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Chapter・ INTRODUCTION 

INTRODUCTION 

Adhesion@techniques@are@widely@utilized@in@aircraft ， automobiles ， rolling@stock,@electrical@appliances ， 

architecture ， and@so@on ， However ， the@adhesion@techniques@used@in@dentistry@are@less@developed@than@those 

usedinindus 呵 ， thoughthereh 養 considerablepro 肝 essoverthep ㌍ t25ye 町 s   

There@are@many@factors@that@hinder@the@development@of@adhesion@techniques@in@dentistry     

(1)@A@wide@variety@of@dental@materials@are@used@as@adherend ， including@metals ， polymers ， and@ceramics   

(2)Teeth  打 ecomposed  ofamiX 加 Ⅰ e  ofinoIgmic(hyd 正 0Xyapa Ⅱ te)md  oFgmic(e.g.,coIlagen)compounds 

includingw 瓠 er. 

(3)Adhesives 血 c 血 esmust 穏 nction  in  environmemswith  oral 皿 uidssuch  ㏄ salivaat37 。 C  or ぬ odsmd 

drinks@from@o 。 C@to@70oC ， 

(4)@Cyclic@stress@is@imposed@on@adhesive@structures@by@mastication@loads   

(5)Theacidi 呼 ofomlfluidsv 町 ieswidely  (PH  3q1l)in  ぬ ods ㎝ ldd 血 nks   

(6)@Adhesives@must@be@handled@in@the@narrow@confines@of@the@oral@cavity,@which@is@a@humid@environment   

(7)@AdheSves@must@be@non-tox@@   and@non-iritant,@have@no@carcinogenic@or@al Ⅰ   rg@@   potentil,@and@have@no 

ha ⅡⅡ ぬ le Ⅱ 乙 c 偲 onthehumm  body. 

Although  mmy  e 丘 o れ s  had  been  made  to  use  indus 甘 ial  adhesives  such  億 epoxy  fesins  md 

cyanoacrylate@as@dental@adhesives ， adequate@adhesion@was@not@achieved@under@the@extreme@conditions@of@the 

oral@cavity ・ Much@effort@has@been@expended@to@achieve@adhesion@between@artificial@compounds@and@tooth 

substances ・ In@1978 ， Nakabayashi@et@al ・ 1)@synthesized@a@new@dental@adhesive@that@meets@the@requirements 

stated@above ・ The@dental@adhesive@contained@4 ・ methacryloxyethyl@trimellitate@anhydride@(4 ， META)@as@an 

adhesive@monomer@with@methylmethacrylate@(MMA) ・ In@1983.@omura@@synthesized@an@adhesive@containing 

a@dimethacrylate@monomer@(Bis ・ GMA)@and@phosphate@monomers   

4-M 佃 TA  is  mn ethyl  ㎝ 山 yd 「 hde  of  甘 imellitate  acid  荻 ld  hydroxyethyl methacrylate  ㎝ ld  h ㏄ both 

hydrophilic@and@hydrophobic@groups@as@shown@in@Fig ・ 1-1.@In@the@4 ， META@adhesive ， tributyl@borane@(TBB) 

is@ used@ as@ the@ initiator@for@ polymerization@ of@MMA ・ TBB@ reacts@ with@ oxygen@ in@ air ， resuting@ in@the 

formation@ of@ peroxide ， which@ is@ decomposed@ to@ free@ radicals ・ MMA@ containing@ TBB@ can@ also@ be 

polymerized@by@water@that@may@be@present ， This@characteristic@is@different@from@benzoyl@peroxide@(BPo)@and 

thetri-aminepoIymeriz 穏 ionsystemofM Ⅶ 皿 A   

One｛f》he［ain｝roblems（n‥ental‖dhesion》echniques（s》hat｜onds｜etween‖dhes Ⅰ   es‖nd［etals 

that@are@strong@in@a@dry@environment@weaken@in@a@wet@environment ， For@example ， there@are@clinical@reports@of 

dental@adhesion@bridges@breaking@off@from@teeth@after@extended@use ， and@this@has@led@to@a@loss@of@confidence 

@@   dental@adheSon@techniques ・ Hence,@a@major@problem@aw3ting@souti   n@@@   dentitry@@@   the@durability@of 

bonding@joints@exposed@to@water ， 

In the present study, adhesion of・ ・ META/MMA ・ TBB adhesive resin (Super ， Bond C&B ， Sun 

Medical@Co ・ Ltd ， ， Kyoto ， Japan;@called@4 ， META@resin)@to@the@dental@base@metal@alloys@and@precious@metal 

dloysllsted  mn  Table  l-l  w 養 inves Ⅱ g 机 ed  mn  rela Ⅱ on  to  the  su 托 ace  struc 抽 res  of  伍 e  alloys.The  suf 俺 ce 
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Chapter・ INTRODUCTION 

s 仮 ucturesofthe  alloyswere  mainIy  mdyzed  by  elec 甘 on  spec 甘 oscopy  椅 rchemicaImalysis ㊤ SCA).In 

chapter@2 ， the@bonding@ability@of@4 ， META@resin@to@base@metal@alloys@(Co ， Cr@and@Ni ， Cr)@covered@with 

p ㏄ sive  mms 町 ld  oXide  layers ぬ Ⅰ med  by  high-tempe Ⅰ a 加 Ⅰ e  oXidation  isdisc Ⅸ sed.Res ㎞ -passive  su Ⅰ 俺 ce 

bonds@were@stronger@than@resin ・ oxidized@surface@bonds ・ Excellent@adhesion@to@Ni ・ Cr@al Ⅰ   ys ， compara5e@to 

the@adhesion@to@Co ， Cr@alloys,@was@obtained@by@treating@the@as ・ polished@surface@with@concentrated@HNos 

solution.The  肝 elationship  beM/een  the  adhesive  ab Ⅲ ゆ ㎝ 山 alloy  su 托 ace  st Ⅳ ctu Ⅰ e  w 俺 ㎞ vestig 荻 ed  by 

ESCA ・ The@presence@of@adsorbed@water@sever@@   molecules@thik@between@the@surface@oxidied@at@hgh 

temperature@and@the@4 ， META@side@ch8n@was@thought@to@be@the@reason@why@adhesion@to@the@oxidized@surface 

was@inferior@to@adhesion@to@an@as ， polished@surface ・ This@speculation@was@supported@by@the@results@of@an 

experiment@demonstrating@excellent@bonding@ability@after@removal@of@the@adsorbed@water@on@the@oxidized 

surface ， Adhesion@of4 ， META@resin@to@a@cleaned@metal@surface@obtained@by@hydrogen@gas@reduction@was@also 

investigated@to@understand@the@roles@of@the@adsorbed@water@layer ， the@oxides ， and@the@passive@film@on@the 

adherend  me ぬ lsur 俺 ce   

In@chapter@3 ， the@mechanisms@of@destruction@of@metal ・ resin@adhesion@due@to@water@are@discussed@from 

the@viewpoint@of@the@surface@structures@of@alloys ・ The@water@content@at@the@adhesion@interface@was@calculated 

from@the@solution@to@Pick ， s@second@equation@to@discuss@the@degradation@at@the@interface@with@respect@to@the 

w 寸 er  c0ntent,W 托 er  d ℡ ab Ⅲ 呼 atthe  乙 dhesion  inter ぬ ce  w ㏄ invest 培 ated  by  sep 打 ating  tests  offesin  Ⅲ m 

using@liquid@nitrogen ， Therm8@   stress@induced@by@therm@@   shock@was@calculated@by@the@three ・ dimension3   

finite@element@method ， The@relationship@between@degradation@and@the@water@concentration@at@the@adhesion 

interface@@@   discussed ， The@mecha@sm@of@degradatin@due@to@water@mo Ⅰ   cules@penetratig@at@the@adhesi   n 

interface@is@dicussed@with@changes@in@the@interface@structure@on@the@metal@Sde   

Adhesive@resin@bonding@to@dental@precious@metal@alloys@is@inferior@to@that@to@dental@base@metal@alloys 

such@as@Co ・ Cr@alloy ， Ni ， Cr@alloy ， and@stainless@steel ・ Several@methods@for@surface@modification@of@precious 

metal@alloys@have@been@developed ・ However,@these@methods@have@a@number@of@drawbacks ． A@new@method 

(Ga ， Sn@modification)@ for@promoting@adhesion@between@ precious@ metal@ alloys@ and@4 ， META@resin@was 

developed@and@it@is@described@in@chapter@4.@Gold 、 based@and@silver ， based@alloys@modified@by@a@Ga ， Sn@liquid 

8loy@showed@not@only@high@bond@strengths@but@3so@excellent@water@durability@at@the@adhesion@interface ， The 

su ㎡ acesofthe 田 № ysmodifiedby  thenew  method  werema け zed  by  ESCA  to  det ㏄山市 ethe  e 億 ectof 市 e 

mod 苗 c 繍 on   

The@adhesion@procedures@would@be@simplified@if@dental@adhesive@resins@could@bond@strongly@to@dental 

precious@metal@8loys@without@surface@mo4ficat*   n ・ In@the@study@descri   ed@@@   chapter@5.@base@met8s@were 

added@to@a@dent8@   precious@met@@   3   Ⅰ   y@ Ⅰ     an@attempt@to@develop@8   Ⅰ   ys@that@adhere@stronSy@to@ dent8   

adhesive@ resins@ without@ surface@ modification ・ The@ idea@ for@ the@ present@ study@ was@ derived@ from@the 

experimental@finding@that@4 ・ META@resin@bonds@strongly@to@dental@precious@metal@alloys@modified@by@Ga ・ Sn 

alloy@and@to@silver ， based@alloys@(Ag ・ In-Sn@and@Ag ・ Sn ・ Zn) ， As@the@oxides@on@the@alloy@surface@play@a@very 

important@role@in@the@adhesion@with@4 ， META ， it@was@assumed@that@alloying@base@metals@such@as@Sn ， In@and 

Zn@to@precious@metal@alloys@could@improve@the@adhesive@ability@of@the@dental@precious@metal@alloys@without 
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Chapter@1@ INTRODUCTION 

surface@ modification ・ New@ dental@ precious@ metal@ alloys@ for@ resin@ bonding@ without@ alloy@ surface 

modification@were@developed@by@adding@base@metals@(In ， Zn@or@Sn) ・ The@alloy@surfaces@were@analyzed@by 

ESCA  md 田 eresultsofmdysisshowedthatoXidessuch ㏄ In203,Zno 。 md  Sno  playedm  impo 曲血 role 

㎞㎞ prov ㎞ g 面 eadhes Ⅳ eab ℡ ゆ of ぬ e 囲 № ys   

For@dental@precious@metal@alloys@containing@Cu ， external@and@internal@oxidation@zones@composed@ofCu 

oxides@were@formed@on@the@surface@when@the@alloy@was@heated@at@a@high@temperature@in@air ， A@sponge ・ like 

stmc 柚 re  w 棒 № med  on  the  alloy  su 丘 ㏄ e  a 且 erremovalofthe  intemd  oXidation  pa ㎡ cles  wi 市 mlacid 

solution ・ The@bonding@strength@of4 ・ META@resin@to@the@porous@alloy@surface@is@discussed@in@chapter@6.@It@was 

飴 ㎝ dtha 土 highbonding  s 甘 en 鯨 h  w 捧 obtainedwhen4.N 正 TA  resinw ㏄ bondedt0  aporous Ⅰ 4K  gold  aIloy 

surface@treated@with@a@thiophosphate ・ type@metal@primer ， 

REFERENCES 

l)TakeyamaM,K ㏄ hibutiS,N 荻 abay 雙 hiN,M 然 uh 打 aE:S 憶 dieson  dentalse Ⅲ curingresins(17) 

・ Adhesion  ofPMMA  with  bovine  enamelofden ㎡ alloys-. ノみ れ Soc  De 功力 2 円 ぴ M 屋 ， 工 9: 179-185 。 

1978   

2)Om ℡ a  I,Y 百 Ⅱ lauchiJ,N 架 aseY,UemuraF: リ ン れ P ぴぁ 7i3 ヵ 9 ぱぴれ e Ⅹ 携佛媛れ e ぱ P 口才 8 れォカ月夕 ん c0 ガ oH,58.21607, 

1983   
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  Fig.l-1  4-meth ㏄ げ Ioxyethylt 「 dmelli 仮 ， temhydnde(4-M 朋 TA)and 
tri-butyl@borane@(TBB)   

Table  I-I  C0mposmom  ofden ぬ IaIloys   

Au@ Pt@ Pd@ Ag@ Cu@ Zn@ Sn@ In@ Cr@ Ni@ Co@ Fe@ other 

晦 " Ⅳ ' 。 '   10 Ⅰ A   

l4Kr 『 鵠 ． 33     la.7 23.97   

㎏ -P 轄 は   20  %  Ⅰ 0     
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Chapter@2 

RELATIONSHIP@OF@BONDING@STRENGTH@AND@ALLOY@SURFACE 
STRUCTURE 



Chapter・ RELATIONSHIP＾F。ONDINGヾTRENGTH、ND、LLOYヾURFACEヾTRUCTURE 

2.1-1@ Introduction 

There@are@numerous@studies@that@have@been@made@on@the@adhesion@to@dent8@   alloys;@pioneering@work@by 

T ㎝Ⅰ目色 onNi-Cr ㎡ loysl-3) ㎝ ldgoldalloys4);s ぬ diesonNi-Cralloys5-9),Co.Cralloys5,9-16), 町 ldprecious 

metal@alloys@ Q@Q@11@2TT¥ ，， ，   There@are@several@surface@pre ・ treatment@methods@for@Ni ・ Cr@alloys:@immersion@in 

concen 甘 atedHNo3solu 廿 on  a 丘 eretch 苗 g  wlth HCl3@（mmersion（n《olutions…ontaining‖n｛xidizing agent 

㎡ ters 荻 ld-bl ㏄ ting5,7);etching  紋 ad  passiva は ng  by  町 nelec 甘 ochemicaImethod6), ㎝ ld  spr は alying  ofmolten 

metal@on@the@alloy@surface@ ・ These@methods@increase@bond@strength@by@increasing@the@mechanical@retention 

and@ chemical@ affinity@ between@ the@ adhesive@ and@ alloys ， However ， it@ is@ necessary@to@ distinguish@the 

con 甘 ibu Ⅱ on  of  伍 ese    tWo  e 丘 ects,mechm Ⅰ c 杣酊 ld  chemical,to  evalu ま e  how  the  alloy  s ℡ 千 ㏄ e  s 甘 uc 抽 Ⅱ e 

improves@the@resin@adhesion   

The  prese 血 s 杣 dy  repoHsthe  a 曲 erence  of 血 e  4% 伊 TA  resin  to  the  alIoy  with  t 血 ee  d 血 erentsur 俺 ce 

condi 位 ons,  ㏄ -po Ⅱ shed,  concen 甘 ated  HNO3  %eated,  md  oXidized  at  hi 睡 tempera 柚 res  to  evaIuate  the 

bonding@strength@without@mechanical@retention   

Thebonding  s 丘 en 酊 hofthe4.h 代 TA  resintothebasemetaIalloysw 捧 me ㏄ ufedbyatensiletesta 丘 er 

the@bonded@specimens@had@been@su6ected@to@thermal@stress@by@the@thermal@cycle@method@using@liquid 

ni 丘 ogen. The  evaluation  of  the  adhesive  abiH ゆ w ㌍ made  on  the  b 養 is  0f  the  bonding  s 甘 en 國 h  md 

obserVattion  of 丘 ac 加 reappem ㎝ lces   

2.1-2 Materials‖nd｀ethods 

A・ ・ Cr‖lloy‖nd‖・ ， The‖lloys『ere｝repared｜y 

me Ⅲ ng  puremetals0fpu Ⅱ ゆ beHerthm  g9.99%  in  m  dumina ℡ mlmm 且憶 beunderm  mgona ㎞ osphere 

Ⅸ ing  ah 憶 h  丘 equency  市 duction  ぬ mace.ThealloyswerecM  imo  smallchipsmdthechipsweresoldered 

to  ㎝ 118-8  stainlesssteelrod  た旺 Sshown  in  Fig,2. Ⅰ・ 1   

The@Co ， Cr@alloy@specimens@were@polished@metallographically@to@eliminate@mechanical@factors@affecting 

the@bonding@strength@and@the@specimens@were@subjected@three@surface@treatments:@polished ， oxidized@for@5 

mmn  mn  airat300 。 C,md  500 。 C.Thereweret 玩 eedi 什 erentsun ぬ cestates ぬ TtheNi.Cralloy: 養 -polished, 

concen 丘 ated  ⅢⅠ 03%e 荻 ed,md  oXidized  飴 r5  min  at300 。 C  in  劫 r.The  concen は ated  E Ⅲ 03%eated  s ℡ 俺 ce 

was@obtained@by@immersing@the@specimen@for@15@min@in@concentrated@HNos@solution@at@room@temperature   

The@specimens@were@stored@in@a@desiccator@with@silica@gel@before@the@adhesion@experiments   

The  alloy  specimen  md  a  5  mm  0  18-8  stainlesssteelb № ck  were  a 鵠 ached  w れ h  山 e  4-M4ETA  resmn  飴丘 

tensile@tests@to@measure@the@bonding@strength@as@ shown@in@Fig ， 2.1-1.@ Figure@2.1-2@ shows@the@ adhesion 

app 打 な れ騰 with  a  micrometef,which  w ㌍ used  椅 rtWwo  pu や oses:to  a 甘 ach  the  stainlesssteelrod  ve れ ically  to 

the@stainless@steel@disk@surface@and@to@maintain@a@constant@50 。 um@thick@resin@layer ， The@effect@of@the@excess 

resin@at@the@point@of@adhesion@on@the@bonding@strength@can@be@eliminated@by@Scotch@Tape@on@the@stainless 

steel‥isk   
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Chapter・ RELATIONSHIP＾F。ONDINGヾTRENGTH、ND、LLOYヾURFACEヾTRUCTURE 

Thetensiletest 騰 rthe  bonding  s 仕 en 國 h  me 億 Ⅳ ementsw 盤 c 荻 Tled  outa 丘 erkeeping  mhe  specimens 俺 

room  temperamre 飴 r24  ぬな爪 erthea 田 lesion  treatment.Thetestw ㏄ peMommed  on  atesting  machinewith 

a@cross@head@speed@of@2@mm/min 。 after@inserting@a@U@shaped@piece@in@the@groove@of@the@st8nless@steel@rod 

(Fig ， 2.1-1)@and@placing@the@test@piece@in@the@jig@of@the@tensile@test@shown@in@Fig ， 2.1-3.@Before@testi   g,@the 

specimen@was@su5ected@to@20@therm@@   cycles@from@liquid@nitrogen@(-196oC)@to@water@(40oC)@alternately@for   

min  each.The  丘 acmred  area  w ㌍ obserVed  by  a  pro 且 le  prqectora Ⅱ erthetest   

2.1-3 Results 

Fo 乙 i1 ぴれ 8 巧妙 召ぢ 4%d ム o れめ れ 9  8 か 9 れ ぎ地 o/Co-C ァメ Ⅱ 0 ノ 

Figures2.14,2.1-5.md  2.1-6  町 ethe  me ㏄ ured  bonding  stren 國 hs № rthetensiletestobtained  丘 om 

山 ree  sur ぬ ce  sta 穏 s  of  Co-Cr  alloy,the  aS-poltshed  su ぬ ㏄ e, 荻 ld  the  sur ぬ ces  o 蛆 dized  ぬ r  5  min  in  airat 

300oC@and@500oC ， respectively ・ The@values@ in@the@left@and@right@halves@of@each@figure@ are@the@bonding 

s 丘 en 額 hs  w れ hout (no.the 皿杣 cycle)  ㎝ d  wRh  れ児 th 飢 nl 刮 cycles. The  ho ㎡ z0ntal l ㎞ es  ㎞ the  丘 gures 

indicate  the  average  ofthe  repeated  values.The  丘 ac 拍 re  appe 町町 lce  w 俺 cl ㌍ si 丘 ed  養 shoWn  市 Table  2.1-1: 

Type@I@is@a@failure@in@the@resin@(cohesive@failure);@Type@II@is@partly@a@cohesive@failure@and@partly@an@interface 

俺 Ⅱ ure 柑 the alloy s ℡ ぬ ce; Type III is acohesive ぬ ilure mdi ㎡ er 俺 ce 伍 ilure atthe periphe け ofthe 

adhesion  tothealloy  sur 把 ace;T Ⅰや eIV  isamiX 出 WeofT)TesII 荻 ld  ll1 ㎝ ldT Ⅰ 甲 eV  isto ぬ linter 俺 ce 俺 Ⅱ ure   

The  bonding  s 仕 en 睡 h  椅 rthe  ㏄ -pollshed  sur ぬ ce  (Fig.2.1-4)issimil 町 fofboth  the  no-thermlalmd 

therm8@   cycle@specimens ・ Without@the@thermal@cycles,@the@specimens@show@only@Type@I@failure ， while@with 

the@thermal@cycles@there@are@5@Type@III@f8lures@in@addition@to@the@Type@I@failure ・ On@oxidized@specimens@at 

300 。 C@ and@ 500oC,@ the@ bonding@ strengths@ without@therm8@   cycles@ were@ similar@to@ the@ specimens@ with 

as ， polished@surfaces@and@all@the@failures@were@of@Type@I@except@for@a@few@cases@of@Type@II@and@III@failures   

A Ⅱ erthe  thermaIcycle  treatnlent,the  bonding  s 仕 en 國 h  decre ㏄ ed  signi Ⅱ cmtl 払 there  w ㏄ a  wide  sca は edng 

ofvalues,md  皿仮 lureswereofTWeIII   

Figure  2.1-7  showsthe  rela Ⅱ onsMp  be 仮 Ⅴ een  the  bonding  streng 廿 1,  ノ ， and  the  肝 ea  丘 ac Ⅱ on,  Ⅹ， of 

interface@failures@at@the@periphery@obtained@from@specimens@subjected@to@the@thermal@cycles@in@Fig ・ 2.1-6.@It 

isrepresented  by  equation  (2.1-1)     

ソニー 6 Ⅹ 十 43.5  --.....------------- (2.1-1) 

E4 ガ Mre ルタ eS 移れ dBo れ di れ 9  ぷヤ 9 れ 9%  0/ Ⅳ㌃ Cr メ 770 ノ 

Figure  2.1-8  is  the  bonding  s 旺 en 回 h  obtained  丘 om  the  Ni-Cr  alloy  specimem  with  養 polished 

sur 俺 ces,Without ぬ ethemlalcycles 。 theaveragebonding  s 捷 en 虹 h  w ㏄ 38.2M 任 aanldtheobserVed ぬ il ℡ es 

are@of@Types@I@and@II ， while@with@the@therm@@cycles@the@specimens@showed@interface@f@lure@at@the@periphery 

(Types@III@and@IV)@with@lower@average@bond@strengths ， 32.2@MPa ・ Figure@2.1-9@shows@the@bonding@strength 

md  ぬ llure  ゆ pes  ob 材 ined  f 「 Om  the  Ni-Cr  alloy  specimens  with  surfaces  甘 eated  by  concen 廿 ated  HNO3 

soIu Ⅱ on.The  bonding  s 仕 en 摩 hsw Ⅱ h  ㎝ ld  withoutthe  themmalcycleswere  38.1M 虹 la 荻 ld  40.2  N 化軋 here 
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were  no  s ぬ廿 s 廿 ca Ⅱ y  sign 二五 cmt  di Ⅱ こ rences.Adhesive  ability  w ㏄ eXceIlent  bec な use  the  strengT  did  not 

decrease仝th》he》hermal…ycles‖nd‖ll’ailures‖reゝype！ ・ Figure・ ℡   ts｛btained’rom 

theNi-Cralloy  specimensoXidized  at300 。 C.Wjlthoutthefmalcycles,thebonding  s 廿 en 郵 h  w 俺 33.8  h 仲 a 
thatw あ lowerth 荻 l 館 -p0 Ⅱ shed  町 ld  俺 Ⅱ ureswere  ofType  IIin  l2  ofl8  tests.Fu れ her, な爪 erthe  thermal 

cycletreatmentthe  stren 鯨 h  decre ㏄ ed  to  24 。 7  N 皿 a  md  俺 Ⅱ ureswere  ofT 睡 e  IIImd  IV, 

2.1-4 DiscusSon 

メ沸 ㏄ 庇メぁ ifi ヶ 0/ イー MET ℡ Res 帝 to  Co-Crr  ノ 770 ノ 

The  main  飴 cto Ⅱ a 什 ected  on  the  bond;ng  s 丘 en ま h  isn0tthe  s 廿 en 額 h  ofthe  covale 血 bond  ofPMM 人 

but@inter ， molecular@forces@(hydrogen@bonds@and@Van@der@Waals@forces)2@ ・ However ， when@failure@occurs@in 

the〉esin ， the｜onding《trength（s］ot》he’ull（nter ・ molecular’orce｛f‾MMA ， There（s’actors2@（n》he 

adhesive@resin@layer@which@reduce@the@bonding@strength@below@the@total@intermolecular@force@of@the@resin   

These@include@air@bubbles ， variation@in@the@monomer ， polymer@ratio ， impurities ， and@low@molecular@weight 

components ， These’actors‖re…onsidered》o…ause》he『ide《cattering（n｜ond《trength」alues’or》heゝype 

I 俺 i1I 汀 einFigs.2.1-4-2.1-6   

In@the@adhesion@tests ， the@different@surface@states@were@clearly@shown@by@the@thermal@cycles ， Without@the 

therm8   cycles》here『ere］o・ ・ poihed‖nd｛xidi   ed《urfaces ・ For》he｛Xdied 

surfaces@subjected@to@thermal@cycles ， interface@failure@occurred@at@the@periphery@of@the@adhesion@(Type@III) ， 

and@bonding@strength@decreased@with@increasing@area@fraction@of@the@interface@failure@as@shown@in@Fig ， 2.1-7   

Even『ith》he》hermal…ycles,》he‖s ・ polished《amples‥isplayed］o…hanges（n｜onding《trength,《howing 

that@the@as ・ polished@surfaces@were@superior@for@adhesion   

In  a  bu は joi 血 ㏄ in  the  pTese 血 s 抽 d エ thermalstress  gene 甘 ated  in  m  adhesive  isconsidered  to  be  a 

血 nction  ofboth  dma コ @neter 肛 ldthic ぬ lessoftheadhesiveIayerwlththelar は es 甘 essattheperiphery  mld  zero 

at》he…enter｛f‖dhesion       ・ Cracks‖t》he〉esin/alloy（nterface｝ropagate’rom》he｝eriphery》o‖｝oint 

where》he》hermal《tress｜alances『ith》he‖dhesive’orce ， resulting‖ゝype！II’8lure   

ノ花 ㏄ 7Vve メ 加ん 伊 0/4-MEg 別人㏄ 伍 to Ⅳ㌃ Cr メ沖 0 ノ 

In@the@case@without@thermal@cycles ， the@as@polished@and@HNos@treated@specimens@did@not@show@clearly 

di 億 erent  bonding  s 仕 en 國 hs,  ㏄ shown  in  Figs.  2.1-8  and  2.1.g.  Di 什 erences  of  su ㎡ ace  states,  however, 

appe 町 ed  in  the  ぬ ilu Ⅰ e  ゆ Pes  because  the  何 lu Ⅰ e  Ⅳ pe  偽 Ⅱ the  ㏄ -polished  su Ⅱ ぬ ce  w ㏄ Types  I ㎝ ld  Iland 

0nIy  乃 Pe  I 偽 Ⅰ 田 e  concen 甘 ated  田 Ⅰ 03  tre 荻 ed  sur 俺 ce.Fu れ her,the  俺 2lure  呼 pes  clearIy  showed  thatthe 

adhesive  abili ゆ騰 Tthe  HNO3 な eated  sur ぬ ce  w ㌍ supefiorto  that ぬ rboth  the  ㏄ -polished  md  oxidized 

surfaces ， Observation｛f’ailure》ypes（s（mportant》o‘valuate》he‖dhesive‖b*iy｜ecause’racture》ypes 

rather》han》he｜onding《trength《ensitively〉eflects》he《tate｛f》he‖loy《urface   

Co 佛タ才な 0 れ S わりれツ ee れメづ乃 bgsive 力ぁ ili ケ to  Co-Cr 乙れば Ⅳ㌃ Crr ノ l10 レり 

Without》he》herm8   cycles ， there『ere｛n Ⅰ   Type！’8     Ⅰ   re（n》he，o ， Cr・   Ⅰ   y・   ・ 2.1-4)‖nd｜oth 
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Chapter@2@ RELATIONSHIP@OF@BONDING@STRENGTH@AND@ALLOY@SURFACE@STRUCTURE 

TWeslmd  Ilin  theN ㌔ Cralloy  (Fig.2.1-8).The  appe 頒 mce  ofTWe  II 飴 Ⅱ ures  showed  thatthe  alloy 

surface@of@the@Ni ・ Cr@alloy@was@inferior@to@the@Co ・ Cr@alloy@for@resin@adhesion ・ Dfferences@in@the@alloy 

surface@states@were@clearly@shown@by@the@failure@types@after@the@thermal@cycles@although@the@bonding@strength 

was@nearly@equal ・ There@are@several@reports@on@adhesion@of@4 ・ META@resin@to@Co ， Cr@8loys@showing@two 

different@results:@one@report@that@Ni ・ Cr@alloys@are@superior@to@the@Co 。 Cr@alloy@@and@others@report@the 

oppos れ e17).The  presents 抽 dy,which  eXm Ⅱ ined  only  chemical ㎝ ld  n0tmech8%ical ぬ ctorsin  the  adhesi0n, 

showed@that@the@Co ， Cr@alloy@was@superior@to@the@Ni ・ Cr@alloy ・ The@failure@types@and@bonding@strength 

indicated@that@the@adheSve@ability@was@lowered@by@oxidizing@the@Co ， Cr@and@Ni ， Cr@alloys   

2.1-5  Conclusions 

The@adhesion@of@4 ・ META@resin@to@Co ， Cr@and@Ni ・ Cr@8   Ⅰ   ys@was@examied@by@a@tensi Ⅰ   test@with@and 

w 廿 ho 血 themlally  induced  s 仕 ess,Theresin  b0nd  士 0  the 養 -po Ⅱ shed  sur 俺 ceofC0-Crmd  N ㌔ Cralloysis 

stronger@than@that@to@the@oxidized@surfaces ， The@thermal@cycles@caused@clear@differences@in@the@surface@states 

that@affected@the@adhesion ・ The@adhesive@ability@of4 ， META@resin@to@Ni ， Cr@alloy@improved@remarkably@when 

the@alloy@surface@was@treated@by@concentrated@HNos@so Ⅰ   tion ， Adhesion@to@the@alloy@surfaces@treated@by 

concentrated@HNos@was@excellent ， comparable@with@as ， polished@Co-Cr@alloy ， and@was@resistant@to@protects 

aganst@thermal@cycling@using@liquid@nitrogen ・ The@bonding@strength@of@the@4 、 META@resin@to@the@Co ， Cr@and 

Ni-Cralloyswillbediscussed  on  me ㎎℡ ed  bonding  stren 摩 hsmd  deta Ⅱ softhealloy  su Ⅰ ぬ ces 面ュ cmrein 

the@next@section   
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Fig ， 2.1@-4@ Results@of@bonding@strength@measurement 
obta 而 ed  丘 om  specimensbonded  to  田 e ㏄ -p 刮 ished  Co. 

