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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 1s known to improve the
corrosion resistance of carbon steel, but chromium is an expensive element.
Thus, approaches whereby comrosion resistance can be achieved without

expensive alloying are desirable.

[0003]  Pearlite is a microstuctural constituent of steels which 1s made up of
alternating layers of ferrite (body centered cubic iron) and cementite (Fe;C). The
pearlite microsttucture 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 1s needed in the art is a process for producing pearlite from

an iron containing article which process preserves the mechanical properties of

the article.
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depi cts scanning el ectron m crographs showi ng (a) surface pearléb ﬁ
structure womr:,g]mron after reactive heat treatnent at 775C for F BJP% in
50% CO 50% H2 environnent and (b) enlarged area on surface FETERP?
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recessed, because 1t 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.

10006]

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% CQO:50%
H; as well as 97.5% CO:2.5% H, 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% H,

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 wron from a ferritic structure to
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A’carbon supersaturated environment is herein defined as an environ-

ment in which the thermodynamic activity of carbon is greater than unity. It 1s

known that CO is the most potent 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.

[0011]

CO+H,=C+H,0 [
2C0O = C + CO, [2]
CH,=C+2H, [3]

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. 1t is sufficient for the carbon which forms 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.



[ 00141 Tinmes and tenperatures for conversion of ferritic iron to austenitic
iron are well known in the art. DETAILED DESCRI PTI ON OF THE Il\l\/lilll\ﬁl'tg\l'ldgpowl
The instan@vd(g){)gglltshon i nvol ves exposing an iron containing article, where
the iron has been converted to the austenitic state, to a cXBOPIYEPET -
saturated gaseous environnent and then cooling the article to obtain a
continuous | ayer of pearlite. The preferred tenperature range for
acconplishing the conversion of austedi-te to pearlite is shown in Figure 4.
The preferred conposition of the carbon supersaturated environnent
corresponds to the plateau region in Figure 3. in this range, the reaction
tinmes are shorter to obtain a specific thickness of pearlite and therefore,
gas conpositions_in this range are _econom cal Ify nore attractive, The
reaction 00AE t dimesiasdaemperaurestior ermeassion of ferddn inontoBysisaiia i te can be
determ ned by reference to,.Figure 2. 10016] The process can be used to
obt ain an’f/oq ec‘R'ﬁ@slgmd"fngb eizﬂdgous pearlite. It can also be used to
conpl etely convert the iron-containing article to pearlite. Thus, the
production of pearlite in the instant invention can be easily controlled to
prepare aDEQWILBIY BESCREPTIONPEETHEANVENTION-onvert all of the iron
contained in the article to a continuous pearlite structure. Hence a
pearlite structure can be a continuous |ayer of pearlite on the surface of
the iron ar 5 l e, ,being acted .upan, or a conpletely converted arlite
hdst tig elves g

article. hi dlicLstagE mysation;py YROSANG A IR0 CIHAIIARE t he carbon
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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 1n 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 continnous
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 1ron
contained in the article to a continuous pearlite stucture. 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 exposwre time. Such exposure times are readily determin-

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



[0017] Shown in figure 3 are results for the thickness variation of surface
pearlite formed on pure iron after reactive heat treatnent at 775§3pr§8 05
hour as awfgiedsky of the conposition of carbon supersaturated gds

mi xtures. Maxi num  thickness of surface pearlite was obtai nE§TUSYH3HBecific
range of CO-H2 gas conposition. Typical hydrogen contents in carbon

nonoxi de can range from about 2.5 vol _%to about 90 vol % preferably about
10 vol %to about 60 vol % [0018] The3thi ckness of the pearlite |ayer can
be any thickness desired. All that is necessary is to alter the exposure

time to the carbaon supersaturated aseous environnent at the noted
t enper at ull837] FoShomthireH gure\d axe reslts fox the tnekness varigtion dfsurfaes, and for

t hi cker |ayers the exposure ti will . & be greater. Typjical_ exposure tinmes
can rangeP e]g%ftgmg PRt e"d'S%‘EHVW%G'L?PgPentpﬁteﬂég gbﬂ"&)if 3 pout 5

