METHOD FOR APPLYI NG ALUM MUM COATI NG TO FABRI CATED CATALYTI C EXHAUST SYSTEM
COVPONENT BACKGROUND OF THE I NVENTION 1. Field of the Invention: The
present invention relates to a nethod for providing a coating of alun1na to

es
exhaust gases. .More particularly,, the present |nventfﬁw§re ates to :
contacting a metal substrate used to formcatalytic co bmhaust

- pipes with a gaseous m xture to form an alun1nun1coat|

surfaces of these structures and either oxidizing the

al um num coating to formalum na.or heat treatlng to forma dlffu5|on Iayer
of alum numwi thin the netal substrate, -both. 2..Dasecription of the
Prior Art: Isothernmal oxidation reS|stance ‘of Fe-Cr-Al alloy foils or
sheets is controlled in | arge neasure: by the bul k 'l evel” of alum numin the
alloy. The alloy is MEEOD “”XIrﬂ" LOGSLMNL SSALANe oxi dat i on
product is al phd AABRICA ALEG JU0 AR A D s0 12 2 : gt h of this
oxi de are parabollc unit area
decr eases pr@po¥t|onally RAERGRIEN : . Wen the al umi num

RN o mym R Ae

relates to a method for providing a coating of alumina to

metallic.structures which operate at high temperatures to conduct

5 waste exhaust Qases. More particularly, the present invention
relates to contacting a metal substrate used to.form catalytic
convérterg and exhaust pipes with a gaseous mixture to form an
aluminum coating on'exposed surfaces of these structures and
either oxidizing thé surface of the aluminum coating to form

10 alumina or heat treating to form a diffusion layer of aluminum
within the metal substrate, or both. |

2. scription of the Pr t: Isothermal oxidation

resistance of Fe-Cr-Al glloy foils or sheets is controlled in
large measure by the bulk level of aluminum in ﬁhe alloy. The

15 alloy is considered protected as long as.the.oxidation product is
alpha-(Al,Cr),03. The éroﬁth kinetics for the growth‘of this
oxide-are parabolic, and the related rate of weight gain per unit
area decreases proportionaily with the square root of time. When
the aluminum level in the alloy is depleted through oxide growth

20 to a point at which unbrotective spinal oxides begin forming,



si'gnificantly accel erated weight gain is nmeasured and this behavior.is
termed "breakaway oxidation" and the tinme at which it _begins is known as
"breakaway tinme". At a given rate of [err] growth, breakaway Ti

| engt hened sinply by increasing the bulk al um hum | evehis sRedifl§ oy to:

al |
delay critical alum num depletion. However, above cert A
al so depend on the chrom um concentration, these alloy E HEgasi ngly
. brittle and eventual ly unfabricable. For 20 w. % chrom : upper

limt of alum numfor a wought product is roughly 5.5 wei ght percent.
Catal ytic converters and associ ated ducts and gas conducti ng pipes

experi egggnieyeannti9’ dceelerrhteli Weightogaiflutst neadered candethibger ati ng
tenmperatures and the corrosive nature of the gases which contact the
struct upeha¥fori g teempdr *brebkatvaycekidationttandtthe timiet at whicbuppl y
duct work with alum num and subsequently oxidizing the alum numis a good
way to beginseishknowndasi Shreekavayr timethe aAtsangiventvatecof 33503 ng
prior to core fabrication could be potentially problematic because

corrugagrngthwﬁbpphkgwaxnﬁinehGangbsr&Qngghengéhélnﬁlﬁlbﬁa&“FﬁeaﬁiyngQPufb
or renove the coating. A better way_is to fabricate,theﬂio% anpd then coat
t

al B i nt buk| alumipumslgved ip theufllo¥pte: delay: Fehbic WeLBRBs yr f ace
fooat e Hpn1etion2® hOuevaR, AbaveBeraiR TevBiS unill £IY3' G8hedPeh
| the chromium—concentration; these.alloys become increasingly
brittle and-evéntuallypuntabricable. For 20 wt.% chromium
alloyé; the upper limit of aluminum for a wrought product is
10 roughly 5.5 weight.percent. ... ... -

Catalytip converters and associated ducts and gas
conducting pipes experience severe service life limitations due
to the required operating. temperatures and the corrosive nature
of the gases which contact the structure. Coating the parts of

15 the catalytic structure and the éas supply_duct work with
aluminum and subsequently oxidizing the aluminum is a good way to
improve the oxidation behavior of the assembly. However, coating
prior to core fabrication could be potentially problematic
because corrugating, wrapping, and welding/brazing of the metal

