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This mventmn retates to removing scale “from

cupreous drticles by heating such articles in &

halogen-beaung atmosphiere and subsequently

cooling them. Heretofore it hds beeh necessary

ito introduce the halogen mto the atmosphete by
volatilizing o metal halide, ‘as only indifferent
results have been attained by introdicing “an
elementsl halogen or halogen aeid direetly into
such atmosphere. We have now discovéred that
elemental halogens and halogen geids yield Very
satisfactory results when “the atmosphere in
which  the articles are’ heated is substantially
free of fuel combustlon products and the present
mventmn is predicated on this dlscovery
“United ‘States Paténts Nos 2,291,201 and
2291 202 to W. H. Bassett, Jr ‘¢ J. Sryder and
W. G. MacLelland déseribe processes for clean-
iig cupreous articles by halogen tréatment,
theéreby to remove the ozide scale that is always

present on such hot-worked shapes as hot-rolled,

copper rods from Whmh Wwire is drawn.. The

process of Patent No. 2,201,201 involves heating

the. cuipreous article in g’ futnace atmosphere
cotitaining thé vapor of a Volatrhzable metal
halide, and thereafter cooling the article, pref-
erably by quenching i water.  ‘The process of
Patent No. 2,291,202 “involves first dipping the
articlé in an adueous solution of a ghloride, then
heating the art1cle ifi a furnace, and finally cool-

ing the artmle as by quenchmg Thée process of .
the latter ‘patent has been sticeesstul with hydro-

chloric acid as the solution in which the article
is first dipped, thereby eausing initial reaction of
the acid with the article to take place in agueous

solution. Herstofore, however, 1t has hot been’ g
feasible to use hydrochlorlc aeid in ‘the process”

of the former patent by introducing it'in gaseous

form dlrectly ifito the atmosphere in which the

articlé is heated, hecause very unsatisfactory re=
sults have been attained by so  doing. The
processes of bioth of these patents have been
uséd siceesstully, but that of Patent No. 2,201,201
has commerc1a1 advantages, because no prehrm—

niry dippiig of the article to be cleaned 1nto a.

solutmn is niecessary.

We ‘have found that elemental halogens afid
be. sed i place of theé vola-
tilizable Theta] halides deserived i Patent No..

' halogen acids ]

{9 991,201, for the purpose of éstablishing an ef-

fectlve halogen-bearmg atmosphere within the.

furnace in which the- cupreous article is treated;

provided such atmosphere is substant1ally free of;
fuel combustion products (by. “fuel combustion:
products” we mean the ustal gaseous combustion .

products of ordmary carbonaceous and hydro-
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carbon fuels resultmg from burnmg such fuels m’
ait).” Moreover, we hiave found that thé use of
these substances Has distinet advantages that do
1ot ehsde from the use of a volatilizable metal
halide. One such advantage 1s,that,when an
eléfental halogen or halogen acid is used, the
article inay be heated iiore rapidly and its treat-
ment may be completed sooner than with metal
halide vapors. Another advantage is that batch-
type treatimerit of a wéighed amount of the ar-
txcles With & ‘measired amount of thée halogen
or halogen aeid is p0551ble resulting in closer
cotitiol gver the quahty of the cleamng treat-
ment.

“In general, the present method: for cleaning:
cupresus articles is similar to that described in
Patent No. 2,291,201 and involves introducing the
article to e “eleanied, ‘while ‘it is substantially
halogen-fiee, irito” & halogen-héaring atmos-
phete, heatmg it therein to a temperature of
about 1250° F., and subsequently cooling it. In
gecordance. w1th ‘the present invention, however,.
the atmosphere in which the article is hea’ted
is maintained substantrally frée from fuel com-
bustion products, and the halogen is introduced
int6.sdid atmosphere by supplymg directly there-
to #nd in gascous form a substance of the group
co;xéslstmg of elemental halogens ahd halogen
geids. .

