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BACKGROUND OF THE INVENTION

[0002] Because it is relatively inexpensive, carbon steel is the workhorse of
the petrochemical industry. Chromium alloying is known to improve the
corrosion resistance of carbon steel, but chromium is an expensive element.

Thus, approaches whereby corrosion resistance can be achieved without

expensive alloying are desirable.

[0003] Pearlite is a microstructural constituent of steels which is made up of
alternating layers of ferrite (body centered cubic iron) and cementite (Fe3C). The
pearlite microstructure is particularly resistant to certain forms of acid corrosion
such as, for example, corrosion by organic acids. Thus, pearlite could be a ready
substitute for expensive chromium alloying, however, the strength characteristics
of pearlite limit its use as a bulk structural material for many applications since

pearlite is produced from carbon steels containing at least 0.77% carbon.

[0004]  Thus, what is needed in the art is a process for producing pearlite from

an iron containing article which process preserves the mechanical properties of

the article.



-2 BRI EF DESCRI PTI ON OF THE FI GURES [0005] FIG 1 depicts scanning el ectron
m crographs showing (a) surface pearlitic structure on pure iron after
reacti ve weas/ssieat nent at 775C for 1 hour in 50% CO 50%PEZ/say3118NNeNt
and (b) enlarged area on surface revealing the ferrite (Fe) and cenentite
(Fe3C) formng as roughly parallel lanmellae, or platelets, to produce a
conposite | anmellar two-phase structupse. In this scanning electron

m crograph the cenentite |anellae appear light and the ferrite appears
recessed, because it has etched nore deeply than the cenmentite. These

fi guresm&ﬂ% he pearlite surface, which is

pr oduce % WJRES ion. [0006] FIG 2 depicts the

t hi ckness variation of surface pearlite forned by the nethod of this

i nventi a ti f [ onTRicRb orédpREshdw FonFade H2 as wel |
as 97. 5% CO’2. 5]%}&2!;1 %%\}F@gﬁanléﬁtﬁge?%gom] FI% 53 depi E%Z()at he thi ckness

vari ati %@m?f SHCRES ReRk iifon AfesrTesothi lidaetreamndmdt 751G ifer 1 howntion as a
function o 2 content in COat 775C for 1 hour. [00081 FI 4 depicts the
t hi cknesis 5086 Cat:5@¥% 1§ esvirémnentyask (b) ealatgadargalop sumtace #aY55@Edhe ¢ hi s
invention as a function of tenperature in 500 CO 50% H2 nyj ronnment for 1
hour . SMRWWMWW@%[%@GQF aFQug ]é(s%?ﬁan%g’rﬁulag’noﬂ s directed to
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at | easty ol mfhdHAPLIAE combhfiR 12n@11a¢ appdae gt and the forsitd djpsiasnt. 0
convert at least a portion of said iron froma ferrijtic striycture to
recessed, because it has etched more deeply than the cementite. These figures

show the final product having the pearlite surface, which is produced in

accordance with this invention.

[0006] FIG. 2 depicts the thickness variation of surface pearlite formed by the
method of this invention as a function of reaction time at 775°C in 50% CO:50%

H, as well as 97.5% CO:2.5% Ha environments.

[0007]  FIG. 3 depicts the thickness variation of surface pearlite formed by the
method of this invention as a function of H, content in CO at 775°C for 1 hour.

[0008] FIG. 4 depicts the thickness variation of surface pearlite formed by the
method of this invention as a function of temperature in 50% CO:50% Ha

environment for 1 hour.

SUMMARY OF THE INVENTION

[0009]  The present invention is directed to a process for producing pearlite
from an iron containing article comprising the steps of, (a) heating an iron
containing article comprising at least 50 wt % iron for a time and at a tempera-

ture sufficient to convert at least a portion of said iron from a ferritic structure to