.20 may locally disturb or remove the coating. A better way is tb
fabricate the core and then coat all internal surfaces with
aluminum. Most traditional methods of surface treatment, such as

ion implantation, plasma spray, and physical vapor deposition,

2



3°'require line-of-sight conditions, and would therefore not be suited for
t-his application. OQther nethods that do not require |line-of-sight, such as
nmet al - organi ¢ chem cal vapor deposition (MOCVD), require Very expenstve

facilities, in part, because of extreme health-related prgcgutions. In
March, 1992 issue of "Advanced Coatings & Surface Technol gm em a

b
er’
gon

depositing alum numcoatings with a ternary gas mxture b
trimethyl alum num (TMA) or triethyl alum num (TEA) with
at fairly low tenperatures (400 to 800[err]) was briefly described.. This
was nore fully described in a paper entitled "Oxidation Protection of MId
St eel bye@uirengindhdf-gightAconditiionskyand would | thexefore netazbejn
Oxi dation of Metals, Vol. 36, gp. 265-280, No. 3/4, 1991. The use oi
tri et hybuitedi fom shisr ppplagrtipnsi n@kher rnetheds thatdopgbreguise
gaseous_m xture is Eroposed in the preseni [ ven%ioi to i npLove tP_
Oxi dat | bANETSFSEAdbE, oFuSh: BRoBEFALERFIRBLC EREBLERL svaROE depasiFicn
converters, and assocgi ated duct work w tho e_negcessi 0. Lrigg an
al uni nufMBEYP) ngrﬁngFeo?’eFXcP&?Pﬁb‘?hg“ﬁgi#gﬁrri hﬁ nﬁﬁm ,Le{:;gghyl,’eof
the metal alloy, The u h I Xxture woul d_benefit the formng
ofgconpﬁﬁﬁﬁ?ﬁeuggﬁiﬁﬂ ?ﬁ&géfhaﬁggéégggéﬁggrdvided"that the initial
protective al um ng CRAELRY h39505HEde OB AagthRCeEVEbNtIRYLJs SGEEaER  he
al um num content oF the - _
Technology", a method for depesiting aluminum coatings with a
ternary gas.miiture by reacting either trimethyi-aluminum (TMA)
or triethyl aluminum (TEA) with hydrogen and argon at fairly low
10 temperatures (400 to 800°C) was briefly described.. This was more
fully described in a paper entitled "Oxidation Protection of Mild
Steel by Coatings Made With Aluminum Alkyls" by A.L. Cabrera et
al in oxidation of Metals, Vol. 36, pp. 265-280, No.=3/4, 1991.
The use of triethyl aluminum or trimethyl aluminum
15 . witﬁ hydrogen and argon gas as a gaseous mixture:is proposed in
the present invention to improve the oxidation resistance of
automotive exhaust components, e.g.,_catalytic converters, and
associated duct work without the necessity of requiring an
aluminum—bearing metal or increasing the bulk aluminum level, if
20 any,'of the metal alloy. The use of the gaseous mixture would
| benefit the forming of components_used in the exhaust systenm

provided that the initial protective alumina coating is formed.

This effectively would increase the aluminum content of the



assenbly wi thout depletion of alum numfromthe al um num bearing base netal
and wi thout the problens associated with actually increasing the bulk

al umi num al l oy content. The coating with the gaseous m xture al so may
.renove the necessity of "whiskering” the alloy and aﬂ,qygﬂgtgggmg hlAgedWas h

coat prior to depositing the catalytic precious netal beneflt
may be particularly inmportant in lowering overall pro
exhaust conponents and i nproving catalytic efficienci

satisfactory thickness control to the coating |ayer of alun1nun1 a thlnner
base netal gauge can be nore easily used for electrically-heated

"li ght -asfsenkily onthout cdepletion af alumirumLron dhe @luminuyn-hearing

oxi dation resistance. The al um na coating which would be fornmed in this
nmanner Hase metak|and dnithont ihe axchiens assasiatgd withvactualdyal uni num
| evel s can be used mnthout | oss, of oxidation resistance.as conpared to the

nﬁm nal ;m%smwy!se %@g tlynm :%» @;stmba The. foating with, *@qmalyd
s i ? 8 ﬁg !8 iTB 5&
_Lrgvr)zjoa:ﬁ(g%{%a)‘n er"nor\%ea l I:O uc an at Ssa%eﬁ'th e th | V\K;u
0,038
§ oA Ty AL A e AR A Tup e etk aﬁh&%@?ﬁs’eﬁw@?&ﬁ@' e | LY

catalytic precious metal ‘coating. ‘‘This beriefit may be

particularly important in lowering overall production costs of
exhaust compénéntsiand imptoVing‘caﬁélytic efficiencies.

10 coating layer ‘¢f aluminum, ‘a’ thinner bBase metal gauge can be more
easily'uséd“for'eledtricéily-heatéﬁ""ligﬁﬁJOff"”autdhbtive
catalytic coriverters as a result of improved oxidation
resistance. The alumina coating which would be formed in this
manner is extremely adherent whereby metal alloys with lower bulk

15 aluminum-levels can be uséed without loss of oxidation resistance
as compared to the nominal 5% Al alloys’ currently used without-
surface treatment. In this way the product can be more readily
produced and at less cost. The method would provide an
economic;l.way to produce an exhauét component,. for example, at a

20 nominal thickness of 0.0015 inch (0.038 mm),'which has been
identified as a target thickness for the light-off automotive

converter core material.