When the halogen content of the atmosphére
is provided by vapor from a volatilizable metal
halide as déscribed ifi Patent No. 2,291,201, most
effective cleaning is accomplished by heating the
article at the rate of about 50° F. per minute from

- room’ temperatiure to about 700° ¥, so that the

article is held for & total time of twelve 1o fifteen
mifittes at a temipérature below 700° . 'The need
for initial heating .4t this rather low rate evi-
dently is requlred to allow for some of the vapor,
to collect on the article and redet initially with
its okide scale, anid with metal halide vapor such
reaction appears fo occur most effectively at a
temperature inthe range from 500° ¥. to 700° o
‘We have found that when an elemental halogeén -

- or halogen acid is used in place of 4 volatilizable

metal halide to supply the halogen content of
tHe treatinent atmosphere, the time of heating
at 4 température below. 700° ¥, need be only two
to five minutes, and such heating. may be at a
cons1derably lower témpéerature—down to 300° F

Consequently about ten minutes or so may be'
saved i the time required for treatmg the article,
and fufnace équipment of g1ven size can, be made

_to handle. a correspondmgly gleater amount of .

clipreous articles per day.
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We believe the reason why the use of elemental
halogens and halogen acids permits of more
rapid treatment than the use of volatilizable
metal halides is that these substances are highly
reactive at temperatures much lower than that
at which most metal halides yield substantial
quantities of vapor. When the halogen is sup-
plied as a metal halide vapor, an appreciable
length of time is required for an effective amount
of it to accumulate on the article and to undergo
the reaction that initially takes place, but when
an elemental halogen or halogen acid is em-
ployed, such reaction takes place so rapidly that
a prolonged period of heating is not necessary.
As stated above, however, it is necessary that
the atmosphere in which treatment with an
elemental halogen or halogen acid is carried out
be substantially free of fuel combustion products.
If the cupreous article is heated in a direct fuel-

fired atmosphere, very unsatisfactory results are o

obtained by using an elemental halogen or halo-
gen acid, although, for some reason that we are

unable to account for with certainty, metal halide’

vapors are effective even in the presence of fuel
combustion gases. .

Another advantage found to result from the
use of elemental halogens and halogen acids
in lieu of volatilizable metal halides is that

batch-type cleaning operations can be employed,

using a measured amount of the halogen or
halogen acid to treat a known weight of cupreous
articles. When a volatilizable metal halide" is
employed, it is not feasible to measure the amount

of metal halide vapor that is used to treat any

given quantity of articles. Consequently, closer
control over the cleaning operation is possible
by using an elemental halogen or halogen acid
i’ accordance with the present invention than
when a volatilizable metal halide is employed.

The elemental halogen ‘or halogen acid is

introduced in gaseous form into the atmos-
phere in which the cupreous article is treated.
The halogens. that are not normally gaseous
(bromine and iodine), and halogen acids that
are used in aqueous solution, are rendered gase-
ous by vaporizing them, and the vapor is intro-
duced into the treatment atmosphere. Vaporiza-
tion may be accomplished outside the oven or
furnace in which treatment takes place, and
the vapors may then be led into the oven or
furnace;.or a measured quantity of the substance
may be infroduced directly into the furnace and
may there be vaporized into the treatment at-
mosphere. o
Following are examples of ways in which the
method of the invention may be carried.out: .-
Example 1—A known weight of hot-rolled
copper rods, having ‘a scale composed mainly of
cuprous and cupric oxides, is introduced into an
electrically heated ‘muffle-type furnace, and
therein is heated as rapidly as the furnace. per-
mits to a temperature of about 1250° F. During
at least the initial part of this heating, before
the rods have attained a temperature of 700°
F;, a small stream of chlorine gas is flowed into
the furnace atmosphere. The rate of flow of
the chlorine, and the length of time for which

it flows, are correlated with the amount of rods

being treated to convert at least 1%, and prefer-
ably from 1% to 2%, by weight of the rods to an
easily removed scale (scale formation to this
extent has been found desirable for optimum
cleaning).

ing operation, but it is preferable to introduce

The -flow of chlorine may be con-
tinued throughout the entire period of the heat-
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it all, or nearly all, during the period that the
rods are below 700° F. After the rods have
reached a temperature of 1250° F., they are re-
moved from the furnace and cooled to room
temperature. Cooling may be in any manner
desired, as pointed out in Patent No. 2,291,201,
but generally it is convenient and most satis-
factory to quench the rods in water. When the
rods have cooled, a flaky scale peels readily and
completely from them, leaving a clean unoxidized
metal surface of excellent quality for wire-
drawing.

