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DESCRIPTION

The invention relates to an impervious
nickel-chromium-coating that when subjected to the
standard corrosion test according to ASTM G-61, a
current of less than 50 microamperes per cubic
centimetre results with an applied potential of 400
millivolts (mV). The invention also relates to a

. process for producing the coating:

Iron-containing alloys, such as different
grades of steel and stainless steels, are subject to
corrosion when exposed to aqueous environments.
Thermally-epreyed coatings are frequently used in
corrosive environments to provide wear resistance.
There are manyithermal spray coatings whose corrosion

"characteristies are superior to iron-containing
alloys. The use of such wear and corrosion resistant
coetings_may be limited by the corrosion behavior of
the substrate. This is because of the interconnected
porosity whlch is inherently present in
thermally-sprayed coatings. This 1nterconnected
porosity may allow the corrosive media to reach the
coating substrate interface. An example of the
‘problem is the use of a plasma-sprayed Cr,03 coating
on a 300 series stainless steel substrate in sea
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FI ELD OF THE | NVENTI ON The invention relates to an inpervious nickel -

- chirom um coating that when subjected to the standard corrosion test
'according to ASTM G- 61, a current of |ess than 50 mi croanperes per cubic
~centinmeters results with an applied potential of 400 mllivolts (nV). The
invention also relates to a process for _producing the coating.

- BACKGROUND OF THE | NVENTI ON | ron- contglnlng all oys, such as different

- grades of stewatard sThisl esatingdissbstrateubjombinatiom dssi on when exposed

corrosi ve envirFSaiantay; sbalt BBy YoRTIBKELcRAC RheR" Al ReckEIERY Y Ol "
seals. The Cr203 coating 1tself has good wear and

corrosion resistance, but the stainless steels are
susceptible to crevice corrosion.'.Consequently, Cr,05
coatings on 300 series stainless steels frequently fail

in a sea water environment. The fabrication of

mechanical seals from nickel base corrosion resistant

alloys is expensive. Weld deposited overlays of nickel

base corrosion resistant alloys on iron base alloys

have both technical and cost problems.

It has now been found possiBle to provide an
impervious coating for a metallic alloy substrate, such
as, for example, an iron-containing alloy, a copper-
containing alloy, a cobalt-containing alloy, an
aluminium-containing alloy, or a hickel—containing
alloy, that can be used in aqueous environments. It
has also been found possible to provide a process for
protecting a metallic alloy from agueous corrosion by
applying an impervious coating to such alloy.

According to the present invention there is
provided a process for protecting a metallic alloy from
aqueous corrosion which comprises applying an
impervious coating to such alloy by the steps of:

(2) preparing a metallic alloy substrate;

(b) preparing a powder compfising about 21 to 23
weight percent chromium, about 8.€b 10 weight percent
molybdenum, abQut 2.5 to 3.5 weigﬁ# percent iron, about
3 to 4 weight percent niobium, andfremainder |
substantially nickel; and K

(c) depositing the powder cdﬁposition of step (b)
with a thermal spray device onto the substrate to
produce a coating in excess of 0. 0889 mm (0.0035 inch)
:s such that when

thick and having the characterlst;"

i
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spray coatings whose corrosion characteristics are su- perior to

‘i ron-contai ning alloys. The use of such wear and corrosion resistant
coatings may be limted by the corrosion behavior of the substrate. This is
becauge of the interconnected porosity which is inherently present in
therndl | y-sprayed coatings. This interconnected po- rosity may allow the
corrogive nedia to reach the coat- ing sdhstrate interface. An exanple of
the problemis the use of aFB asna- SE ed Cr[err]derr] coating gn a 300

series stainl e§¥P3ecErds oS ASTH WEOEFOSHINS teFhti Ay FFendt rat e

conbi nati on i sdenedu§nblfy lesedthah Spphiczbamperescpeas sapalieni cal seal s.
The Cn[err] Jerr

goating ood d_corrosion resistance,
bUt Lhe st i EEBCARELTE 2 PESESERERY: BRE% S BPedPcBIESFPRERESS BStse.
; square centimetre, results when a potential of 400
! millivolts is applied.

According to the present invention there is also
provided a coated metallic alloy substrate wherein the
coated layer is a barrier'coatinglhaving a composition
of 21 to 23 weight percent chromium; about 8 to 10
weight percent molybdenum; about 2.5 to 3.5 weight
percent iron; about 3 to 4 weight percent niobium and
remainder substantially nickel; and the .pl72
coating being impervious such that when subjected to
the ASTM G-61 corrosion test, a current density of less
than 50 microamperes per square centimetre results when
a potential of 400 millivolts is applied.

According to the present invention there is
further provided a coated metallic alloy substrate
having an impervious barrier coated layer of a
composition of about 21 to 23 weight percent chromium;
about 8 to 10 weight percent molybdenum; about 2.5 to
3.5 weight percent iron; about 3 to 4 weight percent
niobium, and the remainder substantially nickel and
having a top coated layer of a wear resistant coating.

Achieving a current density of less than 50
microamperes per cm? at an applied potential of 400
millivolts will ensure that the coating is impervious
and will not permit liquid to penetrate through the
coating and contact the surface,éf the substrate. Thus
a wear resistance coating, suchiés, for example,
aluminium oxide, chromium oxide, ‘titanium oxide, mixed

- oxides of aluminium oxide and titanium, tungsten
carbide cermets, tungsten carbide-cobalt cermets,
tungsten carbide-nickel cermets, tungsten carbide-
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quently, Cr[err]Jerr] coatings on 300 series stainless steels frequently
fail in a sea water environnent. The fabrica- tion of nechanical seals from
ni ckel base corrosion resistant alloys is expensive. Wl d deposited
overlays of nickel base corrosion resistant alloys on iron base alloys have
both technical and cost problens. S an object of the present

i nvention to provide an inpervious coéf4ng for a netallic alloy substrate,

such as-an lrd}frmmdummldemewspannﬁgswmt@ammeéhmmlm-

i ckel - cont aHIRE SIT B PHra MR Gy oo Ao e antiniimen: s
cermets, chromlum carbide-~IN-625 cermets, and tungsten-
titanium carbide-nickel cermets could be deposited on

: the coating of this invention as a top coat to provide
wearﬂresistance for the coated article. This coated
article could then be used in an agueous corrosion
environment and the undercoat used in the present

invention will prevent any of the agueous media from
peﬁetrating through to the substrate.

Preferably the powder composition of this
invention comprises about 22 weight percent chromium;
‘about 9 weight percent molybdenum; about 3 weight
percent iron; about 3.5 weight percent niobium; and
remainder substantially nickel, such as, for example,
abouﬁ_62.5 weight percent nickel.e The thickness of the
coating should be greater than 0.0889 mm (0.0035 inch),
preferably greater than 0.1016 mm (0.004 inch) and most
preferably greater than 0.1524 mm (0.006 inch). One
purpose of the coatlng is to provxde an impervious
layer for a metallic alloy substrate that will prevent
a corrosive media from permeating through the coating
to contact the surface of the sub$£rate. Thus a wide
variety of substrates can be used;in an agueous
envirbnment since the coating used in the present
invention will protect the substrate from the corrosive
media. Suitabie substrates would include various
grades of stainless steels such as, for example, AISE
304, AISE 316, or AISE 410 stainleeé steel, other
austenitic, ferritic, martensitic, or precipitation
hardened stainless steels, plain cerbon steel such as,
for example, AISE 1018, and alloy'sreels such as, for
example} AISE 4140. Other substrates could be used
';;oys, aluminium-

such as, for example, copper—basezf
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- 2- It is another object of the present invention to pro- vide a process
- foor protecting a netallic alloy fromaque- ous corrosion by applying an
. i mpervious coating to such alloy.

..5..
base alloys, nickel-base alloys, and cobalt-base
alloys.

The coating of this invention could function as a
barrier coating onto which a top coat could be applied
for a particular application. For example, if wear
resistant characteristics are required, a coating such
as, for example, chromium carbide cermets, tungsten
carbide cermets or oxides could be applied by any
conventional method, such as, for example, plasma
spraying, flame plating, high velocity oxy-fuel, or
detonation gun. The wear resistant top coats that can
be used include chromium oxide, aluminium oxide,
titanium oxide, mixed oxides of aluminium chromium and
titanium, tﬁngsten carbide cermets, tungsten carbide-
cobalt cermets, tungsten carbide-chromium-cobalt
cermets, tungsten carbide-~nickel-chromium cermets,
chromium carbide~IN-625 cermets, tungsten carbide-
nickel cermets, tungsten-titanium carbide-nickel
cermets and chromium carbide-nickel-chromium cermets.

In applying the coating of this invention, the
thermal spraying process should be used to ensure that
the proper gas temperature and gas pressure are
obtained when propelling‘the powders onto the surface
of the substrate. Preferably, the powders of the
coating composition used in the present invention
should be applied onto the surface of the substrate at
a gas temperature from about 1649°C to 3204°C (3000°F
to 5800°F) at a gas pressure of from about 11 atm to 18
atm, and to a thickness of at least greater than 0.0889
mm (0.0035 inch). Most preferably, the gas temperature
should be from about 1760°C to 3093°C (3200°F to
5600°F) and the gas pressure should be from about 12
atm to about 16.5 atm.
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The foregoing and additional objects will becone nore apparent fromthe
description and disclosure here- inafter. _ SUMMARY COF THE | NVENTI ON
The invention relates to a process for protecting a netallic alloy from
aqueous corrosion by applying an inpervious coating to such all oy
conprising the steps: (a) preparing atgptallic al | oy substrate; (b)
preparing a powder conprising between about 21 to 23 wei ght percent

chrom um between althis &d erishneitjiat pfche atopext \deke tenpdraitvaesn about

| ﬁl gbit 8m3' gn\c,i\elr g?ai#%g&%%%%{%ﬁ%efaﬁ%lc%’?taanc#e%n%cj\)l\eskg%‘ siﬁ'fe‘-?t ngcteﬂte

powder conpositicsiesdE shagd Pe used. Thermal spraying by means of
tonation consists of a fluid-cooled barrel having a
all inner diameter of about 25.4 mm (one inch).
nerally a mixture of oxygen and acetylene is fed into
e gun along with a comminuted coating material. The
ygen-acetylene fuel gas mixture is ignited to produce
detonation wave which travels down the barrel of the
n whereupon the coating material is heated and
opelled out of the gun onto an article to be coated.
-A- 2 714 563 discloses a method and apparatus which
ilizes detonation waves for thermal spray coating.

In general, when the fuel gas mixture in a
tonation gqun is ignited, detonation waves are
oduced whereupon the comminuted coating material is
celerated to about 731.5 m/Sr (2400 ft/sec) and
ated to a temperature near its'melting point. After
e coating material exits the barrel of the detonation
n, a pulse of nitrogen purges the barrel. This cycle

generally repeated about four to eight times a
cond. Control of the detonation coating is obtained
incipally by varying the detonation mixture of oxygen
acetylene.

In some applications it was found that improved
atings could be obtained by diluting the oxygen-
etylene fuel mixture with an inert gas such as
trogen or argon. The gaseous diluent has been found

reduce or tend to reduce the flame temperature since
does not participate in the déﬁonation reaction.

~A- 2 972 550 discloses the proﬁéss of diluting the
ygen-acetylene fuel mixture to{énable the detonation-
ating process to be used with aﬁ increased number of
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with a thermal spray device at a suitable gas tenpera- ture and gas

pressu
t hi ck

re onto the substrate to produce a coating in excess of 0.0035 inch

:and having the characteristics such that when subjected to the ASTM
G 61 c

orrosion test, a current density of |ess than 50 m croanperes per

squar g centineter, preferably | ess than 25 m cr oanperes per square

centin
Achi ewi
an app
i mper \
cont ag
such

eter, results when a potenti al of" 400 nillivolts is appl i ed.
ing a current gianstdMyof al Lidian s rBedwarsededestiper cnjerr] at

 ous Sﬁimmﬂqa'w@%l%e%ﬂrﬂ 935 e?a%“sep@nt'et”s?riqri 995 AR the coati ng and

t the suwemmerajfurtdse amd)msmre‘ﬁmgreatmrthm sthosance coati ng,

e a'“m'Bﬂ?é&ﬂéﬁie‘%?&ﬂ“&ﬂ?‘B%her saturated or unsaturated
hydrocarbon ges. However, for some coating
applications,'the temperature of combustion of an
oxygen-acetylene mixture of about 1:1 atomic ratio of
oxygen to carbon yields combustion temperatures much
higher than des;red As stated above, the general
procedure for ebmpensating for the high temperature of
combustion of fhe oxygen-acetylene fuel gas is to

- dilute the fuel gas mixture with -an inert gas such as,
for example, nltrogen or argon. Although this dilution
lowers the combustlon temperature, it also results in a
concomitant deeiease in the peak pressure of the
combustion reaetien. This decrease in peak pressure
"results in a-ﬂegrease in the velocity of the coating
material prcpelled from the barrel onto a substrate.

