CORROSI ON RESI STANT CONDUI T SYSTEMS W TH ENHANCED

SURFACE HARDNESS Background and Sunmary [0001] Low
woenp@saiar e carburization ("LTC') of stainl esBCssed06/035407

has been described in a nunber of publications

including U S. Patent No. 5,792,282, EPO 0787817,

Japanese Patent Docunent 9-14019 (Kokai 9-268364),

U S. Patent No. 6,165,597 and U. S. Patent No.

6, 547, 888. The discl osure of these docunents is

i ncorporated herein by reference. i this technol ogy, a

wor kpi ece is contacted with a carbon-containing gas at

el evated tenperature less than 1000 F (538 C). As a

resul t, COBRROSIONRESISTANT CONDETERMWITIONSPON
di ffuse into the workpi ece surfaces wi thout formation

of carbi dewpraCENBANEED s%h%%ﬁ@?ﬁkﬁ@t surface

har dness and corrosi on resi stance e wor kpi ece are
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been used to“surface harden the conponents of
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[0003] Thaeéhr@sice WithRisCisdoddfE ﬂﬁ,sﬁﬁﬂﬁlséf stE&rc%ﬁ&i% if such a system is

stainl ess steel conduif and a pre-attac stai
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har dened wi t hout fornmation of carbide precipitates.

[0004]  THQOREHNIUEYE obTtRi8 MiNolodubd Tafli 3¢) BEUised hEN' BR3dS to apply any
process for applying a diffusion-base

diffusion-based surface treatment process to shaped metal articles made from multiple metal

workpieces by forming a pre-assembly of these workpieces and then subjécting the pre-

assembly so formed to the diffusion-based surface treatment process.

[0005] Thus in a particular embodiment, this disclosure provides a process for making a
corrosion resistant conduit system with enhanced surface hardness in which a pre-assembly
formed from a stainless steel conduit and a pre-attached stainless steel ferrule-based fitting, or

a stainless steel component of such a fitting, is low temperature carburized so that the



surface treatnent to an article made froma first
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[0009] In this disclosure, reference to carburizing stainless steel “without formation of
carbide precipitates” means that the amount of carbide precipitates formed, if any, is too

small to adversely affect the corrosion resistance of the stainless steel.

[0010] In addition, “tubes,” “tubing,” “pipe” and “conduit” will be understood as referring to

the same thing, no difference in meaning being intended. In this connection, the difference



conduit having particular outside dianmeters. Thus, "2
i nch pipe" was understood as referring to a conduit
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steel s, especially the AISI 300 and 400 series steels.
Alloys Of special interest are AISI 316, 3 16L, 317,

[0014] The technology of this disclosure is most commonly used for forming a hardened
surface or “case” by low temperature diffusion of carbon atoms into the surfaces of iron or
nickel-containing alloys. Such materials are well known and described for example in the
above-noted US Patent No. 5,792,282, U.S. Patent No. 6,093,303, U.S. Patent No. 6,547,888,
EPO 0787817 and Japanese Patent Document 9-14019 (Kokai 9-268364), the disclosures of

which are incorporated herein by reference.

[0015] The technology of this disclosure finds particular applicability in case hardening
steels, especially steels containing 5 to 50, preferably 10 to 40, wt.% Ni. Preferred alloys
contain 10 to 40 wt.% Ni and 10 to 35 wt.% Cr. More preferred are the stainless steels,



317L and 304 stainless steels, alloy 600, alloy 625,
alloy 825, alloy G 22, alloy G276 and alloy 20 Ch, to
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For convenience, all of these processes will be referred to collectively as “diffusion based

surface treatments.”

[0019] All such diffusion-based surface treatments can be applied using the technology of
this disclosure. That is to say, each of these diffusion-based surface treatments can be
applied to shaped metal articles made from multiple metal workpieces using the technology
of this disclosure by forming a pre-assembly of the metal workpieces first and then subj ecting

this pre-assembly to the diffusion-based surface treatment.



this pre-assenbly to the diffusion-based surface
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di scl osure. Norpmally, conduit systens in
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[0022] Ah}styps o€ dohdliO¥Ystet DO pio¥edsEdTithSthd @ecHﬁ@o@g‘/ of ﬁﬂ@ disclosure.
Orings for seallng) such as shown in U S

Normallpogqagpit Né(StGBISZBSNIAebA, SHRPINE cod dehling 9 thenfittings nythe conduits is

accomplished mechanically (i.e., without bonding as by welding or adhesive) will be
processed. Examples include conduit systems using flare fittings, conduit systems using
ferrule-based fittings more fully discussed below, conduit systems using VCO systems (using
O-rings for sealing) such as shown in U.S. Patent No. 3,288,494, and conduit systems using
VCR (using flat or annular gaskets for sealing) such as shown in U.S. Patent No. 3,521,910.

The disclosures of these patents are incorporated herein by reference.

[0023] In some of these conduit systems (e.g., flare fitting and some ferrule-based fittings)

the conduit ends are plastically deformed prior to final joining of the fitting to the conduit. In



VCR (using flat or annul ar gaskets for sealing) such
as shown in U S. Patent No. 3,521,910. The di scl osures
wofod7hasie7 pat ent s are i ncorporated herein by reCensnmen35407
[0023] In sone of these conduit systens (e.g., flare
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[ 0026] Four general types of ferrul e-based fittings
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In these gttmgs, the gripping force greated by the ferrule is due in significant part to the

leading edge of the ferrule cutting into the surface of the conduit. Some swaging of conduit
may also occur. Ferrule-based fittings of this type are shown, for example, in U.S. Patent

No. 2,179,127, the disclosure of which is incorporated herein by reference.

