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This .invention relates to @5bpe from gmge
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in refrigerated cargo containers. Ccean going cargo ships-fow carry I arge .
containers on their open decks which serve to expand the ship's utility.
Many of these containers are equi pped-With refrigeration systens so that
they can store perishable goods for relatively long periods of tine.
The refrigerati on syst@BPERGARNMELE WMITHSHROISCTIVESZORTI®GT and wat er

whi ch causes the exposed parts to corrode at an accelerated rate. Heat
exchanger surfaces used in the refrigeration-systens are particularly
suscepti bl e to salt TRilS anidhveaitionat erelae®si ba. ‘progecefihgrt dappenbat

the harnful gfikeechesofrsal &, corr051ve environment, and in particular,

to protecting copper heat exchangers used in refrigerated
cargo containers. . : ‘

Ocean going cargo ships now carry large containers
on their open decks which serve to expand the ship’s

utility. Many of these containers are equipped with
refrigeration systems so that they can store perishable
goods for relatively 1long periods of time. The

refrigeration systems, however, are exposed to salt, air
and water which causes the exposed parts to corrode at an »
accelerated rate. Heat exchanger surfaces used in‘ the
refrigeration systems are particularly susceptible to salt
air and salt water corrosion.

In an effort to combat the harmful effects of salt,
air and water, heat exchangers used in sea going
containers are typically fabricated of copper. In
addition, exposed surfaces of the heat exchangers have
also been coated with various types of paints for added
protection. These protective coatings have met with only
with limited success for a number of reasons. First, most
coating materials do not adhere well ¢to copper and
eventually the coating will flake away to expose the
copper substrate. Secondly, the coating must be
relatively thin so that it does not adversely effect the
heat transfer characteristics of the heat exchanger. Most
thin layer coatings, however, are extremely porous and
thus will not establish an impenetrable protective barrier
for the underlying copper.
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skilled in the art that ‘the invention is not limited to

this specific appllcaylon and can be used in connection
‘with any copper article where the need exists to protect.
the article from a hostile environment or the like.

It is therefore an object of the present invention
to protect copper articles from a corrosive environment.

It is another cbject"of the prééent invention to
protect a copper heat exchanger from the harmful effects
of salt air and water. -

Yet a further object of the present invention is to
extend the life of refrigeration systems used in sea going
cargo containers,

A still further cbject of the present invention is
to provide a protective overcoating for a copper heat
exchanger that will not adversely effect its heat transfer
properties, but yet will provide a relatively non-porous
barrier to salt air and water.

Another object of the present invention is to
provide a protective coating for a copper article that has
improved adhesion properties.

Accordingly, the present invention relates broadly
to a copper article, and more specifically, to a heat
exchanger for use in a sea going refrigeration cargo
container. The exposed surface of the articles are first
treated to produce a black oxide layer over the expose:i
surfaces. An acrylic outer layer is then electro-coatc!
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further object of the present invention is to extend the life of
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objects of the present invention, reference is made to the

detailed description of the invention which is to be read
in conjunction with the following drawings, wherein:

Fig. 1 is a perspective view of one form of copper
heat exchanger used in refrigerated sea gning cargo
containers, and

Fig. 2 is a flow diagram showing the steps involved
in providing a strongly adhesive, non-porous protective
barrier to the exposed surfaces of the heat exchanger
illustrated in Fig. 1.

Referring initially to Fig. 1, there is shown a fin
coil heat exchanger, generally referenced 10, of the type
typically used in association with refrigerated cargo
containers. The heat exchanger includes one or more flow
circuits 12 for carrying a refrigerant through the heat
exchanger unit. For the purposes of explanation, the unit
illustrated in Fig. 1 contains a single flow circuit 12
consisting of an inlet line 13 and an outlet line 14 which
‘are connected at one end of the exchanger by means of a
90° tube bend 15. It should be evident, however, that

.” more circuits may be added to the unit depending upon
demands of the system. The unit further includes a series
of radially disposed plate-like elements 16-16 that are
spaced apart along the length of the flow circuit. The
elements are supported in assembly between a pair of end
plates 17 and 18 to complete the assembly.