It has been foﬁnd that with an increase of a diluting
inert gas to the oxygen-acetylene fuel mixture, the
peak pressure of the combustion reaction decreases
faster than dpee the combustion temperature.

In US—Ae_é 902 539 a novel fuel-oxidant mixture
for use with an apparatus_ for flame plating using
detonation means is disclosed. Specifically, US-A-

4 902 539 diseléses that the fuel—-oxidant mixture for
use in detonatlon gun appllcatlons should comprise:

i (a) an o'idant and

(b) a fuel mixture of at least two combustible
gases selectedzﬁzom the group of eaturated and
unsaturated hydtocarbons. The oéidant disclosed is
one selected from oxygen, nitrous oxide and mixtures
thereof and the like and the combustlble fuel mixture
is at least two gases selected from acetylene (CyHjy),
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I de, titanium oxide, m xed oxides of alum num oxide and titanium tungsten

. garbide-cobalt cernmets, tungsten car- bide-nickel cermets, tungsten

. carbi de-chrom umcobalt cernets, tungsten carbide-chrom um ni ckel cernets,

- chromjum car bi de-ni ckel -chromium cernmets, chro- mum carbide-IN 625

- cernmetjs, and tungsten-titani um car bi de- nlckel cernets could be deposited on
the cgat- ing of this invention as a top8 COat to provide wear resis- tance

. for the coatedpabpiytefie ThL ﬁp()‘()ainé@,hahb' (iQUle@h‘ytl%ﬁebQCéﬁﬁq in an
. aqueoys corrosion viron oat o hi s Iﬁ?& tilon will

: he un
 preverjt any ofmFﬁEYEqGGSGE ﬁﬁﬁlécBFGﬁVpQHQPﬁaﬁlﬁ BFBQGUSE et H& 28 60s-
. stratd butadienes (Cy4Hg, butylenes (C4Hg), butanes (C4Hjq),

cyclopropane (C3Hg), propadiene (C3H,), cyclobutane
(C4Hg) and ethylene oxide (C2H4Oi. The preferred fuel
mixture recited is acetylene gas along with at least
one other combustible gas such as propylene. Thus,
detonation means using one combustible gas or
combustible fuel mixtures of two or more combustible
gases can be used to deposit the coating used in the
present invention, provided the proper combination of
temperature and pressure for the coating powders is
obtained as described above. |

To ensure that the coatlng used in the present
invention is impervious to an aqueous corrosion media,
the coating should be capable of producing a current
densrty of less than 50 mlcroamperes per square
centimetre when subjected to an applied potential of
400 millivolts according to the ASTM G-61 standard test
method for conducting cyclic potentiodynamic
polarization measurements for loealized corrosion
susceptibility of iron-, nickel~, or cobalt-based
alloys. This test method describes a procedure for
conducting cyclic potentiodynamic polarization
measurements to determine relative susceptibility to
localized corrosion (pitting andfcrevice corrosion) for
iron-, nickel-, or cobalt-based alloys in a chloride
environment. This test method'aiéo describes an
experimental procedure which can: be used to check one's
experimental technique and lnstrumentatlon.'
The ASTM G-61 test is a standard-test procedure that is
readily available at any library’. and is well known in
the art.
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Preferably the powder conposition of this invention

i -9

The present invention will now be further
described with reference to the following Example and
as illustrated in the accompanying drawings, in which:

Figure 1 shows a schematic fepresentation of
three cyclic potentiodynamic polafization curves for
alloys in a 3.5% NaCl solution according to the
standard corrosion test disclosed in ASTM G-61;

Figure 2 shows a schematic répresentation of
three cyclic potentiodynamic curves for IN-625 coatings
put on different substrates and tested using a 3.5%
NaCl solution according to the standard corrosion test
disclosed in ASTM G-61.

Example
Using the test procedure of ASTM G-61-86 (-86

means 1986 edition), along with a 3.5% by volume NaCl
solution, the electrochemical corrosion studies on bare
alloys and coated alloys were conducted. A
potentiodynamic cyclic polarization technique was used
to evaluate the corrosion behaviour of the coating and
alloys. Basically, in these tests about one centimetre
square area of the sample is exposed to a corrosive
media. A potential scan is started at some potential
negative to the open circuit potential (E,go.,) ©f the
sample. This is termed cathodic polarization, since
the sample becomes cathodic with fespect to the counter
electrode. During cathodic polarization the sample
remains protected, and hydrogen evoiutio:;occurs at the sample.

To study the corrosion behaviour of the -:sample , potentials more |

positive than E have to be applied; i.e., anodic

corrx
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"shoul d conprise about 22 wei ght percent chrom um about 9 wei ght percent
ol ybdenum about 3 weight percent iron; about 3.5 weight percent niobium
and }jremai nder substantially nickel such as about 62.5 wei ght percent

ni ckel . The thickness of the coating Sgaﬁnd be greater than 0.0035 inch,
prefgrably greater than 0.004 inch an st preferably greater than 0.006
i nch] One  purpose of the coating is to provide an inpervious layer for a

metalli.c aIon substrate th r SP{4P sc8hVELt"B&ha from
per mpating t medddtah gg’oat |a§ntg Hng@ ﬁ%/%c °%He surface of the substrate.

‘Thus|a wi de ypatesttialomegafsiventted E‘ﬁtzben%ﬁﬂiﬁ ensugetot@®envi r onnent
sincg the coa 'élqléf}f rI*BtSE nventionewé ldcan ptigst aleosthat heate fromthe
ui t

_gorr35|ve ”eégia generated undéfucathodlc polarlzatlon can be
.S used for the polarization resistance measurements.

As the potential scan crosses the E ..,
corrosion (oxidation) of the sample occurs. The
jntensity of corrosion is measureé by the resulting
current between the sample and thé counter

10 eleétrode. The potential scan is¢revérsed at a
sufficiently high corrosion rate. Because of this
reversal, the technique is termed "cyclic”
polarization. Conventionally, applied potential is
plotted at the y-axis and the resulting current

15 density is plotted at the x-axis.

The cyclic polarization plots for samples of
bare 1018 steel (Sample A), 304 stainless steel
(sample B) and IN 625 alloy (Sample C) are presented
in Figure 1 for ready reference as the base line

20 data. In Figure 1, the 304 stainless steel Sample B
shows a typical pitting corrosion behavior,
Breakdown of passivity occurs at about 200 mV which
is marked by the rapid increase in current density

' due to pit initiation and growth. A hysteresis loop

E 25 is formed as the direction of the scan is reversed
due to continued and accelerated corrosion in the

pits.

In Figure 1 the IN 625 alloy Sample C does
not show a pitting behavior. Passivity was

30 maintained up to about 550 millivoits. The rapid

increase in current which occurs-qﬁ this potential is
not due to pitting, it is due to ﬁﬁfform corrosion of
the alloy in the transpassive region. 1In this
region, the passive oxide layer sﬁarts to dissolve
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woul d i nclude various grades of stainless steels such as Al SE 304, Al SE
316, or AISE 410 stainless steel, other austenitic, ferritic, martensitic,
or precipitation hard- ened stainless steels, plain carbon steel such as
Al SE 1018, and all oy steels such as AI§E 4140. Gt her sub- strates could
be used such as copper-base alloys, alum- num base alloys, nickel-base
all oys, and cobalt-base alloys. The coating of this invention could

functiton ?S aoxﬁliiéﬁm_éwpa%éﬂeram;al&Biapnga&enyee_at catdbst ke applied for
o qui r od, ALSRGE PRETALIRD SERRPo- TheuRPRaFBRIECER: RBts MRSt an ©
car bi de cer me¢ 35 cfampke dBsctosélly bfoappeddthy fpoyweadvecsnonal net hod,
Since'there were no pits, the corrosion of the alloy
5 at a given potential remained the same in the reverse
scan. '

In Figure 1 the 1018 steel Sample A shows a
very negative corrosion potential (E,,,, Value). The
current density continued to rise with the applied

10 potential in the forward direction without a
discontinuous change in rate indicating rapid general
corrosion.

The current density at 400 millivolts can be
taken as the criteria distinguishing between

15 materials that are corrosion resistant and materials
that are not, since this potential is above the
breakdown potential for alloys susceptible to
localized corrosion and below the'transpassivation
potential for the most corrosion resistant alloys.

: 20 It has been determined that materials with a

; corrosion current at 400 millivolts greater than
about 50 microamps per square centimetre exhibit
excessive corrosion on microscopié examination after
the test while those with a corrosion current of less

25 than 50 microamps exhibit no visible corrosion.

In addition to the alloy sample testing, a
coating used in the present invention was thermal sprayed onto
various alloy samples using the détonation
technique. The coating was deposited at various gas

36 temperatures and gas pressures to various thicknesses

" as shown in the Table. The coating used in the present invention
that was used in the test was IN 525 powder which
comprised 22% by weight Cr; 9% by weight Mo; 3% by

weight Fe, 3.5% by weight Nb and balance Ni. The
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such as plasma spraying, flanme plating, high velocity oxy-fuel, or
detonation gun. The wear resistant top coats that can be used include
chrom um oxi de, alum - num oxide, titanium oxide, m xed oxides. of al um num
chrom um and titanium tungsten carbide cernets. tung- sten carbide-cobalt
cernmets, tungsten carbide-chronmi- umgagbalt cernets, tungsten

car bi de- ni ckel -chromi um cermets, chrom“m carbi de-1N-625 cernets, tungsten
car bi de- ni ckdlat@elqhe:las'-inetdufgmlerﬂta' RSTMI B~ 6dartisisde fomibeiddl th@ nmets and
chrofri um car RN 1 4l WHe TIRIS ar:]Ll' AR e coating of this

I nvehtion, the t Her mal” | sprayi ng _process _shoul'd be"used to insure that the

propér gas t @FeEeRt@ck idh FhgaFahlessufe PAASTE) SPYYY Process was

also used to coat one sample (Sample Q).

Figure 2 compares the polarization behaviour of a
coating used in the present invention on both IN-625
alloy  (Sample D) and AISE 1018 alloy substrates with a
prior art plasma spray coating of a similar composition
on an AISI 1018 alloy (Sample Q) substrate. The
polarization behaviour of the samples with the coating
used in the present invention are not affected by the
type of substrate thus exhibiting impervious behaviour,
but the plasma spray coated sample of the prior art
shows a high corrosion rate of the substrate because
the coating is not effectively sealed and the substrate
is attached.

The data in the Table show that an impervious
coating of IN 625 powder was obtained when the powder
was thermal sprayed at a gas pressure of from 12.0 to
16.7 atm, a gas temperature from 1793°C to 3086°C
(3259°F to 5587°F) and a thickness of at least 0.0889
mm (0.0035 inch). The plasma sprayed coating was not
impervious nor were the coatings that were deposited
outside the gas pressure and gas temperature ranges

recited above. As can be seen from the data,

impervious coatings can be obtained from a specific
powder composition if the powder composition is
deposited using the thermal spray technique so that the
powders can be applied within a spééified gas

temperature range and gas pressure range.