Accordingly, it is an object of the present invention to provide a nethod
for inproving corrosion resistance and/ or Iessening\LhQ\m@LL§%2g§E£SEE
requi renent for a conponent for use in an exhaust systemto C t
wast e gases in which the conponent, sub-assenbly orTHS$&abhthhereof ‘
receives a coating of alum numto be subsequently re - lagecimi na
on the surface or to diffuse . into the nmetal substrat jFHE
| NVENTI ON More particularly according to the present 1n eis

provi ded a nmethod for form ng a conponent for use in an exhaust systemto

conduct a hot waste gas stream the nethod including the steps of selecting
an al |l oyed st eel Asgordingdyehiknysi AR ghdesk ef ukheurreseBti ABveBkASRent

f ' fr, h I d,all | sh , A

e oxERUBFOVIMBoAe A EHP0n Lar, IRREAVIPS, ROFFAFLGNEFBIRERRRY aPddtkous |~
I Xt L1 Si | ' d .al um bear | d :

or ef er ABFFERIPReEHD: VALY thdFRIRSE, FeliFenthl; iR, O CRERBIPEY RE, B8P, and

pref er 26f \. . . P

compontf I SHERYTRGREMC O ELARCE REE LASLE kel LA IMILE ERHTT

gé;g}Rgg@bahantbéshssssgﬁhﬁhy 8k B8kBmbly EnERbGE LESETVES' NcOEtih of

aluminum to be. subsequently reacted to form alumina on the

surface or to diffuse into the metal substrate. .. .
’ 4 ON.... ...
More par;icularly according to the present invention
10 there is provided a method for forming a component for use in an
exhaust system to conduct a hot waste gas stream,.the method
including the steps of selecting an alloyed steel sheet, which
may include an aluminum alloying component, forming an exhaust
component from the selected alloyed steel sheet, coating the
15 exhaust component with aluminum by thermally decomposing a
éaseous mixture comprising a carrier gas and-an-alnminum—bearing
compound, preferably trimethyl aluminum or triethyl aluminum or
mixtures the:eof,.and heating the aluminum of the coating to
corrosively protect the exhaust component from corrosion,
20 preferably to oxidize the aluminum or diffuse aluhinum into the

base metal, or both.



The present invention will be nore fully understood when the foll ow ng
description is read in |light of the acconpanying drawi ngs in which: Figure
1 is an isonetric illustration partly in section of a known catalytic
converter design for an autonotive internal conbust |mﬁs&ﬁg{aeeeen|ﬁeﬂ5&@ 1A is .

an illustration of a known netallic catalytic core f
converter; Figure 2 is a block dlagran1schenat|cally
met hod of the present invention as applied to a batch , F|gure

3 is an elevational view partly in section |IIustrat|ng a contlnuous
process to carry out the nethod of the present I nvention; and Figure 4 is
an isonetric illustrati gRIEF DEeeRs v 8 BRAWYNGYL t he nethod of the
present invention. DETAILED DESCRIPTIOV O RRED EMBODI MENT Fi gur e
1 illustrates a pTher presentr inventiont wi}li becmorer fallyOunlegstbaal udes
an outer wap having an inlet opening 11 and a delivery opening 12 for the
f1 ow of vhgnatibe §oddowihgodgscriptioni bs readbin lBghbecofi theer f or at ed

sheets 14 are joined together about their outer periphery to forman air
pl enum accompanying drawings in whichs: "~ ™

5 ' Figure 1 is an iscmetric illustration partly in section
of a known catalytic converter design:for' an automotive internal
combustion engine; o =

?ngufe'la is an illustration of a knowr metallic
catalytic core for a catalytic conveftef;

10 Figure 2 is a block diagram schématically illustrating

" the method of the present invention as applied to a batch type
process;

Figure 3 is an elevational view partly in section
illustrating a continuous process to carfy out the method of the

15 present invention; and -

Figure 4 is an isometric¢ illustration of a header

system to carry out the method of the present invention.