' As noted above, heat exchangers of this type that
are exposed to a harsh or corrosive environment are

-
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over the expdse
effected when exposed to salt air and water for extended

periods of time. Attempts have been made with varying
degrees of success to coat these copper units with various
material in an effort to extend the useful life of the-
unit. These ~oating materials oftentimes reduce the heat
transfer capacity of the unit, exhibit poor adhesion
properties and fail to penetrate into all areas of the
unit that mighﬁ be exposed to a hostile environment.

As will be explained in greater detail below, the
eXxposed outer; surfaces of the present copper heat
exchanger are first pretreated to establish a black oxide .,
coating thereon that creates a strong boundary layer much
like that produced when aluminum is ancdized. A thin
acrylic overcoating is then electro~coated over the black
oxide boundary layer to provide a strongly adhering

. protective barrier for extending the useful life of a unit
exposed to a hostile environment. It'has been found that
this combination exhibits unexpected synergistic results
and does not degrade the heat transfer properties of the
unit. Additionally, the protective barrier is capable of
penetrating deeply into remote, difficult to access areas,
thus preventing early failure.

Turning now to Fig. 2, there is shown a flow
process diagram depicting the process steps involved in
producing a uniform protective barrier over the entire
outer surface of the copper heat exchanger. Initially,
the two open ends of the flow circuit are closed by
suitable plugs (not shown) and the exchanger is immersed
in an alkaline bath -30 containing a strong base cleaner
such as MI Clean 17 manufactured by Mitchell Bradford
International, which is a division of Hubbard-Hall, Inc.



REPLACENVENT SHEET Date 17 AUG 1995 = T Jell | ayey, LR SeET
rel ati.vely thin yet non- porous bar“r’ﬂé‘ls SHERT %E@ .‘g‘ @sﬂex ﬁ&%ﬁ?ggﬁ 6,195
adhesi on and protective propertiesia ai nBEPLAY sive-Bubs ancesy A-Grra Y.

better understanding.of these and ottier objects of the ptesent T .
reference is made to the detailed descriptjon-of the invention which is to

be read in caopu ' i,th-the faoll ow ng draw wherein: Fig. 1. is a
per spective v%wﬁg%gg%g.%dr n#%rfn%%p]ﬁé‘}vg 'heat{r‘e‘icﬁ’gﬁ?_&erc%%”ﬁ_ Bef #T§%r at ed
sea Qgoi ng cargRN@VMEA e oMl Flgan217sia aawrdaadr ahesho!apﬂgohhgsjstep;s
i nvol ved in LLH N treQ Y - Ror s otecg ye barrier to
t he exposed gﬁ%?%%%sggﬁ ?hee%gg¥rgggﬁ§nd§$ Eﬁ%ﬂggrgggh%?n Fi bel.g?%gerrlng
initially to$¥gianges hey @lilowsdole zemain in the bath for about 5 to

10 minutes to thoroughly clean and degrease all exposed

surfaces cf the unit.

Upon removal from the alkaline bath, the unit is
bathed in a cold water rinse 32 for about one minute 6r a
period of time which is sufficient to remove the alkaline
wash from the outer surface of the exchanger. The term
cold water rinse as herein used refers to one in which the
rinse water is at or about an ambient temperature.

, .

The rinsed heat exchanger is then placed in a ,
second acidic cleansing bath 34 for about 4 to 5 minutes
to remove surface oxidations. The bath, held at an
ambient temperature, contains about 10% concentration of
Scone M~E Acid Brite 50 (also supplied by Hubbard-Hall,
Inc.) in water. Acid Brite 50 contains about 20% by
weight hydrochloric acid, 11% by weight phosphoric acid
and 10% by weight sulfuric acid along wifh other non-
acidic materials which combine to thoroughly ride the
outer surfaces of the heat exchanger of unwanted oxides.