WO 03/ 038134 PCT/ US02/ 32187 -3 an austenitic structure, (b) exposing said
austenitic structure, for a tine sufficient and at a tenperature of about
727 to abwoto3@®® to a carbon supersaturated environnentcrasdi/gfigse
carbon into said austenitic structure and (c) cooling said iron containing
article to forma continuous pearlite structure. [0010] A carbon
supersaturated environnment is herein_glefined as an environ- nment in which
t he thernodynam c activity of carbon is greater than unity. It is known
that COis the nost potent carbon transferring nol ecule and the presence
of hydrogen_in .car ngxi . - 2 L . ; t The
ol low ~AngurEnEE SRHEn s HEERRS sl it M BrCaRER nld ATECRAL
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CH4=C+2H 11] Reaction [1] has the fastest kinetics: therefore

CO H2 gasnvirostrmemsistoatiffusdeanbonfintor sid gestemitizstmetire gng écleedingsathe car bon
supersaturated environnents., Typical hydrogen contents in carbon nonoxide
can rang#oncortaamagtartcls to dprmga QQSIUQBBE%/P%%&OWH}{; ref erably about 10 vol
%to about 60 vol % [0012] The iron articles utilized in the instant

i nvention need not contain any <carbon. It is sufficient for the carbon
whi ch fofgggihe Rearldn fipeldaughtddeerivironanent i hawir Gefiesvas amemvitort-o whi ch
the iron"article is exposed. [0013] According to the instant invention,
aust eni t enens irc whver thedheonadymaoniciactiviig of sartiontis greafes thapyndiyodhlsi n fi gure

4, the preferred tenperature range .
P known that COrriE the most poteng carbon transferring molecule and the presence

of hydrogen in carbon monoxide tends to facilitate carbon transfer. The follow-
ing reactions can lead to the transfer of carbon to the metal surface from

carbonaceous environments.

CO+H,=C+H,0 [1]
200 =C +CO, [2]
CH,=C+2H, [3]

[0011] Reaction [1] has the fastest kinetics: therefore CO-H, gas mixtures are
the preferred gas mixtures to be used as the carbon supersaturated environments.
Typical hydrogen contents in carbon monoxide can range from about 2.5 vol %

to about 90 vol %, preferably about 10 vol % to about 60 vol %.

[0012]  The iron articles utilized in the instant invention need not contain any
carbon. It is sufficient for the carbon which foims the pearlite structure to come

from the environment to which the iron article is exposed.

[0013]  According to the instant invention, austenite is converted to a
continuous pearlite layer. As shown in figure 4, the preferred temperature range
for the conversion is about 727 to about 900°C. Above this temperature, the

pearlite phase will lose its continuity and fail to provide corrosion protection.



for the conversion is about 727 to about 900C. Above this tenperature, the
pearlite phase will lose its continuity and fail to provide corrosion

prot ecti owo 033034 038134 PCT/ US02/ 32187 -4 [0014] Ti nes aad/usempHsat ur es
for conversion of ferritic iron to austenitic iron are well known in the
art. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] The instant invention

i nvol ves exposing an iron containing article, where the iron has been
converted to the austenitic state, to a carbon super- saturated gaseous
environnment and then cooling the article to obtain a continuous |ayer of
pearlite. The preferred tenperature range for acconplishing the conversion
of austenite to pearlite is shown in Figure 4. The preferred conposition
of the C@’ogap S URRYS @hH tékBera@gh FaNTTRNErsigt oL fpmtdsrdmtot wstenitiat eau regi on
in Figur .“In this range, the reaction tinmes are shorter to obtain a
speci f i cirbhaskweHd knofvmpmatheiatte and t herefore, gas conpositions in this
range are economcally nore attractive. The reaction tinmes to achieve
various thicknesses of continuous pearlite can be determ ned by reference
to Figur : 8SS:Ga @Q A b9 obtain any thickness of

cont i nua - caf—a o conpl etely convert the
iron-containing article to pearlite. Thus, the production of pearlite in
the instant invention can be easily controlled to prepare a. continuous

| ayer of [q9d4] | i tRhe inbtahbimention inedlvesofxposing anohon coRtaAMREATtiFHe: he articl e
to a continuous pearlite structure. Henc .pearlite stru e can be a
cont i nuowheredhe arasr hasdagan; qanvgHed ﬁ‘éﬂ?tﬂulsge’@gfl‘gfta{%é? PP&?P A4 ﬁpg e being
acted upghy .0l Sasedp leﬁ\{[li%%ngﬁpéllﬁf fuefl cBERRY teLardicld © Sbtaith® thi ckness of

continuous layer of pearlite. The preferred temperature range for accomplishing

the conversion of austenite to pearlite is shown in Figure 4. The preferred
composition of the carbon supersaturated environment corresponds to the
plateau region in Figure 3. In this range, the reaction times are shorter to obtain
a specific thickness of pearlite and therefore, gas compositions in this range are
economically more attractive. The reaction times to achieve various thicknesses

of continuous pearlite can be determined by reference to Figure 2.