_—
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the powders of the coating com

Pref erably,

when propelling the powders onto the surface of the
substrate.
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position of this invention should be applied onto the surface
substrate at a gas tenperature from about 3000 F. to 5800[err] !m Eﬂﬂ“#""l"““
e of fromabout 11 armto 18 arm and.to a thickness of

pressu
greatef than 0.0035 inch. Mst preferably, the gas tenperature should be
from about 3200 F. to 5600 F. and the gas pressure should be from about 12

atmto}jabout 16.5 atm Thus to insure.ifiat the proper gas tenperature and

ggas pressure are obtained, a thernmal spraying process should be used.
‘Thermay spraying by neans of detona- §§A£H§SIStS of a fluid-cooled barrel

-havi ngL a smal |l innerldi Agiiceds aﬁlﬁUtpx%&dﬂl% aG@:reafa’:uisc alliog ure of
un al on nnlnute coati ng

oxygen} and acq&ylene Is fed into.the
materifl . The oxygéﬁnﬁ%%Fyﬁ&ﬁ§°51°n hiH Uil applying a

impervious coating to such alloy by the steps of:

(a) preparing a metallic alloy substrate,

(b) preparing a powder comprising about 21 to 23
weight percent chromium; about 8 to 10 weight percent
molybdenum; about 2.5 to 3.5 weight percent iron; about
3 to 4 weight percent niobium and remainder
substantially nickel; and

_ (c) thermal spraying the powder composition of
step (b) onto the metallic alloy substrate to produce a
coating at least 0.0889 mm (0.0035 inch) thick and
having the characteristics such that when subjected to
the ASTM G-61 corrosion test, a current density of less
than 50 microamperes per square centimetre results when
a potential of 400 millivolts is applied.

2. A process according to claim 1, wherein. in
step (b) the powder composition is about 22 weight
percent chromium, 9 weight percent molybdenum; about 3
weight percent iron; about 3.5 weight percent niobium;

and remainder substantially nickel.
3. A process according to claim 1 or 2, wherein

the thickness of the coating is at least 0.0889 mm

(0.0035 inch).
4. A process according to claim 3, wherein the

thickness of the coating is at least 0.1016 mm (0.004
’ inch).

5. A process as according to claim 4, wherein
the thickness of the coating is at least 0.1524 mm
(0.006 inch).

6. A process according to any of claims 1 to 5,
wherein a metallic alloy substrate is selected from
AISE 304SS, AISE 316 SS, AISE 410 SS, austenitic
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fuel gas mxture is ignited to produce a detonati on wave which _
‘the barrel of the gun whereupon the coating nmaterial is heat edlMMmmr“ilemm
‘propell ed out of the gun onto an article to be coated. U S. Pat=» LM Ss

: 2,714,563 discloses a nethod and apparatus which utilizes detona- tion

waves forrsthermal spray coating. The disclosure of this U S. Pat. No.
2,714,563 is incorporated herein by réfeXence as if the disclosure was

recited in fudaidsd BHduly Feaviftieatdtaiinless) sgrraralmasteansitic f uel gas
whor 6. Upon' (HEIALHAT R ko FETNG FTEEACH HAG dsied SR S8 about 2400
ft/sec and heaje#l t @lairempetanursteaedyr alloynsiteealy popper-Xiasss t he
coating ”aterfof?défﬁﬂﬂHidﬁﬂﬂége alloy, nickel-base alloy, and
cobalt-base alioys.

7. A process according to any of claims 1 to 6,
wherein the following step is added:

(d) depositing a coating on top of the coating of
step (c). '

8. A process according to claim 7, wherein the
coating in step (d) is selected from the group
consisting of chromium oxide, aluminium oxide, titanium
oxide, mixed oxides of aluminium oxide and titanium,
mixed oxides of aluminium chromium and titanium,
tungsten carbide cermets, tungsten carbide-cobalt
cermets, tungsten carbide-nickel cermets, tungsten
carbide-chromiuﬁ¥cobalt cermets, tungsten carbide~
chromium-nickel cermets, chromium carbide-nickel-~
chromium cermets, chromium-carbide-IN-625 cermets, and
: tungsten-titanium carbide-nickel cermets.

9. A process according to any of claims 1 to 8,
wherein in step (c) the gas temperature is about 1649°C
to 3204°C (3000°F to 5800°F) and the gas pressure is
about 11 atm to 18 atm. '

10. A process according to claim 9, wherein in
step (c) the gas temperature is about 1760°C to 3093°C
(3200°F and 5600°F) and the gas pfeésure is about 12
atm to 16.5 atm. _

11. A coated metallic alloy substrate wherein
the coated layer is a barrier coating having a
composition of 21 to 23 weight pegéent chromium; about
8 to 10 weight perxrcent molybdenuﬁf;about 2.5 to 3.5
weight pércent_iron; about 3 to iﬁwéight percent
niobium and rgmaiﬁder substantiaf .=

‘nickel; and the

T
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of the detonation gun, a pulse of nitrogen purges the barrel T TS E
general |y repeated about four to eight times a second. Contro”“mﬂu'Iﬂlllﬂ““l
detorjati on coating is obtained principally by varying the detomats on mwux-s =
ture jof oxygen to acecyl ene. In sone applications it was found that

i nprgved c¢oat- ings could be obtainedl&ggiluting t he oxygen-acetyl ene fuel
mxture wwth an inert gas such as nitrogen or argon. The gaseous dil uent

. has Heen founsbdtinehemgrinpenyians eangle that W subiretrd O since it

- qoes pot partied adf L6l AR AN | AR Hent) dendBty B 185972, 550
. disclpses the process of diluting the oxygen-acetyl ene fuel xture to
~enablg the dethamtdbmIRZAIBRLTADRAS PP d%%E:FW?"T'F%rF?ﬂEF%%\S Bunber

? of copting coMm@stential of 400 millivolts is applied.
| 12. A coated metallic alloj*according to claim
11, wherein

(1) the barrier coating has a composition as
defined in claim 2; and/or

(ii) the barrier coating has a thickness as
defined in any of claims 3 to 5; and/or

(iii) the substrate is as defined in claim 6.

13. A coated metallic alloy accofding to claim

11 or 12, wherein there is a top coat over the barrier
coating.

14. A coated metallic alloy according to claim
13, wherein the top coat is as defined in claim 7.

15. A coated metallic alloy according to claim
14, wherein the substrate is a stainless steel and the
top coat is selected from a chromium carbide-containing
coating, a tungsten carbide-coﬁtaining coating, a
tungsten carbide-chromium-nickel cermet, a tungsten
carbide-chromium cobalt cermet, a chromium carbide-
IN625 cermet, and a chromium carbide-nickel-chrbmium .
cermet. '

16. A coated metallic alloy according to claim
14, wherein the substrate is ausﬁéﬁitic stainless steel
and the top coat is a chromium ca;?ide-containing
coating. ”:f

17. A coated metallic alldjﬁéubstrate having an
impervious barrier coated layer of a composition of
about 21 to 23 weight percent ch#é@ium; about 8 to 10
weight percent molybdenum; about}i;s to 3.5 weight
percent iron; about 3 to 4 weightﬁpercent niobium, and
the remainder substantially nickel and having a top
coated layer of a wear resistant:§§ating.
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tions and also for new and nore wi dely useful applica- tions based on the
coating obtainable. The disclosure of this US. Pat. No. 2,972,550 is
|ncodporated herein by reference as if the dlsclosure was recited in ful

t ext

in this specification.
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ABSTRACT

_—__—-———--———_-—._—.————___.__—__—-—-——-_——

An impervious corrosion resistance nickel-
chromium coating on a metallic substrate that protects
the substrate from a corrosive media and the process
for producing the coating on the substrate.
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Geherally, acetyl ene has been used as the conbusti- ble fuel gas because it
produces both tenperatures and
| (/4.

Fig 1
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pressures greater than those obtainable fromany other saturated or
unsat urated hydrocarbon gas. However, foy_sone coating applications, the
tenperature of com bustion of an oxng ~4cetyl ene m xture of about 1:1
atomc ratio of oxygen to carbon yields conbustion tenperatures nuch higher .
than desired. As stated above, the general procedure for conpensating for
the high tenperature of conbustion of the oxygen-acety- |lene fuel gas is to
- dilute the fuel gas mixture with an inert gas such as nitrogen or argon.
Al t hough this dilu- tion |owers the conbustion tenperature, it also results
in a concomtant decrease in the peak pressure of the conbustion reaction.
This decrease in peak pressure results in a decrease in the velocity of the
coating mat e- '
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r|aI propelled fromthe barrel onto a substrate. It has been found that __ .

- 3MAth an increase of a diluting inert gas to the oxygen- acetylene fuel
PPmoxt ure,

t he peak pressure |et\il‘ii‘!‘3ﬁl‘li‘eﬁi\ced
-1 -
REPLACEPﬂEMT SPEET
DESCRIPTION 05 SEP 1996 .

The invention relates to an impervio&s
nickel-chromium coating that when subjected to the
standard corrosion test according to ASTM G-61, a
current of less than 50 microamperes per cubic
centimetre results with an applied potential of 400
millivolts (mV). The invention also relates to a
process for produeing the coating.

Iron-containing alloys, such as different
grades of steel and stainless steels, are subject to
corrosion when exposed to agqueous environments.
Thermally-sprayed coatings are f£requently used in
corrosive environments to provide wear resistance.
There are many thermal spray coatings whose corrosion
characteristics are superior to iron-containing
alloys. The use of such wear and corrosion resistant
coatings may be limited by the corrosion behavior of
the substrate. This is because of the interconnected

porosity which is inherently present in
thermally-sprayed coatings. This interconnected
porosity may allow the corrosive media to reach the
coating substrate interface. An example of the
problem is the use of a plasma-sprayed Cry03 coating
on a 300 series stainless steel substrate in sea




of the conbustion reaction decreases faster than does the conbustion

. tenperature, In U S. Pat. No. 4,902,539 a novel fuel-oxidant m x- ture
- for use with an apparatus for flane plating using detonation neans is

. disclosed. Specifically, this refer- ence discloses that the fuel-oxidant
: mxture for use in detonation gun applications should conpri se: (a) an
- oxidant and - (b) a fuel mxture of at |east two conbustibl e gases

- selected fromthe group of saturated and unsaturated hydrocarbons. The

- oxidant disclosed is one selected fromthe group consisting of oxygen,

" nitrous oxide and m xtures thereof and-2te |ike and the conbustibl e fuel

water. This coating/substrate combination is
frequently used for applications such as mechanical
seals. The Cro03 coating itself has good wear and
corrosion resistance, but the stainless steels are
susceptible to crevice corrosion. Consequently, Cr,y05

" coatings on 300 series stainless steels frequently fail
in a sea water environment. The fabrication of
mechanical seals from nickel base corrosion resistant
alloys is expensive. Weld deposited overlays of nickel
base corrosion resistant alloys on iron base alloys
have both technical and cost problems.

It has now been found possible to provide an
impervious coating for a metallic alloy substrate, such
as, for example, an iron-cdntainipg alloy, a copper-
containing alloy, a cobalt-containing alloy, an
aluminium-containing alloy, or a nickel-containing
alloy, that can be used in aqueous environments. It
has also been found possible to provide a process for
protecting a metallic alloy from aqueous corrosion by
applying an impervious coating to such alloy.

According to the present invention there is
provided a process for protecting a metallic alloy from
agueous corrosion which comprises applying an
impervious coating to such alloy by the steps of:

(2) preparing a metallic alloy substrate;

(b) preparing a powder comprising about 21 to 23
weight percent chromium, about 8 to 10 weight percent
molybdenum, about 2.5 to 3.5 weight percent iron, about
3 to 4 weight percent niobium, and remainder |
substantially nickel; and

(c) depositing the powder composition of step (b)
with a thermal spray device onto the substrate to
produce a coating in excess of 0.0889 mm (0.0035 inch)
thick and having the characteristics such that when

e e e - REPLAQﬁﬁVT”TfQ”?ET
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m xture is at |least two gases selected fromthe group consisting of
acetylene (CJerr]Herr]), propylene (CJerr]JHerr]), nethane (CHerr]),
ethylene (CJerr]Herr]), nethyl acetylene (CJferr]JHerr]), propane
(derr]Herr]), ethane (Cerr]JHerr]), butadienes (CJerr]J]Herr]), butylenes
(Cerr]Herr]), butanes (CJerr]Herr]), cyclopro- pane (CJerr]Herr]),

~ propadiene (Clerr]Herr]), cyclobutane (CJerr]Herr]) and ethyl ene oxide

- (Cerr]Herr]O. The preferred fuel mxture recited is acetyl ene gas al ong
Wi th at-least one other conbustible gas such as propyl ene. Thus detonation
means using one conbusti ble gas or conbystible fuel m xtures of two or nore
conbusti bl e gases can be used to deposTt the coating of this invention,
provi ded t he guljpsrtedntd ntlte ASTN Gefberatmoeiandtestssar eurmenthe coati ng

powders is Ob&ﬂ&% a5t df§§§ 'Eﬁﬂn aé)é)vrﬁicroamperes per square
' centimetre, preferably less than 25 microamperes per
square centimetre, results when a potential of 400
millivolts is applied.