The unit, upon removal from the acid cleaning bath,
is immediately placed in a cold water rinse 36 for about
one minute or more to remove all trace of the acid bath
from the outer surfaces of the unit.

The twice cleaned and rinsed part is now immersed
in an oxidizing bath 38. The bath contains an oxidizing
solution containing equal parts sodium hydroxide and
sodium chloride in water. A concentration of about two
pounds of oxidizer to a gallon of water is used. The
oxidizer is commercially available from Hubbard-Hall, Inc.
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The ox1datlon process 1is qulckly terminated by
rinsing the unit in cold water for two to three minutes
and then in hot water that is heated to about 120°F for
about ten or eleven minutes. The unit is given a final
rinse for about one to two minutes in deionized water at
ambient temperature and allowed to dry. These rinses are
depict at 40-42 in Fig. 2. "

]

Upon drying, the unit is coated with an acrylic
paint using commercially available coating equipment 44.
The paint is available from Pittsburgh Plate Glass
Industries, Inc. of Springdale Pennsylvania and is sold
under the tradename Powercron 810-611 or Powercron 830-
611. The oxidized unit is immersed in a bath of acrylic
paint and an electrical current of ~“234 amps and 200 volts
applied to the unit. The unit is held in the bath for
between nine and ten minutes to insure that all exposed
and oxidized surfaces of the unit are fully covered with
the acrylic overcoat to a thickness of between .0005 to
.0010 inches. The unit is then removed from the bath and
the paint cured in an oven 48 for thirty minutes at 375°F.

Copper parts that were oxidized and coated by the
method described above were tested to determine the parts’
ability to resist corrosion. The AC impedance of each
coated part was first measured and recorded. The average
impedance of the parts was found to be about 8 x 10° ohms
per square centimeter and the average_thickness of the
acrylic coating was about 0.0007 inches. The parts were
then exposed to steam spray for a period of about 48 hours
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to establlshrglgkggélgx&%gs porcus than similar coatlng presently in
use and thus prov1ded an improved protective barrier
against corrosion. Fufther tests also showed that the
coating exhibited improved adhesive properties and
resistivity to ultraviolet radiation when compared to

presently employed coatings.

Although the present invention has been described
with specific reference to a copper heat exchanger, it
should be evident to one skilled in the art that the
invention has wider applications and can be employed in .
conjunction with any type of copper article or part that
may require extended protection from a  hostile
environment. '
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pl ugs (not shown) ,and th exchan er Is imersed in,an al kal i ne bath 30
cont ai ni ng aCQPF hBiBgse? ‘th@ parts of sodium hydroxide and

sodium chloride for a period of time . sufficient to
establish a uniform black oxide covering exposed surfaces:
of the article, and _

electrocoating said oxidized surfaces with an
acrylic paint to provide a continuous protective barrier
over said exposed surfaces.

2. The method of claim 1 wherein the acrylic paint
is electrocoated to a uniform thickness of about between .
.0005 and .0010 inches.

3. The method of claim 1 wherein said aqueous
soluticn contains about two pounds of sodium hydroxide and
sodium chloride in each gallon of water.

4. The method of claim 3 wherein said article is
immersed in said aqueous solution for between 4 and 6
minutes.

5. The method of claim 1 that includes the further
steps of precleaning and degreasing the exposed surfaces
of the article prior to the oxidization step by immersing
the article in an alkaline bath and then rinsing the
article with water.

6. The method of claim 5 that further includes a
second precleaning step of immersing the article after the
first precleaning step in an acid bath to remove unwanted

i L.
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in the bath for. .about 5 tp 10 m nutes to"} horoughl ean and .degrease al
‘exposed sur f 2&&ESEr %%"é“ uﬁ?f’. efﬁBBﬁeSeﬁb‘\Faﬁacletsomq’?% g*‘ﬁﬁl iwﬁég‘t}i‘%,t $e unit
i s bat hed i naztdolle wdtthr watese 32 for about one minute or a period of tine
which is sufficient to renove the al kaline -
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- 7. The method of claim 6 that includes the further
steps of rinsing the article after the oxidizing step in
successive baths of cold water, hot water, and deionized
water.