[0029] The fourth type of ferrule-based fitting can be regarded as colleting deformation grip-
type fitting. In these fittings, the gripping force created by the ferrule is due to a combination

of forces. As in cutting-type fittings, significant gripping force is created as a result of the



| eadi ng edge of the ferrule cutting into the surface
of the conduit. Sonme swagi ng of conduit nay al so
woaoenrro33iBer r ul e- based fittings of this type areCshuismwes/035407
for exanple, in U S Patent No. 2,179,127, the
di scl osure of which is incorporated herein by
reference. [0029], The fourth type of ferrul e-based
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action is generated out board of this cut through
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[0030] ﬂg Elﬂij i asg%)’ afn&ht??é; gf; 5 1 Sltt gfg’t gﬁlgg%p%ocgﬁswlthf the technology
of this disciosptee  For xamfile, E’abmhﬁt JyetermOmB the A8 aBdndbif8nd a ﬁttmg formed

| osure of \g@l ch is al so incorparated herein

from m&l&p rwnelétgp i o€ ?nlpqglnpplgsa condggt s sdmg@qlaypmclud% a stainless
steel cohdifli &AL £ 6 itARONSme@ Pbnt ﬁ‘ﬁh‘ft g c%pgl#a#s 3 Rh&M Al \9}%&16 js made

processed with the tec di'scl oSure
from Stﬂé&lﬁﬁ?ﬁpﬂit@el a[ncamdmmplslws«tmbndmynt; aqirudSembl}o fstuide i@ngovding a

conut bl F B L BULLLBLE. FOMROUEN. Sl 005 i s

least ons ttemlesc a@du:lotnp@ﬁéhtfbffal ﬂthh@ thaf %'ﬁﬁ?s&zﬂﬁm ﬁécp\l;vﬁh one another,
conponents, I east one whi I's made fl

with theprespssprably Igafvg@ eep ﬁa%ﬁhaéd@ln@) bx ilqw mmmfmmarblmzatlon
re-assenbly for use in providing a conduit system
[0031] Qe Frchrexeniniany cenduit fspgemt indladesem tonnekeidés agailable and highly

swces 5 A3 SHBE b GEREN M O PR . s,
and 1Acnarbuamdﬂm U SnPapotNer 6,699,708, e MkQo@its SSP4Mich has been
een case hardened by | ow t enper at ur e

lncorpor&tgii Bl ng%?lil%nas frgleeziqd bylews UEKS. el shgpvsathe ﬁtinnguccdmponents in a

s G SERONIE I 5, AcCRTEGH At BB P TR Wl e

final tlghtsnlngl dstshawedthefitthgBompries d Yoy 16|Ha®ingla gﬂ&d&*@alad ning 12
6, 629, 708, the scl osure

f U.
counterbgfEifhe shERHRE i T dr plr ABEE YU EheRER ceamasing mouth 14 s

located hthfheCaGACNRE! oYM of iz the
ocate inafin a%er ti ghto posft?%%ﬂag{r%epg} g{og{r ;f/'érﬂge %%”Ri&{ﬁﬁé‘a smooth,
cylindrice] érmee miatigl8 ihelosely rréc@zedl én showbet Ehd fiohi figndé thes a frusto-

" theflttlng conprises a
conical ulf)%éhrf%de%%vgr?ﬁ rgce&‘ﬁﬁ iR ‘@gfm 12 count er bor ed
3. A tapere frusto-coni cal

for.
T DR
ferrule 22 Renfearét &Y POHA- with Ertéﬂéiredfrfd'sé g{:ﬁloﬁ @4%&'5}@% hrhavmg an

cylindrical inner wal osely recei
inclined F&‘béﬂrfanﬁke?& r dhe lm@mdleadrsaﬁa@e 6f thstreaoferidd 22 wirevides a radial

component! bd %A o€ %ntaglﬁ %o{n%%l%n\{eo tlllenplhpup c%gég a{] %ng ont trﬁe 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.

[0033] 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



[0032] Associated with the front ferrule 16 and
| ocated axially outward therefromis a rear ferrule 22
woanf7iogsired as shown with a tapered nose porti 8aTA%2@0035407
a rear flange 26 having an inclined end surface 28.
The inclined end surface of the rear ferrule 22
provi des a radi al conponent as well as an axi al
nut actsggamehtba reasfwallendpuifhca8 bHiheesardetrilogo drivé e fefdles forwardly

ce a R to those skilled in the
uﬁ°ﬂw§#¢ym%ﬁgafgﬁg‘gﬁ£ﬂ éggﬁﬁ ers a tapered camming

[0034 %‘5 Eﬁ? Sar surface of the front ferrule.
] ﬁ%‘ Lfisdoswe 19 advantageonsioused by forming geserhardencd
conduit @?sﬁ&ﬁﬁ W@t@ ﬁ:ﬁﬁl‘é@ﬂ?&i ﬁtﬁngi‘ﬁ‘l \Pﬁﬁ tﬂﬁofengl'érdr'}grr#xleg .8 I?)'pﬂgnally the

ke-up o I ng, e I nner
fitting bpﬂ}&rfb@ fitting mﬁ@u Ibd‘élr ar@ mage ftdm stainless lsEethot’@tveﬁ, higis tehnology
t he, t.ear fer to drive the

o ot S0 T8 S AT R SRS . e
colleting H@Mﬁnaﬂibd:glﬁa-tylpé fitliE3wherE es i L&D ﬁie@%u%fl vxtd?klﬁgsagd assembly

di scl osure i s advant ageously used for form ng
steps arg Jeaesidy tediREnia cyyrleeHsEasi uppivetysiehe - Fhisels Yeceusen gae;her than

subjecti##‘?étl&'nlﬁ V%C@gl’ Jot‘?)ggfflfaﬁ? ?ftlrf e(;??kt?nlg‘ poagty ﬁ %gt l.onal ar%}uam%on step,

most if aoiaatlhbﬁklfw mq&taturkv’maﬂmwﬁatmﬂ barsbd estenial @%y alsiSngle step (or just a
u

