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It has been well established that a few ppmw sulfur impurity may segregate to the interface of
thermally grown alumina scales and the underlying substrate, resulting in bond degradation and
premature spallation. This has been shown for NiAl and NiCrAl-based alloys, bare single crystal
superalloys, or coated superalloys. The role of reactive elements (especially Y) has been to getter the
sulfur in the bulk and preclude interfacial segregation. Pt additions are also very beneficial, however a
similar thermodynamic explanation does not apply.

The purpose of the present discussion is to highlight some observations of these effects on Rene'142,
Rene’'NS, PWA1480, and PWA1484. For PWA1480, we have mapped cyclic oxidation and spallation
in terms of potential sulfur interfacial layers and found that a cumulative amount of about one
monolayer is sufficient to degrade long term adhesion. Depending on substrate thickness, optimum
performance occurs if sulfur is reduced below about 0.2-0.5 ppmw. This is accomplished in the
laboratory by hydrogen annealing or commercially by melt-fluxing.

Excellent 1150°C cyclic oxidation is thus demonstrated for desulfurized Rene'142, Rene'NS5, and
PWA1484. Alternatively, a series of N5 alloys provided by GE-AE have shown that as little as 15
ppmw of Y dopant was effective in providing remarkable scale adhesion. In support of a Y-S gettering
mechanism, hydrogen annealing was unable to desulfurize these alloys from their initial level of 5
ppmw S. This impurity and critical doping level corresponds closely to YS or Y,S; stoichiometry.

In many cases, Y-doped alloys or alloys with marginal sulfur levels exhibit an oxidative sensitivity to
the ambient humidity called Moisture-Induced Delayed Spallation (MIDS). After substantial scale
growth, coupled with damage from repeated cycling, cold samples may spall after a period of time,
breathing on them, or immersing them in water. While stress corrosion arguments may apply, we
propose that the underlying cause is related to a hydrogen embrittlement reaction: Algjey + 3 H2O =
Al(OH); + 3H" + 3e’. This mechanism is derived from an analogous moisture-induced hydrogen
embrittlement mechanism originally shown for NizAl and FeAl intermetallics. Consequently, a
cathodic hydrogen charging technique was used to demonstrate that electrolytic de-scaling occurs for
these otherwise adherent alumina scales formed on Y-doped Rene'N5, in support of hydrogen effects.

Finally, some TBC observations are discussed in light of all of the above. Plasma sprayed 8YSZ
coatings, produced on PWA1484 without a bond coat, were found to survive more than 1000 1-hr
cycles at 1100°C when desulfurized to below 0.1 ppmw. At higher sulfur (1.2 ppmw) levels, moisture
sensitivity and delayed TBC failure, referred to as ‘Desk Top Spallation,” occurred at just 200 hr.
Despite a large degree of scatter, a factor of 5 in life improvement is indicated for desulfurized samples
in cyclic furnace tests, confirming the beneficial effect of low sulfur alloys on model TBC systems.
(DTS and moisture effects are also observed on commercially applied PVD 7YSZ coatings on
Rene'N5+Y with Pt-aluminide bond coats). These types of catastrophic failure were subverted on the
model system by segmenting the substrate into a network of 0.010” high ribs, spaced % in. apart, prior
to plasma spraying. No failures occurred after 1000 cycles at 1150°C or after 2000 cycles at 1100°C,
even after water immersion. The benefit is described in terms of elasticity models and a critical
buckling stress.
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2 mm

National Aeronautics and Space Administration

Interfacial spalling for 1150 °C oxidation of as-received René 142. No anneal; moisture treatment (R142-6, 1 mm,

6.1 ppm S). (@) 40 hr. (b) 80 hr. (c) 100 hr. (d) 140 hr. (e) 180 hr. (f) 200 hr. (g) 500 hr. (h) 1000 hr.

37

WWw.nasa.gov



8¢

AoBeseu MMM

14y 0001 (1) 1y 005 (U) 1y 002 (B) 1y 081 () 1y otL (8) 1y 001 (P) 41y 08 (9) 4y 09 (Q) 4y oF (B) (S wdd g0
‘ww | ‘g-z 1Y) Juswieal} ainjsiow /H 44 001L/D.