According to the present invention there is also
provided a coated metallic alloy substrate wherein the
coated layer is a barrier coating having a composition
of 21 to 23 weight percent chromium; about 8 to 10
weight percent'molybdenum; about 2.5 to 3.5 weight
percent iron; about 3 to 4 weight percent niocbium and
remainder substantially nickel; and the .pl72
coating being impervious such that when subjected to
the ASTM G-61 corrosion test, a current density of less
than 50 microamperes per square centimetre results when
a’ potential of 400 millivolts is applied.

According to the present invention there is
further provided a coated metallic alloy substrate
having an impervious barrier coated layer of a
composition of about 21 to 23 weight percent chromium;
about 8 to 10 weight percent molybdenum; about 2.5 to
3.5 weight percent iron; about 3 to 4 weight percent
niobium, and the remainder substantially nickel and
having a top coated layer of a wear resistant coating.

Achieving a current density of less than 50
microamperes per cm? at an applied potential of 400
millivolts will ensure that the coating is impervious
and will not permit liquid to penetrate through the
coating and contact the surface of the substrate. Thus
a wear resistance coating, such as, for example,
aluminium oxide, chromium oxide, titanium oxide, mixed
oxides of aluminium oxide and titanium, tungsten
carbide cermets, tungsten carbide-~cobalt cermets,
tungsten carblde-nlckel cermets, tungsten carbide~

REPLACEMENT SHEET

ThlS Sheet Has Been Re{ilaced

(R | o5 sep o




To insure that the coating of this invention is inpervi- ous to an aqueous
corrosion media, the coating should be capabl e of producing a current
density of less than 50 nicroanperes per square centineter when subjected
to an applied potential of 400 mllivolts according to the ASTM G 61
standard test nethod for conducting cyc- |lic potentiodynam c pol arization

. measurements for |o- calized corrosion susceptibility of iron-, nickel-, or
. “co- balt-based alloys. This test nmethod describes a proce- dure for
conducting cyclic potentiodynani ¢ polariza- tion neasurenents to deternine
relative susceptibility to |ocalized t8rrosion (pitting and crevice

corrosion) foprbhfim-cBbake! cerﬁétQObﬁhthQEQd Rl -idhronhny | de

environment. nlgﬁgltgg;mggé?Oghggggumeggéklge-nlc e %gﬁiomlum
cermets, chromium carbide-IN-625 cermets, and tungsten-
titanium carbide-nickel cermets could be deposited on
the coating of this invention as a top coat to provide
wear resistance for the coated article. This coated
article could then be used in an aqueous corrosion
environment and the undercoat used in the present
invention will prevent any of the aqueous media from
penetrating through to the substrate.

Preferably the powder composition of this
invention comprises about 22 weight percent chromium;
about 9 weight percent molybdenum; about 3 weight
percent iron; about 3.5 weight percent niobium; and
remainder substantially nickel, such as, for example,
about 62.5 weight percent nickel. The thickness of the
coating should be greater than 0.0889 mm (0.0035 inch),
preferably greater than 0.1016 mm (0.004 inch) and most
preferably greater than 0.1524 mm (0.006 inch). One
purpocse of the coating is to provide an impervious
layer for a metallic alloy substrate that will prevent
a corrosive media from permeating through the coating
to contact the surface of the substrate. Thus a wide
variety of substrates can be used in an aqueous
environment since the coating used in the present
invention will protect the substrate from the corrosive
media. Suitable substrates would include various
grades of stainless steels such as, for example, AISE
304, AISE 316, or AISE 410 stainless steel, other
austenitic, ferritic, martensitic, or precipitation
hardened stainless steels, plain carbon steel such as,
for example, AISE 1018, and alloy steels such as, for
example, AISE 4140. Other substrates could be used

such as, for example, copper-base alloys, alumlnlum-
SO REPLAPF@"‘MT 3? EET
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mental procedure which can be used to check one's experinental technique
and instrunentation The test procedure recited in ASTM Desi gnati on G50- 86
is incorporated herein as if presented inits entire form This test is a
standard test procedure that is readily available at any library and is
wel | known in the art.

o
base alloys, nickel-base alloys, and cobalt-base
alloys. '

The coating of this invention could function as a
barrier coating onto which a top coat could be applied
for a particular application. For example, if wear
resistant characteristics are required, a coating such
as, for example, chromium carbide cermets, tungsten
carbide cermets or oxides could be applied by any
conventional method, such as, for example, plasma
spraying, flame plating, high velocity oxy-fuel, or
detonation gun. The wear resistant top coats that can
be used include chromium oxide, aluminium oxide,
tltanlum oxide, mixed oxides of alumlnlum chromium and
titanium, tungsten carbide cermets, tungsten carbide-
cobalt cermets, tungsten carbide-chromium-cobalt
cermets, tungsten carbide-nickel-chromium cermets,
chromium carbide-IN-625 cermets, tungsten carbide~
nickel cermets, tungsten-~titanium carbide-nickel
cermets and chromium carbide-nickel-chromium cermets.

In applying the coating of this invention, the
thermal spraying process should be used to ensure that
the proper gas temperature and gas pressure are
obtained when propelling the powders onto the surface
of the substrate. Preferably, the powders of the
coating composition used in the present invention
should be applied onto the surface of the substrate at
a gas temperature from about 1649°C to 3204°C (3000°F
to 5800°F) at a gas pressure of from about 11 atm to 18
atm, and to a thickness of at least greater than 0.0889
mm (0.0035 inch). Most preferably, the gas temperature
should be from about 1760°C to 3093°C (3200°F to
5600°F) and the gas pressure should be from about 12
atm to about 16.5 atm.

REPLA{‘F'\MNT S! EET

;This Sheet Has Been Re

Hllllll IIIIIIHI Il lill




-7- , DRAW NGS FIG 1 shows a schematic
representation of three cyclic potentiodynam c pol arization curves for
‘alloys in a 3.5% NaCl solution according to the standard corro- sion test
di scl osed in ASTM G 61. FIG 2 shows a schematic representation of three
cyclic potentiodynam c curves for IN-625 coatings put on different
substrates and tested using a 3 5% Nad

-f-

Thus to ensure that the proper gas temperature
d gas pressure are obtained, a thermal spraying
ocess should be used. Thermal spraying by means of
tonation consists of a fluid-cooled barrel having a
all inner diameter of about 25.4 mm (one inch).
nerally a mixture of oxygen and acetylene is fed into
e gun along with a comminuted coating material. The
ygen-acetylene fuel gas mixture is ignited to produce
detonation wave which travels down the barrel of the
n whereupon the coating material is heated and
opelled out of the gun onto an article to be coated.
-A- 2 714 563 discloses a method and apparatus which
ilizes detonation waves for thermal spray coating.

In general, when the fuel'éas mixture in a
tonation gqun is ignited, detonation waves are
oduced whereupon.the comminuted coating material is
celerated to about 731.5 m/Sr (2400 ft/sec) and
ated to a temperature near its melting point. After
e coating material exits the barrel of the detonation
n, a pulse of nitrcgen purges the barrel. This cycle

generally repeated about four to eight times a

cond. Control of the detonation coating is obtained
incipally by varying the detonation mixture of oxygen
acetylene.

In some applications it was found that improved
atings could be'obtained by diluting the oxygen-
etylene fuel'mi3t§;e with an inert gas such as
trogen or argon. _The gaseous diluent has been found

reduce or tend to reduce the flame temperature since
does not participate in the detonation reactionm.

-A- 2 972 550 discloses the process.of diluting the
ygen~-acetylene fuel mixture to enable the detonation-
ating process tq be used with an increased number of
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solution according to the standard corrosion test dis- closed in ASTM G 61
- EXAMPLE Using the test procedure of ASTM G 61-86 (-86 neans 1986
‘edition), along with a 3.5% by volune NaC solution, the el ectrochem cal
corrosion studies on bare alloys and coated all oys were conducted. A poten-
tiodynam c cyclic polarization technique was used to evaluate the corrosion
behavior of the coating and-al- loys. Basically, in these tests about one
centineter square area of the sanple is exposed to a corrosive nedia. A
potential scan is started at sone potential negative to the open circuit
potential (Eferr]) of the sam pie. Th#3~is terned cathodic pol arization,

since the sam Generally, acetylene has been used as the
combustible fuel gas because it produces both
temperatures and pressures greater than those
obtainable from any other saturated or unsaturated
hydrocarbon gas. However, for some coating
applications, the temperature of combustion of an
oxygen-acetylene mixture of about 1:1 atomic ratio of
oxygen to carbon yields combustion temperatures much
higher than desired. As stated above, the general
procedure for compensating for the high temperature of
combustion of the oxygen-~acetylene fuel gas is to
dilute the fuel gas mixture with an inert gas such as,
for example, nitrogen or argon; Although this dilution
lowers the combustion temperature, it also results in a
concomitant decrease in the peak pressure of the
combustion reaction. This decrease in peak pressure
results in a decrease in the velocity of the coating
material propelled from the barrel onto a substrate.
It has been found that with an increase of a diluting
inert gas to the oxygen-acetylene fuel mixture, the
peak pressure of the combustion reaction decreases
faster than does the combustion temperature.

In US-A- 4 902 539 a novel fuel-oxidant mixture
for use with an apparatus for flame plating using
detonation means is disclosed. Specifically, US-A-

4 902 539 discloses that the fuel-oxidant mixture for
use in detonation gun applications should comprise:

(a) an oxidant and

(b) a fuel mixture of at least two combustible
gases selected from the group of saturated and
unsaturated hydrocarbons. The oxidant disclosed is
one selected from oxygen, nitrous oxide and mixtures
thereof and the like and the combustible fuel mixture
is at least two gases selected from acetylene (C2H2),

FaAnMT QUE
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pl e becones cathodic with respect to the counter el ec- trode. -During

I -cathodic polarization the sanple remains protected, and hydrogen evol ution
| occurs at the sam ple. To study the corrosion behavior of the sanple,
potentials nore positive than E[err] have to be applied; i.e., anodic

pol ari zation. Starting the potential scan at sone potential negative to

- E[err] not only ensures the inclusion of E[err] in the scan, but also that
: ‘tthe data gen- erated under cathodic polarization can be used for the

‘pol ari zation resi stance neasurenents. As the potential scan crosses the
E[err], corrosion (oxidation) of the sa®ple occurs. The intensity of corro-

R i R e e o L
’ methyl ace ylene (C3Hy), propane (C3Hg), ethane (CyHg,
butadienes (C4Hg, butylenes (C4Hg), butanes (C4Hjy9)
cyclopropane (C3Hg), propadiene (C3Hy), cyclobutane
(C4Hg) and ethylene oxide (C;H40). The preferred fuel
mixture recited is acetylene gas along with at least
one other combustible gas such as propylene. Thus,
detonation means using one combustible gas or
combustible fuel mixtures of two or more combustible
gases can be used to deposit the coating used in the
present invention, provided the proper combination of
temperature and pressure for the coating powders is
obtained as described above. -

To ensure that the coating used in the present
invention is impervious to an agqueous corrosion media,
the coating should be capable of producing a current
density of less than 50 microamperes per squére
centimetre when subjected to an applied potential of
400 millivolts according to the ASTM G-61 standard test
method for conducting cyclic potentiodynamic
polarization measurements for localized corrosion
susceptibility of iron-, nickel-, or cobalt-based
alloys. This test method describes a procedure for
conducting cyclic potentiodynamic polarization
measurements to determine relative susceptibility to
localized corrosion (pitting and crevice corrosion) for
iron-, nickel-, or cobalt-based alloys in a chloride
environment. This test method also describes an
experimental procedure which can be used to check one's
experimental technique and instrumentation.