S |aII for cse har deni ng conduit systens
fow carfiiz: éﬁ;ga?‘ﬁ’gt esgi mechagical ayorieae | e ?Féelébb’o piens iheve been
completed bpmbxﬁﬁtuﬁlytéohﬁﬂ&ed‘her e significant mechani cal

wor ki ng and "assenbly steps are necessary to forma

[0035] .&EHRJJ}%%HQE%%H’B% oS Ynd 658 -J;rlhg%éa% ?r? gﬁ%ﬁ?lﬁf 0 tg\e conduit

han subj ecting eac ndi vi dual n
adjacent( gnd bulbt)ardg)fpﬂibtc))ntaot ao1xepamete tioa fdvtiile ZAd it cSRRRL. See for
not all lowte er%&;re carburization ca

examplegg]S % diﬂ*gwlswn%]rﬂ%ené agp]llﬁjapgn %}? 2 6}3@1 dattyydeckgt 221 88/068 84), the

disclosufepd mhitE atih&tpSthRASkredl Bg kefblig&E Mechani cal worki ng
and assenbly steps have Dbeen conpl eted or

Shaped M&QPMH&%@M&’ ?tt. ; @ﬁ ecds0035] Al so when

ferrul e-based are used, a lubricant can be

s AN SABEEOTSl B B  HRAT T W e

hardened oonditasystetns, U. @n icobé Sbein@l mpled €43k harRhed alotQari¥les of any
h 60/ 652, 631 (cﬁt ty docket 22188/ 06884), the disclosure
shape apg SR VRiCh o cpmpatsdaohal Bast Bip Msplanigely-iomrd sedperating

metal wVﬁ&p@éceé\rﬁﬂlﬁi Befist! ?esﬁ@étﬁz'ce{ %gﬁ'i LGPREs [ugggiﬁlulfb‘% ?lugc;hpresswe

technol ogy of t Ure i's parttcurar
stress Wmdh@l wotkpidees memgeodnameallbajodmde(ﬂeremaﬂen the Slymh@aﬁechnblo zy”).
can al so be used to make case hardened netal articles

[0037] Infthiaryntskia (fmeetmticatly-jeihed emelitschatothe nedIRRsEREicOSs @b joined to
ast t hani cal j oi,ned_cooper ati ng net al
one ano%‘r Wpheie @%ﬁn&éﬂ ﬁen%h& pélbent onding; sugh 88 by axdding or with
adhesivel! NHEAd RS LRRAAbur £REBPTIR T ¥bntext means the surface of each workpiece
which is in physical contact with the other workpiece. Finally, “substantial compressive
stress” in this context means more than incidental compressive stress. Thus, for example, the
mating surfaces of a tightened nut and bolt are under “substantial compressive stress,”
because the stresses created as a result of their tightened condition will normally prevent the
nut and bolt from coming apart. Similarly, the mating surfaces of a ferrule and conduit in a

fully tightened fitting, or the mating surfaces of a fully tightened flare fitting formed from a



stress when the workpi eces are nechanically joi ned
(hereinafter the "broader technology"). [0037] In this

woami7#ss127" mechani cal | y-j oi ned" neans that thePaetako06/035407
wor kpi eces are joined to one another in their fina
formand rel ati onship wi thout bondi ng such as by

é@ ding or. wth adhesive. In addition, "mating

pre-flar F?‘Hﬂ‘é‘sa“di A aspeciated Hewexdittingoae unfler ‘Subdtantial obmpmsdive stress,”

b VWREK R ' S lL.cal, contact with the other
e e ot ML e R ER o O R Sbmospiae penoreated by

the fittings.t hins contndsex themmaatsblgogopnedied viristiveRRt BindCHIRBEC aSicMBed in
the mating surfaces of a

str.ess.. .Thus, for | e
Examplg ;Brdhcfsé[ﬁéd Bﬁ"ﬁ{‘t gﬂ'oé’géﬁgpgal?le dp pekdefme Beneativg mpting surfaces under
bstantfd) BIHRTSISKR StiebLSBen s.created a.
e esg‘lhgﬁofs their ?I;ﬁg%tﬂgﬁgg&%g%%{ﬂtﬁb%({ ﬁﬁg% aﬁ%r’ﬂ%ﬁ cAtly Joined,
because fhe eernectieg pents aledwhich ttheéyr ann joied ndloapRed rotSuble mévevent of

At | faces of .a ferrule and conduit in a
these cobﬁﬁtlggﬁ)ﬁg% ?lééjn éaal%fgl?ctef Wét, rgsrpef,ﬁg oRefNf8es ur f aces of a
ully tightened flare fitting formed from apre-flared
[0038] %%cr%%pg ttgﬁ}?ebgﬂadgg %E‘Fﬂ?@ﬁoé mgr%sqlpsluﬁ, ,l@vy tqn@r@m@qarbuﬂzation
of coopefatidg! attdlalvoliQRESIRVG BlabiRs Ssurf: Q@&f&fg&eﬁg‘e&f Witk Ibe, under

not nove relative to one another due t
compresgiyfsHesdp gecommlishedly preeaseatbling twher fidré bfithese mbtal workpieces

B o B SRR B 220 et

the pre-£s€@fibled 58orfBhicOd 10medRiriOAly RERAGL YN TR LREpIERATAGESarticle
under substantial conpressive stress when these )

