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METHOD, FOR RECOVERI NG PLATI NUM FROM  PLATI NUM - CONTAI NI NG COATI NGS ON GAS
TURBI NE ENG NE COVPONENTS BACKGROUND OF THE | NVENTI ON This invention
relates to the recovery of pt from gas turbine engi ne conponents in
conjunction with the renoval of Pt-containing coatings therefromduring

repair and reworking. advanced gas turbine engi ne conponents,
.especially turbine bl ag/g@&'}m F&S’at‘ﬁﬂ%ﬂﬁim ALATINUMTERGM ed di f fusion
alumini de coatings (PtAl). These coatings offer superior environnental
protection in oxPLELTINOMACGKT h ! sign.conditions within a

turbi ne engine. These' coati ng?s{ﬂgpgc'aﬁé%ﬁ%go@gdeég PURBINEOBNGENE beneat h
physi cal | y vapor deposited (PVD) 't herooMpoXmewrger coatings. The Pt present.
in Pt Al coatings is nost often deposited by electroplating. To devel op
the required "PtAl chem'stry and structure, about 0.5-0.8 grans of -Pt are
el ectroplated onto relatively smaller turbine blades, while up to on the
order of 1.5 _grans of- Pt nmay be electroplated onto |arger blades. After

pl ating, the HACKGROURH) G rEHE AINVENTIONME coating by diffusion, with.the

final conposition of the predom nant coating phase being (N ,Pt)Al, A
PtAl  coating may be'r \éeg from.,a blade if the coating itself or sone
other feature of the bl'ade FIENLIPn redptefetenghacteconery of @t tfrom
requi rement s9B6r thebpaet .engine compoments in conjunction with the

removal of Pt-containing coatings therefrom during repair

and reworking.

Many advanced gas ‘turbine engine components,
especially turbine blades, are cbated with platinum
modifigd diffusion aluminide coatings (PtAl). These
coatings offer superior envifonmental Protection in
oxidation and Type I hot corrosion conditions witﬁin a
turbine engine. These coatings are also employed as i)or;d
coatings beneath physically vapor deposited (PVD) thermal

barrier coatings.

‘The Pt present  in Ptal coatings is most often
déposited ?:y electroplating. To devélop'the' required Ptal
chemistry and structure, about 0.5-0.8 grams of ‘Pt are
e;gctro?lated opto relatively smaller turbine bladles., while
up to on the order of 1.5 grams of Pt may be electroplated
onto larger blades. After plating,' the Pt is incorporated
into the coating by diffusion, with. the final composition
of the predominant coating phase being (Ni,Ppt)al.

A PtAl coating may be removed from a blade if the
coating itself or some other feature of the blade does not

meet the engineering or quality requirements for the part.
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[ [ [ : ked and then
the coating is stripped, the part rewor _
rlel:gatsgghvmat ﬁaiPl'?Al . Turbi ng bl ades are also routinely stripped 8]1: '[PF]QI
coatings after engine operation to enable i nspggtclotr)rgl ?Qﬁeéerﬁ' ; Laroty
[ I ppi tings is in ar | |
turbine bl ades. Stripping of PtAl coa 5 e 8 orr i Porng ot ma .
ners. Mpst often the coatings are renoved by aci _ 9
2Ing?2I acidsI%uéﬁchsahydsechherFﬁaflﬁ@@?ﬁ?i%ﬁ:gﬁgg1 {ﬂ%égﬂ %?gg%%%%¥féﬂe
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el ol de f ﬁﬁﬂy?%l erre%;%:‘romt eatsj[fgiéjr TefRging operagion
' vari ous, 1 . > &y
behi nd_on & he-bISHABLE snapectiompind repatbess CEh@6kSp1hOpILELRRI N
sol utions ' becone ineffective and nust be di scarded. Nbst offe

[ ' I pi d t, and the -
recipitate f1iteroq (ot o oA Esa PLASE Pe: Brcomailsimnegh i a
ipitate-filter . i‘on . . .
Dontal ns. i ndATAREsnGE efarRtersi.s Modits RIS, %@%&%@%&3@% c’%%ri'fﬁe“’&!ﬂa%yl

, ved. from stripped turbine blade eCl )
Egts Ihggg gﬁihggzgav\;{- lﬁ%agﬁ ngSHrg gi’-ﬂ?é‘_ﬁér ;ﬁqhdrﬂfmcgigh?ir aﬁnndfhdami ne?riit‘)ﬂ

i ng" hoepheribasnbeeic ) Sed i fi vt U s 9
(r:g?r;[)ilgg rte'gPpue. pCut ti ﬁg medi ayconsi st o"?fa rasive af Jifi oxitfe acids

particles i n*8§2§5f ¥ifithdehe epatbradenchrdbisoliven someelSRSERY o pgm
oxi de partiCbeﬁstmtﬁehEQ,Vbeébgﬁly Ni. After the reaction, a thin,

loosely adherent, black film residue comprising Pt,

aluminum oxides and heavy metal oxides of varioug elements
from the substrate material is left behind on the blade.
After stripping a number of parts, the stripping solutions
become ineffective and must be discarded. Most often the
acids are neutralized, the metals chemically precipitated
out, and the precipitate filtered From the solution. The
Precipitate, although it contains minor amounts of Pt, is
-disposed of as solid waste in a landfill,

