ANNEALINGTﬁND‘DESGALING METHOD FOR STAI NLESS STEEL BACKGROUND OF THE

| NVENTION 1. Field of the Invention: The present invention relates to
.anneal i ng and descal ing of stainless.steel sheet or strip to obtain
synergistically the elimination of subsequent acid pickling, and, nore
particularly to ensure the formation of a thin uniform oxide scal Pateptr to
al'l ow conpl ete renoval in |ow current densityAbterneylst BocRetDNosr Rbt-i1586
of the Prior Art:. In the manufacture of fIat-roIIed stai nl ess-steel sheets
and strip productx—mr A JMSCATRI NG AULILON I ALNIGOep i LI
subsequent to the cold- rollln% ogera.ion One ver COjﬂDn anneal i ng
practice invol ves heating the D ace atnosphere to a

t enper at ure that alsg cagse tion of ox&ﬁe surfac scalet Such
heating, to a tenperatu e ? presént invention

relates to anneallng and descaling of stainless steel sheet or

strip to obtain sfnergistically the elimination of subsequent
acid pickling, and, more particularly to ensure the formation of

5 a thin uniform oxide scale layer to allow complete removal in low
currené density electrolyte.

2. Description of the Prior Art: In the manufacture
of flat-rolled stainless-steel sheets and strip products, it is
necessary to anneal or'soften the material, subsequent to the

10 cold-rolling operation. One very common annealing practice
involves heating the steel in an éxidizing furnace atmosphere to
a temperature that also causes the formation of oxide surface
scale. Such heating, to a temperature typically in the range of
1450 degrees Fahrenheit to 2150 degrees Fahrenheit (788 degrees

15 Celsius to 1177 degrees Celsius), depending upon the chemical
composition of the steel being processed, is commonly done in a
refractory~lined, gas-fired furnace containing an oxidizing
atmosphere, and such treatment typically results in the formation
on the stainless steel of an oxide scale having a thickness in

20 the range of 4000 Angstroms éo several microns. The scale must
ultimately be removed before the product is considered ready for
sale. To accomplish this, according to the prior art, any of

several different descaling processes may be used, alone or in
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1450 degrees Fahrenheit to 2150 degrees Fahrenheit (788 degrees Celsius to
1177 degrees Cel sius), dependi ng upon the chem cal- conposition of the steel
bei ng processed, is commonly done in a refractory-1lined, gas-fired furnace
contai ning an oxidi zi ng atnosphere, and such treatnent typically results in

the format icumindtton) cand cafond cehesd JabwXipgioceiles théryw #rd h{Tknshot
i n the range of 4000 Angstrons to several mcrons. The scal e nust

ul ti mat el y g¥asteimy efoDbdwing tibe #¢dl ysick Bimpnsiercohditaibnimy tiee escdbe
acconpl i sh this, according to the prior art, any of several different
descal i ng by camssssimy tize useoduct aiwe molten salt?-ox@ubjedtiinyg Hndtanamg

t hese known processes there are (1) shot
electrolytlc treatment, followed by acid pickling, and (3)

5 straight acid pickling. The acids commonly used in the pickling
operation include sulfuric, nitric, and nitricfhydrofluoric-
.combinations. The use of such acids is disadvantageous and
costly, not only because the acids themselves are relatively
expensive, but also because they are hazardous materials which

10 necessitate the use of special handling techniques before,
during, and after their use; moreover, because of environmental
regulations, the disposal of waste pickle liquor presents costly
problens.

The prior art also contains U.S. Patent No. 4,363,709

15 which Aiscloses the removal of oxide scale from the surface of a
metallic body of stainless steel, particularly of the 300 and 400
series, with the use of a high-current-density electrolytic
'descaling process in a bath consisting of an aqueous solution
containing about 15 to 25 weight percent of sodium sulfate,

20 maintained at a temperature of at least 150 degrees Fahrenheit
(65.6 degrees Celsius). According to the above-mentioned patent,
the stainless steel is subjected as the_anode to the action of a
direct electric current for at least 10 seconds at a current
density of at least 3 amperes per square inch (46.5 Amps/dm?).

25 It was suggested that high chromium ferritic alloys may have to
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blasting follow ng by acid pickling, (2) conditioning the scale by

I mrersing the product in nolten salt or subjecting it to an electrolytic
treatment, followed by acid pickling, and (3) straight acid pickling. The
aci ds connnnly used in the pickling operation include sulfuric, nitric, and
ni tric-hydbef thorioughlybiclsarieds prijee &seanheaiahgatodavpsddtbaa*amwagbbus
and costly, not only because the acids thenselves are relatively expensive,
but al so bscadgs.tnapLnd;ngas@u@@uymweﬂedea|s whi ch necessitate the use of
speci al handling techni ques before, during, and,after their use; moreover,
because of environme®-&. PaFEnt Nens 4 rt4l4§ Gﬂ§p§§r§f318§e§/a§t Erﬁ'FGEF’eflqrquor
presents costly praqblens., The prior art al so cqntains