Alternatiyelye + they AprkRigesspracds arshasesiiniiciaed ypriwi bedow temperature
carburi : 3 ¥ " i ch the re. .
i 85288 R IERAL| ARSI PHVE Rl otnd it
prior to Feotteratgreprartivsizatieh, indthothp ir@agigds dffimécbamesttjolnthOhng done
after lowaﬁ%m Qel,rc. [Cgrg)ss According to the broader technol ogy o
t KPR R CPOUFE 0w t enper at ure carburi zation of
0039 “?oo era i ng (rln?‘t al wor kpi eces having mating surfaces
[ ] TasseipBly” gpd \preraspranblingd dp ﬂ@%mﬁ@@ sepas that thegndtal workpieces
are phvs i d . ' or. nore of these .
P ASRO TR DU SRR UAT R LG o US3frips one
another ®oa figanmenisuch thetwatt leagh @natoftbe partdudn Bakighorted or carried by the

eafter. the. pre:assenbl ed workpieces are
other. FALEHERIL fep iR R B . oot Bl ptely scrawed onto o
bolt, twodlirkis@lf @.chiin{ i@ kic% plate WRE NORE CRIrGREScRHA. WEuld be “physically
. _mechanically joined prior to |ow tenperatute
combined s Wikl eueagnodher singeyech aprobinetiomowd et mvesd frw@ one location to

: i lv i oi ned tiall i
another P SBILRAARSC My SFe TREMRE of Tt Fehbinafion Siheot innkbadhe otter,
even thowugh the abasmh lated MieABebt de t Pk IR

carburi zat??;]u. ’ [ oos?g]@e" P?g?gssg%lﬁy"&gtr}]% : B el

[0040] Nopy, espasflib|that g pré-AsseMbiede ARbRYiec ﬁf‘ﬁliil Qaﬁteﬁyﬁlagn%h%lady be
WQr l%pl eces are physically conbined so that they
assembled dp gt fospe 1.4n rashmienllydoimed apatvhen afut amt balt hag: e finally

tightened® A48 i dnN «Brel that at |east one of the . |
1gntene barts (;Cg}rr]l, eg%%l?d?dj&%}(p%ﬂg?sr@% a@g%emgsemb%d in a preliminary
form, such as when a nut is loosely screwed onto its bolt so that final tightening can be done

later.

[0041] Because a pre-assembly of some or all of the components forming the product shaped
metal article are low temperature carburized, low temperature carburization of the article as a

whole can be done much more easily than if each part were individually low temperature

9



ot her. For exanmple, a ferrule in sliding contact with

a conduit, a nut |oosely screwed onto a bolt, two
woOiak®3siR7a chain, and a netal plate w th hol eBCT/US2006/035407

carrying screws, would be "physically conbined" with

one anot her since each conbination could be noved from

b .Zgaﬁ)sl ocation _to _another by mani pul ating only one
carbun re gpsembdy.c diis wakasdhe averald procesuchimgufabmreotihpier, faster

mﬁ1nm%%8ﬂ<ﬁ§£ﬂ the non-mani pul ated nmenber may be free to
e nanipulated menber . [0040] Not e,

0042 SRSt DAL i SR MR ECE D LS gy

(ie. theratthaate qﬁ’othyctj Beifig hrodfcd BBve? afty L shapél rrE) t&g&ﬁoﬁ SHE metal
finally tlghtened In addition, "pre-asse ot
workpieges opmings 15n’ﬂ1}?1n?sﬂt%ﬁr0§éct&@9@m kayeianyashppe| lmradditign, that shape

may bef f?ﬁi‘ﬁbdsﬂi{:haf‘s?ml naln nt%hm g bgndlﬁgsﬂ%c&%géﬁ%\e of oggtrr%ac;htimng, etc.

bol o Nt“eni ng
Moreovérp Gid | mBet auskpimeey e’er&ﬁﬁg nthisy p@dusiodtn We Forimeaf 1ﬂt$’g§ally, ie.,

nents form.nn praoduct shaped netal artic
°°mposedogPP gtt‘%RtF&P aﬂfd‘g%te% rB{JFheZé‘&n h%gvrﬂmé@wl@ple metal parts
welded 6redthdiniseadct@idd 9 gdiing. %Bfe%jv@r e Aot Rb8RTs DS, lgeofg)lng}ed from

much nopre easily than if each part wererin i VA d

multiple| copperatigpaitsy s@&aasmvalwe@ tbeilkw elrnadktid, yheyldahSndtadesortions
I er, faster and

|
O e i R e
tal articl d d by this
Workple%eg ?Hﬁ cte@toe]i’la%tlé) fﬁgnﬁ?f?r eézlxgﬁegﬁﬁ{g? g;eng )F;r odluced)
h ] but ddi t th t al k
10043] T GE Reeet R i bepier icmelaot dest e o e, rating sotfeqse under
compressife Sk i % arﬁa@tultﬂﬁé’t CQ@ 1sfs‘?1 atqgasf?‘ ﬂ%f%ﬁyg}?lastm flow.

i ncl udi ng bendi ng, str
A commen gxample éoy Sare Iﬁmerema,Vhwh)tﬂemné (oé ] nﬂ@ﬁlrtubkglstﬂalréﬂ before being

joined '[ODErl ggrﬁgfe Eaéy glﬁf%ﬁ{@g] P %g[a? é‘g}pf@dﬁ vsg)@ ki %gep 2waged
onto a cﬁmthﬁﬂ #® shovwed, Fbr BRdrhSle, V‘I%'Ig%d PQfenPY\Eﬁ V398505683154 disclosure of

t oget her. Mor eover, the netal wor pi ece§ can 'be
which isy m@qﬁ)ﬁ@md, hereinclin p@pl@nquglrp&ress exguples,gslasticvddforenadion of this

mating sﬁﬁ?cel 6({;\3% l#] Spqte ags%gﬂ&lx/g C(%)gprlg‘?fg]%lgu ae ort o@?@%&nd hence

before lqw Mpecaml&ad%bm{zaﬁow al s pMOAskdhisl }95 A@'dh.{o%ﬁi FstiPdeformation
Pl.astic Fl ow Before Pre-Assenbly 43] I n one aspect

of this mgting gjudaqs, GHRRECUE BEHRSF-BEPMOLY denin érvepefturehestbraiziation, or

both, if dedfdjaces under conpressive stress in the article
ultimately produced is shaped at least in part by

