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_ 9 ;
The effect.of the coating thicknass of ZrQ, = 20 wi. % Y,0, fim on the

adhesive strength andféh rasistance on carbon steel substrate (SAE 1020)
was investigated. This \ / was h:icaled by plasma spray on carbon steel
surface prepared by QIK Biiéﬁ mea:g,m,ﬂ, with varying time 2, 4, 6, 8 and 10

' it film. the m&a coal of NiCrAlY alloy was applied 10
improve adherence between!

Al /J

1020:and zirgonia-y'tria film. After film coalings, they

B 4
were annealed for 2 hours. The annéaling lemiperatures were selected to release the

e

strass of deposited film on carbon iﬁél" The coa sated cylindrical specimen was bonded

with epoxy glue for the tnnsﬂe‘mﬁaswﬂmanﬁ Qﬁe thermal shock resistance was

)\ 4 .

determined by heat|

The e:paﬂmenta! resulls showed that the uptmum adhesive strength of
film on the carbon strﬁ) could be obtained by ALO, b!as‘ﬁng for 6 minutes on the
substrate and film,coating of 0.1 miffimeters. The saitable annealing temperature at
400°C incroased the. adhesiva-strength! by 32.5%. | Altheugh the thicker film
decreased the-adhesive strength. it provided the betlér perforinance of thermal shock

resistance.
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= o a A any N | I
77 2.4 wanadnmuzIesiaRaaLT IFAInnATANINARE LAY AINATANA
v
nudnlpssafaesiomaeuidnensiuii) iaainnisfewiuiuzes splat a1uaunN

uananineluiaAdeufsinnLaALUNNSaY (defect) MAAAMNNITNUARBLIAND 11U

' '
=] a

aynAlinaaniian (unmelted particle) @AAINNTIUABNIMANTN IHANYIOIDIBUNIANY
dl Yo 1 % A = = A
WasannldFunisdnemansfeuliinaswelnaiinisuaanimadiiulaanuan  (molten shell)
wsineludlasianuziiluaasuda (solid-core) o)
nasnayn1aiauin wainulilvzassazinannneiudldludaananaundu
Auldvinlinsanameannuiauaniaananann lilgaunanelaiieanasanisuaasingg
= | o = = o @ va A o = ° a
waznsndaynalivaennag Usngagluiiowaeu Mlidandeuiacuudussiadiin
nasuwaninlédne wenanungluraedaeLNNNUNgW (contact porosity) @aiiuqn
unwsasdnaiiauileiiinannasiiuausaliatinaay splat
Usnnnignguiiinauludolnfeuazaueeiugsinaasnauazniosi I luntsmu
= ¥ PRy ° ) A v ¥ P
waey g ldanuasnialiilasnaiannladanuieuganauaze N AR
= = a 2 o = ° 5% oy @ A4 s oA
witlenieawa  Ropdeusindgngus  wsidwen il acnlivuazudsiionaeufiagi
fane gngugendn uasdldmatianisnniefaaundausua visalugoonieiay
i liRaeae LN IARENugngLanas
SNFUBNLILLMNTAZIAATIURINNIN NTBIDUN VAT TUERDN AR NNFALFINTL

o

87N IWasnnsenuALTuBLazifiuinas uiangnaulintoseseyniansazgnilantlaas

k1l

29NN LHAIAINANMHAINIIN IUN178ZANEUDIAUNIANIAAAY uiangaaanuIiena
wgaaanunguIsenARiaunsduiensAafuinlu gnguituniu®

o o o o PRy ] o a ol ) A aAa
ﬂﬁuuﬂ"lﬂ@@ﬂlmmu’]ﬂ“ﬂmﬂ AN Lﬁﬂqu@N?QNﬂUWW?’]NLm@?miﬂuﬂqﬁwuLﬂ@’ﬂUW@

I 1

fiananlilalaseadreiopdeuiiaoiumnuiuiale uduseuniareniaunlsegs

AN ANNNUAUNLUNIANHELARDLN lFAaINNITNLARR LAYt AaNAN AN TN T AN LY

6

agludae 85 T4 93 wesidusd Tslaanndndlunaainnasignsuluiamdaunnnliaonu

NULUUAAR
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2.1.2 NNSEALNITURINILARAL

ng dl ] A o = a Yo dl o a Q’l
Fusui i lunnsnuedeuingnssaniovenuliney  ierinANaza1ARaTuI
dl £% = X a o Qy svalé’ aa ¥ a a dl va é’
waziialfiadauansngasanzivdunulsnay - Inadnatasldnisteansane iRagu

1 al d’l dla Y o A = o AD a dl 2

nuagsliBuy  wazinrunRaliiuweasulunstianizAuEug  favenunldainnig
gangmtarinaansLEFraeyNIANraaNmal i TERNadusamasaInTLLAZ YN
W splat Qﬂﬁﬂﬂ%fﬁﬂﬁi@ﬁ’]mmmmﬁwmuLL@zLﬁmﬁuﬁxﬁmLmzmma (mechanical

anchoring) FeMINARBLALTIWINY  TINFEANIZIZUINIRAAR LT AN LT W Rane

'
[ =

! v v
fnenAraynianaaenwaddligianizes iuionldadnaneresduanm ASTILANN

wenuadEai I uAsiANAN A U ugiNauI e wazsrAuaavenuiia Tnagd

i
¥ =

P a A o gy a = o = o o . =
?WQNQVﬂqquzmqlﬁLﬂﬂﬂq?ﬂ@Lﬂqgiﬂ@W@m@gm@ﬂﬂﬂﬂﬂmzLﬂuLLuu anchor catching Af
[ %3 a dld % < 1 v 1 o v a =)

@ﬂﬂmzm@\?mqwﬂqummﬂ@mmqu‘]_lul,@ﬂﬂqqﬁ']umqu@q\‘] qxﬂqiﬁLﬂﬂﬂ’]ﬁ'ﬂﬂLﬂquLUU
mechanical interlocking WASNRAMENUAANEIZILL wedge catching ABRAMENLIANWLIL

v
fawalvnndnguinuans nastianizaesiomagy aziinannusdaaniuiniu’

COATING

POROSITY

TE
SURFACE SUBSTRA

ELEVATION

WEDGE ANCHOR
CATCHING CATCHING

3171 2.5 siuszdmnizniananunsing



1"

2.1.3 tadaninanan1saALN1zaa9tLARaL (ADHERENCE)
(1) 7va2eendNaTun lEwuAUTany

Mateja uae Benko lAANENNAT8928EN19N1TNUFABNNTEAINNZARRAAS L

1 1 dl Zj/ o 9/: Yo b % a =K 1
wudszaznenanundull  dnliauwenuldfuannsFeugaivll nstiannzlin
waziinANLAUNNe 1Y (internal stress) 44 TWaNN1anTl dazaiznieanisnurnaiy

T i lFauudeusslunsiianizanas iesanaynafiudauazindanig
(2) Funnunaslnflauazszesvinanisny

AINNIINAABININUNY K50 (80% Ni, 20% B-Cr-Si-Fe Imﬂﬁmﬁﬂ) ol
wanangan  wudnnswlaelaainds i danuduiusTu e susdlunisiia
TaRsRARey Pilszesingsingiy snadiiafianndn 35 Aladesd lifnasanisin
innedausidnasfin Bunnnsudlin uasiBanounssualii 42.5 Alasas IrAnanu

wdausalunistianizgadlu 2 windeuanslugil 2.6

ko
] e
o € - - o -
z '~
& P .
6
z
o
w4
w
[+
]
& 2
14
J 21 23 - 25

DISTANCE (cm) ——sm

317 2.6 narevfFRulANuazsTazUeNIIWY
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(3) dmsNITinaTasLiaNiIWINIeYNIA

AMNNINARBIANENITARTHA K 50 WIMAdlWdn 425 kW, uazinnismaaei
gosnisulasuilas dnsnisluaresuta wadldainnimasesiuanslugln 2.7 wudn
amsnnsluarasuiaain 1.5 19 2.25 ansani ldawnsdanasiuianisuasuulaslunis
=2 ¥ dl QI o 124 | a = ! { <
gannzld  wazilemndnsniglnazesutaily 3.25 Aa/and wusdiAtmuudeuselunig
Aamnziinaulszanm 10 wWasidusd andnsnisinaneuian 2.25 ansani usidedmnsn

2] QI d? =® a a a CZ [ =X
A UAANIUNG 4.25 Ang/u Nualirinnuudasslunisiainizanasdszann

50 wlafigus"”
U«
) Oﬂ"'/
o g
>
: |
g 6 -
i T \
g i N
2 /. =

3 4 < [ 7 8
(DIVISICNS ) —am=

15 20 25 30 35 40

CARRYING GAS (| frn | —amm

dl ' @ = a A
gﬂ‘V] 2.7 wansAANNLIILN lUNNTEANNZIadHILARAL

o

. o gy ™)
pladnI NI IvaasuAan N8N AR
(4) ARIINITNL

HANIINUARRLNG K 50 IPeAT Il anangnn Wid18ns n1anulass ezt tasa
N3EANNY NITELUN 16 [URANAT  ANANNLELI N8 AT AR AIUNIZ T NIATHS
o X, 4 v o 20X e as -
Wngaauaslugn 2.8 wazdndmsnisdeunaiiNgaauazyinlin1stiainnzanaane Iz
A dl o Yar % dl a dl QI ]
wasunanTiunNazlFuANFauge Wesanndaynianaiuntznzann naiuszaznigly
TiaalinisianizAaTunIntn  HasaINANNLANFNNTIasg Uz I NaNIALAT LAY

waranvn TaynArsiinsaanmaaienidnien WatlauayniarsluilFanuiunn'
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ADHERENCE STRENGTH (MPa)

A

S ——

\

\1\\
N\
AN

Pl

POWDER FEEOER ([DIVISIONS

= . o S @ = ™)
717 2.8 navavszesvinalazansInIstlantanadamannudslsslunistiainiy
(4) HAIDIUABUANALBINITARNFBAIANIT S TUN9E AN

AINNINARBIALNITARTHA K 50 NRzwafaws 0-100 Tulasmmsinndsluin

42.5 kW. uanmaaesilfaingtli 2.9 wudiamanadagidanndn 40 lulaswns azlien

51

1 '
= =

pdudauslunstiainizi 11 MPa  LiuAIN4egATIANRANINAAEINHNLNLHE

q

ayN1ATBIEITARN I AENTN AT M LTlaZANA N LTSI TuN s AN T genan

e faunalun”
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[x

10

ADHERENCE STRENGTH(MPa) ——a=
@ o
T T
——
—

z
| il f
il :
11 1 1 T O
010100 9010 100 801090 711080 631071 < 40
GRANULARITY (um) ——=

7112.9 wansauinreNedanfisusadInnn s lunsiianig”
(5) NATRIATNUHINIARBLABANAHUTILS NITEANNE

AINNNINAALIARALIHIANENITAR WC uaz WC, eutectic alloy UuwIuiily

I 1%
a K 1 G

I@'Mz‘W‘LI’J"]Lﬁ'ﬂﬂ')'ilmuqLWﬁﬂluﬂ'ﬁﬂ')’]NLL“II\‘ILLNIHW]?@@LW]%@@@G Lﬂummﬁmmmnmm
g v a A dl a o a £ o 1% ] 2’/ 1 (P
Lﬂummﬂumma@uwmmmn@uﬂﬁ‘z@mm?mmammamwmuiuumm‘ﬁﬂuwnﬂu
A4 = > g0 X = v @ =
WANANURININ  NIFATANTDIANMAUANATNIANTY  Jna A NudeugelinN9ein

nzanas  aagtln 2.10

50

40

30

ADHERENCE STRENGTH (MPa)

20+

0 0.1 02 03 04 05 06

COATING THICKNESS (mm)

7171 2.10 wamapNAuRus A NILLBIesEaA uUAN LT lunsEanI:
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21.6 W’]‘i"IﬁLﬁl@ﬂUﬂ'}iLﬂa'ﬂU

a rdl ] o 1 = % U o a ] dy A
WiAmafNAATyAansedaUsatadnatant  FasiansrauRn@ssaliil Ae
AU INA g s UeN s IRALAZARIINITINATAINAIRNIUA ARV LA NN AN AL ANITR
NWNMBNNIDEN  UATARIINITINATBUAANIININOUNIA  JNTBINNIERMSRNWILIAY
1 1 A o ng o [~3 1 | 1 A
WaNaN1  srazvingerudsluiuduwenu.  dnsuiaresnisdnetiy yuluniwueaey
dl 1 A = a Qs; = a a’j %
1UFF8NNNAN M MUNTNWARRL  LAZNITLATENRATWGNY  NN9WFTENETUINLLIZNaA9s)
v
ANINRIMENL NTNN preheat ABUNNTAREL WIFTRWES a1 IR KaRelATIdF1auasaNLTR
a A v 1 = o [~ £ o =3 dl 1 A a
gaaRaAaaUlfatineNIn Asailudasninifinn1nsiwsnzanluntmueaey tasllns
~

Y Ao g S - ° [P A A '
LL@Qﬂ']QxV]V]'fLV@Hﬂ’]ﬁNQ@JW@\‘]\?’]H@@HQQ@@ @zwﬂ‘mmmLﬂ@ﬂuvmmﬁmuuﬂuuumﬁﬂw@m

HunaliAntinnizgeau  wenaanunnEEauReiIuasinansenusan1stininz 104l

v
a a

PROUTAAINAL NN HATUINUAITHAINATDIANINTIAR LATHANEUERaNueNLWa R

1 1
A

a = P v (1) a e ) o a 2 A
Raustiamtaananalannga” wandmesninaseanfuadionae N INgn A
o Y dl = dl o ] A =
(1) dnmnisluaresnalaninig wWeln1silasundasanienan1snuaasuai
nain iannsFauniistuluilaananaunliadane Anafan1IaaNaraALIBINIELNIA
Ineiaziunedonliifianimaanazans M1 lipannudasalunistinnisifnanas
(2) dmsnsluaresuianiinimennia  Wadnisiinineyniadnlly
iwasnanan iy weennialNdulinanisrastazais Anliaonuudsuslunistio
a
NZAANAARY
(3) srelznelunuALTWNY Nozeslnany aldtuanuuasiomanuasan
v v [~ al al 1 < a A =)
ANNERY LAINANELTIUANNNLATEARZ AN HEaRaAN NIl aTa9Ramas U lun1sEinInzan

A9 WAZENITELNNININY IeayNIANnasdaIazduiazuiefa A uaunsnlunig

ﬁmmmmﬁqmﬁ@mmm
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Wamman!

® AWHAN
o anudou

d
AN

3 o pmadimd T
Funu

¢ qmuqﬁ /

® MINIWAUAIY

fuandn N

- &
HAAGIU

y arl WaviumaEn
® Sannidum LA AN ;
< ldmmmn | ® BATUTIVRINT
VDAYMA A WAY b
mAouRvDLiY

f__,_,_,// ® SLULviN

dwniadaunadrgimanan

o

* YUIAYIIRYMAUAZNS

NFZLYLIAYL I
o $unamegludmmenn

¢ MINTLNUNTINANY TuoymA

dl a oﬂd‘d 1 % o a A
gﬂ‘V] 2.11 waman N inesINaasnI AN tNasa laaF e zanFrasHaLAR AL

A Y  ax ©)
NARALALNTILAINAIENN



17

2.1.7 mawmsanRadununaunisnuafay”
AAHNMNIETBINTEFENAITUBNaF N9 T AAR s TunNsEANNz sz nINaEn
A a i’ a dé’ va Qy = o . dl a
WAL WaziaTuay innzinntulne T i ulanwusiduluy anchoring Wewiang
=) aa = a -1’ 2 ZJ/ ] A o o AI A a ay
angin lunswiseniaduaulssnausicaduneuse 9 An N1INN9RRAeLULLHATY

UNINRMENL Bazn13lEANNTaY (pre heat) Narn1sAaaLLLNaantily
(1) NN9IANRARIADUULIURITUINW

(1.1) VAPOR DEGREASING

| Qdd‘ ¥ o o a a 6 { dl d‘Q a o ¥
Lﬂu’JﬁVI&L"?ﬂ@ﬁQ’?N?‘ﬂuﬂ’Wﬁ@’]ﬁ“ﬂuV}ﬁ‘ﬂLL@Z’&’]?‘V]@@@MWLﬂ@uum@’)@@ et

1 1 v 1
181 1NN AANINADAUN AR AL AN TAITNLURAT I UUIEN 15-30 WP @9l

a

o o 4 !