The ASTM G-61 test is a standard test procedure that is
readily available at any library and is well known in
the art.
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reversed at a sufficiently high corrosion rate. Because of this reversal,
, thRe technique is termed "cyclic" polariza- tion. Conventionally, applied
" potential is plotted at the y-axis and the resulting current density is

? plotted at the x-axis.

-9-

The present invention will now be further
described with reference to the following Example and
as illustrated in the accompanying drawings, in which:

Figure 1 shows a schematic representation of
three cyclic potentiodynamic polarization curves for
alloys in a 3.5% NaCl solution according to the

. standard corrosion test disclosed in ASTM G-61;

Figure 2 shows a schematic representation of
three cyclic potentiodynamic curves for IN-625 coatings
put on different substrates and tested using a 3.5%
NaCl solution according to the standard corrosion test
disclosed in ASTM G-61.

Example
Using the test procedure of ASTM G-61-86 (-86

means 1986 edition), along with a 3.5% by volume NaCl
solution, the electrochemical corrosion studies on bare
alloys and coated alloys were conducted. A
potentiodynamic cyclic polarization technique was used
to evaluate the corrosion behaviour of the coating and
alloys. Basically, in these tests about one centimetre
square area of the sample is exposed to a corrosive
media. A potential scan is started at some potential
negative to the open circuit potential (Eqory) ©f the
sample. This is termed cathodic polarization, since
the sample becomes cathodic with respect to the counter
electrode. During cathodic polarization the sample
remains protected, and hydrogen evoiution occurs at the sample.

To study the corrosion behaviour of the sample, potentials more

positive than Ecorr have to be applied; i.e., anodic

e e | RE__PLAE}EMENT SHEET
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- 8- The cyclic polarization plots for sanples of bare 1018 steel
(Sanple A), 304 stainless steel (Sanmple B) and IN 625 alloy (Sanple C) are
presented in FIG 1 for ready reference as the base line data. In FIG 1,
the 304 stain- |ess steel Sanple B shows a typical pitting corrosion
behavi or. Breakdown of passivity occurs at about 200 nV which is marked by
the rapid increase in current density due to pit initiation and growh. A
hysteresis loop is formed as the direction of the scan is reversed

- 10 -

polarization. Starting the potential scan at some
potential negative to E,,,, not only ensures the

jnclusion of E,,y, in the scan, but also that the
data generated under cathodic polarization can be

5 used for the polarization resistance measurements.

As the potential scan crosses the Ecorr:
corrosion (oxidation) of the sample occurs. The
intensity of corrosion is measured by the resulting
duirent between the sample and the counter

10 electrode. The potential scan is reversed at a

| sufficiently high corrésion rate. Because of this
réversal, the technique is termed “cyclic"®
“polaritation. Conventionally, applied potential is

plotted at the y-axis and the resulting current

15 density is plotted at the x-axis.

- | The cyclic polarization plots for samples of
bare 1018 steel (Sample A), 304 stainless steel
(Sample B) and IN 625 alloy (Sample C) are presented
in Figure 1 for ready reference as the base line

20 data. In Figure 1, the 304 stainless steel Sample B

- shows a typical pitting corrosion behavior.
Breakdown of passivity occurs at about 200 mV which
is marked by the rapid increase in current density
due to pit'initiation and growth. A hysteresis loop

25 is formed as the direction of the scan is reversed
due to continued and accelerated corrosion in the

pits.
In Figure 1 the IN 625 alloy Sample C does
not show a pitting behavior. Passivity was
30 maintained up to about 550 millivolts. The rapid

increase in current which occurs at this potential is
not due to pitting, it is due to uniform corrosion of
the alloy in the transpassive region. 1In this .
region, the passive oxide layer starts to dissolve | REPLACEMENT SHEI
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due to continued and accel erated corrosion in the pits. In FIG 1 the
IN 625 all oy Sanple C does not show a pitting behavior. Passivity was

mai nt ai ned up

to about 550 mllivolts. The rapid increase in current which

1 oc- curs at this potential is not due to pitting, it is due to uniform
- corrosion of the alloy in the transpassive re- gion. In this region, the

. passive oxide

| ayer starts to dissolve oxidatively, generally as a

~ hydrolyzed cation in a higher oxidatian gtate. The reverse scan for the IN
625 Sanple B closely followed the forward scan. Since there were no pits,

t he corrosion
reverse scan.

of the alloy at a given potential remained the same in.the
oxifativelyl, gemet@lytaria Iartelyredopatfomeiy anegative

corrosion poteg bl (Ghgak %3 $¥ate"® Y "Verse scan for the IN

10

15

30

625 Sample B closely followed the forward scan.
Since there were no pits, the corrosion of the alloy
at a given potential remained the same in the reverse

- §can.

In Figure 1 the 1018 steel Sample A shows a
very negative corrosion potential (Ecory Value). The
current density continued to rise with the applied
potential in the forward direction without a
discontinuous change in rate indicating rapid general
corrosion. _

The current density.at 400 millivolts can be
taken as the criteria distinguishing between
materials that are corrosion resistant and materials
that are not, since this potential is above the
breakdown potential for alloys susceptible to
localized corrosion and below the transpassivation
potential for the most corrosion resistant alloys.

It has been determined that materials with a
corrosion current at 400 millivolts greater than
about 50 microamps per square centimetre exhibit
excessive corrosion on microscopic examination after
the test while those with a corrosion current of less
than 50 microamps exhibit no visible corrosion.

In addition to the alloy sample testing, a
coating used in the present invention was thermal sprayed onto
various alloy samples using the detonation
technique. The coating was deposited at various gas
temperatures and gas pressures to various thicknesses
as shown in the Table. The coating used in the present invention
that was used in the test was IN 625 powder which
comprised 22% by weight Cr; 9% by weight Mo; 3% by
weight Fe, 3.5% by weight Nb and balance Ni. The

o RE?LAr,(ﬂPNT oi” ;ET
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density continued to rise with the applied potential in the forward

di rection without a discontinuous change in rate indicating rapid general
corrosion. The current density at 400 mllivolts can be taken as the
criteria distinguishing between materials that are corrosion resistant and
materials that are not, since this potential is above the breakdown
potential for alloys susceptible to | ocalized corrosion and bel ow the tran-
spassi vation potential for the nost corrosion resistant alloys. It has been
determned that materials with a corrosion current at 400 mllivolts
greater than about 50 microanps per selare centimeter exhibit excessive

cor - 10Si on gi {1 Gh0FARLCEEAATERA! AGAELEY LBE:! 23k Wlkdhe dfiose with a

corrosion current o
alloy samples and the coated alloy samples are

presented in the Table. A plasma spray process was
also used to coat one sample (Sample Q).

Figure 2 compares the polarization behaviour of a
coating used in the present invention on both IN-625
alloy (Sample D) and AISE 1018 alloy substrates with a
prior art plasma spray coating of a similar composition
on an AISI 1018 alloy (Sample Q) substrate. The
polarization behaviour of the samples with the coating
used in the present invention are not affected by the
type of substrate thus exhibiting impervious behaviour,
but the plasma spray coated sampie of the prior art
shows a high corrosion rate of the substrate because
the coating is not effectively sealed and the substrate
is attached.

The data in the Table show that an impervious
coating of IN 625 powder was obtained when the powder
was thermal sprayed at a gas pressure of from 12.0 to
16.7 atm, a gas temperature from 1793°C to 3086°C
(3259°F to 5587°F) and a thickness of at least 0.0889
mm (0.0035 inch). The plasma sprayed coating was not
impervious nor were the coatings that were deposited
outside the gas pressure and gas temperature ranges
recited above. As can be seen from the data,
impervious coatings can be obtained from a specific
powder composition if the powder composition is
deposited using the thermal spray technique so that the
powders can be applied within a specified gas '
temperature range and gas pressure range.
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in the

sprayed onto various all oy

The coating was deposited at
I nvention that was used,

In addition to the alloy sanple
S
3

a coating of this invention was thernal

The coating of thi

in the Tabl e.

g,
vari ous gas tenperatures and gas pres- sures to various thicknesses as

sanpl es using the detonation technique.
shown

anps exhibit no visible corrosion.

testin

test was
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The data obtained fromthe ASTM G 61 test for both tHe &llby ® s
sanpl es and the coated all oy sanpl es .are presented in the Table. A
pl asma spray process was al so used to coat one sanple (Sample Q.
FIG 2 conpares the polarization behavior of a coat- ing of this

i nvention on both IN-625 all oy (Sanple D)

=14~
CLAIMS

1. A process for protecting a metallic alloy
from aqueous corrosion which comprises applying an
impervious coating to such alloy by the steps of:

(a) preparing a metallic alloy substrate,

(b) preparing a powder comprising about 21 to 23
weight percent chromium; about 8 to 10 weight percent
molybdenum; about 2.5 to 3.5 weight percent iron; about
3 to 4 weight percent niobium and remainder
substantially nickel; and

(c) thermal spraying the powder composition of
step (b) onto the metallic alloy substrate to produce a
coating at least 0.0889 mm (0.0035 inch) thick and
having the characteristics such that when subjected to
the ASTM G-61 corrosion test, a current density of less
than 50 microamperes per square centimetre results when
a potential of 400 millivolts is applied.

2. A process according to claim 1, wherein.in
step (b) the powder composition is about 22 weight
percent chromium, 9 weight percent molybdenum; about 3
weight percent iron; about 3.5 weight percent niobium;

and remainder substantially nickel.
3. A process according to claim 1 or 2, wherein

the thickness of the coating is at least 0.0889 mm

(0.0035 inch).

4. A process according to claim 3, wherein the
thickness of the coating is at least 0.1016 mm (0.004
inch).

5. A process as according to claim 4, wherein’
the thickness of the coating is at least 0.1524 mm
(0.006 inch).

6. A process according to any of claims 1 to 5,
wherein a metallic alloy substrate is selected from

by wel ght Mb; 3% by wei gnt Fo, 3 556by wel gnt - N %Jlll!lllﬂll LU

AISE 304SS, AISE 316 ss, AISE. 410 SS: austenitic REPLACEMENT SHEET
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ot 1ng of  oimilal composition on an NS 1018 - al MIIIIIIMIIIIIHIH |

substrate. The polarization behavior of the sanples ™ fh the
coating of this invention are not : affected by the type of
substrate thus exhibiting inper- vi ous behavior, but the plasm
spray coated sanpl e of the prior art shows a high corrosion rate
of the substrate because the coating is not effectively seal ed and
t he substrate is attached. ~15- The data in the Tabl e show

that an ervioys coa r was  obt ai ned mhen t he
powder InpStgi §sfh§£ﬁ§}’sﬁF§§bhlgt gabgieﬁfeggﬁF oFaﬁ&ﬁﬂ?ﬂ?
16.7 arm aggasnlespesheele precipidRaBiok. havdehad| etrliRless and a

thlckness Oftaé1,98f£19 QggéohnQ@eefheafi§§n§teel, copper-base
' alloy, aluminium-base alloy, nickel-base alloy, and
cobalt-base alioys.

7. A process according to any of claims 1 to 6,
wherein the following step is added:

(d) depositing a coating on top of the coating of
step (c).

B. A process according to claim 7, wherein the
coating in step (d) is selected from the group
consisting of chromium oxide, aluminium oxide, titanium
oxide, mixed oxides of aluminium oxide and titanium,
mixed oxides of aluminium chromium and titanium,
tungsten carbide cermets, tungsten carbide-cobalt
cermets, tungsten carbide-nickel cermets, tungsten .
carbide~-chromium-cobalt cermets, tungsten carbide-
chromium-nickel cermets, chromium carbide-nickel-
chromium cermets, chromium-carbide-IN-625 cermets, and
tungsten~titanium carbide~nickel cermets.