008 PIFSHGRC! 8 O STREIRTIL A fL el L b

is mgmﬁp:mt}yechhanc@i casrp?rbﬁmy &tﬂidiceftécﬁf €n fatl&iftﬂoﬁg its %oﬁbﬁbh &Esistance is
eﬁ(a'%) Fe ‘tsh a.ferrule is pre- svvag
substantially imiproved over that of the native stainless steel, which is believed due to the high

concentration of carbon in the steel’s surfaces. Because plastic deformation carried out after

low temperature carburization may be physically difficult due to hardness issues, it may be
desirable to complete plastic deformation as much as possible prior to low temperature
carburization of the pre-assembly to avoid the additional effort needed to plastically deform
harder parts.
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onto a conduit as shown, for exanple, in U S Patent
No. 6,834,524 B2, the disclosure of which is
wonewropsirat ed herein by reference. Li these exaaplugs006/035407
pl astic deformation of this mating surface occurs
bef ore pre-assenbly of the cooperating netal
_wor kpi eces (and hence before | ow tenperature
Workpieges $ihjectad to Rlastic Flow After Prestastanbly.  Addi ti onal
pl astic deformation of this mating surface can occur
[0045]  Afother prampds st 3 matihip enrfhcewndenpenpressiees stress is shaped at least

e S B e SOt v
or bothSiHdeA®eplBgicddersimAtont fepst 6€ kull%gsdt%ﬁfegg%?@fl tHe fitting. In this

enhanced, as previously indiCated. tion, |
example (lashig idsFormetio ph thie niating ghige@midcats after ppe-assenibbyvar a result of

f 1. j stainless steel, which is believed . .

joining Yok 8 FH EHTAGHT LRBFL A kOl Brareaf Lo

mating Suficeciesat 186 PaRMIP! RhEE bYEFItRBAI S ARA thesholWontact with a
fter | ow tenperature carburization may be physically

[13 ﬁ . . . .
secondjinpating spface jhencthe hve feepsrating veoskpipees forming thpss iratib eurfaces
arejoiné@tog&ﬂpﬂ. ete plastic deformation as nuch as possible
prior to | ow tenperature carburization of the
onal . effort. nee

- t g the additi dt
o SEBE ST PP SIS OBk B bt oo
workpidces Al fagl fanHscathpleshePaethAsarelPrior EORAPlenfNRithR carburization.

exanpl.e where a_ nating surface under conpressive
Howeve, adsion) Igﬁ%lﬁe%efa@nqt@as?f fhs pating isyrfpmeasan alsp| engur sfter low

t [ 0 4V PRS er nyl.e S Lttin ' | C
o P MBS G5l e e
assemblytdbronadefiorm theas woalticass cpubé dae Withaih retivving)the tompRssive stress

. fitting., In. this ex e, plastic deformation of thjis .
provioulfkbbhE o ' S S BRP bl RSB mb Sttvt is
compresefve]satddi dafl bt heliR@ ALy t%ﬁlﬁ!t?é’\ﬁfekd%&ngl?? ltlé?lgl%(’v:}gtgl erature

t
. .In other words, the shape of a ™"first" ng sur
carburized, and |apather sampreskivg ssssmditnbgpriedstoi thed pfepassamblynafter low

. t a."second" tin urface whe
mpers B Y BAT! cdlhd y2t SE U T LSRR s
their finslubfraces are joi ned together. [0046] Normally, all of
the plastic defornmation needed to achi eve nechani cal

Plastic Flo® thirogetoDiffdien Hkdess in final formis
acconplished at this tine, prior to |ow tenperature

0047] Ted fiddaly hag S8 FoTRLE 2Rt
001 S BB ML 00 P D4 2
mating susfage byt ceopseatingr drzésecand,” mitingesirfacel is Alclitatetl by selecting the

aper at ur arburization.of the preassenbly fqrned
second TR Rl b, B8h o i SRR ks el g the o
mating 5li€aceO AR Sl 36 MRARBaIPERNIrOBeY stBRP) i80seoOnd Nivdating surface
e-assenbly to cause the plastic deformation.

. Ppr )
plast1ca1%f dedormg the 8rsp matigg surface because of its harder nature.

[0048] Selecting one mating surface to be harder than the other can be done in a variety of
different ways. For example, the cooperating metal workpieces defining these mating
surfaces can be formed from different alloys having different hardness’s. Alternatively, the
cooperating metal workpieces can be made from the same alloy but can be treated prior to
pre-assembly to achieve different surface hardness’s. For example, the second mating

surface can be made harder than the first mating surface by subjecting the second mating

11



conpressive stress can be relieved, partially or
totally, the pre-assenbly then | ow tenperature
woanwssized, and anot her conpressive stress thear/us2006/035407
applied to the pre-assenbly after |ow tenperature
carburization to cause the first and second
cooperati ng workpieces to assune their final form
surface {0} 3 33pREalEagditioRH dery Hemperplarerarbarization testarnf O prbias@mbly

LCul .nt: St approach, .plasti.c flow (or . . .
of the QLA PHELE® e SPR0CREdepifs Fbhanseabioipeaitiding
carbonitcidiygehat omnepldrwotking cind"thentike en 2166 TRCRCHS t%ﬁLb'iﬂafti%héé 8f these

ﬁ% sel %c%lprﬂlggc{ he second mating surface to be harder
APProaciiey AN A58 bRUSE} mating surface. As a result, when the
.. two mating surfaces are subjected to nutual
Pre-joined \Wgrkpiesese stress, the second mating surface
lastically deforns the first mating surface because

[0049] indicatedaphire, ivaong espef002 e Selmddgynor thie disalosing, referred to
he done in a

