WD 2007/ 108865 PCT/ US2007/ 002751 | MPROVED PROCESS FOR
COLORI NG LOW TEMPERATURE CARBURI ZED AUSTENI TI C
W@EIWNEBES STEEL Rel ated Applications [0001] Hti/§S2007/002751
application clains the benefit of United States
Provi sional patent application serial nunber
60/ 773,497 filed on February 15, 2006 for |nproved
Process for Coloring Low Tenperature Carburized
Austenitic Stainless Steel, the entire disclosure of
which is fully incorporated herein by reference.
Background and Summary [0002] U.S. Patent No.
5,792,282, as well as commonly assigned U.S. Patent
No. 6,547,888 B 1, the disclosures of which are
i ncorporated herein by reference, describe processes
for increasing the hardness of austenitic stainless
steel workpieces by |ow tenperature carburization,
i.e., carburization carried out in such a way that a
hardened surface or "case" is fornmed which is rich in
di ffused carbon but substantially free of
corrosi on-pronoting carbide precipitates. [0003]
Meanwhi | e, connonl assi gned Provi sional Application
50/ 653, 147, AVIRDVEBBROLIFS A SEBOR Rk
quWrmMaEm&bRMARBamm AUSZERIBIOS T ARG SSHTERY €S
of which are also incorporated herein by reference,

C ainl ess steel tube fittings and ferrules
Rﬁ%ﬁ?éﬁiggguﬁglor coded for easy identification. Color
coding is acconplished by growing a col ored oxide
det] ng Ton vibcajipn kepiiret ehes berfeAic €6, Uneted Hdgtes Prowonal patent
2@&)?1/ &Qgggﬁa] E’&Tﬁ.&@&@%ﬁg@&%@k FeBJ&@JyW@' &O@6(ﬂ)r Iﬁ‘rprov@&/ Process

heating in_the presence of an oxygéen-containin

gas)
ofor epladng éeweﬁfre%ﬁrwe Fooiagd THPEte PG gYictis the entire

des@sduRad wakh ReiungindfRpdricihdn §oreAYENt | Onal or
"native" stainless steels, as well as |ow tenperature
carburized austenitic stainless steels such as
Backgrend;33d Jumiparke above 282 and " 888 patents. In
practice, however, it has been found that colorizing
lfooe2t enpes. atau:meNeafr mzsz.ed \edilaasndoamsnst aealgndayu Kneskht No.
?%%ghg%cg?%e osere(s)% Ez% Sr:‘esir&eg)fﬁ)gaggdghg&eﬁ%‘/g %%’%g,]clefctnbe
hascessw foe enrefammtﬂle thhratlesa of ewtehginpeurddsel seelcagrbpiedey &g low
S‘ze%cp@ PS¢ a?ﬁu%@% tion N, chx!bﬁx‘Pz%u&@&nbe% o%@fn*%%ﬂ %%qy 1t Anh&Ed

spect rum 0] erent | nt ense col ors eani ng
surface or “case” is formed which is nich in diffused carbon but substantxally free of

corrosion-promoting carbide precipitates.

[0003] Meanwhile, commonly assigned Provisional Application 60/653,147, filed
February 15, 2005, and Non-Provisional Application 11/272,915 the disclosures of
which are also incorporated herein by reference, describes stainless steel tube fittings
and ferrules which are color coded for easy identification. Color coding is

accomplished by growing a colored oxide coating on the workpicce surfaces, either



the workpi ece so as to renove the porous oxide |ayer
i nherently formed during |low tenperature
w@200b088gat i on and t hen subj ecting the el ectr opol/Ustvet002751
wor kpi ece to alternating current electrolysis in an
el ectrolysis bath which contains a netal having
mul tiple val ence states and which further is
mai ntai ned at a neutral to slightly basic pH BRI EF
DESCRI PTI ON OF THE DRAW NG [ 0006] The present
therma/lbyntdlmn gy hbatingria rtaadpiregentzd &fS bA0GxDyer-EHBHARGE gas) or
el tr c]&l aHaW' ngs and Detail ed Description. [00071 Fig.
ePrqoheiied Nt es a prior art fitting in a finger tight
position; [0008] Fig. 1A illustrates the fitting of
[0005] 9. Tl 't&hﬁofog?hl& %@%ﬁéﬁsdst ﬁé?ﬁ‘g aE)Q:O?)% Veftiéndl orPnative”
schematic illustration of the wave ormo %
staig]ege steplsaps wal asdew ta@pptaeeretcerlxun@e«mwpmm statnless steels such as

) n
S50 FEIESNLE0 PREDTER, 6 BRI 50 g o
thatT gplerizingt lovgderaperauet Icaklnmmd aatamblse stes} bgohtmamn: @lechiochemical

r neans _any
prot:ggsés i@%g{éalgigﬁ# R'F?‘fegﬁ’se in 8@%0 Suns tlaf lglgcg{agge occurs.
Exan'pl es of tube fittings incl ude, but are not
[0005] m tlecdhak opov erereul founypthaf id 1w gempemeasarshﬁgéce stainless steel
ecrule _fittings, tWOferrulefloggif , and fittings
1

Wc’{klﬁ’é"tcelcﬁﬂlbﬁoc@r 49 2idgsPeeiFym) F1eRt @ensgiselore Ry cleaning

thefwéﬂcpfdgs,soaisdtoofdﬁ%vet theesorehis biidel RYSr inBéAMAYCRrAEd durmg low
ferrulet%’peflttl s are descrjbed, for exanple,

tempPEFARYS| FARUE! pheE nfubpgsting 3 ﬂm;;lg:y@pogslgaglg vvqggplece to

altePhAMigSE Rk el / 0
< G o g

muhwle yalewe tEesend tha fitiper i ppeinteined oh 2 PETIral30 ehers@xabasw pH.
the disclosures of which are incorporated herein by

reference tting is
nposed o#ﬁ\llié?ﬁ%%sséggbﬁ% P?ﬂ*%‘a*) %WSNT
[0.00@]ect |’Idwspresmttsnvémranuhmy e mioge |r¢xm113»gumddmg60d baynfiaﬁlbﬁce to the

Drab’ﬁﬁgsa‘éﬁe‘iaﬂeﬁli§§ r}ép§1 be designed so that, during

up, ¥ deforms, or its |eading edge
bites into the conduit being joined, or both. A

[000TES I Wig mmmte@apﬁoﬂelalfgﬁsglzﬁ@ﬁhgéatlght dygitigg; pul | -
up, the ferrule does not bite into the conduit being

# ned. In accordance with this invention, such
[000%] ¢ t iFAgsl / Hhngtrates donpidingmt Fiar kA in atebionyd position and
coded el ectrolytically for easy identification by

[OOO%]r ow %261150:9 l ed?tﬂ%( I{l ustragan ;fg onwg?g%%m (r)‘rtp {h(?e electrical current

ur f aces of
applied to the workpiece in accordance w1th one embodiment of the invention.