4,363, 709 ®RAEFodLdng, sxide, $cade, FArmation, aedséﬁsawﬁﬁ] Fﬁélé’ﬂﬁﬁécé"trﬂe‘a

netalllc bQ % g&l%gmgya £§”%eve1%%%%'%%'%5'¥x951%93g3 8r%2%34g%mosphere

of controlled oxygen content and, thereafter, is conditioned
électrolytically at a low density electric current of 0.1 up to
1.0 ampere per square inch.
The prior art contains, moreover, a group of patents
10 which are concerned with the problem of providing heat to metal
strip or sheet material by means of electrical induction. This
prior art includes, for example, the following U.S. Patent Nos.
4,054,770; 4,585,916; 3,444,346; 2,902,572; and 4,678,883. These
patents may be considered as relating to such an electromagnetic
15 induction process called "Transverse Flux Induction Heating",
abbreviated "TFIH".
The prior art also contains U.S. Patent No. 4,824,536
" which discloses the processing of cold rolled stainless steel
strip or sheet by providin§ annealing and subsequent descaling of
20 the stainless steel by a combination of induction heating to an
annealing temperature ranging up to 2300 degrees Fahrenheit (1260
.degrees Celsius) causing the formation on the steel of scale
having a thickness of up to 2000 Angsgroms. The annealing
process is followed by electrolytic déscaling at high current
25 density in an agueous solution of 15 to 25 weight percent of

sodium sulfate, maintained at a temperature of at least 150
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series, with the use of a high-current-density electrolytic descaling
process in a bath consisting of an aqueous sol ution containing about 15 to
25 wei ght percent of sodiumsulfate, maintained at a tenperature of at
| east 150 degrees Fahrenheit (65.6 degrees Celsius). According to the

above- ment ae?eéeaamh&erMatst@m lRerevisc Celsiugybifoet adtimet BarFiedernto to
the action of a direct electric current for at | east 10 seconds at a

current desabbkyantiallycatitirelypdestaler theuateeluchThé6okifjer spprle t was
suggested that high chromumferritic alloys nmay have to REPLACEMENT SHEET
3 be thorothhtknessamas miigniflicamtlyallesg thaava2o00t Angktuomgeat the
completion of the annealing operation, and specifically, was on
5 the order of 700 to 1400 Angstroms and required a current.density
during the electrolytic descaling of at least 3 amperes per
square inch. The induction annealing treatment followed by
electrolytic treatment in this manner represented a notable.
advancement over the typical annealing operation in a gas fired
10 = atmosphere where oxidation of the stainless steel sheet or strip
is extensive unless special measures are taken to provide an
inert or reducing atmosphere during theiannealing operation.
It has béen found that induction heating produces an
oxide scale which is relatively compositionally consistent and
15 uniformly thick.- Furthermore, it has been found that such a
scale is removed quite effectively by electrolytic treatment.
For example, the /536 patent disclosed that thinner scale
thicknesses such as 700 anéstroms occurred at lower annealing
temperatures, such as 1850 degrees Fahrenheit (1010 degrees
20 Celsius) whereas a thicker scale thickness of 1400 angstroms
occurred at an annealing'temperature of 2057 degreeé Fahrenheit
(1125 degrees Ceisius). The widely varying scale thicknesses
impose process variables to the electppiytic treatment that

varies significantly as a function of the annealing temperature.
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scal es, including chrom um oxide. U S. Patent No. 4,415, 415 di scl oses a
process for controlling oxide scale formati on and descal i ng stainless
steel. The oxide scale is developed in an oxidizing furnace atnosphere of
control | ed oxygen content and, thereafter, is conditioned electrolytically

at a | ow d@ﬂﬁiéameigeqiémp‘efaﬁuﬁa off thel otiaeo of QA 9BTRD Aegi@iems € | nch.
The prior art contalns, noreover, a group of patents which are concerned

with the pmbi:@ntﬁlwrm&mmaiegmwtcdleﬁnrs)pm used fmt exdimsteribional
means of electrical induction. This prior art includes, for exanple, the
fol | ow ng gas-fAateshtarveal ihd) protegses 585, 916; 3, 444, 346; 2,902,572; and
4,678,883. These patents nay be consi dered as relatlng to such an

el ectromagneti ¢ i ndudkt oks m@c@@d‘,eﬁh&iﬁ hlmsmlllﬂ'ﬂx temperatyres will

Heati ng", abbreviated "TFI H'
5 be needed for TFIH to achleve stainless steel metallurgical time-

at-temperature requirements. Such temperatures may range from
1700 degrees Fahrenhéit for ferritic and 1900 degrees Fahrenheit
for austenitic up to 2300 degrees Fahrenheit, and more likely may
range 2000 to 2300 degrees Fahrenheit.

10 The need therefore exists for a process that will allow
scale removal by electrolytic treatment of an induction annealed
stainless steel that produces only a thin uniform scale formation
but also affects a savings through a materially lower current
flux density than the heretofore required flux density of at

15 least 3 amps per square inch. The process bf the present
invention further seeks to eliminate the need for follow~up acid
pickling.