Figure 1 illustrates a prior art form of a catalytic
20 converter 10 which includes an outer wrap having an inlet opening
11 and a delivery oﬁening iz for the flow of exhaust gases
through a reaction chamber 13 wherein perforated sheets 14 are

joined together about their outer periphery to form an air plenum



that receives a supply of air by an inlet duct 16. The air migrates through
the perforated openings in the sheets 14 into | ayers of catalysts 18
situated on opposite sides of the sheets within a rgi8hddetiasBBRlReplsed The
retainer shell is contained within a converter shell| of

i nsul ati on are sandw ched between the converter shel Umjmmtﬂ [Iter shel |
wrap 26. The outer shell wap is forned as two hal ve ned

t oget her about a peripheral bead. Afill plug 28 seals aligned openings in
the outer shell wap 26, converter shell 22, and retainer 20 for installing
suitabl e quantities of catalysis. The conponénts of “the catalytic converter
-are nathathired@ives @ upply BMaisPdyaanoinlet dicthesl staekadwt erial,
such as stainless steel. The sheet stock may include alum num-as an.

al | oyi mdgeladesnthroughe thiee gerfiorgied dpenihgst iat theasheets 1t dnitioc
catalytic core 21 for a catalytic converter. The core is fabricated from
met al dayersand cafalystsci8asdtnatied ba oppdsibet sidesf ofhthecsheetst ype
design of Figure 1. Generally, the core 21 includes a honeyconb structure

19 f abWithdndar rekaines shell;i20.shTHe ressingr sheliedis conbdinede. \Wen

used in,a catalytic converter “thewexhagsth%ases_jmepthrough t he honey
c8mbs YitHAn:p conyerter; ghell 22., LaYersod4| afalngulatienndEet exhaust
p0||Utgghaw1cheaabetween-the converter shell 22 and an ‘outer shell wrap

26. The outer shell wrap is formed as two halves that are joined
together about.a peripheral bead. :K“fill'plug 28 seals aligned
| openings in the outer shell wrap 26, converter shell 22, and

10 retainer 20 for installing suitable’'quantities of catalysis. The
components of the catalytic convertér: are made through suitable
forming operations using sheet 'stock material, such as stainless
steel. The shéet stock may include aluminum as 'an alloying
element in the steel. -

15 Figure 1A illustrates a known metallic catalytic core
21 for a catalytic converter. The core is fabricated from metal
sﬁbstrate sheet stock and would be used instead of the pellet-
type design of Figure 1. Géne:ally, the core 21 includes a
honeycomb structure 19 fabricated from metallic foil sheet stock

20 as the metal substrate. When used in a cétalytic converter, the
exhaust gases flow through.the honey combs 17 which serve as the

primary reaction location to convert exhaust pollutants.



The present invention would be equally applicable to other netallic.

catal ytic converters used in both on- and off- high vehicles, two cycle
i nternal conbustion engi nes such as | awn nmowers, anﬁa¥ﬁ_ﬁET5T“E§Tafyf+€
converters for power plants, co-generation units, foGHisBReYSE B, _

. . . . . . . epiac
applications and other stationary devices. The inventi Ebply
to allied structure such as tail pipes or duct work 'us Lmaste
gases to and fromsuch netallic catalytic converters. ntion

woul d be found useful for coating alum num bearing netals, such coatings
may be applied to assenblies and sub- assenblies, where '
non- al um num bear The preseataiaveatdonowoulldr be éguatignppplicaeble &od
brazi ng all oys contai ni ng non-al um num bearing alloys which conpose a

port i onotherhemetaidicencagadytisr converters uvsedyingboth one andhofifof the

present invention, the gaseous m xture is inportant. The coating |ayer of

al uni nubighwair vehigdesd woosyslecdntesnadl cembustienr enginespsushsas

preferably trinmethyl alumnum (TMA) apd triethyl alum pum (TEA). For the .

b1 esont LRNDCREMERS « ABA:Lin AR CHERN LG, SOHRTPeTSLPOT, BAVPF oRLERESgr oup

Of T ACehtne Seny bR Bba KAaRRted A SR Shmd R SRRRE o0, L1 o1

used. PLELEiBRhYy h801ces’) Sine' InGORL IS -LBE1ACAELY  SpbTy! G- 215A4S
structure such as tailpipes or-dﬂcthork'used“to'feed hot waste
gases to and from such metallic catalytic converters. While the
invention would be found useful for céating aluminum-bearing

10 metals, such cbatingS"may be applied to assemblies‘and sub-
assemblies, where non-aluminum-bearing metals are used, or where,
for example, welds and brazing alloys containing non-aluminum-
bearing alloys which compose a portion of:the component parts are
used. | _ _

15 ' In carrYing out the method of the prgsent invention,
the gaseous mixture is important. The coating layer of aluminum
primarily would be obtained from aluminum-bearing compounds,
preferably trimethyl aluminum (TMA) and triethyl aluminum (TEA).
For the present invention, the aluminum-bearing compound is