Residue has been removed from stripped turbine
blades by mechanical methods such as wet blasting or
vibratory finishing. Traditionally a » cutting” type media
has been used in vibratory finishing machines to remove
residue. Cutting media congist of abrasive aluminum oxide
particles in a soft binder. The binder breaks down,
releasing aluminum oxide particles into the vibratory
finish machine. Large volumes of sludge are produced. The
residue is thus contaminated and diluted by the abrasive
media as it breaks down, such that the Pt ig no longer
economically recoverable. Overflow from wet blast or
vibratory finishing machines used to clean blades is
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finish machi

contam nated and diluted by the abrasive nedia as it breaks down, such

that the Pt

or vibratory finishing machines used to clean blades is 2 treated in a

ne. Large volunes of sludge are produced. The residue is thus

is no longer economically recoverable. Overflow fromwet bl ast

wast ewat er system and the solids, although they contain Pt, are disposed
In situations where PtAl coatings are renoved. nechanically

of as waste.
by abrasive
fromgrit bl

Greatedash i pgrastamadert R¥Atenc dd19 wolpdspeal thgualkyeBiays
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solid waste.

one df Ve procésses, the Pt fromthe PtA

stripping operation finds its way into the final waste streamof a turbine

bl ade repair plant.
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solid waste
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present invention provides a nmetho

coating on afigkered: KreE &h§ RErQsiforsht . andhelsefheBcesfpPfsas solid
contacti ng tgg?ggnponent with a chemcal stripping agent to dissolve away
t

constituents o

aci d oxidati

on
By one of the above processes, the Pt from the

PtAl stripping operation finds its way into the final waste
stream of a turbine blade repair plant. Many high volume
operations feed into the final waste stream in a
manufacturing plant and dilute the concentration of Pt in
the solid waste to the point where it is not economically

viable to recover the precious metal.

BRIEF SUMMARY OF THE INVENTION

An aspect of the present invention provides a
method for recovering Pt from a Pt-bearing coating on a
gas turbine engine component. The method comprises
contacting the component with a chemical stripping
agent to dissolve away constituents of the coating and
produce a Pt-bearing film of one or more acid oxidation
products at the surface of the component; removing the
film from the component to produce a Pt-rich residue
containing at least about 10% Pt; collecting the
residue; and refining the residue to recover Pt

therefrom

8Gver

or recoverin froma Pt-bearing

madn guaboiome wheeraatPiohl feedingso dthe temaledast e

t he

he coating and produce a Pt-bearing filmof one or nore



products at the surface of the conmponent; renoving the filmfromthe
conponent to produce a Pt-rich residue containing at |east about 10% Pt;
collecting the residue; and refining the residue to recover Pt therefrom
3 Anot her aspect of the present invention provides a nmethod for recovering
a Pt-rich residue froma Pt coating on a gas turbine engi ne conponent, the
nmet hod conpri sing: contacting the conponent with a chem cal stripping agent
to dissolve away Ansther dspecttof thd prebentdmadnitiog paovides othetdedafoPrecoearingig il m
of acid oxidaton I ts aty, the.surf f.1h nent; .and renoving
the 111 m 1 r o bRacBRREK Sia At PEiRe o Bk firpbd SoBRERRRRhent . ni g
| east about IfethPd comptismigher aspect of the present invention provides a
nmet hod for recover]j . r - . b [1Ng.: ' engi ne
conponent, the net&rg)@%cngé%er?ifﬁ%ne%ﬁ%ﬁ@%h%ﬁ%&%l%&xp&i@%%%iﬁ g\{sgﬂ{}g chem cal
stri ppi ng ageway eondiiBisniswd theoratingtand predusk atPtebeavag ifim ofradidoeodatom a
| eachat e cont. gl Al ' | SS J nts and a filmof acid
oxi dati on pr3%8@*@93@%%éﬁé%r&aﬂégg%?‘ﬁ?ﬂ%ﬁ’c%%onent; determ ning the Pt
content of the | eachmavegihd fibh fidre the compensnd ieyichba Pt-emichedngsidessi due from
whi chever of éo%fai%iﬁg%lf'iaetaﬁa%'aqt i@# litilm has the higher Pt content; and

u

refining the resi to recover Pt therefrom Yet another aspect of the
present invention {iegherespect péthequesant inveadon pravidesprmethodhfer erowaig ng

coating on a mqpHAPeMearitd Codfitith SATRYiSE 8%ine component, the method

comprising:

contacting the component with a chemical stripping agent to dissolve
constituents of the coating and produce a leachate containing said dissolved
constituents and a film of acid oxidation products at the surface of the
component,;

determining the Pt content of the leachate and of the film;

recovering Pt-bearing residue from whichever of the leachate and the film
has the higher Pt content; and

refining the residue to recover Pt therefrom.