Ezxample 2.—A charge of hot-rolled copper rods,
of known weight, is introduced with a measured
quantity of iodine crystals into an oven heated
to a temperature in the range from 300° F. to
700° F. The iodine quickly vaporizes at this
temperature. The oven may be heated electri-
cally, or may be indirectly heated by a fuel flame,
but in any event the oven atmosphere is free of
fuel combustion gases. The rods are held in
the heated oven atmosphere for two to five min-
utes, but it is not necessary that they become
heated to the oven temperature. After two to
five minutes in the oven they are transferred
to a furnace in which they are heated rapidly
to a final temperature of about 1250° F. The
furnace may be entirely separate from the oven,
or oven and furnace may be two parts of the

- same heating apparatus, arranged so that ‘the

rods may be transferred from one part to the
other easily and quickly. The transfer to the
furnace may be made immediately after the oven
treatment, or the rods may be stored in the air
and allowed to cool to room temperature after
the oven treatment and béfore being transferred.
to. the furnace, The furnace atmospheré may
be free of iodine vapor or other halogen during
the latter period of heating to 1250° F'., and may
contain substantial quantities of fuel combustion
gases, as the preliminary oven treatment at tem-
peratures below 700° F. Has resulted in effective
aceumulation of iodine or other halogen on the
rod surfaces and has caused the initial reaction
to occur. After attaining a temperature of about
1250° F', the rods are withdrawn from the furnace
and cooled as by quenching. @

Each of the preceding examples is based on
batch-type operation, in which a known weight.
of rods is treated with g measured quantity of
halogen or halogen acid. As breviously stated,.
this procedure -has the advantage of giving close
control over the extent to which the rods are
attacked and the amount of scale formed. It
is not necessary, however, that the method of
the invention be carried out batch-wise, It is.
possible instead to employ a continuous-type
furnace such as is described in Patent No.
2,291,201, and merely substitute an elemental
halogen or halogen acid for the metal halide,

‘provided the design of the furnace is such as to

exclude fuel combustion gases from the atmos-
phere in which the copper rods or other cupreous
articles are treated. Such a substitution results
in making the process more rapid, as preyviously
mentioned herein. If g continuous-type furnace
is employed, and if a temperature gradient 'is
maintained in the furnace as deseribed-in Patént
No. 2,291,201, it is generally preferable to intro-
duce the’ halogen or halogen acid in - gaseous
form into the cold end of the furnace, rather-
than into the hot end as is done with the metal
halide.. The elemental halogens and halogen
acidsreact with the copper of the articles rapidly
enough’ at a‘reélatively low temperature so that:
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it is-not: mecessary. for:.these: substances: o be
brought in.contact with the reds at the maximum:
temperature of :the furnace. :©Indeed, it is néces=
sary that at least some: preliminary reaction take
place between .the halogen ahd halogen:aeid: and
the -‘rod or other article: before . the 1atter has
been hedted to above 700° F.:

Following -is a brief summary oi’ tne f(nrns in
which some of the halogens and:.halogen geids

have been ‘used in ‘accordance. withi.the inven- iy

tion,  and: an indication -of ‘the results obiained.
In each case hot-rolled copper rods, black ‘on
account of the. presence of an‘outer scale.of eu-
pric-oxide; were thé articles being treated. The

initially: cold rods were heated in:a muffle~typs ¥

furnaceto @' final temperature near 1250° T,
and theén were quenched: in water: Heatmg Was
accomplished as rapidly as the furmace would
permit, the temperature of the: furnace atmos—
pherebeing about: 13007 F’ i

(@). ‘Chlorine gas - was ﬁowed 1nto the furnace
during the first five minutes of the heating cycle;
about at’ the rate-of one-half liter (at normal
temperature and pressure) per minute per hun-
dred pounds of ‘rods. A very heavy scare was
formed bus the results wefe good.

. (b) Chlorine gas wag flowed in' at the samie
rate as’in (@), but for only the: firstithree mmuues
of ‘the heetmg cycle, with excellent” results.

(¢) Chilorine gas was flowed 'in ccntmuously
throughout: the heating* cycle at-a vate of about
one~tenth liter per mmute
obtained.

Gy Iochne crystals, in-the amount of about'
1.2 grams per hundred pounds of rods, were in- &

treduced -into the furdace” with _the rods Ex—

cellent'results wereobtained.

2(e)! L1qu1d bromine.- in’the amount of’ about‘

1" cubic-eentimeter: per’ hundred ‘pounds of: 1ods)
was introduced inte ‘the flirnace Wluh the rods.
Excellent results were cbtained:

() About: 100 cubie- centimeters :of substan-

tially:  satufated - bromine water ‘per: hund_red‘
pounds of rods was intreduced with the rods-into.

the furnace:” Good cleaning was obtained:

() A slow. stream of hydrochloric acid gas
was - flowed into the furnace during the initial
part-of-the-heating cyele. - Good cleaning resulted.

(h) About 2 cubic centimeters of aqueous hy-
drobromic acid per hundred pounds of rods was
introduced into the furnace-along with-the rods
Very good results were obtained.