8. The method of claim 6 wherein said acid bath
contains a 10% solution of sulfuric acid, phosphoric acid,
and hydrochloric acid in water..

9. The method of claim 5 wherein said alkaline
bath contains a 4% to 7% solution of sodium silicate in
water. | .

10. The method of claim 1 wherein the
electrocoating step lasts between nine and ten minutes so
that the article has an AC impedance of between 10% and 10°

ohms per cm?.

11. The method of claim 1 that includes the
further step of curing the acrylic paint coating in an
oven at 350°F to 400°F for about thirty minutes.

I
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acidic cleansing bath 34 for about 4 to 5 mnutes to r fC R
oxi dati ons. The bath, held at an anbi'ent tenperature, contarns apoutr 10%
concentration of Scone ME Acid Brite 50" (al so supplied by Hubbar d- Hal

Inc.) in water. Acid Brite ‘50 contains about 20% by wei ght hydrochlorlc
acid, 11% by wei ght phosphori-c acid and 10% by wei ght sulfuric acid al ong

wi th ot her non- acigig Egtgrlals'mhlch combine-to thoroughly ride the outer
surfaces of the hea BLLCLE WLTH PROTECTEVE COATING; ¢ | upon renoval
fromthe acid cleaning bath, is immediately placed i.n.,a cold water rinse 36
for about one minute or nore to raﬂgéf%gé trace of the acid bath fromthe
outer surfaces of the unit. The t ned and rinsed part is.now

I nmer sed o :

_ The present invention concerns * a method of
protecting a copper article against corrosion. The
article is immersed in an aqueous' solution containing
equal parts of sodium hydroxidé ‘and sodium chlorides to
form a uniform. black oxide coating covering the exposed
surfaces of the article. Thereafter, the oxidized
surfaces are electrocoated with an acrylic paint to
provide a continuous protective barrier Sver the exposed

surfaces. The method can, for example be |used, for
protecting copper heat exchanger against corrosive
environments.
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three mnutes and then in hot water that is:-heated to abo . _
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of the parts exposed to the steamwas found to be about 7 x [err] ohns per
square centineter. Clearly these tests showed that the acrylic coating was
relatively |l ess porcus than simlar coating presently in
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t hat may require extended protection from a hostile environnent.
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What is Clained is: 1. ‘A nethod of protecting a copper
corrosion that includes the stepsrf——~ ------------------ :
sol utign contai ni ng about equal- prT@'ScﬁHEédeﬁﬁﬁrBﬁﬁﬂr xi
chl-orite for a period of tine suf‘|C|enBEPbA€§PabI|s ;
covering exposed surfaces of the artrc and el ectrocds
surfaces with an acrylic paint to provi de a contl nuous %&MQ@MMJ—&&—
over said exposed surfaces. 2. The nethod of claim 1l wherein the acrylic

paint is electrocoated to a uniformthickness of  about between .0005 and

. 0010 inches. 3. The_neghod of cIa|n11 mhereln sald agueous sol ution
contalns about two poaeds : ] [ECIA] RALEAEh| orite in each
gal lon of water. 4. The nethod of claim3 wherein said article is

ABSTRACT

The present invention <concerns a method of
protecting a copper article against corrosion. The
article is immersed in an aqueous solution containing

~equal parts of sodium hydroxide and sodium chlorides to
form a uniform black oxide coating covering the exposed
surfaces of the article. Thereafter, the oxidized
surfaces are electrocoated with an acrylic paint to
provide L2 continuous protective barrier over .the exposed

surfaces. The method 'can, for example be used, for
protecting copper heat exchanger against corrosive
environments. '
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romthe exposed surfaces, and then ma%hln%,the %Ltche @Ath
about 80°Tt. e ea

heated to a temperature o
exchanger is allowed to remain in the bath for about 5 to
10 minutes to thoroughly clean and degrease all exposed

surfaces of the unit.