Cr@alloy@surface ・ The@left@side@shows@the@bonding 
strengths@without@thermal@cycles@(no ・ thermal@cycles)@and 
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No ・ thermal，ycles 
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Repeated｀easurements 

Fig ， 2.1-6@ Results@of@bonding@strength@measurements 
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Chapter・ RELATIONSHIP＾F。ONDINGヾTRENGTH、ND、LLOYヾURFACEヾTRUCTURE 

2 。 2  Su 『 億 ce  St 『 uctum  of 

2.2-1  № 窩 oduc Ⅱ on 

A@detailed@understanding@of@the@mechanism@of@adhesion@would@enable@us@to@specify@alloy@surface 
s 血 ctureswhich  would  ensure  s 甘 ong  adhesion  to  the  resin  a Ⅱ d  also  to  estab Ⅱ sh  guidelines  № rboth  由 e 

developmentofall0ysmd  prep 町 a Ⅱ on  ofalloy  su ㎡ acesto  0b ぬ ㎞ s 丘 ong  bondswith  theadhestve  resin.To 

clariy@the@ relationship@ between@bonding@ strength@and@ alloy@surface@ structure ， the@alloy@ surface@ was 

ch 肝 acter ラ ed  by  feflection  elec 廿 on  dlm 丘 ac 廿 on  町 ld  ESCA 、 Ⅵ ほ th  ESCA  the  chemicalstate  ofthe  atoms  cm 

be@determined@in@the@top@several@1@nm@thick@layer@of@a@specimen ， making@ESCA@suitable@for@investigating 

adhesion@phenomena@that@are@sensitive@to@the@surface@state@of@adherend ・ The@adhesive@abilities@described 

secti0n  2,1  町 e  disbussed  on  the  b 酎 sofd 而 erences  in  山 e  sur ぬ ce  s 血ュ c 抽 re   

2.2-2 Materials‖nd｀ethods 

田地 ceTr 囮沖 。 "f が 刀勧 $ 

The@70@mass%Co-30%Cr@and@70@mass%N-30%Cr@alloys@specimens@were@polished@metallographically 

md  given  t 丘 eed 丑 ere Ⅲ surr ぬ cetre 甜 ments:polished  only,oxidized  ぬ T5  min  in  airat300 。 C,or500 。 C   

TheHNo3%e 酊 mentw ㏄ per №Ⅰ med  by  immersing  伍 e ㏄・ polished  Ni-Crspecimen  in  concentr 配 ed  HNO3 

(60%)@solution@for@ 15@min@at@room@temperature ・ Both@the@as ， polished@and@concentrated@HNos@treated 

speomens@Wore@Fnsed@with@distilled@W3ter ， 

R くれ ecfto れ E Ⅰ hgc かり れ D 田 カナロ c ガ 0 れ 乙 れみ 百は C スメれ d%s 恭 

The@alloy@speci   ens@were@kept@in@a@silica@gel@desiccator@for@2@hr@before@reflection@electron@diffraction 

and@ESCA@measurements ・ Reflection@high ・ energy@electron@diffraction@patterns@were@determined@with@an 

elec 甘 on  microscope  wEh  l00  kV  acceIera 血 ng  voI 枝 lge.  The  came Ⅱ a  cons 億 Ⅱ t  w 養 ca Ⅱ b Ⅰ ated  w は h  the 

transmission@ diffraction@ pattern@ of@a@gold@ film@ immediately@ before@ and@ after@ observing@the@ reflection 

patterns ， The@compounds@on@the@alloy@surface@were@identified@from@the@JCPDS@card ， index@on@the@basis@of 

the  meaaSured  spac 打 Ⅰ 9   

The@ ESCA@measurements@ of@the@three@ different@ surface@ states@ were@ performed@using@ an@ electron 

spectrometer@(Shimadzu@ESCA-850)@ with@Mg@Ka@radiation@(1,253.6@ eV) ・ The@binding@ energies@ of@the 

measured@photoelectron@peaks@were@calibrated@by@the@C@Is@peak@of@hydrocarbon@contamination@at@a@binding 

energy@of285.0@0.2@eV ， The@alloy@surface@was@subjected@to@argon@ion@etching@at@2@kV@and@20@mA@under@a 

pressure@of@5x10 。 4@Pa@@@   the@spectrometer ， The@etching@rate@was@about@0.1@nm/sec@under@these@etchig 

conditions ， The@ESCA@measurements@and@argon@ion@etching@were@performed@alternately@to@deter Ⅲ     ne@both 

the@amounts@and@chemical@states@of@the@elements@in@the@depth@direction ， The@chemical@shift@of@the@Cr@and@Ni 

spectra  w 養 me ぬ ured  on  the  basisofthe  pe 荻 position  ofme 卸 lie  sMesafHerthe  は gon  ion  etching.A 

standard@sample@of@Crzos@was@obtained@by@heating@Cr@of@purity@better@than@99.99%@at@300@C@in@air ・ A@Nio 

s 撫 d 町 d  smplew 養 notused  becauseNio  isreducedby  the 荻は on  ion  etching  l)   
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The@amounts@of@Co 。 Cr ， N@     and@0@were@computed@accordig@to@equation@(2.2 ， lf¥@The@intensity@of@a 

photoelectron,@ N,@W@ich@is@ejected@from@a@shell@in@an@element,@ ・ a ， ,@in@a@thick@specimen@is@expressed@by     

Ⅳ毒ハ 几 ・ れ "  . ヴ ・ え ・ $  @NM@------------ (2.2.1) 

where@ NQ@ is@a@constant,@ n@@ the@amount@of@atom'a'per@unit@volume,@ cr@ the@photoelectron@cross@section, 

九 the  mem. 荻 ee  path,mld  S  a  spec 甘 omete Ⅱ ぬ ctor.In  the  present  smdy 。 the  photoelec 旺 on  intensi ゆ of 

each  elementw あ me ㏄℡ ed  丘 om  thepe 杣こ町 e 億 ofCo  2p3 ほ ， C Ⅰ 2pI ね， 3 ほ ， O  1s 。 ㎝ ld  C  ls.ForeX 荻 Ⅱ ple,the 

concentration@ofCr,@ Ccr,@is@expressed@by@equation@(2.2-2)     

Ccr Ⅰ れひ /( れ co+ れ cr+ れ 0+ れ 。 )1--dII-I--------I--- (2.2.2) 

where  れ c0 ， れ cr,  れ 0, ㎝ d  れ c  町 ethea 皿 0u 血 sofCo,C ㌔ O, れ Ⅱ dC  c 田 culated 丘 om  equation  (2.2-1).The 

quantitative@error@in@the@calcuatins@is@estmated@to@be@@5-3Q% ・ i¥@Quantitatie@v8ues@obtained@from 

equation@(2.2-2)@were@separated@into@the@metallic@and@oxidation@states@ of@Co@and@Cr@by@subtracting@the 

metalllcs ぬ tecomponent 丘 om  血 eme ㏄ ured  spec 甘 um   

2.2.3  %esults 

2.2-3.1@ Co ， Cr@alloy 

化 くれ ecf7o れ E Ⅰ hgc か 0 れ Dw ガナ 巳 cfio れ 

Fig Ⅱ res2.2-l(a)md  (b)show  血 ere Ⅱ ection  eIec 仕 on  dif 田㏄ 仮 on  pa は emsobtained  丘 om  thesu ㎡と cesof 

the@as ・ polished@and@500aC@oxidized@specimens ， The@pattern@of@the@diffraction@rings@in@the@specimen@oxidized 

布 300 。 C  w さ simil 打 to  Fig. 2.2-l  (b)  杣 thou 睡 more  di 伍 lse. There  were  no  di 伍 action  hngs  in  (a), 

indic 桶 ng  th 村 the  公 -po Ⅱ shed  su ㎡ acew 養 cove 叶 ed  w は h  m  町 n0 皿 hous Ⅱ Im.In  Table  2.21l,the  obsewed 

lattice@spacings@and@intensities@of@the@diffraction@rings@in@(b)@are@shown@together@with@the@data@for@60304 

from@the@JCPDS@card ・ index ， indicating@that@the@oxidized@specimens@were@covered@with@Cos04.@There@was 

no@identification@lattice@spaci   g@at@'X 。 in@the@table,@however,@the@diffraction@intensity@of@the@substance@was 

verywe 杣 (,indicatingtha 土 thefeison け asmall 酊 Ⅱ ounlt   

ESCCA  Md を口耳 ぴ remen ぬ 

Figure@2.2-2@shows@the@Co@2ps/2@spectrum@(a)@and@the@Cr@2p¥a ， 3/i@spectra@(b)@obtained@at@different@depths 

ofthe  ㏄ -polished  specimen  by  v 荻 ying  the  町 gon  ion  etching  time.The  .sur 億 ce.spec 捷 Um  w ㏄ ob ぬ ined 

from@the@polished@surface@without@argon@ion@etching@and@the@20@and@40@sec@spectra@were@obtained@after@argon 

ion@etching@for@20@and@40@sec ・ In@Fig ・ 2.2-2@(a) ， the@binding@energy@of@the@Co@2p3/2@peaks@at@the@2@nm@(20@sec) 

and@4@nm@(40@ sec)@ depth@are@778.7@ eV ， which@indicates@metallic@ Co ， The@ ・ surface ， spectrum@showed@ a 

doublet@with@ a@separation@ of@approximately@ 2.9@ eV ， showing@that@the@ surface@ contained@two@ different 

chemical states: the  Iower  binding  energy  pedCw 養 identIfied  ㏄ me ぬ me  Co  while  the  other  w 榛 an 
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u 血 Ⅱ oW 皿 s ぬ土 e.Figure  2.2-2  (b)shows  thatthere  we 耳 e  no  peaks  eXcept 椅 Ⅱ 伍 e  metallic  Crpe 杣こ a 氏 e Ⅰ 

e 士 ching  飴 r40  sec.Thespec 廿 aob ぬ ined  丘 om  thelmetched  su ㎡ り cehad  a  shouldefindicating  the  me ぬ llic 

state  at574,4  eV  荻 ld  the ℡止血 oWn  state  had  ape 杣 C2.8  eV  higherth 酊 l 田 eshoulderofthemetallic  s ぬ te   

The@unknown@states@of@Co@and@Cr@will@be@discussed@later ， 

Figure@2.2-3@shows@a@set@of@spectra@obtained@from@different@depths@of@specimens@oxidied@at@300aC     

(a)is ぬ rCo2p3/2spectrum  md(b)is 飴 rCr2p1/2,3 ほ ・ In  (a),metallicCow 雙 0btainedbyetching 俺 r120sec, 

w 田 ch  removed  田 e  oxideson  thealloy  sur ぬ ce.Thepe 杣 cattheunetched  sur ぬ cew 盤 1.7  eV  hi 目 lerthm 

the@metallic@state,@and@may@be@attributed@to@Co ・ o Ⅹ     de ・ At@longer@etching@time 。 the@shoulder@on@the@lower 

binding@energy@side@of@the@peak@at@40@sec@developed@to@a@well ， shaped@peak@for@the@metallic@state@at@60@sec ， 

showing@a@mixture@of@Co ・ oxide@and@metallic@Co ， In@(b) ， the@all ， metallic@state@appeared@by@etching@for@180 

sec ・ The@Cr@2p3/2@peak@on@the@unetched@oxidized@surface@lied@2.5@eV@higher@than@that@of@the@metallic@state   

Metallic@and@oxidized@Cr@were@mixed@in@the@80@and@120@sec@spectra ，   

Figu Ⅰ e  2.2-4  shows  由 e  depth  vari 甜 io ぬ of  Co,Cr,md  O  calculated  w れ h  equahon  (2.2-2)  ぬ Ⅱ the 

as ・ polished@specimen ， The@calculation@was@performed@by@including@adsorbed@carbon@that@is@not@shown@in 

Fig ・ 2.2-4.@The@concentrations@at@etching@time@zero@are@those@of@the@surface@before@etching ， The@Co@and@Cr 

concentrations@became@constant@after@etching@20@sec@and@oxygen@decreased@remarkably@with@increasing 

etching@time ・ The@concentrations@of@Co@and@Cr@in@Fig ， 2.2-4@were@obtained@from@the@mixture@of@the@metallic 

md  ㎝ ぬ noWm  states  shown  in  Fig.  2.2.2.  Ⅲ le  沖 ， 0  s ぬ tes  could  be  sep 荻 ated  md  their  concentrati0ns 

detem ぬ ned.Fo Ⅰ eXampIe,thespec 仕 a 丘 om  thespecimen  ㎞ Fig.2.2-3  (b)at80  seccouldbesep 打 ated  into 

the  憶 /o  spec 丘 a  億 sh0wn  in  Fig.2,2.5:me ぬ l Ⅱ c  ( 丘 ne  so Ⅱ d  Ⅱ ne)  ㎝ d  C ト oXide  (do は ed  Ⅱ ne), The  打 ea 

fraction@gives@the@concentration@of@the@two@states ， The@concentrations@of@Co@and@Cr@in@Fig ， 2.2-4@could@be 

separated@into@metallic@and@unknown@states ・ Separated@concentrations@of@Co@and@Cr@show@in@Fig ， 2.2-6@(a) 

and@(b) ・ The@metallic@and@unknown@states@of@Co@and@Cr@were@present@at@the@surface@(etchng@time@zero) ・ The 

concen 什 なば on  ofthe  Co  ㎞ o Ⅶ state  becme  zero  atthe  depth  reached  a 且 eretching  飴 r20  sec,when  the 

u 荻 nown  Crstatereached  a  m Ⅸ imum.The  Hlm  thic ㎞ esson  田 e  as-polished  sur 俺 cew 養 2-3  m Ⅱ㏄ the 

etching@rate@is@about@0.1@nm/sec   

Fi   ure@2.2-7@shows@the@concentrations@of@Co ， Cr ， and@0@in@the@depth@direction ， for@spe0mens@oxidied 

荻 300 。 C  .  In  the  same  mmmer  ㏄ in  F 憶 ・ 2.2-5 。 the  concen な ations  in  mg.2.2-7  can  be  sep 町 ated  into 

meta 田 cmd  oXidized  states ㏄ sholA0lin  Fig.2.2.8  (a) № rCo  md  in  (b) 面 rCr.TheCo.oXidew 榛 richat 

the@surface ， while@Cr ・ oxide@reached@a@maximum@at@the@depth@equivalent@to@60@sec@etching ・ The@oxide@film 

was@about@12@nm@thick@and@contained@metallic@Co@and@Cr@from@3-4@nm@into@the@specimen   

2.2-3.2@ Ni ， Cr@alloy 

R 瓠 ecfion  E 尼 。 加れ D 綻 ac ガ o れ 

Figure@2.2-9@ (a)@ shows@the@reflection@electron@diffraction@pattern@obtained@ from@the@surface@ of@the 

as 。 polished@specimen ， In@Table@2.2-2 ， the@observed@lattice@spacings@and@intensities@of@the@diffraction@ring@are 

shown@together@with@data@obt8ned@from@the@Ni 、 Cr@8   Ⅰ   y@powder@by@the@Debye 、 Scherrer@method ・ Except@for 
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weak@222@ and@400@ reflections ， the@observed@ lattice@ spacings@ and@ intensities@ coincided@ with@the@X ・ ray 

dif 五 action  in  the  strong  intensity  re 且 ectlons 。 show ㎞ g  thatthe  elec 廿 on  di 用 r ㏄ ton  pa 甘 em  di 托 racted  丘 om 

the‖lloy《ubstrate ・ Figure・ 

specimen@oxidized@at@300oC ・ It@was@impossible@to@precisely@measure@the@lattice@spacings@from@the@very 

diffuse@diffraction@pattern@which@showed@an@extremely@thin@oxide@layer@formed@on@the@alloy@surface ・ The 

alloy《pecimen『as”eated’or・   

2.2-9@(c) ・ Both@the@patterns@in@(b)@and@(c)@were@considered@to@be@the@same@diffraction@patterns@from@the 

coincidence@of@both@the@ring@sizes@and@intensities ， Table@2.2-3@ shows@the@observed@lattice@spacings@ and 

intensities｛btained’rom》he｛xidized《pecimen・ ・ 2.2-9・   

ESC Ⅸ A 必 e 口占 ぴ e 肌色 れ甘   

Figure・ shows・ ， 3/2《pectra, (b)》he・ Is《pectra,‖nd・ spectra 

obtained‖t‥ifferent‥epths｛f》he‖s ・ polished《pecimen,｜y」arying》he‖rgon（on‘tching》ime・ ・ The・ 

min@spectrum@was@obtained@from@the@polished@surface@without@argon@ion@etching ・ In@(a) ， the@peaks@of@the 

binding@energy@at@574.3@eV ， obtained@by@etching@for@2.7@min ， indicated@Cr@2pa/2@from@the@metallic@state ・ The 

Cr・ ， polished《urface『ithout‘tching・ 

than@the@metallic@ 574.3@ eV@peak@and@a@shoulder@at@574.3@ eV ， indicating@that@the@surface@contained@two 

6fferent@chemi   al@states@of@Cr:@the@ Ⅰ   wer@ Ⅰ     n4ng@energy@shoulder@was@identiied@as@metallic@Cr@while@the 

otherw 養 m  Ⅰ 血 mowns ぬ ， teinap ㏄ sive Ⅱ lm  whichwiIlbediscussedIater, The0  lsspectrum  in(b) 

obtained  丘 om  the  metched  sur 伍 ce  had  a  pe 荻 at  531.8  eV  飢 d  a  shoulder  l.5  eV  lowef  thm  the  pe 荻 ， 

shoWng@different@chemical@states@of@oxygen ， By@etching@for@0.3@ ℡     n ， the@peak@at@531.8@eV@disappeared 

rapidly‖nd》he《houlder｛n》he〕ower｜inding‘nergy《ide‥eveloped（nto‖《mall｝eak ・ The｛ls《pectrum 

disappeared｜y《ubsequent‘tching ， Metallic¨i『as（ndicated｜y》he｝eak‖t・ 

(c) ・ The@unetched@surface@(0@min)@had@a@peak@at@852.8@eV@of@the@metallic@state@and@a@shoulder@3.2@eV@higher 

than@the@metallic@one ・ The@depth@variation@in@the@concentrations@(at%)@of@Cr ， 0 ， and@Ni@for@the@as ， polished 

specimen（s《hown（n：ig ， 2.2-11.『here｛xygen‥ecreased《harply‖nd¨i（ncreases｜y‘tching’or・   

Figure 2.2-12 shows a set of《pectra obtained from different depths of‖ specimen treated by 

concentrated@HNos;@(a)@is@the@Cr@2p@1/2,3/2@spectra ， (b)@the@0@Is@spectra ， and@(c)@Ni@2ps/2@spectra ・ Compared 

with@the@as ， polished@spectra@(Fig ， 2.2-10@(a)@and@(b)) ， there@were@a@difference@in@the@intensity@ratios@at@the 

metched  sur ぬ ce, № ra  peak  荻 577.3  eV  or576.8  eV  md  a  shoulder 甜 574.3  eV  in  the  Cr2p3 ほ spect ㎝ m; 

and@for@a@peak@at@530.1@ eV@and@a@shoulder@at@531.6@eV@in@the@0@ Is@spectrum ・ These@differences@Wll@be 

discussed@later ・ Figure@2.2-13@shows@the@concentration@variations@ofCr ， 0 ， and@Ni@in@the@depth@direction@for 

the@specimen@treated@by@concentrated@HN03@solution ， At@the@unetched@surface@(0@min) ， concentrations@ofCr 

md  川町 e  25%  ㎝ d  13%  № rthe  concen 牡 ated  HNO3  treated  specimen  versus  the  l7%  ㎝ d  21%  わ rthe 

as ・ polished@specimens@(Fig ， 2.2-11) ， It@indicated@that@Cr@concentrated@at@the@alloy@surface@by@treatment@with 

concen 仕 ated  HNO3solu Ⅱ on.WEh  町 gon  ion  etc ㎡ ng,the  oXygen  concentra Ⅱ on  in  Fig.2.2-13  decre ㏄ ed 

slowerth 荻 lin  Fig. 2.2.11, indica ㍽ ng  thata  thickerp 養 sive  且 lm  わ Ⅰ med  on  the  alloy  su ㎡ ace  a 且 efthe 

l7 

 
 

 
 

 
 

 
 

 
 



Chapter2  %LATIONSHIPOFBO № ING  ST 蛆 NGTH  佃 D  虹 LOY  SU 皿 ACE  STRUCTU 蛆 

concentrated@HNos@treatment   

2.2-4@ Discussion 

C 竹れⅠ 乙 c 旭れ z リ ガ 0 れ 2 Ⅰ 妨 e  Co-Cr メ Ⅱ 0 ノガぴ弓侮 ce 

Table・ A・B・ ， of‘nergy 

Ⅰ   vo   (2p3/2)『hich”ave｜een〉eported’or，o‖nd，r ・ Tab Ⅰ   2.2-5《hows》he…hemic8   shfts, A・B,’or，o 

2P3/2 ㎝ ld  Cr2p3/2,obtained  in  thissTudy  丘 om  theth 蛇 eall0y  sl Ⅱ 俺 ces, 恭 -po Ⅱ shed,o 対山 zed  沌 300 。 C  ㎝ ld 

oXdized@at@500oC@8l@before@argon@i   n@etchng ， Comparing@Tables@2.2-4@and@2.2-5.@the@oxidati   n@states@of 

億 eunk Ⅱ ownpe 杣鍵 inFig.2.2-2(a ㌻ polishedsurface) 町 eiden 田丘 ed ㏄ divale Ⅲ (11) № rCo 荻 ldtnivale 止 

(Ill)@for@Cr ・ On@the@surface@oxidized@at@300aC ， Co@can@not@be@identified@as@Co@(III)@or@Co@(II+III)@fro@@ A@EB 

because@both@Co@chemical@states@are@very@close@3S4) ， The@chemical@states@on@the@surface@oxidized@at@500oC 

were》he《ame‖s》hose｛xidized‖t・ ， Reflection‘lectron‥iffraction（dentified‖n‖morphous〕ayer｛n 

the 公 -polished  su 田 acemd  Co304 千 X  ( ㎝ iden 廿伍 ed  compound)on  theoXidized  su 比 ace.Table2.2.6  shows 

田 eresultsobtained  丘 om  ESCA  町 ld  re Ⅱ ec Ⅱ on  elec 甘 on  di 朋 rac Ⅱ on   

The’ilm｛n》he‖s ・ polished《urface｛f》he，o ， Cr‖   Ⅰ   y　   a《o ， cal Ⅰ   d｝assi   e’ilm ， whih・ 

stainlesssteel,Nib ㏄ e  aIloys, 荻 ld  Co  b ㌍ e  alloysco 血 ain 田 g  Cr 甜 a  ce れ ain  conte 血 ・ A  numberofs 抽 dtes 

have@reported@passive@films@on@these@al Ⅰ   ys ， and@proposed@form ℡   as@of@Crzoa ・ Cros5@@CT@oH@ ， Cro@, 

Craos@   CrCoIDs@   2Cro(oH) ・ 3H209) ， and，ro(oH) ， H2010) ， Has@moto‘t‖l ・ have（troduced‖［ore 

general@formula:@Crox(oH)3.2 ， nH20 ， hydrated@chromium@oxy ・ hydroxide11 ， lr) ・ On@stainless@steel@the@film@is 

mo や hous  md  3  to  6  m  thickl20).  Okada  h ㏄ proposed  that  the  surface  struc 憶 re  of  c 計 omium 

electroplating（s‖｛ne［olecule〕ayer｛f》he｛l ， compound…oordinating《ix ， OH‖round‖…entr8   Cr34 ， 14)   

By《tudying》he’ilms’ormed｜y…hromium‘lectroplating ， Uchida‘t‖l ・ found｛H《tretching‖nd？oH 

bending@vibration@by@infrared@absorption@spectroscopy9@@and@they@also@confirmed@the@vaporization@of@water 
in  the  Ⅱ Im  up  t0  240 。 C  by  the Ⅰ mo-g 耳 avimet げ mld  by  the  decfe ㏄ e  in  in 丘荻 ed  abs0 卵 廿 0nl5). They 

concluded》hat》he film structure is the ol ， compound cont3ning zeolitic water（n‖ddition》o Okada ， s 

smlc 憶 re.okamoto  h ㏄ proposed  田 e  stmc 抽 raImode  ofthe  p ㏄ sive  mm  on  staidesssteelin  Fig,2.2-14, 

two@dimensional@inorganic@polymers@which@coordinate@o2- ， OH" ， and@H@o@around@Cr34"@(indicated@as@M)@   

Thusthes 廿 uc 加 reofthep ㏄ sivemm  on  血 e ㏄・ polished  sur 俺 ceof 田 eCo,CraIloy  in  thisstudyw 俺 

considered@to@have@a@structure@which@is@somewhat@more@complicated@than@in@Fig ， 2.2-14.@ The@film@was 

mlo 中 hous, 2-3  nm  thick, md  the  su は ㏄ e  w 盤 rich  in  Co  (D.). In  the  inner  p 抽 ofthe flIm, Co( Ⅲ ) 

decreased〉emarkably『hile，r・ ・ The《tates｛f》he・ ， polished《urface 

c 荻 lbedeterm Ⅱ ined ㏄ ぬ 1lows:Theoxygen  concentfatloninthepassive Ⅱ lm,  C の (pa ㏄ ;Ve),c ㎝ abeobtainedby 

equation@(2.2-3)@from@the@Co@and@Cr@concentrations ， Cco@ stn(@@ Co ・ ， assuming@six@coordinating@-oH@and 

70rH2o 荻 0undC0 ㎝ dCr. 

C 仇 ( 戸 ㏄ si 哺 Ⅰ 3 く (C,C,o+Ccr)                                     (2,2.3) 

The  concentr 血 ons, CCo  md CCc ハ cm  be  ob ㎡ ned  丘 om  Fig.2.2-6  (unkmown  state),The  cdculated 
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md  me ㏄ ured  (Fig.2.2-4)oXygen  concen 甘 a Ⅱ om  打 e  plo は ed  in  Fig.2.2t15.The  calculated  valuesag Ⅰ ee 

with@those@measured@at@the@surface@(etching@time@zero),@showing@that@these@metal@ions@have@six@coordinated 

， OH@ions@and@Hao@molecules ， The@discrepancies@in@the@inner@part@show@that@the@coordination@number@here@is 

below@six ， Thus@the@structure@of@the@passive@film@on@the@as ， polished@surface@of@the@Co ・ Cr@alloy@in@this@study 

is@considered@to@have@a@structure@that@is@somewhat@more@complicated@than@in@Fig ， 2.2-14 

On@the@oxidized@specimens,@the@ESCA@measurements@could@not@esta5ish@the@oxiatin@states@of@Co,@Co 

(Ill) ， or@Co@(II+III) ， however ， reflection@electron@diffraction@revealed@that@60304@was@predominantly@formed 

on  山 e  oxidized  alloy  sur 俺 ce,Though  Co  h 養 a  lowera 伍 ni ゆ め roxygen  thm  Cr,Co  w ㏄ pre 億 TentiaIly 

0 対 dized  ne 荻 the  sur ぬ ce  Gig.2.2.8)  because  of  the  high  Co  coMe 血 ・ The  Co304  h 養 a  nomlal  spinel 

sm ュ c 憶 re  w れ h  Co2+  ions  at 血 e  te 吐血 edrals れ es,md  C03+  ions  atthe  0ct 血 edraIsites  I7),md  the  ESCA 

measurements@could@not@be@4stig ℡     sh@C@os@and@00304@by@chemi8@   shft@whch@cont8n@both@Co24 ， and 

Co3"1" ・ To@increase@the@surface@energy@due@to@unsaturated@bonds@at@the@solid@surface,@the@surface@(decreasig 

free@energy)@is@stabilied@by@arrangig@the@atoms@into@partiular@posiTons@and@by@adsorbig@molecules ・ The 

o Ⅹ     de@surface@adsorbs@m8nly@-oH@ions@or@H/zo@mo Ⅰ   cu Ⅰ   s@and@is@not@d Ⅰ   ectly@exposed@to@ai   ・ Bolger 

proposed@the@oxide@model@shown@in@Fig ， 2.2-1618):@the@oxide@surface@adsorbs@ ・ OH@monolayer@directly,@then 

chemisorbed@Hzo@molecules@@@   the@middle ， and@physisorbed@Hao@at@the@top@of@the@adsorbed@layer ， 

The@thickness@of@these@adsorbed@layers@on@surface@oxidized@at@300oC@can@be@measured@from@the@ESCA 

da ぬ :when  the  concentrations  of  偽 rmning  Co-  ㎝ ld  Cr.oxides,  CQo  町 ld  Crr,  町 e  ㎞ lown,the  oxygen 

concen 甘穏 ion  in  the  oXides,  C ぬ ( 砥椛 ),cm  be  calculated  丘 om  equation  (2.2-4) ㏄ suming  thatthe  而 ⅠⅡ led 

oxides@are@stoichiometric@oxides@of@00304@and@C@os   

C ぬ (oxi ぬ ) 亡 1.33xCro+1.5xCrr                                       (2  .2.4) 

Both@ CQ ， and@ CQ ・ are@shown@in@Fig ・ 2.2-8.@ The@measured@(Fig ， 2.2-7)@ and@calculated@ oxygen 

concentrations@in@the@depth@direction@are@plotted@together@in@Fig ， 2.2-17.@At@the@top@(unetched@surface),@the 

measured@value@was@ 17%@higher@than@the@calculated@value ， At@2@nm@(20@sec)@below@the@top@layer ， the 

me 雙 ured  v 田 ue  incre 俺 ed  s Ⅱ ghtly  荻 ld  the  calculated  value  decre 然 ed  m 打 kedly.  These  incre 盤 es  荻 ld 

decreases@in@oxygen@concentration@are@considered@to@be@due@to@the@adsorbed@ ， OH@and@Hzo ・ Though 

sputtering@yield@by@the@ion@etching@and@mean@free@path@of@ejected@photoelectrons@should@be@considered ， it 

may@be@concluded@that@there@is@a@2@nm@thick@adsorbed@layer@on@the@Co ， Cr@alloy@surface@oxidized@at@300oC ・ 

The@thickness@is@equivalent@to@a@5-8@molecule@layer@of@adsorbed@water ， 

C 力 臼ァ ク c ugriz ズ びガ 0 れ 2 Ⅰ ズ乃 e Ⅳ㌃ Cr ァノみ p ノ S ぴに た ace 

To…ompare》he…he Ⅲ     cal《tates｛fCr ， Fig ・ 2.2-18《hows‖《et｛fCr・ ， 

the  unetched  sur 伍 ce  0f  the  ㏄・ p0lished  spec ㎞ en  in  Fig.2.2-10  (a),the  HNO3  ぼ eated  specimen  in  Fig. 