Yet another aspect of the present invention provides a method for
recovering Pt from a Pt-bearing coating on a component, the method comprising:

dissolving at least a portion of the coating to provide a Pt-bearing film;

removing the film from the component to produce a Pt-rich. residue
containing at least about 10% Pt; and

recovering Pt from the residue.

Other features of the invention will be in part apparent and in part pointed
our hereinbelow.
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di ssolving at |east a portion of the coating to provide a Pt-bearing film
renmoving the filmfromthe conponent to produce a Pt-rich. residue
containing at |east about 10% Pt; and recovering Pt fromthe residue. O her
features of the invention will be in part apparent and in part pointed our
her ei nbel ow. 3a BRI EF DESCRI PTION OF THE DRAWNG Fig. | is a schematic
Cr-oss sectiop YEBCRS pTHOR f | [ ripping of a PtAl coating

t her eon. DETAIREEI‘.%‘t DESCRI IgTI ON 8!?&11%@ M‘Hﬁd\l I n accordance with this
invention the |location of Pt stripped fromturbine blades is identified
early in the blade refag. protess prhematdcdidreissosadtide 6 tarBindedr ee

where it can e vered econom.cally. In articular, the chem cal
stri ppi ng prgggelgg ??ggg‘sgﬁ@ S?JF&PP&PH - fr & soating ithenapnsol uti on
containing dissolved nmetals and residue on the blades. This invention -

det.erm nes whet her econom cally recoverable Pt values, e.g., values on.the
order of at Il'east about 10% by weight, preferably at |east about 20!k by

wei ght, are [ lution, the residue, or both. In particular,
as detailed Bﬁ.’?ﬁggﬁpﬁﬁggﬁ%ﬁ‘g&ﬁ QFoRHRi ENVENTIONover abl e Pt val ues
concentrated in the residue but not in the solution. The invention further

[ nvol ves stripping turbhngccotastse Wit aiatl Vidberdi o kiesuidaRLBY gt hod
enpl oyi ng alglds sel ected fromthe group conprising hydrochloric,
| t stripped from turbine bYades is identified early in the

blade repair proc.ess prior‘ to dilution of the Pt to a
.degreela where it cannot be recovered economicélly. In
particular, the chemical stripping process yields ‘two
distinct by-producte, a stripping solution containing
dissolved metals and residue on the blades. This invention
determines whether economically recoverable Pt values,
- e.g., values on the order of at least about 10% by weight,
prefei:ably at least about 20% by weight, are pPresent in the
solution, the residue, or both. In particular, as detailed
in Example 1 below, economically recoverable Pt values

concentrated in the residue but not in the solution.

The invention further involves stripping turbine
blades, preferably by an acid-stripbing method employing
acids selected from the group cqmprisihg hydroéhloric,-
phosphorj.c, nitrie, other acids and mixtures thereof. One
preferred embodiment employs the stripﬁing methods
disclosed in U.S. Pat. No. 5,976,265 and/or U.S. Patent
Application Se:. No. 09/303,755, filed April 28, 1999,
entitled * Method For Removing an Aluminide Coating From A
Substrate,” the entire disclosures of which are expressly
incorporated herein by reference. After stripping, the Pt-
rich residue of aluminum oxide, heavy metal oxides, and
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phosphoric, nitric, other acids and mixtures thereof. One preferred
enbodi nent enpl oys the stripping nethods disclosed in U S. Pat. No. .
5,976, 265 and/or U. S. Patent Application Ser. No. 09/303, 755, filed April
28, 1999, entitled " Method For Renobving an Al um nide Coating FromA
Substrate,” the entire disclosures of which are expressly incorporated

herei n by rebé&hencby- M:bejucﬁ:fsr iAo Ghd o fdia’d ue_.of _al unm nu

oxi de, hgavy bal o] g and 4 ot her by- %o%ucfgdégg%qt z8 gfegpgere@

oxi dation ar 8&? 88\%6@' ut§ephent C&PFG@i@ntéoncbmhathat lst)ﬂl.'I.Bytrtatbfi:ﬁ..‘:13.(2I Iddb
material. |mpon nmb e resjdue is recovere y
hand br ushi ngnorgzslgr u%ﬁ?ﬁgmhﬁg Erusﬁﬁﬁ ggeﬁ%‘&Ble i gﬂ@d gepidus tﬁr&r a