AYTAANTBUNTTUAZANTUABAW  LAWA perchlorethylene, trichlorethylene Wag
trichloroethane
(1.2) ACID PICKLING
. f & v o ~ . 4'
N7 pickling A® ﬂ’ﬁ@@ﬂ’ﬂNLﬂﬁ\lsﬂuﬂﬂﬂﬂﬁ‘ﬂWIﬂuﬂ’]? etching n7AN
M un1vinANaze1nduany Ae - dilute 1% hydrochloric acid 138 10% acetic acid
solution MAYANNNNIN etching WA2 WIAAEHILEN (clean cold water) wazldauiinli

4
(NN

(2) NFLFFUNEIAEINL

PAIANNNNAINNAZNARILET © dunausalil AaniswautiaTuanuliiangng

A a = a = ax a oA o '
N INALNNAAIMNANHNITH Iuﬂq?ﬂ@Lﬂq?J‘ﬂ@QNQLﬂ@@U ’]ﬁﬂ’]?LM?ﬂNNQI@H‘V]’JVL‘]JLL‘UQ@@ﬂ

v a

i 335 Ae’ 1) numsdpngng | ©2) ARalvgsr 3) sRuss unstiain L iAURe
= < 2 ax o o 2 5, = < L A=l \ A a
WARL  TN99 3 AndnxNnran nEaNnule luduneuAes InaiFendana 3 91 ANTETENRN

AoeNINLNeTANIIE (grit blasting) qaszasAaan1sviniRaTwIwIeIL  Aenisie

ANNNATINITDIUNNTEALNILIRIRILAAAY  TIALTIEAALTIANRAUAIT U UNLHE LA A
v
=

= =<

v v 1 v
interlocking 3219N19FURAARRLALTRIN WNNLANNIEAINE wazan@aulanilaaniludv

U
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#pIBINaT R (grit) Ndazauegivatiavesian wieanilu
(1) ewazgiun azdansuzidunsananldiudanndundanngd

o

2)  wsEaneuAnslus  azianmuniiumasnuaziauuds arldiudan

RTNIN ALALLAZ

wpesun g lunnsnuneAsagsxdng 45-90 psi (310.5-621 kPa) uazsw

]
A

Punae sz LT HANBLIZIINN 4575 @9en wazAnANTENUTuAng
annsneeniulfegludee 2138 lulaswms LLﬁiﬁﬂwmzﬁwmuf?”mmﬁuﬁﬂwm:;‘ﬁ'Lflu
UL anchor catching

N33 AAAMENTIaNETNY AL LAResA surface roughess tester lagl
mﬁﬂmm"mqmmnﬁgmﬂazﬁmﬁnmﬁq@meQWm (”Lﬁmnmﬁmmqmqm:mmﬁq%mm) e

AN ILTUARRLANANNIN 2.1 uaY 2.2

h) +h,+hy+h, +.... +h
AA Average = (2.1)

n

e

AA = Aade (arithmetical average )

1 =

h &= ?Kﬁltﬂdﬁl‘@ﬂ’NNQ\W@\‘iLLMQZW

2

o :,/ = dl o
n = mmumwmmwcﬂmmim

2 (0, )2 + (0 )P + e +(h,)?

RMS Average = (2.2)
n

Taei

RMS = AM@ALILAYALIA ( root mean square )
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3) Mg lANFeNTIIUARKNNINUAARLRY (Preheating)

AARIUNIEU9INT W ANFRULATIIUABUNINLAREL ABFBINIIANTA
ANHTUNATANDLLUHITUUN  AAANIATEATNTUUIAANNNSFTENRIVENULNG
Wnandausslunistianie lnenliaufeuatszuing 80-100 avAmaLTeALlsvdN0s

a = A 49{ [ ng ad % 14 o ¥ aa I 4
30 Awh viseaueyiuIwIATWwIIY anslianuFeuaiisonld 2 38 Ae iAo
Fowlwenauluin  vise Idiasnanaun@liinedaniuet) T35 19ulaonwananiuds

azpangn wanzudsanlianuiauudoanunsnnunaaiialdsaiiie
2.2. MavwNaNTRaRINUsElUNIsEALINE

o ?:/ a A ‘dl a 1 & 2 ac v a 1
AndnuzduladaUTIAnaINMsNuARaLRAedsLlaaANTaY axdlTedng (pore)
agsrdNduiaefey deiesdnumnaniansnsndliluBuan 3-20% nelutesineaniy

aucunad NN liAnusaulAae ULl tes  avuNizaniunfg dawluszuuaaangil

CRERg-7]

uauANFeU (thermal barrier coating) WsaenIsENEeINge  iWedlunisan
[ o % = 1 d‘ ° ¥ % dl 1
dnsnisrinanFeu (thermal conductivity) wsiiatinlildemuludnuadu 1 wunismuniu
FanNIIRLAA (wear resistance) AHNUNTUAANIFANNTAU (erosion) LLAZAITNNUNIL
FAN13AANTAU (corrosion) AZAAINNNUNILANAL"

ad v o A

v 1
dunauluniaidaniifaasiuss lunistiainizaiunsanale 3 3asaiuna

(1) nIvaeNazaeduiianaaudi (Remelting) "

[ %

[ ?:/ dl o s A a {~3 v 23 dl =
dudupeunnsziiuasanneasuingdands  Tneldulainanann  @ldfnedan)

q

1 v 1
WiauFausaiamaal e liiAANIIMANAZANEUBNRILARALILA LN UTWIN BT ANFA AN

dl | 1 1 QI [ I A A
9 uN198AUTUN LT AT LIRS UAZITILIRA R LAR AL
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(2) Hot Isostatic Pressing (HIP) ©

2
a

duwdsniswnvzaliaouFeunguugigenialianusiuuiannliduie

©

[ 23 o

v
Lﬂ'ﬁ@uLmﬁummﬁmmim@umm LACHINNTENIAVLINAULNEA MAAANNTUNINIZae

% v
=X I o

dl a [ d} | 1 1 a a a A
wazvaanmaNsany  sudunisandiuindesineniinTusenineiulaeaey  waziiunng

ATl lunsEanNzasRaRAR LA
(3) NstARRLRYLLTURALAASL (Painting)

| A a 2 A o v A v o o '
Lﬂmﬁmimmummmm@ﬂuwuﬂﬂhmuwmmmmnumiﬂmmﬂu

1
@

(corrosion) TasldSanniilusaszanys (binder) MaduLRaAdaLdANaulFiANSan

q

v
a % o

wdaield o gounnR o auselszauEnInIzANeatgIetdesTnd et uiianae LINe

a

=

Wunstladaaiowmany (seal) Iasianshldidusiailsza1ulenn  nitrovarnisher, chlorine-

vinyl WaZ epoxy resin YER phenol resin
3 n1seusau (Annealing)”

1113 TN128A AN HLAZHATDITUINIURILAARINNNT LA UAIINFALAINNNTN Y

A a <

\PABLRY (residual stress) daeliRalpAaLHNAYANLANUI WA IE ANIEALTWILANGS

%
=

2 (adnhesion strength) @vliueseineadesiunigduanauminuien  Ineninis

augeu  lwmngrynnianasluusseiniATesLialaas wailaaiuniafindfiseniu

aanTAuluaINIATAINILARDLILALT UL NINIIALAANEILATEA
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2.3 nsnuLARAURIAIELlaINAENIALTEALESINN

1% a A d‘ dI ] Y o A v
FanuaainavaeNmadigy  meannsninnldiusruunsiaa U
wamnananlin  mezansfinnacnaiany arlguu)iganenasnaauinaInadan e

1%

{n msdagusdnueaeuiadan  lunisdasinilszAnsnnuarangnis e

q

o A

mm@qﬂmmﬁu I ﬁﬁlqmu‘i‘fiﬁmmmmﬁ@uﬁqé’f;ﬂfm@mqﬁﬂ uiieanilu®

(1) PIAMUNUFENNIREAR  WATANATeU 11U doutlaznevueaATeseus o
Fovlinuesioseus (Aseatu wasluAsedtuile i Alddniuthugema

(2) AMNNUNIUNITAANTDY L1 wrastleflluugntinnel wazlseaudin
Reafuansell uasnumnusenstinnseraesranmieuntsluteannndiese e

(3) Annuiluauauilesiuanfenuazansal 1w mzmn@;‘uLmug@qmml,m‘?lm
HUAALTA

(4) mmLmuﬁqu@ﬁ@mﬁﬁmﬂmﬂ%mﬁLﬂm:mmmmu |y FaanIeAIuNIgL
dedansnW gunsnfifuleuaznaingedinen uazietasilagaianz

(5) tlasiunis@nnsanuaziansauainlaian Wy waBLRATanWIN superalloys
YBINIZAILDINA

(6) AN NITUNNE 1Y nAsvuAngIN nsdgnaneedunr  Teelddaneinwan
hydroxyapatite WaZ tricalcium phosphate

7) waenfasaih Wi Bseanlunuiifedddanumgiae  dwiuduauiuses
electronmagnetic interference

(8) N9IARALRALLL diamond-like coating AMUFLNUNIAANTALAR LAZAIMSL

nunagAuanFauiiunaulinguaes high-power electronic chips

U

1
a A

nanvasidanasEnmitn devlunisraeuiofIGilaawanana aziinlilldeu
¥ | ¥ al = % 1 = | |
nesunafuauiuannden  aan1adund  uaznisiandauniaedl  aufunguaed
aanlafigsdln |Wu ngn ALO,  aZldiuduasnis@unduaznisiandauniaail
uaznguaes Zro, azldsudtunisduanauaciuian”
ngndasmsdnnlfinaeuiouuianausiusdesidulszars  (bond  coat)

%

semangiaReUiuRa WY i ldRdulszaruudaasiniiansvgasauadiapaeL
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WHagann1suaAflradRatraauduRaTuwliminge  sudunaniandulszdnsg

o v

ANFULNEFININANTaUNF1aTu Y

o Zj/ Zj/ =2 | o O 2 all Y a =2 a aid J Zl/ a A
patiis  dulsanuaaiusanintinn iinan e an s N an AT NI UR AR AL

g '
U a

WATHRTUIIN  wazdANdNszAnEnisenafanisanFenatsvuineanduilscans

! '
a N o o =

o % o/ = o [ QD s dl A Y ?:/
NITULILFAINNAIINTDULBITAANNINIANDUNUIAAY) g ’]ZQ@VIL@@T]BL?]LUH?]L&

'
[ % oA ]

dszas dungn MCrAlY Tae?l M unu Ni, Co vise Fe ludannianifnusied]isen

q

oxidation uaznisiansawluussanAngunigslsn
2.4 UIRBNNENTRY

AMNNNIANENTRY Shigeyasu A. az Tohru HY lavinnmmaaes ilatiauAusstn

v d%’ o va A ad . N | a‘l
imeigeau InenisvinlraumNvel 1aeRs grit blasting lunismeaaadunisnlasy
WAR9ANTEMINTURALTINUNGA AINNITNARELIATLTNEAINNZIBIRALAARL WLINNNT
i grit blasting NyN 75 84/ AzliAIUIEANIENGS  WEANANULINLITBIHITUINUAY
ANLAZLNAATIAAALANEUZAIMENLIANNITA A998 T U sl aneuiilu hook shape

4‘ [ o dl o v a I =< Qll
N Lﬂu@mzrmmwflmﬂmmumﬂmmzmg\i

Material . Cermet
Blasting time : 20 sec
Blasling distance : 02 m
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]
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[=]
-

£ dhesive strength (MPa)
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L

-
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I

d Vil dvid
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91l 2.13 wapyuWunzaiUAIAmmeny®
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LR AL ANIZUAIN AR LTI NN UBL TUAIAINNLILIBIRITUIY T4
Shigcyasu A. waz Hiroshi Y. lavianismeasulnsnisfsuulasaanduanaes  grit
. nﬂl % v a o dl o Y a .
blasting WaAAINTIAINAANHUYAAY  hook shape @Az lWlAALSY  mechanical

interlocking waelifinaliAnusstininizansiaiadaLmainiAingsan®
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AINN"IAIREaLANNLTILTlUANIEANE  (adhesion) TIANNMLNTRIEILAREL
Funumaiaen  wudnTianaTun 0.3 Nadwms (300 lulpsims)  az@nunsadiannzlen
LmzﬁmmﬁwmmmmLL%@LL@QIuﬂﬂiﬁmLﬂﬂ:ﬂg'ﬁ 53 MPa [Ag9NNMAReLATNNIRT
914 ASTM C633-79"

:// a A dl ?.'/ I i v a A a A Y o
dudatafaudutuszrIululansiulaAaauLEIINn L@@ﬂiT')Z\]ﬂqﬂﬁ‘zLﬂVI

1
a a .