2.2.12  (a),C 巧 03,md  meta Ⅲ c  Cr.A  2.5  eV  chemicalsh 田 is  obsewed  be 抽 een  C 尹 md  the  me ぬ l Ⅱ c  Cr 

state ・ The@major@peak@ofCr@2p3/2@for@the@HNos@treated@specimen@coincides@with@the@peak@of@the@Cr@+@state ・ 
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Chapter@2@ RELATIONSHIP@OF@BONDING@STRENGTH@AND@ALLOY@SURFACE@STRUCTURE 

TheCr2p3/2spectmm  ob ぬ mned  丘 om  the 養 -pdished  specimen  h ㌍ ape 蕪 of0.5eV  Mgherbinding  ene ㎎ y 

th 打 l ぬ e  Cr3+st は卸 te,mndica Ⅱ ng  a  higheroxida Ⅱ on  state  th ㎝ lthe  Cr3,1,st 柑 e.Both  Cr2p3/2spectra  ofthe  ㏄ 

polished‖nd？Nos》reated《pecimens”ave‖《houlder‖t》he｝osition｛f》he ㎝ Otallic《tate ， The（ntenSty 

ratio’or》he‖s ・ polished《pecimen ， the［etallic/oxidation《tate,（s〕arger》han》hat’or》he？Nos》reated 

specmen   

To@clarify@the@changes@in@the@oxygen@chemical@state.@Fig ・ 2.2-19@shows@a@set@of@0@Is@spectra@obtained 

from》he「netched《urface｛f》he‖s ， polished《pecimen（n：ig ・ 2.2-10・ 

Fig.2.2.12  (b)  with  O  ls  spec 士 Ⅲ ユ m  obtained  丘 om  Cr203.F0r  the  正 心 I Ⅰ 03  treated  s ㎝ f ヨ ce  the  ma6or  pe 荻 

position@coincides@with@the@peak@of@C@os@and@the@shoulder@agrees@with@the@m8or@peak@of@the@as ， poished 

specimen ， The《pectrum｛f》he‖s ， polished《urface”as‖《houlder‖t》he｝eak｛fCrzos ・ This《hows‥ifferent 

o Ⅴ gen  chemica は t イ es:one  iso2-md  the  o 伍 e ㎡ s  m  u 田 mown  state   
Separation@of@oxygen@states@of@the@0@ Is@spectra@was@performed@with@the@data@analysis@system@in@the 

ESCA《pectrometer｜y‖ssum Ⅰ   g》hat》he《pectra‖re‖pproXmated｜y‖；aussin’unction ， Figures・ 

and@2.2-21@show@the@separated@spectra@ofo@Is ， obtained@from@the@as ・ polished@(Fig ・ 2.2-10@(b))@and@HNos 

tre 村 ed  specimen  (Fig.2.2.12  (b)).B0 市 O  ls  spec は a  cm  be  sep ㎝ ated  into  t 血 ee  comp0nents  養 № dicated 

by》he‥otted〕ine ・ The《ol@   line,》he observed《pectra ， agrees『Cl『ith》he‥otted〕i   es｛f》he》hree 

components.Table2.2-7  1iststhepe 荻 posltlonsmd  町 ea 廿 actionsof 田 ecompone ㎡ s.Thepe 荻 positions 

show@the@chemical@states@of@oxygen@and@the@area@fracti   ns@gi   e@the@amount@of@each@chemical@state ， The@ols 

component@ I@is@the@same@chemical@state@as@the@oxygen@in@C@os@as@shown@in@Fig ・ 2.2-19.@The@oxygen@of 

components！I‖nd！II‘xist（n》he「pper｝art｛f…omponent！｛xygen｜ecause》hese‥ecrease〉emarkably 

with@only@li   ited@argon@ion@etching@as@shown@in@Figs ・ 2.2-10@(b)@and@2.2-12@(b)   

From@the@above ， the@origins@of@the@oxygen@states@are@esti   ated@as@follows:@ Component@I@is@ due@to 

oxygen｜onded『ith…hromium（n》he｝assive’ilm ， Cr ・ O ・ Cr;，omponent！I（s‥ue》o｛xygen｜onded『ith 

chromium@and@hydrogen@in@the@passi   e@film ， Cr ， OH-OH2;@Component@III@is@due@to@oxygen@in@physisorbed 

watermoleculeson  the  p 養 sive  Ⅱ lm. The  町 ea  丘 actions  町 e  in  the  o Ⅰ derII ノ 1 ノ 11I 椅 rthe  ㏄ -po Ⅱ shed 

sWface ㎝ ld  I ノ 11 ノ 11I 椅 rtheHNo3%eated  su 托 ㏄ e,indicating  th 棚 a Ⅱ mi  p 雙 sive  struc 抽 reis ぬ rmned  on 

the  sur ぬ ce  廿 eated  by  HNO3   

$ ぴ りり ceSr ヤぴ e プぴ乃 es  し れ ばメは乃 es ル ビメあ ili ケ 

The@reflection@electron@diffraction@pattern@obtained@from@the@as ・ polished@Co ， Cr@3loy@surface@showed 

no@diffraction@rings ， indicating@that@the@surface@was@covered@with@an@amorphous@film ， The@result@coincided 

Wth@reports@of@an@amorphous@passivated@fi Ⅰ   on@the@alloy@containing@CT@@The@passive@film@on@the@Ni ， Cr 

alloy  sur 俺 ce  w ㏄ notsu 伍 lciently  thick  ㏄ the  di 荻 ac 廿 on  pa は em  showed  the  subs 甘 ate  to  have  an  aIloy 

structure ・ The@Ni@content@at@the@alloy@surface@decreased@by@eluting@Ni@to@the@HNos@solution ， so@that@Cr 

which  h 養 good  chemicala 億 lni ゆ № rthe4- ル佃 TA  resin  c0nceM Ⅱ 甜 ed  on  thealloy  sur 俺 ce,resu Ⅲ ng  in  the 

椅 ⅠⅡⅠ a ぱ onofa 五て 田 ， thickpassive Ⅱ lm.Thisleadedto ㎝ l ㎞ cre ㏄ eintheadhes;ve 毎 bilityofthe4-META 

resin@on@the@passive@film   
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Chapter@2@ RELATIONSHIP@OF@BONDING@STRENGTH@AND@ALLOY@SURFACE@STRUCTURE 

Adhesion@depends@on@the@atomic@interaction@that@is@determined@by@atoms@less@than@1@nm@from@the@top 

surface1@ ・ Here ， it@is@necessary@to@describe@the@differences@in@adhesion@between@the@as ， polished@and@oxidized 

suIT ぬ ces  of  the  alloy  on  t[he  b ㏄ is  of  the  adhesion  mecha ㎡ sms.The  sur ぬ ce  models  in  Figs. 2.2-14  ㎝ nd 

2.2-16@help@in@understanding@the@mechanism@of@adhesion@of@adhesive@resin@to@the@alloy@surface ， For@the 

adhesion  mecha ㎡ sm  0fthe  4,META  resin  on  a  metalsWf ㏄ e,M 養 uh 荻 a  h ㏄ suggested  the  presence  0f 

hydrogen@bonds@between@the@4 ， META@and@adsorbed@-oH@on@the@metal@as@in@Fig ， 2.2-2220) ・ Figure@2.2-23 

shows@the@possible@adhesion@mechanism@models@of@the@4 ， META:@Models@(a) ， (b) ， (c)@for@the@as ， polished 

surface@were@made@according@to@Fig ・ 2.2-14@and@Models@(d) ， (e) ， and@(f)@for@the@oxidized@surface@according 

to@ Fig ・ 2.2-16.@ Adhesion@ is@ the@ interaction@ of@molecules@ through@ the@ interface@ between@ adhesive@ and 

substance ・ Model@(a)@shows@the@possibility@of@primary@atomic@bonds@for@4 ・ META@with@the@metal@existing@in 

a@0.7-0.8@nm@deep@layer ・ Model@(b)@shows@a@hydrogen@bond@of@the@4 ・ META@and@-oH@@@   the@passive@film ， 

Model@(c)@is@Van@der@Waals@interaction@between@water@molecule@and@metal@ion@with@hydrogen@bond@of@water 

molecule@and@the@4 ・ META ， Model@(d)@shows@the@hydrogen@bond@of@4 ・ META@with@hydroxyl@groups@on@the 

top@ surface@ of@oxide@ layer ・ Model@ (e)@ includes@ one@ water@molecule@ between@the@ hydroxyl@ group@ and 

4 ， META ， Model@(f)@which@includes@sever8@   molecules@of@water@is@not@part@of@the@model@for@the@adhesion 

mech ㎝Ⅱ sm  onthe 公 -pohished  sur ぬ cebecauseadso 中 tion  modelofthe ㌍ -polished  su ㎡、 acecoordinatessix 

-OH@and@H@o@around@a@metal@ion@and@does@not@have@several ・ molecules@thick@layer@of@adsorbed@water ， In 

血 ese  models  the  chemicaI bonds  which  haaVe  ne 打け equaI bonding  s 甘 en 囲 hs  町 e  labeled  by  the  s ㎝ 0 

number@at@the@bonding@positions   

Differences@ in@the@ adhesiveness@ to@ the@ as ・ polished@ and@ oxidized@ surfaces@ with@ the@ thermal@ cycles 

described  而 sect め n  2 Ⅱ， 町 e  ㏄ 飴 1loW  (l)  almostallcohesive  餓 ㎞ res  in  血 e  res 市町 e  飴 rthe  朴 -p ㎝ shed 

su ㎡㏄ es(Fjg,2.1-4),and  (2)mtte 丘 ace 俺 iluresattheoxide/resin  mter ぬ ce 荻 e 村 theperlpheryofadhesion 

面 rtheoXidized  s ℡ ぬ ces(Fi8.2.1.5).These Ⅰ esultsmd  thea 曲 esion  model テ n  Fig.2.2.23  indic8tethatthe 

s 廿 en 國 hat 田 e  adhesion  inter ぬ ce  decre 岱 es  in  the  order  m 血 er ぬ ce  №Ⅰ med  丘 om  (a),(b),and  (c) ノ resin  ノ 

inter ぬ ce  仙田 led  丘 om  (d),(e),and  の・ The  adhesive  ぬ rce  depends  on  the  s は en 鯨 h  of  spec 面 c  chemical 

bonds@and@the@number@of@bonds ・ Models@(b)@and@(c) ， for@the@as ・ polished@surface@are@considered@to@be@in 

agreement@with@Models@(d)@and@(e)@for@the@oxidized@surface@in@the@chemical@states@of@the@bonds ・ Therefore ， 

Mode  (a)md  の 荻 e  di 什 ereMforthe  抽 o  sur 丘 ces.Model(a)dueto  the  primary  atomic  bond  isstronger 

than@Mode@ (f) ， Furthermore ， the@ probability@ of@the@ existence@ of@Model@ (f)@ is@ not@ small@ as@ there@ is@ a 

several ， molecule@layer@of@adsorbed@water@on@the@oxidi   ed@surface ， Thus@the@exitence@of@the@chemi   al@bond 

(f)@is@a@factor@that@lowers@the@adhesion@to@the@oxidized@surface   

2.2-6 Conclusions 

The alloy surface structures were analyzed by reflection electron diffraction and ESCA ， The 

relationship@between@the@adhesion@and@the@alloy@surface@structure@was@discussed@by@considering@adhesion 

models ， including@hydrogen@bonds@with@ ・ OH@and@Hzo@molecule@on@the@alloy@surfaces   

Thestruc 抽 reofthe 養 ・ polishedCo-Cralloy  su ㎡ acew ㏄ 打 lamo や hous2-3nm Ⅱ thickpassivemm,a Ⅱ d 

2 Ⅰ 
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itw ㏄ considered  t0  be  ぬ med  by  up  to  siX  -OH  ion  md  orH2o  moleculescoordin 甜 ed  打 0 ㎝ d  Cr, 。 and 

Co2"*"@or@Co3 ・ 1"@metal@ions ・ The@Cos04@was@predominant@on@the@surfaces@oxidized@at@300oC@and@500oC ・ On@the 

300oC@surface ， a@several@molecule@thick@layer@of@water@was@adsorbed@on@the@2@nm@thick@oxide@layer ， The 

presence@of@chemical@bonds@including@the@ several ， molecule@thick@layer@of@adsorbed@water@between@the 

o 吏 dized  s ℡ ぬ ce  md  the  4, 鵬 TA  side-chain  w ㌍ considered  to  be  the  re 於 on  why  adhesion  to  the  oxidized 

surface@is@inferior@to@that@of@the@as ・ polished@surface ・ 

On@the@as ・ polished@surface,@the@adhesive@ability@of@the@Ni ， Cr@alloy@was@inferior@to@the@Co ・ Cr@alloy ・ The 

adhesive@ability@of@4 ， META@resin@to@Ni ， Cr@alloy@improved@remarkably@when@the@alloy@surface@was@treated 

with@concentrated@HNos ・ The@Ni ・ Cr@alloy@displayed@adhesive@ability@comparable@with@that@of@the@Co ・ Cr 

alloy@by@treatment@of@the@as ， polished@surface@with@concentrated@HNos@solution ・ Both@the@as 。 polished@and 

concentrated@HNos@treated@alloy@surfaces@were@analyzed@by@ESCA@to@explain@the@superior@adhesive@ability 
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treated@Ni ， Cr@alloy@surface@(unetched) ， 

md  Cr203   
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Fig ・ 2.2-22@ Hydrogen@bond@model@for@the@4 ， META 
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Chapter2  期 LATIONSHIPOFBO ㎎ NGST ℡ NGTH ㎜ 几 LOYS ℡ ACESTRUCT ℡ 

2.3-1  In 丘 oduction 

Section・ ， META〉esin》o‖，o ， Cr‖lloy‖nd《howed》hat》he 

bonding@to@the@as ・ polished@surface@was@superior@to@oxidized@surfaces@heated@at@300oC@or@500@C ， To@explain 

the  d 皿 erences  in  the  回 o  sur ぬ ce  states  md  the Ⅱ in Ⅱ uence  of 血 e  bon;ng  aMliW,the  aIloy  sur 勉 ces  were 

an8yzed@by@reflectin@electron@4ffraction@and@ESCA@in@the@previous@sectin ， These@analysis@showed@that     

the  stmcture  of  血 e  ㏄ -polished  su 「㏄ e  w 俺 ㎝ lamo 中 hous  2-3 nmn  thick  p ㏄ sive HHlm  騰 『 med  by  a 

mono ・ layer@ofsix ， OH@ions@and/or@Hzo@molecules@coordinated@around@Cr3 ・ @@and@Co@@or@Co3+@metal@ions ， On 

皿 oy  sW 飴 ces  oXidized  at  300 。 C  ㎝ d  500 。 C,C0304  w ㏄ pred0min ㎝ tIy  ぬ med  md  itw ㌍ covered  by  a 

several-molecule@thick@layer@of@adsorbed@water ・ It@was@most@likely@that@the@presence@of@adsorbed@water@in 

severaImolec Ⅲ e 血 ic ㎞ essesbe 捷枇 enthesu 什 、 aceo 対小 zed 酊 Ⅲ ghtemperamremd 山 e4 ホ dETTAsMechain 

w 億 there ㏄ on  why  adhesionto  oXidized  su 托 ㏄ esw ㏄ in 騰 riorto 血 att0the ㏄ -poIisheds ℡ 俺 ces   

The@results@ suggest@that@good@adherence@between@the@4 ・ META@side ・ chain@and@oXdized@ surface@ is 

possible@when@there@is@no@adsorbed@water@layer@on@top@of@the@surface@oxidized@at@high@temperatures ・ The 

hypothesis@will@be@supported@experimentally@in@the@present@section ・ In@the@experiments ， the@several ， molecule 

thick@layer@of@adsorbed@water@on@the@oxidized@surface@was@removed@arid@adhesion@of@the@4 ， META@resin@to 

theo 泊 dized  sW 俺 ce  mn  m  a 抽 osphere  cont ぬ lmlng  no  w 柑 ervaporw 雙 evalu 盤 ed   

2.3-2  Expenmentd  Methods 

上力 " ぬ ria ぬ 

A・ ・ The‖dhesive『as・ 、 META‥ental‖dhesive 

resm   

mig 乃花ぬ か 8% 接吻 れ 8% れイ 0 ガ 0 れ 9 Ⅰ ノ 7f0 ノ 8 ぴ弓但 ce 乙 れみ D 召乃ノづ卜 4 ガ 0 れ 2 Ⅰ 訪 e 色は は izedS ぴ 7% 』 ce 

Thealloy  specimensweresoldered  totheend  ofthespecimen  rod  sh0 Ⅶ in  Fig.2.1-l.Thepo Ⅱ shed 

alloy@specimen@was@heated@at@500oC@for@5@ Ⅲ     n@in@air@in@an@electric@furnace@and@cooled@in@air ， To@dehydrate 

the@adsorbed@water@on@the@oxidized@surface ， the@specimen@was@placed@in@a@silica@glass@tube@of@9@mm*@ outer 

d ぬ meter 町 ld  airpfessurew ㏄Ⅰ educed  to  lxl0-4Pa ㎡ 山 adif Ⅱ s め n  pump.Thembew ㌍ heated  at700 。 C 

飴 rl5  min  下 m  elec ㎡ c  血 mace  ㏄ shown  in  Fig.2.3-1.ARercooIing, 市 e  specimen  w ㌍ sealed  in  由 e  s Ⅲ ca 

glass@tube@by@an@oxygen ， propane@gas@burner@under@a@vacuum@of@1x10 ， 4@Pa ， Figure@2.3-2@shows@specimens 

enclosed  in  silica  gl ㏄ s 憶 bes   

力那た ㎡ 0 れ Ⅰの cedu は せ $ 

Monomer@and@polymer@ of@an@ adhesive@ resin@ was@ dried@to@ eliminate@trace@ amounts@ of@water:@ the 

monomer@was@stored@with@a@drying@agent ， well ・ dried@anhydrous@magnesium@sulfate ， The@polymer@was@also 
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dded  in  a  d Ⅴ ing  血 mace  村 80 。 C  ぬ r  60  min  md  伍 en  stored  in  a  desiccator  with  s Ⅲ ca  gel.To  prevent 

adsorption@of@water@molecules@on@the@anhydrous@oxidized@surface ， adhesion@procedures@were@performed@in@a 

po Ⅰ   ethylene@chamber@with@gloves@filled@with@ultra ， high@purity@argon@gas@(purity@99.999%;@oxygen@content 

below  0 ・ 2  ppm;dew  p0i 甜 bel0w  -70 。 C) ㏄ sho Ⅵ げ lin  Fig.2.3-3.ThesilicagI 億 s 拍 bewith  田 edehy 血 ated 

alloy@specimen@was@broken@in@the@polyethylene@chamber ， 

Before@adhesion,@the@monomer@must@be@in@contact@with@oxygen@to@produce@TBB@peroxide@immediately 

㎡ te Ⅰ the  ぁ ddMon  ofTBB  to  the  monomer.T0  enable  this,the  p Ⅰ ep 肝 ation  w 俺 pe 血 ormed  in  a  ch ㎝Ⅱ bef 

filled@with@ultra ， dried@air@(dew@point@below@-60oC)@by@a@dried@dish@and@spatula@to@avoid@contamination@with 

wate Ⅱ vapoTdWlng  mlXlng.AHermlXIng,themonome Ⅰ dlsh  waslmmedlately  tr8%s 鹿 Ⅰ て ed  toth0 打 gon  g 俺 

丘 Iled  cha エ nber.The 打 gon  g ㏄ p Ⅱ essu 正 ew ㏄Ⅰ alseds0 ㏄ notto  ln 秤 oduce 別丁 t0thechamber.No-dehyd 甘柑 ed 

speci   ens@(as@heated@at@500oC)@were@also@bonded@in@this@manneE@ 

Mge ㏄ ぴ rgeme れ了 o/Bo れ田れ 98 才 笏 8% 

All@ bonded@ specimens@ were@ stored@ at@ 37oC@ for@ one@ day@ in@ a@ dry@ atmosphere@ after@the@ adhesion 

仕 eatmenttmdsu 切 ectedto20themlalcycles 丘 om  liquidnitrogenC-196 。 C)towater(40 。 C),altem 棚 ely ぬ r 

1@ ㎝     n@each@before@the@tensile@test ， The@tensile@test@was@performed@on@a@testing@machine@with@a@cross@head 

speedof2mm/min ㏄ describedinsection2l   

2.3-3@ Results@and@Discussion 

Fig ℡ es2.3u4  億 1d  2.3-5  町 e  山 e  me 養 u Ⅰ ed  bonding  s 甘 en 摩 hs0btained  丘 om  the  Co-Cralloy  md  l8-8 

stainless@steel:@the@results@of@(a)@and@(b)@were@obtained@from@the@as ・ heated@specimens@at@500oC@in@air@and 

from@the@specimens@dehydrated@at@700oC@in@1@x@10 。 4@Pa@after@oxidizing@at@500aC@in@air ， All@the@specimens@of 

both@8loys@without@dehydration@(no ・ dehydration)@ showed@interface@failure@at@the@periphery ， (a)@ in@ Figs   

2.3.4  億 1d  2.3.5.Most  of  the  dehydrated  specimens  showed  cohes 血 e  勉 ilures  ぬ m  (b), ㎝ ld  伍 e  average 

bonding  s 甘 en 目 h  w が hi 睡 erthm  in  (a).The0)aver 穏 eswere41.3  h 化 amd  3g Ⅱ h 什 a № rtheCo-CraIloy 

and@18-8@stainless@steel ， similar@to@the@average@39.2@MPa@obtained@previously@from@as ・ polished@Co ， Cr@alloy 

specimens@(section@2.1)   

Here  血 e  d 血 erentoX 下拙 ion  states  ofthe  o ㎡ des  mustbe  considered  by  hea 血 ng  at700 。 C  Imder a 

v ㏄ uum  of  lXl0 。 Pa.The  stmcmFe  of 億 e  oXide  layer ぬ lmed  by  heating  Co.Crdl0y  md  l8-8  stainIess 

steel 鰍 500 。 C  ㎞ airwere ㏄ 騰 1lows:theoutersu ㎡ aceoftheoxideoftheCo-Cralloyw 養 C030i.Iich  md 

the@inner@part@of@the@oxide@layer@was@C@os ， rich@as@shown@in@Fig ・ 2.2-8.@On@18-8@stainless@steel ， FeCr204 

co ・ existed@with@Q@os@or@a@solid@solution@of@Cr203 ， Fe2031) ・ When@these@alloys@were@heated@at@700@@C@at 

1@x@10-4@Pa,@the@conditions@determining@the@reduction@of@these@oxides@can@be@estimated@thennodynamically@by 
compa@ng@the@oxygen@partial@pressure@in@1@x@10-4@Pa@with@the@dissociation@pressure@of@oxide@calculated@from 
the@Gibbs@free@energies ， AG@ ・ The@dissociation@pressure ， no 2 ， ， of@oxide@and@ AG@ are@related@by2)     

AG=R77 れ弗 Oi                                         (2.3.1) 
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where  R  is  the  g 盤 cons 仮 nt  荻 ld  T  the  absolute  tempera 憶 re. The  values  of  lo9 ん 012  包 700 。 C  打 e 

c8culated@from@the@ AG3)@shown@in@Table@2.3-1.@The@oxygen@parti8@pressure,@ 2@,@at@1@x@10-4@Pa@is@about 
2.6xl0 ・ 10@atom ， (logJ@@ =@-9.6) ， and@oxides@where@ log@<99>logPo2@ @11@be@reduced ・ As@Table@2.3-1 

shown ， Coa04@on@the@Co ・ Cr@alloy@is@reduced@to@Coo ・ If@the@oxidized@Co ・ Cr@8loy@is@heated@at@temperatures 

lower@than@700oC@in@1@x@10 ・ 4@Pa ， 00304@will@not@be@reduced ・ However ， the@adsorbed@water@molecules@are@not 

completely@removed@from@the@oxide@surface@even@when@the@Fezos@and@Ti02@are@heated@at@700aC@or@SoCTC@   

On@the@18-8@stainless@steo   ， there@was@no@change@in@oXde@states@by@heatig@to@700oC@at@1@xlo-4@Pa ・ As 

shownin  Fig.2.3-5,allspecimensin  (a)sh0wedp ㎡ i 杣 i%er 勉 ce 俺 Ⅱ㎝ e 甜血 epehphe り wh Ⅱ ethebonding 

ability@in@(b)@was@superior@to@that@in@(a) ・ Since@the@same@oxides@were@formed@on@both@specimens@in@(a)@and 

(b) ， the@difference@was@ascribed@to@adsorbed@water@on@the@oxidized@surface@in@(a) ， On@the@Co ・ Cr@alloy ， there 

were@differences@in@the@oxides@in@(a)@and@(b) ， However ， the@(a)@and@(b)@failures@in@Fig ・ 2.3-4@were@similar@to 

those@in@Fi   ・ 2.3-5.@ Therefore,@the@presence@or@absence@of@adsorbed@water@on@the@oXde@ Ⅰ   yer@probably 

determines@the@failure@types@in@(a)@and@(b)@of@Figs ・ 2.3-4@and@2.3-5.@It@is@concluded@from@these@results@that 

the@water@adsorbed@ on@the@ oxide@ layer@ decreased@the@ bonding@between@the@ oxidized@alloy@surface@ and 

4 ， META@resin   

2.3.4  C0nclusi0ns 

The@ effect@of@a@several 、 molecule@thick@water@ layer@ adsorbed@ on@the@top@of@oxide@ surfaces@on@the 

bonding@ability@of4 ， META@res@@   was@examined@with@a@Co ， Cr@alloy@and@18-8@stainless@steel ・ The@alloys@were 

he た 吐 ted  at500 。 C  mn  airmd  dehydr 砿 ed  by  he 荻 ng  to  700 。 C  atlxl0-4Pa  in  伍 e  slllca  glass  加 be.Den ね Ⅰ 

adhesive@resin@containing@4 ・ META@was@bonded@to@these@alloy@surfaces@and@after@thermal@cycle@treatment@the 

bonding  stren 目 hs  mld  俺 i ㎞ re  呼 pes  騰 Ⅰ 億 e  dehydrated  sum 仮 ces  were  comp 鯨 ed  with  surfaces  he 荻 edat 

500oC ， In@both@alloys ， the@specimens@oxid Ⅰ   ed@at@500oC@@@   air@showed@partial@interface@(alloy/resin)@f3     Ⅰ   re 

at@the@periphery ・ However ， except@for@a@few@cases ， dehydrated@specimens@displayed@cohesive@failure@and@the 

bonding  s な engU 市 wassim Ⅱ 酊 toth 酷 of 山 e ㏄・ po Ⅱ shed  Co.Cralloy,showing  excellentbonding  abili ゆ ， The 

experimental@evidence@showed@that@the@bonding@ability@of@the@4 ， META@resin@to@the@dehydrated@oxide@layer 

s ℡ f ㏄ e  w ㏄ eXce № ntwhen  adhesion  procedureswere  pe は oImed  in  m  a 血 losphere  eXcIuding  waterv 叩 0r. 

This@supports@the@hypothesis@descr Ⅰ   ed@in@section@2.2@that@adsorbed@water@on@the@oxide@layer@leads@to@a 

deterioration@in@the@bonding@ability@of@resin@and@oxidized@alloys   

蛇 FE 蝸 NCES 

1)@Miyake@S:@A@study@of@oxide@films@on@metal@surface@with@cathode@ray@diffraction@(Part@ n@)@Fe ， Cr ， Ni ， and 

  their‖lloys ・ Sci‾aper！RCR,・ ， 1937   

2)Fueki K: T..A  G  dia が 皿 md  its  applications  to  h 域 ltempera 抽 re  oxidation  of  pure  metals. De れ朋 

K0g は仇 ， 26:292.297,1958(inJapmese)   

3)Kub ㏄ chewsM,o  mdAlcockCB:Mef は f7Mrgicah 尼 rmo-c 加用 鮪ヴ仰 "  。 の Per 甲 monPressLtd.,oX № rd, 

1979 ， pp ・ 378-384   
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4)Nakamlae  K: 力は乃召 si0 れ 4% ぱ劫招弓ぬ nCe  e 乃 e 用お ブ リ， ⅣⅢ タ 0 れ -Go 泡ぴ - ぷ ら wo ひ ん %i,shi, 57: 482-491,  1984  (in 

J 卵れ ユ ese). 
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Co,cr 却 loy 18-8@Stainless@Steel 

Repe 汀 edMeasu Ⅰ emen 穣 

Fig.2.3-5  Results  碕 丘山 e  18.8  s ぬ tnless  steel   

Cond Ⅲ 0ns 俺下 Fig.2,3-4   

Table@2.3-1@ Dissociation@pressure ， TT@Oa ， of@oxides@and@A@G@at@700@C   

Reaction AG973(c2)   '@ loga ・ oa 

(1)  2 く Co ノ十 02=2 く Co0 ノ 一 78.913  一 17.7 

(2)  6 く C Ⅰ 氾ノ十 02=2 く C0304 ノ 一 18.712  一 4.2 

(3)  4  く Fe304 ノ +  0.=  6  く Fe203 ノ 一 53.815  一 12%   一 138.218  一 31.0 

(5@  2 く Fe ノ十 02+  2 く C 「 203 ノ ・ - - 2 く FeC 「 204 ノ 一 108.053'  一 24.3 
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Chapter・ RELATIONSHIP＾F。ONDINGヾTRENGTH、ND、LLOYヾURFACEヾTRUCTUR 

2.4-1  In 甘 oductlon 

Asdiscussed  in  thesections2.1%d  2.2 。 theadhesion  of4 本 正 TA  resin  to  伍 e ㏄・ polished  sur ぬ ceof 

Co-CraIloy,which  !scove Ⅰ ed  with  a  p ㏄ sivemm,w ㌍ superiorto  tha 屯 of 伍 ealloy  s ℡ 俺 ceo ぬ dized  athigh 

temperatures ・ For@passive@films@formed@on@the@as ・ polished@surface ， the@adhesive@ability@of@the@Ni ・ Cr@alloy 

was@inferior@to@that@of@the@Co ， Cr@alloy ・ This@shows@that@the@adhesive@ability@of@the@4 ・ META@resin@was 

greatly@affected@by@the@surface@state@of@the@8loys ， The@state@of@a@metal@surface@varis@by@metal@type@and 

surface@treatment ， On@base@metals,@diferent@amounts@and@ki   ds@of@oxi   es@form@on@the@surface 、 On@preci   us 

me ぬ ls  which  do  五 ot № rm  o ㎡ des,the  me ぬ lsum ぬ ce  adsorbs  g ㏄ md  w 甜 ermolecules  to  decre ㏄ e  sum ぬ ce 

energy,andtheadsorbedspeciesmd  皿 o ㎝ tsv 町 bythekindofmetal.Sincetheoxidesmd  adsorbedg 雙 

layers@ exist@between@the@ adhesive@ and@the@ metal@ substrate ， it@ is@ critic8@   to@ understand@the@ roles@ of@the 

adsorbed@layer,@oxides,@and@passive@film@on@the@adhesion   

The@present@study@investigated@the@adhesion@of@4 ・ META@resin@to@cleaned@metal@surfaces,@obtained@by 

heating@the@metal@specimens@in@flowing@hydrogen@gas ・ As@the@cleaned@metal@surfaces@adsorb@oxygen@and 

water@molecules@when@the@surface@@@   exposed@to@air,@adhesion@procedures@were@performed@in@a@polyethylene 

chamber 且 lledwi ぬ u ℡ a-h 憶 llpuri ゆ打 は ong 億 w 王 th0utoXygen,wateF,orotherco ㎡ 荻 ㎡ n 荻 ing  species. 