DETAILED DESCRIPTION
Tube Fittings and Ferrules
[0010] Tube fittings are well known articles of commerce. In this application, the
term “tube fitting” means any type of tube fitting, unless otherwise stated. Examples of
tube fittings include, but are not limited to, ferrule type fittings, such as single ferrule
fittings, two ferrule fittings, and fittings that include more than two ferrules, flared tube
end fittings, and other types of fittings. Examples of ferrule type fittings are described,
for example, in commonly assigned US Patent Nos. 3,103,373, 6,629,708, provisional



[0011] Although tube fittings can be nmade froma w de
variety of different netals, fittings of particular

WO paognessss ar e made from steels containing 5 t oPGOUS2007/002751
preferably 10 to 40, wt.% N . Preferred all oys
contain 10 to 40 wt.% N and 10 to 35 w.% Cr. More
preferred are the stainless steels, especially the
Al SI 300 and 400 series steels. O special interest
are AISI 316, 316L, 317, 317L and 304 stainless

applit&idis Seailal M. 60960/6]512 631 Gattdrfeyanecia@t Ry 324 88p688Y), and PCT

| ngs made from such steels,
aPPﬁﬁ%tw"péJngS?r glpérre? i f athighy jagz dnegrpeated herein by
refefrbrmé PR i€ BhidretylS Typicalyg ﬁ’&tfﬂgt ¥ @érﬁb@d o°’fy §51‘?6H% components
prprng systens used for processing gﬁh%un

mclrufim& Rrdy$rgtigng auts, é‘é@lle% 1Y gramavgrmse@n@t at éhiferrule may
/4 r
b A8 0B . [R5l et

the caadist bpiag J@med,eysborﬂmr Aefimanie ey alsebe desfigoesl schmatindesng pull-
| f. | cpr.aoce
. the Toile A5 fincbite il Jnd YBhERY LRI, P 586G aRneg witn ehi
Inventgm, Blu(lgﬁ@mg} (md/ta'bmma)omhmpm;s tmarebb)rmat:olm cddéd elsetrolytlcally
f th
for eﬁé dg%lﬁg ﬁ{otnl %’f gl'og\élp Ir d:clﬁlregc?)ﬁg? g?% gogrcl: Ilil);l% or rrrlgrlégsurfaces of
ﬁ#ﬁgénpartr&teﬁdofcar bi de conpounds arranged in the form
of discrete particles separate and apart fromthe

tal matrix jn which they are contai ned 0013
001 7 By twhe Aabgeige 92 mrade FmCRMARS byiiety of different metls,

fittiA N BE PhitRABIr iHRFesE AfeEHE HnP RieelLERRBUSS gt 4 g) §? é’fe@éarabl y 10 to
precipitates produced promote corrosion.

40, gitefodihePreffrecdralinyscontain d8dhrlyws Ynd¥ anévlér topEdwt&p Cr. More
prefef®q 41ardle rk'tzﬁﬂlesssgl%élel 8speciiffClhe Rlﬂgﬁ?(g Va\r/fxq 4653()%%' Z&gels Of

is contacted wth a car uri zrng gas
speeipbideresirgse AdSLIB b6, 3 14hd 3p7 .01 Hednd BM steinldnsrsieedy, atlny 600, alloy

a 2007/ 0
C-28SP a5y ATy, om0 8 he, KRR RO BRET snep stocts, anc
partsamldrdy fsomi z:‘tuhtghiétct steindess ndedlgr fimd |paﬂ1cniarcm-rermshigh purity piping
npti ng..carbi de prec I tates are
sysiRpf bl ISR R Rl et Bl iRy isuls ARt sapes, See, the
abov&raotaddiSe PhteaDNbOS,597 888 H1st ance of the stainl ess

st eel is maintained or even inproved. [0015] Low

nperat ure carburi zation ﬁroduces a substanti al
L°WTemB?ﬁﬂ§er Garkygzed,Staipless $igght ed by product Nor mal |y,

[oo1djhe THRY 'Hard?:hn%oi@ta RN G8El TRRERS ph r;]) Toke 89 %ing the surface

carbon taken by the workpl ece.
hardngss of H@ﬁtﬂgare%l% uk 2 éxpieal cosrmercial pscwras, athe mrkmecws@ntacted

witloh cfaﬁ:ﬁfdﬂnf‘gs g&y att1?¥8o? F%@SO‘{ é? oADMY wﬂéreﬁ? %Lrb%{lea%rgg dif‘i’use into

often larg
the article’s surface Hardening occurs through the formation of “carbide precipitates,”
i.e., specific metal carbide compounds arranged in the form of discrete particles separate

and apart from the metal matrix in which they are contained.

[0013] Stainless steel is rarely case hardened by conventional gas carburization,

because the carbide precipitates produced promote corrosion.

[0014] To overcome this problem, a technique was developed for case hardening
stainless steel in which the workpiece is contacted with a carburizing gas below 1000° F.

At these temperatures, and provided that carburization does not last too long, carbon
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enough to conpl etely engul f adjacent parts, thereby

form ng an amal ganated nass of soot and carburized
wW@20074088651 nor mal practice, this unwanted sootPCT/US2007/002751

by- product is al nost always renoved fromthe

wor kpi ece such as by washing or the |ike prior to use.

[0016] In addition to soot, |ow tenperature

carburization al so produces a heavy oxide film at

| east when carbon nonoxide is used as the carbon

atogpudiffuse Tints the aworkpiscd @urfhddsmvithhligle &y Bb Cﬁhhﬁtlé’iﬁ%f &orrosion-
col.or dar k gol d- br own,

e, BRI Pap R BleEnCAT PR dOE GHUKBIAES EHITBTR Boh only becomes
hardenétEbiiti d150 theiifhersikeRdsrosionl resiS@tice 6f @R!stainless steel i 1s maintained or
corrosionp-resistant in that it is thicker and not
CVEOHEEYIC: i . e., the heavy oxide filmis relatively
porous. Therefore, this filmis also renoved before

[0019P€ QoW EANEFackilCeariB b ot Gl PULLESHPULLAS

ereby producing a "sur ned ar
unvygrtrd byauodSde, Noomaiy| the atsmu@n ofl sv@ ﬁrbﬂﬂ&m%eé\ls the amount of

car?ﬁ%é@%{)ﬁg} g)ﬂﬁer elﬁﬁ’q%)sed er éng%en %3’%%"16}?&%?%@%8 are small,

sucheam i tie time mﬁalgulesxmd&lef liken tivayarh@urd Qsfesoot created is often large

en RSB, B Bk i RO St mass o

soqt raned rcaﬂ:dmzﬁd qmrtaq iR Qbﬁnﬁlcprdtt@ceb hi§ 1RSI RE b9 Dréduct is almost
rect el cur.rent ause OX|dat|on and

t
alW&P’é LBPeYS Hﬂc“? ROTRRIERS ¥6 @S twashing rtbe like papr truse.

t he workpi ece and renoval of the heavy oxide film

00181 t acieid terh
L0t e I @ ot 168 1ol .éraﬁﬁ@g&lbg"é‘%&h‘a‘ 4S8 pfiflucP4 heavy oxide
filrg, %@agswﬁ%m gatbos meuprédn isesed 25 BRca88H saureeh This heavy oxide

[ 0 t t t.s d t
) SUES 5 Y Fos ) SRR YSELARES HEE b ro,
consislepatilyi (i ffgrend rﬁl\wnttha)qaﬂersttaahnbmssnsdm@d fi dahewhxbblrystes stainless
e he di,scl osures .of these tents

ste%l?!eo?xrors%% Lf%%fggar?é gqrtzxfit i Sr%%cé(lelﬁ O'i'%‘)fhgf éli’clee thg vy ox1de film is
rel2DBW POBBBS5 FIIB'EfdﬂSi%O@H]/s OfRY 54 ali&@&:ﬁbv&i eetorOARk | dhi@ver the

native .st ai Ies els is nornall netoremg,
W°8‘Pé‘?ﬁ?sst SRt E gliﬁerg‘m RIPgY“é‘P&bg y SHFfpcgseleppgd”  carburized
woﬂ«’pi@al |2, ccBlninbi;llyl a’ésﬁgﬁed wWidiogho633 98 Re(22988/08863), MEdisclosure of
sieel containing contani nants

native stainle
Wh‘e‘fE‘ f?\éﬁ? corpergfed éemg’ﬁ’éﬁr%enc?hl s layer is about 2.5
m crons thick, and so ~el ectropolishing here is