. .t 0, be har.der t.han the other. can, ) .
herein a% %1%-2?1311%% %’olopfzr ﬁ%yomgc_es g{ﬁ,mggli%p@)" Jqiped (i.e., the workpieces
are broughtoipgethtr in GinaPforin) BElokd10RE BSnpdedird i cAbulBass, r@rieﬁgmple a nut

surfaces _can_be formed fromdifferent alloys having® ~

and bolt gan e fmaily fightered before law tommeratuel oprburinatiaro ofienitariyng ferrule-
b ' romthe s .al.l oy but . .
ased TRl SRUBAERERD PEORTAS, Lelion®, SPBihuod Sttprisingn,
even thelinfatimgeswrfasesr b st avatkpissstss carFBE e@féaﬂwlﬁ,casmaﬁ%ﬁéaﬂ@y low
tem emtma\t iLng sur.f ac% lcané)a% made harder than the first
Peratis PP, 1535t s sty altpry (lepassivation) s dong stiftf adelogen-
bearing donpoun@ Ba?@t Kich g@lﬁttl’i il lz,l HVWienger at ur e
carburizafion treatnment beéfdre pre-assenbly of the
00501 S&R | Is rface hardeni .
10050]  SERRRR! Skl 00 SR PUBRPR 1ERERs o SRElepEHioh G 1 RE ehgymiunn
oxide (Cesf)s)l essontidllyginstantandvaslyi ipencaposrs @ the dud6sbhere. This chromium
oxide 1aC°”;°j nati.ons oc[i hesef a%gr oaches can al so_ be used.
BF & JPHREUSASr {‘ﬂl’%e%g FHBODPIORS- jThredereci inprepesary before low

temperat@RecabR@stion fto ke BRNIBIPEEe %tlrtﬁwsstr%{ggﬁjeﬁtstﬁr ﬁnée diffusion of

referred to herein as "pre-joining," pera

carbon ajgipsg shis deestraens tymieslbnbaing Irgfejred teds (‘activation’her “depassivation.”
: rknpi r ht .t oget her in.final f.or before .
rhis can S 86834015 UGN L SARL S el gl Mok v
a hydrogenl Halidargabesuth palHEl bi GIR eneldviied Bpdrard féT?._eS@d W &00° F)
carburization. Simlarly, a ferrul ebased fitTing can ’

contacting, the werknjeqe; Wiithe Actiraner bass. | deotroplating athar workpiece with iron,
contacting@hOWokldRlde ARt i@ 5 : hod B8 WBL LAY, Sy fac
nBOUEHAL i, TS o BUER LB LA, 55
bath inclpdingowdivempgamder e Wamnbwoikpiictnare @kcHa@aally WbiBed prior to low
¢ tacti ation (depassivation) is done wth a .
cmperatifg C&éé’ﬁ‘&%%% CEBWﬁB%W"E thig ggbedizpenishesmatingsurfages of these
workpieck woliBbe 8%gected not to carburize because physical access to these surfaces is
blocked. However in practice, it has been found that in most instances activation and then
low temperature carburization will occur adequately even on their mating surfaces, provided
that activation is carried out with a halogen-bearing compound or gas such as HCl, HF, Cl,,

Fz, NF3, etc.

[0051] Although only a few embodiments of this technology have been described above, it

should be appreciated that many modifications can be made. All such modifications are
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[0050] Stainless steel is stainless because it forns a
coherent protective |ayer of chrom um oxide (Cr2M3)
wegsEnesall y i nst ant aneously upon exposure to PO®/US2006/035407

at nosphere. This chrom um oxide layer is inpervious to
di ffusion of carbon atons. Therefore, it is necessary

) 5£gore | ow tenperature carburization to make the

intendeqyén hepyinshusled yyithie e seonerafhisetinclasore, Mdiahi it taibé timitod only by the
: atons, this treatnment typically being referred

fonownftf%&g%%' activation" or "depassivation." This can be
done by a variety of different techniques including
contacting the workpiece with a hydrogen halide gas
such as HO or HF at elevated tenperature (e.g. 500 to
600 F), contacting the workpiece with a strong base,
el ectroplating the workpiece with iron, contacting the
wor kpi ece with |iquid sodium and contacting the
wor kpi ece with a nolten salt bath including sodi um
cyani de. When wor kpi eces are nechanically joined prior
to low tenperature carburization in accordance with
thi s enbodi nent, the mating surfaces of these
wor kpi eces woul d be expected not to carburize because
physi cal access to these surfaces is bl ocked. However
in practice, it has been found that in nost instances
activation and then | ow tenperature carburization wll
occur adequately even on their mating surfaces,
provided that activation is carried out with a
hal ogen- beari ng conpound or gas such as HO, HF, d 2,
F2, NF3, etc. [0051] Although only a few enbodi nents
of this technol ogy have been descri bed above, it
shoul d be appreciated that many nodifications can be
made. All such nodifications areintended to be
included within the scope of this disclosure, which is
to be limted only by the followi ng clainms.Cdains: 1.
A process for applying a diffusion-based surface
treatnent to a conduit system conposed of at |east one
stainless steel conduit and at |east one fitting, the
fitting or at | east a conponent of the fitting al so
bei ng made from stainless steel, the process
conprising nechanically joining the stainless stee
conduit and the fitting or the stainless stee
conponent of the fitting to forma pre-assenbly and
then subjecting the pre-assenbly to the
di f fusi on-based surface treatnent. 2. The process of
claim1l1l, wherein the diffusion-based surface treatnent
is | ow tenperature carburization. 3. The process of
claim2, wherein the conduit systemis a ferrul e-based
condui t
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systemin which the ferrule is made from stainl ess
steel, and further wherein the stainless steel conduit
wanadoagi2ferrul e are nechanically joi ned to forPaTise06/035407
pre-assenbly. 4. The process of claim3, wherein the
Claims:conduit is subjected to plastic flow before |ow
tenperature carburization. 5. The process of claim4,
Wher eArprotess $araipplyiissa dlﬁ’ﬁlellonihamﬂlsdrfaa@ tedthent ©d ddnBuit system

