutralizing amines, hydrazine,

5 sodium sulfite, as well as other known dispersants,
chelants, scale inhibitors, and the like, and mixtures
thereof.

A particularly preferred embodiment comprises the
combination of a neutralizing amine with the N,N-

10 dihydrocarbylhydroxylamines and N-hydrocarbylhydroxyl-
amines. The ratio of neutralizing amine to N,N-
dihydrocarbylhydroxylamines is generally in the range of
from 1:10 to 100:1 on a weight basis.

Without further elaboration, it is believed that one

15 of ordinary skill in the art, using the preceding
detailed description, can utilize the present invention
to its fullest extent.

The following examples are provided to illustrate
the invention in accordance with the principles of this

20 invention, but are not to be construed as limiting the
invention in any way except as indicated in the appended
claims. All parts and percentages are by weight unless
otherwise indicated.

25 Example 1
The oxygen scavenging activity of the water-soluble

N,N—dihydrocarbylhydroxylamines and N-hydrocarbyl-
hydroxylamines of this invention were evaluated under
simulated boiler feedwater conditions. The apparatus

30 used for this evaluation is depicted schematically in
Figure 1. The apparatus (10) comprises a peristaltic
pump (11) which is used for circulating water throughout
the system, pump inlet tubing (12) and pump outlet tubing
(13). A polyethylene fill-bottle (14) is connected w1th
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the inlet tubing and is used to feed system water into
the apparatus. A valve (15), which may be selectively
opened and closed, is provided between the fill-bottle
and the inlet tubing and is used to control flow
S therebetween. A temperature measurement chamber (16) is

positioned within the pump inlet tubing and contains a
thermometer (17) used for monitoring the water
temperature. The system water is drawn through the inlet
tubing, into the pump, and then is pumped via the pump

10 outlet tubing into a glass sampling chamber (18). The
sampling chamber contains a pH probe (19) and a dissolved
oxygen probe (20). The pH probe is operably connected to
a pH meter (21) used for displaying and monitoring the
system water pH; and the dissolved oxygen probe is

15 operably connected to a dissolved oxygen meter (22) used
for displaying and monitoring the system water dissoclved
oxygen level, as well as to a recorder (23) used for
continuously recording the dissolved oxygen level in the
system water. Tubing (24) is provided for directing

- 20 system water from the glass sampling chamber to the one

i liter stainless steel preheat reactor (25), known in the

laboratory as a "Parr vessel." A glass chemical inlet

chamber (26) is positioned within the tubing and may be

fitted with a rubber septum (not shown) through which a

chemical solution of oxygen scavenger may be injected.

The preheat reactor contains a heating element (not

shown) which may be activated to preheat the system

* water. Water forced out of the preheat reactor by

operation of the pump is directed through tubing (27) to

ia two liter stainless steel heating reactor (28) where

the system water is heated to its highest temperature. A

leating element and a thermostat (not shown) are provided

fOor maintaining the water temperature in the heating

eactor relatively constant. The water from the heatlng
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characteristics. For exanple, N, N-dihydrocarbyl- hydroxyl am nes
s N, N-di et hyl hydr oxyl am ne react

reactor passes through tubing (29) into a water cooled
heat exchanger (30) which coocls the system water to a
range of about 55°F to 60°F. System water from the heat
exchanger is then recirculated into the pump inlet
tubing. Thus, while the system water may be heated to
elevated temperatures in the preheat reactor and heating
reactor, the recirculated water passing through the pump
and into the sampling chamber may be kept at a relatively
constant temperature conducive to accurate probe
operation. The full capacity of the apparatus is about
4.5 liters while the pumping rate of the pump is about
0.30 to 0.35 liters per minute.

The oxygen scavenging activities of N,N-
dihydrocarbylhydroxylamine and N-hydrocarbylhydroxylamine
were investigated in system water conditions of 194°F and
pH 8.5. In each run distilled water saturated with
oxygen (about 8 to 9 ppm) and adjusted to the requisite
pH with sodium hydroxide, was fed into the system through
the polyethylene fill-bottle. The system was filled to
its capacity with water to the substantial exclusion of
air, and the water was heated using the preheat reactor
and heating reactor until the steady state was achieved
at which the temperature of system water leaving the
heating reactor, as controlled by the thermostat therein,
was 194°F, and the temperature of the system water
leaving the heat exchanger as measured by thermometer was
from about 55°F to 60°F. During this period, gas was
allowed to exit from the_system through the fill-bottle
and the chemical inlet chamber; and the dissolved oxygen
level in the circulating water was allowed to
equilibrate. Recirculation continued in each run until
the oxygen level in the system water remained constant
for at least 30 minutes. Once the initial oxygen reading
was established, the system was effectively closed to the
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a rubber septum fitted in the chemical inlet chamber.

Recycling continued for 30 minutes, during which time the

oxygen level in the sampling chamber was monitored. The
results are shown in Table 1 below.
S
r= TABLE 1
l Time, Minutes
q Hydroxylamine 0 s |10 [15 |20 |25 |30 |
N-Methyl 3.3 1.8 1.0 {0.7 | 0.5 | 0.4 10.3
N-C,H4 4.1 2.5 }11.6 1.1 }10.8 |]0.6]|0.4
N-C;H, 5.0 3.0]2.0]1.3 1.0 }] 0.7 {0.5 !
N-(i-CyH;) 4.8 2.2 11.110.7 0.5 0.4 0.3
N-(t=~C,H,) 4.8 |3.4|(2.5]2.0}1.6 1.3 ]1.0
N~Cyclohexyl 4.0 3.2 }2.3]1.6 |1.1 0.7 }|0.5
N,N~-di-CH, 3.7 3.3 {2.9 (2.6 2.4 | 2.2 2.0
N,N-di-C,H; 5.1 4.3 |3.6|3.1]2.7|2.5|2.4
‘!N,N-di-benzyl 4.7 (2.9 |2.5 2.2 }2.01.9}1.8
e e ]
*ppm O,

- The results show that the N-hydrocarbylhydroxyl-
amines are significantly faster oxygen scavengers

compared to the N,N-dihydrocarbylhydroxylamines under the

testing conditions.
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a m xture of N, N-di hydrocar byl hydroxyl am ne and N-

ar byl hydroxyl am ne to provi de enhanced oxygen scavenging activity in
e¥0@3/2136Di | er - st eam condensat e system Specific exaPOrAISI3f02879
hydr ocar byl hydr oxyl am nes suitable for use in this invention include,
e not limted to, N, Ndinethyl hydroxylam ne, N, N-diethyl -

yl am ne, N-nethyl N-ethyl hydroxylgm ne, N, N- di propyl hydr oxyl am ne,

i butyl hydroxyl am ne, N- ethyl, N1olyl hydroxylam ne,
benzyl hydr oxyl am ne

Example 2
Thermal stability of hydrocarbylhydroxylamine

compounds was investigated under boiler temperatures

using the Parr pressure vessel. Approximately 1000 ml of
5 a 1000 ppm solution of the compound in distilled water

was placed into a 2-~liter Parr vessel. The pH of the

solution was adjusted to 9 using sodium hydroxide. The
jj" vessel was blanketed with nitrogen and was then heated at

w

200 psig (388°F) for two hours, terminated, cooled and
10 sampled. The concentration of the additive before and

after autoclaving was analyzed by using gas
chromatography. Experimental results are shown below.