0821 "ZF| dUSY pPajesuu. Jo UoIEePIXO O, 0GLL 10} Buljeds [eroepaul

uone.siulWpy 8oedg pue solneuosy [euoleN



6 AODBSRU MMM

‘P apIs 4y 0001 (U) "p @pIs 4y 00 (B) "p epIs 4y 00Z (4)
‘P apIs 4y 08l (8) "q apis 4y oL (P) "q @pis 4y 001 (9) "q apis 4y 08 (q) "q ap!s 4y 0z () (S wdd 2°¢ ‘ww ¢
‘Z-GN) Juswieal) ainisiow \//H 4y 001/0. 0821 "(A+) SN @uay pajesuue Jo uonepixo 9, 0G| 4o} Buijjeds |eloeusiu|

UOHEJISIUIWPY 9UBUS PUE SOIIIBUOIDY |BUOLEN




mwdd ‘sjpns| A
GOT €0T 88 /9 €9 87 TE ¥Z 9T O

weigh

pajesuue-‘H EEEN
POAI90SI-SE [

m\.
o

IIIIII
—

| N

(D,0STT ¥e S8[9AD 1Y-T 000T J91je GN,2uay)
abueyn 1ybBiap [eui4 uo Bulfeauuy °H pue Juauod A 19943




w  AODBeSeu MMM

>
ewddrewdd ‘onels Injins ; WNUNA M
8 ! 9 S % 5 Z T 0 S
1 LI 1 _ LI LI _ LI LI _ 1 LI _ LI LI _ LI 1 _ LI LI LI L 1 oml 1
[ | £l -
- | SALL
: | SA [N for-
: m S°0%A m o
N (zo6T ‘ouowry) | N 7 0¢
i ¥8YT VMd | | ]
B _ _ -
- ™ _ 10
u | | -
n | | -
B _ _ -
- _ _ qor
[ panl@dal-se _ _ ]
|I.l..|.l||||v|||,|W| J,“ = || 0
i pajeauue-°H _ _ .
I_ 1l 1 _ 1l 1l _ 1l 1l _ 1 1 1 1 _ 1l __ 1 _ 1 1 1 1 _ 1l 1l ___ 1 _I OH ~

(91942 1U-T 000T 10} ,0STT Y& PIZIPIXO GN,8UdY)
J0lABYSg UOIEBPIXO U0 oltey S/A 10 109)J3 ayl

@ uone.siulWpy 8oedg pue solneuosy [euoleN




v AOPN

GO0T €0T 88

muwdd ‘sjpna A

L9

€S

8174

1€ v¢ 91

Z4

rzl

L4

NN + ©

pajeauue-‘H EZZZ
paAleoal-se

(D,0STT Ye S8|9AD JY-T 00§ Jale GN,audY)
Buljeds uo uolsiaww| 191NN JO 19843

00

G0

0T

Q1

spall due to

JoneN



ev - AODBeseu MMM

cm_mmccm _._ paAi@dal-se

1Yy 00G "Do0STT "AE0T+SN.BUSYH
uole|eds uo uoisiawwy] J91eAA 10 19917

uone.siulWpy 8oedg pue solneuosy [euoleN



v AODBSeU MMM

,_n
> m
ww_ooE-H D.
000T 008 009 0]0) 7% 00c¢ 0 w

_
_
- 1Yy 000T @ ,wo/bw 9°0p- |
- __
|
|

0'T-

00

pajeauue °H
0T
I ST00> ‘A0 z 1
N L .
O"H % (mwdd) % O"H :
! | ! | ! | ! | ! 072 ~

(°H 1Y 00T ‘D ,05ZT)
GN.,2uU3ay JO uonepIxp 211940 UOOmHH

uone.siulWpy 8oedg pue solneuosy [euoleN



000Z

sv - AODBeseu MMM

o

- )

s9|0AD IY-T e

000T 008 009 0]0)7 00¢ 0 «

(°H 1y 00T ‘D ,0G2T)

Buiieauue-H ‘AF ‘s9]94A0 JU-T ‘000STT
(A+) GN,2U3Y 10} 199}J3 uolsiawwl]

uone.siulWpy 8oedg pue solneuosy [euoleN




o AODBSeU MMM

0002 “18Y3sION "'N'D

1Y ‘awl} uolsiaww

T4 0¢ G1
O “A|AVI =- = |- IIIIIIII e
r &
: palreds %g0
-N
~ 005  Ppaeauue-H _
C F Av -
= m i 2
o 0001 + s gee i(28) < ]00T @
=3 r . o
¢) _m S g “Sd/» _uw__.mn_m 049 qlor
T 00ST ¢ svo0id) panlddal-se 10ST 3
® F % = v VA ] =)
> ﬁ Ve V--G V-V - : o
000¢ L . . J00¢