2.4-2  M 鰍 erialsmaMethods 

Mda0 ね nia ね 

The｝ure［etals‖nd》he‖lloy《tudied『ere“old ， platinum ， palladium ， silver ， copper ， nickel ， cobalt ， 

廿 on  mld  c 比 omium  ofa  pl は i ツ be は erth 荻 199.99%, 接 ld  18-8  stainless  steel. The  pure  metalspecimens 

(except@for@chromium)@were@made@by@soldering@pure@metal@chips@to@18-8@stainless@steel@rod@for@the@tensile 

test@as@shown@in@Fig ， 2.1-1@(section@2.1) ， The@chromium@specimen@was@made@by@electro ， plating@chromium 

on@a@mild@steel@rod@of@the@ same@size@as@the@ 18-8@ stainless@steel@rod ・ Both@the@rod@specimens@ and@ 18-8 

stainless@steel@circular@block@were@metallographically@polished@to@eliminate@mechanical@factors@affecting@the 

bonding  s 甘 en 國 h   

The@dental@adhesive@resin@was@4 ・ META@resin ・ The@monomer@and@polymer@of@the@adhesive@resin@were 

dried  to  elimin 柑 e  甘 ace  amou ㎡ s  of  water: the  monomer  w ㏄ dehydrated  by  a  d ヴ ing  笘 en も well-dried 

㎝ hydrousm 穏 nesium  sul ぬ te.Thepolymerw 俺 dried  in  ad Ⅳ ing 飴 maceat70 。 C  ぬ r60min  md  storedin 

a@S     Ⅰ     ca@go@   deSccatoE@ 

取み 0g ㎝ G ㏄ R 勿 uc ガ 0 れ 

Figure  2.4-l  shows  田 e  appara 抽 s  № f  hydrogen  g 養 reduction  used  to  obtain  the  clemed  metal 

s ℡ 俺 ces:the  pipes  were  stainless  steeleXcept № rthe  Ⅱ educ は on  抽 be  which  w ㎎ made  0f  s Ⅱ ica  gl ㌍ s.The 

s Ⅲ ca  gl ㎎ smbe  w 俺 n 町 rowed  ln  severalplacesto  preventmovementofspeclmensmd  t0  %cil%te  seallng 
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Chapter@2@ RELATIONSHIP@OF@BONDING@STRENGTH@AND@ALLOY@SURFACE@STRUCTUR 

ofthe  specimen  in  the  gI 養 s 杣 be.Prep 町 ato Ⅳ ev ㏄ u な Ⅱ on  w 俺 done  by  ㎝ lo Ⅱ rot ㎝ y  PM Ⅱ p  卸 ld  a  di 丘 uSion 

pump  up  t0  lX104  pa.The  s ぬ inlesssteelpipes  mld  siHca  gl ㏄ s ぬ be  were  baked  by  a  g ㏄ bumef  under 

evacuation@to@eliminate@oxygen@and@water@molecules@adsorbed@on@the@inner@surface@of@the@pipes   

With  deoxidizing  oxides  ofme ぬ ls  having  a  s 廿 ong  chemicala 伍 mi ゆ飴 roxygen,um 甘午 high  pWi 呼 

hydrogen@gas@is@necessary@because@traces@of@water@and@oxygen@molecules@pollute@the@metal@surface0.@For 
ex 荻 Ⅱ ple,a  s 廿 e ㎝ n  0f  e 甜 remely  dry  hydrogen  g 養 is  necess 町 y  to  reduce  血 e  CF.oxide,Cr2o3  to  metallic 

c ㎞ omium  by  equation  (2.4-1): 伍 e  pa れ ialpressure  ra 血 o  ofwaterto  hydrogen  is  ㏄ mn  equ 荻 ion  (2.4-2)mn 

terms@of@the@standard@Gibbs@energy@change@of@the@reaction@(2.4-1) ・ Table@2.4-1@ shows@the@values@of@the 

Gibbsener 鰍 chmge ㎝ athep 鮒 ialpressureratio  砿 800 。 C,g00 。 C,md  l000 。 C   

C り 03+  3(H2) 亡 3(ff2o)+  2Cr                                         (2.4- Ⅰ ) 

1/3AG 。 r  笘 @4.574 「 1o9( 七す 2o  /HH2)eg                                         (2.4-2) 

The@reductin@has@to@be@carried@out@@@   flowing@hydrogen ， 

900 。 C,Thehydrogen  g ㏄ used  to  deoxid ラ ethemetalsur ぬ cew ㏄ u 肚旺 high  pumi け 9 養 ， purity  be 甘 erthm 

99.99999%@     oxygen@below@0.2@ppm;@dew@point@-70oC@(ca ・ 0.0003%) ， A@U ・ shaped@tube@including@an@oxygen 

remov 由 agent[oxyout,ohs 荻 a  Smso  Co.,Ltd.)w 俺 attachedbe 宙 een  血 ehydrogen  g ㏄ cylinderandthe 

silica@glass@reduction@tube@and@it@maintained@the@oxygen@content@below@0.05@ppm ・ The@metal@speci   en@in@the 

s Ⅲ ca 回播 s 抽 bew ㏄ heated  by  荻 lelec ㎡ c 伍 mace 丘 om  血 e0utsideofthe 抽 be Ⅲ lderahyd Ⅱ ogen  g ㎎ ぬ ow 

of@100@m@/min ， Deoxidation@of@the@metal@specimen@for@adhesion@was@confirmed@visually@by@the@ color 

change@of@oxidized@chips@of@metal,@W@ich@oxidized@by@pre ， heating@in@air@and@then@placed@in@the@silica@glass 

ぬ be.Heatingtimew ㏄ 5min  mdthehe 繍 ngtempera ぬ res 飴 rthereductionwereg00 。 C  ぬ r 市 ec 比 om ㎞ m, 

iro 軋 cob 荻 ， md  l8-8  s ㎡ nIesssteel,700 。 C  わ rthe  coppermd  nickel,md  500 。 C  椅 ㎡ hegold,pl%num, 

pallad 油エ Ⅱ， 町 1 』 s は ver.The  si Ⅱ ca  gl ㏄ s 憶 be  w ㏄ ev ㏄ uated  to  lX104  pa  a 且 erthe  reduc Ⅱ on  廿 eat Ⅱ lent イ ld 

then@melted@and@cut@by@a@gas@burner@at@the@narrow@part@to@enclose@the@deoxidized@metal@specimen   

力庇召 si0 ア 7P つ ced Ⅰ げせ S 

Adhesion@procedures@were@performed@in@a@polyethylene@chamber@with@gloves@filled@with@ultra ・ high 

p ㎡ ゆ wg0ng 養 (Puri ゆ 99.999%;oXygencontentbelow  O.2ppm;dew  poim  below  -70 。 C) ㏄ shoW Ⅱ nFig   

2.3-3. The  s Ⅲ ca  gI 俺 s  ぬ be  w ㏄ broken  to  ob ぬ in  血 e  de0 対 dized  metal specimen  in  the  polye 億 ylene 

chamber ・ Before@ adheSon,@ the@ monomer@ must@ be@ in@ contact@ with@ oxygen@ to@ produce@ TBB@ peroxide 

immediately@after@the@addition@ofTBB@to@the@monomer ・ Therefore@the@monomer@preparation@was@performed 

in@a@chamber@with@ultra ， dried@air@(dew@point@below@-60oC)@and@using@a@dried@dish@and@spatula@to@avoid 

contamination@ with@ water@ vapor@ during@ mixing ・ After@ mixing@ for@ 40@ sec ， the@ monomer@ dish@ was 

    血 mediately  甘荻 1s 鹿 ITed  to  the  む @gon  g ㏄ 且 lled  poIyethylene  chmmberwhere  the  町 ， gon  g 養 pfessure  w 養 

Ⅰ㎡ sed  so  ㏄ notto  in 甘 oduce  a ト ・ In  sec 廿 on  2,1,the  adhesive  resin  Iayerw ㏄ main ぬ ined  at50  ド m  by  は rst 
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Chapter・ RELATIONSHIP＾F。ONDINGヾTRENGTH、ND、LLOYヾURFACEヾTRUCTUR 

pl ㏄ ingthespecimen  ㎞ con ぬ ct ㎡ ththecifcul は block  荻 ld  nextremov ㎞ g  れ to  app け thefes ㎞・ In  thiss 柚 dy 

the@thickness@of@the@resin@layer@could@not@be@kept@constant ， because@touching@the@cleaned@metal@surface@to 

the@circular@block@would@contaminate@it@with@the@water@molecules@adsorbed@on@the@surface@of@the@circular 

block   

Eva7 ぴ己ガ 0 れ 0 がⅠ ばん e% 正 ve メあ ブ刀ヶ 

The｜onded《pecimens『ere《tored‖t・   

Before@testing ， the@specimens@were@thermal ， cycled@20@ti   es ， 1@min@in@a@water@bath@at@40 。 ・ C@followed@by@1 

m@@   in@li   u@@   Ⅰ     trogen@(-196oC) ・ The@tenS     Ⅰ   test@for@the@bonding@strength@measurement@was@performed@on@a 

testing@machine@with@a@crosshead@speed@of@2@mm/min   

2.4-3@ Results@and@Discussion 

Tracem ㎎ untsofhydrogen  g ㏄ rema 而 on  them 勧田 su ゴ acethough  thehydrogen  g 俺 w ㏄ evacuatedto 

10 。 4@Pa@after@the@reductin@procedure ， Copper ， g0d,@and@Slver@do@not@adsorb@hydrogen@gas ， however ， 

chromium,@iron ， nickel ， cob8t ， platinum,@and@palladium@do2@@The@cleanliness@of@the@metal@surface@was@not 

evaluated@in@this@study ， The@study@examined@the@adhesive@ability@of@4 ・ META@resin@to@the@met8@   surface 

without@passive@and@oxide@films@and@did@not@evaluate@the@effect@of@adsorbed@hydrogen@in@the@metal@surface ・ 

Figure@2.4-2@shows@the@measured@bonding@strengths@Wth@failure@types@(Table@2.1-1@in@section@2.1)@after 

the@thermal@cycles ・ There@was@a@wide@scattering@of@bond@strengths@with@18-8@stainless@steel ， chromium ， iron ， 

and@cobalt ， and@all@showed@cohesive@failure@in@the@resin ， The@bonding@strength@is@strongly@affected@by@factors 

such  俺億 ic ㎞ lessof 田 e  res ㎞ layer い nc № sion  ofairin  theres 比荻 ld  v 鐙ぬ tions 泣血 emonomer-polymer 

ra Ⅱ o.Howe Ⅴ e ㌔ 山 e  adhesiVe  荻 Ⅱ i 靭 atthemetal た esin  inter 俺 ceissupehorto 血 ecohesion  oftheresin  when 

the@fracture@is@a@cohesive@failure ， even@though@the@bonding@strength@is@low ・ Since@the@appearance@of@the 

丘 act は eratherthm  thebonding  stren 囲 h  re Ⅱ ectsthech 荻 actehsticsoftheme ぬ lsur ぬ ce,thet 抑 eof ぬ ilure 

is@important@in@evaluating@the@adhesive@ability ，   

Ith ㏄ beenshownthatap 俺 s;ve Ⅲ m  onm  alloyco ㎡ ainingc 血 omium  w ㎎ emectiveinobtaining  good 

bonding@strength@with@4 ， META@resin@(section@2.2) ・ However ， the@present@study@showed@that@excellent@bond 

strength@was@obtained@on@the@cleaned@surface@without@a@passive@film ・ Therefore@the@existence@of@a@passive 

film@and@oxide@layer@at@the@8loy/resin@interface@is@not@essential@for@the@alloy ・ resin@bonding   

Adhesion@with@nickel@exhibited@the@poorest@adhesive@ability@of@the@base@metals@as@all@f3lures@were 

inte 血 ace  ぬ ilWes  砿 the  periphe げ of 山 e  丘 ac 抽 re  町 ea,ofthe  precio Ⅸ metals,the  adhesion  with  palladtum 

and@platinU@@was@inferior@to@silver@and@gold ・ The@adhesive@ability@of@the@4 ， META@resin@to@the@cleaned 

surfaces@obtained@by@the@hydrogen@gas@reduction@method@decreased@in@the@fo   Ⅰ   wing@order@on@the@base@of 

both  the  me ㏄℡ ed  bonding  stren 酊 h  md  thatcalc Ⅲ ated  丘 om  the  ㎞ ter ぬ ce  丘 acmre  ra Ⅱ o:Cr=  Co  =  Fe  ノ Cu 

>@Ag@>@Au@=@Ni@>@Pt@>@Pd ・ Platinum@and@palladium@have@the@poorest@adhesive@ability ， The@best@adhesive 

ability@was@with@chro ㎝     um 。 cobalt ， iron ， and@18-8@stainless@steel ， Mogi@@had@reported@no@adhesive@ability@of 

p Ⅸ e  gold  w 廿 h  4-META  resin.The  bonding  st す en 鯨 hs  to  Cr,Ni, md  Co  were  in  order  Cr ノ Ni ノノ Co, 
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different@from@the@present@study ・ The@adhesive@ability@with@metalic@Ni@was@lower@than@that@with@metallic@Cr ・ 

This@is@the@reason@why@the@adhesive@ability@of@the@Ni ・ Cr@alloy@was@inferior@to@that@of@the@Co ， Cr@alloy@as 

described@in@section@2.2   

Mogi@investigated@the@adhesive@ability@of@pure@metal@surfaces@exposed@to@air@after@metallographical 

polishing ・ Since@small@amounts@of@water@molecules@adsorbed@on@the@alloy@surface@cause@deterioration@of@the 

adhesive@ability@between@the@resin@and@alloy@as@shown@in@the@section@2.3.@the@differences@may@be@a@resut@of 

ch 荻 actenis Ⅱ c  di 億 erencesin  伍 e  adso や tlon  ablli ゆ ofwatermoleculesmd  otherg 捧 moleculeson  the  metals 

旭 Ⅳ oron  the  chemicaIa 伍 mni ゆ ofoxygen  to  the  metals. 

2.4-4 Conclusions 

The@cleaned@met8@   surface@was@obt8ned@by@hydrogen@gas@reduction ・ Excellent@adhesive@ability@was 

obt8ned@on@chromi   m ， cob8t,@ion,@and@18-8@stainless@steel,@showi   g@that@a@passi   e@or@oXde@film@on@the 

metals@does@not@pay@an@essential@role@in@the@adhesion ， Nickel@showed@the@poorest@adhesive@ability@of@the@base 

metals@investigated@in@this@study ・ The@adhesive@ability@of@platinum@and@palladium@was@not@as@good@as@gold   

皿 FE ℡ NCES 

l)KeiiY  A 休 orprfon,Kyontu  S 押 ppm  Ltd.,Tokyo,1965,pp.l1-61(in  J 叩 mese)   

2)@ Ohno@ H ， Araki@ Y ， Sagara@ M:@ The@ adhesion@ mechanism@ of@ dental@ adhesive@ resin@ to@ the@ alloy@ ， 

Experimental@evidence@of@the@deterioration@of@bonding@ability@due@to@adsorbed@water@on@the@oxide@layer@ ，   

Dent@Mater@J ， 5:@211-216 ， 1986   

3)Mog  T:S 抽 dieson  adhesi0n  ofmethac げ lic  resin  to  cobalt,c 血 omium  alloy  飴 rde 血 ureb ㏄ e.E は ects0f 

4 ・ metacryloxyethyl》rimellitate  れ Ⅱ hydrlde  monomer  -. ノみ れ P アり sm 乃 odonfSooc,23:660-676,  1979  (in 

Japanese) ， 
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v"0"1 加 
" 血 。 。 "P' 

8 土工 土 ca G ユも SS 

  

碑 a セ e ど 

Fig.2.4-l  App 肝 a 加 S 椅 Ⅰ hydrogen  g ぬ reduc 旺 on:H2;thehydrogeng ㏄ 

cy Ⅱ nder;oX; ぬ eu-shapedmbeincluding  0XygenfemovalagentoXyo は ; 

DP; 伍 eo Ⅱ dim ㎎ ionpump. 

E 窩鵠よ ㌫ ご m 崔まぽた ㌢ 山 eGibbsene, 鰍 ch ㎝ ge ㎝ dp 抽 ialpreSsW" ㎡ oof ㌦ O  to 屯 at 

 
 

。 C K 刀 G(cal) ほ軋 07Pt め 。 q 

800 1073 84.839 1.7X  10-6 

㏄ 0 1173 83.530 6  .5  X  l(@ め 

1000 1273 82,270 2.0X  Ⅰ 0-5 
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50   
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  爾 轍 捧   
彊 20   
      

Ⅰ 0 

エ 8 一 8  Cr  Co  Fe  Cu  Ag  Au  Nl  P モ P は 

0 
-@ @  ）） @ ） 

Fig.2,4-2  Measuredbondings 甘 en 囲 lswith ぬ Ⅱ ure 暁 )ea 丘 erthe 血 aI 
cycles(seeT あ le2.1-1). 

T 由 Ie2.4-2  Me ㏄ u Ⅰ edmdc 皿 cu ヒ edb0ndings 廿 en 卑 hs   

Inte 式 ace Bonding@Strength   

MetaIs ㎝ d  Alloy  E に 臨 ㌔ 滞 ㍊ 勃ま ) Failure@Ratio@(%) (calculated)(MPa) 

18-8  Stainless 
Steel 

39.7 0 43.5 

Cr 36.5 0 43.5 

Co 34.0   43.5 

Fe 40.4 0 43.5 

Cu 4  ヰ・ 4   42.3 

Ag 32.4 5 40.3 

Au 29.9 7 35.7 

Ni 31.5 25 28.5 

円 Ⅰ 7.1 49 14. Ⅰ 

Pd 0 ． 6 86 0 

  Calculated@from@equation@(2.1-1) 
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Chapter@3@ DESTRUCTION@MECHANISM@OF@METAL-RESIN@ADHESION@DUE@TO@WATER 

3 ユ %estmc ぬ on  of 

3.1-1 Introduction 

Generally,@joints@of@dental@adhesive@resin@bonded@to@dental@alloys@weaken@in@wet@environments@though 

adhesion@is@strong@in@dry@environments ， One@example@is@the@separation@or@peeling@at@the@bonded@iterface@of 

metallic@dentures@bonded@with@acrylic@resin ， which@occurs@after@long@term@use@in@the@oral@environment   

Metal@bridges@bonded@to@teeth@also@fall@off@after@extended@use ・ The@degradation@mechanism@of@the@adhesion 

interface@between@dental@adhesive@resin@and@alloys@by@water@has@not@been@established ・ A@major@problem 

awaiting@solution@is@the@attainment@of@good@durability@of@bonding@joints@exposed@to@water ・ Both@the 

pemeation  p ㎡ h  6f  water  to  血 e  adhesion  inter ぬ ce  md  血 e  w 穏 er  conte 血 thatdegrades  the  inter ぬ ce  were 

determined@@@   the@present@section   

3.1-2  M 机 erialsmdMethods 

Ⅰ 召 れれ e4 ガ 0 れ P 乙妨 o/W ねね ア サ o  庇 e メ乙乃 esio れ血招サと ce 

Two》ypes｛f《pecimens『ere［ade》o‥etermine仝@ether》he｝redominant｝ath｛f『ater｝ermeation》o 

the  inte 』 ace  is:(l)  d Ⅱ面 sion  t 肚 ough  市 e  res ㎞， or(2)traIlspo れ along  the  metaUresin  inter ぬ ce.The  且 rst 

靭 Pe( 刀つ eA)h ㏄ no  eXposedbondJoi 甜 s;the Ⅰ esin  w ㏄ a0 ・ 2mm  PMMA  皿 m  bondedwith4- ㍉ 伍 TA  resin 
on  m  l8x18  mm  metallographically  polished  mild  steelplate  w れ h  seded  bondjoi 血 s 養 show Ⅰ 円 lmn  Fig, 

3 1-l(a).Thesecond ゆ pe( 乃つ eB)h ㏄ eXp0sedbondjo ㎞ ts ㏄ sho 仏灯 llnFig.3.1-l(b),mdw ㏄ bondedw は h 

t 血 ee  d 丑 erent  PMMA  田 m  thiclmesses,0 ・ 1,0 ・ 2,md  0 ・ 3  mm.Immediately  aHer  bonding  with  4-META 

resin  a  20  kg  I0ad  w さ applied  № r  5  min  to  the  抽 o  呼 pes  of  specimen  to  main ぬ in  Ⅲ e  4-h4ETA  restn 

thickness｛f・ ， The《pecimens『ere《tored（n‖‥ry…hamber‖t・ 

be № re ㎞ mersionindistilledw ㏄ erat37 。 C   

力 れこ 睡た ダルねね rCo れた れゴリⅠ 姥 e ノづ乃 esio れ血柁 りそ ice 

Water@content@at@the@adhesion@interface@was@calculated@from@the@solution@to@Pick ， s@second@equation 

(3.1-1)1).Thewatercontentat 血 em 血 e ㎡ aceofthemetalmd  abonded  resinHllm  ofthic ㎞ ess g,  養 showm 

inFig.3.1.2  isgivenbyequa Ⅱ on(3.1.2), 於 sumingthatthereisnowaterH ㎎ attheme 卸 inte 丘 ace: 

(3.1- Ⅰ )   

  4 ㏄ (-D) れ xeW ト D(2 れ 十 1)2 万 2%74/2 (3.1-2)   
Here,  C(r) iStheconcen 甘 a Ⅱ on  atthe  i 血 ㏄ 托 ace( ズ =  0)md  C( ㏄ )  ト theconcentrat № n  な tequil 比 rium;  D 

is  the  di ⅡⅡ sion  coe 伍 Icient  荻 ld  r  is  廿 me,  Since  the  d Ⅱ f Ⅰ sion  coe Ⅱ icie ㎡ of  water  molecules  t 血 ough 

PMMA  depends  on  temper 砿 ℡ e  and  water  content, 山 e  minimum  (C==C の ),  D ㎞ ， md  the  m 皿 imum 
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(C  =0)  D 皿 X,vaIues,of  D  at37 。 C  wereestim 甜 ed 丘 om  thesevalues 荻 25 。 C  repo tedinthelitera 「 抽 re2) 

using て he 偽 lIowing  two  eq ℡ a は ons, 

D(C,7 つ )r=o 二ロ。 Ⅰ oexp く - あ /T Ⅰ )                                       (3.1-3) 

D(C) 『 竺 Z)(0)rexpe 一ん c)                                       (3.1-4) 

where  ac"o,  b,md  k  町 econstmt.Theconstmt  ぁ w ㏄ detem Ⅱ nedtobe4.621x103Kfrom  theslope 

of@the@linear@portion@of@D@vs ・ 1/T@plot@in@the@25oC@to@70oC@temperature@range@reported@by@Kawasaki@ ， 

俺 sumlng  that  み w 捧 lndependent  of  water  content.  The  const 荻 lts  a  ㎝ ld  ぉ whlch  were  ㏄ sumed 

independent@of@temperature@were@determined@to@be@7.343@xl0-2@cm2@sec-1@and@3.416xl01@based@on@data 
repo れ ed  in  the  litera 加 re2).The ZL ㎡ "(C  =  C")  md  Dm 似 (C  =  0)  values  thus  obtained  were  l.414x10-Q 

and@2.484@xl0-8@cm2@sec-1   

3.1-3 Results 

Pe 沖 e ク tio れ Ⅰ a 姥 g Ⅰ乃セ ite 「 tot 乃 e ヵ リ乃 eSto れ血屋弓 ね @e 

Figures@3.1-3@(a)@and@(b)@were@obtained@from@the@mild@steel@specimens@of@Type@A@specimens@shown@in 

Fig.3.1-l  (a)which  kep Ⅱ n  a  d ワ enyiro Ⅱ mentmd  in  water 飴 r5  days, 埜 obsewed  由 rough  theresin  血 m   

There@were@no@changes@on@specimen@(a),@and@many@black@spots@on@the@specimen@(b)@surface@after@immersion   

After@immersion@of@specimens@(b)@for@sever8@hours ， W@te@spots@appeared@on@the@surface@and@they@changed 

to@brown@and@finally@became@black@after@5@days ， Figure@3.1-4@shows@surface@states@of@Type@B@specimens 

㎡ T  伍 ree  di 什 erent  団 m  血 ic ㎞ lesses,0 ・ 15  (a),0 ・ 25  (b), 荻 ld  0 ・ 35  皿 皿 (c)  a Ⅱ er  ㎞ mersi0n  椅 r  5  days.The 

chmgein 伍 esWfaceappe 穏 mcew ㏄ m0rerem 荻 kablewiththimerHlms,Both0 ・ 15md0 ・ 25mm  theresin 

mmssep 打 atedcompletely 丘 omtheme ぬ IsW ぬ cewhilethe0 ・ 35mmRlmw ㏄ 0 Ⅲ yp ㎡ iallysep 荻祇 ed.The 

resu ㎏ in  Figs, 3.1-3  ㎝ 1d  3.1-4  indicate  that  d Ⅱ 血 sion  of  water  molecules  to  the  res ㎡ me ぬ l  ㎞ ter 伍 ce  is 

phm 打 ilymroughtheresin  layer 打 ldnotby 丘 mlspo れ along  theresi ㎡ me ぬ Ⅱ nter ぬ ce   

力れ 0%S 恭 2 Ⅰ 巧ねァ CO れ招れ f 口ォ 妨 e ヵ d 乃 e ㎡ O れ而招弓ね Ce 

Figure  3.1-5  shows  the  rela は onship  betWreen  Ⅱ lm  thiclmess  md  water  content,  C0)/C( ㏄ ), 柑 the 

interface ， obtained@from@equation@(3.1-2) ・ At@0.1@days@immersion ， the@ranges@of@the@results@calculated@using 

the  D ㎞ そ C  =C ㏄ 主 0r  the  Dm 鋭 (C  Ⅰ 0)  町 e  represented  by  the  shaded  荻 ea. The  r 引 a 廿 on  be 抹 Veen  五 lm 

thickness@and@water@content@with@respect@to@the@equilibrium@water@concentration@of@PMMA@represented@at 

other@times@were@obtained@with@the@average@ D@ value@at@37aC   

3,1-4  Discussion 

Durability@in@wet@surroundings@is@of@prime@*   portance@in@adhesively@bonded@metal@structures@in@the 

biomaterials@field ， Many@investigations4-13)@of@industrial@applications@have@studied@degradation@due@to 
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moisture｝ermeation（nto｜onded）oints ， However,］o《uch《tudies”ave｜een〉eported（n》he｜iomaterials 

field ・ 4 ， META〉esin『hich（s…omonomer『ith｀MA ， containing・ ， META‖nd”aving｜oth 

hydrophilic  md  hydrophobic  ぴ oups,bondss 捷 ongly  with  tooth  s 血 c 抽 resI4)md  den ぬ lalloys 同 ・ However, 

weakening@of@joints@by@immersion@in@water@has@been@observed@in@some@dental@alloys   

Brewis‘t‖   ・ @”ave〉eported》hat『ater［olecules‘nter）oints｜y‥iffusion》hrough》he‖dhesive〉ather 

than@by@passage@along@the@interface@of@the@alumin Ⅰ ㎝ /epoxy@resin ・ Th@@   has@also@been@shown@for@bonding@of 

8uminum@alloy/polysulfone@with@STEM@and@ESCA@by@Ko,@et@al ， 13@@and@also@with@adhesion@of@dental 

adhesive〉esin/mild《teel｜y》he‘xperiments（n》he｝resent《tudy ， The〔inetics｛f》he’racture［echanism 

are@governed@by@the@rate@of@diffusion@of@water@through@the@adhesive@to@the@interface11 ， 16) ・ Water@molecules 

di は Ⅰ se  t ぬ ough  the  P ㎜ A  ㎝ ld  4-META  resin  because  the  w 荻 ermolecule  d 油 lneterisIessth 紅 l0 ・ 28  m Ⅱ ， 

smaIIerth ㎝ lthe 市 terchamn  distmcein  theresin,md  bec は usethepol 肝 i ゆ of 市 ec 荻 @bonylgroup  in  PMMA 

a 血 acts  water  molecules.As  a  Ⅰ esultPMMA  has  m  equ Ⅰ brium  w 荻 e Ⅰ concen 十 Ⅰ a Ⅱ on  of  appr0Xim 甘土 eIy  2 

mass% ， The@diffusion@rate@of@water@molec ℡   es@through@polymer@materi8s@may@be@treated@as@FicKan16@17)@or 

non.FicklmlI2).Inthepresents 憶 dy,thediff む sionra 士 eeiscalculated ㏄ Fickia Ⅱ   

3.1-5 Conclusions 

Polymethyl@methacrylate@(PMMA)@film@bonded@by@4 ・ META@dental@adhesive@resin@to@mild@steel@was 

used  ㏄ aspecimen  to  study  themechmlsm  ofwaterpermea は on  lnto  血 e  adheslve  lnterEace.W ぁ te Ⅱ ente 汗 ed 

the（nterface｜y‥iffusion》hrough》he〉esin〉ather》han｜y｝assage‖long》he（nterface ・ The『ater…ontent 

penetrated》o》he（nterface『as…4culated’rom》he《olution》o‾ik ， s《econd‘quati   n ・ The‥egradation‖t 

the（nterface『ill｜e‥iscussed『ith〉espect》o》he『ater…ontent（n《ection・   
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m9.3.1-l  MMelsofspec ㎞ em  ぬ robsewa 廿 on  of 由 e  pa ぬ onn 血ュ sion  ofwater 
to  血 e  ㎡ hesion  inte ㎡㏄ e  of 山 e  曲 e ぬ l 斤 es 町 Type  A  h 盤 noJointeXposed  to  water, 
TWe  B  h ㌍ exposedJoin 穣 ， Chmges  in  由 e  mild  steeIsu は ace  were  obsewed 
血の u 輌由 e  restn  mm  a Ⅱ erdimerer は peH ㎝ so 伍 mmersion, 