1 T T TR

15 Concentration (ppm) Before
—_ and After Autoclaving at
200 psig (388°F)

Decompo-
= ADDITIVE Before After sition, %
] N,N-Diethyl- 1000 1000 0
] hydroxylamine
=l 20 N-Ethyl- 1000 0 100

hydroxylamine
N~Propyl- - 1000 0 100
hydroxylamine '
N~-Isopropyl- 1000 630 37
e 25 hydroxylamine
===-———_==E===============ﬂ

As shown in Table 2, the N-hydrocarbylhydroxylamines
tested are less stable than N,N-diethylhydroxylamine
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-4- and the like, and the water soluble salts thereof,
A preferred N, N-di hydrocar byl - 4
i nventi WO B/RI3GL di et hyl hydroxyl anmi ne. Specific exanpl es ofPCI/US93/02879,, -3
N- hydr ocar byl hydr oxyl am nes suitable for use in this invention include, 't
are not limted to, N nethyl hydroxylam ne, N—ethylhydroxylanine,

N- pr opyl hydr oxyl am ne, N-butylhydroxylaqPQ

N-cycl ohexyl hydr oxyl ami ne, N tert-butyl

N- benzyl hydr oxyl am ne, and the

t her eof .
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and m xtures
hydroxyl am ne for use in this

I sopropyl hydr oxyl am ne,
droxylanlne

which is a N,N-dihydrocarbylhydroxylamine at high

temperatures.

Example 3
Steam lines and steam condensate lines of boiler

systems are subject to corrosion which is very difficult
to control. This corrosion is caused by the presence of
two impurities in the steam, namely, carbon dioxide and

oxygen.

Volatile neutralizing amines, such as morpholine,
diethylaminoethanol and cyclohexylamine, have been used
as steam line treatments. However, the use of
neutralizing amines can control carbon dioxide only.
They are unable to provide protection against oxygen 110

corrosion.

For controlling oxygen corrosion in boiler systems,
sodium sulfite and hydrazine have been commonly used.
Unfortunately, these compounds are non-volatile and do
not prevent oxygen corrosion in steam lines. These
treatment programs therefore have not been completely .

satisfactory.

We found that hydroxylamine compounds are not only
effective oxygen scavengers, but also volatile, thus
capable of protecting the entire boiler circuit (i.e.

15

water and steam).
The volatility of a boiler water treatment in a

steam generating system is termed vapor-liquid

distribution ratio. The vapor-liquid distribution ratio
of the hydroxylamine compounds are illustrated in Table
3. The experimental procedure for determining the vapor=- ;
liquid distribution ratio is described in-Materials '
Performance, Vol. 16, No. 5, pages 21-23 (1977).

20

25
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and m xtures thereof. A preferred N hydrocarbyl- hydroxylam ne for
this invention is Nisopropyl- hydroxylam ne. The dosage anounts of
hrWOR342136hhi biti ng conpositions of the present inventAQIMUSI3/02879%er
gtical to the invention and can be readily determ ned by one of

hry skill in the art by conventional nmethods. In general,
apprdkimately 3 parts per mllion of hydroxylam ne or an equival ent anount
of a Plerivative is needed to renove eath-part per nmillion of oxygen.
Accorfdi ngly, an effective dosage anount is relative to the amount of

di ssd ved oxygen in the systemto be

ordir

TABLE 2
|
Vapor-Liquid
Additive Distribution Ratio
t Standard Neutralizing Amines:
£
5 Morpholine 0.48
Diethylaminoethanol 1.45
Cyclohexylamine 2.60
Standard Boiler Oxygen
Scavengers:
10 " Sodium Sulfite 0.00
Hydrazine 0.08
Hydroxylamine Compounds:
N-Methylhydroxylamine 3.30
1 N,N-Diethylhydroxylamine 1.26
i 15 N—Isopropylhydrokylamine 1.20
" N-tert-Butylhydroxylamine 1.30
n N-Cyclohexylhydroxylamine 1.30
— e
Example 4
20 A mixture of N,N-diethylhydroxylamine and N-
isopropylhydroxylamine (1:1 ratio by weight) was fed to
the deaerator storage sections of the 600 psig and 1500
psig boiler systems at a pulp and paper mill. The

treatment was added at a rate of 12 ppm active. It
reduced oxygen levels in the feedwater to 1.5-3 ppb from
3~-6 ppb with a conventional oxygen scavenger program.
The mixture of N,N-diethylhydroxylamine and N-isopropyl-
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réated. Nornmal dosages are in the range of from0.001 ppmto 500 ppm (as
ydroxylam ne), preferably fromO0.01 to 50 ppm and nost preferably from
.02 to 25 ppm The ratios of N, N-di hydrocarbyl hydroxyl-am ne tRCIVUS93/02879
ydr ocar byW@83/3%361ani ne can vary wi dely depending on the nature of the
ystem being treated and the relative concentration of dissolved oxygen in
he high tenperature and | ow tenperature areas of the boiler-steam
jondensate system In general the ratio ig2rom1:50 to 50:1, preferably
:10 to 10:1 and nost preferably 1:1 N N

I hydr ocar byl hydr oxyl am ne: N- hydr ocar byl hydr oxyl am ne on a wei ght basis.

hydroxylamine reduced iron and copper levels in the

feedwater, steam and condensate lines.
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-5- The corrosion I nhibiting co ositions of this invention may be used in
onbi nati on with ot her boilerﬂiu t eemBephacedd | ncl udi ng ot her corrosion

i bi t WQ932136dygen scavenger al i zi ng am nesPCHURIIA28E9
sodi unrsulfite,—aswell ~as oth [ sants, chelants, scale

E%Bg:lmmlm;ﬁllf|ﬂﬁs||l|mg and m xtures ~-t].:(ir eo/f . A ?art i cul ar.I y preferred
* L M s * n
D ;

IN THE CLAIMS
1 1. A method of inhibiting corrosion in boiler-
steam condensate systems comprising adding to the system
3 water-soluble N,N-dihydrocarbylhydroxylamine and N-
hydrocarbylhydroxylamine in amounts effective to inhibit
5 corrosion.
1 2. A method according to Claim 1 wherein the

boiler-steam condensate system has low temperature areas

3 and high temperature areas.

1 3. A method according to Claim 1 wherein the N,N-
dihydrocarbylhydroxylamine is N,N-diethylhydroxylamine.