[0017PT et }Sracﬁeé:ofgfﬁd\gﬂg C&h& ohé'a% Y&idat gl a]?%ﬁ lg% o?le mechanically.

m cron surface a er and pS nor e.
Howgher dsis mepleefiery é@mq bmaﬁgdqco@mtemmshmgrm whxcbuhe mextkpiece is

imMALRED ke §1§ aﬁ&&ﬁﬂs a'c ic B%rdnﬂdsug tddtol $ARYS ¢ ?c@lg]alk) ré‘ﬁ'{rpelit to cause

amount of |ece s net surface,
oxidation and dlssolutlon of the outermost metal surface layer of the workpiece and

-1([)

te bf soot as an

removal of the heavy oxide film attached thereto. See, for example, U.S. Patent No.
4,026,737, U.S. Patent.No. 4,269,633, U.S. Patent No. 4,859,287 and U.S. Patent No.
4,620,882, which disclose similar electropolishing treatments used to clean native
stainless steels in preparation for coloring by conventional stainless steel electrolysis
coloring processes. The disclosures of these patents are also incorporated herein by

reference,



mcron or so. This is because the hardened "case"
produced by | ow tenperature carburization only
wezaoeneseziown to the first 10-25 microns or soPOf/US187/002751
wor kpi ece's surface and, noreover, nost of the
di ffused carbon which forns this hardened case is
| ocated at or near the workpiece's outer surface.
Therefore el ectropolishing of low tenperature
carburized stainless steel is normally carried out to
[0018% movEleotmbyol Bhirign ioﬂumtivansiamles@fstédls 1§\Qﬁd§'ﬂiaﬂ§‘/ea®d'fﬁi dkmove a
S so.that ,the.c surf of the |
sub ?é%f Bioportion and Hra%aiﬂﬁiy L g @F lefiheB BriaeBa S¥ch is the
surﬁoedhyeﬁ'p@ﬂ' t}ﬁ:hlluﬁgrel Saiflet @fceP doMuBling CbRGMILARNAE 8B as fracture
for V|ng %F ?gavy oxi de_ | ayer such as_nechani ca

B AYBAs ricrags fhigk e pit 69 §lrsiropalishipgbere dg normally
acdo ‘éhétgtot&ﬁldw(hlﬂ 1686t thiv® YRtk SEffate BYEE Qrgfp
[ 0020] Once the heavy oxide 1f| [ mi g tFe#l%ve erh%ysl o(\ﬁe'
tenperature carburized workpiece is ready for use as
[001P%. At eentrast.v eleytropdishmgr kpv, etemperatutee cabbjieat athinless steel is

arﬁHl é?tntgtq ?%OLé%r FERTUR 4 c‘?uanlél s eE%ilpg%eSt : F@b?ffacf' pnly about 1

mi@-ronocrrdsmc eThwstis bdrcausmﬂmnhaxdanech “cany”’t iodacal by elow temperature

stai nl ess st eel rkpiece which has_ heen .,

carﬁ?ﬁ?#r opo %d{yfg ‘W"e&ﬂ)& n{}v#h‘g’? %ié’yﬁmé’)?i‘lfesof pf H?e workpiece’s

surfage rand, mzbmeo%g, mowt <biemaeiiﬁhwdece@wxb whiclaFdr8} thf hardened -case is
col.ori subj tln,%thevvo |ec tg alternating

ed by
locgtﬁfiraén? Ié‘?aéctPF oV KPiecE s AHer PWfaqeo| Fapreiors: ¢lecipolishing of low
temﬁtﬂﬂd&r@r@?&kwﬂ%b@ s{l&l 1§Thﬂ>1§‘rldﬂl tMéCFG@tﬁtCﬁéﬁg% ox@lS}C‘lt minimum
which i s maintained at a neutral to sli y basic
ampH08 thesvarkpigrest Hetalcusfage. ot thy the per?t\w% guefeger gbrpr of the
woflpe&dei® 1f1aPgdl§ n@t'aéteaq%()rlﬂ'ip% l%ﬁgorf' R I)l‘i’é'hn%fgrmbﬁned over
in the above-noted U.S. Patent 4, 859
othgtechnigugs fariemoving, this heat\n'a@mdg layerrsenh aSS'n@thhllceldkamag or
t [ I Gh
e R ST pRlSfing bR RPuht B9, AR B0 g surtace
layethe wor kpi ece alters between positive and negati ve.
The sane approach is used in this invention except

he, 5 WO 2 108865 PCT/ US2007/ 002751 .
mmbﬂven(?n??ehber BIERYY o1 fh T & TTHOXF dﬁ'&ﬁ 8 ¥ {emperature carburized

wotkpéekerio Iryelysfob aish ak $s. Ua@ermaliRelgd e wofkpi&étdag be édﬁfe%ted to still
| cal I onger. Moreover, activation of the
adc@%‘?ﬂ?ﬁr 5‘8“% F‘?Ség’@ P3PSt r eat ment with nitric,
phosphoric or other acid, with or w thout acconpanying

Alternafif® dine r&it Eﬁkm%‘sfs Cblofiigment, which is an inportant
feature of known stainless steel coloring processes,

(0021} l}ﬁﬁéﬁ%ﬁ?@w\!ﬁhttﬁe imestipmalow tamperature carburized stainless steel
workpiece which has been electropolished for removing the heavy oxide film formed

during low temperature carburization is colorized by subjecting the workpiece to
alternating current electrolysis in an electrolysis bath which contains a metal having

multiple valence states and which is maintained at a neutral to slightly basic pH.

[0022] Coloring stainless steel by alternating current electrolysis is already known
and shown, for example, in the above-noted U.S. Patent No. 4,859,287. As described
there, an alternating current is applied to the stainless steel workpiece to be colorized in
such a way that the polarity of the electricity applied to the workpiece alters between

positive and negative. The same approach is used in this invention except that, in the
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[0023] The workpi ece can take a wi de variety of
different forns. For exanple, the workpiece may be a
w0 paovitesgeT onponent , i ncludi ng but not |inmted POI/ES2007/002751
fitting body, a nut, a ferrule, a gripping ring, etc.
One commerci ally avail able and highly successf ul
fitting is illustrated in FIGS. 1 and 1A FIGS. 1 and
I A, which taken fromU S. Patent No. 6,629,708, the
di scl osure of which is incorporated herein by
invérﬁfve fp@&ﬁ‘e@s iaﬂnéf:dtfal e@txﬁiucﬁmbasm%fuwskqoi;aﬁ gs Hﬁéd be &filition, cycle
e of the conponents, o e fit
timeq 476 YRIGH @dbs%er oVer, ARGV iR Ofﬁge warlﬂﬁ?@c%s‘r%“ﬁay treatment

with nfHE gshdsphéi€of emée a@mt Srithf ort\hﬁhéuttabb@ﬁpﬁmﬂ@ ahédic or cathodic
FIGS 1 and 1 A and e a conponent of an

treaftnent; WEicdy is iRt a0 Sealyiert Ingi gpinl e&ﬁytq% 5%93&% processes, is

unn@ée%@ﬁ?'x%thﬁ@@%bm’f&ﬁ 1 shows the fitting conponents
in a finger tight position preparatory to fina

tightening, whereas FIG |A shows the fitting after
[0023] nalTheiwirkpitcaganAske hovide vatiety 61 differgnt donmps.i Feos ezample, the

d
Rt HR B, A B Ry AT K B8 o
a femmlnmrgnpmmg Hngdetcs Om@mademiallyfm/aﬂxb]alandllhgﬂy saogtssfil fitting

i s P EICR T apd et T ST Ao o) g TR Tt o.