C( ㏄ ) ビ ( り 

甘 oter   

% イ生Ⅰ ガ = 0 

Fig.3.1-2  Dim エ寸 on  modelto0alculate 
wate 戸 contentat 田 eadh ㏄ ion  inte 氏ぬ ce. 
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3.2,l  In 秤 oduc 廿 on 

In@section@3.1 ， it@was@established@that@in@the@speci   ens@bonding@a@polymethylmethacrylate@(PMMA   

film@with@4 ， META@resin@to@mild@steel ， water@entered@the@interface@by@diffusion@through@the@resin@rather@than 

by@passage@along@the@interface@ ・ The@present@study@clarifies@how@the@structure@of@the@adhesion@interface 

changes@with@water@immersion ・ The@changes@in@chemic8@   states@of@the@mild@steel@surface@at@the@adhesion 

㎞ erf ㏄ e  of  市 e  PM 仏 払出 m  bonded  with  4-META  resin  wefe  s 抽 died  by  ma 睡 icaImethods,incIuding 

X-rW  di 億 ㏄ tion,feflectioneIec 丘 ondi 壬 action パ IldESCA   

3.2-2  Materialsmd  Methods 

Ⅰ れゆ 4%d  Reflec ガ i0 れ刃 ec か ・ o れ di ガ肋 e ガ o れ 

A0.2mmthickPMMAA 冊 mw ㌍ bondedwi 山 0.05 mmt ㎞ ck4. れ佃 TAresi   2)onthe l8x18 mm 

metallographically@polished@mild@steel@plate ・ The@bonded@specimens@were@stored@in@a@dry@chamber@at@37oC 

for@24@hr@and@then@immersed@in@37@C@distilled@water@until@corrosion@products@were@observed@on@the@ ㎝       d 

steelsu 「 dacCet ね Ou 軒 l%e  牡 mSp 町 entreSln  laye 「・ Identl Ⅱ catlon  Ofthe  cor 「 oslon  products  at 田 e  adhesIon 

interface@was@carried@out@by@X ・ ray@diffraction@with@a@diffractometer@under@Fe@Ka@radiation@with@a@Mn@filter ， 

35@K Ⅴ tube@voltage,@and@20@mA@current ・ Products@on@the@specimen@having@no@diffraction@pattern@by@the 

X.ray  dim 丘 action  were  ide 血 i 且 ed  wi ぬ re Ⅱ ec 廿 on  high-energy  elec 甘 on  dlff 「 action  pa 甘 ems  obserVed  wih  m 

electron［icroscope『ith‖ccelerating」oltage｛f・ ・ 

ESC は メれリ ラド 汰 

Mild@steel@was@soldered@on@18-8@stainless@steel@specimen@holder@of@an@ESCA@(Shimadzu@ESCA-850)   

The@mild@steel@surface@was@polished@metallographically@and@a@0.2@mm@thick@PMMA@fi Ⅰ   was@bonded@to@the 

mildsteelwith0.05mm  伍 ick4-META  fesin.AfHerstorage 俺 r24%  inadryatmosphere 甜 37 。 C, 田 e 

specimen@was@ immersed@in@distilled@water@for@3@ days ， 4@ days ， and@2@weeks ， A@PMMA@block@was@then 

bonded@on@the@PMMA@film@as@shown@in@Fig ， 3.2-1.@to@enable@the@imposition@of@large@thermal@stresses@at@the 

mtte ㎡， acebythemmalshock.Thespecimenw ㏄ thensealedinaqu 従 tzgi 朴 s 抽 be 且 lledwithu 血 a,highpu 「 dty 

argon@gas@(purity@99.999%;@oxygen@content@below@0.2@ppm;@dew@point@below@-70oC) ・ And@the@specimen@in 

血 e  qu ㎝ セ mbe  w が su 可 ected  to  血 eml%  shock  with  血 emlalcycles  丘 om  liquid  n 血 0gen  (.196 。 C)to  wate Ⅰ 

(40 。 C)tosep 打 ate 血 eresinlayer 丘 om  themildsteelsu ゴ ace,A 且 erthe 血 emaalshocks,thequ 打セ 9l ㏄ s 血 be 

w ㏄ broken  ㎞ a  polyethylene  ch 荻 nbera は ached  to  the  ESCA  specimen  ch ㎝ nber, 且 lled  with  ul 位 a-high 

purity@argon@gas ・ The@ESCA@specimen@was@introduced@into@the@specimen@chamber@without@exposure@to@air ， 

ESCA［easurements『ere｝erformed仝th｀g゜a〉adiation・ 

t ℡ bo-molecul 町 pump.Thespecimen  sur 億 cewassu 可 ectedto 頒 gon  ion  etc ㎞ ng  村 2  kV  md20M  under 

a@pressure@of@5x10 ・ 4@Pa@in@the@spectrometer ・ The@etching@rate@was@0.1@nm/sec@on@pure@silver@under@this 

con 小 tion.The  me ㏄ urements ㎝ ld  血 e  町 @gon  ion  etch ㎞ g  were  pe 血 、 Ormed  alternate け to  determnine  both  伍 e 
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amounts@and@chemical@states@of@the@elements@with@depth ・ The@amounts@of@elements@were@calculated@by 

considering@only@the@photoelectron@cross@section   

3.2-3  Results 

井 r 雙 and  R 瓠 ec ガ o"E ね c 加れ Dif ガ肋 crio れ 

Figure@3.2-2@ (a)@ shows@ X ， ray@diffraction@patterns@ of@the@ slightly@brown@surface@ of@the@ specimen 

immersedinw 荻 er 椅 F2weeksmdF 憶 3.2-2(b い s 血 edi 伍 actionpa は emoftheblaCksur ぬ ce ぬ unda 且 er2 

months@immersion ， Diffraction@pattern@(a)@showed@only@the@iron@structure ， while@(b)@showed@a@mixture@of 

iron@and@Fes04.@Figure@3.2-3@shows@the@reflect Ⅰ   n@hi   h ・ energy@e Ⅰ   ctron@difracti   n@pattern@obtained@from@the 

surface@ of@the@ 2 ・ week@ spe0men ， In@ Table@ 3.2-1 。 the@ observed@ Ⅰ   ttie@ spa0ngs@ and@intensitis@ of@the 

dim ㏄ tion  p 抽 e ㎡ 肝 e  shoWlmd  comp 町 ed  with  the  data  椅 riron  md  iron  oXide  hyd 耳 ate 。 Feo(oH).The 

di 伍 ㏄ tion ぬ rlronshowedanngpattem  mdthat № rFeo(oH)hadasp ㏄ ワ pattem   

ESCC は メれ d%s な 

Figure@3.2-4@shows@the@Fe@2ps/2@spectra@obtained@after@3@days@(a)@and@2@weeks@(b)@of@water@immersion ， 

The@(c)@spectrum@was@obtained@from@the@2@week@immersed@specimen@after@100x60@sec@of@argon@ion@etching 

in@the@ESCA@spectrometer ， showing@an@almost@pure@iron@state ， The@surface@state@of@the@2@weeks@specimen 

w ㌍ iden ⅡⅡ ed  養 iron  oxide  hydrate,Feo(oH) 。 荻 d  the  same  chemicd  state  may  be  養 sumed  a ぬ er  3  dWs 

immersion ， Figure@ 3.2-5@ shows@ the@ changes@ in@concentrations@ (at%)@ of@Fe ， 0 ， and@ C@ with@ depth ， for 

specimens@immersed@for@3@(a)@and@4@days@(b) ， The@carbon@concentration@of@the@3 ・ day@specimen@was@higher 

than@after@4@days@of@immersion ， W@ile@the@oxygen@concentration@was@lower@in@the@3 ・ day@specimen ， Figure 

3.2-6@shows@the@Fe@2ps/2@spectra@obtained@at@different@depths@after@3@(a)@and@4@days@(b)@of@water@immersion 

with@varying@argon@ion@etching@times ・ The@peak@at@707.2@eV@was@metallic@iron ， and@the@peak@and@shoulder@at 

710.0@and@711.2@eV@indicated@oxidation@states ， The@spectra@showed@a@mixture@of@metallic@and@oxidation 

states ， To@obtain@the@fraction@of@oxidation@states@ofFe ， the@spectmm@of@the@oxidation@states@was@graphically 

sep 町荻 ed  丘 om  伍 e  me 俺 ured  spectm 皿 ， md  血 e  results 町 e  sholWlln  Fl9.3.2-7.The  mlountofoXldatIon 

states@ofFe@after@4@days@immersion@was@higher@than@after@3@days   

3.2-4 DiscusSon 

The bonding strength of‖dhesive joints is strongly influenced by water and humidity in the 

envionment3@@There@are@many@investiatins of（ndustrial‖pplications｛n‥egradation‥ue》o［oisture 

@trusion@into@bonded@joints:@after@exposure@to@water ， the@fracture@path@is@between@the@adhesive@and@metal 

0 泊 deinte ㎡ aCe, 荻 ld  the 「 elSaConSlde 「 abIelnC 「 e 俺 elntheI 「 On  oxlde 田 lC ㎏ leSS4).Fo 「 alumlnlum,moiS 血 「 e 

intrusion@at@the@bonding@line@causes@the@oxide@to@convert@to@hydroxide@with@accompanying@change@in 

morphology@and@bonding@strength3 ， 5) ， The@durability@in@wet@environments ， such@as@the@oral@cavity ， is@also@of 

prime@importance@in@bonding@dental@adhesive@materials@to@teeth@and@dental@alloys   

Ith ㏄ been  estab Ⅱ shed  thatthe  watermoleculesre ㏄ h  ぬ e  adhesion  inter 勉 rGe  by  di 億 Ⅰ usion  t Ⅱ ough  the 
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resin@layer@rather@than@by@passage@along@the@interface2 ， 6 ， 7) ， The@destruction@of@adhesion@depends@on@the 

velo0ty@of@W8ter@diffusion3 ， 8 ， 9) ・ The@water@content@at@the@interface@has@been@calculated@from@Pick's@second 

equation@as@ described@ in@the@ previous@ section ・ The@ chemical@ state@ at@the@ adhesion@interface@ in@ a@short 

immersion@time@could@not@be@determined@because@the@PMMA@film@could@not@be@separated@from@the@mild 

steelsubs 丘 atebythermalshockw      ththespeciHmenseaIedinaq Ⅰ 血 zgIaSsmbe ㏄ showninHg.3.2.1   

A 且 er3  daysimmersion,thew 托 erconte 血鮭 theadhesion  inter ぬ cere ぬ hed  closeto  柑 theequlllbrium 

waterconcen 什 a Ⅱ on, 酊 ld  れ w ㏄ dete ⅡⅠ ined  th 砿 iron  oXide  hydrate  w 雙飴 nned  at 山 e  adhesion  inter ぬ ce 

after@3@days@and@also@2@weeks@immersion ， This@was@followed@by@the@appearance@of@a@black@corrosion@product, 

Fes04.@The@critical@time ， the@change@from@Feo(oH)@to@Fe304 ， was@not@determined@here   

C 町 bon  is  derived  mainly  丘 om  conta ょ Ⅱ ina は on  ㎝ ld  丘 om  the  adhesive  resin.The  steep  decre さ ed  mn 

carbon@concentration@after@a@few@minutes@of@argon@etching@shown@in@Fig ， 3.2-5@(a)@and@(b)@showed@the@extent 

of@carbon@contamination ， The@carbon@content@of@the@3 ・ day@specimen@was@higher@than@that@of@the@4 。 day 

specimen,@indicating@a@large@amount@of@residual@resin@on@the@3@days@specimen ， The@amount@of@residu3@resin 

bonded@ with@ the@ mild@ steel@ surface@ decreased@ as@ destruction@ of@ the@ adhesion@ interface@ due@ to@ water 

molecules@progresses   

Oxygen…omes’rom‖bsorbed『ater［olecules・ ， iron｛xide”ydrate ， and〉esidual〉esin   

The@high@oxygen@amount@in@the@4 ・ day@specimen@showed@that@much@oxygen@was@due@to@iron@hydroxide@as 

shown@in@Fig ， 3.2-7@even@though@there@was@much@residual@resin@in@the@3 ・ day@specimen@and@absorbed@water 

as@contamination@was@similar@for@the@two@specimens ・ Side@chains@of@4 ， META@bonds@with@hydroxyl@groups 

on@the@metal@surface@by@formig@hydrogen@bonds10) ・ These@chemi3@   bonds@may@be@destroyed@slowly@with 

water@diffusion ・ This@was@followed@by@corrosion,@forming@iron@hydroxides@such@as@Feo(oH) ， resulting@in@a 

complete@destruction@of@the@adhesion@interface   

3.2-5 Conclusions 

This@section@discussed@the@mechanism@destroying@adhesion@between@4 ， META@and@mild@steel ， and@the 

action@of@water@molecules@reaching@the@adhesion@interface ・ After@i   mersion@in@water ， the@adhesi   e@layer@was 

sep ㎝ ated  丘 om  the  metalsur ぬ ce.The  su 托 ace  was  malyzed  by  ESCA,reflection  electron  di 荻 action,md 

X.ray  d ⅡⅡ ac Ⅱ on  to  elucidate  ch 紅 lgesin  the  sW 伍 ces   

Thick｜lack corrosion｝roduct composed of：eaCXt was formed at》he adhesion interface of》he 

specimen  a 丘 erimmersion  椅 r2  months.A  ve Ⅳ thin  bro Ⅵ m  product №Ⅱ med  a 丘 erimmersion  ぬ r2  weeks   

This@included@no@X ， ray@diffraction@pattern@for@Feo(oH)@as@determined@by@reflection@electron@diffraction   

After@3@days@immersion,@no@change@was@observed@on@the@mild@steo@   surface@through@the@c Ⅰ   ar@resin@ Ⅰ   yer ， but 

ESCA@analysis@revealed@the@same@chemical@state@as@in@the@2 ・ week@immersion@specimen   

The@hydrogen@bonds@appeared@to@be@destroyed@with@water@penetrating@through@the@resin@layer ， This@was 

followed@by@corrosion,@resulting@in@a@complete@destruction@of@the@adhesion@interface   
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Fig.3.2.@ ESCA 中 ㏄血切㎡血 
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(a) 

726 700 

Bind ㎞ gEner 緩 (eV) 

Fig ・ 3.2-4@ The@Fe@2p3/2@ESCA@spectra@obtained@after@3 
days@(a)@and@2@weeks@(b)@of@water@immersion;@(c)@shows 
the@2@week@specimen@after@100@X@60@sec@of@argon@ion 
etching ・ 
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Fig.3.2-5  Concentration  v 荻 I 穏 ions( 村松 )with  depth  騰 r Ⅲ e3  (a) 荻 nd4  day  (b)w 穏 erlmmersed 
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Chapter・ DESTRUCTION｀ECHANISM＾F｀ETAL ・ RESIN、DHESION．UEゝO仝ATER 

3.3-1  I 庶 roduction 

Generally,@joints@of@dent@@adhesie@resin@bonded@to@dent8@alloys@weaken@in@a@wet@environment@though 

a 曲 esion  is  s 丘 ong  ㎞ a  d け environment. Durabili ゆ evaluation  of  the  adhesion  intef 俺 ce  in  water  is 

necess8 け， because  d 皿 ab Ⅲ ゆ in  a  wetenv Ⅱ o Ⅱ ment,such  雙 the  oralcavi 呼 ， isofprime  impo れ mce  in  the 

bonding  of  dent 田 ㎝ lhesive  m 祇 e Ⅱ als  to  tee 由 ㎝ ld  de Ⅱ ね laIloys, Ⅱ エ s  how0ver,necess 荻 y  to  estab Ⅱ sh  a 

simple ， efficient ， and’ast｝rocedure｛f‘valuation’or『ater‥urability‖t》he adhesion（nterface ・ The 

叩 propn 穏 e  test 田 g  mr  watef  duraMli 靭 requ Ⅱ es  血 at  血 e  whole  adhesion  i 血 er 肱 ce  h 俺 reached  the 

equ Ⅲ brmm  w 甜 e Ⅱ concen 荻荻 l0n   

Wi 血 a ㎞ minu ㎡ epoxy  resinl), ㎡ umminum ㎡ Li.polysum 飴 ne2),md  mild-steeV4-M 侶 TA  resin@)in  wet 

envionments,『ater［olecu Ⅰ   s‘nter》he‖dhesion（nterface｜y‥iffusion》hrough》he‖dhesive〉eSn〉ather 

田租 by  p ㏄ sage  along  eXposed  bond  lines.In  the  preseM  s ぬ dy,the  d ℡ ab 田ゆ evaluation  of 市 e  adhesion 

苗 ter ぬ ce  a 丘 ef  immersion  in  water  w ㌍ per 椅 fmled  ㏄ 飴 Hlows:The  田 in  PM dAA  小 田 m  w ㏄ a 雄 ached  to  met 田 

specimens『ith・ ， META〉esin’or》he『ater…ontent‖t》he（nterface》o〉each‘quilibrium（n‖《hort》ime   

A は erwaterimmersion, 血 e  specimen  w ㏄ su 切 ected  to  theImalcycIes 丘 om  Ⅱ quid  ㎡ な ogen  to  water(40 。 C)   

The  resin  丘 lm  sep 町 atesw れ hoM  de 肝 ada は on  due  to  waterwhen  the  resin  ㍽ lm  isthick,becausethe 

intensity｛f》he》herm8   stress‥ue》o》he》hermal《hock‥epends｛n》he〉es@   thckness ・ It（s］ecessari Ⅰ   to 

determine@the@critical@resin@thickness@W ℡ ich@separates@only@when@the@adhesion@interface@has@degraded ， To 

determinethecriticalthic ㎞ less,the ㎞ fluenceofresmn  丘 lm  田 ic ㎞ lesson 山 esep 町村 ion  oftheresmn  血 lm  wm 市 

thermal《hock『as‘xam Ⅰ   ed『ith・ ・ steel《pe0mens『hich｜ond《trongly『ith・ ， META〉esin 

without@ water@ immersion ， Mild ， steel@ bonded@ resin@ film@ W@ich@ is@ thinner@ than@ the@ critic8@   resin@ film 

thickness@was@chosen@in@order@to@discuss@the@relationship@between@water@immersion@time@and@degradation@at 

the‖dhesion（nterface ， since‖dhesion（nterface（s‥estroyed｜y『ater［ore〉apidly（n［ild ， steel》han・ 

s ぬ inless.steel.D Ⅳ ab Ⅲ り ofthe  adheslon  lnte 血 ace  to  w 穏 erlmmerslon  w 盤 evalu 荻 ed  by  me ㌍ Wementof 

thesep 館 ated  打 eaofresin  且 lm  a 且 er 市 ethemalcycIes   

Thermnals 甘 ess ㎝ lalysisw ㏄ calculated  by  the  t 血 ee-dimensional 且 m れ e  element ㎝ lalysis   

3.3-2 Materials‖nd｀ethods 

ぷと 戸のⅠ は ガれ 9  %s すあ ノ Z 乃 em 竹 20 Ⅰ S 乃加 Oc た USs 庇 g  Li ワぴ Ⅰぱ八けか oge れ 

The  mn Ⅱ uence  offesin  Ⅱ lm  thic ぬ less  on  the  sep 打 a Ⅱ on  ofthe  resin  且 lm  w れ h  themmal shock  w ㏄ 

investigated『ith》he《tainless ， steel《pecimens ， which｜ond《trongly『ith・ ， META〉esin『ithout『ater 

immersion ， Polymethyl@methacrylate@(PMMA)@films@of@0.2@mm@to@0.7@mm@thickness@were@made@of@a 

PMMA@powder@by@pressing@at@150oC ・ An@18-8@stainless ， steel@adherend@metal@plate@(18x18x1.5@mm3)@was 

polished  me ぬ l10%aphically  to  elimin 机 e  mechanlcaI ぬ ctors  that  affect  bonding, The  PM ⅡⅡ Afllm  w ㏄ 

bonded『ith・ ， META〉esin》o》he《tainless ， steel｝late ， The｜onded《pecimen『as｝ressed『ith‖・ ・ kgf 

load 椅 r Ⅱ veminutestomaintain  aconst 荻止 0 ・ 05.mm  thick  4-META  resin  laye ㌔ then  keptin  adry  chamber 
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at  37 。 C  碕 roneday.Subsequently,thespecimen  w 養 su 問 ectedto  20themmalcycles 丘 omliquid  nitrogen 

( ・ 196oC)@ to@ water@ (40@C)@ for@ 60@ sec@ each ， The@ separated@ area@ was@ traced@ by@ a@ profile@ projector ， 

Measurements@were@made@individually@on@10@specimens   

D 。 ㌣ 材 Dtlo れ 呪力 沸 。 ， io" 血招睦 ce 取血化 ㎡。 れ肋 巧め 

Figure@3.3-1@shows@an@evaluation@method@of@the@degradation@of@the@adhesion@interface@by@water ・ A@0.2 

mm@thick@PMMA@film@was@bonded@with@0.05@mm@thik@4 ， META@resin@on@the@18x@18@mm@metallographically 

polished@ ㎝     ld ・ steel@plate ・ The@specimens@were@stored@in@a@dry@chamber@at@37oC@for@24@hr@before@immersion 

in@37@C@distilled@water ・ After@the@immersion ， the@specimens@were@subjected@to@20@thermal@cycles@from@liquid 

nitrogen@(-195.8oC)@to@water@(40oC) ， each@for@60@sec ・ Since@the@resin@film@separates@from@the@mild ・ steel 

s は face  by  thermnal  stress  when  there  w 養 degradation  atthe  adhesion  inter 飴 Ce, 伍 e  sep 穏 ated  打 e 俺 were 

me 養 ured ぬ re ㏄ himmersiontime   

皿 er 用㎡ S か ess 力 れり 技 s なり地色 Th 乃花色 -%me 榔 i0 れり 7Fi 肪庇 E ね甜 e ん す Mge 妨 o ガ 

T ぬ ee.dimensional  色 n れ e  element  maIysis  w ㏄ pe Ⅰ omled  by  the  I 田 e 簿 ated  S 甘 uc 抽 ral  Analysis 

Program・ 

along@the@z@axis@for@the@resin@layer@and@10@elements@along@the@z@axis@for@the@steel@substrate@as@shown@in@Fig   

3.3-2,The  coemcieM  ofline 荻 themaleXpmsion,the  modulusofel ㏄ tic 呵 。 md  Poisson.sra Ⅱ o  on  resin 

and《teel‖re〕isted inゝable・ A》hermal load｛f・ difference 

between@-196oC@ liquid@nitrogen@and@40oC@water ， Computer ， aided@calculations@were@performed@for@resin 

layers@of@0.10 ， 0.25 ， and@0.50@mm@thickness@and@1.50@mm@thick@steel@on@a@quarter@of@the@model@assuming@a 

completely’ixed〉esin/steel（nterface   

3.3-3 Results 

Separati れ g  %st あ ノエカ e 冊 al ふん oc ん 

Figure@3.3-3@shows@the@separated@area@versus@the@resin@film@thickness@bonded@to@the@18-8@stainless@steel 

without@water@immersion ， Total@interface@failure@occurred@on@specimens@with@resin@thicker@than@0.5@mm     

there  waS  criticCaIthic ㎞ essbe 憶 feen  0.45  md  0.5nmm,After 血 e  themmalcycIes,thick  resin  layers  sep ㎝ ated 

at@the@adhesion@interface@even@though@the@resin@layer@was@strongly@adhered ， To@study@the@degradation@due@to 

water@at@the@adhesion@interface ， a@resin@layer@of@0.25@mm@was@selected@as@a@resin@layer@which@does@not 

sep 町 ate 丘 om  themetalsubs 甘 ateifadhesionw 億 initiaIIy  s 甘 ong   

De ㍗ ぽぱ佛 tlo れ 0/ ズわ e メは乃召 $i0 れ 血す e ちれ ice 臣ア Ⅰ 揮用 e 捲ク 0 れ丘 れ 乃花 ite ァ 

Figure・ shows》he〉elationship｜etween》he《eparated‖rea・ 

mild-steelmd  immersion  times(min),me 俺 ured  拙 er ぬ e 市 emlaIcycles.Thesep 棲 ated  町 eacovered  only  a 

few@percent@after@short@immersion@times ， below@100@min ・ After@longer@immersion@times ， over@200@min ， the 

sep 荻 ation  induced  by  themals 丘 ess  covered  the  whole  metals ㎡㏄ e,md  there  w 養 a  ch 廿 calimmersion 
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time@for@interface@failure@near@200@min ， This@indicates@that@failure@occurs@at@the@interface@when@the@water 

content@here@reaches@a@critical@v8ue   

℡ er 沖 ㎡ ふ か ピ榔 力れ d% はほ 

Rgure  3,3.5  shows  she ㎡ ng  s 牡 esses  祇 the  adhesion  ㎞ ter ぬ ce  calculated  ぬ r  a  q 仮れ er  of  the  x 一ク 

inte 桟 aceby  the 丘 niteeIementmethod  wRh  a0 ・ 5mm  thick  Ⅱ es ㎞ layer.TheabsciSsashows 血 edistmlcein 

the@diagonal@direction@and@"0"@of@the@distance@represents@the@center@of@the@specimen ・ The@thermal@stress@was 

hi 曲 est  at  由 e  periphe け mld  zero  甜 the  center.RgWe  3.3.6  shows  ma ぬ mum  she 荻 ㎞ 9  s 甘 esses  at  the 

adhesion  ㎞ te ㎡・ ace  ofthe  periphery  with  di 什 erem  thic ㎞ lesses  of  resin.The  stresses  were  calcula 出 eed  俺 8 

h 什 a ぬ rao,l Ⅰ m Ⅱ thick 、 l6M 什 afora0.25mm,md22.5M 仲 a 椅 ra0.5mm  thickresinIayer   

3,3,4  Discussion 

Ev 召 Ⅰ ぴ乙 flo れ Mge ズカ 0 は 75 ア ルねす e ァ D ぴ ァロ ゐ 胡か 4% ズカ e ヵ d んピ ㎡ 0 れ血 ter た ce あ ノ 山刀 召 た % 乙 78 万 0 どん U3% 若ム正ヴ 仮は Ni 万 かりど じ れ 

The［ost…riti4   factor（   fluen0ng》he［echani8   behavi   r｛f‖dheSve）oints（s『ater‖nd”umi   ity ・ 

Water@durabiliy@of@adheSve@structures@exposed@to@envionments@like@the@oral@caviy@@@   very@important ， In 

general ， long@immersion@times@are@need@for@evaluation@of@water@durability@at@the@adhesion@interface ・ The 

presents 血 dy  proposed  a  q ㎡ ck  evaluat 油 n  method  ぬ rwatefdura 目 町村市 G  adhles め n  № te 比 ace,A  simll 鐙 

method@ has@ been@ reported@ as@ the@ separati   n@ method@ of@oxi   es@ from@ al Ⅰ   y@ substrates@ heated@ at@ high 

tempera 加 Ⅱ e の   

The》hree ， dimensional’inite‘lement［ethod《howed》hat》hermal《tress（ncreases『ith（ncreasing 

thickness@of@the@resin@layer@(Fig ・ 3.3-6)@and@showed@maximum@shearing@stresses@at@the@periphery@of@the 

adhesion  i 憶 erface  (Fig- 3.3-5). The  sep 打 ated  町 ea  versus  the  resmn  ㎝ m  thic ㎏ less  obtained  丘 om  18-8 

stainless ， steel@specimens@without@water@immersion@showed@that@tot8@   interface@f8lure@occured@on@specimens 

w Ⅱ hresinthickerthm  0 ・ 5mm  (Fig.3.3-3).Thec Ⅱ 丑 icaltheI Ⅱ lalshe 町 ingstressw 養 calculated  ㌍ 22.5  ル Pa 

for@0.5@mm@thick@resin ， There@is@no@difference@in@the@critical@thermal@shearing@stress@between@18-8@stainless 

steelmd  m は d-steelsince  thermaleXp ㎝ lsion,modulusofel ㏄ tici 靭 ， alld  Poison,sra ぬ o  荻 e  almostiden ぬ cal 

for@both@alloys ・ A@resin@layer@of@0.25@mm@was@chosen@in@order@to@study@the@degradation@of@the@adhesion 

inte ゴ ㏄ e  by  w 村 er.W 田 en  ぬ e  adhesion  inter 俺 ce  de 穿 aded,the  adhesion  isbroken  by  lowers 捷 esses 田 an  the 

value@for@the@0.25@mm@layer ， 16@MPa@(Fig ・ 3.3-6)   

Traces@of@separating@resin@film@after@20@thermal@cycles@are@shown@with@repetition@of@cycles@in@Fig   

3,3-7;eXcellent(a)  md  poorwater  durab ℡ 囲 0).Sep 打 ating  柑 the  adhesion  inter 俺 ce  prop 穏 ates  丘 om  the 

periphery@to@a@point@where@the@thermal@stress@balances@Wth@the@adhesive@force ， because@the@stress@is@largest 

at@the@periphery@and@zero@at@the@center ・ The@stress@at@the@periphery@may@depend@on@test@Pece@si   e:@As@shown 

in  Fig.3.3-5,s 丘 ess  decre 捧 esw は h  decre 俺 e  in  specimen  size.When  sep ㎝ ating  appe 鯨 sa れ erone  cycle,the 

ma)dmum  stress  appe 町 s  荻 the  sep 頒 ated  pointin  山 e  椅 Ilowing  cycle. Sep 荻 at;ng  pFopag 杣 es  untilthe 

balaIlcepoint,whe Ⅱ eshe 打 s 仕 ess 酊 lda ㎝ lesive 偽 rcecrossinFig.3.3.8. 
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Chapter3  DESTRUCTION  蝿 C ㎜ ISM  OFMET 旺 - 把 SM  皿 ℡ SI0ND ℡ TOWATER 

De ㌣れ目 Q ガ 0 れり れば Ⅰ ク匂 fg Ⅰ Co れ ㏄れか 乙ガ 0 れり 甘 f わ e メて え刀 e5i0 れ柄 招弓向 c 乙 

Seve Ⅱ alavthorshaveeXa Ⅰ㎡ nedthemecha Ⅱ ism  俺 Ⅰ destmc 廿 on  oftheadhesion  inter ぬ cebe 士 ween  metal 

md  resiln  due  to  waterpene 甘 atmng  t ぬ ough  the  resin. 廿 Ⅱ lth  aluminum,mois 抽 re  intrusion  atthe  ttter 俺 ce 

converted@the@surface@oxide@layer@to@hydroxide@with@accompanying@changed@in@morphology@and@bonding 

s 仕 en 囲 hg- 職・ Ford け Joi 血 s, 丘 ac 憶 re  occured  ne 鯨 the  epoXy  fes! ㎡ meta Ⅱ mer ぬ cewhiIewateT-sodCed  J0 ㎞ ts 

showed@fracturing@at@the@interface@between@the@adhesive@and@the@iron@oxide12@@In@the@previous@section ， the 

interface@between@mild ・ steel@and@4 ・ META@resin@was@analyzed@by@ESCA 。 reflection@electron@diffraction ， and 