(D00STT @ S919A2 IY-T 000T ‘A+SN.2UdY pazipixo-aid)
uolsJaww| Buunp uoISSIWg J1ISN0JY

@ (SAIN) uolre|eds paAe|ag paonpul-ainisION

uone.siulWpy 8oedg pue solneuosy [euoleN




v pOBeseu MMM

T00¢ ‘nyz

ZSAL

4 0g082eT *

1U ZX00Z ‘D00S0T/082T ‘ L4HH JoseT
'SN,2Uay ‘1202 puoq |V(id)IN

@ 0dl “01Z-*0°A/L ANd-93

uone.siulWpy 8oedg pue solneuosy [euoleN




s AOB eseu MMM mOON .DEN

9|0A2 10y JUulW G ‘@an|ie} 01 S8|19A2 0Z/.-09E
DoGETT ‘SN.2UdY U0 102 puoq |v(1d)IN
0491 AAd 93 Jo sainjieq do] »sa@ paAelaQ

uone.siulWpy 8oedg pue solneuosy [euoleN



6v  AODBSeU MMM

S002/E2I9 ISAMD 002X WwWL'2Z A0'GL A8NLlL

90rJI91ul [R1BW-3|RIS ay] 1e S
aln|rel D9l ayl Jo uoniod abie| vy

3S9 "X000S '000T '00¢
*DoGETT® S8I9A2 095
(erensgns pasodx3)

SN0 aJnjred Od1 dAd

1209 c:o_m_.
IV(1d)IN a.1eg




s AOBeseummm @OON .OH ”_.UO

S3|9A2 00E ‘Do0STT ‘SN 2Uay ‘|V(1d)IN ‘ZSA-34 AAd-93
ainjreq paAe|ag pasnpuj-aImsSIoN

@ uoljeisiulWpY 90BdSg pue soineuoIay [eUOlEN




15 AODBeseu MMM

‘H 2/E + *(HO)IV = O°H € + IVe
S/W Z0T 01 ¢-0T = “Ae

(2002 ‘19YdsION-Ya[elWS ‘UoISSIWS 21ISN0JY)
:92. 191Ul [VIDIN — 9]eds ¢y 104
*(HO)IVZ = O°H € + *OYV
S/W ¢-0T 01 90T = A e
(0002-896T ‘lweyelq3
‘¥o1Yy210) ‘weueysooygebeN ‘1aniy ‘uioyispiapn)
L O°IV AINg uj

(¢) ymoio xoel)d (jeanogns) mojs

uone.siulWpy 8oedg pue solneuosy [euoleN



s AODeseu MMM

91N1097 910UAY SHIN 66T
(‘re 1@ ni7 e 18 Yo|01S)

sajel urens ybiy sA Mo|S 1e AluQ e

ainyeladwia)l WOoOoJ Jeau 103} Xe|N

[LHE + *(HO)IV = O°HE + |V 40]
HI9 + 0%V = O°HE + IVC
WNNJBA 10 ‘O AIp 10U ‘Jre 1s10w Ag pamiquig

(1L'1S'I¥)*(0D'24°IN)
:spunodwod XN amLg A|edISuLIXg e

(uone|reds ajeas paAe|ap 01 Abojeue Huljadwod)
SJl|[e1@Wlialu| JO Juswa|nIgqw3
uaboIpAH pPadNpPuU|-8IN1SION JUBIqWY

uone.siulWpy 8oedg pue solneuosy [euoleN



es  AODeseu MMM

NSY ‘84n1087 |[aqdwe) 3||IIN 8p pJemp3 656T
ABojouyda] Jo a1nnsu| ased
ABin|eis|N Jo "1da@ ‘uewlrey)d ‘ourlol] "Y'V

."spoliad uoneqgnoul Arepuodass, ayl ase -sneare|d sy
“*uabolpAy JO uoIsSnyIp 1reme 1snw yimoub Jayuny
*$$9204d snonunuodsip e s uolebedoid 3oeio -,

1931S yibua.ns ybiH panqw3 uaboipAH
Ul iMoo YoelD JO alnleN 1uaniwiaiuj

@ uone.siulWpy 8oedg pue solneuosy [euoleN




vs  AODeSeU MMM

(6S6T ‘oueloil)
ain|req pakejaq Jo abuey ssais ayl ul palsa| suawidoads pareusbolpAH
Ajwiojlun 104 swi] JO uolldund e se asealou| aosueisisay ‘TT 614