20 selected from the group of TMA, and TEA, or mixtures of TMA and
_TEA. Carrier gases selected from the group of.nonreactive gases

such as argon, nitrogen, and helium may be used, preferably

argon. Also, to control the moisture in the gaseous mixture, a



9 dry gas, such as hydrogen, preferably would be used to | ower the dew -
point of the mxture. In a preferred enbodi nent, the gaseous m xture

conprises an al um num bearing conpound of TMA, or
and TEA, a carrier gas of argon, and dry hydrogen g n Fi qure 2 the

met hod of the present invention is illustrated as a ed batch
process in which a furnace 40 woul d be heated by el ec ﬁi [ﬂﬂﬁlng to
a tenperature in the range of 400[err] to 800[err]." ytic
converter conponents, assenblies and/or sub- assenblies mould be | oaded onto
trays or other suitable support structure that are aced |n the furnace

for thehﬁ9d55§ar§“Fhea§nhﬁgr99ﬁ%rthﬁ?f ulsht el LY
The t b t t t | fl | 4 f t
o i vergew BUIRE R Eon BERFRERD o Th B cpH %f%&w@g ’ﬁ?m%-e e Shedlts

e s e e R L M s L
noom Moeeded, SR PHE 8nd FEE) & ORFCEEY ade gr MG N def BydiGen, o

Arg and or- TEA.stream prior:.to val ve -44. to render---t he gaseous ntxture
t her nod nantcally reducing with respect to the alum num coating and the
coated steel. - In Figure 2 the method of the present invention is

| illustrated as an application ‘to & batch-process in which a
" furnace 40 wouid'be'heatéd-by electric or gas firing to a
temperature in the range of 400° to 800° C. Metallic catalytic
10 converter comporents; aSsemhlieS'and7or sub-assemblies would be
loaded onto trays-or'other suitable'-support-structure that are-
placed in the furnace for the necessary treatment time that could
be controlled by a timer: 42.° The timer may be used by an
operator to control a flow valve 44 for the delivery of a gaseous
15 . mixﬁure in a line 46 extending to the furnace chamber. The -
gaseous mixture would forh in a vessel 48 having a bath 50 of
trimethyl aluminum-Or.triethyl aluminum. A conduit line 52 would
supply argon gas to a bubble plate or other device to-
incrementally mix the incoming gas with the bath 50. Dry
20 hydrogen 53 would be introduced to the Ar and TMA or TEA stream
prior to valve 44 to render the gaseous mixture thermodynamically
reducing withlrespect to the aluminum coating and the coated

steel.



The volune in the vessel above the bath would form_a supply area for the
argon and TMA or TEA. The tine which the exhaust conponent T ace
woul d be exposed to the gaseous m xture would be varmgdy, H,Produce t he
desired thickness to the alum numthat would be depos ed |
surface of the-exhaust conponent. After the al um num II Im tained a
desired thickness, valve 44 could be operated to ter | ly of
t he gaseous m xture. The atnosphere in the furnace, if desired, can be
controll ed when gas fired or through the external supply of an oxidizing
gas, such as air or oxygen, in supply line 54 through operation of valve 56
to produce an oxi Thei mglumeniphthe vessel dakeve hthelbathwiowldtfiermoati ng
to forma layer of alumna. As an alternative to oxidizing the al um num
sur f acesupplicareat £ay thet argenr andcTHR or HEEA¢ oyThe rtime | waichcth@haust
conponents caoul d be Egggegainto a reaction furnace 58 supplied with an

n

oxi di zi P¥hYASEL GORRP the( sprRaGe i¥epld ke re¥Pospd togthe grpeous

O et "Gt REC RE 1S RN B e T8 dREcRledlsh B "

e SRR, FARE, AbutaTherdebigaPh Ly ' nbby BRTEAeCBE' tnge v
exhaust component. ' -

After the aluminum cdating has obtained a desired '~
thickness, valve“44 could be operated to terminate the supply of
the gaseous mixture. The atmospheré in thé furnace, if desifed,

10 can be controlled whén gas fired or throtigh the extéfnal“éupplf
of an oxfdizing gas, such as™air or oxygen, in'sipply“line ‘54
through operation ofIValve 56 to prbduce an oxidizing atmosphere
to oxidize the aluminum of ﬁhe coating to form a layer of
alumina. '

15 As an-altefnativé to oxidizing the aluminum surface of
the coating in the furnace 40, the ‘tray containing the exhaust
components could be placed into a reaction furnace 58 supplied
with anoxidizing gas to maintain a suitable atmosphere for
carrying out the oxidation of the surface of the aluminum

20 coating.' The use of the reaction furnace in the batdh process
would increase the throughput rate in the furnace 40.

The step of heating the aluminunm of the coating could

be used to diffuse aluminum into the base metal of the steel

10



- sheet from which the conponent would be formed. This woul d benefit .the
I"sot hermal oxi dati on resistance of the Fe-Cr or Fe- C-Al aIon foils or
sheets by increasing the bulk |evel of aluminumin the alToy. Furthernore,
the step of heating could result in both oxidizing ﬁﬁ@hg{ﬁjslég

alumnumin the coating to enhance the corrosion pro

conponent. For greater production.rates, Figure 3 |I H nti nuous-
process for depositing an alun1nun1layer usi ng thls bel t
conveyor 60 driven by a notor 61 would control the ‘dwell tlne for exhaust
conmponents that are placed on the belt 62 and transported thereby t hr ough
each ofsheef ebeow cvlylch rting ccomponant: wiukd des Rormedi 64him wawdd chanber
63 has an o enlng 65 to which there is secured a duct 46 for dellverlng

quant i tb%e Wkt%ﬁﬂ@%umﬁatmeaﬁfe&hwfm%meﬂ? in
chanber at ure of between, 400[err] and 60Q[err] by gas firing
or eIeéFf| iﬁih {}ﬁkﬁrt?ﬁﬁﬁ?ﬁxﬁ*h#QQﬁﬂ?'kae ﬁ&i? &f woul d-