MCrAIY (M = Ni, Co v7a Fe) \uduiandosannisiin oxidation uazdaeiiinustinnig
I a A a 1% 1 (2) dl A o dl o | il/ a

seudanapdeumsEniuwiulans” manisinendaniuidutulssauariatsmnann
AdnsrAnanisaenesianeplaNien tnelviitluriatssudramaiiniulane

o a ! udla o ¥ A a o dj 1 1

FasrasEndiulugifauinanliindeuiedagasiiu 2o,  aveglunguuesanu
nesnutannuln  waztinan ldAuNgNeIUNeA LN NANINAN N TR UUBINITILATOIILE
Auta waviesasaus Awinluiae Wunan G 2ro, Waluiandalsznauudaaslianiis
dl ] % OI = dl | dl % ]
NHIMIANTRURAY  HYAUANIAAINGILATNUNIUAENTIL At UL AIA N TR U EN
Junauldn  wiatslainaiiestlugiaes  pure zr0, Azetlugiluas  polymorphic

a

(monoclinic ZrO,) wazAWIaazLLawa Weinisulasuwlasanmni

a

monoclinic  170_°C,, tetragonal 2370 °C,, cubic

Tasea¥enanaey zro,  wedlugees cubic WaldiumnuFeulnsaainananay

o P o o g va . 9 (9 4 o A
weneFnAUNMa 9 AW 9l microcrack luiBuiuntes” wazilelinnsilany
wilaslaseaFrenanain  monoclinic 11 tetragonal aznnlfiinAnuATe Az aN WTWIT

o 6 v ~ = (10)
PN I TUINUH AN LI AR A

TaerililudnuAaaLRads ZrQ, - lunszuaunn3aed plasma  spray azidanld
n1s dope Y,0, Wlundn  @efunmns dope gl phase fiseiuReidndan v,0,
0-3 mol%  azifl monoclinic &1MELLENNAMNINNGY 3 mol% Tasadreaziily cubic am
09 9 mol% ax@enaniflu complete stabilization %mgﬂugﬂmm Zr0,-Y,0, single crystals
Ferfiunne v, 0, gandn 9 mol % laudie 55 mol % azetflugilaes foc uazanniliunm

Y, 0, 55-100 mol % aziflu bee "
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NRIANNNINTAABLRIAREAT plasma spray Wae  Wndwauliiiunszuqaunisg
-&l | QI aa A 3 a A (’]) d’

heat treatment iWelunainaNtIANaNaLazEinegnisldaesiaraay” delunis
NAABINTLAAR LR lazaia AISI 1015 1NN17aL881 11 1000 B9ANTATEEE W1 2 F2TNg
Wudﬁaqmﬁ@wqm@@mﬂuum (exfoliation) @NAAINNIT oxidation FTNINIRIAEIFDUDY
Taneriuiamaen"” wazidlaviinimeasandauialaaulaeuiagdu Mar-M247  Super
alloy lARRLHIAIY ZrO,- 8 Wt.% Y,0, 7innnsausau i 1120 avAmaias Tuusseannis
@ o A o 5 4 o o > v (1) Ty
Arifluaan 2 dalae iweinengnisldadeiiun ldanusuauauanfen” aniuls
NNNINARRIAENITAARLAY  Super alloy #ag YSZ  uaz ALO, udaunllavdau
1 1300 aeATaded 11w 50 Falue luwmiaalfussennie Ar(99.99% pure) Wa%i1nng
nasuadnqAaeLlud (remelting) AINN1IAIIRADLALLNATIA Image analyzer WuaN
Fnutesing (pore) wetfluiinnaey  lddinisulaeuilas@nss)  uavidensadnl
phase 289RAAaLALE XRD. Wudnlddnsasuulas phase wuiu® ludnnsdl Ae
nisiadauRauulanzdiin high alloy steel (Ni-Cr 304A) daadagidilsznad
70, Y,0, -TiO, Mnsatiaauiisienu 2 35 AevialuussenniAlng wiw 60 widl oelu
dg/ 1 dl a = = dl a A ] =
nInAaBSNLdIgUNE 800 esAtalus  Anisulasuudasinaresionaeiuws i

= ] W Al = a o a A (14)
nsulasuulanFunadesinniegmazlinanisnasnazasdnaisesioeaay ™ lu

NNANTNANTaLUaaw N8 lFAUsIENNIA Ar NARIUNR 1200 adANEALTad  wWuan ludE

Sl U

(13)

A o ; i Py
Noag Ul agvia phase LLmﬁ?mmmmeNmJ@q "Q'\ﬂﬂqﬁ“ﬂ@@ﬂ\‘]@qﬂq?ﬂu@ﬂlﬁqq

[

AasnNsausauluNENINIzaNTas TR N Razssazoan I idagRnsnaeu

wlaana  waziienfIaadazats ldiNadasan FNIMTa99 19 LA A NANTRUBNA NN

MuRdEaLARaUAaNIsI AL A UMt NS LINAY

P

TunsziaunnInuAReUAae plasma spray Wi N3HResNiKaReRdAReL  Ins
weinivasunaanitly

1. waannezhdlnin | d@alunimegeuldanssug dNEenaay 3 A1 Aa

=
2
1 1 ! %3
71 500-600 wax 700 amps. NaAMNIIMAAaUNLIY el ENunIzua I N gy

Fnnuannfauiingean  vinTinedaguasumadldanysnd Walannsenuunduanuny

A =

¥
AnRadeUdA LG

1 v
Y 1w A

2. HAAINTLLNI9TEUI N LU M uiuTwewlunmagzauise g azniaddey

= dl a a A A d‘ v I A d‘ a a =
WMEU N 25 WRY 75 URALNAT 'W‘LI'J’WQLﬂ@‘ﬂu%i@@’]ﬂﬁii"lum@@UW?$H$ 75 HARLNATN
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UFNUTIINNINNGNT 25 HAAINAT UAAIIIT 25 HAALNAT RAARBLNANULILLLES

A9 Rowedeun 75 Raawms’

m'zmmm‘ummJEwuﬂmgmugﬁ@mqﬁuwﬁu (Thermal shock) &1XN1909NNT
noaauld 3 uuu Ae 1. WadnFeuluenwnudtananmniasludonanaidluny 2.9
anfaulatilatpanaFaularananmnaslusonateiidluusediuan™ 3. Tiaaufauly
b a dl a v (‘]2)
LANNILAIARR TN HAINLIIENAGDUUN e
Auiuluaunseanizannilueue AN fauazinnmAaed Thermal shock T
WU 2 4az 3 nInaadpanNilueuauAniauaznage ludnusAdlun1magay
angnsldeupesiionadal (cycle life) TaadsaulsiisesAtieads 3 dsuin Ae 1.
= dla 1 o a Qr % v dl
ANNHLATUAAZANNINAAIN Thermal shock 2.ANANLs2@NEN13981AININANNTRUNLAN
AU NN TURAARBUA LTI 3.1594A1 TILNARINNNS Oxidation J89tulsyans
TuN19ea29nLI NN I ERAIRL1999ALTIALINAKAN  AZNALI  tensile
stress i WRAAdNBEIRELANLLL segmented crack uwazlunaifiusinaeinadi « Tu
UITLINIAGUNHNIDY HOATIAAANHIUEIAEUANKLL  delaminating  crack AINNANIS
neaauagngldn wudinnearaeaaugnasauniuuy  ldusesduanaziianisuen

a A

wasNgATaUTRIHILAREL U9z I08IN19NAAe LAY N19 19U TuIundInag

'
adal

a v Y & o ¥ dl a v
Qﬂ@ﬂﬂMﬁQNﬁQﬂQﬁﬂiﬂLﬂumqLL‘LI‘].I‘]]’] ] Mm%m@muﬂwm

u

(13)

~
#1000 —

C— lsotharmali 'a_x;esuq
S &p o v
3 S00¢ R 0---cycled, oir—let coocied
£ | . E & - ~-cycied o th Ic air
200} ~ B ycied, cooled with static a

100 - S
dal :
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o
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o 0

NGy
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e
-
2
/

Toral Cyclie=ifte
b}
(o]
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Termoerpt:
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771 2.15 nauand life time 289n1IMAReLNTHBANINAYINTEY

v aa ' (13)
nelFguunEnuAnsNg
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AINNNINARBITBY Stephan Stecura” MHinnisiadauRadan 2 afia An Nickel-
base Uar Cobalt-base fedansin 4 48n An ZrO,- 12 wt.% Y,0,, ZrO,- 3.4 wt.%
MgO, ZrO,- 9.6 wt.% CaCO, uaz ZrO,- 5.4 wt% CaO WAMMINTAARLNAARERENITNY
Lﬂﬁ@uLLuummwmmmuuﬂﬁm%q 2wl Tnelddilszan flu NICrAIY uazwdeann
newARBLEAE NICrAIY azifi oxide 284 NICrAIY finutinfiflasiunisiin oxidation 184

[ %

A9daRa 2 afA YA INTUEINTUINUN AR LR LAINININNINARALAINNNUN LB

q

a A ] dl a 1 [ o o adad
N’)Lﬁf‘]’ﬂ‘]_lCﬂ@ﬂ'ﬁ‘Lﬂ@FLIULL‘]JZ\]\T@DA%QN@EHQ@UW@H IPENINImMAgaL 2 15A8

a

(1) WinuFaulwmawail 975 asaEmai@aa Wi 1 40lue udainn1sang i
W9 280 avAtadad (lumnwn) AN liunn 1 dalue uasinguun)RaudunanLsn
WAZYINNNINARDLAUNIZTINHITNN A ANNTULANUTANGATEY

a

2) Wiannfeudesilaumasgungdl 1540 adAgalies wiw 30 W udo

a

ANYUUNNNTY 75 asamaidea Ineldanin 111 20 3ud waziinguunimnduneu
WIN UAZYINNIINAABLIAUNTEINEITUINUAANTUANYTANYATAL

ANNANNINAREY WUTN HALARAL ZrO,- 12 Wt% Y, O, dAnunusanisilaeu
uilasguny et wdunaulAnngn 2r0,-3 4 wt.% MgO wag ZrO,- 5.4 wt% CaO AMNANAL
ULAZHAAINNITAFIAADL IATIAT NHANTANANTYN 3 THA WLIFN

(1) ZrO,-12wt.% Y,0, fiaunisniadau Jlassa¥rswaniii cubic uay monoclinic
waz Zr0,-3.4 wt.% MgO naunf1anilAfall AlAsea319Wan monoclinic MAINIINLLARAL
WL ZrO,-12wt.% Y,0, Waz Zr0,-3.4 wt.% MgO daulvigiazulasily Aadin

(2) ZrO, 54 wt% CaO Nilaguunann Zr0,-9.6 wt.% CaCO, MAIRNHIUNITNI

A a
LARALIRAN
Zr0, + CaCO, ———»  Zr0, + CaO + CO,

| ] A A % = 3| . . [ % 1

nauNIINWAReY NUANHIATIATIINANLTIW cubic A% monoclinic WATMAINIINY
waay wWaauily cubic Tnaanysnd

(3) ZrO; 5.4 wt% CaO widilaguLiis cubic ferauiazuaInIanuAaaL

AN (2) wAY (3) AW oxide (CaO) MAAUAINIINULARSL UNINAIDLsTNINgTU

v v v v
oxide URITULTTAULATRIAAALTULUNN IR IAARUTULLIAA crack TULUATILUDITY

3|

nmdauduu  duaiwe liinanimgaseutedionaa LT uLUNANUNIIAaaLNIg

q

P

a 1 o o

wasuwasgun)RetadUnAY HaTaUNILITEZINAIANNNUNIUTBIRIARBLIAENNT

Wasuulaeauu) et 198 undua8y ZrO,-12wt. %Y,0,, ZrO,-3.4wt.%MgO,
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7r0,-9.6 wt.% CaCO, waz ZrO,- 5.4 wt% CaO WU Zr0,-9.6 wt.% CaCO, iay ZrO,- 5.4
wt% CaO HizezinaiAununiulesianasusienialasuulasgumng)iesadundudu
N30 ZrO,-12wt.%Y, O, uaz Zr0,-3.4 wt.% MgO AUAA AT 2.2 IHASANALIABAS

NAY

[F]’]‘J"Nﬁ 2.2 mmimmmummmummmﬂqLﬁ'&'ﬂu

' = a 1 o o (16)
Aendnilasuulasgaumniesinagunay

Alloy* Cycle to failure (hours) of ZrO, with the dopants
12 wt.% Y, O, 3.4 wt.% MgO 9.6 wt% CaCQ, 5.4 wt% CaO
DS MAR-M-200+HF 673 460 255 78
MAR-M-200+HF 650 450 255 87
MAR-M-509 5568 450 196 76
B-1900+HF 628 438 226 -

(* Nickel-base substrate = DS MAR-M-200+HF and MAR-M-200+HF,
Cobalt-base substrate = MAR-M-509,

Aluminized cast = B-1900+HF )
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Failure due
to -

~§\ Cracking-spalling Y05 stabilized
R Ca0 stabilized
F MgO stabilized

A
(): f L Al : J

L l 14 l | I 1 J
0 1000 2000 3000 4000
Cycles (80 s at temperature/cycle)

U7 2.16 N33 LAANHANINAGALAI NN ULRINLARSL
| = Soelnae oS (16)
penTsiasuulasgamniesnadunay
dl a a A =
na A) NEMNNNIBINUAREL 1280 BIALTALTEA
AYNWLNHILARAL 0.038 LHURLIAS
B) Vguu)iuesionaan 1180 a9ALIALTHA

ANNVUIRALAREL 0.028 LTURALNAT

o o a a rdy ¥ o = a dl = dltil/

AmFuaneatinus | lininnsfneinavesacuvenuaesialangngninaey Tuni

wwanldiwanndiAnsuauaia SAE 1020 LAYNATAIAINUUNITIANAAAY  d9laanld
A @ = p o & o -

Zr0, - 20wt.% Y,0, AdsAaauuiusslunisiininizasspdeuiumannaiafuau sauldl

feaEnuURanIaaruLl asg ) et 1aUNAY
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28n15NARDY

TUAAUNIINAADILLNDANLTIU
1. NNIMPIRRRUANLRENTAR ZrO,- 20 wt.%Y,0,
2. ANIFTENTUINUNDUNITNY
= 1 A v ada
3. NIFEITENNITNULAAALALATLAINANAN

4. NIIMINRADUANTAURIRILARDL

3.1 NM5ATINABUANTAUBINIIAAT LT LARDUEA

netapiildindeuiof 24iin e
(1) wadan NiCrAlY (Amdry 962) 1FusnaniizEm Metco Inc. 1lun1snaau
Anfhutuszanuszminaiasainfulan ﬁ@mumumm‘ﬁ' 1400 asAlTaldad uazien
FutlszAvEntsenafiannganuFa Wil 1.5 x 10 /esradaa”
) edaniEalsznay Zirconium Oxide (Metco 202 NS) liFuNANL3Em
Metco Inc. Wlumsireufaidiutuunaeianded anefldaudszneudy 80 wt.% zr0, -
20 wt.%Y,0, ﬁ@qmmﬂummﬁ' 2480 peAEATEG wazEiAduLszAninnsenafanig

ANNFAL Winu 11.08 x 10 /asrmaime s’
3.1.1 MsATIAFALNAUDIIER

NN9AIAABLINAUI AR Zr0,- 20 Wt %Y,0, HATasX - ray Diffractometer

(Shimadzu, §U4 XRD - 6000) NazeNAaatianilums Nlasanuesia 1989 lunE
a a a b2 v al ¥ o ZJ/ 1 1 = o 1 A a

agriluntaztamonii ey Teeldusdanisneunisniipfen, nasuNsRAR LR LAL

HIUNNTALAAU LAININTZINIZHIAARLATULIU (80 Wt.% ZrO,- 20 wt.%Y,0, ) nlilagaa

aaunsamziinalagld Cu-K O radiation Inafia1 A winfiu 1.5406 Seansan AINEI

ANe 30 kV. uAENIZUA 30 MA. ¥NNIRTaaaURILAnyN 20 wind 20 s 80 @9An tnua

IFarnnisiwssilduBauiauiunifannsgiu JCPDS esansusiazaiinfiinn1smaaes

N$ANIATFIU JCPDS A lun1933899u398 1A ARWIN



31

MIIRRDLANLRESTAR Zr0,-20 wt%.Y,0, wseinTueulany SAE 1020
wALA XRD AUNIUAUENAN 25,404, YU 10 W,
ATINIATUIABUNTA ZrO,-20 Wt%.Y,0, e T AL GHIAR LRI Tei LYl
paelATeY Particle size analyzer 2.4 .,6,8ua 10 WA

WAARLRAAI ANANENN LT U a1y SAE 1020

ﬁmmum 0.1,0.3, 0.6, uaz 0.9 Wu.