m nutes t r nd st preferahly from abou mnutes to
about - 10 RoHREh b Whbos R P a Rt S P R ety Mefuliose ©
necessar yihinb&y BT dmdhsd g@ﬂliﬁ%ﬁ%sﬁéﬁx&fm&eﬂf&iﬁéﬁﬁé&V@ogﬂﬁfso (¢). It is
i nportant to note that the entire 1ron containing article can“be converted
to pearlddmpositicesTypmdal hydibgem comsrtstiheatburcinonssidef canhvange fioshe Wil | be
the desired thickness. [0019] Typical |ayer or structure thickness wll
thus rangout ém ¥el Yestestboas §Gtvol @}Hfﬁﬁql'éwgf aheut 4 0tvied %% 1o akerd<) vl Yohe iron

article being acted on, preferably from about 10 to about 1000 m crons,
nore preferably fromabout 10 to about 500 mcrons. [0020] When converting

the iron @RIBR! N MIrkkEof 8 ehfiRe e danbeChkPAticnest BGHA calio the

austenitic crystal structure, a I S necessary Is tor e article to
be heat edthafisemesksdargds tonaltdrahaekpssare Gas foythd ehrion igperfigutatae and t enper a-

ture necessary to acconplish such crystal structure conversion by reference
t o WO 031gmeamMesvironment 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 1s 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



2 6 F EB 2006 PCT/USQ2132187 any published Fe-C phase di agram (See for
exanpl e ASM Speci alty Handbook, Carbon and Al oy Steels, 9 E?E%V%qu
I

Davi s, p. % ASM I nternational ). 10021] The coollng step
deternlneagﬁgﬁﬁéﬁé lar spacing of the pearlite forned. ThepgaﬁﬁWh@“ﬁbte for
a desired coarseness, or |anellar spacing, of the pearlite is easily
determ ned by the skilled artisan taking into account the pearlite
formati on tenperature, cooling rate an®-iron containing article conposition
10022] The iron containing article to be acted upon will contain at |east
about 50 wt % jron. The article can be conposed entirely of iron. The

amount ofany qbbished et Qiphase dragra:ra (8ee fon exampler Afdd Spﬁ@mltyeHsndlbmk 0.77 w
%d to. 0, Wt % b t ti th II d
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better nechanical properties than car bon steel s containing 0.77 w % or
nore car The. dron cont n cI e er co e ot
conponen'ﬁ@ﬂ?]n]cl uath ib‘;ﬂg ?Rﬂ CBQ’YHI 1?’6‘“3 ﬁﬁﬂ"' Fg#'iﬁc?eﬂ'aﬁﬁanese

Al'l that o 0 Ie bei ng
act ed upoﬁﬁﬁgg‘ﬁt g?n%? athfngergfsep%] gou%ﬁ% V\Efégf%gs ﬁr]ﬁﬁlﬁ%&gﬁglon ly, an
article glenddys basilyngeteninivd byt thefskileal dnitisan itaking ol xbupnthei gdarkiter rite,
can be subj ected to the instant invention to convert the ferrite to
pearlite. Ommmtempemanbomdu@mm aoscoataihingurticle cempbsitibnt he iron
containing article is exposed is any carbon supersaturated environnent. The
t her no- d nam c carbon activity in the supersaturated environnent is greater
than 1 2| e%"h@fu@uﬁsqrstbunengammoi@mrbmstednm@d@ﬁl mmtam@tln@at abontted to

her dro a bon ases h as ane m xt ures
thereof \& ‘Ht%uonogfy ‘EP’PE%? ]3&74:1) OV‘ng(hﬁ‘ ‘%’ tion allows
the skil 'cﬁfb&f&drﬁﬁﬂleﬁ%%@%&% 84 flrke 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
chromtum, 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 1s 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 himited to CO, CH,, or
other hydrocarbon gases, such as propane {C;Hg) and mixtures thereof with H,,
03, Nj, CO,, and H,0.

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

having both corrosion resistance and mechanical properties far superior to those



havi ng both corrosion resistance and nechani cal properties far superior to
those 2 s FEB 200E WD 03/ 038134 7 PCT/ US02/ 32187 of carbon steel &FEB 7006

cont ai ni ngN@U;,338%4 % or nmore carbon. This is because the stpecﬁll' hani cal
properties inprove as the carbon content decreases. In the i é't]s}ﬁfsgﬁg