S sanuiw fawn
g5 P TR eR T gy T e el T TR LD

Y
4

. ,N / _OmA

4006~

il cooOO_

@)
- ]
wyo ¢_ol *abupyn aoupysisay

:34n40D1 4’ gosomgon (ol
i ey | L ooz
e ,
- 24nyo044 Y _

—1062

ki 1OOE

—

59 ' NZDOYAAH 40 104 THL © 0961

¥ /
. . .. uoieYy [euoneN



s AODeseu MMM

__ aoualladxa umouy woiy melp pue ajdwis 31 deay :10zey s, Wweddn __

Buleos-ap |eloejiaiu] uswsnlqwa-H Buib.ueyd aipoyred

ABJ1auAs anneboaN ABJ1auAs anneboN uonebalbas S + H

uone|jeds juaniwialul A Ymo.b 3oelo juainiwialu| 91e1S SSalls a|Isua |

ainjie) ‘dwa] wy pakedg » ‘dwa] wy 1e ainje) pakejag ‘uoisnyip uaboipAH

Buluaeam [eioepiaiu] abenes|d pue Jejnuelibialu| ‘S109)J9 8INISION

puoq tO°|v-N 8sealdep S ‘H 4 puog |N-IN 8seal29p S ‘H yibuans [eanaioayl

Buiuaeam [eioepiaiu] Juswisnugquia Jejnuelbialul uonebalibas Inyns
(5002-G86T) (686T-1S6T) SEINICER
uone|reds aeos alnyoeli4 Ao||v uowwo)

(sapilutwnye ‘sAoje-IN ‘s|eals)
sain|ied pake|ag padnpul-aini1SIoON
pue juswanuquwy usboupAH

uone.siulWpy 8oedg pue solneuosy [euoleN



95 AODBSeu MMM

VW 00T-0 "OS’HN T

"9’V ‘A0°Z- 19IpoyreD |@|7 _ 7 _I_V
AZ+ 01 AT - | T

Buibaeyd usboapAH arpoyred
[ea1Way20.129|3 piepuels

°H ‘AE T+ :0Ipouy

(S86T ‘HOJ0IS ‘B|IANINY ‘G+|VEIN JO uswamuqua-H “H9)
uoneulwe|ap ajeds sasned Buibreyd usbolpAy Jayiaym 18|

Juawiiadxa eann)d

@ uone.siulWpy 8oedg pue solneuosy [euoleN




s poDeseu MMM

NO¢C+ OH NOO

uone.siulWpy 8oedg pue solneuosy [euoleN



8 AODBSeu MMM

SO02/LIL ASEMD H0G2X WLyl A0'GE 129

A ) I R
N

wngoZ S002ILIL ISBMD 0% 0%y

[ & o .,.io R
, _ﬁwE _ummnogxm_
| 13 _\\ E .. ‘a
&P <,
g i
“p ....*,v ,uwnw nﬁ
4 A . < on‘oo.m, 10.“1,.6 3
A AT
| eu ,-.« V.W v’, ¢
.QQ.‘A“(.M'..L |
o q.' i.b
"OSHNT UIA0Z- ©® IUT .
GN.2uay Jo Buljeas-aq alpoyled | |

NOC-




6s  AODBSeU MMM

wr 002
age _gie 'jpml.,m-m'mi"|m

"OS°H N | ‘A0'€- ‘GN.ouay ateq buiyoe A
Bulialsi|g pue buyoean uaboipAH aipoyien

uone.siulWpy 8oedg pue solneuosy [euoleN



09 AODeseu MMM

TI0BIUL, o < <, Z81eqNUl, o o ElfedSy

91e.11sgNs

gpoue 310v
Elke /N aJrlIalul @c_QQ_NcﬂN U 5 o)

e E— €
1oelu| uoIegnaUu| +_|_vm |¥|_Ov+++_<
€ ~Z / /ONIm 9||ed
oIV el A P3l[eds

buluseam ansibusuAs (¢D) ‘s ‘H

uolre|feds (Ogl dol 3saq pue) *0¢|v pakejeQ
Jusaws Mg uabolipAH padnpul-aiNISION

@ uone.siulWpy 8oedg pue solneuosy [euoleN




19 AODeseu MMM

(¢Buibe ©¢Hy eyeipawialul Jo) uonezZl|iqeIsS) .
S9[eIJS alnjew 1nqg ‘ualaype paje) bulbreyo-H e
Aressadau a(g 10u Aew Ing ‘uone|reds sasealou| e
1S9) PolrIS|9JJ. Sk UOoISIaWWI ISJeAN e