9. A process according to any of claims 1 to 8,
wherein in step (c) the gas temperature is about 1649°C
to 3204°C (3000°F to 5800°F) and the gas pressure is
about 11 atm to 18 atm.

10. A process according to claim 9, wherein in
step (¢) the gas temperature is about 1760°C to 3093°C
(3200°F and 5600°F) and the gas pressure is about 12
atm to 16.5 atm. :

1l1. A coated metallic alloy substrate wherein
the coated layer is a barrier coating having a .
composition of 21 to 23 weight percent chromium; about
8 to 10 weight percent molybdenum; about 2.5 to 3.5
weight percent iron; about 3 to 4 weight percent
niobium and remainder substantially nickel; and the
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recited above. As can be seen rbmO 3 SEP aﬂﬂba _ipervioug ceatkngs *
can be obtained froma specifit_powder ifion if the powder
com position is deposited usipg the thermal sprjay technique

so that the powders can be applied w't
. téenperature range and gas pressure range~ :

-TABLE coating
Current Samcoating being imperyipus guch ¢hat yhen suRjgrted to
Cerr]H err]the FSrM Gebh coression test, d0Gunkehtpdenspky Gdalesg
Substrate %n ( V, ( (in)
(UAlcn[err])éﬁi ’éo\ﬁééfdggé%%gs’@i% %&gﬁ@ &%H%ﬂ&etgg }esu&élwbhen
100000 B Nomepotgemtigsl of 400 millivolts is applied.

7000 12. A coated metallic alloy according to claim

gas

11, wherein

(i) the barrier coating has a composition as
defined in claim 2; and/or

(ii) the barrier coating has a thickness as
defined in any of claims 3 to 5; and/or

(iii) the substrate is as defined in claim 6.

13. A coated metallic alloy according to claim
11 or 12, wherein there is a top coat over the barrier
coating. .

14. A coated metallic alloy according to claim
13, wherein the top coat is as defined in claim 7.

15. A coated metallic alloy according to claim
14, wherein the substrate is a stainless steel and the
top coat is selected from a chromium carbide-containing
coating, a tungsten carbide-containing coating, a
tungsten carbide-chromium-nickel cermet, a tungsten
carbide~chromium cobalt cermet, a chromium carbide-
IN625 cermet, and a chromium carbide-nickel-chromium
cermet.

16. A coated metallic alloy according to claim
14, wherein the substrate is austenitic stainless steel
and the top coat is a chromium carbide-containing
coating.

17. A coated metallic alloy substrate having an
impervious barrier coated layer of a composition of
about 21 to 23 weight percent chromium; about 8 to 10
weight percent molybdenum; about 2.5 to 3.5 weight
percent iron; about 3 to 4 weight percent niobium, and
the remainder substantially nickel and having a top
coated layer of a wear resistant coating.
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C None |IN 625 0.8
D ING625 |IN 625 12.5 57.5 0.0 . 30.0 45 3259 15.2 0. 007

'3 Yes E IN 625 12.5 57.5 0.0 30.0 60 3259 15.2

0. 007 4 Yes F IN 625 |[IN 625 12.5 0.0 0.0 30.0 90

3259 15.2 0. 007 9 Yes G IN 625 1018 St 12.5 57.5

0.0 30.0 45 3259 15.2 0. 007 5 Yes H IN 625 1018
St 12.5 57.5 0.0 30.0 60 3259 15.2 0. 007 10

Yes 1 IN 625 1018 St 12.5 57.5_414% 30.0 90 3259 15. 2

0. 007 20 Yes | IN 625 101& 26.7 54.6 0.0 18.6 60
4109 16.7 0.007 3 Aﬁ§$l&§lh1625 1018 St 40.0 52.0
0.0 8.0 60 5487 18 9 0. 007 200 No L IN 625 1018 St
17.8 20.0 61.5 0.0 1240 0. 007 10 No M IN

625 1018 St  Zo CORRORIOGN __A@Eﬁ A@oﬂiﬁl—%& _Q&MQ@N__ &To07 20
Yes N IN 625 1018 St  40.2 39.7  20. o 0.0 60 5587 16.0
0. 007 5 Yes.O IN,625 1018 St 2.3 57.5 30.0
45 3259 15.2 6“06&99”2865 corrgsipn ﬁeééf afﬁ’anétCkele 5 57.5
0.0 30. 0 chréfmium3@b8tingSof a fe®@llic subStrateYahat protects

the substrate from a corrosive media and the process
for producing the coating on the substrate.

FIGURE 1
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Q IN 625 1018 St 20 0. 007 300

No R IN 625 304 SS 12.5 57.5 0.0 30.0 45 3259 1.2

.~ 0. 007 5 Yes S IN 625 304 SS 12.5 57.5 0.0 10.0 60
3259 15. 2 0. 007 5 Yes T IN625 304 SS 12.5 57.5 0.0
30.0 90 3259 15.2 0. 007 1 5 Yes
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"What is claimed is: 1. A process for protecting a netallic alloy from

. cerrosion by applying an inpervious coating to such alloy consisting
“essentially of the steps: (a) preparing a netallic alloy substrate;

* (‘b) preparing a powder -conprising between 21 to 23 wei ght percent

- chrom um between 8 to 10 wei ght percent nol ybdenum between about 2.5
- to 3.5 wei ght percent iron; betweemabout 3 to 4 weight
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tenperature and gas pressu -

produce a coat -

characteristics such that
test, a current density of o |
" results when a poten’t-t"ai'of 210

ing:i e

“anperes per square
ni1ivolts is applied;

centi neter
and (d) depositing a coat,i g on. top of;_,,__‘tpﬁﬂp,oatl ng of step (c), said
coating selected from the.group:consisSti.ng: -0f chrom um oxi de, al um num

chrom um oxi de,

RROSION COATING
PRODUCING IT

FIELD OF THE INVENTION

The invention relates to an impervious nickel-
chromium coating that when subjected to the standard
corrosion test according to ASTM G-61, a current of
less than 50 microamperes per cubic centimeters results
with an applied potendal of 400 millivolts (mV). The
invention also relates to a process for producing the
coating.

BACKGROUND OF THE INVENTION

Iron-containing alloys, such as different grads of
steel and stainless steels, are subject to corrosion when
cxposed to agqueous environments. ‘Ihcrmally—spraycd
coatings are frequently used in corrosive environments

to provide wear resistance. There are many thermal.

spray coatings whose corrosion characteristics are su-
perior to iron-containing alloys. The use of such wear

- and corrosion resistant coatings may be limited by the

corrosion behavior of the substrate. This is because of
the interconnected porosity which is inherently present
in thermally-sprayed coatings. This interconnected po-
ro‘sity may allow-the corrosive media to reach the coat-
ing substrate interface. An example of the problem is the
use of a plasma-sptayed Cr203 coating on a 300 series
stainless steel substrate in sea water. This coating/sub-
strate combination is frequently used -for applications
such as mechanical seals. The CryO;3 coating itself has
good wear and corrosion resistance, but the stainless
steels are susceptible to crevice corrosion. Conse-
quently, Cr20; coatings on 300 series stainless steels
frequently fail in a sea water environment. The fabrica-

tion of mechanical seals from nickel base corrosion

resistant alloys is expensive. Weld deposited overlays of
nickel base corrosion resistant alloys on iron base alloys
bave both technical and cost problems.

It is an object of the present invention to provide an
impervious coatxng for a metallic alloy substrate, such
as an iron-containing alloy, a copper-containing alloy, a

'cobalt-contammg alloy, an aluminum-containing alloy,

or a nickel-containing alloy, that can be used in aqueous
environments.
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titani um oxi de, m xed oxi des of alum num chro- m um and titani um

st ungsten carbi de cernents, tungsten carbi de-cobalt cernets, tungsten
car bi de- ni ckel cermets, tungsten carbi de-chrom um cobalt

cernets, tungsten carbi de-chrom um ni ckel cer- mets, chrom um

car bi de- ni ckel -chrom um cer net s, chrom um car bi de- 1 N-625 cernets, and
t ungst en- titani um carbi de-ni ckel cernets. 2. The process of claim1l
wherein in step (b) the powder conpositipn is about 22 weight percent ah-
rom um 9 weight percent nolybdenum about 3 weight percent iron; about 3.5

wei ght percent niobiu and .r engi.nder bstanti al | ckel .
g P H] ts another object of tiilc prcsgntamvzntlon to pro-

vide a process for protecting a metallic alloy from aque-
ous corrosion by applying an unpcrvxous coating to
such alloy.

The foregoing and additional objects will become
more apparent from the description and disclosure here-
inafter.

SUMMARY OF THE INVENTION

The invention relates to a process for protecting a
metallic alloy from aqueous corrosion by applying an
mmpervious coating to such alloy comprising the steps:

(@) prcpa.nng a metallic alloy substrate;

(b) preparing a powder comprising between about 21
to 23 weight percent chromium, between about 8 to 10
weight percent molybdenum, between about 2.5 to 3.5
weight percent iron, between about 3 to 4 weight per-
cent niobium, and remainder substantially nickel; and

(c) depositing the powder composition of step (b)
with a thermal spray device at a suitable gas tempera-
ture and gas pressure onto the substrate to produce 2
coating in excass of 0.0035 inch thick and having the
characteristics such that when subjected to the ASTM
G-61 corrosion test, a current density of less than 50
mrcroampcrcs per square centimeter, preferably less
than 25 microamperes per square centimeter, results
when a potential of 400 millivolts is applied. '

Achieving a current density of less than 50 microam-
peres per cm? at an applied potcntxal of 400 millivolts
will insure that the coating is impervious and will not
permit hquxd to penetrate through :the coating and
contact the surface of the substrate. Thus a wear resis-
tance coating, such as aluminum o:&id‘e, chromium oOx-
ide, titanium oxide, mixed oxides of aluminum oxide and
‘titanium, tungsten carbide-cobalt cermets, tungsten car-
bide-nickel cermets, tungsten carbide-chromium-cobalt _

. cermets, tungsten carb:dc—chrommm—mckci cermets, - —
chromium carbide-nickel-chromium  cermets, chro-
mium carbide-IN-625 cermets, and’ tungsten-titanium
carbide-nickel cermets could be deposited on the coat-
ing of this invention as a top coat to provide wear resis-
tance for the coated article. This coated article could :
then be used in an aquegus corrosion ¢nvironment and -
the undercoat of this invention will prevent any of the '
aqueous media from penctrating th.rough to the sub-
strate.
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Preferably the powder composmon of thxs tmvention
should comprise about 22 weight percent chromium;
about 9 weight percent molybdenum; about 3 weight

‘percent iron; about 3.5 weight percent niobium; and

remainder substantially nicke! such as about 62.5 weight
percent nickel. The thickness of the coating should be
greater than 0.0035 inch, preferably greater than 0.004
inch and most preferably greater than 0.006 inch. One
purpose of the coating is to provide an impervious layer
for a metallic alloy substrate that will prevent a corro-
sive media from permeating through the coating to
contact the surface of the substrate. Thus a wide variety
of substrates can be used in an aqueous environment
since the coating of this invention will protect the sub-
strate from the corrosive media. Suitable substrates
would include various grades of stainless steels such as
AISE 304, AISE 316, or AISE 410 stainiess steel, other
austenitic, ferritic, martensitic, or precipitation hard-
ened stainless steels, plain carbon steel such as AISE
1018, and alloy steels such as AISE 4140. Other sub-
strates could be used such as copper-base alloys, alumi-

num-base alloys, nickel-base alloys, and cobalt-base
alloys.

The coating of this invention cou.ld function as a
barrier coating onto which z top coat could be apphcd
for a particular application. For example, if wear resis-
tant characteristics are required, a coating such as chro-
mium carbide cermets, tungsten carbide cermets or
oxides couid be apphed by any convexntional method,
such as plasma spraying, flame platmg, high velocity
oxy-fuel, or detonation gun. The wear resistant top
coats. that can be used include chrommm oxide, alumi-
num oxide, titanium oxide, mixed oxides of aluminum
chromium and titanium, tungsten carbzdc cermets, tung-
sten carbide-cobalt cermets, tungsten - carbxde-chromx-
um-cobalt cermets, tungsten ca:bxdc-mckcl-chrommm
cermets, chromium carbide-IN-625 ccrmcts tungsten
carbide-nickel cermets, tungsten-titanium carbide-
nickel cermets and chromium carbndc-mckcl-chronuum
cermets.