6,6290a8, thbeliddesie bErhitle i agkofpdrited tizrein iy fe@iit€in its entirety.

surface 20 t be received i n_the canm ng
Th YEYEIecRIRRE PSBY QI THE O B COPERTENE bigh ing illustrated by
FIdsp qaing@d AXTAE WorRpit¥@isthol Nielifkdte thd SorAporicd® off ME fitli®g shown in
configured as shown with a tapered _nose portion .24

FI%H and | dandrpay, be axemponetRf a8y type o Akinecai Ypinfess steel part of
mna§peghﬁmaﬂgh}ned end surface of the rear ferrule 22

provi des a radial conponent as well as an axi al

conmponent of the pull-up forces acting on the end
[0024Lr f 4d©. dsshaiwis| thp dittipp zpmponends imesiingek itight gosition fpeeparatory to

[ 10N
find] ahtehllfe, WIS FIBOTR Fows HhE Rltfheld? BRLFHfRITL hs shown, the
fittin@ @RBiprishea ﬂ:edy uIOelsavixfg a 2@limdrécat opbrisg d 2tppuataibored fowteceiving
oiERRTS, R PUER 1 Bphil cldfitihelMou 4 ROIokh 8" M hial outer
endf dfihg eomuerbosdn ol ﬂem @aunf 16 hﬁvmglta. saaioth ag/ahdaéamhmer wall 18 is
wal | suffa t he .r ear rrule
clofefg Fackveth B he b s Hord derie e Srdisanieal Sutef sagiee 20 to
be BevEd inthElcEmniiAg nfollE) 2007/ 108865 PCT/ US2007/ 002751

(i) Electrolysis Bat h [0027] The el ectrolysis bath
for the inventive colorln rocess contains jons

[0026} a A%e%latednmlil thy Fentfepple 1atndlosatsd sridlyqidyagktherefrom is a
reaC TR 99 cofRENRE 8B WAbwh WESA ©pered nose portion 24 and a rear flange 26

having an inclined end surface 28. The inclined end surface of the rear ferrule 22

'_"G

provides a radial component as well as an axial component of the pull-up forces acting
on the end surface as will be apparent to those skilled in the art. The tapered nose 24

enters a tapered camming surface in the rear surface of the front ferrule.

[0026] The ferrules 16, 22 are enclosed by a drive nut member 30 threaded to the
body 10. During tightening and make-up of the fitting, the inner end face, flange, or
shoulder 32 of the nut acts against the rear wall end surface 28 of the rear ferrule to

drive the ferrules forwardly into the fully engaged position shown in FIG. 1A.
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manganese and vanadi um Specific exanples of such ions

i ncl ude chromates, nolybdates, tungstates, manganates
wa@pa7aessexiat es, for exanple, Cr+6, Cr04 2, MOBCRPS2007/002751

Mh04 2, V+5, V03" (netavanadate), V207-4

(pyrovanadate), and VO 4 (orthovanadate). M xtures of

these ions can al so be used. Specific conpounds which

can be used to supply such ions include, but are not

l[imted to, ammoni um di chromate, amoni um nol ybdat e,

ammoni um net at ungst a(i)eEléchbtystmI ybdat e, sodi um

oL YR GBS R R, st m mengaole BN AN o or

meftikt ledving muléiples aalenoe dsxhoes arll a9Yehré@nee N mdlb&MuaR N tungsten,
be used ich will give. he desired result. In

MAREAETS | 2ndc SARKYRAt | SPROIE sergiies o nfualo dens 1nglugde chromates,
moﬂyb@aﬂ%@' t@ﬁéétht%@rmaﬁ%ﬁtésymc@ddaﬁat@@%l; eQarQ?let @rﬁ; %r04 , MoO37,

nmol,es/Liter, or even about

MRy e Vb WO oimiavanadate) S¥1 Qi (qydeam)e apH BO t Em‘thovanadate)
Mlﬁ'l.l?é%téfoih)éﬁ forRaddh HREDd OsddN® E&%@%@&BQ%@N% be used to

normal |y mai ntai ned between
Suppibb Fecll fops dpelude.ebutiargrnadviamitdd 10, arfivogium alicleemates aanmonium

f 0
oSPART AEORBEOR AE N FEAL o g s
leeﬂ%teisosiilysmnlganatsaadémﬂmkmt ained at strongly acidic

or strongly basic pH s through the addition of strong

such as sul furic aci nitric acid, or strong
[002%]:;36 heeenegatralien ¢ tﬁ? V&L"n t Sictal I SRR e r"%‘dﬁlrye and any
condaitrationngahlbe usseviich WhR gn&i @6 ldeSikaBtesulp Al se@dral, I&Sncentratmns
| on_and, indeed, are preferably avoid

sent nv e
fanglr“s)ff%l {28P h & tbmolssditer; Mg ttyqle%o?b% Ot ddrmalesliter,

or eteh RAb&hD. i m/@ Birh&MBs/1itd?, RhRH LR RSB Jsepiit emperat ure
carburized stainless steel workpiece is colorized by

subj ecting the workpiece to alternating current
(0029 ectlhel pHi of the alecedlysisr bithsissd Hat the dsveleber pioedss is normally

| neg_, Py,alt ernat t he arity of
mm‘?‘%g}{e:q e;:‘g r%ca %&r rgeln 15185 %%’C%lll tg“r‘i’g%\xéoﬂpl%rcg This
repsssenth asignificane departurh dton @sior eleetlolytic pheceatnvor Bﬁloeﬂhg stainless
..S._.Pat ent . .4.859 287. Prefergbly this is done
stect i v Ch, i, e tolsi¥ BRIES g antigreirien s Supne asidig s Sagngly basic
pH’g&hﬁmghlthe héditian Gl s&bng\/iﬁiﬁ% Sueh s shlfstic RERI & MY acid, or strong
b s done sqQ that  ,equ ampunt.s of el ectrical
as%% F?‘g’h?s &P 1“%3’9{9{%(‘? n %‘W%pga?¢§5t6¥ Fgprtoymallysused in the
eledtiolysié baheof the PreRuBIHVeRtion fnd, iRiceayat %éne&fblfh\gmdé’d
of this disclosure. In this context, "equal " ‘neans

that the absolute anmount of electri cal 7 WO
2007/ 108865 PCTAiils2deemaor/Blectricfyreant appl i ed per

[003Mn| tf aét:lérrciz@l‘ég Wlﬁa e REnRAL aREl fggtr&%l?s'ill gt " temperature

positive pu
carbunzed stainless steel workplece is colorized by subjecting the workpiece to

alternating current electrolysis in an electrolysis bath as described above. This is done
by alternating the polarity of the electrical current applied to the workpiece in a similar
manner to that described in the above-noted U.S. Patent No. 4,859,287. Preferably this
is done so that a plot of current density versus time assumes a generally rectangular
wave form. Most preferably, this is done so that equal amounts of electrical current are
applied in both parts of each cycle as illustrated, for example, in the waveform of Fig. 2

of this disclosure. In this context, “equal” means that the absolute amount of electrical



of each cycle, as determned by integrating its
current density/tinme waveform is equal to the
w@bmoliesses anount of el ectrical current appli edP@BUS2007/002751
of surface area in the negative pulse of each cycle.
[0031] This is nost easily done by regulating the
positive and negative pul se of each cycle to have the
same magni tude and duration, as illustrated in Fig. 2.
For exanple, if the anplitude of a positive pulse is
curseht Appliah geli wrst dilswfacerares ofl e purt bd:lﬁg coldlized il ¢he positive pulse

| d th t I ft
or 8415 ST L2 3 b0 SR i, s e

to the ARM>lutkl drn&ﬁﬁwfdslectﬁcbﬁ‘ catntveppliedt he 0 Wit dheRSe aitéh in the
dur at i of the positive and negative pul ses can be
neg&?‘f’???@ﬁtde%%‘ SE% as the total anount of current
supplied per unit of area is essentially the sanme in