nyl on or wir&egevered byuband ‘ﬂmdlinx@;eﬁzfli_?b:ﬁ.lﬂa]:gi h%fi\ﬁ“b?géfaihé
f t tion e bl ades are scrub er a
ool Tect | no! Pl Egﬁlﬁﬂwéﬁgﬁsfl%g%ﬁop r I’? & cBBLaRe®T Mige rlgisfkibe | brushoved

collecting tan

fromthe, weThe bllades sl eoéi Baushel WhifyaBeredi Qoe SEHING; 0L o

filtration. IterntlveIX the blades are dried and the Tesidu

of f over a tTEyMoFreoPREIPsEPRABItdoBont Sheebladen draishirugbbed ovér a )
amenabl e. t@om &bg{nyol uf cept in regions wt

| ow | abor costs. An a tgrénr&;t r%fel @gﬂc}{ [Eglte Fg#lgu v’e%t caRturgds| vBRehi gh

pressure wat®esisius tismgrencomd|firsie they wates! dai Rbet Bo1bkades 'Ea.@lc"%er

Erhghf/\atcgfnbeév%ﬁ{&ﬂl ngttflglgghogr% i%&'%t\g%gler SZ{].rteearTlglélvely, the
blades are dried and the residue brushed off over a tray or
other suitable container. Hand brushing may not amenable .
to a high volume manufacturing plant, except in regions

with low labor costs.

An alternative embodiment of the invention
involves high pressure water blasting accomplished by
enclosing the blades in a water tight chamber and directing
a high pressure water stream at the blades. The water
pressure is in the range of 100-4000 psi in order to remove
the res:.due. Residue from the blades is separated from the

process water by evaporation, settling tank, or f:thratJ.on.

A further alternative embodiment of the invention
1nvolves ultrasonic water rinsing to dislodge the residue
from the blades. The water preferably has a low
concentration of added wetting agent to improve the
effectiveness of the cleaning. Ultrasonic transducers of
20-80MHz frequency are 'preferred to induce cavitation
~within the solution, which pbroduces effective cleaning
action. The dislodged -residue is separated from the

process water by evaporation, settling tank, or filtration.



pressure is in the range of 100-4000 psi in order to renmove the residue.
Resi due fromthe blades is separated fromthe process water by
evaporation, settling tank, or filtration. A further alternative enbodi nent

of the invention involves ultrasonic water rinsing to dislodge the residue
fromthe blades. The water preferably has a |ow concentration of added

wetting agent to inproyg 'f@;ﬂ% | eanipng. .U trasonic
transducers of :20-80Mz e@?égﬁgigékgre p?@?@%ﬁ%ggPﬁ P dhgg EHVPFEf?Bn
within the sﬁ@ﬁ%d@ﬁ,JSWMEthpdoﬁmomsthhfbahﬂea(Hyﬁﬁﬁﬁﬁhtéﬁyigghigﬁghg

di sl odged regidye i rated.fromthe process water by evaporation;
settling taﬁﬁ'}f‘g{gr % ﬁﬁgﬁ%‘? able, pediaynst Tg"r‘é etk e@opprpddishedt for
i nvention, exanple,iby ussoyedal maehine QL,@QQ_&,S ﬁ:%rnf“tﬁé/cc} ifﬁ%hi CE}@

ed, for €, by e of

with a non-sgfradable nedia. This is acconplish exanp
a machi ne avar?PEPreef r §#ntumkyo | n¥edda whisherde, nkéntbhrégk Ketina ahdch do

not break doywodise P4 I RS of sludge. are preferred. These

media incl u.de@t)ol yureﬁ%ﬁﬁoéﬁ%ﬁr ignéél St earxzédlbc%e%ﬁﬁ%ecﬂ'e PP diR

por cel ai n. \i&kude polynine thatec aubberosadys ditete dhéd fam¥é biéd £ Yeuch
tergent is .optionally added to inprove

fini shing. ' agent _or. d

cl eani ng efé?c.f%g%%% ghThg%ﬁﬁFe SaffdO¥ ¥ ape: %BE%FV@H&%Yy?@@%inﬂgEbm1the

vibratory fiibisttiony neGhtieBinghe @S ¢eeeihgOnddin bb%de&e{:érQQEg is

separ at ed froqglhe ocess water by evaporation,” settling tank, oOr

filtration, ePtronally added to improve cleaning effectiveness. The
water and residue’ continuously drain from the vibratory
finishing machine. The residue from the blades is then
separated from the process water by evaporation, settling

- tank, or filtration.

Once the residué is captured in a dry foxm by one .
of the aforementioned methods, the residue is sent to a
preqious metal recycling plant for Pt recovery by standard
pyrometallurgical = or hydrometallurgical refining
techniques.