In applymg the coating of this mvcntzon, the thermal
spraying process should be used to insure that the
proper gas temperature and gas pressure are obtained
when propelling the powders onto thc surface of the

3. The process of claim1l wherein in step (c) the gas
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terrperature I s between about 3000[err]F. and 5800[err]F. and
pressure is between about 11 atmand 18 atm
wherein in step (c) the gas

- 5600[err] F. and

t he gas

4. The process of claim3
tenperature i s between about 3200[err] F. and
the gas pressure is between about 12 atmand 16.5 atm

5. The process of claim1 wherein the thickness of the coating is greater

. than 0.006 inch.

6. The process of claim1l wherein a netallic alloy

: substrate is selected fromthe group codsi-sting of Al SE 304SS, Al SE 316 SS,

. AISE 4.10 SS, austenitic stainless steel,
. martensitic steel,

| steel, alloy steel,

alloy, and cobalt- bases@tlﬁ&y& the substrate at a gas ‘temperature from about

3000° F. to 5800° F. at a gas pressure of from about {1
arm to 18 arm, and to a thickness of at least greater than
0.0035 inch. Most preferably, the gas temperature
should be from about 3200° F. to 5600° F. and the gas
pressure should be from about 12 atm to about 6.5 atm.

Thus to insure that the proper gas temperature and
gas pressure are obtained, a thermal spraying process
should be used. Thermal spraying by means of detona-
tion consists of a fluid-cooled barrel having a small
inner diameter of about one inch. Generally 2 mixture of
oxygen and acetylene is fed into the gun along with a
comminuted coating material. The oxygen-acetylene
fuel gas mixture is ignited to produce a detonation wave
which travels down the barrel of the gun whereupan
the coating material is heated and propelled out of the

~ gun onto an article to be coated. U.S. Pat. No. 2,714,563
discloses a method and apparatus which utilizes detona- -

tion waves for thermal spray coating. The disclosure of
this U.S. Pat. No. 2,714,363 is mccrporated herein by
reference as if the disclosure was recited in full text m
this specification.

In general, when the fuel gas mixture in a detonation
gun is ignited, detonation waves ‘are produced where-
upon the comminuted coating-material is accelerated to
about 2400 ft/sec and heated to-2 temperature neac its
melting point. After the coating material exits the barrel
of the detomation gun, a pulse of nitrogen purges the
barrel. ‘I'hxs cycle is generally repeated about four to
exght times 'a second. Control of: the detonation coatmg
is obtained pnnczpally by varylng the detonation mix-
ture of oxygen to acetylene.

In some applications it was found that improved coat-
ings could be obtained by dzlutmg the oxygen-acetylene
fuel mixture with an inert gas such as mitrogen Or argon.
The gaseous diluent has been found to reduce or tend to
reduce the flame temperature since it does not partici-
pate in the detonation reaction. U:S. Pat. No. 2,972,550
discloses the process of diluting the oxygen-acetylene
fuel mixture to enable the detonanon-platmg procsss to
be used with an increased number of caating composi-
tions and also for new and more: ‘widely useful applica-
tions based on the coating obtainable. The disclosure of

this U.S. Pat. No. 2,972,550 is mcorporated herein by

reference as if the disclosure was: recxted in full text in
this speczt' cation. '

ferritic stainless steel,
pr esulsttade. Prefarabiay; dm\@du&tem ak ¢ss cotteat comkai n car bon
copasitioRagectas [idYentRinUShewEr Baseplitd @ nhekel -

base
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7. A coated iron-containing alloy substrate wherein the coated layer is a
sbarrier coating consisting essen- tially of a conposition of between 21 to
23 wei ght per- cent chrom um between about 8 to 10 wei ght percent

nol ybdenum . bet ween about 2.5 to 3.5 weight percent iron; between about 3
to 4 wei ght percent niobiumand renmai nder substantially nickel; and said
coating being inpervious such that when subjected to the ASTM G 61
corrosion test, a current density of Jess than 50 m croanperes per square
centinmeter results when a potential of 400 mllivolts is applied and having
a top coat over the barrier coating which is selected fromthe group

consi sting of chrom um oxide, alum num oxide, titanium oxide, m xed oxides
of al um num chrom um :

Generally, acetylene has been used as the combusti-
ble fuel gas because it produces both temperatures and
pressures greater than those obtainable from any other
saturated or unsaturated hydrocarbon gas. However,
for some coating applications, the temperature of com-
bustion of an oxygen-acetylene mixture of about 1:1
atomic ratio of oxygen to carbon yields combustion
temperatures much higher than desired. As stated
above, the general procedure for compensating for the
high temperature of combustion of the oxygen-acety-
lene fuel gas is to dilute the fuel gas mixture with an
inert gas such as mitrogen or argon. Although this dilu-
tion lowers the combustion temperature, it also results

" in a concomitant decrease in the peak pressure of the
combustion reaction. This decrease in peak pressure
results in a decrease in the velocity of the coating mate-
rial propelled from the barrel onto a substrate. It has
been found that with an increase of a diluting inert gas
to the oxygen-acetylene fuel mixture, the peak pressure
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and titanium tungsten carbide cernets, tungsten car- bide-cobalt
fungsten carbi de-ni ckel cernets, tungsten carbi de-chrom um cobalt
tungsten carbi de-chrom um ni ckel cernets, chrom um carbi de- ni ckel
cermets, chrom um carbide- IN-625 cernets, and tungsten-titanium
car bi de- ni ckel cernets. 8. The coated netallic alloy of claim?7

cernets,
cernets,
-chrom um

wher ei n

the thickness of the coating is at |east 0.0035 inch. 9. The coated
nmetallic alloy of claim7 wherein the thickness of the coating is at |east
0. 006 i nch. 10. The coated netallic alloy substrate of claim7 wherein

the conposition is gp%lé E&%{lgntreggéggr&gcg{&gngg%r g%gxuhog wei ght percent

nmol ybdenum about 3 we h gm ugnon ?c LRSI
In U.S. Pat. No. 4 902,539 a novel fuef-oxidant mix-
ture for use with an apparatus for flame plating using
" detonation means is disclosed. Specificaily, this refer-
ence discloses that the fuel-oxidant mixture for use in
detonation gun applications should comprise:
(a) an oxidant and
(b) a fuel mixture of at least two combustible gases
selected from the group of saturated and unsaturated
hydrocarbons. The oxidant dxscIosed is one selected
from the group consisting of oxygen, nitrous oxide and
mixtures thereof and the like and the combustible fuel
mixture is at least two gases selected from the group
consisting of acetylene (C;Hj), propylene (C3Hs),
-methane (CHy), ethylene (C3;Hi), methyl acetylene
(C3Hy), propane (C;Hg), cthane (C;Hs), butadienes
(C4H;), butylenes (CyHs), butanes (C4H;io), cyclopro-
pane (C;Hg), propadiene (C;Hy), cyclobutane (CiHs)
and ethylene oxide (C2H40). The preferred fuel mixture
recited is acetylene gas alang with at-least one other
combustible gas such as propylene. Thus detonation
means using one combustible gas or combustible fuel
mixtures of two or more combustible gases can be used
to deposit the coating of this invention, provided the
‘proper combination of temperature and pressure for the
coating powders is obtained as described above.
~ Toinsure that the coating of this invention is impervi-
ous to an aquecus corrosion media, the coating should
be capable of producing a current density of less than 50
- microamperes per square centimeter when subjected to
an applied potential of 400 millivolts according to the
- ASTM G-61 standard test method for conducting cyc-
lic potennodyna.rmc polarization measurements for lo-
calized corrosion susceptibility of iron-, nickel-, or co-
balt-based alloys. This test method describes a proce-
dure for conducting cyclic potentiodynamic polariza-

percent ni obium

tion measurements to determine relative susceptibility -
. to localized corrosion (pitting and crevice corrosion)
- for iron-, nickel-, or cobalt-based alloys in a chloride
environment. This test method also describes an expen~ ‘
‘mental procedure which caa be used to check one’s
“experimental technique and instrumentation. The test
procedure recited in ASTM Designation G6(-86 is

REPLACEMENT SHEE
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‘incorporated hercin as if presented in its entire form.
" This test is a standard test procedure that is readily
'-avadable at any library and is well known in the art.



and remai nder substantially nickel. - 12 -

DRAWINGS

FIG. 1 shows a schematic representation of three
cyclic potentiodynamic polarization curves for alloys in
a 3.5% NacCl rs_'o!_u_tion according to the standard corro-
sion test dxs(:losed in ASTM G-61..

FIG. 2 shows a schematic reprsentauon of three
cyclic potenuodvna.rmc curves for IN-625 coatings put
on different substrates and tested using a 3 5% NaC(l
solution according to the standard corrosion test dis-
closed in ASTM G-61.

EXAMPLE

Using the test procedure of ASTM G-61-86 (—86
means 1986 edition), along with a 3.5% by volume
Na(l solution, the electrochemical corrosion studies on
bare alloys and coated alloys were conducted. A poten-
tiodynamic cyclic polarization technique was used to
evaluate the corrosion behavior of the coating and al-
loys. Basically, in these tests about one centimeter
square area of the sample is exposed to a corrosive
media. A potential scan is started at some potential
negative to the open circuit potential (Em,-,) of the sam-
ple. This is termed cathodic polarization; since the sam-
ple becomes cathodic with respect to the counter elec-
trode. During cathodic polarization. the sample remains
protected, and hydrogen evolution occurs at the sam-
ple. To study the corrosion behavior of the sample,
potcntxals more positive than E.,» have to be applied;
i.e., anodic polarization. Starting the potential scan at
some potential negative 10 Ecgr not only ensures the
inclusion of Ecor-in the scan, but also that the data gen-
erated under cathodic polarization cazt ‘be used for the .
polarization resistance measurements. '

As the potential scan crosses the. Ec,,m corrosion REPLACEMENT SHEET 1
(oxxdatxon) of the sample occurs. The intensity of corro- ' N
sion is measured by the resulting currant between the 07 AUG 1997 . |
sample and the counter electrode. The potential scan is ;
reversed at a sufficiently high corrosion rate. Because of Sp—
this reversal, the technique is termed * cychc" polariza-

tion. Conventio Iy, applied potential is plotted at the
y-axxs and the 'resultmg current dcnsxty is plotted at the
x-axis. - :




11. The coated netallic alloy substrate of claim7 wherein the substrate is

selected fromthe group consi st -
SS, austen-
st ai nl ess steel,

steel, alloy steel,

copper - base all oy, alum - num base all oy,

ing of AlISE 304SS, AlISE 316 SS, AlISE 410
itic stainless steel, ferritic stainless steel, martensitic.
preci pitation hardened stainless steel, plai

n carbon
ni ckel - base

all oy, and cobalt-base all oy. 12. The coated netallic alloy substrate of
claim7 wherein the substrate is stainlgss steel and the top coat is a
chrom um car bi de-cont ai ni ng coati ng. 13. The coated netallic alloy

substrate of claim7 wherein the substrate is austenitic stainless steel;
the thickness of the barrier coating is at |east 0.004 inch;

The cyclic polarization plots for samples of bare 1018
steel (Sample A), 304 stainless steel (Sample B) and IN
625 alloy (Sample C) are presented in FIG. 1 for ready
reference as the base line data. In FIG. 1, the 304 stain-

less steel Sample B shows a typical pitting corroston

" behavior. Breakdown of passivity occurs at about 200

mV which is marked by the rapid increase in current
density due to pit initiation and growth. A hysteresis
loap is formed as the direction of the scan is reversed
due to continued and accelerated corrosion in the pits.

In FIG. 1 the IN 625 alloy Sample C does not show
a pitting behavior. Passivity was maintained up to about
550 millivolts. The rapid increase in.current which oc-
curs at this potential is not due to pitting, it is due to
uniform corrosion of the alloy in the transpassive re-
gion. In this region, the passive oxide layer starts to
dissolve oxidatively, generally as a hydrolyzed cation in
a higher oxidation state. The reverse scan for the IN 625

and

Sample B closely followed the forward scan. Since’
- there were no pits, the corrosion of the alloy at a given

potential remained the same in the reverse scan.