(JuBWUOUIAUS pILNY 0] 3JkJIa1UI Ppasodxa Ylim)
so|eds (pabewep) pPajdAd ‘ainie|\ e

JUSJUO0ID INYNS S1IPSWLIBIU|

(S1e9AnR))
Abojouawouayd Sl 1o Arewwns

uone.siulWpy 8oedg pue solneuosy [euoleN



AoBeseu MMM

'S, 09l Jo uone|reds do] ysa@ 01 sa1nqliiuod snyl
pue saleas ¢y Jo ain|e) pake|ap padnpul-ainisiow
10J 9|gisuodsal sIjuawamiiqwa uaboipAy eioeyiaiu] .

‘(AZ- 1 YWT) 1uaiind mo| AJaA e uone|eds
aleas EO9 Vv [eloep8iul AISSeW Ssasned Bulbeyos-H dipoyred

(S1A ‘SAIIN) S108Yd aInisiow =
uonejjeds (Dg1 pue) a[eds Q¢ pakeljap ‘Arepuodes ‘g

"INJ[Ns 0} aNp 10949 [ediwayd (Dgl) 9eds Arewlid T

si1saylodAH pasodolid pue suoiloauuo)d

uone.siulWpy 8oedg pue solneuosy [euoleN



g9 AODBseu MMM

uouawouayd juswsmiqwa uabolpAy e si
‘uone|eds palsisse-ainiSiow Jey)l 9JdUspINg  —

(uoisiawiwi + 2119A9)
uoisaype sanoidwl [eauue-‘H —

(uBram Aq T:g) o1wole T:T ~ Ol1el S/A [edNID  —
GN, 9Uay ¢yT,aUsy 87T VM

@ uone.siulWpy 8oedg pue solneuosy [euoleN



v AODeSeU MMM

S9|0A2 IU-T n
00V 002 0 it
I I T I T ] 0°¢- M
I uone|jeds = ] ﬁ
N
VIM i
) e Tl 100
- Yymmoub = ﬂv_ + 701
i Bumiy |9pow Jreauljeled ]
| _ | _ 0C

(MM = v/ MV
BullspoN uonepixQ 211PAD

@ uoljeisiulWpY 90BdSg pue soineuoIay [eUOlEN




s AODeseu MMM

‘PBWINSUO0I [e18W ‘1S0| 9pIX0 ‘ureb usbAxo
Buidaa)X00(q :suolje|nd|ed aAlelall Wiojlad e
(syjuawbas e1dw aJteq SA J1ake| 191n0)
»(8[eas Bunsixa -°) = |reds o)
wyiiobye buljreds ayl aulaq
(w ‘Y me| 1amod* %y oljogered)
:1oIAeyaq yimoab onauiy ayl aulyaq e«
uabAxo/apixo ssew =g {(*""‘OIN ‘“O%V)
:9PIX0 UR 3]e|N1SOd e

Salnlea- diseg
Buljspo\ uolepIxo 21194

uone.siulWpy 8oedg pue solneuosy [euoleN



99 AODBeseu MMM

A 1pgeqoid (ease) |eds =d (nmeaouop) 143 - d
uswbas 1Syl
( }S2IYY) NSO
uonoel) eafe |eds = "4
SSaUXoIY} 9[eds [ejo)
ydep eds  °
IT=0° ”cL. >>oO = wn_ (epowiq) ojyed a1uolN | (SSO| SSew apixo)
I=0! 1 M°0O="°4 SSaUXIYL Wiopun NOILY 1TvdS

NOILOVHS 11VdS

wd(2 + VU uA <\>><v srwyyeBol

N A= EA <\>><v me| Jamod (ureb ssew uabAxo)
Y uNA &3 <v ajoqesed HLMOXO

(dSOD) suoleLeA uowwo)
BuijspolA uonepixo 211940

uoljeisiulWpY 90BdSg pue soineuoIay [eUOlEN




29 pobeseu MMM

° U/t = ‘uonoedy eate |reds =4 y
—>| —

9pIX0 pa|eds

T — .