1 4. A method according to Claim 1 wherein the N-
hydrocarbylhydroxylamine is N-isopropylhydroxylamine.

1 5. A method according to Claim 1 wherein the
hydroxylamines are added in combination with one or more

3 neutralizing amines.

1 6. A method according to Claim 5 wherein the
neutralizing amines are selected from the group

3 consisting of cyclohexylamine, morpholine, diethylamino-
ethanol, dimethylpropanolamine and 2-amino-2-methyl-1l-

5 propanol. .

1 7. A corrosion inhibiting composition for boiler-
steam condensate systems comprising water-soluble N,N-

3 dihydrocarbylhydroxylamine and N-hydrocarbylhydroxylamine

in a weight ratio within the range from about 50:1 to
5 about 1:50.



conbi nation of a neutralizing amne with the N, N

di hydr ocar byl hydr oxyl.am nes..and- N-hydroearbylhydroxyl am nes. The ratio of
neut ral i ziwg 9321361t 0 N, N- d| hydroc | hydro
fange of from1:10 to

t is believed that one |
det ai | ed descri ption,

basi AV
M Kill in
' i pti pre ' L____‘é2+¥:;_nullest
extent. The fol |l owi ng exanples are prOV|d' to illustrate e vention in

.nes -i s gen@CAVUSII/H2878e
| abor ati on,

5ﬁ¥4ﬁa=q
&ﬁﬁ@EtE}Ne pr ecedi ng

ccordance with the principles of this invention, but are not to be
onstrued as limting the

1

8. A corrosion inhibiting composition according to
Claim 7 wherein the water-soluble N,N-dihydrocarbyl-
hydroxyamine and N-hydrocarbylhydroxylamine are in a
weight ratio within the range from about 10:1 to about

1:10.

9. A corrosion inhibiting composition according to
Claim 7 wherein the water soluble, N,N-dihydrocarbyl-
hydroxylamine and N-hydrocarbylhydroxylamine are in the
ratio of approximately 1:1 by weight.

10. A corrosion inhibiting composition according to
Claim 7 wherein the boiler-steam condensate system has
low temperature areas and high temperature areas.

11. A corrosion inhibiting composition according to
Claim 7 wherein the N,N-dihydrocarbylhydroxylamine is
N,N-diethylhydroxylamine.

12. A corrosion inhibiting composition according to
Claim 7 wherein the N-hydrocarbylhydroxylamine is N-
isopropylhydroxylamine.

13. A corrosion inhibiting composition for boiler-
steam condensate systems comprising water-soluble N,N-
dihydrocarbylhydroxylamine, N-hydrocarbylhydroxylamine
and a neutraliiing amine; the weight ratio of the N,N~
dihydrocarbylhydroxylamine component to the N-hydro-
carbylhydroxylamine component being between about 50:1 to
about 1:50, and the weight ratio of the N,N-dihydro-
carbylhydroxylamine component to the neutralizing amine
component being between about 10:1 to about 1:100.

g
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i nvenffi on in any way except as indicated |n the appended claims. Al parts
dp rcenta&es are by weight u cated. Exanple 1 The

oxyge Yelg activity of tf %EN PCT/US93/02879

N, N-d hydrocarbylhydroxylan1nes ,;§éfﬁ” yI hydroxylam nes of this

i nvengi on were eval uated under Siha-pted-boiae—fdednat %%&ﬁhgwﬁﬁfgﬁme

appar gtus used for this evaluation is dtigl cted schematlc lﬂ m@m

The apparatus (10) conprises a peristaltic punp (11) whi
circufating water throughout the system punp inlet tub
out | ety tubing

to 1 14. A corrosion inhibiting composition according to
: Claim 13 wherein the neutralizing amine is selected from
3 the group consisting of cyclchexylamine, morpholine,
diethylaminoethanol, dimethylpropanolamine and 2-amino-2-
5 methyl-l-propanol.
to
to
to
to
to - -
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(18). A polyethylene fill-bottle (14) is connected with -6- the inlet
tubing and is used to feed systemwater into the apparatus. A valve (15),

whi ch may be sel ectively opened and closed, is provided _between the
fill-bottWe9336he inlet tubing and i s used to control fl ow tH'éU&%PWEn

A tenperature measurenent chanber (16)“ 5 poghis Siwetdtes e punp inl
tubing and contains a thernoneter (17) used fo Imﬂrﬂ“lﬂ he wat er

AMENDED CLAIMS
[received by the International Bureau on 24 August 1993 (24.08.93);
original claims 2 and 7 cancelled; original claims 1,8-12
amended; other claims unchanged (2 pages)]

1 1. A method of inhibiting corrosion in boiler-
steam condensate systems having low temperature areas and

3 high temperature areas comprising adding to the system
water-soluble N,N-dihydrocarbylhydroxylamine and N-

5 hydrocarbylhydroxylamine in amounts effective to inhibit

corrosion and wherein the weight ratio of N,N-
7 dihydrocarbyl-hydroxylamine to N-hydrocarbylhydroxylamine
is from 50:1 to 1:50 respectively.

2. CANCELLED.

1 3. A method according to Claim 1 wherein the N,N-
dihydrocarbylhydroxylamine is N,N-diethylhydroxylamine.

1 4. A method according to Claim 1 wherein the N-
hydrocarbylhydroxylamine is N-isopropylhydroxylamine.

1 5. A method according to Claim 1 wherein the
hydroxylamines are added in combination with one or more

3 neutralizing amines.

1 6. A method according to Claim 5 wherein the
neutralizing amines are selected from the group

3 consisting of cyclohexylamine, morpholine, diethylamino-
ethanol, dimethylpropanolamine and 2-amino-2-methyl-1i-

5 propanol.

7. CANCELLED.

L
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ture. The systemwater is drawn through the inlet tubing, into the
fid t IS punped via the punp outlet tubing into a glass sanpling

\Vﬁé}%&?ﬁi sanpl i ng chanber cont ai ns"?i_p'l-T"ﬁf”b’b"é"""(‘1—9)%&}[éﬂj@:ﬁ&gl ved
brobe (20). The pH probe is operably copsaetBs Heen Replatdditet er (21)

r di splaying and nonitoring the stem he di ssol ved
Ibr obe is operably connected to 'él di ssol mﬂﬂmw!mll;r (22) used
pl ayi ng and nonitoring the system water Ssol ved oxygen | evel, as

to a recorder (23) used for, continuously recording the djssolved
level in the- syshe@prEesion THRRIRLEING ¢ampESLtiRR aerordingtfag

Claim 1 wherein the water-soluble N,N-dihydrocarbyl-
3 hydroxyamine and N-hydrocarbylhydroxylamine are in a
' weight ratio within the range from about 10:1 to about
E B 1:10.

d 1 9. A corrosion inhibiting composition according to
Claim 1 wherein the water soluble, N,N~-dihydrocarbyl-
'3 hydroxylamine and N-hydrocarbylhydroxylamine are in the
ratio of approximately 1:1 by weight.
e 1 10. A corrosion inhibiting composition according to
Claim 8 wherein the boiler-steam condensate system has
3 low temperature areas and high temperature areas.
1 11. A corrosion inhibiting composition according to

Claim 8 wherein the N,N-dihydrocarbylhydroxylamine is
3 N,N-diethylhydroxylamine.