?E)t Z.I géﬂllﬁtﬁ(ﬁd Iﬁk%& num%ge exi?‘ose%rfacef?ﬁht%ust c one?ts
of di %S'?t AR & %%%wﬁ%&% %@4&&% Fressary o

For greatgg_p;pduct;qndgatgshJrigurgﬂs‘§11ustrates a
continuous proéess-for_gepqsitipgﬁﬁn_glum@ngm layggmusing this
technique. A belt conveyor so_driven.hy_g'gotqg“§i would control

10 the dwell time for exhaust comppnqgts_thag are placed on the belt
| 62 and_traqspprtgd thgrepy_thrbugh each of successively arranged
.furnace 6hambers 63 aﬁd 64. Furnace chamber 63 has an openlnq 65
to which there is secured a duct 46 for dellvering quantities of
the gaseous mixture to maintain an ggfective atmosphere in
15 chamber 63 at a temperature ogsbetween 400° apd 600°C by gas
fi:ing or electric'heating..-?nder_thgqe qon@i?ions, the exhaust
componeﬁt would attain a build-up of aluminum on ;ée exposed |
- surfaces of exhaust components to a desire& tl:l:'.xicl.:n.ess before the
components pass a partitioning.wall 66 into furnace chamber 64.
20 Chamber 64 would provide the heating necessary to
oxidize and/or diffuse the aluminum. For example, chamber 64

could be maintained with an oxidizing atmosphere that can be

11



- 12 - supplied by atnospheric air or other sources of oxidizing gases

t hrough conduit 67. The nethod of the present invent npl at es _
heating the conponent either prior to or in the presence of the gaseous

m xt ure contai ni ng an al um num conpound. For exarrplgs,T cet HagmBEREnCU! d
be preheated in a furnace, or heated inh the presencp o] (

m xture. Heating may be resistance heating, such as/ us | eads
to electrically heat the exhaust component, such as a catalytl verter
core. It is also within the scope of the present invention to provide a
still further nodified formof a system of applying a coating to an exhaust
conpon&kPPiiiech hiys atmeapher it qure or: othere spurgesept| bxidizinghgases
identification nuneral 70 a duct such as a tailpipe or a duct extending to
a whol Bprougb goaudt &fsassenbly of a catalytic conVerter. The duct 70 is

connected to a hegader ich receives a streamof hot gases from a duct
72 at a tenperat ﬂF%%*ﬁPFFétP&nQEQGPnEOSFEFFFiPB goptempilateshe header

' ' o ' cted d 46 f del i '
2 gaschsetiRy 3?*&"%?“b%@sh%%’tﬁlgﬁe?ﬁﬁ§r;ﬁe¢?§”iéégﬂa §§L§§ggr§2§_ %Ihléie;;“_g
o L.ec € ! In a u al g
7% UnoTaea8up Mk eREE CURCABNG Kl arEhiish BnOAnaL, PO Ruamplal i ng

gas ontiedbbfiponent could be preheated in a furnace, or heated in the

presence of the gaseous mixture. - Heatihg'ﬁay”be'resistance
heating, such as using electricaI'Iéads-to electrically heat the
exhaust component, - such as&a-catalytié’converter core.

10 " It is also within the scope of tﬁe present invention to
provide a still further modified> férm of a sysStem of applying a
coating to an exhaust component which is shown in Figure 4.

There is genefally shown by identification numeral 50 a duct such
~as a tailpipe or a duct extending to a wholly assembled or

15 subassembly of a catalytic converter. 'The duct 70 is connected
to a header 71 which receives a stream of hot gases from a duct
72 at a temperature within the range of 400° to 800°C. The
header also includes an opening to which there is connected duct
46 for delivering a gaseous mixture as described hereinbefore in-

20 - regard to Figure 2. The header ;lso could receive a supply of
oxidizing gas such as air in a line 73 under control of a valve