According;y, it is an object of the present invention
to provide a process for treating stainless steel sheet or strip

20 by initially cleaning the steel surface prior to annealing by
transverse flux induction heating.

s Y O PRESENT INVENTION
According to the present inyention, there is provided a
method of processing cold-rolled stainless steel in the form of a
25 strip or a sheet. The method 1ncludes cleaning the surface of

the stainless steel with a solutzon selected from the group
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The prior art also contains U S. Patent No. 4,824,536 which discloses the
processing of cold rolled stainless steel strlp or sheet by providing
anneal i ng and subsequent descaling of the stainless steel by a conbination
of induction heating to an annealing tenperature ranging up to 2300 degrees

Fahr enhei t c6AS68tEAGT 8¢S wheed dan agu&baa Ebeut96fiBt bfnalRal ifiesbechciti-
scal e having a thickness of up to 2000 Angstrons. The annealing process is

fol  owed byagéactbmpphhasdencamonptat shifglicientetd Nebpi tgduceaoxidecscale
solution of 15 to 25 wei ght percent of sodiumsulfate, maintained at a

t enper at ur fophatiohecaat tBOrende#-adngreeanEﬂbrnnheale(ﬁﬁldkgesssdﬁtﬁngus)
for a time sufficient to

subsequent annealing. Annealing is provided by subjecting the

5 stainless steel to transverse-flux electrical-induction heating,
substantially uniformly across its width, to an annealing
temperature range.of ﬁp to 2300 degrees Fahrenheit, preferably
1700 to 2300 degrees, thereby producing on the steel an oxide-
scale having a relatively uniform thickness of about 1200

10 Angstroms or less, preferably less than 900 Angstroms, and
electrolytically descaling the stainless steel by subjecting it
to the action of a bath of an electrolyte of an aqueous solution
of at least one neutral salt from the group consisting of the
chloride, suifate, and nitrate of an alkali metal or ammonium

15 maintained at a temperature in excess of 150 degrees Fahrenheit
and with the use of current density as low as 0.1 amperes per
square inch for a time sufficient to descale the steel
substantially entiteiy.

BRI DESCRIPTION OF THE DRAWINGS

20 These features and advantages of the present invention
as well as others will be more fully understood when the
following description is read in light of the aEcompanying
drawings in which: |

Figure 1 is a flow diagram of the process according to

25 the present 1nvent10n,
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substantially entirely descale the steel. The oxide scal e thickness was
significantly |less than 2000 Angstrons at the conpletion of the annealing
operation, and specifically, was on the order of 700 to 1400 Angstrons and
required a current density during the electrolytic descaling of at |east 3

anperes per square i BglnrBae 5 RRHCH aRedgRaphsNEnbirtAbMBNEnkAthAVAG DN

electrolytic treatnent in this nmanner represented a noOtabl e advancenent

over the typbeiheandgaithed oxidedkicanes fargdwof ticdepbiibsphainlele’ ateel
oxi dation of the stainless steel sheet or strip is extensive unless special

measur es as&mpaksn wadprovide an inert or reducing atnosphere during the
anneal i ng operation. It has been found that induction heating produces an
oxi de scal e whi ch i sFiguxeisvé-y amepediementall gepthspro€illesndfuthieor niy
thick. Furthernore, it has been found that such a scale is renoved quite
ef f eci vel §ebgadedcsnrifpces ofedifferent stainless steels provided by the
present invention. |
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
With reference to Figure 1, the process according to
the present invention is carried out with a stainless steel
10 product which has been processed in a well known manner to
provide a cold rolled stainless steel workpiece having the form
of a strip or a sheet. Such stainless steel may be ferritic,
such as AISI type 430, or austenitic, for example AISI type 304.
The sheet or strip received for processing, according to the
15 present invention, has been cold rolled, as indicated in the box
identified by reference numeral 1, and will have a thickness
chosen to suit the end use of the stainless steel. For the
purpose of demonstrating a utility éf the present inventicn, AIST
type 304 stainléss steel coiled strip samples with a thickness of
20 0.003.and 0.007 inch (0.076 to 0.178 mm) were chosen.
According to the present invention, syne:éistic results
.will be obtained through subsequent processinglas described -
hereinafter by cleaning the stainless steel surface before the
next step of annéaling. The cleaning process not only helps

25 reduce the oxide scale formation during subsequent annealing, but

also renders the scale thickness more uniform during such

»
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For eXaane, the '536 patent: disclosed that thinner scale thicknesses such
as 700 angstrons occurred at | ower annealing tenperatures, such as 1850
degrees Fahrenheit (1010 degrees Cel sius) whereas a thicker scal e thickness
of 1400 angstronms occurred at an annealing tenperature of 2057 degrees
Fahr enhei t ahhiédd idgowheehCdlsitasbe e fortiedy byaindagtionl heakingnesses
| npose process variables to the electrolytic treatnent that varies
si gni fi canteghniquebuncThen stkept b€ aileaalinggthenptainless BEPEACENENT SHEET
-5- Annealing tenperatures on the order of 1950-2100 degrees Fahrenheit
(1066- 1149indjcatedChblys referenceuputheral 2obyetheoapplication of a cleaning
solution selected from the group of water and aqueous solutions
5 of alkaline-based and acid~based compounds. The cleaning process
to treat the stainless steel surfaces will be chosen to be best
suited for cleaning steel in strip form by feeding the strip from
an uncoiler to a cleaning station where the cleaning solution is
" provided in amounts sufficient to free the steel surface of
10 contaminants that otherwise promote oxide scale formation when
heating the steel substrate to annealing temperatures. The
steel, when in a sheet form, is supplied to a cleaning station by
a roller table or conveyor to allow the application of sufficient
amounts of the wash material to free the steel surface from
15 contaminants, as in case of the stainless steel in strip form.
After the cleaning operation, the stainless steel is
passed through wipers or subjected to other measures to free the
steel surface of residual cleaning solution and remove
contaminant material. The stainless steel is then induction
20 annealed, as indicated by the box identified by reference numeral
3. The stainless steel specimens included 0.003-inch gauge
.strips which were hot water-cleaned and 0.007~inch strips which
were cleaned with aqueous alkaline; thereafter, both types of
specimens were annealed by transverse flux induction heatind to