)

FI9IRTAAI TN AUAAUN 1240,

i 78708y 400° C

ANEANHOUZELARALAILNINDNL AR

% !} .
»a¢l Optical microscope

;

L »  yedeauANLENL N9 EANIZIA9R A ADL P —

;

NAABLIAYINNIUNNUIBIHLARS LS NNTI AL A M Ratie g UNAY

= o
gﬂ‘i’] 3.7 LHUATNLAANTURDUNITNANEAN
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3.1.2 ﬂﬁﬁ"s’ﬂﬂ’]%‘ﬂﬁ‘t'ﬂ"lﬂmﬂﬁ“ﬂu’]ﬂ’r]‘lé(ﬂ”lﬂ

Unedan 2r0,20 wt%Y,0, dszwnd 1 ndN weaniuasazanslnmaen
wnazm negm ( Sodium hexametaphosphate ) AMHNIINTY 2% e iedas
lun1snszanasia(dispersing agent) naunantulagld magnetic stirrer dszano 2 w1
aAnNIINsTANEfaaE A aLe annuld pipette gNA1IATANLNIIATITILUIADYNIA
51”)?1@?1@\1 Laser diffraction particle size analyzer ﬁju Mastersizer S 289 Malvern

Instrument Ltd. & usansaadanianszanatunaaynialasausaun 0.05 lulaswns
Auly

3.2 NFLATLNTUNUNARDL
3.2.1  LATUNAITUIN

WANNAANSLIaUA SAE 1020 iiudannldlunisniviedinaase (Nozzle) i
ANTRRNATIANLIN A Bg lUANHILTAUNAIALENL 51AT L@UENUANEINATY 189 WNsn
pneLAsaaAasanIL DAITO fu'S 360 B lilsmwnaduninuaudnans 1 e wun 10
Hanwng sauanslugyl 3.1 a1uan 100 3 udaahilindeuiawenaaauAuudusalunig
HALN1TIBIRNILARDUAINNIATFIU ASTM C 633-79 UazsnuHwninauln
2 fla x 4% x 5.5 Faawns Aeuandlugl 3.7 Wawsannililinaeuiawenaaauaun

a A | n:ll a 1 o o dl 14 4
Muresiundeusan tasuwlaegomnRetdunay  (Aanuwnaesiani laauan i

WINTLANNAUNBINBTINEAT9)

=l a é’ o a é’ allq/ [~ = 2 o 1 o a b2
N9 NAY TN WA N RN T W uNFAaTaFauSas  TUnnswudaRase

a dld o QII I o A 1 I o QII
92N NHIUNA 80 LT iaukilsN 1 NN UT A AR AN NLANFANGUBITAIIAT NTULAT 2,
4,6, 8 kaL10 W 1aaN1UUA 1HLe N9 TRINUALTIURNWWINTY 5 T0 139suAN
50 psi  ( PINNIMTFIUVRY General Electric Commercial Engine Standard particle

)

manual ) Waz Junu 75 aeAn ¥ ievinlfiaiuenunenuuazdaruaansalunistininiy

v a A P
Futiaraaulsn
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nFanwuTaRaudatinduullnsaaauaueUTeeRadatLAIes Surface
roughness measuring instrument 'a;'u Surfcorder Se1200 194 Kosaka Laboratory Lid.
pananslug 3.2 Fafiviaann (Stylus) Ansatlanefinassed 5 lanmums IFAnuEalunng
AREUT 05 TAAWATAEIUNT TEALIBLATENTUADUNIINANANTENL DRI

[ %

=
ENIAN

=he

(1) snmsguesadineneuiuT N uNIRT IR WA ANTEILRG Ra Wiy
3.0 lulAsiums (model SS-N S.94 No. N50195) (Ra AaA1ANglaataIndunantaadsas

1 v 1 1
gernviannaneionin e liAALATEINIL) ATUITUAINANNIGT 3.1

Ra =11, | f00 | ax (3.1)
L
Tned

%

N & A
L = ZUENNAUNIRINLARAUN

(2) wanwiaiwasaneldunimeaaeu Liun
®  HINTFIUNINAADU Lﬁ@ﬂiﬁﬁmm‘gm JIS B 0601 (1994)
o edes - a S oa A
o e ldueiruvenuialaadenld g R tiuRaA1ANgIRA
andunansressasgeRaisunanasiantilaaliifatesamant (Ra)
1 dl A FVA T a a
e whapngnaen MiuNaawns
- i & Y , o a 2 - v
® XN NNFIAINAAAUEHULAINN N AN NANDUBIRITUINUALFUNI1AN
cut off ANNNIMIFIUNAWLA WA 4 AdlAlA 0.25, 0.8, 2.5 waz 8 HAAWAT MANNITIABNAY
cut off AUBLALANMNEHUTANANTULTIAZNINIeRTaael TunnmaaeeszaznNiRen 4
A8 0.8 HARLNAT

o dg/ dl ¥ 1o =
® neauNalagTeduran ITAI AN NN Bng i RA G e

wioefululnnumg
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%

L = 35z TIieaIniAReuiLuWTW, m = [UNa (mean line) UNIzaIzge-An

317 3.4 NINUAAINNTLARDUNUBIIANULNINNTTARININL
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3.3 NISNULARDUAA

SR IRAN Y ANAYNUENLANEANINNNITIARRLHIANERBIananaNLsznay
mmumumm il

(1) nsliAnndenseRaduiulne il aonaau (laifinedan) Aarindn
mw%u‘lmmu@mqmuqﬁmm%mmlﬁmﬂuﬂm 80 - 100 @9ANLIATIALIY 30 AW

1 InTsdimafinanmnanantueu”

a

v
o o o

2) AINUARDLITUL T T A1 AoEENdanTHA NICrAIY ( iudan ﬁﬂm UN9LNA
oxidation wesinlangiflududentlssauiiialansuasanin1ds FadadAnduslsyans
nMsrenganIeaNTauassendelansiuimiin)  TaaldaunuiniuninggIues
General Electric (Commercial engine standard particles manual TASK 70-49-00-340)
71 0.15 finawms

(3) AN AR LAY (top coat) ARENFARTHA Zr0,-20 wt.%Y,0, It
AuaA U LNASANEY 0.1, 0.3, 0.6 AT 0.9 HadmAs ALNNITAeFATYLA
Tunnakuan n

(4) Hn T uundanisnaeuiang 1 llianiseusd ey (annealing) 1fuaan
2 dalasloeideninfignugfisineiu A 1240, 787, uax 400 awrnizaifus guunafiden

Ilun1sauaenil MMudnneilunaaneatl

1
=

(4.1) NQmMUNH 1240 evAngaldaa LHuguu)d sintering 289

q
1

70,20 wt.%Y,0, terinannudausslunisdmnizessiandey

(4.2) ‘ﬁ'fqmmﬁ 787 avAEALEEa Wuguuginiseausau (annealing) vinlul
ga9lavy  IREAEIN1I0AANLLATLAGLANTAIEIARELTIANANNNNTUINFITRRIAREL
YUENINTLAARLRY

(4.3)  Nguui 400 avAmaisa lguunInIsauAuED (tempering) 184

=

Tany” INaAaINIIAAAINNLATH ARLANUANHILAADLINNAAINNNIULNEIFAURIRQLARALIUDLY
NINITLAADLINI

(5) PNTUINUNENUNNTOUBDUIY 3 NTED ANNTD (4) NINARDLAIAINN LTI IL

= a = = p o a a

ANgEiaNzadRAAAeY  WaFauWsusanls (AN MENUaedRalany, ANNUUNTBNEN

Lﬂ@famuummy@mmﬁmi@uﬁ@u) YAIRALARDLTNNAULAZUAINTDLARUN I AR

Ao a o« v
wiaugelunnstimnng NANQA ANILAZR A luiaTe 3.4
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34  N19ATIARAUANLANILARAL

(1) N13MIIATAANNUUIRILAADL
mﬁmm’muuwmﬂqLﬂﬁﬂuﬁfmLﬁ?lm KETT Coating Thickness Tester
14 LE-300 284 Kett Electric Laboratory fauanalug 3.4 wFMNUTRNAIRITR TR
ANUUNTBIHILARBLAINGN non-magnetic induction Lﬂ%‘ﬂwﬁmﬁ%m’mﬁmiﬁ

Flaus 0-1500 Tulmgiums

91171 3.5 LAPIANHOIZLATENIAAINULN

2) magauinaiigania
o Q’j dl 1 [ 1 o v dl o o o 1 a A
ImNUREN AL HENUNNIaL 881 1SR NNEREaIsn Taevn NNEFRENLRAPASL
PRUAANLTLN AN TRILUNsALE LN Cold. mount Tasild hardener Lag resin hudmsdnu 1:5 el
1B e Mnanaulifdnidlainiu 20 3N wasiawnaliaudaei
¥ o z dl o dl dl a o/ % an '8 2’/ ] g
udndTNun A ldiniNeaausesRnNAaNANIER- MeNsyAHTANaUANS LA Fausiuad 120,
180,280,400, 800 LAy 1200 pnaansil e liniThisnmaaai INensian AN NS TN 39m LR
usazlLRsFRd R s inANNNIIFRS@INTUNeaLTRLeen LENYNNIANTINNLNaLN 1 de
wassall
pasantianlldpavidsmivaassasipvenUaananduRoraaLwazintave  Ipeldhds

drviansuaziinezgiivnmng 3 lulassmaiveauses daveniuniialave uas 1 Winswssenuasi
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Tumamnsasaudntne Tasas veamATesHarAeL AvAAN L AIRRIRRBLINIRAANNNS

] v
WPABLN Wav Rnnithees fassyinaiamaeLiLmeny Tneldn&es Optical light Microscope

(3) NegeLANNUTLS MmNz e IRRARL
TunameaaL MNIMARBLISNNNIATT ASTM C 633 79 (Adhesion or Cohesive Strength

of Flame — Sprayed Coatings.) Tmmhma?l,m?ﬂu%mm

(31) IEUNLTEUNIMAREL LALNNIaLERLANEeNARLUFRAL TSN
NARBLLIAN EC 2086 ( Structural adhesive) ﬁﬁmummwdw Epoxy resin il Aluminum oxide
5N 151 3M Adhesive, coating and sealers division

(3.2) ﬁq%umu‘ﬁ'ﬁmﬁmLLé’q1ﬂ1ﬁauuLLm'u§mﬁ1Wugﬂﬁ 3.5 udadudusugas
uselln 35 Thsumms thletfienanil 200 ssrnmades w2 e e ALY
muﬁ@uﬁmﬁu@ﬂmﬁumﬁi

33  hiurdlivarel uesnees Inston Universal Testing Machine §u Instron
series X model 4505 T0tn Instron Ltd. il 36 ez 37 beMemudalumaniend

YDUATAINARALN 0.013 NAANMIRBIUNT)

1 v

71136 wansgLinsnliaymawiEesEwniBuNAGaLAN LTS s



38

(34)  Waldmuseegga (MAXIMUM LOAD, kN) ihsnamuansmdenuudaueslunig

Eipnny (Degree of Adhesion or Cohesive Strength) PNNANNNTTN 3.1

o = F/m’ (3.1)
M

O = Anusiasslunnstiamng (Adhesion Strength.) HvhenthiN/mm®

F = AusehNgean (Maximum load) dvnnenths N.

o« X Ao
roo= SNy Rviuaeithl mm.

=
(=
Y
- 1‘5451_
e ]
AN
Ao
B '
4 -.4: J
oo

g‘ﬂﬁ 3.7 udAgLATRa Instron Universal Testing Machine
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7L 38 usasanEnEMIMAseLLEAT uAseLAHLdR luMIEinME

(4) MIPRRLIAINMILIINTEIRRIPRRLABN s Ren IasanmnRas Ay

(Thermal Shock)

(4.1) thwdwasalirauudsusslunstianizgegn (Anunenuaasiinlane,
PYRNTENEIA R IAE AN I seaLIERL) ANNNSARELENTWWARTWA 50.8 X 101.6
x 5.5 NARMAT NgLN 3.9

(42) INIARELANNNLIILIDSHARALFENGL At IasgnmnRaL WAL madimen

ge
De

o Ihguunddaelarnanuieu laaldfigsezdnffududamasd '™ @y

1300 A9PNETALTEIA 111 107

o anguunTneldusesuannguungil 25 asAtlgaiEag Wi 40 U9
° N luuAayaesay 1 W19 303U AUNTIRITUIUENLAN
RIUYANIINAADL

i v
U7 3.9 nanwaasduswaentnllinfeudanadeauA NNUNIUTRIHIIARD Y

s AEn LI DN RDE NN



unN 4

N@ﬂﬁ?ﬂﬂﬂﬂﬂuﬂgatﬂﬁﬁgﬁﬂﬂ

4.1 HANITASTIARDUANLANIIAAT LE L UNITLARDUEA
4.1.1 HANTATIAADLINRUDIGIAR

AINNIFATIAABUNAVRINITANFAIA YW ZrO,- 20wt.%Y,0,

(Y gy Zr 05 O 140) 30NN Te XRD WuftA7i 20 7 30.00, 50.02, 59.46 éﬁgﬂﬁ 4.1 Toe
a2AARRITLNFANINTZIN JCPDS vl 30-1468 109 Y oz Zr 05 O 1o Tneniauiin Fedlein
20 109 3 RAWANT 30.10 , 50.17 59,64 Lazillaseaienaniilu Aadin (cubic) yananii
9 dengnuiladiuiy ifesandfiadn 2 Aefiouais 20 7 28.14 uaz 59.64 Tnsiia

@@mmé’mﬁum%mmﬁm JCPDS 1897 43-1017 184 HfO, ( Hafnium Oxide)

10000

YSZ
8000
=
£ 4000 - YSZ YSZ
2000 = HfO, ||HfO | vsz Ysz
0 I I I I =
20 30 40 50 60 70 80

91071 4.1 399 XRD 283 80 wt. % ZrO,- 20 wt.% Y,0, NaunN1InuLARDL
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412 WAUBINITNTELANLAILASTUIADYNIALRALURINIIAR

ANNNANNIATINABLIUIABYNIA WL TUIABYNIANNEINITNIZANFIAIUARS T
F19799 4.1 wazgiil 4.2 Insuseanidungulvn 16 2 nqune

(1). ﬁmimmqﬂﬁqag@wdw 0.1 - 1 lulAsums @gﬂ@zmm%‘@ﬂ@: 22 284019
NITANUFAITBITWIABUNIATIUNA  UAZHANDNIINIZAFIUIUIABUNAGIRA LT
3endN 0.27 - 0.31 lulaswas agfilszunnifanay 2.35 199N19N37ANYAITATUIABYNNA
Tunguun TeuneyNIARALIINaNRINAL 0.3 Tulasuns

(2). dAnenszanasdantisznda 10 - 100 lulpswns agilszanndenas 68 189019
NITANYUAITIBITWIADUNIATIINNA  UAZHANDNIINIZANEFIUDIIUIABUNIAGIAA LT
IMIN 41.43 - 48.27 lulpawins etiilszannifesay 8.14 489N19N9IEAEFRBITUIA

LA d A AL I,
ayNALNGNNADI TWUIABUNIALREEIDINANEWNGL 40 ulAswas
= A ' A a v = @

PUIADUNIAVBIHLEIIH N LT I UNWIAR LI A8 ANANANT  AYTHAUIALAN
ndvizaminiu 50 Tulagmimns ' wazainnemgad A ARSEYNIATEY 80 wt. % ZrO,- 20
wt. % Y,0, wudidawaanndn 50 Tulasiumsetjissanniiesas 75 uaziauinaunia

Atttz 30 lulnswes

FINT99 4.1 LAAKANIINITANLAILAZINIAB LN 1ALRALTBINITAR

Size_Low (um) n% Size_High (um) Under% [ Sze_Low (um) In % Size_High (um) Under% |
005 002 0.06 0.02 663 030 7.72 2554
0.06 005 007 0.06 772 0.30 9.00 2984 |
007 0.10 008 0.16 9.00 038 1048 3023
008 0.19 009 035 1048 058 1221 3081
009 033 0.11 068 1221 096 1422 77
011 056 013 124 142 1.59 1657 3336
013 086 0.15 210 1657 250 19.31 3586
015 121 017 331 19.31 367 249 3953
017 159 020 450 249 5.02 2620 4455
020 195 023 686 2620 635 3053 50.50
023 223 027 9.08 3053 7.44 3556 58.34
027 235 031 11.44 3556 808 4143 66.42
031 228 036 1373 41.43 8.14 4827 7456
036 207 042 15.80 4827 757 5623 8213
042 179 0.49 1759 623 6.45 6551 8358
049 147 058 19.06 6551 493 76.32 9351
058 115 0867 2020 7632 3.30 8891 9681
067 088 a78 21.09 8891 188 10358 98.69
0.78 073 081 21.88 10358 050 12067 9959
091 o7 106 259 12067 038 14058 99.97
1.06 067 124 2326 14058 003 16377 100.00
124 063 1.44 2389 163.77 0.00 18080 100.00
1.44 0.60 168 24.49 190.80 0.00 2228 100.00
168 056 195 2505 22228 0.00 25895 100.00
195 052 228 2557 25895 0.00 301.68 100.00
228 050 265 26.07 301.68 0.00 35146 100.00
265 051 3.09 2658 351.46 0.00 409.45 100.00
309 052 360 27.10 409.45 0.00 477.01 100.00
360 054 419 2764 477.01 0.00 555.71 100.00
419 055 488 28.19 55571 0.00 647.41 100.00
488 054 569 2872 647.41 000 75423 100.00
569 051 663 29.23 75423 0.00 878.67 100.00




10 : Volumrg % l1 00
i | oversize = | Po
i i e i 80
: : i i e | j i
o i I | 1'50
st : !
= i |
o t : FO
% ‘I H <0
(5] ¥ / H
= - j L— i
o ! ]
3 ] / |
1 1
i 1
A= { i o
0 5 - o i o
0.01 o] 10.0 100.0 1000.0

" Particte Diameter (um.)