Example 1

A production lot of 22 engine run turbine blades
was stripped using a mixture of 50% nitric and 50%
phosphoric acide by volume at 170°F. After stripping these
blades, the stripping solution was analyzed by inductively
coupled plasma atomic emission spectroscopy for dissolved
Pt, and the residue was scraped from the blades. and
analyzed for Pt by X-ray methods. The resulte showed that
the solution contaiped only about 0.5 ppm weight Pt while
the residue contained about 40% by weight Pt. Figure 1 is

a schematic presentation of a photomicrogfaph which was



Once the residue is captured in a dry formby one of the aforenentioned

met hods, the residue is sent to a precious nmetal recycling

plant for Pt

recovery by standard pyronetallurgical or hydronetallurgical refining

techni ques. Exanple 1 J.. production lot of 22 engine run t
was st?ipped using a mxture of 50%nitric and 50% phospho
vol ume . at 17¢Rketf tef st réppssgsébesen Riradase LR FIE RN

anal yzed by inductively coupled plasma atomic em ssion Spe
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this novel cpatacterization of the Pt-rich residue it -can
concent r at es®

e se

htBPLRE PBREFBLACRUri ng. the chemical stripping operation.

&alDtfl Fifty turbine blades were stripped in a nitric- phosphoric acid

solution. After rinsing, the parts WehGmple 2

Fifty turbine blades were stripped in a nitric-

' phogphoric acid sdlution. After rinsing, the
dried with the residue remaining on the parts.
used a wire bristle brush and by hand~scrubbing

parts were

An operator

removed the

résidue'which was captured and analyzed. A total of about

5.1 grams of dried residue was obtained with a pt

concentration of 40% by weight. This represents

0.04 grams

. Pt per blade which is a véry.low yield, assuming each blade

originally contained 0.5-1.0 grams of Pt.

This method was repeated with five turbine

blades. A total of 2.3 grams of residue with a

concentration of 32% by weight Pt was obtained

from these

5 blades. Again this was found to be a low yield of only
0.15 grams of Pt per blade. Much of the residue could
.either not be removed by hand brushing (the blades remained
black even after brushing) or the residue was lost as dust

in the air or on the operator‘s hands, clothing, or

.equipment. Given the variability and lost
scrubbing is not the most preferred method to
containing resgidue.

Pt, hand
recover Pt



dried with the residue remaining on the parts. An operator used a wire
bristle brush and by hand-scrubbing renoved the residue-which was
captured and analyzed. A total of about 5.1 granms of dried residue was
obtained with a Pt concentration of 40% by weight. This represents 0.04
grams Pt per blade which is a very |ow yield, assum ng each bl ade-
originally contained 0.5-1.0 grans of Pt. This nethod was repeated with

five turbine blades. A total of 2.3 Emlﬁﬁresidue with a concentration
of 32's by weight Pt .was obtained fromthese 5 blades. Again this was

found to be a | owyi el (Faft e 0. 1518 o] per Much_of the
resi due could I t her t i%gnteqnved byaﬁgﬁd %Fgghings?*ﬁésﬁ?adeénrené?ned
bl ack even aft %ﬁ@#f’r‘iﬁ Gr acpd reelationaadoosdiagy dust the e Hyds OF
on the oper atgilgca drEdls;, ag hi . EOL . _G.ven the variability
and | ost Pt, hand scri%bﬁ%ééisﬂ%%fo$%é §b§?8g$€#e?PgdUﬁ§bh@G@ﬂdcﬁ€GGVEr Pt
cont ai ni ng r &Fdudlo.708/303, 765, yreferehtedesbows & Bid IWNaThd Weke th

‘met hanesul f opisg %gl q,igﬂllﬁél:gn aicorgigg té the methods discl osed in O S,
Pat. No. 5, 97%,5 and U S-eApBrigal i oh ok wal-ingy ampmnitsthe efettamepd

on. the ve et 2 ML O S AR i ano
and pol yet h?P@X&g’c}Y?g{&F Qir‘afa% ﬁ'amdem}amq TRIMON rdidebivaifia®De From
the Rohm and Haas Company of Philadelphia, Pa.) in an
ultrasonic tank for 30 minutes. The rinse water -was
recirculated through a 3-micron filter cartridge. After
processing the parts, the dried filter weighing abéut 500
grams total was analyzed and found to contain 3.5% by
weight Pt. This represents a yield of about 0.36 grams of

Pt per blade.

The ultrasonic rinse operation was scaled ﬁp to
a production sized tank. An 80 gallon tank was filled with
water and 0.1% of a polyethyleﬁe glycol surfactant. The
tank was designed tn hold baskets of 40-80 blades at a
time. The parts wer¢ immersed for 30 minutes with 40 Kiz
ultrasonic agitation. After cleaning the blades, an air
diaghragm " pump - flowed solution through' a 3-micron
polypropylene cartridge filter. A total of one month’s
production blades (approximately 1000-} were run through the
‘ultragsonic tank. After one month, the filter cartridge was
removed from the system and dried. Analysis showed that
the filter contained about 0.55% by weight Pt. This is a
yield of only about 2.0-3.¢ grams of Pt recovered from the
1000 parts. The ultrasbnic rinsing method did not appear
to be viable using the existing prodﬁction equipment. It