74 which is operated to supply the oxidizing gas only after

12



13 coating of alumnumto the desired thi ckneés woul d be applied to .the
exposed surfaces contacted by the gases fromthe header. The nethod of the

present invention is suitable for the production ofnewconponents—ty-
ori gi nal equi prent manufacturers and for refurbishing. used equi pnent.
Al t hough a catalytic converter is exenplified herei r??“s t eplaced
I ntended for use wth various hot waste gas corrpon@entH H alil pi pes,
muf fl ers, exhaust nmanifolds and pipes, industrial Exh S,

catal ytic converter parts, and the like. Wile the present invention has
been described in connection wth the preferred enbodi mrents of the various
fi gur es,coating tof haluminum todthe desired thigkness wankidrbe applied tred
or nodifications and additions may be nade to the descri bed enbodi nent for
per f or mi¥RL tIPAIER FUREAFRH SPntagted g khe (HAsAs Fram tihaithepdett i ng

therefrom Therefore, the esent. i nventi on shoul not, be limted fo
si ngl e enbodi ment ,%tm?ﬁk‘gér"ﬁo% RERPENE HIVRR %&%&}Hé:ﬁlﬁ%c‘%ﬁﬁ %e

A ot ho@T UG e o neel redicRents ol SFigine L aniting, e AR mes T
hotg Wast g, a0 - EARL EM thyBi48s equipment. . Although.a catalytic.

converter is exemplified herein, the .-method. is. intended for use

with various hot waste.gas components,.such as. tailpipes,. .
mufflers, exhaust manifolds. and.-,.-aip_eér,. industz;,ial-, exhaust gas
stacks, catalytic .converter parts,-and the-like. .

10 - -While the present invention-has.been described in
connection with the prefefred. embodiments of the various figures,
it is to be understood.that other si_ni]_.,aﬁempqdiments may be used
or modifications and additions may be made ,..i:o- the described
embodiment for performing. the same function of the présent

15 invention without deviating therefrom. Therefore, the present
invention should not be limited to any single embodiment, but
rather conétrued in breadth and scope in accordance with the

reci.tat_ion of the appended claims.

13



I ncluding the steps of: selecting an all oyed steel sheet; form ng an
exhaust conponent fromthe selected alloyed steel sheet; coating the
exhaust conponent with alum num by thermally deconpasi ng a gaseous m xture

conprising an alum num bearing conpound and a carrier gas ing the
al um num of the coating to corrosively protect the e onent from
corrosion.. 2. The nethod according to claim1l V\/nerel 7 M ﬂ”tl ng
oxi di zes the al um num of the coating to forma Iayer of alu

conponent. 3. - The method according to claim?2 wherein said step of
oxi di zing the al um num i ncl udes |ntrogéa;g$ t he exhaust conporment—hawvi-ng a
deposited al um num coating thereon in nace havumgsﬂgt X|d|2|n

at nosphere therein at a tenperature sufficient to ox %% of

t he coati ng. -15- 4. The nethod accordlng to cla| e step
of heating di ffus%@é%r&miﬁ@ §de base-petaf.She nent .

The nmet hod according to clairm4 furt her |nclud|ng heati ng the al um num
~coating to oxidize} hea ahathed dd formlivty a componegt for use in an

exhaust system to conduct a hot waste gas stream, said.method
including the steps of: o L
selecting an alloyed steel sheet;

.forming. an exhaust.eomppngptvfrom_the selected alloyed

5 steel sheet; . . '
s+ ..coating the exhaust component. with aluminum by .
thermally decomposing a.gaseous-mixture eomprising;anaaluminum-
bearing compound and a carrier gas; and
heating the aluminum of the coating to corrosively .
_10 protect the exhaust component frqm.corrosion.

2. The method according to,claim 1 wherein the step of
heating oxidizesfthe alumirium of the coating to form a layer of
alumina on the component. |

3. The method according to claim 2 wherein said step
of oxidizing the aluminum includes introducing the exhaust
compoqent having a deposited aluminum coating thereon in a
furnace having an oxidizing atmosphere therein at a temperature

5 sufficient to oxidize the surface of the coating.

14



| ayer of alumina. 6. The nethod according to claim1 further including
form ng the gaseous m xture externally of a furnace. chanber and then
i ntroducing the gaseous mixture to the furnace to contaet—the exhaust
conmponent which is maintained at a tenperature sufficien t-the
gaseous m xture for deposi ting al um num on the !‘H| “!“mﬁm of the
exhaust conponent. 7. The met hod according to v n*sai d step
of coating includes introducing the exhaust conponent in a furnaece and
controlling the atnosphere and tenperature in the furnace for coating the

21 Ui num bear i ng. Aomp e SEERGR éEF@Hdil;gﬁF?h‘é Shauh Prteln ths| ston oF .,
L oS R4 Ttk P e HOLEY RS LR, .,

fromth f argon, nitrogen and helium = - 16 - 10. The net hod of
clain118mﬂé§ggﬁethe gaseous m xture further includes a dryrng gas. 11. The

T omen: e oad PR S mbeRbe fhoofgifosterctiuon pacchat hssiuthy,
and 800h@ating the aluminum coating to oxidize the alyminum to form a
layer of alumina, e o L
6. The method according to claim 1. further including
forming the gaseous mixture externally of a furnace chamber and
- then introducing the gaseous mixture to the furnace to contact |
the exhaust component which is mairtained at a temperature
5- su:ficieht to react the gaseous_nixture.for,depositing aluminum -
on the metallic surface of the exhaust component.