25 2150 degrees Fahrenheit (1177 degrees Celsius), well below a 10

seconds time-to-temperature rate, at approximately 3 seconds

»
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gas-fired annealing processes. It is believed that higher annealing
tenperatures will be needed for TFIH to achi eve stainless steel

nmetal lurgical time- at-tenperature requirenents. Such tenperatures may
range from 1700 degrees Fahrenheit for ferritic and 1900 degrees Fahrenheit

for aust enittoi l‘@oleeééggagﬁgéefﬁﬁ‘ﬁ?hr @HQeé%riﬁr@uPPéée' oK ChytHB¥o1280fere

2000 to 230 egrees renheit. e need therefore exists for a process

that will apsersédl €of BEDVALybUnEEESh hYhbedrSRcEEatteF &Ankalifglon
anneal ed stainless steel that produces only a thin uniformscale formation

but also affects a saytngs whtRightRenBtepeabf ythéVeresemt ebhvéhtiiofetsi ty
than the heretofore required flux density of at |east 3 anps per square

i nch. The prsebde othabetheestatli hschéatedf totaecsubbabbetannealkingte the
need for followup acid pickling.

5 temperature, such as at least 1450 degrees Fahrenheit up to 2300
degrees Fahrenheit (788 to 1260 degrees Celsius) depending upon
the chemical.composiﬁion of the stainless steel being treated.
Austenitic stainless steels may be heated from as low as about
1900 degrees Fahrenheit, and feiritid stainless steels from as

10 low as 1700 degrees Fahrenheit withinlthe scope of present
invention.

It is aléo within the scope of the present invention to
anneal by means of a process of transverse-flux induction heating
of a kind indicated as being known to those skilled in the art

15 from U.S. Patent Nos. 4,054,770; 4,585,916; 3,444,346; 2,902,572;
4,678,883; and 4,824,536. For the purpose of the present
invention, as disclosed, it is within the skill of the art to
select an appropriate combination of impressed frequency and
power, together with suitable use of shielding and shaping of

20 polepieces in order to achieve, at a satisfactory rate of
throughput, a satisfactory heating of the stainless steel sheet

.or strip involved, with the avoidance of the géneration of uneven
temperatures such as might cause cobbling or buckling.

Stainless steel sheet that has been cleaned and so

25 heated may thereafter be either water-quenched or air-cooled.

After transverse flux induction annealing treatment, the

»
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Accordingly, it is an object of the present invention to provide a process

for treating stainless steel sheet or strip by initially cleaning the steel
surface prior to annealing by transverse flux induction heating. SUMARY OF
THE PRESENT | NVENTI ON According to the present invention, there is provided

a nethod oktRifless REeell $ricductdhakabhl exidet sehlenwibh AotRiekness Mo
or a sheet. The nethod includes cleaning the surface of the stainless steel

with a sol nbiren theneappiokimatiely 3200pAngstEomsonprefengbdf, wabemoxed than
aqueous sol utions of al kaline or acid- based conpounds in anmounts
suf fi ci ent 900,hddealdgun® moree thaal 800 Angstroms. The oxide thicknesses
are smaller than the oxide thicknesses resulting from known
5 transverse flux induction annealing operations with uncleaned
steel surfaces; these generally range from 700 Angstroms (when
annealing from 1850 degrees Fahrenheit) up to 1400 Angstroms
(when annealing at 2057 degrees Fahrenheit).
| Figures 2 and 3 show the thicknesses and compositions
10 6f the oxide scales on the test specimens. More particularly,
the graphs of Figures 2 and 3 show the elemental depth profiles
determined by the Scanning Auger Microprobe (SAM) for Transverse
Flux Induction Heating (TFIH) annealing at 2150 degrees
Fahrenheit of samples of 0.003-inch and 0.007-inch thick type 304
15 stainless steel, respectively. As will be observed, the two
elemental depth profiles shown in Figures 2 and 3 are almost
identical and demonstrate that cleaning,.either by hot water or
by alkaline, effected a reduction in the thicknesses of the oxide
films developed during subsgquent annealing but the cleaning
20 method did not significantly affect the elemental depth profiles
of the oxides. The outer two-thirds of the oxides tend to be
wvery rich in chromium, whereas the inner one—tﬁird, adjacent to
the oxide-metal interface, tends to be rich in iron. At the
outer one-third of the oxides, manganese enrichment is observed

25 while the nickel content is essentially nil.

10
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formation and to render a nore uniform scal e thickness during subsequent
anneal ing. Annealing is provided by subjecting the stainless steel to
transverse-flux electrical-induction heating, substantially uniformy,
across its wdth, to an annealing tenperature range of up to 2300 degrees

Fahrenhei t, pref erab'ﬂf‘é@@%ﬁ't’ﬂ@ﬂﬁeﬁfﬂﬂ@ﬁ%é heteinl e Btceel Do imGepseal
an oxi de- scale having a relatively uniformthickness of about 1200