[003”‘|e POk §d4 ¥R PO RRBAL ibYSe Hhﬁg g'r A c%@cﬁze] an-Elhl?ecga ive pulse of each

ni tude and duration of e ap el ectr
cyc&ﬁu ke thy spas mergmimde agd dmtloneas:dh!pmshed i Hig 2. t Fay example, if

the &nSR{th @ ¥ iaSpditive ?lﬂge fany e@rﬂ) aﬁxtdb% Qﬁggi)ﬁ'l@ %60 ki*}{ﬂhseconds the

routi ne experinentation
amElx%lﬁrpl dsthgrsgetive pulss| @f/vthel smg@mgclal ahouhia alsaagn |—t ud%np and its

durg{1 P ol QJIS! Z% ?H(% rn’ﬁﬂi)sbtf‘oﬁ]dst .\ tern t1 ?glg%;gl%]la Xﬁd durations

gener ween ‘a
of thsi goan’ewuand hm'gatnhe pulses ean b@emffetqnt,l Eb e@@ap@lﬁe tdtule amount of

ulse 0 t ween abou 0.,01 and.+ AI|
ol REpBHEt Bl Pl % ARE ﬁsﬁeﬂﬁ%@: e iR Jbe paridue and negative
pulseh;oul d be betvveen about -0.01 and -3 /int. Mre
typically, the magnitude of the applied current wll
be between about 0.02 to 1 A/in2 or even about 0.03.
[0032}, (. Fheympgnituds; apd; dyrptjon pf therpplied sleckicab awelmag@s depending

on S Hb&ﬁfyﬂﬁflgﬁl dfYnb eel@c@ﬂﬂ@sé— Bathl 80 7 lebél r}%g rggﬁéds by routine

commonl y about 50-500 m || i seconds,
exnwmméaé@@nushgmupﬁéhe mkmgge)@nml@s m@@elltﬁﬂ Ihe!milz-onﬁsgeneral the

b
el ﬁgﬂf&esgﬂ%ﬁfzﬁﬂi%@a b RO LG 0 Yy
betWﬁ‘PIl iabewioMh8% todh A/l SOTlhle read. th[i@%&]ut#@t IdBd$1tbairedach positive
pul?t% NSua %@%a@@één gt? %mm Xf Qar 18 gﬁ% gwggntv\ﬁi%ﬁlty in each

fernating curren r ol yS|
negative ipulenshandi be tb@t\aeb)plabmkte mm/ehnﬁor?m/m'zl | usdisrat Bghically, the

ch alter ti f Jpos ve and
gl e Pl Sl Sug T B oG s Biod Bel AR ffyen sbout
0.03l o &7 Avii;’ar Slrﬁlﬂm‘lyﬁeﬂe titTarr?hbﬁ ofalpipelke shﬂﬂlﬁﬁio&frﬁ%]ly be about 15-
ne_anot her us that t
10deC iAo Grof0 ety pbutty 01500 Bl izpcarioy 8- even 75-200
milisgcahian hisef laﬁtmg’rlhlbdm 1ol Iﬁﬂhge%on&shﬁa\fmynt fodBd 28 vefespecially
coneemet | V?th&liléhs }e)u ses llastlng less than 15 and more than 1000 milliseconds can

also be used.

[0033] " As indicated above, the most convenient way of carrying out alternating
current electrolysis in accordance with the invention is to adopt the wave form
illustrated in Fig. 2 in which alternating pulses of positive and negative current of equal
current densities and equal durations are applied to the workpiece immediately
following one another. Thus, Fig. 2 shows that the duration 12 of positive pulse 14 is

equal to the duration 16 of negative pulse 18, the magnitude 20 of positive pulse 14 is



WD 2007/ 108865 PCT/ US2007/ 002751 equal to the
magni t ude 22 of negative pulse 18, and no delay is
w0 p®enosses bet ween adj acent positive and negat POEUS2007/002751
pul ses. [0034] O her approaches, however, can also be
used. For exanple, a delay (where the workpiece is
hel d at zero potential) can be inserted between
successive positive and negative pulses. In addition,
t he magni tude and duration of the positive and
equabdatthe enagniheles22 axf regatiree ipebief I)nal) obeddlay dy dheerted between
-S| 01 ]. t he ni tuyde and duration of the positive
ad]%dﬂég%g# %%&]8?5 %F’ HCtr om t he magni t ude and durati on
of the negative pulse in a particular cycle, provided

[0038hat Oirer appRlatlicy, AEWERrS cl aRbad hidedal F&UELRY e, a delay (where

suppl j ed,i both pul ses is essentially equal, as .
thei"?‘f%ﬁﬁ’&?%és gﬂs\ﬁé zeno; ppsetial) cagdia inseriad brdween geccgsrive positive and

negdf98 pulkls P Uh SRV tfoa) the maBhinvileshd aulta!ﬁgggﬁtt?xﬁ 'bgsoi]ﬁ.(fe S3\’11d negative

el ectrical current provided as descri
pulpgsfeg o yagiesk frpmecsa&;tpecym e8inylas]y, phe aragnitede and duration of the
postiiAphIgSdan 5O dlfRREntdPorh e h@ShiPRld &ﬂa&égr? &F {He(i}egative pulse in
current is an alternating current or negative pul'se
a petiicnlantcygle, peedded 8t therebsolutp GABSIntsdf alebrical tursémsugplied in
3RRr gl h h i.f ferent appgoaghes scri bed.
bOtgfpove %aéﬁgérggggpﬁugg a%v%fi Ic eél entict ehélgﬁ?"s 3‘1%?10“1 posgtlve and
negativapnisas caf be helwedlpitlecpatem ofibleetrival éwredny provdd&t as described

. onl 0§ 1,10 f this tr t, VPLES
in Qo Yoot B B souSablea) Fn (o Alft oo o 1on as the last
appliedrebeoghit eurrehieisf @l dleathatthgnauridnd @r RxatiRe) pels¥Riufent as described
conducted. Exanples 1-10 [0037] In these exanpl es,
thet i nl ess steel ferrules made from AlSI 316 stainl ess
steel were low tenperature carburized in general .
cor ; ) -
(00336 S FARER A4 B PRRKEIAMEAE ditreroRlytbadifs doscribed above
canpb@ applaesl auen Mg entiae iIsawise atfi togatmeiteof trer whdgiever @, alternatively,

I 'sﬂqg- ve the heavy oxi de coating that
owﬁéﬁﬁ%%ggﬁ%%#ne Saﬁ?ﬁﬁgabarburization. The

el ectropolished ferrules were then tunbled for 8
mnutes in the prewoRKING BERAMPERMSS, burni shing
conpounds and tunbling nedia for enhancing surface
snmoot_hness and then rinsed with water and dried,