7. The method according to claim 1 wherein said step
of coating includes introducing the exhaust component in a
furrace and controlling the atmosphere and temperature in the
furnace for coating the aluminum on the exhaust.component.

8. The method of claim 1 wherein the aluminum-bearing
compound is selected from the group of trimethyl aluminum,
triethyl aluminum, and mixtures of trimerhyl'aluminum and

_ triethyl aluminum.

9. The method of claim 1 wherein the carrier gas is

selected from the group of argon, nitrogen and helium.

}i This Sheet Has Been Reﬂiaced
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12. The met hod according to claim1 wherein the all oyed sheet includes an
alum num al l oyi ng el ement. 13. The nethod according to claim1l wherein said
all oy sheet netal forned is conprised of stainless steel. T4 The net hod
according to claim1 wherein said exhaust c part of an
autonot i ve exhaust system 15. The met hod aﬂ]ﬂﬂﬂ’mmmwmﬁ further

I ncl udi ng the step of contlnuously conveyi ng *sai‘d éxhtiust conponent in an
open-ended furnace having coating and oxidi zi ng chanbers. 16. The net hod
according to claim1 further including the step of flow ng the gaseous

m xture through the exhaust conponent for said step of coating the exhaust

conponent and for alqgiiﬁgtﬂgfo%ﬁdhihgg ih aust Cg%%ghgugoai*egrel7

S
The net hod accor&oﬁg { erel sal onent conprises a

sub- as of; h&? t ghytic converter havi ng an outer shield
hou5|ng an £§U%B%IPQEE er iﬁ@ %alytlc converter. - 17 - _18. The

method according14Q ClreMméthoar seaosaiﬁgeﬁbauﬁiﬁomeﬁéinneimdeetep
catal ytic converter with electrical leads to electrically heat a catalytic

conver pgr ceatIngaBd idhexhiaustaconpohent isctagriedheutuihhan atmpsphere
said electrical "l eads to heat said electrical core to a tenperature

at a temperature between 400° and 800°C.

12. The method according to claim 1 wherein the
alloyed sheet 1nc1udes an aluminum alloying ‘element.

o 13. The method according to clazm 1 wherein said alloy
sheet metal formed is ccmprised of ‘stainless steel.

14,_ The method according to claim 1 wherein said
exhaust compohent comprises part of an automotive exhaust system.

15. The method according to claim 1 further including
the step of continuously conveying said exhaust component in an
open-ended furnace having coating and oxidizing chambers.

16. The mechod according to claim 1 further including
the step of flowing the gaseous nixture through the exhaust
component for said step of coating the exhaust coﬁponent and for
said stap of oxidizing the aluminum of the coating.

17. The method according to claim 1 wherein said

~ exhaust component comprises a sub-assembly of a fabricated

catalytic converter having an outer shield housing and support

member for catalytic converter.
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sufficient to deconpose said gaseous m xture. 19. A nethod for producing an
aut onoti ve exhaust system conponent, the nethod- St I ng an

al um num bearing steel in sheet or strip form f ) : conmponent
fromthe steel; coating the exhaust conponent wi iwﬁﬂ"m j ermal |y
-deconposi ng a gaseous m xture conprising an alu M ound

selected fromthe group of trinethyl alumnum triethyl alum num and

m xtures thereof, a carrier gas selected fromthe group of argon, nitrogen,
and helium and a drying gas; and thereafter heating the alum num of the
coating to protect the exhaust conponent from [ eith oxi di zi ng

b
the al uni numrof e cdRe MPEOE SCFPX F&?éF“bFigﬁéO'h%ﬂﬁﬁxéﬂesﬁghpbnent, or

dlffusegﬁagg ”E@#Q&dﬁh 1fg%fﬂa%§-h.%&tgi&gicwconvartar with electrical

leads to electrically heat a. catalytic converter core, .and
wherein said method includes the further step using said
5 electrical léads to heat. said electrical core to a.temperature
sufficient to- decompose said gaseous -mixture. ..
19. A method for producihg-angautomotive exhaust
system component, the method comprising:...:
| selecting an aluminum-bearing steel:.in sheet or strip
form; _ e v mees gk | e
5 | forming an exhaust component from-the steel;
coating the exhaust.compbnentwwith.aluminum by
thermally decomposing a gaseous mixture comprising an aluminum-
bearing compound sélected from the group of trimethyl aluminum,
triethyl aluminum, and mixtures thereof, a carrier gas selected -
10 from the group of argon, nitrogen, and helium; and a drying gas;
and thereafter .
heating the aluminum of thencoatiﬂg to protect the
exhaust component from corrosion by either oxidizing the aluminum
of the coating to form a layer of alumina on the component, or

15 diffusing aluminum into the steel, or both.
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