Angstrons oinl®£atiref canbagquecas &hectSelytegsdutnkon ol &t cbeast yoneal | y
descaling the stainless steel by subjecting it to the action of a bath of
an el ect r olpydwebrdl asabtjufoom thé ugtroup otonsistEhy afechloride, sshlifdtem anhd
group consisting of the chloride, sulfate, and nitrate of an alkali netal

or anmoni ummmalmédaatahkabmmhr@rlm of PresterRikvesti®@hr enhei t
and with the use of current density as |ow as, 0. anperes per square inch
for a%inme elgctrolyketbsdeedipn sntfatedranging from 7-25 percent, by

weight, more preferably 15-20 wt. percent. In accordance with
Ithe present invention, the step of an electrolytic treatment in a
bath of 15 to 25 weight percent of aqueous sodium sulfate
maintained at a temperature above 150 degrees Fahrenheit (66
10 degrees Celsius) is indicated by reference 4 in Figure 1. After
the annealing operations were performed on the test coils, the
scales which were developed on the strip surfaces were visually
observed to be very uniform. The present invention enables the
electrolytic treatment to be carried out at much lower current
15 densities than heretofore known in the art,-disclosed as being at
least three amperes per square inch, in U.S. Patent No.
4,824,836, for example.
It was discovered, surprisingly, that the synergistic
étep of cleaning the strip enabled a reduction of the current
20 density within the range of 0.1 to 1.0 amps per square inch,
preferably 0.2 to O.S'amps per square inch. It was found that
-.0.2 amps per squaré inch required ten second treatment for
complete descaling §f the TFIH annealgd materials. Descaling
experiments were conducted for the TFIH annealed samples of both
25 0.003.and,0.007 inch thicknesses, using 20 percent by weight
" sodium sulfate in aqueous solution maintained at 1é0 degrees

»
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substantially entirely. BRI EF DESCRI PTI ON OF THE DRAW NGS These features
and advant ages of the present invention as well as others will be nore
fully understood when the followi ng description is read in |light of the
acconpanyi ng draw ngs i n whi ch: Figure lis a flom1diagran10f t he process

accordi ng resen S n RN dcE show ng

el enent al %’gh%%?%‘%# e?é(#/%ﬁgé; aslégr or sf%\‘/l\g gl fferent stalnless

steel samplegatdetts with current densities of one amp per square inch and
0.5 amp per square inch; these are, typically, the upper and

lower limits of a conventional electrolytic sodium sulfate

1

5 operating unit.
| In addition to the lower density current available with
the method of the present invention, the pH of the bath may range
from 2.0 to 7.0, although a preferred range is 2.0 to 4.0. It is
believed that the broad range is possible because of the thinner

10 and more uniform oxide scales formed in the method of the present
invention. Prior practices generally require ah acidified
electrolyte having'lower pH values, such as 2.0 to 3.5.

The electrolyte temperatures are in the range of 150 to
185 degrees Fahrenheit (66 to 85 degrees Celsius), preferably 160

15 to 180 degrees Fahrenheit (71 to 82 degrees Celsius).

In Figures 4-7 there is shown Scanning Auger Microprobe
(SAM) elemental depth.profiles obtained on the electrolytic
sodium sulfate-descaled samples, at 0.2 and 0.5 amps per inch
squared for 0.003 inch gage and for 0.007 inch gage materials.

20 The oxide film thicknesses range from 70 to 130 Angstroms for
these samples, which is about the same as the thickness commonly
measured on either pickled or bright annealed stainless steel
strip surfaces.

Following the descaling operations, the test specimens

25 were then subjected to a post-treatment step of a water wash and

wet wipe, identified in Figure 1 by reference numeral 5. It is

12 '//“_
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Figures 4-7 are elenental depth profiles of the descal ed surfaces of
different stainless steels provided by the present invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Wth reference to Figure 1, the
process according to the present invention is carried out with a stainless

steel produGlgni¥ idh St RPE e id Prsesskiny dite e rBIE éﬁamwsgle a

cold rolled stainless steel worKkpiece having the formof a strip or

sheet. Suclyteell HRssindee! indduded fRiddddsFuls Edsca illSlwithiutt Xhe Qlieed
austenitic, for exanple Al SI type 304. The sheet or strip received for

processi ngardt dw dile) dampleterescshisicy of iavid pickldayg aEdiumwldrdl, tinss
I ndicated in the box identified by reference nuneral 1, and will have a
t hi ckness dheselimimation af dthe stteridante prtoblemss disawsed-drendinbefore
purpose of demonstrating a utility of the present invention, AlSI
5 when using such pickling technlques.

As was the objective, the present invention provides an
annealing process which results in a thinner and more uniform
oxide scale. The process has the benefit of requiring a less
severe electrolytic process which uses lower current densities

10 and less critical pH requirements. Such thinner and more uniform
oxides are obtainable even when annealing at the higher
temperatures required by TFIH as opposed to lower conventional
annealing temperatures.

While the present invention has been described in

15 connection with the preferred embodiments of the various figures,
it is to be understood thét other similar embodiments may be used
or modifications and additions may be made to the described

embodiment without departing from the scope of the present

invention.
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type 304 stainless steel coiled strip sanples with a Tﬁlckness of 0.0
0.007 inch (0.076 to 0.178 mm were chosen. According Aﬂuﬂ“iuﬁl l“ \

i nvention, synergistic results will be obtained throug
processing as described hereinafter by cleaning the staihl dss" st el surface

before the next step of annealing. The clkgarmgg process not only hel ps
reduce the oxide scale formation during subsequent annealing, but also