UM 4.2 N9 UAAINANIZANIAIIATTIUIABUNIALRALITBINIIAR

a

BAINI 8zisiapun

42

A1ngUfl 4.3 nansisAnEzauNIATeiRnRLinandesaanssmiBiannsat

q

WUUABNNINA WLFNTWIABUNIATEY ZrO,20wt.%Y,0, Nanwnziilunsanad  tasaynia

doulugjaziawaanndt 50 wlAswes 9da0ARRRIIUNANITNITANYTUIATBIBYNA

o dl 1 v v
sannann1¥ian

7N 4.3 nndieainndedqanssmiBianmnIauLLLAadNIIA

ANBOUZLATUUN ABUNTIATDY 80wt.% ZrO,-20wt.%Y,0,

o

ALY 750 Wi AR
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42 HANITLATENRITUIIUNAUNITNULARAL

]
a

9N 4.4 uARIHATDINITTAAINUENUNHITWINUIAL L FEUNILANUENLLD
RTuuienaun uuasudanuargiun  agldioarluniswuiseiusas 2 wid

liaunia 10 W

IN

5
NAITUBYgIN

mwumudiﬂmmm)
I3
|

N
&)
|

L riauilegiun

0 2 - 6 8 10

AN (W)

dl o/ '8 1 1 a 1 a o/
917 4.4 naanNANRUSIzUI9szEZIaN TUNIINLAZERWIFE AT TNNE N LITBIR TR
NANIINARDILAAS WLTFUINTN95LLANNITNRTRAN 4 WNRNITAsuu a9Af W
WLNINTGA WalNeLANANTI LR uN LA AN NaZg RN WINAL 0.7 lulasmns uas
Tudagrzazinainisnudnsauws 6 windwlllddnuuens1siuatadalauaadAIAINN

v 1
LU AQIAINININUDAN 2, 4 WAL 6 UNNNBUNITLAADLIND
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0. 1HAANAT

317 4.5 nnaEAINNABIqaNgIAUNANAIBLE 200 1N LAAINTWARTINTBIRNITUINUA
HWNIN U AAIEg )

1) ldddafa (2) 4a 2 WA (3) 4A 417 @) A6 WM (5) 9n 8 uM (B) 9m 10 W7

45
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v 1

d‘ ' o a Aa = = o a dll
mﬂgﬂ‘w 4.5 WU ANBUZRITUINUNNNTL A8 ULUaIa NHIUZ AN LAANHILHA

o 1 o Y a o Y a dy dl a QI -l? 1 = ] =<
NINTTNULARIENIRSQHNLN M INANUN TRV LLANTY  Lasinasilasan1se AN

| a Qa’ o a = v (5)
FLUMINRITUINUA LR AL HB
4.3 NANITASIAAALANLANILARDL
4.3.1 NANITATIAIAAMNUUITBINILARAL

NINITARABLRAUNANNAIAITLAYN SAE 1020 Gagl ZrO,- 20wt.%Y,0, ATNANTN

1 v v
WNIANUIN N ANTIARALRLAALNN LA AR NN TR AA A LT UL UAILA 0.1,

0.3, 0.6 WAL 0.9 NARNAT AIUANUNUNUBIAUARDLTULTTAN AMUAT 0.15 HARLNAT

v 1 1
1PN TUINUANUNNTNUTAN 2, 4 UAZ 6 1T NRAIANUENLURIED 3 AN Aa 3.53+0.2,

[% '
a =

3.87+0.3 uaz 4.12+0.2 lulasumg BelansmuzAaTuaumduuiiy anchor catching #iae

|
¥ Cl

IiAANNsE AR NAAINNNTATINTARINNUUIAILLATES coating thickness tester
uamarn13lu sU 4.6 wud poravinedsUesiapdeUAifiaanun 0.1 fadwas TaAanu
mnlSlA 0.10+0.006 NaAWAT , AEUUT 0.3 Waans JaANuunls 0.34+0.01
NARWAT,  ANTLN 0.6 AARINAT TARNUNALA 0.60+0.03 RAALNAT , AINUUN 0.9

FAANMT SAANMLN LS 0.91+0.08 AAALNAT
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1.2
1.1

0.9
0.8
0.7
0.6
0.5
0.4 -
0.3
0.2
0.1

d‘v v
ANNUUTTA LS (3.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

ANNHUNNHUA (W)

2119 4.6 NINLAAINANIFTARAINNIUIIAINIARDLINEIUFADAINNULNANIUUA

a

AN 2.3 wag 2.5 lAlansan#mEaeIng splat LazNNIEANNTLBI8YNAT

1 [

WABNLMAIANNANAL Ay nUINANEMENIg Maaesndanniaannas  azvinaasllniy
ANBUTANVENLTBIRA TN NRANHUZUUL anchor BaE wedge catching @uﬂﬂﬂqu
RUENL AN ANHILEAINANIUNAL LN LATY ATINUENLIaNRINKARAaN TRt WL AAH

v v 1
PUNIAINIAA AL IEDIT L USRI N aL)

4.3.2 HNANITATIAFDUANHUSAIARALANNNINANLANYINUDITUINU

6

ANIUN 4.7 WAAANBTUENIWENRAATINNAIENABIGaNIFAL NNNAIBENE 100 W7
NUIAATRNTEMITURRAA L ANAAINNI2IFadsiudeuiu 1a9 splat agngly

Wluseiday @



dufawany Zr0, - 20% Y,0. 2

Futlaean 11 lszanu
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0.1 NAALNG

{ @ a { 1 { 4
sUN 4.7 m‘wuﬁmaﬂymzmmﬁeuﬁmmwmmmﬁm’mﬁaumﬂﬂﬁmﬂammu

u

Y 9
(1) YUY top coat 1U1 0.1 HAANAT (2) YUY top coat ¥ U1 0.3 UAANAT

k2 Y
(3) ¥UNU top coat 11U 0.6 HAANAT (4) FUIIU top coat U1 0.9 UAALNAT
a A Y
433  wamsnsaauavesi N UTUUY

AINNNIATINGOLINAVBINIIAR ZrO,-20Wt. %Y,05 (Y 06 Z7 575 O 4 g75) WANNTT

wWuAday tae XRD wuitad 20 windu 29.96, 49.98, 59.41 sagilil 4.8 Tnuaanndasiy

0ss O 15 WAEILINNN

N1FANIRTFIL JCPDS 1a271 30-1468 UodansNdautlszney Y ., Zr

0.15

a

Failein 20 209 3 AAnanH 30.10 , 50.17 , 59.64 wazilpsaasananidis Aqdn (cubic)
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1000 ~ YS<Z
800 4 vs7
intensity 600 vsz YSZ

400 -+

200 H

~ R .JL.,.A S

0 . T T T
20 30 40 50 60 70 80

20

3117 4.8 N9 XRD 183 80 Wt. % ZrO,- 20 Wt.% Y,0, NAININULARDL

434 HAURINTALAAURIARDL

anuaniseuden inatlunisiinauuiusslunistininizaeslianfouduuy
WUIMGUUYH 1240 avAlTalduduayi 787 avAdaiiaanin 2 49lus Randauifianig

uqATaU (exfoliation) Hiasannuannénaian SAE 1020 in oxidation M liiianisuge
Fauasalang quuma?@uﬁ@u‘ﬁ'fqmmﬁ 400 DIANLTA TR 2 %Tmi@ilﬁmmmqméﬂu
gasfufiandeumns=lifinns oxidation vesEalans wdorh ldasueneugeayyinianis
Bussennirensney wasifaeaelilnsageumalaeld XRD wudn wufiaf 20 windu
30.03, 50.05, 59.47 ﬁagﬂﬁ' 4.9 IneaanAABIALNITANIATFIU JCPDS |aa7) 30-1468 LAR

Wiudnldin aasuudaamguasiaand

YSZ
10000 —
8000
= 6000 e
‘@ ] YSZ
S YSZ
= 4000 ~
2000 ’
A
0 T T
20 30 40 50 60 70 80
20

31I7 4.9 N33 XRD 983 80 wt. % ZrO,- 20 wt.% Y,0, ¥AIN1981I801



[ a
4.3.5 Hanisnadgal ﬂ’J’]NLL‘INLL‘é\‘idL‘Hﬂ’]%‘gﬂLﬂ']z‘ll’fNN’JLﬂaﬂ‘]J

Load
T

WUINITLAADUN BTN

N1 EC 2086 —p»

[T FuRaLAREL ZrO, 20wt% Y,0,

RapdeutuLlssdnu NiCrAlY
T191U SAE 10203“

717 410 LARIAN B THITULATUUININPRIUETIN NIV AADL

51
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R
EAO 0.3 mm. (a)
= .5 mm. (3,
5 =
c
éo T =-0.3 mm.
Vg -
c
<0 -
o
% : i/ 0.6 mm. (a)
L= [ I—
E | ———— | % o6mm
51 . I/ AhAylLs a [ —
(a4 x= I
<<E 5 = 0.9 mm. (a)
« = —=— 09mm.
0
34 35 3.6 3, 38 39 4 4.1 42
MATOIY (um) (a=annealed)

] Y
UM 411 05 10HaA A N AR UTTEHIIIATINHETVVDIW YA

[ 1

< = o ~ 9y Y A
ﬂ“]Jﬂ”Iﬂ’J”I?JLLGIJ\‘ILLﬁﬂ‘L!ﬂ1§ﬂﬂlﬂ1$ ( G]’JLﬁ‘lWIiz‘]_qlll’J‘i/l”lfJLﬁUﬂ@ AUV UIUDN

Y
AUADDUTULU
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AN9NT 4.2 WAANKANIINAZALAIANN LTI 1UN28 AN aasRiaAaa U

ladtnunsaudau
ANANNTINY ANMNRILARDL GRIENPR AANLTaLI T
(lulpsiums) Fuin (3.) (Ala-Tap) n98lALNNZ*
(Rasiy/an’)
3.53 0.3 59 11.6
0.6 4.4 8.8
0.9 A= 2.2
3.87 0.3 12.3 24.5
0.6 4.9 9.6
0.9 1.8 3.6
412 0.3 L5v5 30.6
0.6 7.0 13.8
0.9 2.7 5.3
*C = F/mr
Toeri (o] = Armanuudeuselunisdainng (Adhesion Strength)

Fydaendly N/mm’

ATUI979494R (Maximum load) Huaendlu N

SAfla09Tey Judoanfly mm (12.7 mm)
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A9 4.3 WAPSHANIINARBLAIAIHIN usa TN ANNZIBIRILAR R LINA

N11N17LADY
ANAIHUEINL ANTNMLIRILARAL ANLINAN ANATNLTa S T
(lulpsium9) Funn (H3.) (Ala-Tnsi) ANgElALNNL*
(RF/HN)
3.53 0.3 9.4 18.5
0.6 4.4 8.8
0.9 %2 4.2
3.87 0.3 13.7 27.0
0.6 6.6 13.0
0.9 2.7 5.3
412 0.3 18.4 364
0.6 7.4 14.6
0.9 3.2 6.3
*0o = Fim’
et o = Awmanudeusalunisiiainng (Adhesion Strength)

r

Fudaendy N/mm’

= AIUIPNEIEA (Maximum load) HviuaeniluN

= FAfeesTuean Svuoendis mm (12.7 mm)
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A9 4.4 UAASHANNINAGELANAMN LTI lNTE ANNEAANNRNL

4.12+0.2141ATNAT

ANHUEINL ANTHULN AN ANAMA L aLga N9 A
(lulasiums) (H3.) (Ala-Tiasi) NN (TN’
laieinunng £iN1N13 laleinunng 511019
NIENIN 9NN N9LNIN N9LNIN
¥ v v v
ANNERL ANHN5RL ANEAL ANNEAL
4.12+0.2 0.1 19.9 23.6 38.6 46.7
0.3 1556 18.4 30.6 36.4
0.6 7.0 7.4 13.8 14.5
0.9 2.7 3N 53 6.3
S 551
2 50 - B
& 45 - 2UBBY
2 40
¥
2 354
,;51 30 4 ‘“hisuseu
£ 254
3 !
= 15 -
w2 10
2 9
= 0 To—= T T T T T 1
0O 01 02 03 04 05 06 07 08 09 1
AMMUINU(UABINAT)

o

317 412 naluanImNANRUEIENINIA NN RILAASL

VANANLEsa lungEi anNLiANANTENL 4.12 + 0.2 TuTagimg
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AINGUN 4.11U8% 4.12 FUANINT 4.2 UAY 4.3 WLILHBAMNMENLIANGTW LAz
a - - o & = a p o X )
ANHUAUNRALARRLARAY Hua AN N 98 ANz AR9RALARALIANAY WNazifluNa
ZJ/ a A v v dl [~] dl 1 o 1
y1ann luduiapaaulsznaufae insaa 19 niunuy lamellae @anmAai 351974 lamellae
L \ - v = - S v o a =
Hegdngunsnag) Wuawe litowaeuliidwillamaiy dualfideanumuniowasuan
A WFAANANLTS N ANIZIANTYE  TNNATNE NN LI A A NN R AR D LN
X o @ < = a = (28)
AU A uudusalunstipnzinAaaLAnAd
LAZINAUNRAAAUANIUNNTALEAUA 400 BYALEALTALWNY 2 Tldd NAZaLl
<3 =] a A £ 1 a o a A dl (B} 1 ]
AN lunsE Anzaa9Raeael IR WA URAAALN INILNNaLEaY WA
A o = = = = 4 ~ - o
LHAUNHANINAZALANN G912 lUN19E AN LR IRARALTNARIN TN LT a8 LAY
VA - A 7 = @ = a 2 PN X
WUIIHILARAUNENIUNN TR LA UNAIAI NI T TUN19EANNZIDIIARDLINNEITY
v 2.840.26 Hafw/ay’ @ liNAE 1A UAINLATEAUAINILARALNAAAINUDULNN

| = 1)
NITNULAXNBDLNARN

436 HANSNAKALANNNUNULBIRIARAUABNISILRE UL AU HAEN
AUNAY

a

iauuliinaasuaununInaesiaAfauTuIIudanIsi A uulasguund
At NAUNAY e sTuauINAINTaLTETNI Tnawiveanilu 3 ngu
1. Fuguanlainaeiin
a A 2’/
2. HowasulenIzduLlszau
A a A 3’/ dld 1 < = a A ]
3. RONALLARALTULUNNATIANLIILINTUNNIE AN ZI89HIARD LGS
ANTHILUAZ AN NN LTBIEITUNUNANNNENY 4.12+0.2 TuTAsINAT ARINMWN 0.1, 0.3
LAz 0.6 NAALNAT NHAANNITIUSSEAINIZEY AUNAINULT 0.9 HARLNAT NANYINL

wenriu Aaranuudusalunistiamnizanga fsanunsonszmizunnladng divinmeasy

ANNNITNARBINLIAN
1. Fusilanlidmaauiana Tane SAE 1020 Tdaunsafluauiuauiau
y A = N o L = (30) Y | | P
16 WasannlavedluanaGeiuatafusadion™  anuFauasgnorawmninulilifacing