the Rohm and Haas Conpany of Philadelphia, Pa.).in an ultrasonic tank for
30 mnutes. The rinse water was recirculated through a 3-mcron filter
cartridge. After processing the parts, the dried filter weighing about 500
grans total was analyzed and found to contain 3.5%by weight Pt. This
represents a yield of about 0.36 granms of Pt per blade. The ultrasonic

rinse operati was_scal ed.up.fo. a productign s:ized tank. An 80 gallon
t ank vvag fil |"’%§ w@‘%‘?PcC@éf%‘? aﬁﬁaé. 10%30&% GFSiPBEhy e Ghecomlswergatiant .
The tank wasghdpmened Redpdas gt sré}jo%q,iltﬁlﬁ%s at a tine. The

parts were imrersed for 30 mnutes wth 40 sonic agitation. After
cleaning the bl ades, an air diaphragm' punp -flowed s olution through a
3.-micron polypropylene cartridgc. fiExample 4 total of one nonth's _
production bl ades (approxi mately 1000) were run through the -ultrasonic

and dried: Analysic showedtharteqfd’ ekl atBimod I BTRRIR R o
o0 par 15 et oA a e R e Mg i et e
P e TR0 b4 825 ity e
modi fi cat i onvibpatbey UEINSSHONG mASKLREBRLLITY TI9Y Q4 rBedeGRERE1KLE! dS.
Exanple 4 E gve:{]ncl a%%%:t\ﬁ:raef\l S%appf? 8 ! ’r}.n%:hhyﬂgggggggz;i motion. Th.e.
machine conta:i.ned_ a cone-shaped non-degradable porcelain
media (designated FB 9/16 CN available from Sweco, Inc. of -
Florence, Kentucky). Water was continuously added to the
machine at the rate of five gallons per hour. The blades
were processed for 15 minutes after which the parts were
metallic in appearance without any residuél residue. The
overflow water from the vibratory machine was captured in
a container. The black solids weré permitted to settle in
the container, the water was decanted, and the solids were
6ven-dried. The weight of solids was 12.32 grams, with
roughl-y 25% by weight of ‘rhe solids being Pt. This
represents a yieid of 0.28 grame of Pt per blade, which is
roughly equal to half the Pt metal content assumed to be on
the blades. The 11 blades themselves had a weight .loss of
10.97 grams through this operation. The 1.35 grams
difference between weight of collected solids and we::Lght
loss of the blades is the mass of finishing 'media that
broke down duzfing the process, which is lower than would be
expected with traditional_ * cutting” type media. Based upon
these results, the vibratory finishing method has been
determined to be the most ecbnomically viable process,
since it produced the greatest vyield with minimal
contamination and dilution.



acid solution. After stripping, the blades were rinsed wth water and then
mass-finished in a one cubic foot vibratory finishing machine with a 1178
rpm notor producing 3 inch vertical and 1/8 "inch horizontal notion. The
machi ne cont ai ned a cone-shaped non-degradabl e porcelain nedia (designated
FB 9/16 CM avail able from Sweco, Inc. of Florence,, Kentucky). Water was

continuously added to mBe va¥E of i al,l o er. hour

The bl ades rocessed fo$ﬁ¥ge%§%3#§@ EeP?e ﬁ%i ﬁdghéﬂbgéh fpere

metallic in 9655835nUztRPFﬁodepanyingsfﬁumlthessdupe SbethéVfﬁ@éﬁi &ﬁ}er

- fromthe vibggt ptured | a container. The black solids
were pernmi ttég g)élsg???ga?g‘% 8?1' aiteX heoptadnedasine thet cabowad t he

sol i ds were desemiptied. ofhehm@hghh Qhesﬁd DRI @f

roughly 25@6?¥ ghg $ hf&iOI'ds bei ng Pt d%%lThl lE%epresq%ssgia e?% of

0.28 grans o E¥§B FrBf 208 ?%ﬁr?EiV¢o%§ﬂI9°§qmalatblmitingheeﬁbeUEtm

content assumed to be on the blades. The 11 bl ades thensel ves had a

wei ght-1oss of 10.97 granms through this operati-on. The 1.35 grans

di f ference between wei ght of collected solids and weight 1oss of the

bl ades is the mass of finishing nedia that broke down during the process,

which is |ower than woul d be expected with traditional " cutting"” type

medi a. Based upon these results, the vibratory finishing method has been

determ ned to be the nost economically viable process, since it produced

the greatest yield with "Mnimal contam nation and dil ution
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9 As various changes could be nade in the above nethods w thout departing

fromthe scope of the invention, it is intended that all matter contai ned
in the above description or shown in the acconpanying draw ng shall be
interpreted as' illustrative and not in a limting sense. 10 CLAIMS: 1. A

met hod for recovering Pt from Pt-bearing coating on a gas turbine engine
conmponent , GLA¥MSBet hod conpri sing: contacting the conponent with a cheni cal