9pIX0 10e)Ul

0T/T="d
*u=01

(°u)  ‘spuswBas eale Jo Jaquinu ueyy sssf ‘(N ‘Jaquinu 8jaAd (v
[BPON Buljpeds  [eloeps1u] onsIUILLIBBQ JO dIeWSYIS

uone.siulWpy 8oedg pue solneuosy [euoleN



89 AOD“eseu MMM

dsoou

= hoesdns Gdvdi By | @224)19] - eaopng & 34e3s r:

I

- =il

8 L

“, a _ aziwopuey-ay £G06EZEL |-| ‘Paagpuey 000000° F_ Jedsy Gl m
1

i 8_._ SjuawBas uny _lbl _mvoE_m_ ;2580 Ojie] U m

I

_.H| o__mumﬂco_z_ ‘asea |edg m

I

(2., wayBu i apixo Jo sip) 1

(1+ Bydi], [apio paueyan yml(of)= pajeds apixo i, |

] ) -Q. —.- I

000't| 0o00L00| 00 m

siajawesed Gujeds “

I

I

I

I

oooLoo) O “

I

[siy wawny ‘z waBw uiuieb jwm oadg) 1

) = 7. (e wBiam ayaads) El m

EIRETE | yimoib apixo Jo add | !

I

: sizjaweled ymolb apig- m

I

m,qmp.m_uwcoo 2EWOIYI0)G mom_q_ apIkQ m

005 olo _

- I

_W:QG 7# 19pow 1oj siajaweied 3ipy = : 00 “

|| - _

I

PaWNSUOD [BJ3U M WNG ) - o 1

) _ PIH _ 135 !

AR ZINGE, ) WS0J1a€ . 1

NSO2IA '€ “

abueya 13N o) WS021a— . “

sy = ojieAUo— 0) _ Lmo 9luo _\/_ N !

PIH &5 _

R ALY [wiojun E .\_ O u_._ C D . H aBUeY IM 1BN “

(snjawy : m

6] e !

13quInu 3j907) e} —ﬂ _.ﬂ “

B s Papeo sj2s Bjep () pue 2|qisiA S[pow £ ale aiay) “fuaing | !

b SSAUNOIY | IO i “

I

mopumeyep pdxg | mopuim synsay | mopuimiold m

|

digH wWwooz A suopda 314 “

[ma1p101d] - WSODIA Yitm japow Sutjjeds uoljepixo d112A) =

uone.siulWpy 8oedg pue solneuosy [euoleN



69 AODBSeU MMM

fraction oxid

o
Q
o

0000

G000

)
S9|0A0 IU-T w
008 009 00v 00¢ 0 ,_w
_ _ _ _ _ _ ™ >
- o.— K_ xm.E.— \m - O ml n
» __mgm\SW __ m i
L vimv .
B ~— =} 00
” " |
I 207 _
l VX m - ! . «
| __mamn_ m _ Om
_ _ _ _ | _ _

0'T =0 ‘Buw/zwo 20070 = °O
Y T =1V ‘;wo/bw 100 =Y ‘oleds o4V

sIndINO [9PON dSOD

uone.siulWpy 8oedg pue solneuosy [euoleN



0. AOBeseu MMM

S9|0A2 IY-T .w
000T 008 009 00V 002 0 T3
1 1 _ 1 _ 1 _ 1 O.OHI
0s00 |} |
0200 | [ I
L ] oml
o100 | | |
G000 | [ .
c000| [ |
1000| Frrm/—— ——~_N_____.l 00
I ~—
ALE#—MMO\N@EV 1 | L | L | 1 | 1 (9\]
i (Y T=V ‘200°0="0 ‘*0%V ‘oljoqe.ed)

9y 10 199443 :ApMIS JL1BWR IR

@ uone.siulWpy 8oedg pue solneuosy [euoleN




. AoBeseu MMM

Q)
2
XeWpr — N < Jjaquinu 81949 pazifewloN S
Q
o 6 8 L. 9 S v € 2 T O m
1 _ 1 _ 1 _ 1 _ 1 _ 1 _ 1 _ 1 _ 1 __ 1 O-NHI m
o wu | ] S
C Choqoot- 5%
S
|
| 08 *
| - 2
_ 09
_ T )
| |
m _" — OV M
| .
| _ i &
JUBISUOD i | T 0¢ E
[ oupwolyoiols =°s 0 | .
SR S ——— 00
SN U N N NN SRR U NUU N AL NP gt