1 12. A corrosion inhibiting composition according to
Claim 8 wherein the N-~hydrocarbylhydroxylamine is N-

3 isopropylhydroxylamine.

1 13. A corrosion inhibiting composition for boiler-

steam condensate systems comprising water-soluble N,N-

3 dihydrocarbylhydroxylamine, N-hydrocarbylhydroxylamine
and a neutralizing amine; the weight ratio of the N,N-

5 dihydrocarbylhydroxylamine component to the N-hydro-
carbylhydroxylamine component being between about 50:1 to

7 about 1:56, and the weigﬁE ratio of the N,N-dihydro-
carbylhydroxylamine component to the neutralizing amine

9 component being between about 10:1 to about 1:100.
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10

B heat

react or

(25),

b of oxygen scavenger
¥ig el enent (not shown) which
g\t er forced out of the preheat

25

21

react or

[

fter fromthe glass sanpling chanber to the one liter stainless
known in the |aboratory as a "Parr_ vessel." A
09321361 n| et chanber (26) is positioned within the RGISUAS/A2% % ray
gd with a rubber septum (not shown) through which a chem ca

may be injected. The preheat
be activated to preheat the system
reactor by - operation of the punp

b |iter stainless steel
teated to its highest tenperature.

heat i ng

1

FIG.

cont ai ns



heating el ement and a thermmastat (not shown) are % 3@.1 @
t he "wat er terrpera ST gqe heat.ing reactor rel a H
fromthe A eactjor passes through tubi hg (29) into a
cool ed he 7l ch cool s the system wat et StJERI1998Ng
[err] to [8 ater fromthe haag exchangef ‘is then recif
Thus, while the systegmWwarer nay De

into the pu

COMPOSITION AND METHOD FOR SCAVENGING OXYGEN

A COMPOSITION AND METHOD OF INHIBITING CORROSION
IN BOILER-STEAM CONDENSATE SYSTEMS.COMPRISING ADDING
TO THE SYSTEM N, N-DIHYDROCARBYLHYDROXYLAMINE AND N-
HYDROCARBYLHYDROXYLAMINE 1IN AMOUNTS EFFECTIVE TO

INHIBIT CORROSION.
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elevated tegperatures in the preheat reactor and heating reactor,  the
" éci rcul at ed wat er passing through the punp and into .I|nq chanber™
o un——— J

may be képt at a N _1nt t enperature cond u}
probe operationf ¢ 3 \ of the apparatus i dUUUL ~b— ¢
whil e the punpi 5 RERVAGHTE pusp) i s jabout 0.30 to @ blters gi ute.
The oxygen scaviae AT T L of N, di hydr ocar byl n

of

tilled water satur

N—hydrocarbylhydrox Ian1 wﬁ vestlgated in syst n1 ter Condltl
iw “ quisite

[err] J ‘ ted with oxygen (fpbout
8 to 9 p and - |

1. A method of inhibiting corrosion in boiler-steam condensate
systems having low temperature areas -and high temperature
areas comprising adding to the system water-soluble N,N-

- dihydrocarbylhydroxylamine and N-hydrocarbylhydroxylamine .
in amounts effective to inhibit corrosion and wherein the
weight ratio of N,N-dihydrocarbylhydroxylamine to- N-
hydrocarbylhydroxylamine is from 50:1 to 1:50 respectively.

2. A method according to claim 1 wherein the N,N-
dihydrocarbylhydroxylamine is N,N-diethylhydroxylamine.

3. A method according to <claim 1 wherein the N-
hydrocarbylhydroxylamine is N-isopropylhydroxylamine.

4. A method according to claim 1 wherein the hydroxylamines are
added in combination with one or more neutralizing amines.

‘5. A method according to. claum 4 wherein the neutrallzlng-
amines are selected from the group consisting . o 'fuf;*f
cYclohéxylamlne, morpholine, diethylaminoethanol,.ﬁfz'
dimethylpropanolamine and 2-amino-2-methyl-l-propanol.

6. A corrosion 1nh1b1t1ng compos1tlon according to claim 1

‘wherein the water-soluble N N-dihydrocarbylhydroxylamine and

) N-hydrocarbylhydroxylamine are in a weight ratio within the
- range from about 10:1 to about 1:10.

7. A corrosion inhibiting composition according to claim 6 -
wherein the N—hydrocarbylhydroxylamlne is N-
isopropylhydroxylamine.

8. A corrosion inhibiting composition according to claim 1
wherein the water—solublé, N,N—dihydrocarbylhydroxylamine
and N-hydrocarbylhydroxylamine are in the ratio of
approximately 1:1 by weight.
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mas”ng ; - J;i : . EAEENn%nhSHEEI-etberne

_fllrrfﬁ—SOdTUﬁTﬁyﬂfﬁXTdemasr .
oo SRR =)

the tenperature of system water IeaV|n 4
by the thernpostat therein, was [err],
wat er | eavi ng the heat exchanger as neasured by

[err] to.[erm. EUErogibhi S DEHIWILiWRS Wompdsi®wem t ofexi t Hoierdireay st em
t hrough the f|||-bottl and the chenmical in t c anber ; g t he dlﬁS%}VEd
oxygen ndensate comprising er-solu
dihydrocarbylhydroxylamine, N-hydrocarbylhydroxylamine and
a neutralizing amine; the weight ratio of the N,N-
dihydrocarbylhydroxylamine component' to the N-
hydrocarbylhydroxylamine component being between about 50:1
to 1:50, and the weight ratio of the N,N--

dihydrocarbylhydroxylamine component to the neutralizing

t ed
a3 dohiSetalaf whi ch

g reactor. aslcantrolled

amine component being between about 10:1 to 1:100.