S T Al e U g B e, 7

t he conponenginercemponegt, themiethon éompnididte conponent to produce a Pt rich
resi due cont ai ni r(ljgl at . |l east about 10% Pt; collecting the residue; and
refining the reSoMRCtNY thecer@popent Wena ehamical stHePiRg: 3@ANtdP claim 1

wherein re | lshitl ' _EEEW ' ¥ndhash
brushi ng og%rgbig&(a:%%%%dt | Onﬁ%g@%@%@ﬁﬁg{bﬁggé?% | r+r‘ém r?@ conponent
and col | ecbxidatiod pRiducts atthe sarfata ef the corhporent; | ecti on vessel . 3. The net hod of

claim1 or 2 wherein renoving the filmfromthe conponent is acconplished

by directing a hi . t ) '

fight chanber tgérg%'ﬁ% g%ﬁ@%?@m@}r’%@n@tﬂ%@ %@ﬁgﬁ%ﬁﬂgﬁ%@%@ﬁ@@ﬁ@bg- rich
resi due i nleast about 10 EHnsi sting of the residue in water fromthe high
pressure water stream the nethod further conprising separating said

residue from saidymahgihdiesRielsnd €f i ning the residue to recover Pt
therefrom 4. The rretﬁodé)'ge? clé?hm 1,2 or 3 wherein renoving the filmfrom

the conponent i Sefining the residue to recover Pt therefrom.

2 The method of claim 1 wherein removing the film from the component is
accomplished by hand brushing over a collection vessel to dislodge the film from the
component and collect said Pt-rich residue in the collection vessel.

3. The method of claim 1 or 2 wherein removing the film from the component is
accomplished by directing a high pressure water stream at the components in a water
fight chamber to dislodge the film from the component and produce a Pt-rich residue in
a slurry consisting of the residue in water from the high pressure water stream, the
method further comprising separating said residue from said water prior to refining
the residue to recover Pt therefrom.

4. The method of claim 1,2 or 3 wherein removing the film from the component is
accomplished by ultrasonic water rinsing to dislodge the film from the component
and produce a Pt rich residue in a slurry consisting of the residue in water,
the method further comprising separating said residue from said water prior to

refining the residue to recover Pt therefrom.

!



acconplished by ultrasonic water rinsing to dislodge the filmfromthe
conponent and produce a Pt rich residue in a slurry consisting of the
residue in water, the nmethod further conprising separating said residue
fromsaid water prior to refining the residue to recover Pt therefrom 11
5. The method of any one of the preceding clains wherein renmoving the film
fromthe conponent is acconplished by vibratory finishing in water to

di sl odge he f due in a
sl ur I‘ngOI’I’{’)I‘I Slﬁﬁﬁeﬁrﬁé{q%@gﬁféﬁﬁ@%@eﬁg&pﬁg % % %’h@?‘"@@ﬁ%r. si ng
separ at i ngf Iﬁmfrcnln tMmﬁMma&an@hM@sy \FibnatUrthnlshfrfgl iniweget foedisiedgelue to

recover q_ﬁagf rorﬂ . The method of claim}5 wherein said vibratory
fi ni shing tih§ e srmPoRRtANdPTRAHES adeleh erpidye R @ slurgy Wﬁpﬂélﬁgl sting

of pol yur efaaa ldwhh%ataﬁg{]é na&ﬂodmmcfon;@r@ﬁ% dpardifif &Qradreéﬂhefffo?ﬁve“ ng
a Pt-rich resi ue froma coating on I'ne “conponent, the
met hod congaid siater. pr(m‘r’loaeﬁnmg;th’eheSIdmrmleeWenﬁttﬂherefroﬂnem cal stri ppi ng agent

to di ssolve away constituents of the coating and produce a Pt-bearing film
of acid oxidation products at the surface of the conponent; and renoving

the filmfgom w | ning at

| east about 10&%% era %ﬁ]%h&leﬂ" é\?]&b? &'ﬁ ;E"eér#gl @ﬁg‘i%e filmfrom
t he conponsirg a mediaseleotpd freimdide gxou;aomrlﬂéﬁngiofqﬂwmﬂwhefmlﬁbﬁr mwuamrw p of

nmet hods consisting of hand brushing, high pressure water blasting,

ul t rasoni cc%?@wg @ and vibratory finishing. 9. A nethod for recovering Pt
fromthe Pt-bearing coating on a gas turbine conponent, the nethod
conprising: contacting the conponent with a chem cal stripping agent to

di ssol ve ‘Z:onstAmeihd)ekfmfrecdmer'mgea Phdclarabiqueofiocea Bt teatimpdreagast ai ni ng

said dissof |\'/b!ne engine component, the method comprising:
contacting the component with a chemical stripping agent to dissolve away
constifuents of the coating and produce a Pt-bearing film of acid oxidation products at
the surface of the component; and
removing the film from the component to yield a Pt-enriched residue containing
at least about 10% Pt

8.  The method of claim 7 wherein removing the film from the component is
accomplished by a method selected from the group of methods consisting of hand
brushing, high pressure water blasting, ulfrasonic cleaning, and vibratory finishing.