(]opow VYSH-INSODIA)
AAIND uonNepIXO J1[9AD [eSIBAIUN-IWABS

@ uoljeisiulWpY 90BdSg pue soineuoIay [eUOlEN




22 pobeseu MMM

S9|0A2 IU-T ‘BWIl UONEPIXO

009G 0]0)7% 00€ 00c 00T 0
I /F/_ I — / I I — I I I I — I I I I — I I I I mH|
B ~ N i
~ AN
i - N i
\ N N
= / / -
i // N i
- o - o1-
N N\
R /// // _
| S /'9 g muwdd )
H 6€ ™ H
= ST 4 s
» /////// N -
F——80 -
2T — N 0
—|_||_I|_Iw|,—|_||_ 1 1 — 1 1 1 1 — 1 1 1 1 — 1 1 1 1

(saull paysep 4 INSODIA)
08T VMd 10 uoiepixo 211942 D,00TT
91 UO 1UdU0D INJINS }JO 109443

uone.siulWpy 8oedg pue solneuosy [euoleN



g2 AODeseu MMM

| &N
L MRyIE),(T-"S)1V N[} 9
od
) pazijewJiou m
0T 1 10 100 £
rrrnri I I _) ____ LI I I I ____ LI I I 1 H.O | -
- | S
! uonejjeds pue -
- YImolb : Umolb fewnuiw 3
3 ¢l10 ¢ Ep
OAISSDIXD
: 80 :
= N 3ot
U 000T ‘zwo/bw QT c'T <
‘| snooj aunjre) 'VpR i
s 6¢ E
B ]9 3 00T
i MWAddINJNS  uopereds
. OAISSDIXd
H_ | I I | 1 1 1 ____ | | 1 1 1 ____ | | 1 1 1 OOOH

S

D,00TT ‘08T VM
de 817 uonepIxO 2119AD [esIaAIuN

uone.siulWpy 8oedg pue solneuosy [euoleN



v2 - AOBeSeU MMM

‘'sdew ainjrej [esiaAluN
‘spuaJ] ‘suonn|os reanAreue moje H-d ‘nNSoDIg  —

loineyaq Aoje [eapi sy :sio(d [ealdAy aonpoid —

(e1ep |1dxa speojdn ‘sy0d jueisul ‘sippow ajdijnw)
SMOPUIM 10} dSOD Ajpuau) — lesn  —

SPPOJN II[PA)

uone.siulWpy 8oedg pue solneuosy [euoleN



s, AODeseu MMM

‘S|apow AQq pazAjeue aq ued IoiIAeyaqg 21|9A2 [eap| ‘€

'S9[eds *O°|V Jo (SAlN) ainjre) pakejap paonpul
-9JN1SIo0W Sasned juswamiigqwa usbolpAy [eioeuaiu] g

'[eanio si (T:T Jo onel S/A 1o) S mwdd z'0Inoqy T

dedoy] [eury

uone.siulWpy 8oedg pue solneuosy [euoleN



9. AODeseu MMM

"2002 ‘v2-TT ‘(2-T) ze€ ‘v :Bunssuibuz pue aousIds sjeusie
.‘'UOISSIWS 211SN0Jk pue S108)J8 aINISIoW :A+GN,2uay Uo uone|eds afeds eulwne paiejaq, ‘19YdsIoN ‘N’ Maeliws 1 o

"(200z ‘Arenuga4 ‘80TTTZ-2002 AL VYSYN 0S[e) "Z00Z aun( ‘T8G-6GS :(9-G) LS ‘S[elaiN
JO uonepIXO ,'loineyag uonepixo 21194 Jo sashjeuy pidey 10 saibarens :SMOpPUIM 10} dSOD, ‘Buidny "A'r pue yareiws ¢ .

"(29€0T2-000Z INL YSVN os[e) *(T002)
99-6G¥ ‘Z.E-69€ ‘WnIo4 "19S “IsreN ,‘shojresadns e1sAi1Q ajbuls o) uoisaypy 8[eds buiziwndo, ‘Wid v 'g pue yareiws ¢ .

"T00Z ‘265-2¢8S
‘IE ‘sisAleuy adeialu| pue adelns ,‘speuarew aulgin aineladwsal-ybiy Jo 89uUrISISaI UOIEPIXO aYl Ul SIURAPY,, M9JeIWS "0 .

'92-2z "dd ‘000z Arenuer ‘WOC .'S9[eIS £0ZIV dAII03101d JO Uoisaypy Bulurelurey,, Mafelws 1t .