(i) Approximately 10 cubic centimeters of a

209 agqueous perchloric acid solution per hundred
pounds ‘of rods was introduced with them. into
the-furnace: -Good cleaning of the rods followed
(This reagent  must be used wrth care, as 1t is
explosrve)

~(4) About- 15 grams of chlorosulphonlc ac1d
per hundred pounds of rods was introduced into
the furnace with the rods. A very heavy scale
formed, indicating that considerably more chloro-
sulphonic acid than was necessary had been
used, but the cleaning cf the rods was excellent.

The adverse effect of fuel combustion products
on the course of the cleaning operation is evi-
dent from a number of tests. For example, in
one test chlorine gas was introduced in the same
manner as in paragraph (c¢) above, but in ad-
mixture with commercial city gas and an excess
of air. The city gas burned as it entered the
furnace with a blue flame, owing to the excess
of oxygen. Under these conditions only a mod-
erate and rather unsatisfactory degree of clean-
ing was obtained, 'In another similar test in

CGood results we1e-
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6
which ‘an insufficient armount of air to.burn all
of ‘the: city gas was used, so that the fuel birted
with a; yellow:fame; no- cleamnv resulted. © Bvi-
dently-the moderate: cleaning in the first of these

5. two:tests: was made Possible by the dilution ‘¢f

thé-combustion ‘zases, by the:excess: aif,-and: by
the . presence of .the :cxygen ef the. eXce'SS air;
When:this iexcess' of-air: was: eliminated so that
the “conibustion - gases -weie” Felatively concen-
trated:in the furnace, the'cleaning action: stopped:
Similar results were obtained when the pfemixed
city gas and air were introduced -aid ‘burned
within the furnace separately from. thé chlorine.
When'g:flame of buinirig: ¢ity gas dnd aif was

. introduced into:the furndee whilé treating copper

rods: ‘therein with jodide: fritroduced - with thé
rods:in the fofm of iedirne crystals the amouiit
of seale formsd and subsequently separated from:
the rods was"“’too : s‘n’ialls te ‘reSult in-»thorduglr

) cleamng

The 1ntrcduct10n’ cf alr: mtc the furnace along
wrth the halogen or halogen aeid'is advantagéous:
rather: than othérwise.- Thus- with- ¢hlorine- gas,
for example, better cleaning ‘was -accomplishied”

5- when the chlorine is introduced in'a-streafiy of

air, than when' the: furnace is fairly tlghtly closed
and commereially: pure chlerme alone is intio-
duced into the furnace “The easily’ separated
scalei'that forms as & résult’ of the' treatment:
seems to’ be any oxyhalide; and’ evidently its for-
mation is:favored by the presence of free oxygen
in’additien: to: the ¢ombined oxygen présent in
the tightly adhenng mmal scale of cuprous and
cupric oxides::

‘It isievident’ from: the data given above that
only quite small: quanumesx of halogens and- Ral-
ogen: acids are reguired to- ‘produce good elean="
ing. . Indeed, too-large & quantlty of any of these
substances: should be ‘avoided in order to prex
vent an excessivé loss of metal in the scale: It
the case of ‘black hot-rolled eopper rods for wire=
drawing ' (which are ‘generally” about I ‘inch ' in-
diameter: and have 'a-‘heavy coatmg of’ cuprous’
and cupric-oxides) the amount of ‘scale’ removed
should-'bé from-1% to 2% of the’ ‘weight of the
rods:- At:least about 1% by we1gh17 of the rods’
must- be-removed to be* sure of complete cléans.
ing and preferably the' amount‘is about 1.5% for
optimum, results. From 2" to. 20 grams. of. the:
halogen or- halogen gcid per hundred pounds; of‘
cupreous artlcles i5” generally enough to form
this‘amount of’ readily. removed: scale. when the.
articles are black hot-rolléd’ copper. rods. Larger
or smaller amounts of these: substances, and. a-.
large1 ‘or. smaller perééntage. of, metal lost-in-the:
scale; vnll however, be, preferable when- the ar--
ticle berng treated has.an. appreciably: different.
ratio. of: surfa.ce-to-volume than: ordinary. hot=:
rolléd copper rods for wire-drawing.