renders the scal e t hixknesghéutiethivd fOf prbiddifimg oAt Tdss 8
anneal ing which is to be performed by induction heating techniques. The
step of cl steely irhetlsd aforlmsef sd estrip or a sheet, said method comprising:
cleaning the surface of said stainless steel with a
solution selected from the group consisting of water and an
5 aqueous solution of alkaline and acid-based compounds in amounts
sufficient to reduce oxide scale forﬁation and to provide a more
-uniform scale thickness during subsequent annealing, thereafter;
subjecting said stainless steel to transverse-flux
electrical~induction heating substantially uniformly across its
10 width to an annealing temperature in the range of up to 2300
degrees Fahrenheit, thereby producing on said steel an oxide-
scale having a relatively uniform thickness of about 1200
Angstroms or less; and
electrolytically descaling said stainless steel by
15 subjecting it to the action of a bath of an electrolyte of an
aqueous solution of at least one neutral salt from the group
consisting essentially of chloride, sulfate, and nitrate of an
alkali metal or ammonium maintained at a temperature in excess of
150 degrees Fahrenheit and with the use of current density of
20 about 0.1 to 1.0 amperes per square inch for a time sufficient to

descale the steel substantially entirely.
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i ndi cated by reference nuneral 2 by the application of a cleaning solution—

sel ected fromthe group of water and aqueous sol utions of "
al kal i ne- based' and aci d- based conpounds. The cl eaning pro “nmmwmmm
stainless steel surfaces will be chosen to be best SU|téd *
steel in strip formby feeding the strip froman uncoi ler fo & cTeanlng
station where the cleaning solution is provided in anobunts sufficient to
free the steel surface of contaninants t hat ot herw se pronote oxide scale

(oot on wnen heat 19 noend el 00 ST SRSALIDSS: HUE,
B l%ﬁ%faﬁ:&@aﬁxgewsf;e:ﬁm?ﬁc@mﬁe S R G e
L1500 B Ao A i i SR AR i,
ree the

and descaled stainless steel product.

3. The method of claim 2 wherein said annealed ahd

descaled stainless steel

cold rolling without the

product is wholly processed following

use of an acid-pickling treatment.

4. The method of

aqueous solution of 7 to 25

5. The method of

temperature may range up to

6. The method of

to a temperature of 1700 to

7. The method of

to a temperature of 1900 to

8. The method of
ranges from 0.2 to 0.5 amps
9. The method of

ranges from 2.0 to 7.0.

claim 1 wherein the electrolyte is an
weight percent sodium sulfate.

claim 1 wherein the electrolyte

185 degrees Fahrenheit.

claim 1 wherein annealing the steel
2300 degrees Fahrenheit.

claim 1 wherein annealing the steel
2300 degrees Fahrenheit.

claim 1 wherein the current density
per square inch.

claim 1 wherein the electrolyte pH
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steel surface of residual cleaning solution and renove coﬁ%aﬁ+ﬂanp_____

material. The stainless steel is then induction annea
the box identified by reference nunmeral 3. The stainl ﬂ E@ﬂﬂgwmﬁ
i ncl uded 0.003-inch gauge strips which were hot water- el ean

0.007-inch strips which were cleaned with aqueous al kaline; thereafter,

both types of specinens were anneal ed by transverse flux induction heating

to 2150 degrees Fahraphei A mblthod Sbre PrdoRisying cor@-roldedVstalihler@nds
time-to-tenperature rate, at approximately 3 seconds -9-

ti me-to-t espeedt inethet Eorihofsta istrdy foaca cheett,hsadd method compriedig:
be very uniformin appearance after annealing.
cleaning the surface of said stainless steel with a
solution selected from the group consisting of water and an
5 agqueous solution of alkaline and acid-based compounds in amounts
sufficient to reduée oxide scale formation with an attendant
uniform scale thickness during subsequent annealing, thereafter;
subjecting said stainless steel to transverse-flux
electrical-induction heating substantially uniformly across its
10 width to an annealing temperature of 1700 to 2300 degrees
Fahrenheit for approximately up to 10 seconds time-to-temperature
rate;
electrolytically descaling said stainless steel by
subjecting it to the action of a bath consisting essentially of
15 an aqueous solution of 15 to 20 weight percent sodium sulfate
maintained at a temperature of 160 to 180 degrees Fahrenheit and
with the use of current density of 0.2 to 0.5 amperes per square
inch for a time sufficient to descale the steel substantially
entirely; and
20 applying a water rinse combined with wet ﬁiping to the

electrolytically descaled stainless steel.

16
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It is within the scope of the present invention to provide that the steel
I's heated to a suitable annealing tenperature, such as at |east 1450
degrees Fahrenheit up to 2300 degrees Fahrenheit (788 to 1260 degrees
Cel si us) dependi ng upon the chem cal conposition of the stainless steel
being treated. Austenitic stainless steels may be heated fromas | ow as
about 1900 degrees Fahrenheit, and ferritic stainless steels fromas | ow as
1700 degrees Fahrenheit within the scope of present invention. It is also
within the scope of the present invention to anneal neans of aPPE€BEss
of transverse-flux induction heating of a klnﬂttﬂ€F€$¥%d995k35|NB kRE&wASBE
those skilled in the art fromU. S. Patent Nos. 4,054,770; 4,585, 916;

3,444, 346; 2,902,572; 4,678,883; and 4,824,536. For the purpose of the

present invention, as discl Qsi‘hsiégéfd’i“ﬁﬂé‘ thé%!i@! JHE of the art to

A method for processing stainless steel strip or sheet

brovides for cleaning the surface of the stainless steel with a
solution selected from the group consisting of water and
aikaline-based and acid~based compounds to reduce oxide scale

5 formation and to provide more uniform oxide scale during
subsequent annealing by transverse-flux induction heating up to
an annealing temperature of about 2300 degrees Fahrenheit and
then electrolytically descaling by immersing in an aqueous
solution electrolyte of one neutral salt, preferably, sodium

10 sulfate maintained at a temperature in excess of 150 degrees
Fahrenheit and with the use of low current density of 0.1 to 1.0
amperes per squaré inch to descale the steel substantially
‘entirely, and thereafter applying a water rinse combined with wet

wiping to the electrolytically-descaled stainless steel.