Upon removal from the alkaline bath, the unit is
bathed in a cold water rinse 32 for about one minute or a
period of time which is sufficient to remove the alkaline
wash from the outer surface of the exchanger. The ternm
cold water rinse as herein used refers to one in which the
rinse water is at or about an ambient temperature.

The rinsed heat exchanger is then placed in a
second acidic cleansing bath 34 for about 4 to 5 minutes
to remove surface okidations. The bath, held at 'an
ambient temperature, contains about 10% concentration of
Scone M-E Acid Brite 50 (also supplied by Hubbard-Hall,
Inc.) in water. Acid Brite 50 contains about 20% by
weight hydrochloric acid, 11% by weight phosphoric acid
and 10% by weight sulfuric acid along with other non-
acidic materials which combine to thoroughly ride the
outer surfaces of the heat exchanger of unwanted oxides.

The -unit, upon removal from the acid cleaning bath,
is immediately placed in a cold water rinse 36 for about
one minute or more to remove all trace of the acid bath
from the outer surfaces of the unit. '

The twice cleaned and rinsed part is now immersed
in an oxidizing bath 38. The bath contains an oxidizing
solution containing equal parts sodium hydroxide and
sodium chlorite in water. A concentration of about two
pounds of oxidizer to a gallon of water is used. The
oxidizer is commercially available from Hubbard-Hall, Inc.
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article after the oxidizing step |n
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and dei oni zed water. 8.
*“ bat h contalns a 10% sol ution of sulfurlc aci d, phosphorigjacid, a
hydrochloric acid in water.. 9. The netﬁod'of claim5

al kal i ne bamhunnnmmcﬁaumeﬂ%ns:796solut|on of sodiumsili's =
of claim 1 wherein the electrocoating step |asts bet ween
nine and ten mnutes so that the article has an AC i npedance of between 108
and 109 ohms per [érr]A methodTRE PELERGEHAY @ A9RPEX REtidla a@ad nste

further stepdifrddiidM@Hdte HoMdes M st idy: in an oven at [err] to
[err] for about thlr%&gg

7. The method of claim 6 that -i ncl-udes Eﬂiﬂ“ﬂ H!Eps of %P}g\pﬁyEINJESHEET
'as m

b Daien | i

nute%

ing he article in an aqueous solution
containing about equal parts of sodium hydroxide and
sodium chlorite for a period of time sufficient to

establish a uniform black oxide covering exposed surfaces
of the article, and

electrocoating said oxidized surfaces with an
acrylic paint to provide a continuous protective barrier

over said exposed surfaces.

2. The method of claim 1 wherein the acrYlic paint
is electrocoated to a uniform thickness of about between
.0005 and .0010 inches.

3. The method of claim 1 wherein said aqueous
solution contains about two pounds of sodium hydroxide and
sodium chlorite in each gallon of water.

4. The method of claim 3 wherein said article is
immersed in said aqueous solution for between 4 and 6

minutes.

5. The method of claim 1 that includes the further
steps of precleaning and degreasing the exposed surfaces
of the article prior to the oxidization step by immersing
the article in an alkaline bath and then rinsing the
article with water.

6. The method of claim 5 that further includes a
second precleaning step of immersing the article after the
first precleaning step in an acid bath to remove unwanted

ﬂspmemmcn sHEEr
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COPPER ARTICLE WITH PROTECTIVE COATING

ABSTRACT

The present invention concerns a method of
protecting a copper . article against corrosion. The
article is 1immersed in an aqueous solution containing
equal parts of sodium hydroxide and sodium chlorites to

form a uniform black oxide coating covering the exposed
surfaces of the article. Thereafter, the oxidized
surfaces are electrocoated with an acrylic paint to
provide a continuous protective barrier over the exposed
surfaces. The method can, for example be |used, for
protecting copper heat exchanger against corrosive

environments.