10. A corrosion inhibiting composition according to claim 9 the
neutralizing amine is selected from the group consisting of

cyclohexylamine, morpholine, diethylaminoethanol,
dimethylpropanoclamine and 2-amino-2-methyl-l-propanol.
-
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l evel .in thé-circulating water was all owed to equ
conti nued in each run until ~the oxygen, l evel in tﬂ

. conhst ant

.established, the systemwas effectively closed to
t he oxygen scavenger -was injected throlgh a .rubber.

chem cal
time the

Y Lol

for at |least 30 minutes. Once the initial

=S .0

i nl et chanber. Recycling continued for 3C

COMPOSITION AND METHOD FOR SCAVENGING OXYGEN - -

A COMPOSITION AND METHOD OF INHIBITING CORROSION
-IN EOILEﬁ—STEAM CONDENSATE SYSTEMS COMPRISING ADDING
TO THE SYSTEM N, N-DIHYDROCARBYLHYDROXYLAMINE AND N-
HYDROCARBYLHYDROXYLAMINE 1IN AMOUNTS EFFECTIVE TO
INHIBIT CORROSION.
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' apus SUERTS  SG
: oxygen | evel in the sanpling chanber was nDnltor-(fi%ﬁ%EEQiu Iﬁ‘aheps

in Table 1 below. TABLE 1 Tinme, M nutes Hydroxytt o 0o
15 20 25 30 N Methyl 3.3 1. '5’”5? %fér Q?d'l}@‘
[err] 4.1 2.5 1.6 1.1 0.8 0.8 3K
5.0 3.0 2.0 1.3 1.0 0.7 O.5 N [err] .
0.5 0.4 0.3 N [err] 4.8 3.4.,42.5
N- Cycl ohexyl 4.0 3.2 2.3 1.6 1.1
3.3 2.9 2.6 2.4 2.GMPISOIION AND METHOD FOR SCAVEN

Field of the Invention

The present invention relates to a method of
inhibiting corrosion in boiler water systems and more
particularly to compositions and methods for scavenging
oxygen in both low temperature and high temperature areas

in boiler-steam condensate systems.

Background of the Invention

In steam generating systems, boiler water systems,
steam lines, steam condensate lines, and the like,
hereinafter referred to as boiler-steam condensate
systems, one objective of a water treatment program is
the removal of dissolved oxygen from the feedwater. The
removal may be partially accomplished by using either
vacuun or thermal deaeration techniques or both.

However, since ccmplete oxygen removal cannct be effected
by these techniques, further removal through the use of
chemical oxygen scavenging agents has been a customary
practice.

Sodium sulfite and hydrazine have commonly been used
for scavenging oxygen in boilers, hot water plants, etc.
However, the use of sodium sulfite introduces solids into
the boiler water and hydrazine is a suspect carcinogen.
In addition, these chemicals are not volatile and
therefore are not effective in scavenging oxygen in steam
and steam condensate lines.

Hydroxylamines and certain derivatives thereof are
not only effective oxygen scavengers, but are also
volatile, and have been used to control corrosion of iron
and steel surfaces in boiler apparatus caused by
dissolved oxygen. However, in boiler-steam condensate
systenms, there exist not only high temperature areas such
as the boiler proper and steam lines but also low
temperature areas such as boiler feedwater lines. The
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[erri

5.1 4.3 3.6 3.1 2.7 2.5 2.4 NN-di-benzyl 4.7

2°9 2.5 2.2 2.0 1.9 1.8 *ppm[err] - The results show that the
N- hydr ocar byl hydroxyl - am nes are significantly faster oxygen scavengers
conpared to the N, N-di hydrocar byl hydr oxyl am nes under the testing

condi ti ons.

Exanple 2 Thermal stability of hydrocarbyl hydroxyl am ne

-2-

use oI hydroxylamines has not been entirely effective for
treating all areas of boiler-steam condensate systems.

Brief Description of the Drawings

Figure 1 is a schematic diagram of an apparatus
which is useful for evaluating oxygen scavenging activity
in a boiler-steam condensate system.

sSummarv of the Invention
t is an objective of this invention to provide a

methed for inhibiting corrosion in boiler-steam
condensate systems due to the presence of dissolved
oxygen in the systenms.

It is another objective of this invention to provide
novel corrosion inhibiting compesitions for use in
boiler-steam condensate systems.

In accordance with the provisions of the present
invention there have been provided certain novel
corroesion inhibiting compositions comprising the
combination of N,N-dihydrocarbylhydroxylamine and N-
hydrocarbylhydroxylamine.

Also, in accordance with the present invention,
there has been provided a method for inhibiting corrosion
in boiler-steam condensate systems which comprises adding
to the system at least one water-soluble N,N-dihydro-
carbylhydroxylamine and at least one water-soluble N-
hydrocarbylhydroxylamine in amounts effective to inhibit
corrosion.

Detailed Description

The present invention is directed to the control and
inhibition of corrosion caused by the presence of
dissolved oxygen in boiler-steam condensate systems. It
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conpounds was investigated under boiler tenperatures using the Parr

pt essure vessel. Approximately 1000 mi of a 1000 ppm sol ution of the
conmpound in distilled water was placed into a 2-liter Parr vessel. The pH
of the solution was adjusted to 9 using sodi um hydroxi de. The vessel was
bl anketed with nitrogen and was then heated at 200 psig [err] for two
hours, term nated, cooled and sanpled. The concentration of the additive
before and after autoclaving was analyzéﬂ*by usi ng gas chromat ography.
Experimental results are shown bel ow. TABLE 2 Concentration (ppm Before

has now been found that the combination of N,N-di-
hydrocarbylhydroxylamine and N-hydrocarbylhydroxylamine
provide surprisingly enhanced oxygen scavenging effects.

As used herein, the terminology hydrocarbyl refers
to C, and C,; alkyl, hétero or homocycloalkyl or aromatic
compounds such as benzyl, phenyl, or tolyl, preferably C
to C, alkyl compounds.

It has now been found that N,N-dihydrocarbyl-
hydroxylamine and N-hydrocarbylhydroxylamine have
unexpectedly different chemical and physical
characteristics. For example, N,N-dihydrocarbyl—
hydroxylamines such as N;N-diethylhydroxylamine react
with oxygen rather slowly at low temperatures, but
possess good stability at high temperatures. In
contrast, N-hydrocarbylhydroxylamines such as N-
isopropylhydroxylamine are fast reacting at low
temperatures, but have relatively low thermal stability.

In boiler-steam condensate systems, there exist low
temperature areas such as boiler feedwater lines as well
as high temperature areas such as the boiler proper and
steam lines. The use of either N,N-dihydrocarbyl-
hydroxylamines or N-hydrocarbylhydroxylamines alone have
not been completely satisfactory. It has now been
discovered that these difficulties can be overcome by the
use of a mixture of N,N-dihydrocarbylhydroxylamine and N-
hydrocarbylhydroxylamine to provide enhanced oxygen
scavenging activity in all areas of a boiler-steam
condensate syétem. -

Specific examples of N,N-dihydrocarbylhydroxylamines
suitable for use in this invention include, but are not
limited to, N,N-dimethylhydroxylamine, N,N-diethyl-
hydroxylamine, N-methyl N-ethylhydroxylamine, N,N-
dipropylhydroxylamine, N,N,~dibutylhydroxylamine, N-
ethyl, N-tolylhydroxylamine, N-N-dibenzylhydroxylamine
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and After Autoclaving at 200 psig [err] Deconpo- ADDI TI VE Bef or e

After sition, % N, N-Di et hyl - 1000 1000 0
hydr oxyl am ne N- Et hyl - © 1000 0 100
hydr oxyl am ne N-Propyl - 1000 0 100
hydr oxyl am ne N-1sopropyl - 1000 . 630 37

hydr oxyl am ne

and the like, and the water soluble salts thereof, and
mixtures thereof. A preferred N,N-dihydrocarbyl-
hydroxylamine for use in this invention is N,N-
diethylhydroxylamine.