In FIG. 1 the 1018 steel Sample A shows a very
negative corrosion potential (Ecorr value). The current
density continued to rise with the applied potential in
the forward direction without a discontinuous change
in rate indicating rapid general corrosion.

The current density at 400 millivolts can be taken as
the criteria distinguishing between materials that are
corrosion resistant and materials that are not, since this
potential is above the breakdown potential for alloys

susceptible to localized corrosion and below the tran-
spassivation potential for the most corrosion resistant
alloys. It has been determined that materials with a

corrosion current at 400 millivolts greater than about 50

microamps per square centimeter exhibit excessive cor-
rosion on microscopic examination after the test while
those with a corrosion current of less than 50 micro-
amps exhibit no visible corrosion.

In addition to the alloy sample twung, a coatxng of
this invention was thermal sprayed onto various alloy
samples using the detonation techmique. The coating
was dcposxtcd at various gas tcmpcraturcs and gas pres-
sures to various thicknesses as shown in the Table. The
coating of this invention that was used in the test was
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the top coat is a chromnium carbi de-containi ng coating. 14. The coated
.retallic alloy substrate of claim7 wherein the substrate is a stainless
steel and the top coat is tungsten carbi de-containing coating. 15. The
coated netallic alloy substrate of claim7 wherein the substrate is a
stainless steel and the top coat is tungsten carbide-chrom um ni ckel

cernet. 16. The coated netallic alloy substrate of claim7 wherein the
Ssubstrate is stainless steel and the 4 ® <oat is tungsten
car bi de-chrom um cobal t cernet. 17. The coated netallic alloy substrate

of claim?7 wherei IN KR5spdeidentwehich sdbmpriseds22¥ebl weaighth€rt op coat is
chrom um car bi de- 199,62y WwagHEMo; 398 by WRigHtFEB. 595 ¥y weight! oy substrate
of claim7 Nb and balance Ni. The data obtained from the ASTM

G-61 test for both the a.lloy samples and the coated alloy

samples are presented in the Table. A plasma spray

process was alsa used to coat one sample (Sample Q).

FIG. 2 compares the polarization behavior of a coat-
ing of this invention on both IN-625 alloy (Sample D)
and AISE 1018 alloy substrates with a prior art plasma
spray coating of a similar composition on an AISI 1018
alloy (Sample Q) substrate. The polarization behavior
of the samples with the coating of this invention are not
affected by the type of substrate thus exhibiting imper-
vious behavior, but the plasma spray coated sample of
the prior art shows a hxgh corrosion rate of the substrate
because the coating is not effectively sealed and the
substrate is attached.

The data in the Table show that an impervious coat-
ing of IN 625 powder was obtained when the powder
was thermal sprayed at a gas pressure.of from 12.0 to
16.7 atm, a gas temperature from 3259° F. to 5587° F.
and a thickness of at least 0.0035 inch. The plasma

sprayed coating was not impervious nor were the coat- : :
ings that were deposited outside the gas pressure and. | REPLAGEMENT SHEET
gas temperature ranges recited above. As can be seen
from the data, impervious coatings can be obtained 07 AUG 1997
from a specific powder composition if the powder com-
position is deposited using the thermal spray technique

so that the powders can be applied within a specified

gas temperature range and gas pressure range.
- TABLE B

Sam- i CH; O3 CsHys PFR Temp Pressure pess 400mV  luper-
ple Coming Substrate (Vol %) (Vol %) (Vol 95) Vol %) (gmis) (F). (ATM)  Gn) [UAsens?)  vious
A None 1018 St o 100000
B Nome  30%SS 7000
C Nome  ING2S oz
D INGS ING2S 123 57.5 0.0 30.0 44 szsa 152 0.007 3 Yes
E IN61S INGs 25 $7.5 0.0 300 0 329 152 0.007 4 Yes
F INGS INés 2 ST.8 0.0 300 50 3259 152 0.007 9 Yes
G INGS to1sst s $7.5 0.6 300 45 3259 182 0.007 s Yes
H IN&S 10185 12 57.5 0.0 30.0 & 13239 152 0.007 10 Yes

1 INGS 1188 125 57.8 0.0 300 %0 3289 152 0007 0 Yes
1 ING62S 1018 ¢ 267 4.6 0.0 18.6 & 4w 167 0.007 3 Yes
K IN63 100188 400 320 0.0 80 50 S487. 189 0.007 00 No
L IN61S 10185t s 20,0 (1K) 00 60 124 32 0,007 100 No
M INGS 10185t 292 28.8 20 . 00 60 4430 120 0.007 20 Yes
N INGS 10135t 402 397 0.0 2.0 6 'S387. 160 0,007 $ Yes
O IN625 10188t 128 - 57.5 a0 30.0 43 3239 15.2 0.004 200 No
P INGS 1018 128 $7.5 00 0.0 43 3299 152 0.0035 2 Yes
Q ING2* 10188t 0 6,007 300 No
R IN6&S 304sSS 125 315 0.0 30.0 4 3259 15.2 0.007 s Yes
$ MNas Jeess 25 9 00 100 @ 39 1Ll 000 s Yes
T INGS 4SS 1S 51.5 0.0 100 90 1239 13.2 0.007 [} Yes

*Plasaa Sprayed with & wandard torel using 120 Ampe cusvens, 57 Vol and Argon gas for uelding.
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wherein the substrate is stainless steel and the top coat is '

car bi de- ni ckel -chrom um cer net. 19. A coated netallic al Iogm@ﬁag"mu!l“m
consisting essen- tially of an inpervious barrier coated |ayeri Ok a *
sition of 21 to 23 wei ght percent chrom um between about 8 to 10 wei ght
percent nol ybdenum between about 2.5 to 3.5 weight percent iron; between

- about 3 to 4 weight percent niobium and the remai nder substan- tially

. ni ckel

and having a top coated | ayer efla wear resistant coating.

What is claimed is:

1. A process for protecting a metallic alloy from
corrosion by applying an impervious coating to such
alloy consisting essentially of the steps:

(a) preparing a metallic alloy substrate;

() preparing a powder comprising between 21 to 23
weight percent chromium; between 8 to 10 weight
percent molybdenum; between about 2.5 to 3.5
weight percent iron; between about 3 to 4 weight
percent niobijum and remainder. substantially
nickel;

(c) thermal spraying the powder composition of step
(b) at a selected gas temperature and gas pressure
aonto the metallic alloy substrate to produce a coat-
ing in excess of 0.0035 inch thick and having the
characteristics such that when subjected to the
ASTM G-61 corrosion test, a current density of
less than 50 microamperes per square centimeter
re_s(;ﬂts when a potential of 400 millivolts is applied:
an | .

(d) depositing a coating on top of the coating of step
(c), said coating selected from the group consisting
of chromium oxide, aluminum chromium oxide,
tiganium oxide, mixed oxides of aluminum chro-
mium and titanium, tungsten carbide cerments,
tungsten carbide-cobalt cermets, tungsten carbide-
nickel cermets, tungsten carbide-chromium-cobalt
cermets, tungsten carbide-chromium-nickel cer-
mets, chromium carbide-nickel-chromium cermets,
chromium-carbide-IN-625 cermets, and tungsten-
titanium carbide-nickel cermets. :

2. The process of claim 1 wherein in step (b) the
powder composition is about 22 weight percent ah-
romtum, 9 weight percent molybdenum; about 3 weight
percent iron; about 3.5 weight percent niobium; and
remainder substantially nickel.
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3. The process of claim 1 wherein in step (c) the gas
temperature is between about 3000° F. and 5800° F. and
the gas pressure is between about 11 atm and 18 atm.

4. The process of claim 3 wherein in step (c) the gas
temperature is between about 3200° F. and 5600° F. and
the gas pressure is between about 12 atm and 16.5 atm.

5. The process of claim 1 wherein the thickness of the
coating is greater than 0.006 inch.

6. The process of claim 1 wherein 2 metallic alloy
substrate is selected from the group consisting of AISE
304SS, AISE 316 SS, AISE 410 SS, austenitic stainless
steel, ferritic stainless steel, martensitic steel, precipita-
tion hardened stainless steel, plain carbon steel, alloy
steel, copper-base alloy, aluminum-base alloy, nickel-
base alloy, and ¢obalt-base alloys.

7. A coated iron-containing alloy substrate wherein
the coated layer is a barrier coating consisting essen-
tially of a composition of between 21 to 23 weight per-
cent chromium; between about 8 to 10 weight percent
molybdenum; between about 2.5 to 3.5 weight percent
iron; between about 3 to 4 weight percent niobium and
remainder substantially mickel; and said coating being
impervious such that when subjected to the ASTM
G-61 corrosion test, a current dcnsxty aof less than 50
microamperes per square centimeter results when a
potential of 400 millivolts is applied and having a top
coat over the barrier coating which is selected from the
group consisting of chromium oxide, aluminum oxide,
titanium oxide, ‘mixed oxides of aluminum chromium
and titanium, tungsten carbide cermets, tungsten car-
bide-cobalt cermets, tungsten carbide:nickel cermets,
tungsten carbide-chromium-cobalt cermets, tungsten

carbide-chromium-nickel cermets, chromium carbide--

nickel-chromium cermets, chromium-cacbide- IN-625
cermets, and tungsten-titanium carbide-nickel cermets,

8. The coated metallic alloy of claim 7 wherein the
thickness of the coating is at least 0.0035 inch.

9. The coated metallic alloy of claim 7 wherein the
thickness of the coating is at least 0.006 inch.

10. The coated metallic alloy substrate of claim 7
wherein the composidon is about 22 weight percent
chromium; about 9 weight percent molybdenum; about
3 weight percent iron about 3.5 weight percent niobium;
and remainder- subsmntxaﬂy nickel.
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11. The coated metallic alloy substrate of claim 7
wherein the substrate is selected from the group consist-

| ing of AISE 304SS, AISE 316 SS, AISE 410 SS, austen-
itic stainless steel, ferritic stainless steel, martensitic
. stainless steel, precipitation hardened stainless steel,

plain carbon steel, alloy steel, copper-base alloy, alumi-
num-base alloy, nickel-base alloy, and cobalt-base alloy.

12. The coated metallic alloy substrate of claim 7
wherein the substrate is stainless steel and the top coat is
a chromium carbide-containing coating.

13. The coated metallic alloy substrate of claim 7
wherein the substrate is austenitic stainless steel; the
thickness of the barrier coating is at least 0.004 inch; and
the top coat is a chromium carbide-containing coating.

14. The coated metallic alloy substrate of claim 7
wherein the substrate is a stainless steel and the top coat
is tungsten carbide-containing coating.

15. The coated metallic alloy substrate of claim 7
wherein the substrate is a stainless steel and the top coat
is tungsten carbide-chromium-nickel cermet.

16. The coated metallic alloy substrate of claim 7
wherein the substrate is stainless steel and the top coat is
tungsten carbide-chromium-cobalt cermet.

17. The coated metallic alloy substrate of claim 7
wherein the substrate is stainless stee] and the top coat is
chromium carbide-IN 625 cermet.

18. The coated metallic alloy substrate of claim 7
wherein the substrate is stainless steel and the top coat is

chromium carbide-nickel-chromium cermet.

19. A coated metallic alloy substrate consisting essen-
tially of an impervious barrier coated layer of a compo-
sition of 21 to 23 weight percent chromium; between
about 8 to 10 weight percent molybdenum; between

" . about 2.5 to 3.5 weight percent iron; between about 3 to

4 weight percent giobium, and the remainder substan-
tially nickel and having a top coated layer of a wear

"« resistant coating.
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NICKEL-CHROMIUM CORROSION COATING AND PROCESS

FOR PRODUCING IT

ABSTRACT

An mperv:.ous corrosion resistance nickel-chromium coating.. -
- on a metallic substrate, such as an J.ron-contalm.ng alloy -
substrate that protects the substrate from a corrosive

'medJ.a and the process for produc:Lng the coating on the
] substrate. '

FIGURE 1.