[0036her dByordst &1 essitPectheciny epinn giesel theropghlys theyfollowing working

ex tNPer Snafacg area of about 0.63 inz. 9 WO
2007/ 108865 PCT/ US2007/ 002751

Examples 1-10
[0037] In these examples, stainless steel ferrules made from AISI 316 stainless steel
were low temperature carburized in general accordance with the above-noted U.S.
Patent No. 6,547,888 Bl. After washing to remove the soot produced during
carburization, the ferrules were electropolished to remove the heavy oxide coating that
had also formed during carburization. The electropolished ferrules were then tumbled
for 8 minutes in the presence of detergents, burnishing compounds and tumbling media
for enhancing surface smoothness and then rinsed with water and dried, thereby

producing electropolished ferrules each having a surface area of about 0.63 in2,



[0038) The el ectropolished ferrules so obtained were
then colorized by an electrolytic coloring process in
wa@ewonesnte with the invention. This was done ByI/US2007/002751
subjecting the ferrules, which were nounted on a
titanium anode, to alternating current electrolysis
usi ng an aqueous el ectrolysis bath containing 0.15M
Na2MoO4. The pH of the electrolysis bath was
approximately 9.5, which was due solely to the
[003&]612 VOO, elmiropa)didh&d fmalesa:mdbtmned)%ﬂa theh Rglopizes st}tan electrolytlc

col& nctrol SLS was carr | \%t g a,bﬂernatlng
O HBYE %/én BREPTASS Y %F?Vee ea p}’[ﬁss%c"}eag?( |SH@e°““g the
ferrh 9, wihidh see®mstsuritéd bn @Otltaﬂﬁﬂnﬂ)ﬁﬁo@@ttﬂﬁeﬁférﬁzﬁﬁ&péﬂr&@ﬁ -electrolysis
Ten differ ent exper.i ts were conducted at fferent

using, ap. AqUeqER 5 eFEAVS, FontayHng . 933V NeMqQan 2. Teaai of the
electoilfis HatH wadSippioahRly 9%, WhitHl ®8s ik tddid
et he flerrul es oifsﬁg? ned b}él ng_noni torséd% %lérgggﬁglégﬁazﬁoo“’ Ho
additiimg! agidne base bang presat. c uEleetielydisnwis camied rpit oiging, alternating
IQBQﬁi 1 a
pu oﬁv]\ll&rll é'@érglkl)fl %e%%@é E\%ﬁ?nst tgg%}f’gﬁls% qg&tﬁ% FOd I;r?ilhseconds with no
del%bb@\ﬂeam ithe pudges. usEen diBferer@otxperiBicntBiwese la@ndudaar lat different
urteld t 0 ktu 2 reddi s
ey a% g]‘b;(g%/bug? } &?%lﬁé Téﬁ&ﬂ @B%%é i 1%’ i g Eﬁc £ SARYTPERY Eaégg “about 22
mingtese v itth tlgpo edlor aifithe verhifes adbtaified :beilirganmnﬁtbfml MNod ré&orded each
Inin%gagstituting a bl uish/gold rai nbow effect 10 WO
7/ 108865 PCT/ US2007/ 002751 Table | Col or of
Treated Ferrules as a Function of Current Density and
[0039'|]I e Thé c'hr?erﬁ'aeﬂmﬁeﬁe gﬁ)g@d Jdhd fHefegutts aﬂﬁﬁieay areAs/eE Rsrth in the
033 _0..044 0.055 077 0.088 0.099 0.
f°118W¥§ Tabie }. é‘“@‘é“@l‘at@ foligwingabbreyiations e’ea;smd B B B B -
BT3g3mdm GCGTL1 Ti ~BBBT3 GG4nn GGTi BBT3

T3 GGG
B =Blue

DG = Dark Gold

T1 = Transition No. 1 constituting a reddish/blue rainbow effect
T2 = Transition No. 2 constituting a greenish/gold rainbow effect
T3 = Transition No. 3 constituting a bluish/gold rainbow effect

10



S5mnTT1ITi BBT3 T3 GGG 6 mnTTl1 BBT3 T3 T3
GGDG 7mnTT1BBI3GGGGDG 8 nmMnT1BBT3
wW@2@7®886DG 9 min T T1 BB GG G G DG DG 10 pPETUI2002002751

mnBBT2 GGGGGDGDG 13 nin B G
DG 14 nnBBT2G ~G__ GGGDGDG 15 ni
GGGGGDGDG 16 mMmn BB T2 GGG G G DG DG
BBT2 GGGGGDGDG 18 nin BB T2 GG G G G DG DG
19MmnBBT2GGGGGDEHIBPE 20 mn B T2 T2 G_G_-"G
G &hlor BETredledWeinBes Zs d RuretionGf@erdaCegsity andTind T2

BBGGGGDGDG 11 mn TBBGGGGGDGDG 12
2 G
n

Ex 12 65 G G2 GDRDGI[0g40] Fsom/ Tagl e I, 7it]cag be¢ Sgen] 19
Current L hat sjgnificantTy|difTerent colors, [SpecifficalTy
Density Pl ue, gold ahd dar !g gol d can be 1 nmparted tio | ow
A/in> ! emsr poloug £aloRyr i 8fbeSt 8lgesd.088e¢lo. o Uikl €S | B2 | 0.13
1 min peqlecgn LO y &’ . neGE)r 326@[ T HVGHL 1 :JIIB angt :—;:>+ B, B
2min_ L1 @S | O EXgnplesyt- FUTRETE TRPeat e, TgXCRptt gt T3
ETETIN AR i 0 08 T A0 A £ A T
4 min Tﬁre P GG?' } l Jhi] t Ab!C] +ef 33 toﬂ.e co¥or G G
Smin | o ) Tlad >ddzs 10sBss| pd¥ uE2de7, ot | 190l & O G
6 min olbrbf T'}r reBles A3 ol Ellktilontdf curent G DG
7 min ity ddd TinB Ex B1 12 QuGent G G G DG
8 min T | Tl B B T3 G G G G DG
9 min T Tl B B G G G G DG DG
10 min T Tl B B G G G G DG DG
11 min T B B G G G G G DG DG
12 min B B T2 G G G G G DG DG
13 min B B T2 G G G G G DG DG
14 min B B T2 G G G G G DG DG
15 min B B T2 G G G G G DG DG
16 min B B T2 G G G G G DG DG
17 min B B T2 G G G G G DG DG
18 min B B T2 G G G G G DG DG
19 min B B T2 G G G G G DG DG
20 min B T2 T2 G G G G G DG DG
21 min B T2 T2 G G G G G DG DG
22 min B T2 T2 G G G G G DG DG

[0040] From Table 1, it can be seen that significantly different colors, specifically

blue, gold and dark gold, can be imparted to low temperature carburized stainless steel

articles by the technology of the present invention.

Examples 11-13

[0041]
0.44-0.64 A/in’.

this table refers to the color green.

11

Examples 1-10 were repeated, except that the current densities ranged from

The results obtained are set forth in the following Table 2. “GR” in




Density A/in'" 0.44 0.055 0.64 60 sec CR R -_ GR 65
sec R GR GR 70 sec R GR GR [0042] From Table 2, it
w@anhassseen that still another significantly BCF/8200T1002751
color, specifically green, can be inparted to | ow
tenperature carburized stainless steel articles by
the technol ogy of the present invention. Exanples 14
and 15 [0043] Exanples 1-13 were repeated, except that
the current densities ranged from 0.44-0.55 A/in2
while total treatnent timesle2anged from7 to 10
m nQbles of MesatedKerifies £ Bhm@idnaTCuiRint DRnbifly hid Thee
following Tablle &x "K 10 thi g2taplgarefers to the
col or red. Tahl@pgedl Or of| Treatgd Ferful es as a
Function of CumygpityPensity) and Tjme Ex 14 15 Current
Density 0.44 AAp2 64%_@4 0550441 NpBgR 18 mMn RR 9
mn RE 10 _rr}‘rgﬁe" 'Oﬁ] FramgrT ”Gi_?’f}t can beI
seen that stilf er=stgnt-Eeapty-ei f f erent col or,
specifically r%ﬁgég b%Ri n%“m{ed ‘C’G)RC‘\I tenperature
carburized st armrSSs st QB les t he technol ogy

=y
f t r i.pyention. l.es - 25, [ 0045 ,
to04), kol $245 2, if YT s citen FRACRUE Reoifrg fiepifipanty different color
speeiffieally gtegsj eansd imdpartedwadowaermpeaade ehridiri2bll stainless steel articles

NH4), 6Mp 724" AH2O. The results obtained are set forth
by RliEhBMAEX o i s

e et

=D

r)g) ~t*

tald
AT T o

e n this table, the
foll owi ng additional abbreviations are used: 12 WO
Exampla0/4dd 8865 PCT/ US2007/ 002751

[0043] Examples 1-13 were repeated, except that the current densities ranged from
0.44-0.55 A/in® while total treatment times ranged from 7 to 10 minutes The results

obtained are set forth in the following Table 2. “R” in this table refers to the color red.