X.ray  d ぇ 七 %ac 廿 on  to  eIucidate  st で uc 打ュ ralch 征 Ⅰ ges.A 上士 e 耳 3  days  immefsion,ESCA  荻 lalysis  sh0wed  the 

corrosion@product@to@be@Feo(oH)@on@the@mild ， steeV4 ， META@resin@interface ， After@2@months 。 a@thick@black 

corrosion@product@composed@ofFe304@formed@at@the@interface@ 

The@adhesion@interface@of@mild ， steel@and@4 ・ META@resin@rapidly@degraded@in@wet@conditions@though@the 

inter ぬ ce  bonds  s 捷 ongly  in  d Ⅴ condMo Ⅸ・ The  sep 町村 ed  町 ea  covered  only  a  跨 w  per  centa 且 er  shon 

immersion@times ， below@100@min ・ After@longer@immersion@times ， over@200@min ， the@separation@induced@by 

themmalstresscovered  the  whole  metalsurface,and  市 ere  w ぬ a  criticalimmersion  time ぬパ血 em 俺 ce  ぬ ilure 

ne 荻 200  min. This  indic 甜 es  that  ぬ ilure  occurs  柑 the  interface  when  the  w 甜 er  co 血 ent  at  血 e  interface 

reaches@a@critical@value ・ W0akening@of@joints@by@immersion@in@water@has@been@observed@with@some@met8s*@   

Brewisetal.7)rep0 れ ed  a  line 打 rel ㎡ on  be 抽 een  thejoints 牡 eng 曲 ofaluminum  alloy/epoXy-de-poly ㎝ ぬ de 

mdthew な tercontentof 血 ejoints.Thewa 工 erconte 血 herew ㏄ theaverageco ぬ cen 甘 a Ⅱ on  ofwaterinthe 

adhesive@and@not@the@water@content@at@the@interface@itself ， W0@demonstrated@that@the@relationship@between@the 

degradation@ of@the@ adhesive@ interface@ and@the@ water@ content@at@the@ interface@ of@the@ mild-steel/4 ・ META 

adhesive  resin  w 養 not  line 荻持 sh0wm  in  F 轄 ・ 3.3 叫 ・ In  the  case  0f  mild-steeI, to 抽 inter 俺 ce  伍 lufe 

occurred@at@immersion@times@longer@than@200@min,@demonstrating@that@the@adhesive@force@was@lower@than@16 

MPa ， At@200@minutes@immersion ， the@water@content@at@the@resin ・ metal@interface@was@estimated@to@be@48%@of 

the@equilibrium@water@concentration@from@equation@(3.1-8)   

M ㏄ 山町 a8)h 養 p Ⅰ oposed  m  adhesion  mech ㎡ sm  椅 Ⅰ metalmd  4-NIETA  resin  whe Ⅱ e  side  chainsof 

4 ・ META@bond@with@hydroxyl@groups@on@the@metal@surface@by@forming@hydrogen@bonds ・ It@is@considered@that 

water@molecules@that@permeated@to@the@interface@break@the@hydrogen@bonds@with@the@4 ， META@side@chain ， 

resulting@in@degradation@of@the@interface@when@48%@water@content@was@reached   

In  the  present  s 拍 d 光 inte ㎡㏄ e  sep 町 a 廿 on  appe 荻 ed  a 且 er  immersion  times  longer  than  200  min, 

indicating@a@change@in@the@surface@state@of@the@mild ， steel ， Changes@in@the@metal@surface@at@the@interface@after 

exposure@to@water@have@been@reported@for@cases@where@corrosion@of@the@iron@oxide@leaded@to@considerable 

increases@in@the@oxide@thickness9@@Wth@aluminium ， moisture@permeation@at@the@interface@caused@the@surface 

oXide  layerto  con Ⅴ e れ to  a  hyd 下 o ぬ dewi 田健 compmying  chmgesin  mo 中 hology  andbonding  s 仕 en 國 hI0   
11) 

Further@experiments@were@performed@to@determine@the@immersion@period@for@white@spots@to@appear@on 

thesteels はぬ ce.T ぬ eePh dA  小 皿 msof  l.0 ， 1.5,0r2,0  mm  were  bonded  to  mild-steelwith  4-META  resin 

in@the@manner@described@previously@and@the@surface@states@were@observed@after@immersion@in@water ・ On@the 
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1.0@mm@thick@resin@specimens ， white@spots@appeared@after@10@days ， with@1.5@mm@thick@resin@after@20@days ， 

and@with@2.0@mm@resin@after@31@days ， The@water@content@at@the@interface@when@the@white@spots@appear@on@the 

steel@surface@was@calculated@to@be@95%@of@the@equilibrium@concentration@from@the@immersion@periods@and 
reSin 田 id ㏍ leSS   

Figure@3.3-9@shows@the@relationship@between@immersion@period@in@water@and@film@thickness@with@the 
water@content@at@the@adhesion@interface@at@48% ， 95% ， and@100%@of@the@equilibrium@water@concentration ， In 

thepresentsmdy  there  were  no  chmges  in  the  sum ぬ ce  st 荻 e  up  to  the  time  when  48%  waterconte ㎡ w ㏄ 

reached ・ When@water@content@was@reached@at@95% ， white@spots@appeared@on@the@mild ， steel@surface@and@they 

become@brown@and@then@fin8ly@black ， It@is@therefore@concluded@that@destruction@at@the@interface@occurs@by@a 

breakdown@of@chemical@bonds@with@48%@of@the@equilibrium@water@concentration ， and@that@this@is@followed@by 

corrosion@for Ⅲ     ng@iron@hydroxide   

3,3-5  Conclusionls 

WaterduraMl 町 ofthe  adhesion  inter 俺 ce  w ㏄ evaIu 甜 ed  by  me ぬ ℡ ementofthe  sep 荻 8ted  荻 ea  ofthe 

resin@ film@bonded@ with@4 ， META@resin@ on@metal@ specimens@ after@ imposing@thermal@ stress@ using@ liquid 

nitrogen ， The@intensity@of@the@thermal@stress@due@to@thermal@shock,@calculated@by@the@three ， dimensional@finite 

eIement  method,  mncre ㏄ ed  with  incre 養 ing  resin  Ⅱ lm  thic ぬ ness,  indica Ⅱ ng  that  the  resin  丘 lm  sep 町打 es 

without@degradation@due@to@water@when@the@resin@film@is@thick ・ Total@interface@failure@occurred@on@specimens 

with@resin@thicker@than@0.5@mm ， The@critical@thermal@shearing@stress@was@calculated@as@22.5@MPa ， A@resin 

layerof0.25  mm  w 養 chosen  in  orderto  s 憶 dy  the  de 肝 adation  of 山 e  adhesion  inter 俺 ce  by  water, ㏄ a 

thickness@where@the@resin@layer@does@not@separate@from@the@metal@substrate@if@adhesion@is@initially@strong   

Ⅶ en  the  adhesion  inter 伍 ce  de 肝 ades,the  adhesion  is  broken  by  lower  she 打 s 丘 esses  thm  the  value  №Ⅱ 

0 ・ 25  mm  layefs, l6  N4 Ⅰ ヨ a.Imme Ⅰ slon  tlmeto  reach  equ Ⅲ brlum  wate 甘 come 可 w ㏄ 0 ・ 5  days もⅠ a  0 ・ 25  mm 

resin Ⅱ Im   

A‾MMA’ilm｜onded｜y・ ， META〉esin》o［ild ・ steel『as used》o study》he‥egradation｛f》he 

adhesion@ interface@ due@ to@ water ・ There@ is@ a@critical@ immersion@ time@ for@ interface@ failure@ near@ 200@ min ， 

indicating》hat’8lure｛ccurs‖t》he（nterface『hen》he‖dhesive’orce｜ecame〕ower》han》he」alue,・   

The@interface@was@broken@by@water@when@the@water@content@at@the@interface@reaches@48%@of@the@equilibrium 

water@concentration@of@PMMA ・ Observation@through@the@PMMA@film@showed@no@change@in@the@mild ・ steel 

surface‖t・ equilibrium『ater…oncentration‖t・ spots 

appe 荻 edonthesu ㎡ ぬ e.Thes ㎡ acecolor 面 herchmgedtoblackbythe ぬ mation  ofco 旺 0si0nproducts   

The@present@method@has@an@advantage@in@that@water@durability@of@the@adhesion@interface@could@be 

evaluated〉apidly ， because（n‖〉od》ype《pecimen『hich（s「sed（n「sual｜onding》ests ， the『ater（mmersion 

time@to@reach@the@equilibrium@water@content@at@the@center@of@the@adhesion@interface@may@need@several 

hundred@days ， This@method@is@useful@to@evaluate@the@effects@of@surface@modification@of@metal@substrates@and 

adhesive［onomers｛n》he『ater‥urability｛f》he‖dhesion（nterface   
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Fig.3.3.5  She あ h Ⅱ gs 甘 ㏄ saIongdiagonaI 
di 祀 ction  at ぬ e 材 hesionjnte 』 Raceof 氏 smnwith 
0L5mm  thlckresin  layerd 山ヰ ngthem Ⅱ 甘 lcycle   

F;9.3.3 ヰ M Ⅸ imum  she ㎡ ngs な essat 市 epehphe ワ 

of 伍 eadhesi0n  inte ぬ ace ㎡ th  d 血 erent 叢 sin 
thic ㎞ esses. 
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Chapter3  DESTRUCTION  MEC ℡ NISM  OFMET 札 -%S Ⅲ 如朋 SION  DUETOWATER 
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Fig ・ 3.3-7@ Separating@traces@of@resin@films@after@20@thermal@cycles ， Numbers@indicate 

repetition@of@thermal@cycles ， Excellent@(a)@and@poor@water@durability@(b)   
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F;9.3.3-8  Chmges;nm 穏 im ⅣⅡ s 捷 essatthe 
pe Ⅱ phe ヴ ofspe づ menswi 田 propagating 
sep 打 ation  ofres 而 fiIm   

            

Film ℡。 ㎞ ess(m) 

Fig.3.3-g  Relationship  betwween  出 e 

i 血 merSion  pe 「 hod  in  wateranld  伍 e  fRlm 
thic ㎞ ess  騰 rthe  watercontentatthe  配 hesion 
interface》o〉each・ (interface’ailure 
occ Ⅳ 0 ， 95%  (w ㎡ tespo 偲 appe 打 ), ㎝ d  l00% 

of@the@equilibrium@water@concentration   
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Chapter@4@ NEW@SURFACE@MODIFICATION@METHOD@FOR@DENTAL@ALLOYS@Ga ・ Sn@ALLoY 

4.1-1@ Introduction 

Adhesion@of@adhesive@resins@to@dental@base-metal@alloys@is@comparatively@good ， However,@the@resins 

bond@inadequately@to@dental@precious@metal@alloys@because@they@have@low@chemical@affinity@for@the@precius 

metals 、 Several@surface@modification@methods@have@been@developed@for@improvement@of@adhesion@to@dental 

dloys:high-tempeTa れ Ⅱ e  oXid 雄 ionI),immersion  in  荻 lo ㎡ dizlng  agent2) 。 ㎞ lmersion  in  concen 肚机 ed  nitric 

acid3 ， 4@ ， anodizing@,@electroplating@with@ti7 ， @,@Siox@coating@,@and@ion@coating@ ・ However ， these@methods 

have@ drawbacks ， such@as@ complicated@procedures ， expensive@ equipment ， and@degradation@ of@chemical 

agents ・ 

Ohno@et@al ，     )@have@developed@a@simple@new@method@of@modifying@adherend@metal@surfaces@by@which 

excellent@adhesion@to@metals@is@achieved@by@simply@applying@liquid@Ga 。 Sn@alloy@(named@Adiloy)@on@the 

adherend@metal@surface ， This@chapter@discussed@the@surface@modification@method@and@its@effects@on@various 

dent@@ alloys ・ Adhesion@to@three@other@surfaces,@as ・ polished ， oxidized@at@high@temperature ， and@electroplated 

tin  werealso  s 抽 died  騰 Tcomp 肝 ison  with  the  adhesion  to  theAdlloy"mod 市 ed  sur 俺 ce.Bonding  s 甘 en ま h 

w 養 me ㏄ u 「 ed  町 Ⅰ d  the  du 「 abll1 Ⅳ㎎ aInStwateratthe  adheslon  lnte 托 ace  W 朴 evaIuated   

4.1@-2@ Materials@and@Methods   

M 旋而ぬ 

Theゝable・ 

indicate@ADA@Type@IV@and@14@K@gold@alloys;@Ag ・ Pd ， Ag ・ Cu ， Ag ・ Sn ， and@Ag ， In@are@silver ・ based@alloys;@SUS 

(18-8@ stainless@ steel) ， Co ， Cr@and@Ni ， Cr@ are@base@ metal@ alloys ・ The@ resin@was@ an@adhesive@ dental@ resin 

contai   i   g・ ， META・ ・ META〉es*   )   

S 叱侮 ceMoo ぬヂ ca ガ o れ砂ノ穏 oy 

Adlloy  isa  75  m ㏄ s%Ga-25  m ㏄ s%Sn  aIloy  with  a  soliduspointatappro 対 mately  20 。 C  md  Iiquidus 

point‖t‖pproximately・ ・ The、diloy（s‖［ixture｛f《olid・ 

temperature@(25 。 C)12@@Adiloy@was@applied@and@rubbed@to@a@polished@adherend@alloy@surface@by@use@of@a@pure 

tin  b 町俺 25 。 C.The  su や lus  Iiquid  Adlloy  on  the  adherend  s ℡ 伍 ce  w あ wiped  o 什 wi 田 clem  papertissue 

one［inute‖fter…ontact『ith》he‖dherend《urface ・ A］ew‖lloying〕ayer『ith；a‖ndヾn『as’ormed｛n》he 

adherend《urface   

塊睦 c 。 MOo ぬ か c 血 。 れ砂 O 庇 rM 襯 。 お 

Hi 睦 tempera 加 re  oXidation  was  ca ㎡ ed  out  at  400 。 C  № r  5  min  ;n  a 廿 in  an  elec ㎡ c  血 mace.The 

elec 仕 oplating  w 仙 t ㎞ wasper 俺 Ⅰ med  in  a  so ㎞Ⅱ on  0f  SnSo4(0 ・ 3  m017 せ ),H2S04  (0 ・ 5  mol/ せ ),md  cresol 

sulfonic‖cid・   
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Chapter4  NEW  SU 畑 ACEMODIFICATION 祀 THODPORDENT 乱虹 LOYSG か Sn 几 LOY 

M" ㏄ 穿 ㎝， 庵 o ダ Bo 佃伍 igSr か "" が ゎ 

Five《pecimens ， Type！V ， 14K ， Ag ・ Pd ， Co ・ Cr ， and¨i ， Cr ， were《oldered》o‖・ 

disk  ofstainlesssteeIasshown  in  Fig.2.1-1 ㎝ ldt ぬ eespecimens,Ag-Cu,Ag"In, ㎝ ld  SUS  were 椅 『 med  in 

the  s 荻 ne  s 眩 e  捧 mhe  s ぬ inless  steeldisk.Be ぬ fe  the  su 旺 ace.mod 市 cation  procedures,alladherend  metal 

su 「 faces  were  polished  metaIl0 鮭叩 hically  as  mi 旺 orlike  sum 俺 ce  to  eIiminate  mech 従は caI ぬ ctofs  a 仕 ectmng 

thebondings 仕 en 鯨 h   

A@5 ， mm@diameter@stainless@steel@rod@was@ver@cally@bonded@to@the@adherend@metal@surface@ Wth@a 

constant@0.05 ・ mm ， thick@adhesi   e@layer@by@use@of@the@adhesion@apparatus@with@micrometer@(Fig ， 2.1-2) ・ The 

bonded@specimens@were@stored@at@37oC@for@one@day@in@a@dry@chamber@for@adequate@cure@of@the@adhesive   

After@removal@of@excess@resin@protruding@from@the@stainless@steel@rod@with@a@steel@dental@bur ， the@specimens 

were@subjected@to@20@thermal@cycles@from@liquid@nitrogen@(-195.8aC)@to@water@(40oC)@alternately@for@60@sec 
each@before@the@tensile@test ， With@each@alloy ， tensile@tests@of@20@test@pieces@were@performed@on@a@testing 

machine@(Shimadzu ， IS-5000 ， Kyoto ， Japan)@with@a@test@speed@of@2@mm/ ㎝     n ， after@insertion@of@a@U ， shaped 

piece@in@the@groove@of@the@stainless@steel@rod@(Fig ， 2.1-1) ・ The@fractured@surfaces@were@observed@with@a 

profile@projector@after@the@test ・ The@results@were@statistically@analyzed@by@Duncan ・ s@test@at@a@p@=@0.01@level   

ぼノはぬ乙 ffo れ @ 訪 eD ぴ 用ゐ 旭 ラヴ 妨 e ノ佛 e%i0 れ血 ねが 乙 ce 鋤泥ァ Ⅰ内用 e は i0 れ田叱招ァ 

Water@mo Ⅰ   cu Ⅰ   s@degrade@the@adhesion@i   terface@by@diffusi   n@through@the@reSn@rather@than@by@passage 

along@the@interface13 ， 14) ・ In@this@study@the@durability@evaluation@on@the@adhesion@interface@after@immersion@in 

waterw 雙 per ぬ Ⅰ med  on  the  meth0d  ㏄ described  in  section  3.3. D ℡ ab 田ゆ ofthe  adhes;on  inter 俺 ce  to 

w 柑 er  immersion  w ㏄ evaluated  by  me 雙 Wing  the  sep 町村 ed  酊 ea  of ぬ e  Tesin  皿 m  a は er 市 e  thernlaIcycles   

Measurements@were@made@on@10@speci   ens@for@each@alloy ・ The@results@were@analyzed@by@Duncan ， s@test@at@a@p 

二 0.0l level   

ESCA  力れ a 睡お 

ESCA@measurements@were@performed@Wth@Mg@K<x@radiation@(1,253.6@eV)@at@2x@10 ， 6@Pa@maintained@by@a 

憶 rbo.molecul 荻 p ㎝ lp.Thespeclmen  su 「 ta ぬ ew ㏄ su 可 ectedto  町 @gon  lon  etchlngat2  kV  md  20Im 皿 mder 

a｝ressure｛f・ ・ 4‾a（n》he《pectrometer ， The‘tching〉ate『as・ 

cond Ⅲ on,The  me 養 urements  md  血 e  mgon  ion  etching  were  pe ぬ omed  altem 穏 eIy  to  detemine  both  the 

amounts@ and@chemical@states@of@the@elements@ with@depth ・ The@amounts@of@elements@were@ calculated@by 

considering｛nly》he｝hotoelectron…ross《ection   

4.1-3 Results 

Bo れば iHg  S 血で れ igt 乃 d れ ば Fo フ if ぴれ @eA 月夕 e4 ァ傍れ hCe 

刊 gure4.1,Ishowstheb0nd ㎞ g  s な en 鯨 h  ㎝ 血拓 ㎞ re ゆ pes0b ㎡ ned  丘 om  the ㏄， poIished  (a),oXidized 

(b) ， and@Adiloy ・ modified@specimens(c) ， Failure@appearances@after@the@tensile@tests@were@classified@in@five 

types‖s《hown（nゝable・ ・ plated《peci   ens（s（n・ 

71 

 
 

  

 
 

 
 

  

 
 

 
 



Chapter4 NEW  SU 恕 @ACEMODIFICATION 祀 THODFORDENT 札虹 LOYSG か Sn 虹 JLOY 

alloy.ofthe 俺 ・ polished  specimens(a),thegold  (TWeIV  md  l4K)md  silver 、 b ㏄ ed(Ag.Pd  md  Ag-Cu) 

alloysshowed  lowerbond;ng  s な en 摩 hsbe 棟 『 een  I0  h 伊 a  md  20  % 伊 a  with  awide  sc 抽 ering  ofs 廿 en 酊 hs 

md  Type  III ぬ ilure.Thesilver 、 b 俺 ed  (Ag-Sn  md  Ag-In)md  b ㏄ e.metalalIoys(SUS,Co-Cr,md  Ni-Cr) 

showed  mainly  cohesive  伍 Alures,with  bonding  stren 目 hs  ne ㎝ 40  M Ⅱ ，礼 md  a  smaIler  sca は ermng  in  the 

me ㏄ ured  stren ま hs. 

On@the@high ， temperature@oxidized@specimens@(b) ， the@gold@(Type@IV@and@14K)@and@silver ・ based@(Ag ， Pd 

and@Ag ・ Cu)@alloys@showed@higher@bonding@strengths@than@the@as ・ polished@specimens@(p@<@0.01) ・ Conversely, 

the  silvepb ㏄ ed  (Ag-Sn  md  Ag,In)  md  b ㌍ e-me 杣 (Co-Cr  md  N Ⅱ Cr)  alloys  showed  Iower  bonding 

s 甘 en ま :hsthm  the あ ・ polishedspecimens(P く 0.0l)mdh ㎡ TWelIIorIV  抽 lure   

On@the@Adiloy ， modified@specimens@(c) ， high@bonding@strengths@were@obtained@for@the@gold ， (Type@IV 

md  l4K)md  s Ⅱ ゼ e Ⅱ b ㌍ ed  (Ag-P も Ag-Cu,mdAg-Sn)all0yswith  cohesive ぬ Ⅱ ure.Thebonding  s 仕 en 邨 hs 

ob ㎡ ned  on  the  Adlloy.mod Ⅰ ed  specimens  騰 r  silver.b ㏄ ed  い g-In)  md  b ㏄ e-metal(SUS,Co.Cr,md 

Ni ， Cr)@alloys@were@lower@than@those@obtained@on@the@as ・ polished@surfaces@(p@<@0.01) ， All@the@fractured 

sur ぬ ces  わ r 山 ese  alloys  mod 壬 ed  by  Adlloy  showed  a  t0t 杣 inte ㎞㏄ e  ぬ ilWe,No  di 什 erence  w ㏄ obsewed 

on@the@bonding@strengths@between@tin ・ electroplated@and@Adiloy@modified@specimens@of@Type@IV@gold@alloy@(p 

く 0.01)   

ルね terDMrobi7i ゆ ㎡ メ佛 e$i0 れ血招弓侮 ce 

Figure4.1-2  showsthe  sep 打 ated  打 ea(%)0btained  丘 om  the ぬ -poIished  (a),oXidtzed  (b),and  Adlloy 

m0d 田 ed.specimens  (c)  a は er  immersion  in  water  騰 r  3  days  md  imp0s Ⅰ on  田 e  themlal  cycles,  The 

sep 荻 ated  町 ea  飴戸乃 Pe  IV  gold  aIloy  elec 杜 o-plated  wi 市 tin  is  shown  in  (c).L 町 ge  sep 町村 ed  are ㏄ indic ま e 

low  waterduraMli ゆ， 

Of》he‖s ， polished《pe0mens・ Ⅰ   3   Ⅰ   y 

su ぬ ace  比 r  the  gold-b 億 ed  ㏄ ype  IV  md  l4K)  md  silvepb 億 ed  (Ag-Pd  md  Ag-Cu)  dIoys, md  these 

showed@no@water@durability@at@the@adhesion@interface ・ The@Ag ・ Sn@and@Ag 。 In@silver ， based@alloys@showed 

excellent@water@durability ・ The@base@metal@alloys@(SUS ， Co ・ Cr ， and@N     ， Cr)@exhibited@in@40@to@60%@separated 

areas   

On  血 eo 苅 dized  spec ㎞ ens(b), 田 ewaterdwabiI 吋 ofthegold-md  silver.b 雙 ed  (Ag.Pd  md  Ag-Cu) 

alloys@was@improved@by@high ・ temperature@oxidation@(p@<@0.01) ， However ， the@separated@areas@showed@10@to 

50% ・ The@Ag ・ Sn@and@Ag 、 In@silver ・ based@alloys@showed@lower@durability@than@the@as ・ polished@specimens@(p@< 

0 ， 01).No  statisticaIdi 億 erence  w 養 obsewed  on  the  w 砿 er  dur ぬ il 吋 between  the  o 対 dized  md  ㏄ -polished 

specimens@for@base ・ met3@   alloy@(p@>@0.01) ・ As@shown@in@(c),@the@separated@area@of@the@A4loy"modified@gold ， 

md  siIver.b ㌍ ed  (Ag-Pd  md  Ag-Cu)  alloys  covered  only  a  騰 w  pe Ⅰ cen ㌔ lndlcatlng  eXcelle 憶 wate Ⅱ 

durability@of@the@adhesion@interface ・ However ， Adiloy@did@not@improve@the@water@durability@of@the@Ag ・ In 

siIvepb ㌍ ed  mdb 俺 e-me ぬ Ialloys(P  く 0 ・ 01).Consequen 町 ， theAdlloy  sur ぬ cemod 市 cation  wasemective 

for@all@the@dent8@   precious@metal@8   Ⅰ   ys@except@the@Ag ・ In ， Zn@si Ⅰ   er ・ based@8   Ⅰ   y ， 
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Chapter4  NEW  SU 恕 ACEMODIFICATION 鵬 THODFORDENT 旺 虹 LOYSGa-Sn 几 LOY 

ESCC Ⅸ 力 kn 百口籠 は せ ァ篠 e れね 

Fig ・ 4.1-3《hows》he、u・ ， the；a・ ， theヾn・ ， and》he・ Is 

spectra@(d) ， obtained@at@different@depths@of@the@modified@layer@formed@on@a@14K@gold@alloy@surface@with 

Adiloy@after@different@argon@ion@etching@times ・ Before@argon@ion@etching@(0@min),@Au,@Ga,@and@Sn@were 

わ und  on  the  su 血 ㏄ e  a 且 er2  比丘 om  application  ofAdlloy,which  demom 仕 ated  the  № m 荻 i0n  ofa  new 

alloying@layer@containing@Ga@and@Sn ， The@Ga@2p3/2@peaks@at@1,207.0@eV@and@1,208.9@eV@were@from@metallic 

Ga@and@Ga@oxide ・ The@Sn@@i i@n@spectra@(485.0@and@493.2@eV)@were@from@metallic@Sn@and@the@neighboring ， 

shoulder@at@the@higher@binding@energy@side@was@from@Sn@oxide ・ After@0.5@min@argon@ion@etching,@the@Ga 

oxide@peak@at@1,208.8@eV@became@a@shoulder@of@the@metallic@state@peak@at@ 1,207.0@eV@and@the@Sn@oxide 

shoulder@almost@disappeared ， This@was@accompanied@by@a@decrease@in@0@Is@intensities ・ By@further@argon@ion 

etcMng,oa 荻 ld  S Ⅰ intheoXidest 柑 edisappe ㎝ ed  zmd  only  ぬ eme ぬ Ⅲ cstaTe Ⅰ emained;Sn  disappe 町 ed  a は e Ⅱ 

4@min ・ Ga@diffused@deeper@into@the@gold@alloy@substrate@than@did@the@Sn   

Figure・ ， obtained 

from@the@ 14K@gold@alloy ・ Compositions@at@the@top@surface@before@argon@ion@etching@were@74%Ga ， 10%Cu ， 

8%Au ， 5%Sn ， and@3%Ag ・ The@Adiloy ， modified@layer@was@approximately@500@nm@in@thickness   

Figure・ 

Adiloy@conversion ・ The@diffusability@of@Ga@in@the@alloys@were@in@the@order:@Ag ， In@>@Ag ・ Pd@>@14K@>@Type@IV 

>Ni ， Cr ， 

荻 ℡ 0 ぁ，， w"ti 。 " 

The  SEM  ㎞ agesshoWnlin  Fig.4.1-6  were  obtained  丘 om  m  養 -polished  l4K  gold  alloy  sur ぬ ce(a), 

14K@gold@alloy@surface@modified@by@Adiloy@((b)@and@(c)) ， Ag ， In@silver@alloy@surface@modified@by@Adiloy@(d) ， 

Ni ， Cr@alloy@surface@modified@by@Adiloy@(e) ， and@14K@gold@alloy@surface@electroplated@with@tin@(f) ・ Scratches 

in@(a)@observed@on@the@as ・ polished@surface@were@diminished@after@the@surface@modifications ， On@the@surface 

modified@by@Adiloy,@sm8l@white@particles@and@fine@needle ・ like@crystals@were@formed@on@the@14K ・ gold@((b) 

and@(c))@and@Ag ， In@silver@alloys@(d) ・ However ， there@were@no@needle ， like@shapes@on@the@Ni ， Cr@alloy@surface 

modified@by@Adiloy ， which@was@composed@only@of@small@particles@(e) ・ On@the@tin ， electroplated@surface@(f) 

there@were@small@irregularities@with@voids   

4,1-4  Disc Ⅸ si0n 

古 oH は伍 9  8 打で れ 9 抗力 乙 れ d  形 Ⅰ 招ァ D ぴグ 4% 仮 中口 す A リ乃 e$i0 れ血招托仰 ce 

The@as ， polished@base ・ metal@alloys@(SUS ， Co ・ Cr ， and@Ni ， Cr)@and@high ， temperature ・ oxidized@precious 

metal@alloys@(Type@IV,@14K,@Ag ・ Pd,@and@Ag ， Cu)@showed@high@bonding@strengths@in@a@dry@atmosphere@(Fig   