AcmIn

o

2. Rapaauduilszanss NiCrAlY ldanunsadlueuauaiudanlsd iasann

o

Wlulavzuazauianaauiauguisaaramlylsasnaazaon®
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3. ANANHOEAIARAUNNTIATAF UL lamellae (37 4.7) GFasdaurii
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wirdise F unnsvhusdoy

Parameter NICRAN 70, - 20w % Y,0,
Primary gas (N.) '

Pressure (psi) 100 50

Flow (1) & 75
Secondary gas (H) N |

Pressurm (psi) ) — 50

Fiow (i) 77/ W ~ 15
Canyges fow (iChr) ‘ 37
Spray rate (g/min) 210 <

Flasma aic 5 (@

Curent (amps) A 0

Voitage (V) o 18 7
Spray dslance (mm.) Ve, , o

BN,
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i qm-t') Designation: C 633 - 79 (Reapproved 1992) o

Standard Test Method for
Adhesion or Cohesive Strength of Flame-Sprayed Coatings'
This sandaid m wivcd wnder 1he fisod devpastson C 617, the numbsr immediasels Talloming I despnaitn widscaics (he seal ol

exrgrnal adtiption of, |0 the case of revidon, |he pear |:|f1;ul HENTARAR. A humber in pd e niheses indaades the yeat of B ieapproval A
sperienpd epsilon [ indicaies an edilonal change sinee 1he Lisi ssaaion o reapprasal,

i. Scope
I.b This st method covers the delermination of the

degree of adhesion (bonding strength) of a coating 1o a -

substrate, ar the cohesive sirength of the coaling in a tansion
narmal 1o the wrface. The test consists of coating one face off
a substrate fixture, bonding thiz coating 1o the face of a
loading Nixture, and suh}r:::llnf. this assembly of mmn;mﬁ
fixtures 10 = tensile load normal to the plane of the

is particularly adapted for testimg coatings applbd
spraying, which 15 defincd to include the cnmmm flame,
plasma lame, arc pun, and detonation pmeml‘ni‘myms,
wirg, rod, or powder

MOTE | —Flamc-2prayed coating materials |
metal Geides or carbades, and metals [ wome gt
of several layers of dilferent flame-sprayed m
layer sprayed anih 2 aprayed melab-booding |2
gnerally & mclal, ot may be a ceramic tuch

82

[oryogenic) tempemture be used.
1.3 This test mcthod is limited to 188
coatings that can be applied in thizkness greal
i (0.38 mm). The limitation 5 impos
adhesive bonding aguat is used in the test. Th
agents ¢stablished so far for this method e 1o ;scn:!mtc
Name-spraycd coatings and may invalidate resulis waless the
-oatings arc thick encugh to prevent penetration lh?ﬁ‘eﬁ'h-
conting, Further development may establish that whin bayers

of certain types of especially dense liminp may be tcited
satisfactority. Allernatively, new Shils,

<

..!cwlnnmg Name-sprayed coatimgs with improved ndhies
and inegnty,

32 This test method is uselul for companng adhesion
cohesive strengths of eoatings of similar types of Mo
sprayed materials. The icat should not be considerd
provide an intrinsic value [or direel use 10 making ~aley

such as 1o determine il a coating will withstand spec

/ 2 rnental stresses. Because of residual stresses in Na
e pamc‘ullr coated part. Also, in aclual us

ina much more complicated manner

scoatings, actual sirenpth s dependent upan
s ﬁml standardizud 1eu

\
4. Appacatus
Al A tension aciting machine shall canform 1o
mmnmlsu{l’nctm L4, The loads used in determi
thc adherencs g wensile strength shall b within the lom
.?qg&u{ the tuﬂﬁn machine, as delined i Practices
ible variation shabl be less than 10%. 1 shal

-.mmihlc 10 apply increasing tensile load at a constant ral

cipss-heag travel Between 0,050 in/min (0,013 mm/s)
‘/Oﬂ‘ﬂ ‘u S 0021 mm/s). The machine shall inchis
- adicating ‘Gevice thay nugisters the maximum
’ ruplure occurs,

‘42 Hh!ﬁlh] devices, for applying the tensile loa
of the coating and fixtures, shall not po
of bending momment 1o the specimen.
nt is ofien provided by the manulacturer a
W part of the lesting machine. An alternative. <ati
tus is shown in Fig. |, which also shows 2 ine
wnnuﬂnﬁ: ﬂl‘-&h:nml apparatus 10 an assemble:

%EE

>

that would allow reduction of the! mimmum thickness
Hmitation inay be discoverod or e \'l:lf'j'd

]

Relerencod Document

2.1 ASTM Sandard:
E 4 Practices for Force Verilication ol l:smm,.\‘niag:hmw

3. Signilicance and Use

3.1 This test method is rcr.nmmcnd::d for qumit)r—cunlm#
acceplance lesting; oninmaystlp-te develop ar-queh
Name-spray r.rpcmlutlptﬁl’ ;m.nﬂ :tf!!t P fe ofl td. .‘Iﬂ -iJ"

FPThes best mathod i wnder (he jomsdwion ef ASTM Commiliee B8 on
Abetallic and Inprgarc Coatings and i3 the diteer responsbility of Subcommities
BOX 1) on Tesi Mellods for Porcelain Enamel and Cesamic-Metal Syilema

Comem =divion approved Dec. 28, 1979, Published February IR0, Grigioafls
published as C 437 « 69 Laxi previous edition € 633 < 4% [1074),

el Hinok off AXTM Senevclardy, Vol D1 D1,

SR

= ilile—— J

ii' .ldiwillv'iélondm;: Agern—A  suitable  adh
tonding agent shall be agreed between the purchase
manulactures uf the coating and shall mect the foll
requiremiénms.?

) | R dgnt shall be capabk of bondir
mgulég !ﬁc@om? figlure with a tensile strcapth tha
ast os wreal as the mlnlmum required  adhesion

cohesive strength of the coaling~
Meenily visco

Wclm "a% “m o m) thickncss

“coating, C:mm rHtﬁemiﬂ ‘fesind that cure or har
room lemperature by means of @ curing agent have
proven satisfactory. [f any other bonding agent is 10 tx

A T of puiisfaciony banding sgenti b peovided i ihe anres whao
s sandard,

%




&b ceas T
.

| j e arersis et g

FPECIMEM

7 4 s

'

.*"_S.'.EE{“'___‘F THO 1O 117
— LDADIHG 11xTuNEL
i — Pt :I' [ 1
i I - | L
:::At:fi; .' - r-
Sk
tist i r-" ;* Lora Hout
LT
\

w-

1" pour
& -
‘ 151 MM;HIHE FIXTURE
HNE ‘II’WIEJ ‘Lliﬂfﬁ
[ ekl k)
FiG. 1 Soi- Algning Device
T I ey
this method with the desi thi th roned. This <hall
More !—H:mmyed gencrally have am inberem po. 1 done bhousing 1he Bonding a;cnl 1o antach a loadine

105ity. Excessive penetration of the adhesive bonding agen inio tha  1iviure W a sccond loading fixture, in accordance wih 5.
porasity may affect the resubs determined by this 13t methad Unlen  evcupt that the coated subsirate Lxiure of 6.3 i repliced with
proved satisfaciory by comparison lesiing. any agend requiring clevaivd e second loadine fixiure
temsperature for cunng should be avoided becaume wieosity mas B = ’
decresse at high lem perature, allowing penstration.

=114




il c 633

ROTE J—Omne reamn foe testing the bonding 3genl cach hime i 10
detect impraper preparation of the agent 0N s 2 twa-pan mix, Anoihe:
rasan i thatl adhesive atiengih generally decreases with age of the
anused agent. I strengils -5 lower than required. more adhesve bonding
agent siall be prepaced and tested, or the agent shall be discarded and
replaced

6. Test Specimens

6.1 Substrate and Loading Fixtures—Each 1est specumen
15 an assembly comprising a substrate firture, 1o which the
coating is appied, and a loading fixturc. The substrne and
loading fintures shall each be circular. solid cvlinders of 4

TOLERAHCE

FRACTIONS - J7 Lim - 0337
MACHINED SURFACES '

length not substantatly less than the duingier. A SUERCI e
devni iw either fixture is shown in Fip 2. Ope end of cacl
fisture shall be adapted for atizching 1o the self-aligning
loading devices of the tension testing machine, Both ends o
each fature shall have facings paralle) 1o each other and
nanmal 10 the loading axis The Faong diamersrs sivall be no
less than 0.9 in. {23 mm). nor more than 5.0 0 (25 mm,
The diameiers of the twao fiztures shali be the same and shal
be mueasured 5o that there is not a greater than 0.5 % error

6.1, 0 Material for Substrate Fixtire=—The substrare fis
ture shall be construcied of metal, preferably metal intendy

SUGGESIED TH D SIZE

(IS 5’5_—10 UnF-28 THD
B =18 UNF-28 THD.

l.r % —16 UNF-2B THYD,

THESE SURFACES
HMUST BE SQUARE
WITH CEHTERLIME
OF TH D, WITHIMN
00T TR

SECTION -A-A

s, e s IS I

e W1

.wﬂ

ARSI NN

e 3 (42 7 rmih {15 vt
:;':5".; E-.?.I:M ﬁ:':" ﬁ - 1000 . [ e
Wiaiew: {15 ) 5 14 many 5 & mrw) {254 mid 103 iy (L]

Fifi. 2 Subzirale and Loating Fielurn
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i c 633 73

for wse as subwtrate foo the coauag | no such substrate its manufactures’s instructions Lxcessive adbeseve shall be
material is specified. the subsiate fixrure shall be SAE 1018 wiped from the assembly with S0fl pugns e it The two
ar 1029 steel. fixtures shall be beld together paralle) and aligned until the
riore A-=IF devired because of cont o ease of fsbncanon, 1| may be z:'-dm: a:: L ”..ﬁ":;j E' :’rﬂfﬁﬁ A suiiable holding
quitable o attach or band a laver of 1he specified subrazae maienal 1o 2 SR Ch ax 2 MO, e u_wd for the L
finture formed of anv comvement metal, Such a Lo of subwrme  SSCEP such a device s not necessary il the surface of the
matenial need not be metul, The Ly es munt be substamially thicker thas C0ANIREG has been ground or machined smooth
the newiblc depth of effects an the wulsirmie, wich as recryualiigadon or 6.6 Number of Test Specimtens—The number of 151
diffusion ronet. that may rewall Srom ;pplying_ the coatmg. & byer speamens chosen dopends upon the purpose of the partic-
grealer than Q.0 in. (2.5 mm) thick showld be sulliciem ular wsts under consideration However, ‘.f Specimens are 10
6.1.2 Material fur Loading Fiviwre—The loading [xture :’:: “ﬁ:é?hﬂﬁ::m SN, e IEF b i fpeciouin: o a
shall be constructed of metal, bul maienal is otherwise P !
opiordl s vsuallv convénien) tn make the leading Gxture
of the same matenal as the substrate fixture; thus the Nivtures : i
may be interchanpeable until a2 coating is applied 10 one. ?'.L anga“ 'hr.{'w" I“f‘mb‘" Of "j"h'"".’“ fixtuires, and
6.2 Coating Applicnnion—The front facing of the subsi: appr ?‘f ”"“.ﬂ:"”‘ coating 10 cxch. Finish the coating
fixture shall be prepared in the manner required by th ”f'nnp' “q"':; - dfbetbe I ) NS
specification for the coating tRuughcning Fiv ol 0 4 Prepare the essve bondog apent. Ausch cleaned
surface grinding may be typical preparations.) atin: fixtures Lo all the coated substrate fistures at essen-
shall be Hame-sprayed oo this prepared surfice. esame tinie In addition, prepare orz uncoated test
6.3 Couting Thickness—The coaling sk r measurement of the adhesion sirength of the
measured with a micrometer, by measur W

; i iy . SIS i @ tensile lond (o each 1est specimen at a

(Care st b aken 10 svold com i r S, ot B! cross head 13vel betwen 6,030, m i
surface prior 10 coating.) The fnal coa 8t huatfh ot £l be '\\EU.&H.,.m, nd u.nﬁul i femin (02 ] mm/s) unlil rupture
mare than 0.015 in. (0.38 mm). If the coat A f h_mar:;'ﬁq;sr e mnximum load applied.
or machined, the as-sprayed coating saall ¢ ‘ ehe . Calculat ﬁf,‘
I-:ll-hﬂf i;:,f,?; fmtil;{:tn;:;a':: vary . @ ‘r i} Calculate the depree of adhesion ar cohesive strength
more than 0.001 in. (0.025 mm). {
as measured (rom the rare free, do
surfacy texture or roughness Iypical o
ings.) If, upon compiction of the Naw
thickncss vanes in excess of this limit, thigs!
by removing the coating and respraying
machining the coating surface.

6.4 Grinding or Muchining the Coalirs S
surface of the coating may be finished by
machiming when the thickness sanation is lﬂ;ﬁﬁ_
difined in 6.3. I7 the thickness vanation is not &
shall be optional 1o finich the surface of the coa
uselul and convenicnt aid in holding the
parallel and aligned as required fo
specific gnnding or machining prix

7. Mrocedory

N \)
of -':_Iﬂ,i:;.f.w steepgih
A = masimum load/cross-swetional arga
-
ipretation of Hesults
Fiflerpeetition of results depends on the purpose
is method and on the description of failure. The
cohesive strength value measured mepresents the
part of the system, whether in the coating or at an
T A fow-power microscope with a3 magnification
Hp 1o 100X & suggesied for dewermisang location of
he strength of the coating is given il failure
pating-subsirate inrerface. The cohesive
puling is given il rupture 15 only within the
the bonding agent may be a satfactory
mended, as this depends an the Ly 3 result for control assurance test. or for a gualihica-
Usually manufacturers of the coatings have tion fest, trength of the bonding agent is grealer than
tons pubhished or available. Only a rough grinding or  the minimum required adhesion or cobesive strength of the
machining step s needed. in order 10 provide a final gaating Cﬂﬂﬁﬂtzgr“ﬂ““: occurs in a comhination of these locations

thickness that does not viry by niace thap 0004 0002 i imen ly oo interpretation of the initial
mm). Removal rute shall ﬁ:muwn!m WI &i%:ﬁcﬁwﬁ

COMInE or bond, A recommendedine bl : e

grinder with 4 magoetic chuck, positioning the rear fage of 10 Hepart

the coated fisture an this.magnetic ch el 0, t snallinclude e following:
G ERRRE B R e
coating, ul techni an ting including type o

6.3 Anachomens ey Fraiirec—The facing of 1he oading Name-spray equipmient,

fixture shall be free 'of oil. grease, o grinding or culting 10.4.2 Final coating thickness, and statement of whethe
fhads. The facing shall be mechanically cheaned by such  surface is inished or as-spraved,

micans as machining, gimdimg, fight gnit biasting. or rubibing L0, L3 Substrate material,

with emory cloth. This facing shail be attached 1o the surtee 1114 Description of surface priparation of subsirate

of the coating. wsing the arlhesive bonding swent accusdine 1o ML 3 Name o description of bosding agent, niwd deta)

LR
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ol bu!'ldmr. proceduie i dilleremt from manulaciuree’s ine
SLUCTion s,

10.1.6 Number of specimens.

LW Average adhesion or cohesive strengis, and the
maxinium and minimum values. in pounds per square inch
jor pascals),

FOLE Descnption of failure, including stalement of
whether failure oeturmed at the caatinge-substrate interface, in
the coating. in the boading apent or a combination of these,
and

10.1.9 Adheson sirength of she bording agent in the test
speormien without 3 flam=-gpraved coanng.

Al ADMTESIVE RONDING AGENTS |

ALL The lollowing adhesive iz reci
tachung the loading lature to flame sprayed
prmanly metaihic or that have a
recommended for flame<sprayed oxide
ceramic coatings because of the 1
pencition into the coating. This is & 2
curcd at JOI'F (149°C) for | b, When the
typical adherence strength to flam

the coating materia!.
AL LY COMAP 1222, manulzctured b

E. Union S, Allegheny, NY 14706
ALZ The following adhesives are reca

taching the loading fixture to flam=sprayed

4

Il. Preciston and Bias

114 Mo justifiable staements can e made regarding the
precision and bias el this test mahod because it evaluates
coatings that exlulat batde fraciu, an unpredicable char.
acteristic.