I nvention, the amount of carbon diffused into the iron containing article
fromthe carbon supersaturated environnment is utilized to produce pearlite.
The portion of the iron containing artfcle not converted to pearlite, is
unchanged and mai ntains the nechanical properties it possessed prior to
treatnent in accordance with the instant inventign. Thus, for exanple, the
amount off carlsahstgels comtaping .75 mh % Orgaene Garbon. o bis léfbcﬁégﬁerfgﬁ stefl e kness
can be diffused into the iron containing article, thus forpging pearlite. The
mechani c&f® PrERETHFS TRRFOVE S ?ﬁ@%&n@%‘éﬁ}theﬂ?s%o {H‘}Hgggn?he article

hot  moantty it the kABAR of Aftbbi difSAnte IR AR RCIR oM (REC, °1 ©
purity i saleal atpersataratehPevitdnmientds ufifi2éd ikd produty dreadts. dhe portieRYE i n a

vertical quartz reactor tube and held at that tenpera- ture for -5 m nutes.
Ther eupoithe 1rh8 contdinimgnarticle notcoangaed topealcds soshanged andimpintaingur of

he. quar 19 PEBREal BRTBRGEPERRHAD RIRY (B e et HothrorBpY BB, Lo
quar 12 FEREFRIFE. PIOFEFIGHEP A _ S
1% T oveat CuPRLEAA 2Ty FOFRKAEHC Yo BROTAT G Eoh nEfessF Ly RERRY, 1 917 ©

formed opeafite layir Tkt thiCkierg Rhh Ibedifueyd fito the b8 ohtdifing article
m crostructure, showng alternating |layers of ferrite and cenentite, is
depi ct ed 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 ina
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 la reveals 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.



figure I b. By changing the duration of exposure to the carbon supersaturated
gaseous environnent, the thickness of the pearlite |ayer can be ¢@fpe@ds
This is shown by the graph in Figure 2. 2 8 F E D 2006 -8 CLAIMS 1. A
process for producing pearlite from an 8i-ron cont ai ni ng article having | ess
than 0.77 wt % carbon consisting of the steps of, (a) heating an iron
containing article conprising at |east 50w % iron and in which the anount
of carbon contained in the article is less than 0.77 wt % down to 0.0 wt %
carbon in a noncarburizing atnosphegg Apyisa tine and at a tenperature
sufficient to convert at |east a portion of said article from a ferritic
structure to an auslenilic structure, (b) thereafter exposing said
austenitic structure, for a time sufficient and at a tenperature of about
727 to ahoun [08&ks Cor protudng pedrlienfremparismt aonadi gidg G@dd Rawny lesernent

consi sting essentially of COand 10 to 50 vol. 9%H2s and havjng a carbon
act i vi t - §f waferarbma0BHHING of the Yops ¢ (WAcaBRHYhITPMESNIERIRE Gkt eni ti ¢

struct ur g (), €00} sal d, | : j .ni k-t ., cont i nuous
pear | i te‘%’@ﬂ&bﬁ)drlg‘%?ég‘g‘%ﬁ’e@%ﬂé‘t‘:‘%@g” @? Htgl?éa‘lﬂ%{}%l%\g\%‘e@éﬁ ﬁB@l&{n&ﬁ:ﬂr\ g’lnc cont ai ni ng

articl e Jri¢le helecs€ AR, BRHt Hcddwn 1dMOGATRSEboANA amoXtdaresiAleaarkphede The
process of claim1 wherein said tine sufficient to diffuse carbon into the

aust eni for e tighy ansk e empprgiuse Syidieicab sueonveriahiprd 4 periipe of sBd afisle Bomg. ' T he
process 0of claim erein. sai.d pearlite Jaeture .is tinyous |ayer
havi g 4Tk tletg 16 6R LDy BPE AR TR O kS RhByhE B SBRELREP S, P70
wher ei n gihRub-@yer 4 kitnd (uBfitiaMaiid a1 @ e pératise bOARNONLT toldHHt ONDTCORSa 6. The
process of claim3 wherein the pearlite structure has a thickness equal to
t he i r orFarkgn supcesaturated CO/H ; cnvironment consisting csscntially of CO and 10 1o 50 vol.

% H;, and having a carbon aclivity greater than about 1, to diffusc carbon into said

austenitic structure and (¢) cooling said iron containing article 1o form a conlinuous

pearlile structure.,

2. The process of claim | wherein said jron containing article further comprises sificon,

manganese, and mixtures thereof.

3. The process of claim 1 wherein said time sufficient to diffuse carbon into the

austenitic structure ranges from about I minutc to about 50 hours.

4. The process of claim 3 wherein said pearlite structure is a continuous layer having

thickncss of at least about 10 microns.

5. The process of claim 4 wherein the layer is from about 10 microns to about 1000

microns.

6. The process of claim 3 wherein the pearlite structure has a thickness equal to the iron

article.