G L SRS i o BB Sy Bt e
compoﬂéﬁm dBithe Sﬁ/tﬁh% M1 BLiMg exﬁ?.]@e $od @ka?ﬁ‘lésss Liesl tféé) T)%Jéegs %Qrgpnsmg

fitting, fittin aving a
mechanmably moelggg stthe eftaiibess ust®1 anodduit fartdt |t1reg frnmng oanuhef stainhes steel

rpcess compri er. at
componERt ‘%)fﬁtjrhln HH g @E%Fﬁﬁ e§| SH eetine @‘Féﬁf?@%‘bly to the

dlffus1oﬁtba§édgm@fad¢1tr§au~fkﬁ1e ferrule and at | east one of the
f|tt|n body and the fitting nut. 7. The process of

£l ai nt pw<fé$8e<?frf~'1@1ﬁle1,fwhqrﬁlngh@dcf@smmbased fswifany traatment is low
e fromstainless steel. 8. The process of
temperalﬂ.f}élaal% g‘rel n an end of the at |east one conduit is
br esmﬁ@@plropessarf claiml 2) wHeesiip deddudieit GRstmris aa%mﬂ@-baébd conduit

Th cl , Wh the ferrule is
st BSOS 5l £ iy i eyt end Bl e the st
steel cofdit Bl tHQféﬂﬁfl@Ex@%écﬁﬁnQd’ll ofnl‘,@?o f) rtal th88re- é'sgemﬂ-lp
rocess of claimS8§, vvher ricant is appfied to
‘F he sthd Pﬂoé% of claish 3¢ thnsnrt tho m)n:dmhrs sobijebted talplastit Béw before

acent and outboard of the contact zone
IOWtem%E}f%tJr a?é)jprul e and the tube. 11. A process for

appl Yl“liikgpracédsfcff WHiAN, RasRah Y idaR s E8AlJMRMLit b B8R ferrule are
article made froma first cooper ati ng wor kpi ece
pre-joingbpriq; tadoy tempasetufaartigizeiet.ace and a second
00 C [ mat,i n
GEoPSI bRRAKRACE SRR 00 ErARSALE TBHLRuem guudes o
stainlessustekd rcosdlllusamhalfatlng; ehpfiemigiha@ingt 4 ﬁﬁ&g\lﬂtﬂ@, 4 B@lrﬁésklsﬁ‘elepferrule
t he process conpri singform ng

and a ﬁbs 4 f & hvfh% WihREedy theggpessacPmgrines: law Wmﬂ@{ﬂt@e sorbapiging a
pre- assehib%n C&Hﬁhﬁﬁé 'tH&st&lﬁﬁssoét@eQ%§m Ynd R Fbe rﬁi :itflga%ﬁ 8k DARE qittlng

surface treatnment. . The précess o
body andyherfiftinguhe di f f usi on based surface treatnment is |ow

TP B BB B B B3 S e i o

made framakiaitdessytdece i s at

8. The process of claim 4, wherein an end of the at least one conduit is pre-
swaged prior to low temperature carburization.

9. The process of claim 8, wherein the ferrule is a swaging-type fitting, a bite-
type fitting or a colleting deformation grip-type fitting,

10.  The process of claim 8, wherein a lubricant is applied to the stainless steel
conduit onto the outboard end of the ferrule adjacent and outboard of the contact zone
between the ferrule and the tube.

11. A process for applying a diffusion-based surface treatment to an article made
from a first cooperating workpiece defining a first mating surface and a second cooperating
workpiece defining a second mating surface, the first and second mating surfaces being under

substantial compressive stress when the article is in final form, the process comprising
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| east partially formed by plastic deformation through

contact with the second mati ng surface when the
wanbi7aBgi2is in final form the process further PCT/US2006/035407

conprising causing the second mati ng surface to

. plastical deformthe f.irst ting surface after fhe
forming’h 3R b Bmbl ALY Rdeairalig HsadloreRPingss 4l Gel simipoyingane pre-
assembBubjtRCdiefisiod-Habal dirfatéigbAmeased surface treatnent.

14. The process of claim 13, wherein the second mating

$&r f adbe Prochg Rfetlaiihbh heeein thesdiffupionrbgsed surface treat@ent is low
temper%gh%ﬁg{b%ﬁ?%%onoéfﬂ%i, L9 s]fél wherein the first and second

oper a wor Kpl eces are joined together to forma
b3.easFherpkocessnob tiais 92| shtRantiephbpedf tie fifve mating surface is at

teast pe3iel5 PR B BEPEF AFOB o BroMRRCPHGC ST Jiscoplbmating surface
when t8 S8R it $n "okl BB thd HScdhs W%&%s éaﬁﬁﬂé %h@be%ﬁﬁ@ thating
to ace tmeft, an er

=,

the diffusion-based sur tre anot
surface o pdastically déformahelfirsidnating sieface @ftas genpleyassambizp is éormed but

he first.and secon oper at i rkpi eces to assune
before i Breresp il sttt T R PopdBecti Bre iRt ahor o n
the fTheprorsedt sRIAMd] % MORRNRHNGcOMA IR RFTRE & HRIWhan the
together to forma preassenbly, a stress is then
first magigg py&aset o t he pre-assenbly to cause the second mating
rfa i.caly rmthe first mating
Zgrfa?g?blg)ﬁggstaoﬁtgiag@e}}é‘gggﬁ& y is then subjected to the
thief ficss iand - dzaewd] coupdratig twoglaticoeat ared joledt together to form a pre-
ubstantially relieving the stress. 17. The process of
Pai m 15, wherein the workpieces are joined in their
hishads £ahen By 4 b ey i
treat ment . 1%#1%%{30%1%2? g% gsfeg#%% ?d;f%%%?,ﬁe \&A'A%Jrngﬁﬁattnhgesurface fo
plasticali drivirmdhe first matiog mefacen their final formprior to the
ﬁ{efs léssiion-bas d surface treatnent. 19. A pre-assenbly
or ussesfer%leﬁ? viding a conduit systemw th an enhanced