11.2 Thrs 11 method » applicable 10 a wide variety of
matenials with different characienstics.

11.3 Since design, base metal composition, fabdcation,
and processing, as well as Name-spraying the coaling, will
give rise 10 vanables in adherence, cach application of this
meikod should have tolvrances and interpretation of adber-
ence sl and agreed wpon belween the purchaser and the
manufacturer,

ING FIXTURE TO FLAME-SPRAYED

i tomperalure when uvied for this 1est
the adhesive is new, typical adherenpce
sprayed coatings niay range up 1o appros.

londmasier M666 or M777, manufacturcd by
lae Glass Co., Adhesive Products Div,, 225

: nmfield, NI 07003, M777 may be casicr

12y be maore viscoos than Mé66.

pon B 1 F, manulaciured by Shell Chemical Co.,

pt., PO, Box 831, Pittsburgh, CA 92563,

prmistrong  A-12, manufactured by Armstrong

Co., Arponne Road, Warsaw, 1N 46580,

Hysol XA7-H368 Grey, manufactured by Hysol

ﬂmmmmﬂnm

4 -'-_.;-_Ez'zj'-l.t';.__ i
on Stanctewy, 1916 Race 52,
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512 Metallographie or Optical Micnoscogpe.

* 1.3 The equipment uged shall be consistent 35 1o type
'ﬂ qualits 2% gpecified in Methot E 1

5.2 Prowvdbe e

321 Seevon wiih a fiee gramed cut-all swheel the area o
e coated pan s wiieh the 1010l coating 1hickness 1s 10 be
apasured. Comrol the clamping of the  pan, lubricant
woling Nud. and comtrol the cutling rate 1o produce a
gusre cul edee without chipping the coalirg Esercise care
g ensure that the cul is porpendicelar 1o the su-fice of the
ol ng.

5312 Aler cleaning with an arganic solvent, plae 1l
wetion [elecirsiviicaNly o electroless) wath mckal, ¢l
paum, @ other melallic plating which approtimates the
sardiness of the coated substraie. As an alicrative 1o plating.
wrip the specimen in 3 metallic feil The foil apphed n
pve sulficient suppoa 1o prevent chipping. and. %
suificien proaimity 10 the specimen 1o prevent g
unding of the edpes duriag polishing, SN

5.2.3 Usc the standard technigues delailed in Mell

524 The ciching procedure, i pequited, 50
general accordance with Methods E 3.7
and eteh time, T emiployed. will be by
betwecn The custamer and vendor. Tlhe'elching
will eleacly demark the bovadanes of the
properly differentizte included zones 41
measure their thickness ag well,

525 Measure the tolal coating thick
with the ald of a calihraisd-flar
measurement of a3 progecied image on
the coating @ mirmmum of 230X diameles, al
preferable, When measuring Itom ground glass, me:
mmage of the coating 1o the elossi 1.7 o (0,05 inY
exienor boitnds ul’lhrzcﬂ:nmusmcaﬂ 1g¢ of the peak
valleys, Visually average over 8 syinimum leofth o
{0254 mm (0.010 im 3} Dietermine the intens
cozting 3% (he depl 1o wineh the subslinie has b

alf=

1-/.‘/)
Tow Amesicam Socagy bv Taypmg ',‘
WY T T e 1 I
patent pghits, A dne sk ol

b ¢ 66a

poatids 6F G

Ryt III

Ina samcerd o Solbped &
o 0 sevaoud. 0 Fer Seaporoe oo o B
#d Thowitd De =Adrpzsed o AS i
teghrmCal SR o, et e aerand I poar e ghad

iz

o

Shiered by the cosling. (One must appeeciaie that this depp
1 highly dependent upan the elchant employed. and L TTRTRA]
agreement of concemned partics should be souglin) Ag wey
the case of the evtenor bounds, vasually average vver a 10 mi|
(0,254 sm (0.070 yn.)) lenpth. Measure the specilic zones or
pases by a mutual pprecment belween the purehaser and the
vendor, Measure the total coating thickaess at a minimum of
10 lecations around the ectire metaliographic specimen with
the mrassrement points scparated by at least 20 mails (0.505
mm [0020 in)) Averape the individual woral coating-
Tk ness mezsunermments

6, Repar

B0 The izpotl shall inclzde the following:
& 1.1 Thckness as l'mk pet surfoce. "u"lnlmlum min-

ype of conling thicknuss delermimed and the me-

S Gwed

;*i_._,_..

fa.

area where the thickness was measured,

and conditson ol the tr.utmg :.h;..l A% "as
afier a mﬂ:::fnd term of szrace,”

st Method B is criployed, the ctching proce-
Lo 1rcm|.ra|:ﬂ‘| showing the bounds of & Llypical
coattng is suggested, and

w:lhwf B is ¢mployed, the thickness of any
a8 azreed upon belween the purchazer and

f al' {hnensional change Wickaesy—x0.2

00002 i )). This test mcthod assumes that
T of the coated piece have an cqual
AT boih surfaces are coated. The validity of
will wory wath Jdifterent coatings and pro-

cthod B (total coating thicknesgy—=0.1 mil
in. D005 mm),

/;
. of gay paien? ragals aisaded o coneciion

i firmiination. of [Re walichily of any saoh

o pewwwrnd sy baop ppars araf
1 e oo oy SO cl Farciandy
W @ seerve) ol Mo ol
@ e heaving you shewid maka your

COFmerst e Pl A0 FEC

foms
e krcewrt h0 Rop A5 Tar Campishpw o Staoceray, VIS Rece S, Padadeipha, PA 19700,

AOUUINBUINT )
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UDC 620.179.118:621.9.015
JAPANESE INDUSTRIAL STANDARD JISs

Surlace Roughness B 060 =1970

i. Scope

This standard specifies numerical evaluations of surface roughness which
are indicated 5y maximum height (Rmax), ten paint median height (Rz) and centie—
line average height (Ra).

2. Terminolomy

For the purpose of on s the following terms and definitions

shall be adopted.
(1)

_ --;-.-l_ih ness of @ machined surface is assessed
“Rmax, R R ab;amed f[rom measurements at several
' d at random.

not generally unilorm, the values
ned [rom measurements al scveral
are not the same but have a

Therefore, measuring posi—
leoted so that the mean value of
face roupghness of the tesl surface can
n order Lo obtain surface roughness
[ately.

be indicated by a value obtained
LAl a place on a machined surface, il

B PUTPOSE.

st 11 be defined as a contour of a surface
: rface of the surface to be

Remarks 14 Unl : surface should be cut in
D such file curve shows the larpgest value

: of surface roug'lumss . '
nr example, in the case that a surface to be measured have

redﬁnut machiné@direction, the direction of the cross-

NIV Iy

2. When proftle curve i1s measured by ag&cm- mathod, tip radius
3

INRIA A BBV AT e o e

erse shall be sufficiently Iarge compared with the tip radius
of the stylus. In the case when a modification of the profile
curve due to the skid should be discussed, distance between
the skid and the stylus, and radius of the skid shall be indi-
cated clearly.

(3) Sampling Length of Profile Curve Maximum height and ten point median
height is measured from a profile curve of a definite lenpgth. The de-
finite length is named a sampling length of the prolile curve.
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(4)

(5)

(5)

(7)

3. Maximum Height

Kouphness Curve A proflile curve which is obtained by a iastrument

who's [requency characteristic has low [requency cut off is named a
roupliness curve,

Cut-olf Value A roughness curve shall be obtained by using a high pass
[ilter in which a straight part of the attenuation curve has maximum s lope
of 12 dB per octave. The cut-off value of a roughness curve shall bo
given by the wave length corresponding to the requency assessed at 70
per cent of the maximum transmassion,

Mean Line of a Profile Curve or of a Roupghness Curve The mean line
of u profile curve or of a roughness curve is defined by 4 line having the
form of the nominal profile sa the ] k a selected part of the praofile
curve or the roughness curve, he squares of distances be-
twean the profile curve or :

minimum,

- ——
Centre Lane of Roughness Gurs
15 defined as a line 'parT ¢ roughneas curve, such
tiuat the sums of the g : @ { those parts of the
rouphness curve whic P @n/e ide of il are equal.

ne of a reughness curve

el

Definition The mak
distance expressed (n micro me
vertical magmification of thedp

curve is piven by a
ed ia the direction of the
es which are parailel

to the mean line of the profile glirye and furve at the highest

and lowest points of the profi

An example of determining the
in Fig.

1 AVEARATOUUAINGIRE

Fig. 1, Datermmaun;y 1 it Height from

the, Selected:
»Y

s

— AUINgHINTT—

Rmax 1, Rmnxqz and Rmax 3: The maximum heights obtained fromr the

selected parts Ly, L2 and Lj.

®
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Remarks l. The maximum height of a machined surface, ax deseribed
in 2.1, is given by a mean valuc of the maximum heights of
selected parts of each profile curves obtained from measure-
ments atl some piaces of a machined surface to be measured,

e When a curved surface is measured, the maximum height
should be obtained from measurement along a eurve which
must appear on cross-sectlion,

3. The maximum heigﬁ! should be determined using profile
curves without gxtraordinal peaks or valleys which are
considered as a fault,

aprth which shall be used for the evalua-

3.2 Sampling Length he s: '
tion of the maximum height of a : t of surface shall be, @sa rule,
chosen from following &s ;

¢ ’

0.08, 0.25, 08, 2.5, &5 and wmm}.

3.3 Standard Value® of Sampl h Unless some other sampling length
is specified, the 5 1 lengt or . "shall be taken.

Table 1. ndard Valu .'= ‘ g Length for Measuring

Upto 0.8 1 ‘ 0.25

0
‘4 Owver 0.8 u R ; - » 0.8

Remarks: -7 _ tin maxim E- : , g 'ng‘th must be deter—

pecifl r r it is inconvenient to
fda st-‘u:upltng inngth at each sp ification.

% ﬁlzﬁ_:mﬂm height is
fs‘m mmwﬁwmm}:m

b '5 Preferred Index Values of Maximum Height When surIacﬂ roughness is
indicated by maximum height, preferrad index values given in Table 2 shall be
used unless otherwise specified. These index values of express permlssible
largest values of maximum height, The symbol "S" shall be added to the index
value of maxtinum height.
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Table 2, Values of 5 Series of Maximum Height

(0.955) a5 1255 0% 2005
o.1s 165 (185 s} a0 s) _
0.25 3,25 =5 105 4005
s | e3s 35y | (43) (5605)

Remarks 1. The valuo in the bracket in Table 2
shall be used emep:iana_llr anly when

it is heccssan
symbol "5 to the value
“‘ o @)ﬂtcn ina

g8 ]
W

Example: The displal aximum height whieh must be larger than
0.8 p R gt g thsnd )y i ritten by 0.8 S =
1.2 5. : ’

4.1 Dafinition Ten poin ed profilo curve is givea
by a distance expressed in micre mmlmeasured in the direction
of the vertical magnification of the wkween two lines which are

3| : 18l the profile curve at the
valley of the profile curve.

An example of determinming SPE'%“!‘ i agight of a profile curve is
shown in Fig. 2. LS L R L

Fig. 2.

Romarks 1. Ten poinl median height of JIS corresponds te ten point
height of ISO R 458. In ISOR 468, ten point hoight is
defined by the distance between the mean values of the
five highost peaks and the five deepest valleys within the
sampling length measured from a line parallel to tho mean
line. ‘Tomn point modian neight of JIS is delined by the
distanoe botween the median values of the five highest
peaks and the live decpest valieys within the sampling
lenpth measured from a line paralle]l to the mean line,
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According to the results of measurements on various
machined surfaces, no distinct difference could not be
found between the measured values defined by JIS and by
[SO.

2. Ten point median height of 2 machined surface,; as described
in 4.1., is given by 2 mean value of a number of maximum
heights measured al selected part of each profile curve ob-
teined at randomly selecled several places of the surface.

i i When a curved surface is measured, ten point median
heipht should be obtained from measurements along each
cuoves whieh must appear on the cross—-section.

4, Ten point medianhgight should be determined using profile
eurve without extragrdinal valleys which are considered as

afault, )

4.2 Sampling. dsength ~The sampling length which shall be used for the evalua-
tion of ten point median height of a selected part of surface shall, as a rule, oe
chosen from the fBllowing six values;

0.08% 0425 OL8, 2.5, 8 and 25 (Unit: mm).

4.3 Standard Valtes of Sampling Length  Unless some other sampling length
is specified, the sampling léngth given in Table 3 shall be taken.

]

Table 3 Elﬂﬁﬂ&rﬁ"_ﬁnﬁawes of the Sampling Length
Range of ten point medmn_ig;ghl‘. Sampling length (mm)
Up to 0.8  Rf—— 20 0.25
Over 0.8 g Rzup Lo 6(3 _:i_"(ﬁ\z;h (.8
“Ow_-f €. 3 Rz upto 25 Rz :' 2.9
Over 25 ¢ Rz oup to 100 u Rz I a
. Remarks: To obtain ten point median height, sampling length must

be determifed at first. The values given in this table
shiall be taken, pnless othenwise specified, for it is
ingonvenientto decide the sampling léngth at each speci-
fication.

4.4 Indigations of Ten Point Median Height 'The value of fen point median
height obtained through the method deseribed in 4.1 and, 4.2 is indicated by
"ten point median height 1, sampling lenpth fnm" or " H Rz,
s mm! =T

Remarks: When the standard values of the sampling length given in Table 3
are used, there is no need to indicate the sampling lenpth.
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4.5 DPreferred Index Valuoz of Ten Point Median Height When surface
roughness is indicated by ten point median height preferred index values pgiven
in Tabie 4 shall be used unless otherwise specified. These indax values ex-
press the permissible largest values of ten pownt median height, The symbol
"4" shall be added to the index value of ten point median height.

Table 4.  Values of "2" Series of Ten Point Height

(0.05Z) 08z 1152 ) w7 0%

01z 1,62 {(182) (ML) L2E0Z)

—_—

0z zZ 1132 ez

0.4 2 832 (56023
Remarks A @ghble 4 shall

vhen it

4.6 Indication for thed ipht When it is neces—

sary to limit the maximum and the minimk __ surface roughness, two
corroesponding index valueg'shall be indicated & hy side.
TRy VR Y
Ezample: The display ef the ten point aight which must be larger

than 0.8 p'Ra
.2 %,

s written by 0.8 2 -

9. Centre-Line Average Heipht ==
Jd“;/o

‘- is selected from
peof this selected
figation and y = { (=)
~Ra is griven by the
0,001 mm);

i rouphness curve. \fh
part, the Y axis lies i ‘
represents roughness curve, o j
following equation, and ig gxpressed

fONUETNaUINg )
S ST RS SR T P

9.2 Cut~aﬁ‘ Values Cut—off values shall be, as a rule, chosei from the
following six values;

5.1 Definition A

0.08, 0.25, 0.8, 2.5, 8 and 25 (Unit: mm)
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5.3 Mormai Cut-off Value Tha cut-off value 0.3 mm shall be used as a
normal valus.