4.1-l  (a)and(b)).However,mhe  w 祇 erdurabm ゆ atthe  adhesion  i ㎡ er 俺 ce  ぬ rthese  alloyswas ㎞ adequl%e  養 

shoWnl ㎞ Fig.4.1-2  (a) ㎝ d  (b).There № re,itisemphasized  thatthe  adhesive  abili 甲 ofthe  a 面 erend  皿 d 

adhesives@should@not@be@evaluated@by@measuring@the@bonding@strength@only@under@dry@conditions ・ In@the 

presents 憶 dy 。 伍 e  Adlloy-mod 田 ed  gold-b 養 ed  (Type  IV  md  I4K)md  siIvepb ㏄ ed  (Ag-Pd  md  A ま Cu) 
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Chapter@4@ NEW@SURFACE@MODIFICATION@METHOD@FOR@DENTAL@ALLOYS@Ga ， Sn@ALLoY 

alloys《howed］ot｛nly”igh｜onding《trengths｜ut‖lso‘xcellent『ater‥urability‖t》he‖dhesion（nterface 。 

offering“ood｝otential’or‥ental「se   

ぢ叱た ceSyx は甘 ㏄ クればメ d ん hgsive 力み妨ヶ 

With@the@Type@IV,@14K,@Ag ・ Pd,@and@Ag ・ Cu@specimens,@the@high ， temperature@oxiized@surfaces@had 

higheTbond  s は en 額 hsmd  be は erw 甜 erdurabili 呼 thm  the さ -polished  su ぬ aces.Tan 荻 a  I)h ㏄ repo は edthat 

copper｛xide ， Cuo ， formed｛n》he《urface”eated‖t・ ・ 

Conversely,｛n》he、g ， Sn,、g ， In,ヾUS,，o ・ Cr ， and¨i ， Cr《pecimens,》he‖s ， p0ihed《urface《howed 

better@adhesive@ability@than@the@high@temperature@oxidized@surface ・ On@the@as ・ polished@surface ， the@Ag ・ Sn 

and@Ag ， In@spe0mens@W0re@covered@with@very@th@@   SnC>2@and@ Ⅰ @Os@films15@@the@SUS@and@NiCr@8loy 

specimens『ere…overed『ith‖｝assive’ilm｛f‖pproximately・ ， primarily…omposed｛f，r3 ・。 ・ with 

minor@amount@of@Nt24 ， 16);@Co ・ Cr@alloy@specimen@was@also@covered@with@a@passive@film@of@approximately@2 

run@composed@of@Cr@@and@Co24-17) ・ By@hih ・ temperature@oXdation@@@   ar,@the@Ag ・ Sn@specimen@was@covered 

with〇no‖ndヾn02;》he、g ， In《pecimen『ith！nios‖nd〇no;》heヾUS‖nd¨i ・ Cr《pecimens『ith，rzoa 

and@Nio;@and@the@Co ， Cr@specimen@with@C@os@and@C0304165   

In@electroplating@with@tin ， the@surface@was@covered@with@1@nm@Snoa18@@Hotz@et@al ・ have@reported@good 

adhesive‖bility’or》in‘lectroplating仝th“lass（onomer…ements100.〆amashita‘t‖l ・ have‖lso〉eported 

excellent@adhesive@ability@with@a@dental@adhesive@resin2@ ・ Adhesion@of4 ・ META@resin@to@Type@IV@gold@8loy 

mod 田 ed  by  Adlloy  w ㌍ comp 荻ぬ le  with  thataHertin  elec 丘 op 拓 ing  ㎎ shown  in  F 憶 s.4.1.l  (c)md  4.1-2 

て 。 )   

S ひち 白 @e 八ア @ ばヂ c リ ガ 0 れ 0 がⅠ d 乃 e 柁ればメ在 0 ノあ ノ G は - ぷれ力Ⅱ 0 ノ 

Diferences of《urface morphology were 8so i   4cated by the SEM images @   Fi   ・ 4.1-6; the 

needle ， like《tructures｛n》he《urfaces｛f・ ， In《ilver‖lloys『ere］ot｝resent｛n》he¨i ， Cr 

alloy.Ga  dlm 而 sed  七 aSter  into  these  alIoy  subs 甘 ates  thanlinto  血 e  N Ⅱ Cr  皿 oy,md  Sn  remained  ne 荻田 e 

su 托 aceofthesubs 甘 ate, ㏄ sho Ⅵ 巾 in  Fig.4.1-4.TheaIloy  su 托 acemodi 且 ed  by  Adlloy  w 俺 cove Ⅱ edwith2-6 

nm｛f‖；a‖ndヾn｛xide’ilm ， Metallic；a‖ndヾn‥iffused（nto》he‖lloy《ubstrate ， but；a‖ndヾn｛xides 

coud@not@diffuse@and@remained@on@the@surface ・ Ths@thin@oXde@ Ⅰ   yer@plays@an@important@ro Ⅰ   @@   the@chemi3   

bonding@of@the@adhesive@resin@to@the@dental@precious@alloys18)   

For‥etermination｛f『hether｛xides『ere｝resent‖t‥ifferent‥epths ， the｛xides‖nd［etallic《tates 

we 戸 esep 打 ated 丘 om  血 eGa 町 ld  Snspec 丘 ame 雙 u Ⅰ edbyESCA  ㏄ ぬ 1lows:TheGa2p3/2st 荻 ld 町 d  spectraof 

oxide ， Gasos ， and@metallic@states ， which@are@indicated@as@ 100%@intensity ， are@shown@in@Fig 、 4.1-7@(a) ・ So 

thatthe 町 ea 丘 ㏄ tionofoxide ㎝ admetallicsta 士 <escouIdbeobtained,theme ぬ lIlcst 打 nd 打 dspectmm  w 養 

脾 pmicalIy  subtracted  丘 om  田 e  me 雙 ured  spec 丘 um  ㏄ shown  in  Fig.4.1-7  (b).The  obserVed  spec 加 m  ぬ Ⅰ 

which@the@main@peak@was@due@to@the@metallic@state@was@subtracted@by@the@metallic@standard@spectrum ， The 

subtracted@spectrum@after@argon@ion@etching@for@0.5@min ， shown@in@Fig ・ 4.1-3@(b) ， was@shown@in@Fig ， 4.1-7 

(b)『ith《eparated《pectra‖nd‖rea’ractions｛f》he｝eaks ， Peaks・ 
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Chapter@4@ NEW@SURFACE@MODIFICATION@METHOD@FOR@DENTAL@ALLOYS@Ga ・ Sn@ALLoY 

㎝ ld0 対 destates.Al 山 oughthes ㎡ acebe も re 打 gon  i0netchingw 捧 composedaImosteXclusively  ofo め 03, 

伍 eoXidecomponeM  decre 億 edto  18%  by  0 ・ 5min  of 町 g0nionetching   

Thechmgesin  山 emlountsofoXidewith  depth, も rG 鋤 03onAdlloy 、 modmed  s ℡ ぬ cesmd  Sno2on 

tin ， electroplated@surfaces ， were@shown@in@Fig ・ 4.1-8.@The@surface@of@the@14K@gold@alloy@modified@by@Adiloy 

was@covered@with@a@Gazos@layer@si   ilar@in@thickness@to@that@of@Snoz@formed@on@the@tin 。 electroplated@surface   

A  G 鋤 03layer,thickerth 従 lthaton  the  l4K  gold  alloy,w 俺 №Ⅰ med  on  the  Ag-In  s Ⅱ ver-b ㏄ ed  alloy.The 

Ni-Cr 田 loysu 血 acehadn0 ぬ yers 血 c 抽 rebutw ㏄ amiX 抽 reofmet 囲 Ⅱ coamdoXides ぬ tes   

Adhesion@of@4 ・ META@resin@to@gold@alloy@(Type@ IV@and@ 14K)@and@silver ， based@alloy@(Ag ， Pd ， Cu ， 

Ag ， Cu,@and@Ag ・ Sn)@modiied@by@Adi Ⅰ   y@gave@not@on Ⅰ   hgh@bonding@strengths@but@8so@exc0lent@water 

d ℡ 荻 Ⅲ ゆ atthe  adhesion  inte ぬ ㏄ e.The  adhesion  あ Ⅲ 呼 0f4,h 朋 TA  resin  to  thegold  alIoysmod 田 edby 

A4   Ⅰ   y@was@comparable@with@that@to@Type@IV@gold@8loy@0ectrop Ⅰ   ted@with@t Ⅰ・ Adi Ⅰ   y@had@no@effect@on 

adhesion@to@the@Ag ・ In@Slver ・ based@alloy@or@to@base ・ met8@   alloys@such@as@NiCr,@Co ， Cr,@and@stain Ⅰ   ss@steo     

The@main@factor@for@excellent@adhesion@between@dental@precious ， metal@alloys@and@4 ， META@resin@was 

the@formation@of@very@thin@Ga@and/or@Sn@oxide@layer@less@than@1-2@nm@thick@on@the@alloy@surface ・ However ， 

conversely,@a@thick@Ga ・ Sn@ Ⅰ   yer@ Ⅰ   aded@to@low@bondig@a6lity ， as@shown@Ag ， In@S     Ⅰ   er ・ based@and@Ni ， Cr@alTys 

(Fig ・ 4.1-8) ， This@is@presumably@the@reason@why@the@A ・ In@silver ， based@metal@alloy@did@not@demonstrated 

improved  adhesio Ⅱ a 且 ermodi 且 cation  ofthe  su 下俺 ceswith  AdlIoy   

Sur ぬ cemod 士 cation  by  Adlloy  h ㏄ m ㎝ ly  adva 血 ages ㏄ comp 打 ed  with  theothermethods.TheAdlloy 

method@@@   characterized@by:@(1)@efficincy@for@on Ⅰ   pre0ous@metal@al Ⅰ   yS@     (2)@easy@appliati   n@and@no 

speciaIequipmem;(3)sho れ timesofapplica 廿 on;(4)high  bonding  s 甘 en 坤 h  mdexcellentwaterdurabili ゆ ; 

(5)@low@price;@(6)@harmless@and@causing@no@irritation21 ， 22@@(7)@no@degradation@ofAdlloy@during@storage ・ The 

critical@point@in@handling@Adiloy@is@to@remove@surplus@liquid@Adiloy@from@the@substrate@after@use@because 

su 皿 lusliquidAdlloy  on 市 esubs は atesu は acereducesbonding  s 捷 en 酊 hsmdwaterdur あ iIi ゆ ・ Smdbl%ting 

by@clean@glass@beads@or@ultrasonic@cleaner ， several@times ， are@effective@in@removing@surplus@Adiloy@from 

irregul 荻 surfaces,There 打 eotheralIoyshav 下 g  low  soliduspointssuch  盤 G か Zn  (soliduspoint25 。 C)md 

Ga ， In@(15.7oC) ・ The@ effects@ of@these@alloys@ on@the@ surface@ of@dental@ precious@metal@ alloys@ are@ being 

investigated   

4.1-5 Conclusions 

Adhesion  of  4.N 佃 TA  res № to  gold  aIIoys  (ADA  Type  IV  md  l4K)  md  siIlver-b ㏄ ed  alloy 

(Ag ・ Pd ， Cu ・ Au,@Ag ・ Cu,@and@Ag ， Sn)@modified@by@Adiloy@gave@not@only@high@bonding@strengths@but@also 

excellent@water@durability@at@the@adhesion@interface ， The@adhesion@ability@of@4 ， META@resin@to@Type@IV@gold 

alloy@modified@by@Adiloy@was@comparable@with@that@to@Type@IV@gold@alloy@electroplated@with@tin ， Adiloy@had 

no@effect@on@adhesion@to@the@Ag ・ In@si Ⅰ   er ， based@al Ⅰ   y@or@to@base ・ metal@al Ⅰ   ys@such@as@N     ・ Cr ， Co ・ Cr ， and 

sta@   less@steel   

The  su 「 f ㏄ e  involved  in  the  a 田 lesion  with  adhesive  resin  is  a  Ga-rich  ぬ yer. The  main  俺 ctof  ぬ r 

achieving@excellent@adhesion@between@dental@precious@metal@alloys@and@adhesive@materials@is@the@formation 
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of@very@thin@Ga@and/or@Sn@oxides@less@than@1-2@nm@thick@on@the@alloy@surface ， which@the@thin@Ga@oxide@layer 

overcomes@the@weak@adhesion@ability@of@the@unmodified@precious@met8@   surfaces ・ However,@conversely,@a 

thick@Ga ， Sn@layer@leads@to@low@bonding@ability ・ This@is@the@reason@why@the@Ag ・ In@silver ， based@and@base@metal 

alloys@did@not@demonstrate@improved@adhesion@after@modification@of@the@surface@with@Adiloy ， 
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Chapter@4@ NEW@SURFACE@MODIFICATION@METHOD@FOR@DENTAL@ALLOYS@Ga ・ Sn@ALLoY 

  

[a)@As ・ polished 

Bonding  S 甘 en 酊 h  (MPa)   

I Ag- 面 l % l 

    ,|  Ni-Cr l % ゆ l         

(b)@High ， temperature@oxidation 

[  14K   
l Ag-Pd 靱 ⑨ l 

  l ⑧ l 
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m
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M
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 d

l
 

A
 

 
  

 
 
 

I@Ag-Sn l % l 

  
Fig ・ 4.1-1 Bonding《trength‖nd’ailure》ypes『ith‖s ， polished・ 

oxidized@(b) ， and@Adiloy@converted@specimens@(c):@The@notation 
indicatesfallure  in  伍 eresin  (cohesive  faIIure),a  mix  ofcohesive 
荻 nd  inte ゴ ace ぬ Ul ℡ e,md  total 面 騰 ㎡ ace  ぬ Ulure. 
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Chapter@4@ NEW@SURFACE@MODIFICATION@METHOD@FOR@DENTAL@ALLOYS@Ga 、 Sn@ALLoY 
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I@Ni-Cr@[y ， @ 目 

Fig.4,1-2  Sep 荻酊 ed 打 ea(%)ofobtained 丘 om  ㌍ -poIished(a),oxidized(b),md 
AdlIoy-conve 「 tedspecimens(c)afRerimmersionin  water ぬ rthreedWsmdimposltlon 
of20 市 eImlalcycles 丘 om  Iiquidn 血 ogento40 。 C  water.Thepeeled 荻 ea 飴 rTypeIV 
gold@alloy@electroplated@with@tin@is@shown@in@(c)   
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Chapter4  NEW  S 側 @ACEMODIFICATIONMETHODFORDENT 虹虹 LOYS ㏄ -Sn 虹 LOY 
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Fig.4.1-7  E  SCA  stmd 荻 d  spectra  (a)  obtained  丘 om  G ㌔ 03  (solid  Iine)md  metallic  Ga  (dotted  line) 
and@subtracted@spectra@(b)@after@0.5@min@of@argon@Ion@etching ， as@shown@in@Fig ・ 4.1-3@(b) ・ The@peaks@(1) 

and@(2)@are@attributed@to@met3l@@   and@oxi   e@states   
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Fig ， 4.1@-8@ Changes@in@the@fractions@of@oxides@with 
depth:@Ga@oy@on@14K@gold@alloy ， Ag ， In ・ Zn@alloy ， 

and@Ni-Cr@alloy@surface ， modified@by@Adiloy; 
Sno,@on@14K@gold@alloy@electroplated@with@tin   

83 



Chapter@5 

DEVELOPMENT@OF@PRECIOUS@METAL@ALLOYS@FOR@RESIN@BONDING 



Chapter5  DEVELOPMENTOFP 蛇 CIOUS 岨 T 札虹 LOYSFOR ℡ SM  BONDNG 

5. proveme 軸 to 甘 Ad 

5.1-1 Introductions 

Dental@adhesive@resin@(4 ・ META@resin)@does@not@adhere@strong Ⅰ   to@dental@precious@metal@alloys@without 

surface@modification ・ Different@methods@of@surface@modification@for@alloys@have@been@developed@to@improve 

their@adhesive@ability@as@described@in@section@4.1 ， but@these@require@special@equipment ， have@short@shelf@agent 

1 億， md  su 丘 er 丘 om  comphic 祇 ed  hmdling  procedures.Ifden ぬ ladhesive  resi ㎎ could  be  made  to  bond 

strongly@to@dental@precious@metal@alloys@without@surface@modification ， the@adhesion@procedures@would@be 

simp ⅡⅡ ed   

In@the@present@study ， a@base@metal@was@added@to@a@dental@precious@metal@alloy@in@an@attempt@to@develop 

alloys@that@adhere@strongly@to@dental@adhesive@resins@without@surface@modification@of@the@alloy ・ The@idea@for 

the@ present@ study@ was@ derived@ from@ the@ experimental@ finding@ that@ 4 ， META@ resin@ bonds@ strongly@to 

as ， polished@surfaces@of@silver@based@alloys@such@as@Ag ， Sn ， Zn@and@Ag ・ In ， Zn@Wth@excellent@water@durability 

at@the@adhesion@interface@@and@that@oxides@such@as@Gaaos@and@Snoz@play@an@important@role@in@improving@the 
adhesive@ability@of@the@alloys@as@described@in@the@previous@section@4.1.@This@excellent@adhesive@ability@may 

be@caused@by@the@effect@of@the@base@metals@(In ， Zn ， and@Sn)@because@the@4 ・ META@resin@does@not@adhere 

strongly@to@pure@silver2@@Nor@does@4 ， META@resin@adhere@strongly@to@pure@gold2@@It@was@assumed@that 

alloying@base@metals@(In ， Zn ， and@Sn)@with@precious@metal@alloys@having@poor@adhesive@ability@to@adhesive 

resins@could@improve@the@adhesive@ability@of@the@dental@precious@metal@alloys@Wthout@the@need@for@surface 

mod 田 c 血 on   

First ， binary@Au ， Pd ， Ag ， or@Cu@based@alloys@containing@In ， Zn ， or@Sn@were@made@to@determine@what 

base@met3s@are@effective@in@improving@adhesion ・ The@efficacy@of@the@added@elements@was@ev8uated@from@the 

wateFduTabi Ⅱ け ofthe  adhesi0n  inter 俺 ce  荻 Ⅰ d  thebonding  s 廿 en 軒 h,AsoXideson  the  alloy  su 丘 ace  play  a 

very@important@ro Ⅰ   *@   the@adhesin@with@4 ， META3@@the@alloys@were@an8yzed@by@ESCA ・ Next ， new@dent8   

precious@metal@ alloys@ for@resin@bonding@were@ developed@ on@the@basis@of@the@results@ of@the@ binary@ alloy 

experiments ・ The@adhesive@ability@of@these@alloys@was@evaluated@by@their@water@durability ， 

5.1-2 Experimental｀ethods 

Mao ね ria ぬ 

Binary、u ， Ag ， Cu ， or‾d｜ased‖lloys…ontaining！n ， Zn ， orヾn「p》o・ 

the@effects@of@added@base@metals@on@adhesive@ability ・ To@make@these@alloys ， metals@of@purity@higher@than 

99.9%@were@melted@in@an@alu ㎝     na@crucible@covered@with@graphite@using@a@high@frequency@induction@furnace 

in@an@argon@gas@atmosphere ・ Weight@loss@by@the@melting@was@less@than@0.02% ， The@dental@adhesive@used@in 

the@present@study@was@4 ， META@resin   
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別口 佗 r ぱぴ ァ口 み棚プウ 0% 訪 e ロ d 乃 e ㎡ o れすれ 簗り希 c 召 

Evalua Ⅱ on  ofwaterdurab Ⅱ i 呼酊 the  adhesion  inter ぬ cew ㌍ 4)per 偽 mled  w は h  a  sep 町 ating  testa 且 er 

thermal@shocks@using@liquid@nitrogen@as@described@in@section@3.3   

Bo れば劫 ig  s か e れ g 姥 

With・ 

0f  s ぬ而 Iess  steelas  shown  テ n  Fig.2.1.l.AlIoys  me 田 ng  below  700 。 C  were  c 雙 Ⅱ n  the  s ㎝ 児 size  ㏄ the 

st8nless@steel@disk ， The@adhesion@surface@was@met8lographically@polished@to@eliminate@possible@mechanical 

伍 ctorsa 什 ecting  thebonding  s 甘 en 國 h.An  adhesion  app 町 a 加 swith  amicrometer5)(Fig.2.1-2)w 養 used ぬ Ⅱ 

two@purposes:@ to@attach@the@ 5@mm*@stainless@rod@vertically@to@the@alloy@surface@and@also@to@m8ntain@a 

constant@50 、 u ， m@thick@4 ， META@resin@layer ・ The@effect@of@excess@resin@at@the@adhesion@area@on@the@bonding 

strength@was@eliminated@by@attaching@Scotch@Tape@with@a@5@mm@diameter@hole@to@the@precious@metal@alloy 

sur 栢 ce,ThetensiIe  testofthe  bonding  s 甘 en 酊 h  me 養 ureme ㎡ w 養 carrled  out な Ⅱ erkeeping  the  specimen  at 

37oC@for@24@hr ， Before@the@tenS     Ⅰ   test ， the@spe0mens@were@sub4   cted@to@the@therm8@   cycli   g@descri   ed@above   

The 。 test@was@performed@on@a@testi   g@mac Ⅱ     ne@(Shimadzu@Auto ・ Graph,@S ℡     madzu@Co ・ Ltd ， ， Kyoto,@Japan) 

with@a@cross@head@speed@of@2@mm/mi   ， Measurements@were@made@indi   i   u8   Ⅰ   on@5@ speCmens@ at@each 

condition   

ちび弓侮 cea れクか ㎡ so/a Ⅳ o ソ ロ取 ESC は 

Bnary‖lloys｛f、u仝th・ ， 20%Zn ， or・ ・ Aloy《peci   ens’or・SCA 

analysis@were@4@mm@in@diameter@with@the@surfaces@metallographically@polished@to@a@mirror ・ like@finish@with 

sandpaper@and@buffed@with@ a@wet@abrasive@ of@aluminum@ oxide@powder ， The@ESCA@measurements@ were 

evacuated@with@a@turbo ， molecular@pump@as@same@conditions@described@in@section@2.2   

5.1 3  ReSults 

力沸 ㏄ 7Vve め ili ゆ foob 庇乙ヴ all0 於 

Figure@5.1-1@shows@the@mean@values@of@separated@area@(%)@as@the@results@of@the@water@durability@tests 

棚 theadhesion  i 血 er ぬ ce,obta ㎞ ed  丘 om  Au-b ㏄ ed  b ㎞ aW  aI № ysco 枇 ㎡㎡ ng  In,Zn,orSn.L 轄 ersepar 机 ㎞ 9 

areas@(%)@indicate@lower@water@durability ， Addition@of@In@was@the@most@effective@method@to@improve@the 

adhesive@ability@of@gold ， resulting@in@water@durability@improvements@with@more@than@ 15%In ・ Figure@5.1-2 

shows@the@relationship@between@bonding@strength@and@added@In@amounts@with@the@Au ， In@alloys ・ No@fracture 

appeared@at@the@interface@between@the@stainless@rod@and@4 ・ META@resin ・ The@marks@indicate@the@fracture 

appearance@ after@the@tensile@test@ as@ shown@ in@ Table@ 2.1-1.@ The@ figure@ shows@ that@the@ adhesive@ ability 

decre 養 es  ㎞ the  order  o  ノ ① ノ O  , The  mean  va ㎞ es  of  bond ㎞ g  s は en 軒 hs  ㎞ cre 俺 ed  億冊 the  inter 伍 ce 

failure@at@the@periphery@decreased@Wth@higher@amounts@of@In ・ The@failures@Wth@20%In@were@only@cohesive 

fai Ⅰ   res ・ The@resuts@of@bonding@strength@measurements@co*   ci   ed@with@the@water@dura6lity@at@the@ Ⅰ   terface   
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Figure・ ， based｜inary‖lloys…ontaining！n ， 

Zn ， or@Sn ， The@water@durability@was@improved@with@more@than@20%Zn ， Bonding@strength@increased@with 

icreasig@Zn@content@as@shown@in@Fi   ・ 5.1-4.@fin3   Ⅰ   exhi5tig@o@y@cohesie@fai Ⅰ   re@wih@20%Zn@added   

Figure@5.1-5@shows@the@separated@areas@(%)@obt8ned@from@the@Cu ， based@biary@aloys@contai Ⅰ     ng@In ， Zn ， or 

Sn,showing  血砿 the  waterdurab Ⅲ 呼 w ㏄ rem 肝 kably  improved  by  smallamounts  ofb 雙 e  metal.Flgure 

5 .1-6《hows》he｜onding《trength｛fCu ， In‖lloys,‥emonstrating》hat》he，u ・ based‖loy『as（nvolved｛nly 

in@cohesive@failures ， Although@the@tensile@tests@of@pure@copper@3so@showed@only@cohesive@failure ， the 

  sep 町 ated  町 ea  (%)here  w ㏄ aboM  50%.The  adhesive  ab Ⅲ ゆ 0f4-META  Tesin  to  pure  coppe Ⅰ is  po0rin 

humid  enVironmnents,indica が ng  low  w 狂 erdurabil 町村山 e  mmerface,There  w 養 no  e 什 ectofbase  metal 

addition@with@Pd@that@displayed@100%@separating ・ The@characteristic@ofPd@was@improved@by@adding@In@in@the 

equi-a 出 (Omicalloy,PdCu ㏄ show wmlinFig.5.1.7 八   

の ㎡ルガ onm わ e 乙 l10 ノコひちれ 2ce 

The  ESCA  spec 甘 a  obtained  丘 om  the  Au.]In,Au-SZn, 町 ld  Au-Sn  dloys  be 驚 re  md  a 且 er ㎝ 名 on  ion 

etching@with@standard@spectra@are@shown@in@Figs ・ 5.1-8@to@5.1-10.@Figure@5.1-8@shows@In@3d@spectra@obtained 

from@(a)@the@as ， polished@Au ・ In@8loy@surface@before@argon@ion@etching ， (b)@Inzos ， and@(c)@the@Au ・ In@alloy 

sw ぬ ce  a は er  打と on  ion  etcMng  ind;cating  the  me ぬ llic  state. The  s 甘 Ⅱ c 抽 re  ofthe  oXide  on  the  adhesi0n 

surface@@@   (a)@was@a@mixture@of@In@and@Inzos ・ Figure@5.1-9@shows@Zn@LMM@auger@spectra@obtained@from@(a) 

the@as ・ polished@Au ・ Zn@alloy@surface@before@argon@ion@etching ， (b)@Zno ， and@(c)@the@Au ・ Zn@alloy@surface@after 

打 @gon  ion  etching.The  stmc 抽 re  ofthe  oxide  on  the  adhesion  sur ぬ ce  (a)w ㏄ a  mix 抽 re  ofZn  md  Zno   

Fig ℡ e5.1-l0  showsSn  3d  spec 甘 aobtained  丘 om  (a)the 恭 -po Ⅱ shed  Au-Sn  alIoy  su 托 acebe 驚 rea 雙 on  ion 

etching,(b)Sn02and  (c)Sno  asstmd 荻 ds,md  also  (d)theAu-Sn  alloy  sur ぬ ce  a Ⅱ er 打珪 on  ion  etching   

The@oxide@on@the@adhesion@surface@(a)@was@a@mixture@of@Sn@and@Sno@rather@than@SnC>2   

Fi   ure@ 5.1-11@ shows@ concentrati   n@variti   ns@ of@In@ @@   the@depth@direction@for@95Au-5In@(mass%) ， 

90Au-10In ， 85Au-15In ， and@80Au-20In@alloys ， Figure@5.1-12@shows@a@set@ofo@Is@spectra@obtained@from@the 

surface@without@argon@ion@etching@for@pure@gold@(a)@and@Au ， In@binary@alloys@containing@5@(b) ， 10@(c) ， 15@(d) ， 

and@20@(e)@mass%@In ・ The@0@Is@peak@was@at@532.8@eV@for@pure@gold@(a)@and@at@531.9@eV@for@the@Au ・ 15In 

alloy@(d) ， With@increasing@In@concentration,@the@intensity@of@the@lower@binding@energy@increased,@indicating 

that@the@shouder@at@530.0@eV@was@due@to@Irisos ， The@chemi3@   shifts@of@the@hi   her@binding@energy@peak@of@the 

Au-15111@alloy@and@pure@gold@were@1.9@eV@and@2.8@eV@with@reference@to@the@Inzoa@state   

Designzg Ⅰ 9Oo1 は 4%0 ノ 

Table・ shows》he‖lloy…ompositions‥esigned｛n》he｜asis｛f》he〉esults［entioned‖bove ， A 

commercial@gold@alloy@(Alloy@No ， 6)@was@chosen@as@the@starting@alloy ， The@composition@of@the@experimental 

18K@gold@alloy@(Alloy@No ， 3)@was@determined@as@follows;@firstly ， the@amounts@of@base@metals@added@to@100@g 

of@Alloy@No ， 6@were@calculated ・ Since@this@alloy@contained@75g@Au@and@16.2g@Cu ， the@amount@of@In@added@was 

calculated@to@be@ 12.06g@(15%Au@4-@5%Cu) ， The@amount@ofZn@was@also@calculated@to@be@ 1.76@g@(20%Ag)   
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Then@the@composition@of@Alloy@No ・ 3@(Au@75g ， Ag@8.8g ， Cu@16.2g ， In@12.06g ， Zn@1.76g)@was@calculated ・ The 

compositionsofAlloysNos.1,2,4,5 。 md7wereobtainedbymodi 寧 ng 刈 IoyNo.3   

DeSi9720/ Ⅰ仏力 9- Ⅰ は ㎡ 70 ノ 

The@compositi   n@of@the@expeTment8@   Ag ， Pd ， Cu ， Au@8   Ⅰ   y@(Al Ⅰ   y@No ， 9)@was@determi   ed@in@ad6tion@to 

the@experimental@ 18K@goL@   alloy ・ A@commerci8@   Ag ・ Pd ， Cu ， Au@8loy@(Al Ⅰ   y@No ， 11)@was@chosen@as@the 

starting@alloy ・ The@composition@of@Alloy@No ， 9@was@obtained@by@adding@In@equiv8ent@to@15%@ofAu@content, 

Zn@equivalent@to@20%@ofAg@content ， In@equivalent@to@5%@ofCu ， and@In@equivalent@to@15%@ofPd@content 

coexisting@with@Cu ， The@compositions@of@Alloys@Nos ・ 8 ， 10 ， and@12@to@16@were@obtained@by@modifying@Alloy 

No,9   

メ研 ㏄ iveabi 及ヶ 0/ 穏戸 eni 用㎝ 拓 7a Ⅳ o 擢 

The  waterdurabil 吋甜 the  adhesive  ㎞ er 俺 ce  isshown  in  TabIe  5.1-l.AlloysNo.6aold  ll  wfthoM 

addition@of@In ， Zn ， and@Sn ， resulted@in@total@separating ， showing@no@water@durability ・ Adding@In ， Zn ， and@Sn 

effectively@i   proved@the@adhesive@ability@of@the@gold@alloys ， The@water@durability@for@Ag ， Pd ， Cu ， Au@alloys 

was@not@improved@by@the@ addition@of@small@amounts@ of@In ， Zn ， or@Sn ， Good@water@durability@of@the 

Ag ， Pd ， Cu ・ Au@8loys@was@obtained@by@adding@total@amounts@of@In@and@Zn@above@15%@(Nos ， 8@and@9)@or@a 

large@amount@ofZn@(Nos ・ 10@and@12)   