17
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sel ect an appropriate conbination of inpressed frequency and power,

together with suitable use of shielding and shapi ng of pol epi eces in order
to achieve, at a satisfactory rate of throughput, a satisfactory heating of
the stainless steel sheet or strip |nvolved mnth t he avoi dance of the
generation of uneven tenperaturds SQOLD %' use  cobbl i ng or buckling.
Stai nl ess steel sheet that has teesrﬂ, €y may thereafter be
ei t her water-quenched or air- coglNdSTRiPSr ORaSHEErTﬁ fl i nducti on

anneal ing treatnent, the - 10 - starnreys steel produdt has an oxide
scale with a thickness no nore than approxijmately 1200 Angstrons,
preferably, no nore than

!

CLEANING STAINLESS
STEEL SURFACES ’?

Y
INDUCTION ANNEAL

NS

ELECTROLYTIC TREATMENT
15-25 WT, % ', .,
_AQUEBOUS Nap 504 ~)
<IBOF" 0.2-0.5 AMP. SQ.IN| 5

WATER RINSE

5 |
wet e | :F/'%/L




900, |deaIIy no nore than 800 Angstrons. The oxide thicknesses are snaller
t han the oxide thicknesses resulting fromknown transverse flux induction
anneal i ng operations with uncl eaned steel surfaces; these generally range
from 700 Angstronms (when annealing from 1850 degrees Fahrenheit) up to 1400
Angstrons (when anneal ing at 2057 degrees Fahrenheit). Figures 2 and 3 show
t he thicknesses and conpositions of uve(vk)de scal es on the test specinens.
More particularly, the graphs of Figures 2 and 3 show the el enmental depth
profiles determ ned by the Scanning Auger M croprobe (SAM for Transverse
Fl ux I'nduction Heating (TFIH annealing at 2150 degregs Fahrenheit of
sanpl es of 0.003-inch and 0.007-inch thigk type 304 sgai nl ess stee
respectlvely As will be oB$erved, t he tamo el enent al -epth profil eg shown
in Figures 2 dnd 3 are al nost iden ol —hae-seerfe z at C eanﬂng,
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by al kaline, effected a reduction in the thicknesses of the oxide filns
devel oped during subsequent annealing but the cleaning nethod did not
The outer

significantly affect the el emental depthq&ﬁgh}bes of the oxides.
two-thirds of the oxides tend to be. very Ti'dH°’/n chromi um whereas the

I nner one-third, adjacent to the oxide-nmetal interface, tends to be rich in
iron. At the outer one-third of the oxides, manganese enrichnent is

observed while the nickel content is essentially nil. REPLACEMENT SHEET
After TFIH annealing, the stai nhess steel isg’ mrersed in bath of an @

- : o
aqueous el ectrol y¥e solution of~at |east onejneutral salt Jfromthe group
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nitrate of an alkali nmetal or amonium Preferably, the electrolyte is
sodiumsul fate ranging from7-25 percent, by weight, nore preferably 15-20
wt. percent. In accordance with the present invention, the step of an

el ectrolytic treatnment in a bath of 15 to 25 wei ght percent of aqueous
sodium sul fate maintained at a tenperature 3? ve 150 degrees Fahrenheit (66
degrees Celsius) is indicated by refere Nt ( 3n Figure 1. After the
anneal i ng operations were perforned on the test coils, the scal es which
wer e devel oped on the strip surfaces were visually observed to be very
uniform The present invention enables the electrolytic treatnment to be
carried out at nmuch |ower curngnt.densitiesathan heretof @e known in tHe
art, disclosed abei ng at Ied@t three anpe?%s Joer. squarg ingh ,in,US
Patent No. 4, 8& eerrptet—t-wad alscovered surpr|3|ngly, t hpt
the synergistic wn —
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step of cleaning the strip enabled a reduction of the current density
within the range of 0.1 to 1.0 anps per square inch, preferably 0.2 to 0.5
anps per square inch. It was found that 0.2 anps per square inch required
ten second treatnment for conplete descalw]qrn the TFIH anneal ed material s.
Descal i ng experinments were conducted for the TFIH anneal ed sanpl es of both
0. 003 and 0.007 inch thicknesses, using 20 percent by weight sodiumsulfate
i n aqueous solution nmaintained at 160 degrees REPLACEVMENT SHEET - 12 -
Fahrenheit. Descaling was al so successful in ten-second tjeatnents wtd
current densities of one anp PR square i ncf and o o
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. A