9. A method for recovering Pt from the Pt-bearing coating on a gas turbine
component, the method comprising:

contacting the component with a chemical stripping agent to dissolve
constituents of the coating and produce a leachate containing said dissolved
constituents and a film of acid oxidation products at the surface of the
component;

determining the Pt content of the leachate and of the film:
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constituents and a filmof acid oxidation products at the surface of the

conponent; determning the Pt content of the |eachate and of the film 12
recovering Pt-bearing residue fromwhichever of the | eachate and the film
has the higher Pt content; and refining the residue to recover Pt

therefrom 10. ThecoRiringPtBedting resRiversmivhiciesuyiof thd aichbteand e filke
conponent is acconplished by a nethod selected fromthe group of nethods

conpri si ng haséhe bighati Rigcomegh #iibssure water bl asting, ultrasonic
cl eani ng and vi brr@ﬁrﬁﬁ%tﬁej H&EE“EQ&T élo]verﬁ’t Qi%imf or recovering Pt from Pt
onponent’, {REVhEt hO i

bearing coating on a d conprising: dissolving at |east
a portion of the coating to provide a Pt-bearing film renoving the film

fromthe conpone to produ a Pt-rich residue containing, at |east about
109 P+ and Decol BRI G1ars RavheiGimHEOYRY RGNS CamRNant &
further co b | td | @Sa,ga, i

conponent S”?%d%?@%gg%g?% hﬂg@?np?%@#e‘r&%ﬂ e%%%gr{ooo%ﬁfﬁ]fﬁg T eﬁk{e‘%ﬁ@c}q a(\)r}d claim
11 further buusghingibhigh phessure wdtenbiastingnulirasoricgleaning andvibcderyt he fil m
fromthe co nent, 14. The nmethod of claim 11 further conprising the use
of vibrator " "¥shing in water to dislodge the filmfromthe conponent.
15. The nmethod of claim 14 wherein said vibratory finishing is

acconpl i shed using a nedia selected fromthe group consisting of

pol yur et han&t. r ubbsethed deraegeneringRdiom Rebearingigatimg enreeeoroporgntchai m 11

wherein the | | ving at | east a part of the coating conprises
contacting g@o%p%gﬁsﬁgow th a chem cal stripping agent.

dissolving at least a portion of the coating to provide a Pt-bearing film;
removing the film from the component to produce a Pt-rich residue containing
at least about 10% Pt; and recovering Pt from the residue.

12.  The method of claim 11 further comprising directing a high pressure

water stream at the components to dislodge the film from the component

13. The method of claim 11 further comprising the use of ultrasonic energy to
dislodge the film from the component,

14.  The method of claim 11 further comprising the use of vibratory finishing in
water to dislodge the film from the component.

15. The method of claim 14 wherein said vibratory finishing is
accomplished using a media selected from the group consisting of polyurethane
rubber media and ceramic media.

16.  The method of claim 11 wherein the step of dissolving at least a part of the
coating comprises contacting the component with a chemical stripping agent.

17.  The method of claim 16 further comprising the use of vibratory finishing with
media selected from the group consisting of polyurethane rubber media and ceramic

media.
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17. The method of claim 16 further conprising the use of vibratory
finishing wth nedia selected fromthe group consisting of pol yurethane
rubber nedia and ceramic nedia. 13 METHOD FOR RECOVERI NG PLATI NUM FROM
PLATI NUM CONTAI NI NG COATI NGS ON GAS TURBI NE ENG NE COVPONENTS ABSTRACT OF
THE DI SCLOSURE A net hod for recovering Pt from Pt-bearing coating on a gas
turbi ne engine conponent. The conponent is contacted with a chem cal
stripping agent to di SSMEEMO&)REGOVERNG(HLATINLMGRW and produce a

Pt bearing filmo ro t f f the
conponent. The fi Ehﬁ%@%&&lﬁﬂmg&iwﬁgﬁg Bﬁ@ﬁ%&qémﬁ -rich

resi due containing at |east about 10¢oRiPONERITS -l ch residue is collected
and refined to recover Pt therefrom Figure 1. 14

ABSTRACT OF THE DISCLOSURE

A method for recovering Pt from Pt-bearing coating on a gas turbine
engine component. The component is contacted with a chemical shipping agent to
dissolve away constituents of the coating and produce a Pt-bearing film of acid oxidation
products at the surface of the component. The film is removed from the component
to produce a Pt-rich residue containing at least about 10% Pt. The Pt-rich residue
is collected and refined to recover Pt therefrom.

Figure 1.
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