Table 3
Color of Treated Ferrules as a Function of Current Density and Time
Ex 14 15

Cunrr_ent
Density | 0.44-

Afin® | 049 0.055
7 min R R
8 min R R
9 min R R
10 min R R

[0044] From Table 3, it can be seen that still another significantly different color,

specifically red, can be imparted to low temperature carburized stainless steel articles by

the technology of the present invention.

Examples 16-25

[0045] ' Examples 1-10 were repeated, except that the electrolysis solution was
composed of 0.2M (NH4)¢Mo70,44H,0O. The results obtained are set forth in the
following Table 4. In this table, the following additional abbreviations are used:

12



PR = Pinkish Red T4 = Transition No. 4 constituting a
gol d/ pi nki sh red rai nbow effect T5 = Transition No. 5

w@oov3togses i ng a pi nkish red /green rai nbow ef f BCT/US2007/002751

Table 4 Col or of Treated Ferrul es as a Function of
Current Densit and Tine Ex 16 17 18 19 20 21 22 23 24
25 Current Density A/in2 0.033 0.044 0.055 0.066
0.077 0.088 0.099 0.11 0.12 0.13 ImMmn GGGGGBBB
BB 2mnGGGGT3IBBT3T3 G 3 mnGGT3 T3 B
T3 TPE=RitkisdRedn GG T3 BB GT3 GGG 5mn GT3 B

B B T4A.PR..6 mn .B B .GT4 P 7 mn G
B B4 TN PNRRS prostigti + gadipkiph peimnbpaliiok
PR  II3r=MrdiditibBNB. BchiRtitkir R PiRk{sR red Ggrébiiralsbdv BirEetB

PRPRPRT5 GR 11 mn TBBBBPRT5 PRT5 T2 12

mn BBBBT3PRGRPRT5G 13 min BBBB T3 PRGR
T5 T5 G 14 mMn BBBT3 T3 PRORT5 T5 G 15 nn BB
T3 T3 GPRGRTS T5 G 1qfiuB B T3 GGPR R R T5 G

17 @bidrBr TedtedF&erdles 5% %(@E@nﬁ C&(@e,n ,g%,t 2T ﬁn

2 Z T 1T |5 D
Cfiint.;.égiﬁ%;%;b K EUN TSR 1l Al A2 8 A WA B P
Density T3 G GG PR GR T2
A/in? 0.033 10.044 | 0.055 | 0.066 | 0.077 | 0.088 |0.099 |0.11 0.12 10.13
1 min G G G G G B B B B B
2 min G G G G T3 B B T3 T3 G
3 min G G T3 T3 B T3 T3 G G G
4 min G G T3 B B G T3 G G G
5 min G T3 B B B G G G T4 PR
6 min G B B B B G G T4 PR PR
7 min G B B B B G G PR PR PR
8 min T3 B B B B T4 T4 PR PR PR
9 min T3 B B B B PR PR PR PR GR
10 min T3 B B B B PR PR PR TS GR
11 min T B B B B PR T5 PR TS5 T2
12 min B B B B T3 PR GR PR TS5 G
13 min B B B B T3 PR GR T5 T5 G
14 min B B B T3 T3 PR GR TS5 TS5 G
15 min B B T3 T3 G PR GR T5 TS5 G
16 min B B T3 G G PR GR GR. T5 G
17 min B T3 G G G T5 GR GR GR DG
18 min B T3 G G G T5 GR GR T2 DG
19 min B G G G G GR GR GR T2
20 min B G G G T4 GR T2 T2 G
21 min B G G G PR GR T2 G
22 min T3 G G G PR GR T2

[0046] From Table 4, it can be seen that other multivalent metal salts can also be used

to impart significantly different colors, specifically blue, gold and dark gold, green and

pinkish red, to low temperature carburized stainless steel articles by the technology of

the present invention.

Examples 26-29

[0047]

composed of different multivalent metal salts, no additional acids or bases being added.

In addition, current densities were also varied. The conditions and results obtained are

13

Examples 1-10 were repeated, except that the electrolysis baths were



[0046] From Table 4, it can be seen that other
mul tivalent netal salts can also be used to inpart
war@niésseant |y di fferent colors, specifically BETES2007/002751
gold and dark gold, green and pinkish red, to | ow
tenperature carburized stainless steel articles by the
technol ogy of the present invention. Exanples 26-29
[0047] Exanples 1-10 were repeated, except that the
el ectrolysis baths were conposed of different
set roxith i dheefiillomst@Tablel 3. sIn fios &dbdé, tthe Hallowimigdeiditionahsstareviations
be&pg added. In addition, current densities were also

are 3% ed. The conditions and results obtained are 13 WO

2007/BD86HEVIROH B2, A02051 set forth in the
follaowng Table 5 In this table, the foll ow ng

addi %ﬁ%’lggb‘ag\%?’é‘ﬂz%s are used: Bl = 0.3M

( NHA)eodve 6080 MBD,74H,6M MavPady = 0.3M
(NH4)6I\/b7@4'(3\E§4% +8't2)).2"1|v| Ravos' 4%0@%?%05 Col or of
Treated Ferrules as a Function of Current Density and
Time Ex 26 _ 2 28 CurrdablePensity A/in 0.033 0.044
oGalor pf deedter Ferrwlepas mFmpafiogroffnrpentiDensity end Tivet | ow
min Yel | &% Blue Orange 260 nih Gol27 Bl ud O a8e 1b
fument Dengity Bfinfe Char t 0138e 20 no.044x arlge BI0SS
hBEiectrelysts bl m n Li BiG een BBme Gileen B30 mp
e ingiw Chartreuse Yelll owBKI® m n Gyleflowel Tflow [ 0048]
dminabl e 5, it can be saawt hat valaoUs [di Tdhahedt
Ui 6 mial ent netal sall’s,” GAIacT Ui NGBeXT UTES @ansaIch
A3 ;inCan al SO be USET TRed MPal T g Wiid (8¢ HaHreuse
BHRGRNT COI 0TS O [MOVRLERDET A UT By pAT DUricden o /oo
FE OESS StEE dri”"iffghlt’brpél‘hc techporogy ot Gtie
30 niin Yellow Chartreuse Yellow
40 min Gold Yellow

TV oONITM<O3I VIO

[0048] From Table 5, it can be seen that various different multivalent metal salts,
including mixtures of such salts, can also be used to impart significantly different colors
to low temperature carburized stainless steel articles by the technology of the present

invention.