"(692602-000Z INL YSYN 0S|¥) "89T-8+T "dd ‘siaxprepend ‘[’ pue 8zinyos
‘N ‘(666T) ‘UOpUOT ‘S[elIdIRIA JO a1Msu| ‘sjeualely ainreladwa] YbiH Jo uonepixQ 211940 ‘UoIS04I0) Jo uonelapad ueadoing ay)
ur,‘aAioadsiad sima YSYN e :Buljspoy pue Bunsa] uonepixQ 211942, [loMo "3 pue ‘Naireg V'O ‘MAsaN V'L Mereiwus I .

'022-TTZ "dd ‘866T ‘TN ‘uoilbuluuad ‘6-86 SWN|OA
‘sBuIpaa20.d A18190S [221LWBY204199|3 8yl ‘"Spa ‘enjO ‘Y pue ‘UeleNIN ‘IN ‘Saloys a ‘noH "A'd ‘edo ‘0’3 ‘Ansiwsy) Ssjeusien
pue uoisolio) aineladwa] YbiH . ‘sAojeradns [eisAiD abuIS uo uoisaypy Dgl pue 9/eds wnwndo plemo],, Marelws "1 o

'v/€-0,€ "dd ‘866T ‘02T
‘IOA ‘FNSY aU1 Jo suonodesuel] ,‘sAojeradns [e1sAID a|buIS JO 1USU0D INJNS [IN1ID PUR 32URISISaY UONBPIXO, M3[eIws "1 N

uone.siulWpy 8oedg pue solneuosy [euoleN



2 pobeseu MM

"(900z “uer)
9€-62 ‘T ‘INOC .‘S9|edS eulwN|Y JO JUsWaMIIqu3 uabolpAH [eloeialu] pue uone|eds paieja paanpul-alniSION,, ‘Ya[eIusS "1 .

"(S00z "93Q) sabed 6z ‘0c0VTE
-G00Z INL YSVN .‘'S9eds eulwn|y Jo Juswsmuqu3 usboipAH [eioepalu| pue uonejeds pakelag paonpul-ainisIo, ‘Y8elws "1 .

('spa ‘1opod "o pue ‘IBBeisld 'g ‘BuseD "V UBIBIN N 'O WBUM ‘Ol ‘ZIswulelS
.n_v 700¢ .HN-mH >m_>_ .wocm‘_n_ _Nw_QEm_ 9| .@ — S[elale|A JO uol}dal0id pue uoIsoLlo)D w._:uﬁwo_rcw._. c@_I JO wmc_bwwoo‘_n_
'0,9-£99 "dd ‘(+002) ‘Y9-T9Y ‘WNIo4 82UBIIS S[euale|A ,‘UoNdIpald a)17 pue Bullepo uoepIxQ 21942, Narelws ¢ .

"(¥002)
‘ReN ‘TZTZ-TTTZ ‘S ‘2S ‘elfela1e\ BIOY . ‘[opow Buljeds uonepixo 211942 feioepalul ue Jo Sonsiialoeleyd [eslanlun, ‘“Yafeius "1 .

"(¥002) G2-99'dd ‘€T "|oA ‘ABojouyda | Aeidg [ewlsy] jo feuinor osfe (£002)
0.¥T-£9%T°dd ‘HO “ed sfeuare ‘INSY 'spa ‘nealo "D pue ajdie\ "d'g ‘ABojouyda] ayl BulA|ddy pue asuaids syl Buloueapy
‘e00z Aeids jewlayl .‘sbuneo) Jaueg ewlisyl ZSAS pakelds evuwse|d paiuswbas Jo 9)7 uonepixO pasoiduwl], ‘Yafeius "1 .

'(€002) ¥ST-L¥T "dd ‘vd ‘S[epualiepy ‘SINL "Spa “[e 19 mel] M 'd ‘wnisodwAs
Buusauibug pue awnayi s[eusleN .‘'S[ISPOIN buljeds uonepixQ 21940 Ag uondwnsuo) [eusieN bunoipald, Y8reiws 1 .

"(€002) €81-69% ‘2 ‘TS ‘elfeusiew ey ,‘[9pow UoRepIXo 211940 [eroeualul dNSIUILLIBISP V, YB[eIWS "1 .

'(2002) S6¥-G87 ‘v ‘€ ‘sBuipaadold aduals
pue Buussulbuz olwelss) ul ,‘sAojresadng [e1sh1g 9|BuIS uo ainjieq g1 pue ‘UsIU0D INYNS ‘UoISBYPY B[eds,, ‘Nalelus 1 .

uone.siulWpy 8oedg pue solneuosy [euoleN