5.4 Ind:ication of Centre-Line-Average Height Value of the centre-line-
average height is indicated by "CLA height __ p, cut-olf mm" or
" 3¢ Ra, cut-off mm",

Remzrks: The cut—off value may be eliminated from the indication of the
values of centre-line=average height when the centro-line—
averape height 15 measured by using a cut-ofi value of O_& mm.

5.9 Preferred index Values of Centre-Line-Average Height When surface
roughness 15 designated by cen average heipht, preferrod index values
given in Table 5 shall be used, lex values express the permissible
larpest value ol centre-lin

Symbol "a" shall be Sdded t e of centre-line-avorapgo height.

3. The symbol "a" adding to the value
Q48[ thg-series shall be.written in a

5.6 Indmglau I‘nrmui 1 ﬂmm’] Height When it is

nﬁcassary to limit the maximum and the minimogm values of t urface rough-

N TR T

mple' centre-line-averapge he: ich must be
larger than 1.6 u Ra and less than 6.3 p Ra is written b:,r
I.6a - 6.3 a.

6. Symbols Used for Indications of Surface Texture and Surface Finislh

6.1 Method of Indicating Surface Roughness on Drawingz The method of
indieating snrfane rnughnaﬁw on drawing shall be in accordeance with the symbols
used for indications of surface texture or surface linish.
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6.2 Composition of a _Symbol Used for Indications of Surface Texture The
symbols used for indications of surface texture consist of, as a rule, the index
value of surface roughness, the sampling length or the cut-off value, the ab-
breviated symbol of machining method and the symbol of the lay direction, and
their position shall be in accordance with Fig, 3. Examples of the symbol of
surface texture are shown in Fig. 4. It is permitted to omit unneccssary
specifications. The index value of lower limit of roughness and its sampling
lergth or cut-off value should be exoressed oanly in the case when they are
raquired to specify.

Fig. 3. : Index values of surface roughness

th to be used in the
a
thito be used in the

bol of machining

direction

A0UUINYUINT

6.3 Abbraviated Symbol of Machining Method Designation of ma

method shall with, as a ﬁle the on ven in JIS EHEZ
and it is nlsoﬁwm
in ealumn I of

B

§
!
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Table 6. Abbreviated Symbel of Machining Mothod Abbreviated
Symbal
Machinifg e thed Abbreviated symbaol -
[ 1l
Cutting with lathe L. K
Lrddiing : 8] iy L)
__Bnrinu o B B
Milling M w4 x
Planing _P F fifl
Shaping (inel. S K i
Broaching T =
Reaming i = =
Grindiag [
Belt sandin # Gl
Honing machi F —

Barrel abrasion LI o
Buff finish #3 g
Blast fini 773 & F
Lapping z w7
Filing A
Scraping W A QF‘S + & ¥
Sand ks ;‘j‘y A A~ - -
Casting ‘ ‘ﬂ - g QU

m'] ﬂ&ﬂim o DU FO Eorsancs

with JIS B 0122.

6.4 Direction of Lay Designation of lay directicn shall be in accordance
with symbols indicated in Table 7.
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Table 7. Abbreviated Symbol of Lay Direction 1
Ly Meani i i
symbols aning Fizure of izterpretation
Parallel to the plang -——
p— of projection of the —":_-‘__. ? J

view in which the .
symbol is used. ¢

Perpendicular to ‘
the plane of proj - WB
N tion of the view

which the /

used. —

Crosset [ v ‘ .

with L He
X plane o
of the!
the sym

i Multi=dir

Approximate 11,

cul
= thﬂaéhﬁ"’

5
symbal

Appr m'lalely
radial relative to
the centre I lhe

6.5 F i.|115h
form syrnbul i~ urfa g:vnt
of material and tqe wava l‘om 15 Us for surfaces made wilhou rv.-mo te-

rial,

6.6 Indication of Surface Roughncss by Finish Symbol  Indication of grade
of surface roughness by finish symbol shal! be in accordance with Table 8. If
necessary, il is permilted to add other symbols on finish symbol, such as the
preferred index values, surface roughness, the sampling lesgth or the cut-off
value and so on, according to 6.2. Examples of indication of surface roughness
by linislicd symhol are chown in Table 9
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Table 8. Relation betweaen Preferred Index
Values of Surface Rourhness and
Finish Symbol

Standard valuc of surface roughsvss
Rmax Hz I Ra

AVAVAVAVS 0.85 082 0.2
AVAVAVS 615 637 L6a

VY 63a

Finish aymbaj

symbol is speci-
ateral triangle,

3h symbol.

surface roujh-
seified extend over
ses of Table 8, the
ngle snall be the
e to the upper

MNumbur

Jeas Sampling leagih L is 8 mm and s surface s made by conling, die casting,
e -un'ﬂh B e aurlace ru:hﬁ: alf 100y Rmax.,

AMUSREERRT——

: at m The Mlﬁ'il thhd? rﬁul of material wil a maxamurm surfaco

q

v}{’v Cul-¢ll walug & is 0.8 mm and the surface L3 fis:shed by romoval of material
w=ith 2 masimum surface roughness of 0.8 i Ra.” .

¥ i The ground surfage with a mazimum aurfacs roughness indlcated in Table 8.

m_‘l'{:‘ Cut—f¥ walue b Qs 1.9 mm and b= groand seeface willh 3 masimem sarfao-
evigimess of §.6 p Ha.
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7. Form for Designating Surface Texture on Drawings

7.1 Rule for Designating Surface Texture on Drawings The form for designat-
ing surfaco texture or finish symbol on drawings shall be, as a Tule, in accord-
ance with the followings.

(1} The symbol of surface texture or finish symbol shall be written in place
outside of the work touching of either to the line indicating the surface

to an cxtertion line, or to an assistant line for dimeusion. (Fig. 5.
Fipg. 6)

{2) The symbol of surface texture or finish symbol should bs so oriented

that they may be read from Lhe | C r from the right=hand side of
the drawing. (Fig. 5) /
(3) 1If it is difficult to adoptithe term
: ce

icader line for the sp

MEL LRI ECNE o

1 shall be written on the !

tension of it according
to the term (2],

(4) The symbol shall ont of the view which expresses
the specifiod surfa ly = should not'be specified twice feor
a [riven surface, j ‘

AN IAENINLRE

£ -

S e

L]

¢
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Fig. 7

v
Ve

ﬂ/f
A\

Vi

Remarks: Only the'cdse when the machining method and the direction
aflay 28 gmittecd, the symbolumay be written not according
to the tefm (2) but according to Fig. 8.
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7.2 Simplilied Designation of Surface Texture 6n Drawing The simplified
symbaol of surface texture or the finish symbol on drawing shall be in accord-
ance with the follewings,

{1) If a same surlace texture is required on all the surfaces of a machine
part,symbals jof individes b surfaces isypermitted to omit, and the
cammen symbol of surface texture or the linigh symbel shall be indi-
catéd near by the part number on the drawing, or the symbol of sur-
face texture or the [inish symbol may be indicated-én the upper part
sl the drodwing 6% anal easily followableplagey) if thérk is no part
numbern on the drawing |

{2 When most of the surfaces of 2 machine part shall be equally finished,
and only a little cnes is different the different ones shall he indicated
cn surface concerned and the common symbol shall be indicated near
by the pajrl number accompanying the different aymbols in bracket,
(Fir. 10
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{3) To avoid a complicated specification when space is limuted, stmplified
indications may ba written in the drawing, and the meaning of the sym-
bols may be tabulated on easily followable place of the drawing as is
shovm in Fig. 11,

Fig. 9 Fig. 10
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7.3 Examples [or Indication by Symbol of Surface Texture or Finish bal
The examples lor symbol of surface texture or [inish symbol to be indicated on
shall be indicated as

the drawings of teothed fears, screw thread, hcles, ete.
shown in Fig. 12 to 14. (The Examples of linish symbols only are shown, the

symbols of surface texture shall be in accordance with the same method as the
finish symbols.) :

Example for Finish Symboel of Tonthed Gear

Fig. 12.

bul of Screw Thread

Exainple
)‘JJ.Q
Jv“

A‘A.I/‘

7 -’//J':’/J,&

Svmbol of Hole
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AuTRIF AR SAE 1020
Tensile Strength, MPalkpsi) A70(68)
Yield Strength, Mpa(kpsi) _ 390(57)
Flongation (%) 15
Reduction in Aera (%) | 40
Brinell Hard 131

AOUUINYUINNS )
ANRINITUNINEAE



JVIFLNATN A

JCPDS CARD 84 Y ), Zr 4, O | oy

30-1468 Wavelenpgth=1.541780
A SZOA3I0L1.9) : 0 int b Wk 1
Wrtrium Sireanium Oaxide AN109100 1 1 1
34,896~ 25 2 0 0
50.179~55 2 2 0O
52 64940 2 941
=3 T 3 = TR G2.393* 5 2 2 2
Rad.: Cuka 1 1,.5417  Filtert Gﬂph . »'\‘\-‘v It / 73,728~ 5 4a O 0
Cut ofll It T3Truee, Te ‘“\ rlel Bl1.66510 3 3 1|
: N = 84,277~ 6 4 2 O
Rel Ploertach, MaoCarthy, Penn & iweraity, Lin 459410 a4 3 2
¥ F TR P v ’ - . -
Park, Pennaylvania, US5aA, ICDID . ‘ﬂ. '.. 7?,qﬂ‘2;40‘9 & s 1 1
. ; & G843 a4 4 0~
Sy Cubie -
A5 13901) b
2] m
Fel® Tvid.

Dx: 5959 L

Colar Light grayish brown
ZrOZ + ¥2 Q3 fircd at 1400 C
intermediate regrinding. Compii
zircoma” solid state clectrolyte, Fldor
uaed as an external atand. PS5O !
Violume(CTD]: 135,72,

21996 JOPDS-Intermatuonal Centro for DUl an; E I righis reserved. o
it E

-

A

2
]

SOUUINYUINNS )
ANRINIUINENAY



o2

afnium Oxide

ad : CuKalk: 1.5402 Filter: MonoDl d-apr Calculated
wroff: 13530 int - Caloulated Vlcor: 7.30

el Griar, O, MoCarthy, O, Monh Dakota Stite TIniveruity,
arga, Marth Dakown, TUISA, [CDD Grant-in-Add, (19913

¥s.: Monoalinia 5.G:P2y/e (14)

.53.11537 L 5.1819 < 3. 2851 A O.9BTI C:1.01909
' p: 99 259 T A | EN

tef: Ibidd, v
da: 10,111 Dm: SETOM F347(.0026, 33)

nd K. Smith) usin
unation (MBS Table), diffracted beam m
wolarization eorrection, and atomic scal
worrected for anomalous dispersion.
rarmmecters frem 34-104, Alomic posi
1f in 4e, x=.27 58, ¥ .0404, x~,2089;

=342, 2=.345; O(2) in 4, x=.451, y=
sotropic thermal parnmeters catirnated
tom. 02 Zr type. C.D. Cell: a=5,28"
=59.28, Wb=1.019%, o/b=09§72, SIG.~P
Al*12. Mwi: 210.49, Volume{CI3] 13828

T, = FLT11
r me 9
4 Q=]
a m 8

29 Int

17.551= &
24.191*15
24.599%12
28.33G100
31.669* T4
34,357+ 25
34.590% 21
35.,5324%21)
16.099= 7
3B.G15==1
AR TT4= 8
39.042"=<]
AD.G6H1*=<1
40 198 1
40.975=13
a1 . a0h=
4l.619%
45%,1035*
45,708~
45,798~
49219
A0 5351*16
50.430*18
30.861~10

Nuoda b

3 1///43’*

.gﬁs *11
i “’.2."‘5' i

a3

S¥S322% 8

=

B D O N e G R O B e = e W = DO N O DS S s D

LU= NN ONNNN == 0N == N~ QO OND=eemD &

NN NONN s NN~ -~ C0 =~ NNOON~=0w=]

2 I (1

57.522~
57. 522"
58,222+
583.624"
G0.158%
60,432
G1.756%
62.346%
63.254*
G3. 284~
G4 AB6=
G64.6TT=
G4.677~
G5411"
G5, 780"
Ga. 147>
G6.147*
G5 147
66,333~
62375
70.080"
70,642
71.363*=
T1.513~
T1.513*
T1.720%
F2.4a08*
2.563%
72.966™
731367
74,029
T74.029%
74.3687=1
75.050%=1

W OdhdBLhunEDR

e T e A R B BN ™

O B O D e L B e e Byl R B sl =D O L Py e ey

x

- i B WO OO RN R R R e L B e e e = ) L R

ELEEUNNONSGAEN =N WW N QM NOWN W =W b ==

290 Int

75,211 2
75.562" 4
75,739= 2
TESRE==
76976 3
TTA50" 1
TFT.E55* 1
TT.HSS= 1
TR OGT= 1
TB.G26* 1
TR.626* 1
TR AGIT 1
TH163* 1
7430 3
Tea430* 3
79,430 3
HD. 938" 1
B1.193* 1
Rl1.195= 1
81.822= 1
82136 2
82.798* 1
Hi. 154" 2
#31.164 2
g3.G5* 2
Hi1. 685" 2
83.872= 2

B4 200"
Ba.484=
B4 484+ Lq

BG,721* 2
BG.BAT* ]
H7.540% =]
88.048= 2
aR.823= 2

o6, . 845" 2 2 4
: 9'? ‘1‘35“' 3 S04 2
a4 O

1

Nide = Ll = W= =0 kol K
AUNAYEONA=NE G Dw=hO—0

EI'B 337 =<1
98.708* 2

WL D Oy e e B B e D A RN =T R T

T’!u

e b e el B8
WNEbNORNANWE
Bows b b D e

S1994 ICPDS-International Centre for Diffraction Data. All rights reserved.

om s 1
é
e
=geo
-
) oN)
3
>
o

mmmwnw (R



UseiRdidauineiinug

Foenmen 9hRnS  gruswdll FeW 31 Bunen w2515
Vingsomvamuar  @dsnsinen o esinemaaningissan  medsinenanssd
Trafnanodoane Gailnsinen 2539 wsrldindAmeseluningniinoenanzm
Viudia annmahdlafioriin sdsanmbainadohdingdng 2641 ddamsAnen
Tumansdmenten Unsilme 2543

SOUUINYUINNS )
ANRINTUNIINENRE



	หน้าปกภาษาไทย
	หน้าปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1
	1.1 ความเป็นมา
	1.2 วัตถุประสงค์ของงานวิจัย
	1.3 แนวทางและขอบเขตของงานวิจัย

	บทที่ 2
	2.1 การพ่นเคลือบด้วยเปลวพลาสมา (Plasma spray)
	2.2 การเพิ่มสมบัติของพันธะในการยึดเกาะ
	2.3 การพ่นเคลือบผิวด้วยเปลวพลาสมาด้วยวัสดุเซรามิก
	2.4 งานวิจัยที่เกี่ยวข้อง

	บทที่ 3
	3.1 การตรวจสอบสมบัติของผงวัสดุที่ใช้เคลือบผิว
	3.2 การเตรียมชิ้นงานทดสอบ
	3.3 การพ่นเคลือบผิว
	3.4 การตรวจสอบสมบัติผิวเคลือบ

	บทที่ 4
	4.1 ผลการตรวจสอบสมบัติผงวัสดุที่ใช้ในการเคลือบผิว
	4.2 ผลการเตรียมผิวชิ้นงานก่อนการพ่นเคลือบ
	4.3 ผลการตรวจสอบสมบัติผิวเคลือบ

	บทที่ 5
	5.1 สรุปผลการทดลอง
	5.2 ข้อเสนอแนะ

	รายการอ้างอิง
	ภาคผนวก
	ประวัติผู้เขียน