Specific examples of N-hydrocarbylhydroxylamines
suitable for use in this invention include, but are not
limited to, N-methylhydroxylamine, N-ethylhydroxylamine,
N-propylhydroxylamine, N-butylhydroxylamine, N-
isopropylhydroxylamine, N-cyclchexylhydroxylamine, N-
tert-butylhydroxylamine, N-benzylhydroxylamine, and the
like, and mixtures thereof. A preferred N-hydrocarbyl-
hydroxylamine for use in this invention is N-isopropyl-
hydroxylamine.

" The dosage amounts of the corrosion inhibiting
compositions of the present invention is not per se
critical to the inventicn and can be readily determined
by one of ordinary skill in the art by conventional
methods. In general, approximately 3 parts per million
of hydroxylamine or an equivalent amount of a derivative
is needed to remove each part per million of oxygen.
Accordingly, an effective dosage amount is relative to
the amount of dissolved oxygen in the system to be
treated. Normal dosages are in the range of from 0.001
ppm to 500 ppm (as hydroxylamine), preferably from 0.01
to 50 ppm and most preferably from 0.02 to 25 ppm.

The ratios of N,N-dihydrocarbylhydroxylamine to N-
hydrocarbylhydfcxylamine can vary widely depending on the
nature of the system being treated and the relative
concentration of dissolved oxygen in the high temperature
and low temperature areas of the boiler-steam condensate
system. In general the ratio is from 1:50 to 50:1,
preferably 1:10 to 10:1 and most preferably 1:1 N,N-
dihydrocarbylhydroxylamine:N~hydrocarbylhydroxylamine on
a weight basis. '
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As shown in Table 2, the N hydrocarbyl hydroxyl am nes tested are | ess stable
than NN-di et hyl hydr oxyl am ne which is a N, N-di hydrocar byl hydr oxyl am ne
at high tenperatures. Exanple 3 Steam|ines and steam condensate |ines of
boil er systens are subject to corrosion which is very difficult to control.
This corrosion is caused by the presence of two inpurities in the steam

nanmel y, carbon di oxi de and
-5

The corrosion inhibiting compositions of this
invention may be used in combination with other boiler
treatment agents including other corrosion inhibitors or
oxygen scavengers such as neutralizing amines, hydrazine,
sodium sulfite, as well as other known dispersants,
chelants, scale inhibitors, and the like, and mixtures
thereof. ‘

A particularly preferred embodiment comprises the
combination of a neutralizing amine with the N, N-
dihydrocarbylhydroxylamines and N-hydrocarbylhydroxyl-
amines. The ratio of neutralizing amine to N,N-
dihydrocarbylhydroxylamines is generally in the range of
from 1:20 to 100:1 on a weight basis.

Without further elaboration, it is believed that one
of ordinary skill in the art, using the preceding
detailed descripticn, can utilize the present invention
to its fullest extent. '

The following examples are provided to illustrate
the invention in accordance with the principles of this
invention, but are not to be construed as limiting the
invention in any way except as indicated in the appended
claims. BAll parts and percentages are by weight unless
otherwise indicated.

Example 1

The oxygen scavenging activity of the water-soluble
N,N-dihydrocarbylhydroxylamines and N-hydrocarbyl-
hydroxylamines of this invention were evaluated under
simulated boiler feedwater conditions. The apparatus
used for this evaluation is depicted schematically in
Figure 1. The apparatus (10) comprises a peristaltic
pump (11) which is used for circulating water throughout
the system, pump inlet tubing (12) and pump outlet tubing
(13). A polyethylene fill-bottle (14) is connected with
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~oxygen. Volatile neutralizing am nes, such as norpholine,

di et hyl am noet hanol and cycl ohexyl am ne, have been used as steam|ine
treatments. However, the use of neutralizing am nes can control carbon
di oxide only. They are unable to provide protection agai nst oxygen
corrosion. For controlling oxygen corrosion in boiler systens, sodium
sulfite and hydrazi ne have been commonly used. Unfortunately, these
conpounds are non-vol atile and do not prevefit oxygen corrosion in steam
| ines. These treatnent prograns therefore have not been conpletely

the inlet tubing and is used to feed system water into
the apparatus. A valve (15), which may be selectively
opened and closed, is provided between the fill—bottle
and_thé inlet tubing and is used to control flow
therebetween. A temperature measurement chamber (16) is
positioned within the pump inlet tubing and contains a
thermometer (17) used for monitoring the water
temperature. The system water is drawn through the inlet
tubing, intec the pump, and then is pumped via the pump
outlet tubing into a glass sampling chamber (18). The
sampling chamber contains a pH probe (19) and a dissolved
oxygen probe (20). The pH probe is operably connected to
a pH meter (21) used for displaying and monitbring the
system water pH; and the dissolved oxygen probe is
cperably connected to a dissolved oxygen meter (22) used
for displaying and monitoring the system water dissolved
oxygen level, as well as to a recorder (23) used for
continuously recording the dissolved oxygen level in the
system water. Tubing (24) is provided for directing
system water from the glass sampling chamber to the one
liter stainless steel preheat reactor (25), known in the
laboratory as a "Parr vessel." A glass chemical inlet
chamber (26) is positioned within the tubing and may be
fitted with a rubber septum (not shown) through which a
chemical solution of oxygen scavenger may be injected.
The preheat reactor contains a heating element (not
shown) which may be activated to preheat the system
-water. Water forced out of the preheat reactor by -
‘operation of the pump is directed through tubing (27) to
2 two liter stainless steel heating reactor (28) where
the system water is heated to its highest temperature. A
heating element and a thermostat (not shown) are provided
‘for maintaining the water temperature in the heating
‘Teactor relatiﬁely constant. The water from the heating
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satisfactory. W found that hydroxyl am ne conpounds are not only effective
oxXygen scavengers, but also volatile, thus capable of protecting the entire
boiler circuit (i.e. water and steam). The volatility of a boiler water
treatment in a steamgenerating systemis terned vapor-liquid distribution
rati o. The vapor-liquid distribution ratio of the hydroxyl am ne conpounds
are illustrated in Table 3. The experinental procedure for determning the
vapor- liquid distribution ratio is descrgbed in Materials Perfornance,

Vol . 16, No. 5, pages 21-23 (1977).

reactor passes through tubing (29) into a water cooled
heat exchanger (30) which cools the system water to a
range of about 55°F to 60°F. System water from the heat
exchanger is then recirculated into the pump inlet
tubing. Thus, while the system water may be heated to
elevated temperatures in the preheat reactor and heating
reactor, the recirculated water passing through the pump
and into the sampling chamber may be kept at a relatively
constant temperature conducive to accurate probe
operation. The full capacity of the apparatus is about
4.5 liters while the pumping rate of the pump is about
0.30 to 0.35 liters per minute.