Comparative Example A
[0049] Examples 26-28 were repeated, except that the current density was 0.066 A/in?
and the electrolysis bath was composed of 0.5M NaNOQ;. The results obtained are set
forth in the following Table 6:

14



i nventi on.

wer e repeated,
WO 2066088635 N2

Conpar ative Exanple A [0049] Exanpl es 26-28

f

except that the current density was
and the el ectrolysis bath was coP@DEEOT602751
0. 5M NaNO3. The results obtained are set

orth in the

follow ng Table 6: 14 WO 2007/ 108865 PCT/ US2007/ 002751
Table 6 Col or of Treated Ferrules as a Function of
Current Density and Time Ex COO Current Density Alin
0.066 Electrolysis bath 0.5MNaNO3 2 min Blue 5 nmin
15 Weble®l d 20 m n Li ght Brown
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I nventi on,

bath dpesnotcontnin g metal hasdng sMIGPIBy alanee sigtgsoilowmesrathaslectrolysis
bati aepleted rapidly requiring frequent replenishing, which is disadvantageous from a

processing standpoint.

commercially unattractive.

[0051]

described above, it should be appreciated that all such modifications can be made

without departing from the spirit and scope of the invention. All such modifications are

Moreover, the colors obtained were not uniform, which is

Although only a few embodiments of the present invention have been

intended to be included within the scope of the present invention, which is to be limited

only by the following claims:
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WO 2007/ 108865 PCT/ US2007/002751 dC ainms: 1. A process
for coloring a surface-cl eaned | ow tenperature
w@ a0opessged stai nl ess steel workpi ece conpri sPEyUS2007/002751
subj ecting the workpiece to alternating current
electrolysis in an electrolysis bath containing a
nmetal having nultiple val ence states and having a
neutral to slightly basic pH 2. The process of claim
1, wherein the I ow tenperature carburized stainless
Claims: steel workpiece is surface-cleaned by
electropolishing 3. The process of claim1l wherein
the pHis about 7-10. 4. The process of claim]1l,
lwher é\ nros>ﬁ°é ﬁeétcalorxw sy facarolsaned IQw tenperatyrg catburized stainless
steel WorkﬁbeQ KoHPrisi h‘lg‘t EW%%%@@ t@%ﬁ%ﬁﬁﬁg cu%ﬂ@&b&%lyﬂs in an
or a mxture there process of claim4
electrolysigfbatte ronteiming ae@pmhﬂm mltwl% dalears statesc it haviag a neutral to
date, tungstate, manganate, vanadate or m xture
Shghﬂybag% reof. 6. The process of claim1l, wherein the
alternating electrical current defines cycles, each
2cycl &hh am')crags af plagit 1, weheptih sles mdtempregatd caebyridedestainless steel
urt th absol ute val ue of the anpunts
WOﬂq““md?mgﬁggfﬁ ﬁqﬁﬁﬁ?gﬁp gﬂﬂpged to the workpiece, in
ternms of current density, in the positive and
3negatiné@riddss 68 cRimaarheremGhe pAIiS aB&entoal Iy equal .
7. The process of claim®6, wherein the duration of the
positive pulse and the duration of the negative pul se '
4of eddle wyctss ofrdaiss denthiengin yhe metal dryingymnltiplet ce states is
| e ] c
ctromivuny B8 bl yrBRER, HHRErte, IREMECLE) At R
in the positive and negati ve pul ses of each cycle are
SGSSGFIﬂiea;bﬂo)iesish@f SRifa. 4,8whdieih fHeoclestfoliis Watlh oitains a chromate,
n the duration.of each pul.se i s about 15-1000
mOIdeatq’rf”rngEa% srpeanalfvanadpg of nikres™se current density
of each pulse is about 0.01 to 2 A/in2. 9. The process
¢of cl e [
abougﬁggb§68%p§$$ﬂ¥gggon s,agngﬁfﬂﬁ?ﬁggﬂaﬁg%gﬁﬁh%ugﬁntcmﬁncs
cycles, eaclirqveket haldngia yositiveaptispahd e inggattygupulee,031d durther wherein the
i
absolute v’éirugc%gg}éégpxglt‘g ?)9%&6%9’%%2 ?Iél?% hjgﬁ%gty atth %&7&11?16%9 6% ;{é}?lgn()f current
density, inothe phsitiet end negatbiepulyes af racit gycichae wasenfiellyreafialt he
el ectrical current applied to the workpiece includes a

del a bet ween ces psj.tiye and
Tl adme iptetal BhR et B tel GG of 3R mosfive pisg,and the
duration offihé hegive vl tyﬁéaﬁ:ht d’}&&l e NdsseritidBy the same, and further wherein the

magnitude of the electrical current applied to the workpiece, in terms of current density, in the

positive and negative pulses of each cycle are essentially the same.

8. The process of claim 7, wherein the duration of each pulse is about 15-1000

milliseconds, and further wherein the current density of each pulse is about 0.01 to 2 A/in’.

9. The process of claim 8, wherein the duration of each pulse is about 75-200

milliseconds, and further wherein the current density of each pulse is about 0.03 to 0.7 Alin?,
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magni tude and duration of the positive and negative
pul ses of each cycle of alternating current are
wesmenessed | y t he same. 12. The process of cl ai PEBUS2007/002751
wherein during at |least a portion of the electrolysis
treatnment, the magnitude and duration of the positive
and negative pulses of the alternating current are
varied fromcycle to cycle. 13. The process of claim
6, wherein during at |east a portion of the
1@l ecthhelprstess of rodditmenivhetdie doriggiat lebet apbredon aff ithe) elrbtrolysis

the posjtive.nul se of each cycle is djfferent fro he
wearment, sh s tnemm i i, e isal BRtedieshnbig ip Vhe i EBiopn ielodei’a delay
between subbdsivaparitive)dildenegitive plilgedr ocess of claim 6, wherein

during at least a portion of the electrolysis

treatnent, additional positive and negative pul ses are

1incl ddedrosess (9 obaim 6r wheteine dudng ithe pntirg gleetmlysis treatment, the

. Vi ) . ‘ _—

magnitodeeldier) G 4P Do KB T patyt pullR Y G BciE or Bty current
are essentighylthernamst ybdat e, anmoni um nol ybdat e, sodi um vanadat e

and sodiumnitrate, and wherein the pH of the

l ectrolysis bath .is_between ahout and 10,. 16.. The .
1y 0 db BPecEt AR FIAE SNOFETH CPHOE af Sl hiet B e Slectrolysis
treatment, A& hitighfud® and dReatad 8f (Y pdase add nedatlveVpilSdper teUdlfmating
carpurj zed stainless steel workpiece having an
current arcay ﬁ%???f@et%ﬁﬁﬂan exhi biting a uniformcol or
sel ected fromthe group consisting of blue, green,

15ed, ThRigHsERB Jreainy 8! Widreid ‘alufin%l at st B Mon ‘Uff QE? €lectrolysis

chartreuse and light green. 18. The workpiece of claim
treatment, fhe mageitedeanddurabei o deepesitive pulbeof fach; ¢ygle isidifferpme from the

magnitud e HRIETE §'iné hebivibu R PLuldig ARl ece 1s a

14. The process of claim 6, wherein during at least a portion of the electrolysis
treatment, additional positive and negative pulses are included in the pattern of electrical

current provided to the workpiece.

15.  The process of claim 1, wherein the electrolysis bath contains at least one of
. sodium molybdate, ammonium molybdate, sodium vanadate and sodium nitrate, and wherein

the pH of the electrolysis bath is between about 7 and 10.

16. The process of claim 15, wherein the electrolysis bath contains no added acid

or base.

17. A low temperature carburized stainless steel workpiece having an electrolytic
coating exhibiting a uniform color selected from the group consisting of blue, green, red,

pinkish-red, yellow, gold, light brown, orange, chartreuse and light green.
18. The workpiece of claim 17, wherein the workpiece is a tube fitting.

19. The workpiece of claim 18, wherein the workpiece is a ferrule.
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