[0016]  The process can be used to obtain any thickness of continuous
pearlite. It can also be used to completely convert the iron-containing article to
pearlite. Thus, the production of pearlite in the instant invention can be easily
controlled to prepare a continuous layer of pearlite, or to convert all of the iron
contained in the article to a continuous pearlite structure. Hence a pearlite
structure can be a continuous layer of pearlite on the surface of the iron article
being acted upon, or a completely converted pearlite article. The thickness of
pearlitic layers can be controlled by the carbon supersaturated environment, the
temperature and the exposure time. Such exposure times are readily determin-

able by the skilled artisan, as depicted in Figure 2.



pearlitic layers can be controlled by the carbon supersaturated
environnent, the tenperature and the exposure tine. Such exposure tines
are readiwgodesss4ni n- able by the skilled artisan, as depipcratbo2/se1B7 gure 2.
WO 03/ 038134 PCT/ US02/32187 -5 [00171 Shown in figure 3 are results for
the thickness variation of surface pearlite forned on pure iron after
reactive heat treatnent at 775C for .5 hour as a function of the
conposition of carbon supersaturated gas m xtures. Maxi mum thickness of
surface pearlite was obtained in a specific range of CO H2 gas conposition.
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of pearlite followi ng step (c). is inportant to note that the entire
iron containing article can be converted to pearlite if desired in which
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gaseous environment at the noted temperatures. For thinner layers, the exposure

time will be less, and for thicker layers the exposure time will be greater.

Typical exposure times can range from about 1 minute to about 50 hours,

preferably from about 5 minutes to about 25 hours, and most preferably from

about 10 minutes to about 10 hours. Thus, the exposure time and temperature

will be those necessary to form a desired thickness of pearlite following step (c).

It is important to note that the entire iron containing article can be converted to

pearlite if desired in which case the thickness of the article will be the desired
thickness.

[0019]  Typical layer or structure thickness will thus range from at least about
10 microns up to the thickness of the iron article being acted on, preferably from

about 10 to about 1000 microns, more preferably from about 10 to about 500

microns.

[0020]  When converting the iron containing article from the ferritic crystal
structure to the austenitic crystal structure, all that is necessary is for the article
to be heated. One skilled in the art can easily determine the time and tempera-

ture necessary to accomplish such crystal structure conversion by reference to



about 10 to about 1000 m crons, nore preferably fromabout 10 to about 500
m crons. [0020] Wen converting the iron containing article fromthe
ferritic woystadid4 structure to the austenitic crystal strectrurse2/3aB? t hat
I's necessary is for the article to be heated. One skilled in the art can
easily determne the tine and tenpera- ture necessary to acconplish such
crystal structure conversion by refereence to WO 03/038134 PCT/ US02/ 32187
-6 any published Fe-C phase diagram (See for exanple: ASM Specialty
Handbook, Carbon and Alloy Steels, Ed., by J. R Davis, p.366 (1996) ASM
| nt er nat j . z ' v A SVOSH&siattynHahtBodlgel | ar
spaci ng %&ﬂ%lsggéggﬁééhlﬁgﬁgﬁﬁ%ffggréﬁglﬂﬁe f%l? a desired clgarseness,
or | anel¢abofi RadiAlWoy Sfeeld)Ed. fgal. IR tRavis, 2366 (YOUBASNM hsernbtionsly skil | ed
artisan taking into account the pearlite formation tenperature, cooling
rate and iron containing article conposition. 0022] The iron cgntaini ng
article [002bp aThedoopiag swip (c) waltdetermane fhealam spacigg ofitheopgarlite. The
article can be conposed entirely of _iron. The m)uEJt of .car cont ai ned