We claim:

1. In a process for removing scale from a cu-
preous article involving heating the article in g
halogen-bearing atmosphere and subsequently
cooling the article, whereby scale separates read~
ily therefrom, the improvement which comprises
introducing the article while substantially halo-
gen-free info an atmosphere that is substantially
free from fuel combustion products and from
metal halide vapors, introducing a halogen into
said atmosphere by supplying directly thereto
and in gaseous form a substance of the group
consisting of elemental halogens and halogen
acids, and heating the article in said atmosphere
to a temperature of about 1250° ¥,

2. In a process for removing seale from g cu~-
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preous article involving heating the article in.a
chlorine-bearing atmosphere and subsequently
cooling the article, whereby scale separates read-
ily therefrom, the improvement which comprises
introducing the article’ while substantially halo-
gen-free into an atmosphere that is substantially
free from fuel combustion products and from

metal-halide vapors, heating the article in said

atmosphere to a temperature of about 1250° F.,
and. infroducing chlorine gas directly into said
atmosphere at least during the initial stages of
said -heating. s

3. In a process for removing scale from a cu-
breous article involving heating the article in
a halogen-bearing atmosphere and subsequently
cooling the article, whereby scale separates read-
ily therefrom, the improvement which comprises
introducing a batch of known weight of said
articles into a furnace and rapidly heating the
batch therein in an atmosphere substantially
free of fuel combustion products and of metal
halide. vapors at least to a temperature in the
range. from 300° F. to 700° P., introducing into
said atmosphere during such heating a substance
of the group consisting of elemental halogens
and halogen acids, said substance being supplied
in_gaseous form directly to the atmosphere in
which the batch of articles is heated and being
measured - in.amount relative to the weight of
the ‘batch of articles to yield at least about 1%
of said weight of easily separated scale, and there-
after further heating the batch to about 1250° ¥.
and then cooling it. - ‘

" 4. In a process for removing scale from s cu-
preous article involving heating the article in a
cthrine-bearing atmosphere and subsequently
cooling the article, whereby scale separates read-
ily therefrom, the improvement which comprises
introducing a batch of known - weight of said
articles into a furnace and rapidly heating the
batch therein in an atmosphere substantially
free of fuel combustion products and of metal
halide vapors at least to a temperature in the
range from 300° F. to 700° F., introducing chlo-
rine gas directly into said atmosphere during
such heating, the amount of chlorine gas heing
measured in amount relative to the weight of the
batch to yield an amount of easily separated
scale equal to at least about 1% of said weight,
and thereafter further heating the batch of ar-
ticles to about 1250° F. and then cooling it.

5. In a process for removing scale from hot-
rolled copper rods involving heating the rods in
a chlorine-bearing atmosphere and subsequently
cooling them, whereby scale separates readily

therefrom, the improvement which comprises in-

troducing a weighted batch of rods into a furnace
and rapidly heating the batch therein in an at-
mosphere substantially free of fuel combustion

10

15

products and of metal halide vapors av least to
a temperature in the range from 300° F. to 700° F.,
flowing: a small stream of chlorine gas.into said
atmosphere during at least a part of the time of
such heating, the rate of flow of the chlorine gas
stream and the time of said flow being such as
to introduce into the furnace atmosphere an
amount of chlorine sufficient to convert from 1%
to 2% by weight of the batch of rods to the form
of easily removed scale, and thereafter further
heating the rods to about 1250° P, and then cool-
ing them. -

6. In a process for removing scale from a cu-
preous article involving heating the article in a
halogen-bearing atmosphere and. subsequently
cooling: the article, whereby the scale separates
readily therefrom, the improvement which com-

- prises introducing the article into an oven and
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heating it therein in an atmosphere substantially
free of fuel combustion products and of metal
halide vapors at a temperature in the range from
300° F. to 700° F., introducing into the oven
atmosphere during such heating a substance of
the group consisting of elemental halogens and
halogen acids, said substance being supplied in
gaseous form directly to the oven atmosphere,
transferring the article after such heating to a
furnace and heating it therein to a temperature
of about 1250° F., and then removing the article
from the furnace and cooling it.

7. In a process for removing scale from a cu-
preous article involving heating the article in a
chlorine-bearing atmosphere and subsequently
cooling the article, whereby the scale separates
readily therefrom, the improvement which com-
prises introducing the article into an oven and
heating it therein in an atmosphere substan-
tially free of fuel combustion products and of
metal halide vapors at a temperature in the range
from 300° F. to 700° F., introducing chlorine gas
directly into the oven atmosphere during such
heating, transferring the article after such heat-
ing to a furnace and heating it therein to 3 tem-
perature of about 1250° F., and then removing
the article from the furnace and cooling it.

'CLERMONT J. SNYDER.
WILLIS G. MACLELLAND.
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