The oxygen scavenging activities of N,N-
dihydrocarbylhydroxylamine and N-hydrocarbylhydroxylamine
were investigated in system water conditions of 194°F and
pPH 8.5. In each run distilled water saturated with
oxygen (about 8 to 9 ppm) and adjusted to the reguisite
pH with sodium hydroxide, was fed into the system through
the polyethylene fill-bottle. The system was filled to
its capacity with water to the substantial exclusion of
air, and the water was heated using the preheat reactor
and heating reactor until the steady state was achieved
at which the temperature of system water leaving the
heating reactor, as controlled by the thermostat therein,
was 194°F, and the temperature of the system water
leaving the heat exchanger as measured by thermometer was

~ from about 55°F to 60°F. During this peried, gas was

allowed to exit from the_system through the fill-bottle
and the chemical inlet chamber; and the dissolved oxygen
level in the circulating water was allowed to
equilibrate. Recirculation continued in each run until
the oxygen level in the system water remained constant -
for at least 30 minutes. Once the initial oxygen reading
was established, the system was effectively closed to the
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TABLE 3 Vapor-Liquid Additive Distribution Ratio Standard

Neutral i zi ng Am nes: Morpholine 0.48
Di et hyl am noet hanol 1. 45 Cycl ohexyl am ne
2.60 Standard Boi'l er Oxygen Scavengers: :

atmosphere and the oxygen scavenger was injected through
a rubber septﬁm fitted in the chemical inlet chamber.
Recyclinq continued for 30 minutes, during which time the
oxygen level in the sampling chamber was monitored. The
results are shown in Table 1 below.

—————
H TABLE 1
Time, Minutes

Hydroxylamine 0 5 10 15 20 25 30

N-Methyl 3.3* | 1.8 (1.0 {0.7 {0.5 (0.4 [0.3

N-C,H; 4.1 2.5 ]1.6 1.1 (0.8 | 0.6 /0.4

N-C;H, 5.0 3.0 {2.0}1.3]1.0 | 0.7 | 0.5

N-(1i-C3H;) 4.8 2.2 |1.1}0.7|0.5]0.4]0.3
" N-(t-C.H,) 4.8 3.4 (2.5 |2.01.6 {1.3 (1.0
llN-Cyclohexyl ] 4.0 3.212.3 (1.6 |1.1 0.7 |0.5
" N,N-di-CH, 3.7 3.3 2.9 /2.6 |2.4 2.2 |2.0
" N,N-di-C,H, 5.1 |4.3[3.6[3.1]2.7|2.5]2.4
" N,N-di-benzyl 4.7 2.9 {2.5]12.2|2.01.9 1.8

*ppm O,

" The results show that the N-hydrocarbylhydroxyl-
amines are significantly faster oxygen scavengers
compared to the N,N—dihydrocarbythdroxylamines under the

testing conditions.
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Sodi um Sul fite 0. 00 Hydrazi ne

0: 08 Hydroxyl am ne Conpounds: N-Met hyl hydroxyl am ne 3.30
N, N-Di et hyl hydr oxyl am ne 1.26 N-Isopropyl hydroxyl am ne
1.20 N-tert-Butyl hydroxyl am ne 1. 30 N Cycl ohexyl hydr oxyl am ne

1.30 Exanple 4 A m xture of N, N-di et hyl hydroxyl am ne and N
| sopropyl hydroxylamne (1:1 ratio by wejght) was fed to the deaerator

storage sections of the 600 psig and I

. Example 2 :
Thermal stability of hydrocarbylhydroxylamine

compounds was investigated under boiler temperatures
using the Parr pressure vessel. Approximately 1000 ml of
a 1000 ppm solution of the compound in distilled water
was placed into a 2-liter Parr vessel. The pH of the
sclution was adjusted to 9 using sodium hydroxide. The
vessel was blanketed with nitrogen and was then heated at
200 psig (388°F) for two hours, termihated, cooled and
sampled. The concentration of the additive before and
after autoclaving was analyzed by using gas
chromatography. Experimental results are shown below.

I_T—=
TABLE 2
Concentration (ppm) Before
and After Autoclaving at
200 psig (388°F) !
Decompo-
ADDITIVE Before After sition, %
N,N-Diethyl- | 1000 1000 0
hydroxylamine '
N~Ethyl- 1000 0 100
| hydroxylamine |
N-Propyl- 1000 0 100 |
hydroxylamine
N-Isopropyl- 1000 630 37
hydroxylamine

As shown in Table 2, the N-hydrocarbylhydroxylamines
tested are less stable than N,N-diethylhydroxylamine
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psig boiler systems at a pulp and paper mll. The treatnent was added at a
rate of 12 ppmactive. It reduced oxygen levels in the feedwater to 1.5-3
ppb from 3-6 ppb with a conventional oxygen scavenger program The m xture

of N, N-di et hyl hydroxyl am ne and N-i sopropyl - -12- hydroxyl am ne reduced
i ron and copper levels in the feedwater, steam and condensate |ines.
-10- |

which is a N,N-dihydrocarbylhydroxylamine at high

temperatures.

Example 3
Steam lines and steam condensate lines of boiler

systems are subject to corrosion which is very difficult
to control. This corrosion is caused by the presence of
two impurities in the steam, namely, carbon dioxide and
oxygen. '

Volatile neutralizing amines, such as morpholine,
diethylaminoethanol and cyclohexylamine, have been used
as steam line treatments. However, the use of
neutralizing amines can control carbon dioxide only.
They are unable to provide protection against oxygen
corrosion.

For controlling oxygen corrosion in boiler systems,
sodium sulfite and hydrazine have been commonly used.
Unfortunately, these compounds are non-veolatile and do
not prevent oxygen corrosion in steam lines. These
treatment programs therefore have not been completely
satisfactory. |

We found that hydroxylamine compounds are not only
effective oxygen scavengers, but also volatile, thus
capable of protecting the entire boiler circuit (i.e.
water and stean).