0.5 anp per square inch; these are, typically, the upper and lower limts
of a conventional electrolytic sodiumsulfate operating unit. In addition
to the lower density current available with the nethod of the present
invention, the pH of the bath may range f p% f)to 7.0, although a
preferred range is 2.0 to 4.0. It is believe hat the broad range is
possi bl e because of the thinner and nore unlforn1OX|de scales forned in the
nmet hod of the present invention. Prior practices generally require an

acidified electrolyte having |ower pH values, such as 2.0 to 3.5. The
he range of@ﬂSO to 185 dégrees Fahrenmgt

el ectrol yte tenperatures are
(66 to 85 degreg§ bly, 16 degrges_jpahpenheit, (7} to
82 degrees Cel sirug).
M cr opr obe ( SAM e electrolytic
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.t

sodi um sul f at e-descal ed sanples, at .0.2 and 0.5 anps per inch squared for
0. 003 inch gage and for 0.007 inch gage materials. The oxide film

t hi cknesses range from 70 to 130 Angstrons for these sanples, which is
about the sane as the thickness conmmonly neasured on either pickled or
bright anneal ed stainless steel strip surfwe(s%):ol | owi ng the descaling
operations, the test specinmens were then subjected to a post-treatnent step
of- a water wash and wet w pe, identified in Figure 1 by reference nuneral

5. It is - 13 - significant that the processing of the cold-rolled
stal nl ess steel specinens included successful 8clescal ing wtgout the needg
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and - to t he conpl ete exclusion of acid pickling nmediumand thus the
elimnation of the attendant problens di scussed herei nbefore when using
such pickling techniques. As was the objective, the present invention
provi des an annealing process which results in a thinner and nore uniform
oxi de scale. The process has the benefit of requiring a | ess severe

el ectrolytic process which uses |ower current densities and | ess critical
pH requi rements. Such thinner and nore uniform oxi des are obtai nabl e even
when anneal ing at the higher tenperatures required by TFIH as opposed to

| ower conventional anneal | t he present invention has
been descri bed i n connect hﬂ r lgrred enbodiyments of the various

figures, it is to be unde E“Iﬁl| epbodi ments nay be used
or nodifications and addi % Fsr!a Hﬁﬁg e descri bed

CLEANING STAINLESS |_—
STEEL SURFACES 2
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ELECTROLYTIC TREATMENT 4
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. AQUEOUS Na5S04 '
<150 F 0.2-0.5 AMP. SQ.

WATER RINSE S
TUAND L N/
WET WIPE |
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entodi mrent w t hout departing fromthe scope of the present invention. -
»14 - CLAIMS 1.

The met hod of processing cold rolled stainless steel

I n
the formof a strip or a sheet, said nethod conprising: cleaning the
surface of said stainless steel with a solution selected fromthe group
consi sting of water and an aqueous solution of alkaline and aci d-based
conpounds in anounts sufficient to reduce oxide scale formation and to
provi de a nore uni form scal e thickness during subsequent anneal i ng,
thereafter; subjecting said stainless steel to transverse-fl ux
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el ectrical -induction heating substantially uniformy across its width to an
anneal i ng tenperature in the range of up to 2300 degrees Fahrenheit,

t her eby producing on said steel an oxide- scale having a relatively uniform
t hi ckness of about 1200 Angstrons or |ess; and electrolytically descaling
said stainless steel by subjecting it to the action of a bath of an

el ectrolyte of an aqueous solution of at |east one neutral salt fromthe
group consisting essentially of chloride, sulfate, and nitrate of an alkali
metal or ammoni um mai ntained at a tenperature in excess of 150 degrees
Fahrenheit and with the use of current density of about 0.1 to 1.0 anperes
per square inch for a time sufficient to descale the steel substantially
entirely.
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-15 - 2. The method of claim1 including the further step of treating the
electrolytically descaled stainless steel strip in a water rinse conbi ned
with wet wiping to yield an anneal ed and descal ed stainl ess steel product.
3. The met hod of claim2 wherein said anneal ed and descal ed stainl ess
steel product is wholly processed following cold rolling wthout the use of
an acid-pickling treatment. 4. The nmethod of claim1 wherein the

el ectrolyte is an aqueous solution of 7 to 25 wei ght percent sodium
sulfate. 5. The nethod of claim1l wherein the electrolyte tenperature may
range up to 185 degrees Fahrenheit. 6..The nethod of claim 1 wherein
annealing the steel to a tenperature of 1700 to 2300 degrees Fahrenheit.
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7. The nethod of claim1 wherein annealing the steel to a tenperature of
1900 to 2300 degrees Fahrenheit. 8. The nethod of claim1l wherein the
current density ranges fromO0.2 to 0.5 anps per square inch. 9. The nethod
of claim1l wherein the electrolyte pHranges from2.0 to 7.0. - 16 -
10. A method for processing cold-rolled stainless steel in the formof a
strip or a sheet, said nethod conprising: cleaning the surface of said
stainless steel with a solution selected fromthe group consisting of water
and an aqueous sol ution of al kaline and aci d-based conmpounds in anounts
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sufficient to reduce oxide scale formation with an attendant uniform scale
t hi ckness duri ng subsequent annealing, thereafter; subjecting said
stainless steel to transverse-flux electrical-induction heating
substantially uniformy across its wdth to an annealing tenperature of
1700 to 2300 degrees Fahrenheit for approximately up to 10 seconds .
tinme-to-tenperature rate; electrolytically descaling said stainless stee
by subjecting it to the action of a bath consisting essentially of an
aqueous solution of 15 to 20 wei ght percent sodium sulfate maintained at a
tenperature of 160 to 180 degrees Fahrenheit and with the use of current
density of 0.2 to 0.5 anperes per square inch for a‘time sufficient to
descal e the steel substantially entirely; and applying a water rinse
conbined with wet wiping to the
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gl ectrolytically descal ed stainless steel. REPLACEMENT SHEET
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