f
in the aornede Thercookingaaterionpidssised pRATseNesy, Qf lage o) % car bon.
Thus, the inst.ant .i nyention .al L4 eql: ' pearlite
from an BSRBHES ﬁ?séiynﬁﬁtﬁn‘gmeld??%&\}mﬁ%(ﬂ&?u%ﬁb%L]Eat%g?é frlr%(é: %g%‘?‘g%l%ﬁg%gﬁ i es
than Carf&%aﬁ&ﬁ?ﬁﬁ EORLRI E@élﬁlg?’-a@ary& irdm @on A geefiblerconipusitioron cont ai ni ng
article may fturt eIr) conprise other conponents including, but not limted to
chromum silicon and manganese. All that is necessary for the instant
i nventi o OZEB t gk ik de caithirtheahiRle'® be aedd wpon witintcmtain aaiedstalsoutabout 50
w % iron. [0023] Additionally, an article already having an aEDunt of
pear | i t €50 wt % iron. The article can be composed entirely of iron. The amount 0

carbon contained in the article can range from less than 0.77 wt % down to 0

wt % carbon. Thus, the instant invention allows the skilled artisan to prepare
pearlite from an iron containing article with much better mechanical properties
than carbon steels containing 0.77 wt % or more carbon. The iron containing
article may further comprise other components including, but not limited to
chromium, silicon and manganese. All that is necessary for the instant invention

is that the article being acted upon contains at least about 50 wt % iron.

[0023]  Additionally, an article already having an amount of pearlite in

combination with ferrite, can be subjected to the instant invention to convert the

ferrite to pearlite.

[0024]  The carbon supersaturated environment to which the iron containing
article is exposed is any carbon supersaturated environment. The thermo-
dynamic carbon activity in the supersaturated environment is greater than 1.
Examples of suitable environments include, but are not limited to CO, CHy, or
other hydrocarbon gases, such as propane (CsHyg) and mixtures thereof with Ha,
0,, Np, CO,, and H,O0.

[0025]  The instant invention allows the skilled artisan to produce steels

having both corrosion resistance and mechanical properties far superior to those



conbination with ferrite, can be subjected to the instant invention to
convert the ferrite to pearlite. [0024] The carbon supersaturated

envi ronmewD m381B4 ch the iron containing article is expo®ed/iss2/3a1y7 carbon
supersaturated environnment. The thernp- dynam c carbon activity in the
supersaturated environnment is greater than 1. Exanples of suitable
environments include, but are not limted to CO CH4, or other hydrocarbon
gases, such as propane (C3Hg) and m xtures thereof with H2, 02, N2, 02,
and H2O. [0025] The instant invention allows the skilled artisan to produce
steel s | QL L0S] | gt - o I3 ' far
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mechani cal properties inprove as the carbon content decreases. In the
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possessed prior to treatnment i1 n accordance wth the “i1nstant invention.
Thus, f otheeneshahital phepeatiewiiposdessad paow rewesmeny it accoodance witkedlnd i t e | ayer

of desired thickness can be diffused into the iron containing article thus
f or mi ng ipstant inventivhe Thushtosiesampls, dhe pmosst of carhen NERESSATNY 1o Bear | i ti c
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thus forming pearlite. The mechanical properties of the remaining non-pearlitic

portion of the article will be unchanged.

[0026] The following examples are illustrative and are not meant to be

limiting in any way.
Example 1:

[0027]  Iron of 99.99% purity is heated to a temperature of 775°C in a
hydrogen environment in a vertical quartz reactor tube and held at that tempera-
* ture for ~5 minutes. Thereupon, the environment is changed to 50% CO-50%
H,. After 1 hour of exposure, the metal sample is cooled by lowering the
furnace surrounding the quartz reactor. After the sample has attained room
temperature, the surface microstructure is examined by scanning electron
microscopy. Figure lareveals that a pearlite surface layer of 100 micron
thickness has formed on the iron surface. A magnified view of the pearlite
microstructure, showing alternating layers of ferrite and cementite, is depicted in
figure 1b. By changing the duration of exposure to the carbon supersaturated
gaseous environment, the thickness of the pearlite layer can be changed. This is

shown by the graph in Figure 2.