#Hepr& a8 einbBaik it subjdord ¢6 i ffusysbased Reii@ QMR and
froma stainless steel conduit and a fitting forned

PashsTngiress ps dhero apRlirdntos thet Preeassembsietooauapithe first angdeccond
| j . assenbly conprising the

cooPerafélthgi%nO?‘ggéwg?igis'ﬁ%%(n%%edf {ighgrﬁ at | east at one stainless
$6.cel Thoppoedf ctfimti3ewhertin ng physi cal |y conbi ned

ith one anot her, the. pre-assenbl avi been case
)clﬂe Erst and second cooperating wor. S1eces ax{re r}omeggtogetﬁer to form a pre-

assemb

assembly,

a stress is then applied to the pre-assembly to cause the second mating surface to
plastically deform the first mating surface, and

the pre-assembly is then subjected to the diffusion-based surface treatment without
substantially relieving the stress.

17.  The process of claim 15, wherein the workpieces are joined in their final form
prior to the diffusion-based surface treatment.

18.  The process of claim 11, wherein the workpieces are joined in their final form
prior to the diffusion-based surface treatment.

19. A pre-assembly for use in providing a conduit system with an enhanced
surface treatment, the conduit system being formed from a stainless steel conduit and a fitting

formed from multiple components at least one of which is made from stainless steel, the pre-
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har dened by | ow tenperature carburization. 20. The

pre-assenbly of claim 19, wherein the pre-assenbly
woamgrisskes a stainless steel conduit having a PCT/US2006/035407

pre-attached stainless steel ferrule on at |east one

ass b?‘kﬁ{) the (AOSt Q L. the
Y er ;rhp%es Ps a e gﬁ% o %ze%? Ea#&ﬁlto%‘er r 3% g?b%tsoe gﬁhq{ﬂ[%f%séeel component
of the ﬁ’ﬁmqua,yﬁ]ga]éy feotrbimeg Withyoneaarfother,uthe prrechsgenttily thaRthgNbden case
urther wherein, the preassenbly includes at |east

hardenegrl?é’ I%W SETHRT RS G H9%and the fitting nut. 22. A
2Mr I OBhedpre! RSN B cﬁﬂﬂqg' Whené R REHW- iﬁeﬁﬂwﬁgﬁses a stainless

surface hardness, the conduit system conprrsi a cas
steel comﬂmw aspraiaipeled staieless steshfurile pmatieat boe end itting.

c ond ui t @—8 Ql? %&nﬁbé é%%ﬁs% 2‘ B’aWJ&‘gglél ﬁ%ﬁ%’é’ﬁ%’& asc‘togmﬂnggtsof a ferrule-

based ﬁﬂhgehcludmglal fittihgiboey 4 Rrald @idr 4figmbane hnllifhfthdGvhe?dn the pre-
‘ ndu t syst ?m of claim23, wherein the conduit

assemblgyg‘il aklepsy ohga Hip Tting bedy andl thettingriitng body and
g tt 'ﬁgcd?l‘é‘éloﬂf reRistaBl Hh@ulf @?ﬁ%@cﬁﬂﬁll@n}l delitdp ng.ftg %&{ﬂnﬁﬁs the

pre-assenbly Conpose ss steel con
conduit gystane c@mplaﬂhg d cheerlrandamed stanflesk e@slt coﬁdﬁt fitkd tohefitting.

eassenbl y havin se ha[d y. | ow
ﬁe el SYveiR 03 Sl 72 yhetein they f? b 5 commprises a case
hardene&bt&irfﬂés@%@elsdoﬁﬁhltEdiﬁ&i @@fefrﬁfetwsé;d g essent ially free
of car bi de precipitates. 25. A pre- assenbly for use in

OVIHI%@JT@HltaﬁYE‘iem ef \Matllh Z3 vérengindbel cenduitisgstem is formed by

pting b RSTEL o IS EEE s 1) BT 86 oh b kS

composedaa: staihlgse efeel ednidnf Havinkspi Bre@staclRlifBirig Jnag Rast b¥€end, the pre-
nd second mating surfaces which mate with one

assembli T POGi e RGeRR Py (esmermire aTburigatian sorfbatsthe sirdoes of
the stainfédk bt@ﬂ tabe 4 erI%' 419 e&@éﬁjﬁlﬁ/ ﬂ‘({é%rf c ?defﬂrgc?ifntﬂ@%. ' ng
mat’t ng- sur

surface and e shape o ace
Pei ngﬁ atre-lamsfoljpafon usd liry providing djyanicastmm e fephambd Qrface

T e T e
the ﬁrstnﬁidabec\bﬁd leBb SRS M6k Siddek Yde‘ﬁﬁm%' fb@ﬁ’ec‘ﬁ‘v& *thP Sn@ ROLRE rmattlng

the first mating surface having been at |eas
surfaces yulrieh sats, withr onsdaneyhes | veheni the deicde isaini ﬁmal afppn,u thd sbyortineating

e QE5RIP9,2 Y555 FBE S RRETR P B0 PR H s s
being at least partially formed by plastic deformation applied by the second mating surface,
the pre-assembly comprising at least the first and second cooperating metal workpieces
physically combined with one another, the first mating surface having been at least partially
formed by plastic deformation applied by the second mating surface, the pre-assembly also

having been case hardened by low temperature carburization.
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