The volatility of a boiler water treatment in a
steam generating system is termed vapor-liquid
distribution ratio. The vapor-liquid distribution ratio
of the hydroxylamine céapounds are illustrated in Table
3. The experimental procédure for determining the_vapPrT
liquid distribution ratio is described in-Matérialsa'
Performance, Vol. 16, No. 5, pages 21-23 (1977).
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CLAI M5 1. A nmethod of inhibiting corrosion in boiler-steam condensate
systens having | ow tenperature areas and high tenperature areas conpri sing
adding to the system water-soluble N, N dihydrocarbyl hydroxyl am ne and

N- hydr ocar byl hydr oxyl am ne in anmounts effective to inhibit corrosion and
wherein the weight ratio of N Ndihydrocarbyl hydroxylamne to N

hydr ocar byl hydroxylam ne is from50:1 to 1:50 respectively. 2. A net hod
according to claim 1 wherein the )-N- di hydrocarbyl hydroxylamne is

N, N- di et hyl hydr oxyl am ne.
TABLE 3 “

Vapor-Liquid “'
Additive Distribution Ratio

Standard Neutralizing Amines:

Morpholine ' 0.48
Diethylaminoethanol 1.45 "
Cyclohexylamine 2.60 "

Standard Boiler Oxygen

Scavengers:
Sodium Sulfite 0.00
Hydrazine 0.08 |

Hydroxylamine Compounds: _ “

N-Methylhydroxylamine 3.30 "
N,N-Diethylhydroxylamine 1.26 “
N-Isopropylhydroxylamine . 1.20 |
|‘ N—tert-Butylhydroxylamine 1.30
H N-Cyclohexylhydroxylamine ' 1.30
Example 4

A mixture of ﬁ,N-diethylhydroxylamine and N-
isopropylnydroxyiamine {(1:1 ratio by weight) was fed to
the deaerator storage sections of the 600 psig and 1500
psig boiler systems at a pulp and paper mill. The
treatment was added at a rate of 12 ppm active. It
reduced oxygen levels in the feedwater to 1.5-3 ppb from
3-6 ppb with a conventional oxygen scavenger program.
The mixture of N,N-diethylhydroxylamine and N-isopropyl-
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3., A nethod according to claim 1 wherein the N
hydr ocar byl hydr oxyl am ne i s N-isopropyl hydroxyl am ne. 4. A net hod
according to claim1 wherein the hydroxyl am nes are added in conbi nation

with one or nore neutralizing am nes. 5. A met hod according to claim4
wherein the neutralizing am nes are selected fromthe group consisting of
cycl ehexyl am ne, nor phol i ne, di et hyl am noet hanol ,

di et hyl pr opanol am ne and 2-am no- 2- net hyl - 1- propanol . 6. A corrosion

i nhi biting conposition according to claim 1 +i#rein the water-soluble
N, N- di hydr ocar byl hydr oxyl am ne and N- hydrocar byl hydroxyl am ne are in a
weight ratio within the range fromabout 10:1 to about 1:10.

hydroxylamine reduced iron and copper levels in the
feedwater, steam and condensate lines.
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7. " A corrosion inhibiting conposition according to claim®6 wherein t he
N-hydrocar byl hydr oxyl am ne S N- i sopropyl hydr oxyl am ne. 8. A
corrosion inhibiting conposition according to claiml wherein the

wat er - sol ubl"e, N'N-di hydr ocar'byl hydr oxyl am ne and

N—hydrocar Iﬁ THWre in the ratio of approximately 1:1 by weight.
: |n1l| "“m ting conposition for boilersteam

13

CLAIMS

1. A method of inhibiting corrosion in boiler-steam condensate
systems having low temperature areas and high temperature
areas comprising adding to the system water-soluble N,N-
dihydrocarbylhydroxylamine and N-hydrocarbylhydroxylamine
in amounts effective to inhibit corrosion and wherein the

. weight ratio of N,N-dihydrocarbylhydroxylamine to N-
hydrocarbylhydroxylamine is from 50:1 to 1:50 respectively.

2. A method according to «claim 1 wherein the N,N-
dihydrocarbylhydroxylamine is N,N-diethylhydroxylamine.

3. A method according to claim 1 wherein the N-
hydrocarbylhydroxylamine is N-isopropylhydroxylamine.

4. A method according to claim 1 wherein the hydroxylamines are
added in combination with one or more neutralizing amines.

5. A method according to claim 4 wherein the neutralizing
amines are selected from the group consisting of
cyclohexylamine, morpholine, diethylaminoethanol,
dimethylpropanolamine and 2-amino-2-methyl-l-propanol.

6. A corrosion inhibiting composition according to claim 1
wherein the water-soluble N,N-dihydrocarbylhydroxylamine and
N-hydrocarbylhydroxylamine are in a weight ratio within the
range from about 10:1 to about 1:10.

7. A corrosion inhibiting composition according to claim 6
wherein the N-hydrocarbylhydroxylamine is N-
isopropylhydroxylamine.

8. A corrosion inhibiting composition according to claim 1
wherein the water-soluble, N,N-dihydrocarbylhydroxylamine
and N-hydrocarbylhydroxylamine are in the ratio of
approximately 1:1 by weight.
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coridensat e conpri sing wat er - sol ubl e NIN-

di hydrom‘rvxy'l—am—ﬁe— N- hydr ocar byl hydr oxyl am ne and a neut rali zi ng

am ne; f the NN- di hydrocar byl hydroxyl am ne conmponent

to thgﬂmmﬂ Mﬁﬂi hydr oxyl am ne conponent bei ng between about 50:1
to 1: 50 cand I ght ratio of t he N, N-

di hydr ocar byl hydroxyl am ne conponent to the neutralizing am ne conponent

bei ng between about 10:1 to 1:100. 10. A ddrrosion inhibiting conposition

according to claim9 the neutralizing amne is sel ected fromthe group

consi sting of cycl ohexyl am ne, IarEhol I ne, et hyl am noet hanol
di-met hy! prop@nol i nECARES$9Rni HGhabisiRg) - P%W&ﬁéﬁ&fm botierstean

condensate comprising water-soluble N,N-
dihydrocarbylhydroxylamine, N-hydrocarbylhydroxylamine and
a neutralizing amine; the weight ratio of the N,N-
dihydrocarbylhydroxylamine component to the N-
hydrocarbylhydroxylamine component being between about 50:1
to 1:50, - and the weight ratio of the N,N~
dihydrocarbylhydroxylamine component to the neutralizing
amine component being between about 10:1 to 1:100.

10. A corrosion inhibiting composition according to claim 9 the
neutralizing amine is selected from the group consisting of
cyclohexylamine, morpholine, diethylaminocethanol,
dimethylpropanolamine and 2-amino-2-methyl-l-propanol.
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ABSTRACT

COMPOSITION AND METHOD FOR SCAVENGING OXYGEN

A COMPOSITION AND METHOD OF INHIBITING CORROSION
IN BOILER-STEAM CONDENSATE SYSTEMS COMPRISING ADDING
TO THE SYSTEM N, N-DIEYDROCARBYLEYDROXYLAMINE AND N-
HYDROCARBRYLHYDROXYLAMINE IN AMOUNTS EFFECTIVE TO.

INHIBIT CORROSION.

FIGURE 1
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