Exanple 1: [0027] Iron of 99.99% purity is heated to a tenperature of 775C
in a hydrogen environnent in a vertical quartz reactor tube and held at

t hat t enpwoas/ossis€ for -5 m nutes. Thereupon, the environmemtusvy3nkBanged to
50% CO 50% H2. After 1 hour of exposure, the netal sanple is cool ed by

| owering the furnace surrounding the quartz reactor. After the sanple has
attained room tenperature, the surfage mcrostructure is exam ned by
scanning electron mcroscopy. Figure la reveals that a pearlite surface

| ayer of 100 micron thickness has formed on the iron surface. A magnified
view of thaiRgarlite mcrostructure, showing alternating |ayers of ferrite
and cenentite, is depicted in figure |b. By changing the duration of
exposure to the carbon supersaturated gaseous environnent, the thickness
of the pearlite |ayer can be changed. This is shown by the graph in Figure
2. WD 03/ 038134 IpCHy progess3ipr groducgng pealifgsfrom anirpp gostainipgrarfieléduci ng

lite f an i tal pi ticl i Sl th t f,
et i ng SpRYRR b K ORhPrattheli b FrafiiRa atd 08 combsi g S6/fhiton for a
Lime andsGlvtaei@PRE aldthe afdlhl b fififlrahfte SRV 1Blohfai by RasPR? || O OF sal d

article froma ferritic structure to an austenitic structure, (b) exposing

sai d ausiartivhiof said aticle #omf Dferitit istactué to ah enstesind satucaurtefier at ure of
about 727 to, about 900C, to a carbon supersaturated environnent to diffuse
car bon | F¥POSHY i gysteniticistusturgcion adine quificierd eolliat g tsmipgrataxenofcont ai ni ng

article bouH99% %b%&%‘&éd*ﬁ? S a%%l%rollf stu%ef'?staglﬂ'c%e'ﬂre%'vironment to diffuse
carbon into said austenitic structure and (c) cooling said iron containing article to

form a continuous pearlite structure.

2. The process of claim 1 wherein said iron containing article further

comprises silicon, manganese, and mixtures thereof.

3. The process of claim 2 wherein said carbon supersaturated
environment is selected from the group of gases consisting of CO, CH,, hydro-
carbon gases, C;Hy and mixtures thereof with hydrogen, oxygen, nitrogen,

carbon monoxide, and water.

4. The process of claim 3 wherein said carbon supersaturated

environment is a CO/H, gaseous environment.

5. The process of claim 4 wherein when said CO/H, gaseous
environment is selected as said carbon supersaturated environment, the hydrogen

contents in carbon monoxide ranges from about 2.5 vol % to about 90 vol %.

6. The process of claim 1 wherein said time sufficient to diffuse
carbon into the austenitic structure ranges from about 1 minute to about 50

hours.



2. The process of claim1l wherein said iron containing article further
conprises silicon, nmanganese, and m xtures thereof. 3. The process of claim
2 wher ei rweaB®3sia¢ bon supersaturated environment is sel eecadisby/earst he
group of gases consisting of CO CH4, hydro- carbon gases, C3H8 and

m xtures thereof w th hydrogen, oxygen, nitrogen, carbon nonoxide, and
water. 4. The process of claim3 wher®in said carbon supersaturated
environnment is a CO H2 gaseous environnent. 5. The process of claim4
wherein when said CO H2 gaseous environnment is selected as said carbon
supersaturated environnment, the hydrogen contents in carbon nonoxide
ranges from about 2.5 vol %to about 90 vol % 6. ‘The process of claiml
wherei n said tirfe $hepredesnof cloirdit whewin said shicknessoofipearlitess ehlenstc
structurz,ﬁ:) rﬁg es. fromabout 1 mnute to about 50 hours. WO 03/038134
PCT/ USOZP8Y1 87 M08 The process of claim6 wherein said thickness of
pearlite is at least about 10 mcrons. 8. The process of claim5 wherein
t he hydrogen content in carbon nonoxide ranges from about 10 vol %to

about 60 vol % 8. The process of claim 5 wherein the hydrogen content in carbon

monoxide ranges from about 10 vol % to about 60 vol %.