5.1-4 Dscussion 

Ev ク Ⅰ ぴ乙 t ゴ 0 れ 2 Ⅰ a は乃 e 丁 ゴ ve 抑あ 五 % ケ 

The@ most@ critical@ factors@ influencing@ the@ mechanic@@   behavior@of@adhesive@joints@ are@water@ and 

humidity ， The@water@durability@of@adhesive@structures@exposed@to@environments@like@the@oral@cavity@is@very 

important ， In@general ， long@immersion@t ㍉   es@are@needed@for@evaluation@of@water@durability@at@the@adhesive 

interface ， The@adhesive@ability@was@evaluated@by@separating@and@tensile@tests@in@the@present@study ， With@the 

sep 荻 a Ⅱ ng  test,a  thin  PM もは A  れ lm  w ㏄ a は ached  t0  metalspecimens  w は h  4-META  resin  in  order  椅 rthe 

water@content@at@the@interface@to@reach@equilibrium@in@a@short@time ， The@separating@test@is@effective@as@a@quick 

evaluation@method@for@the@water@durability@at@the@adhesive@interface@   

Obsewati0n  of  the  丘 ㏄ 抽 re  appe 荻町 ce  a 且 er  the  tensile  test  is  also  e 什 ective  碕 r  evaluating  the 

adhesive@ability@because@the@appearance@reflects@the@characteristics@of@the@metal@surface ， A@weak@chemical 

bond@of@4 ， META@to@the@alloy@surface@leads@to@total@interface@failure ， An@increased@area@of@interface@failure@at 

theperiphery  ニ n 小 catesa  decrease  ㎞ bonding  stren 回 h  ㏄ showWl ㎞ 円 9.2.1-7   

Ⅰ り乃 ㏄ ive メあ i7i ウ g Ⅰ De ㎡ 窩れ e は Dg れズは 7Prgcio ぴ廿 九 % 放 Ⅰ メ 77d ノ s 

The  s Ⅱ ve レ b ㏄ ed  alloys,Ag-Zn-Sn  and  Ag-In.  Z 几 showed  mainly  cohesive  仮 Ⅱ u Ⅰ es  with  tens Ⅱ e 

bonding  s 仕 en 回 hsne 荻 40  れ Ⅱ )amld  eXcelle 血 waterdu Ⅲ ability  by  thesep 町 atingtestl),alTough  ㎎㎞ 9  s Ⅱ ve Ⅰ 

as@the@main@component@@@   the@si Ⅰ   er ， based@alloys@gave@poor@adhesie@a5lity@Wth@4 ・ META@ ・ It@was 
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considered@that@the@effect@of@the@base@metals@could@be@the@reason@for@the@excellent@adhesive@ability ， and@on 

this@basis@dental@precious@metal@alloys@for@resin@bonding@without@alloy@surface@modification@were@developed   

The@adhesive@ability@ofAu@was@improved@by@adding@15%In ， Ag@was@improved@with@20%Zn 。 Cu@was 

improved@wih@smal@amounts@of@In ， Zn,@or@Sn,@and@Pd@was@improved@with@15%In@coeXsti   g@Cu@eqUvaent 

to@equi ・ atomi%@of@Pd ・ The@compositions@of@dent8@   pre0ous@metal@8loys@for@reSn@bon6ng@were@designed 

on@the@basis@of@these@results   

メ庇召 stVe メあ 抜ウ Ⅱ朋を C 招は取メはリ 肋 9 ム ㏄ 召 Mge ぬぬ 

Oxides@on@dental@precious@metal@aloys@play@very@important@roles@in@the@adhesion@with@4 ， META ・ The 

adhesi   e@ability@of@adhesive@resin@to@8loys@depends@on@both@the@kinds@and@amount@of@oxides@on@the@alloy 

surface ， The@ESCA@study@showed@formation@of@Inzos ， Zno ， and@Sno@on@the@binary@gold@alloys ， the@Au ， In 

alloy ， the@Au ， Zn@alloy ， and@the@Au ・ Sn@alloy@(Figs ・ 5.1-8 ， 5.1-9 ， and@5.1-10) ， The@thickness@of@the@oxide 

layers@formed@on@these@binary@gold@alloys@was@below@the@escape@depth@of@the@photoelectron@(1@nm) ・ The 

same  o ㎡ deswere  飴 『 med  on  市 e  s Ⅱ veFb 億 ed  alloyS. Ⅴ 円 lth  pfeciousmetalalloyscontaining  tWo  mld  t ぬ ee 

b 養 e  me ぬ ls,  oXides  №Ⅱ m ㎞ g  Pre 騰 rentially  on  the  alloy  sur ぬ ce  depend  on  田 e  activi 呼 coe 伍 cie 血 s  of 

oXygen  md  b 養 e  metal,concentHtion  ofoXygen  md  soIute  metal 。 md  伍 e  Gibbs,stmd 町 d  丘 eeenergy  of 

fo ⅡⅡ 8 灯 0n6)   

The@chemical@bonds@of4 ・ META@with@oxides@on@gold@8loys@containing@In,@Zn,@Sn,@or@Si@were@described 

on@the@basis@of@theoretic8@   considerations@@of@acid ， base@interactions@presented@by@Bolger@et@al@ ， Bolger's 

theory@considers@0ectrostat@@   Ⅰ   teract*   n@between@a0ds@or@bases@of@polymer@and@hydroxyl@groups@on@the 

metal@surface@on@the@basis@of@measured@values@of@the@isoelectric@point@of@oxides@and@the@acid@dissociation 

constants@ of@adhesive@monomers ． The@chemical@interaction@of@4 ， META@with@Insos@was@ considered@to@be 

ionic ， 0.@Hydrogen@bonding@was@assumed@with@Sio@   

The‘ffect｛f！n‖ddition》o、u｛n》he『ater‥urability‖t》he‖dhesion（nterface”as｜een‥emonstrated 

㏄ sh0 Ⅴ 爪 in  Fig.5.1.l,LargeTsep 荻 ated  are ㏄ (%)indicatelowerwaterdurab ⅡⅡ y.Adding  In  w ㏄ themost 

effective@to@improve@the@adhesive@ability@of@gold ， and@water@durability@improved@by@addition@of@more@than 

l5  m ㌍ s%In   

There@was@no@effect@of@base@metal@addition@with@Pd@that@displayed@100%@separating ・ This@emphasizes 

that@although@Pd@plays@an@important@role@@@   inhibitig@sMfide@formation@of@Ag ・ based@al Ⅰ   ys@,@Pd@8so 

hi   ders@resin@bonding ・ This@characteristic@appears@to@be@due@to@Pd@easily@absorbing@hydrogen,@resulting@in@an 

alteration@ of@the@ characteristics@ of@the@hydroxyl@groups@ adsorbed@at@the@top@of@the@metal@ surface ・ The 

characteritis@ofPd@were@improved@by@adding@In@to@the@equi ， atomic@alloy@PdCu@as@shown@in@Fig ・ 5.1-7.@The 

reason@why@the@adhes Ⅰ   n@a5lity@ofPd@improved@with@the@coexisti   g@Cu@ Ⅰ   unknown   

C ル櫛 ic ㎡ 8% 招 so/oX ぴ 98% 

Figure5.1-12  showso  lsspec 甘 a 丘 om  thesur 俺 ce,without 肝 gon  i0n  etching,puregoldmdAu-b ㏄ ed 

binary@alloys@containing@5.@10.@and@20@mass%In ・ To@clarify@the@changes@in@the@oxygen@chemical@state,@the 
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data@analysis@system@in@the@ESCA@spectrometer@was@used@to@separate@the@oxygen@states@on@the@0@Is@spectra 
by@assuming@that@the@spectra@could@be@approximated@by@a@Gaussian@function ， Figure@5.1-13@shows@the@0@Is 

spectra@obt8ned@from@the@Au-15In@al Ⅰ   Y@     (a)@shows@the@separated@spectra@of@0@ Is,@obtained@from@the 

spectrum@without@argon@ion@etching:@The@ols@spectrum@could@be@separated@into@three@components@indicated 

by@the@dotted@lines ・ The@solid@line,@the@observed@spectrum ， agreed@well@with@the@ch3ned@line@that@is@a 

composite@of@the@three@components ・ Among@the@0@Is@spectra@component@ I@ was@the@same@chemic8@   state 

as@the@oxygen@in@Inaoa@as@noted@for@Fig ， 5.1-12.@Figure@5.1-13@(b)@shows@the@separated@spectra@of@0@Is ， 

obtained@from@the@spectmm@after@argon@ion@etching@for@0.05@min ・ The@oxygen@state@indicated@at@531.9@eV 

(II)@was@ decreased@remarkab Ⅰ   by@the@ argon@ion@etching 、 It@could@be@surmised@that@the@oxygen@of 

components@ n@ and@ ffl@ were@present@in@the@upper@part@of@component@ I@ oxygen@because@the@oxygen@due 

to  Ⅱ md  皿 w ㏄ decre ㏄ ed  rem 町 kably  by  theve け Ⅱ mited  argon  ion  etching   

To  decre 養 ethesu ㎡㏄ eene 憶 y  duet0  分 eevalenceofmetal%omsatthesoIid  sur 俺 ce,thesur 俺 ceis 

stabilized  (decre 捧 ing  分 ee  ene 憶 y)  by  町エ mging  the  atoms  into  pa れ icul 町 p0sitions  md  by  adsorbing 

molecules ・ Metal@surfaces@immediately@adsorb@oxygen@and@water@vapor@if@exposed@to@the@air ・ Wth@reactive 

metals@there@is@initially@some@che ㎝     sorption@that@soon@gives@way@to@che Ⅲ     cal@reactions@and@the@formation@of 

oxides@or@hydroxides ， There@may@be@rearrangement@of@the@surface@atoms@of@the@met@@during@the@early@stages 

of@oxide@growth4@@Therefore ， the@surface@is@not@directly@exposed@to@air@because@it@is@covered@with@ ， OH 

groups@or@a@layer@ofH20 ， while@the@base@metal@bonds@with@oxygen@to@form@oxide ・ Table@5.1-2@shows@binding 

energy@ (eV)@ and@ area@ fraction@ (%)@ of@oxygen@ chemical@ states ， obtained@ from@ pure@ gold@ and@ Au-15In 

(mass%)@ 8loy@ (Fi   ・ 5.1-13) ・ Si   ce@ the@ H@ and@ HI@ components@ were@ removed@ by@argon@ in@ etchi   g, 

component  I  ㎞ cre 養 ed  丘 om  27%  t0  54%,WiT  鐙 gon  ion  etch ㎞ g 。 component  Ⅱ decre ㏄ ed  丘 om  55% 

t0  35%  md  compone 血 Ⅲ decre 盤 ed  丘 om  18%  to  ll 沈 The  decrease  ㎞ the  m 凹 u ㎡ ofcomponent  n 

was@bigger@than@that@of@component@ HI ， indicating@that@component@ n@ is@on@top@of@component@ ffl ・ 

Figure@5.1-14@shows@the@atomic@distribution@ofAu@(white)@and@In@(black)@at@the@adhesion@surface ， the 

surface@before@argon@ion@etcEng ， obt3ned@from@the@quantitati   e@an8ysis@shown@in@Fi   ・ 5.1-11:@(a)@Au-5In 

al Ⅰ   y@ha Ⅴ     ng@poor@adhesi   e@ability,@and@(b)@Au-15In@3   Ⅰ   y@havi   g@excellent@adhesi   e@a5lity ， The@atomic%@of 

Au@and@In@at@the@top@surface@were@90Au-10In@on@(a)@and@56Au-44In@on@(b) ・ Indium@atoms@bond@with@oxygen 

to@form@Ir@os,@and@to@obtain@excellent@adhesive@ability@it@is@necessary@that@the@alloy@surface@is@covered@with 

the@In ， oxide ， The@poor@adhesive@ability@of@the@alloy@containing@only@small@amounts@of@In@or@pure@gold@as 

shown@@@   Fi   ・ 5.1-1@ was@due@to@chemiorbed@H@o@molecu Ⅰ   s@and@insuffi0ent@i   4um@oxi   e@on@the@8   Ⅰ   y 

surface ・ The@atomic@distribution@shown@in@Fig ・ 5.1-14@does@not@show@the@top@surface ， but@indicates@the@mean 

atom  dis 甘 ibution  in  the  phot0eIectron  me ㎝ l 分 ee  path.However 。 the  dis ぬ且 ce  Ⅰ el%ed  to  adhesion  w 養 ne 町 ly 

equal@to@the@photoelectron@mean@free@path@by@ESCA@because@adhesion@depends@on@atomic@interactions@which 

荻 e  deteImined  by  atomslessthm  lml%om  the  top  s ℡ 俺 ceI0).To  ob ぬ ㎞ eXcelIentadhesion  of4-META 

resin@with@a@gold@alloy,@there@must@be@no@chemisorbed@Hzo@molecules@on@the@8loy@surface@and@the@oxide 

element@with@chemical@affinity@for@4 ・ META@must@cover@at@least@50%@of@the@alloy@surface@as@shown@in@Fig   

5.1-14  (b)   
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5.1-5 Conclusions 

The@present@study@developed@dental@precious@metal@alloys@having@excellent@adhesive@ability@to@4 ・ META 

resin@without@alloy@surface@modification ， This@was@attempted@because@Ag ， based@alloys@containing@In ， Zn ， 

and/or@Sn@have@excellent@adhesive@ability@with@4 ， META ， although@pure@silver@does@not@adhere@strongly@to 

4 ， META@resin 、 The@water@durability@and@bonding@strength@of4 ， META@resin@to@binary@alloys@ofAu ， Ag ， Co ， 

or@Pd@contai   i   g@In,@Zn,@or@Sn@were@studied@to@determie@the@ki   ds@and@amounts@of@base@metals@that@may@be 

added@to@the@dental@precious@metal@alloys ・ Gold@binary@alloys@containing@In ， Zn ， or@Sn@were@analyzed@by 

ESCA,@ showing@that@In@os,@Zno ， and@Sno@formed@on@the@binary@gold@alloys ， The@adheSve@ability@of 

adhesive@resin@to@alloys@depends@on@the@kind@of@oxide@and@should@be@affected@with@the@amount@of@oxide@on 

the 田 loy  su 托 ace   

Wth@In@in@Au@based@alloys ， the@Inaoa@on@the@alloy@surface@plays@a@very@important@role@in@the@adhesion 

with@4 ， META ， The@ESCA@ols@spectra@were@separated@to@claTfy@the@changes@@@   the@oxygen@chemi   @@   states   

The@ adhesive@ ability@ was@ discussed@ in@ terms@ of@the@ separated@ oxygen@ states ， oxygen@ due@ to@ In:@@, 

chemisorbed@and@physisorbed@water@molecules ・ It@was@established@that@to@obtain@excellent@adhesion ， the 

element@of@an@oxide@having@chemical@affinity@for@4 ， META@must@cover@at@least@50%@of@the@alloy@surface ， The 

poor@adhesive@ ability@ of@4 ， META@resin@to@ pure@gold@ is@ considered@to@ be@ caused@by@chemisorbed@ Hao 

molecules@on@the@surface   

The@adhesion@ability@of@the@binary@alloy@was@improved@by@adding@In@equivalent@to@15%@ofAu@content ， 

Zn@equivalent@to@20%@of@Ag@content ， and@also@In ， Zn ， or@Sn@equivalent@to@5%@of@Cu@content ， There@was@no 

addition@effect@of@base@metals@for@Pd ， However ， 15%@of@In@addition@was@effective@with@Pd@based@alloys 

containing@an@equal-atomic@ratio@ofCu@and@Pd ， Dental@precious@metal@alloys@for@resin@bonding@Wthout@alloy 

surface@modification@were@developed@on@the@basis@of@the@results@detailed@above ・ Alloy@constituents@should 

ultimately@be@determined@on@the@basis@of@factors@such@as@corrosion@behavior ， mechanical@properties ， aging 

characteristics ， and@castability ， 

旺 FE ℡ NCES 
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Fig ・ 5.1-4@ Bonding@strength@versus@Zn 
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Fig.5.1-8  1n  3d  spec 廿 a  obtained 
from@(a)@as ・ polished@Au ・ In@alloy 

surface@before@argon@ion@etching ， (b) 

In2o3 ， and@(c)@Au ・ In@8loy@surface 
ば terargonionetching   
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Table@5.1-1@ Compositions@(mass%)@of@experimental@alloys@for@resin@bonding 
md  waterduf 柿 il 町 atthe  adhesion  interface  (Sep 酊 ated  ぬ ea  (%))   

Alloy@ No ， Au Pd Ag Cu In Zn Sn  Sep は甜 ed  』 牡 ea  (%) 
No. 1  58.0   10.0  12.0  20.0       

No, 2  61.4   7-2  13.3  16.1  2.0   0 

N0.3  65.8   7.7  14.2  10.6  1.7     

N0  .4  @  65.0   8.0  Ⅰ 5.0  5.0  2.0         0 

No  .5  @  70.0   8.0  15.0   2.0  5.0  1 0 

N0  .6  @  75.0   8.8  16.2  一   一 l 100 

N0. 7  77.0  一 5.0  15.0  3.0  一   0 

N0. 8 9.8  16.3  %.7  8.1  7.7  13.0   O 

No ， 9@ 10.3@ 17.2@ 47.3@ 11.2  4.6  9.4   0 

No.10  12.0  15.0  %.0  8.0    25.0     

No ， ll@ I@ 12.0@ 20.0@ 55.0@ 13.0     一 l 100 

No  ユ 2  12.0  20.0  40.0  8.0   20.0     

No ， 13@ 12.0@ 20.0@ 45.0@ 15.0   8,0   25 

No ・ 14@ 12.0@ 20.0@ 40.0@ 18.0@ 3.0   2.0 17 

No ， 15@ 12.0@ 20.0@ 45.0@ 18.0@ 3.0@ 2.0   24   
N0  ユ 6  @  20.0  20.0  40.0  18.0 2.0   

一 l 57 
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Ⅰ 00 100 て b) 

（ ま ） 
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540 535 530 。 。 0 535 530 

Binding@Energy@(eV) Binding@Energy@(eV) 

Fig ， 5.1-13@ (a):@Separated@0@Is@spectra@obtained@from@Au-15In@(mass%)@alloy@Wthout@argon@ion@etching@in 
(b):@Separated@0@Is@spectra@obtained@from@Au-15In@alloy@after@argon@ion@etching@for@0.05@min   

Table@5.1-2@ Bi   di   g@energy@(eV)@and@area@fraction@(%)@of@oxygen@chemic8@   states   

Ⅲ 

pure@ gold without   532@J@ eV@ (34%)@ 533,6@ eV@ (66%) 

85Au-15In@ alloy without 530.1@ eV@ (27%)@ 531.9@eV@ (55%)@ 533.4@ eV@ (18%) 

85Au-15In@ alloy with 530.1@ eV@ (54%)@ 531.8@ eV@ (35%)@ 533.2@ eV@ (11%) 

(a) (b)   0 % 0 % 0 0 % 0 0 % 

O O O O 0 0 鍾 0 0 O   

0 0 0 @ 0 0 0 0 0 @ 0 捧 0 俺 0 0 の 0 0 % 

0 0 0 0 0 0 0 0 0 0       

@ 0 0 0 0 0 0 0 0 0   

o o o o o o o o o @       

0 @ 0 0 0 0 0 0 0 0   

0 0 0 0 0 0 0 @ 0 0 0 % 0 % 0 0 % 0 0 % 

0@ Au め @n 

Fig.5.1-14  AtomicdistributionofAu(whlte)md  In(black), 丘 om  the 
qumtita 伍 vemalysisin  Fig.5.1-II;(a)Au-5mn  (m 盤 s%)aIloywlthpoor 
adhesiveabil 吋 md(b)Au-I5In(m ㏄ s%)alIoywi ぬ exceIlentadhesiveab Ⅱ 吋   

96 



Chapter@6 
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Chapter・ NEW｀ECHANICALヽETENTUION｀ETHOD：ORヽESIN、ND．OLD、LLOY。ONDING 

a 皿 ic84 皿 ete Ⅱ 亡宜 0 軸 

6.1-I  In 甘 oduc 廿 on 

Adhesion｛f‖〉esin…ontaining・ ， META》o｜ase［etal‖lloys（s〉elatively“ood ， However ， bonding｛f 

resi ㏄ to  dent 田 precious  me ぬ Ialloys  is  mnadeqM 出 e  because  ofthe  low  chemicala 伍 mni ゆ of  4-META  セ 。 

precious@metals ・ Several@surface@modification@methods@have@been@developed@for@i   proving@precious@metal 

alloy.Iesin  bonding,  such  さ migh-tempera 抽 re  oxida Ⅱ onl),  elec 丘 opIa ㍽ ng  w は h  t 市 2),                                       

in ・ coatig@),@p Ⅱ     mig@with@an@adhesive@bonding@promoter@(metal@primer)@ ， and@apPication@of@a@liuid@75 

mass%Ga-25%Sn@alloy@(Adiloy)6@@Before@surface@modification@by@these@methods 。 the@precious@metal@alloys 

were  usual け su 可 ected  to  s 荻也 bhst ㎞ g  梢 th  alum ㎞ um  oxide  to  油 cre 持 e  the  sum 俺 ce  町 ea  № r  adhes 油 n  md 

to@enhance@the@mechanial@reten@on@of@the@reSn1"5) ・ Creation@of@a@porous@structure@on@a@precious@metal@8loy 

su ㎡ ace  be 飴 re  s ℡ Eace  mod 苗 c ㎞ on  椅 re 油 mcing  chem;caIbonding  appewsto  be  emective  飴 ㎡ ncre ㎡ ng 

mechani   8@ retenti   n@and@esta5ihi   g@an@exc0   Ⅰ   nt@adhesion@interface   

In@dental@precious@metal@alloys@containing@Cu ， external@and@internal@oxidation@zones@composed@of@Cu 

o 対 des,Cuo  ml Ⅳ orC 叱 O,were ぬ Ⅱ med  on  theal № y  su 血 ace ㎡ th  hea Ⅱ ng  イ a ㎡ gh  temperatufe ㎞ air7).A 

sponge.like  strucm Ⅰ e  w ㏄ 飴 Ⅰ med  on  the  alloy  su 践 ace  afRerremoving  the  iMemalo ㎡ datlon  p 町 Ⅱ cles  with 

an@ acid@ solution ， It@ was@ thought@ that@ this@ sponge ・ like@ structure@ would@ enhance@ mechanical@ bonding   

However ， there@ have@ been@ no@ reports@ of@any@ previous@ attempts@ to@ improve@ adhesion@ between@ dental 

adhesive@resins@and@gold@alloys@by@creating@a@sponge ， like@structure@on@the@alloy@surface ・ In@the@present@study ， 

we@ investigated@ the@ bonding@ of@ 4 ， META@ resins@ to@ a@ porous@ 14K@ gold@ alloy@ surface@ created@ by 

migh-tempera 加 re  oxida Ⅱ on  treatment ㎝ ld  subsequentpickling.The  e 什 ectofsu ㎡ acemodi お c れれ on  using  m 

adhesive［etal｝rimer｛n》he｜onding《trength｛f・ ・ META〉esin》o》he｝orous‖lloy《urface『as‖lso 

ee Ⅰく aml Ⅰ mrmleed   

6.1-2 Materials‖nd｀ethods 

MaoteriaA コ 

A@ 14K@gold@alloy@containing@59@ mass%Au ， 3%Pd ， 14%Ag ， and@24%Cu@was@used@in@the@present 

experiments ・ The［et8s,［ore》han・ ， were『eighed》o“ive‖・ ・ g・ 

melted@in@an@argon@atmosphere ， The@melting@was@done@in@an@8umina@crucible@covered@with@a@graphite@tube 

usingahigh-%equencyinduction 仙 mace.Wei 輌 tlossduhngmeMngw ㏄ Iess 士 m  0 ・ 01%   

Two》ypes｛f〉esin『ere「sed’or｜onding（n｛rder》o‘xamine》he‘ffects｛f［echanical‖nd…hemical 

ぬ ctorson  bonding  stren 國 h.onew ㏄ a4.META  resin,which  isused  clinic 杣 ly  ㏄ adentaladhes;ve  resin   

The@other@was@an@experimental@self ， cured@resin@without@4 ・ META ， which@was@prepared@by@combining@a 

PMMA｝owder｝rovided『ith》he・ ， META〉esin｝roduct『ith‖｀MA〕iquid《upplied『ith‖…ommerci8   

se Ⅰ・ cured@resin@product@(Unifast@ n ， GC ， Tokyo ， Japan) ・ A@thophosphate ・ type@metal@primer@(M ・ Primer@ I ， 

GC,Tokyo,Japm  ) ㏄ shol Ⅵ lin  Fig,6.1-I,which  h 俺 been  飴 und  to  bee 丘 ectivein  e 血 mcingadhes;on  of 

resin》o‖“old ， rich［etal《urface8-@ ， was「sed（n…ombination『ith・ ， META〉esin》o《trengthen》he 
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chemical@bonding@between@4 ， META@resin@and@the@porous@alloy@surface   

メれ の レ 3%  9 Ⅰ Hi7 名 乃 -t6% タグ ク Ⅰ 旺 e  O り 切り ガ 0 れ Z うれ g, Pic ん Ⅰ 召はカは 0 ノ SMr 托侮 ce,  乙れば Resi れう れ 戸 W 経口 rlo れグ れ柄 召 

S 戸 o れ Se,fi お bgSx ヶぴ e 甘ぴァ e 

The alloys were cast in 3 mmx3 mmxio mm ingots to prepare specimens for morphological 

observations@ and@ X ， ray@ microanalysis@ of@ the@ oxidation@ zones ， The@ cast@ specimens@ were@ polished 

metallographically@to@a@mirror 、 like@finish@using@silicon@carbide@paper@(#240 ， #400 ， and@#600)@followed@by 

a 血 ㎡ nap 養 te(3  け m  ㎝ d  0 ・ 05  は m  ), ㎝ dthen  oXidized  at800 。 C  in  a ㎡ n  acle ㎝ elec ㎡ c 伍 mace ぬ r60  min   

The@oxidized@specimens@were@subsequently@pickled@in@a@thioglycolic@acid@solution@to@remove@the@external 

md  intemd  oXideson  the  alloy  s Ⅳ ぬ ce,w ㏄ hed  in  荻 lultraSonic  ba ぬ with  dist Ⅲ ed  water, ㎝ ld  dried  in  a 

current@of@air ・ The@oxidized@specimens@were@mounted@with@the@use@of@a@hard@resin@(Epomet ， Buehler ， Lake 

B Ⅰ   ff,@ IL)@to@ prevent@the@edges@ from@becoming@rounded@during@polihing ・ For@the@pick Ⅰ   d@specimens ， 

4-META  res;n  w 於 Ⅱ rstappliedtotheporoussu 血 acemd  thenthespectmensweremounted  w は h  theh 町 d 

resin ・ The@ section@perpendicular@to@the@ oxidized@ surface@ was@polished@ metallographicaly@ as@ described 

previously ・ Impregnation@of@4 ， META@resin@in@the@sponge ， like@structure@was@confirmed@by@Laser ， Raman 

spectroscopy ， Raman@spectra@were@obtained@using@a@Raman@spectrophotometer@(NR-1800 ， JASCO ， Tokyo ， 

J 叩 m)equippedwith  ach 町 ge-coupleddevicedetector(CCD).Theexcitation  wavelen 鯨 h  of514.5nm  w 俺 

obtained@ from@ an@ Ar@ ion@ laser@ (Innova@ 70@ spectmm ， Coherent ， Santa@ Clara ， USA) ・ The@ laser@ power 

delivered@at@the@specimen@point@was@no@more@than@20@mW   

A  30-40  mm  c 荻 bonfilm  w 養 deposited  on  thepolished  alloy  surf ㏄ eto  provideeIec 伍 calconductivi り 

for@observation@ by@ scanning@ electron@ microscope@ (SEM)@ and@ an@ electron@ probe@ X 。 ray@ micro ， analyzer 

(X-650 ， Hi ぬ cmi,Tokyo,Japm)   

Since@Cu@in@the@gold@alloy@becomes@an@oxide@with@high ， temperature@oxidation ， the@surface@changes@to@a 

more@precious@metal@rich ・ composition ・ The@alloy@surface@of@the@pickled@specimens@was@analyzed@by@ESCA 

㏄ deScrIbed  ln  Sectlon  2.2   

Mge ㏄ げ e 佛 e れすダム onzd 洗 tgSt か g れ g 姥 

The“old‖lloy『as…ast（nto…ylindrical《pecimens ， 11［m（n‥iameter‖nd・ ・ The‖lloy 

surface@ was@ metallographically@ polished@ as@ described@ previously@ to@ eliminate@ the@ possibility@ of@initial 

mecha ㎡ cal 億 cto Ⅰ s  a 什 ecting  the  bonding  s 廿 en 酊 h 。 町 ld  then  oXidized,pickIed,md  washed  ㏄ described 

previously ， Alloy《pecimens’or｜onding《trength［easurements『ere…ast（n》he《ame《ize‖s》he《tainless 

ste0@   dik@(Fig ・ 2.1-1) ・ The@U ・ shaped@pice@was@applied@to@the@groove@@@   the@st8n Ⅰ   ss@steC@   rod@for@the 

testing ・ An@adhesion@ apparatus@ equipped@ with@ a@micrometer@(Fig ・ 2.1-2)@ was@ used@to@ attach@ a@ 5 ， mm 

dimeter《t8nless《teo   rod」erti8   Ⅰ   to》he・ Ⅱ Ⅰ ・ m-thi   k Ⅰ   yer｛f 

4 ， META@reSn11) ・ The@effect@of@excess@reSn@in@the@adhesion@area@on@bonding@strength@was@0imi   ated@by 

attachi   g@Scotch@Tape@(3M ， USA)@with@a@hole@of@5@mm@in@diameter@on@the@alloy@surface ・ A@tensile@bondi   g 

stren ま h  testw ㏄ cmied  out  a は er  keeping  the  specimen  at37 。 C  mn  a  dry  condltlon  飴 r  24  %, A  test № g 
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m ㏄ hine  (Auto.Graph,Shimadzu,Kyoto,Japm)w 血 a  crosshead  speed  of2  Im Ⅳ min  w 芯 used  ぬ rthe 

tensile@bond@tests115.@Measurements@were@carried@out@individually@on@10@specimens@under@each@set@of 
condiions ・ The@bonding@strengths@were@ana Ⅰ   zed@by@one 、 way@ANoVA@and@Fisher ， PLSD@test@at@the@0.05 

level0fsi 糾正 c ㎝ ce   

Bonding  s 甘 en 額 h  me ㏄ urementswere  caarried  outto  detem は nethe  e 什 ectsofm 血 ee  俺 ctors  (mechmical, 

chemical ， and@mechanical@plus@chemical)@on@adhesion@between@the@alloy@and@resin ・ The@effect@of@mechanical 

md  chemical  con ㎡ b 血 ons  to  bonding  stren 酊 h  w 健 eXm Ⅱ ned  by  bonding  a  s 血 nless  steel  r0d  with 

4 ・ META@ res@@   to@ the@ sponge ， li   e@ gold@ al Ⅰ   y@ surface@ structure@ after@ applyi   g@ the@ M ・ Primer@ n ・ The 

mechanical@component@of@the@bonding@was@examined@by@applying@the@experimental@self 。 cured@resin@without 

4-META  t0  %le  sponge. Ⅱ ke  alloy  su 比 ace  s 牡 ℡ c 憶 re  ㎝ ld  then  bonding  a  s ぬ inlesssteeIrod  w れ h  4.META 

resin@immediately@after@application@of@the@experimental@self ， cured@resin@on@the@alloy@surface ・ The@effect@of 

the@porous@ surface@ structure@on@the@bonding@ strength@of@4 ， META@ resin@was@ examined@using@the@ alloy 

specimen  wi 血 Ⅱ ats ⅡⅠ 俺 ce.The  爪杖 s ℡ 俺 ce  specimen  wi 田 ident;calall0y  compos Ⅲ on  to  the  porous  aIloy 

specimen@was@made@as@follows;@the@washed@and@dried@alloy@surface@after@pickling@was@pressed@with@a@glass 

plate@under@a@load@of@2,000@kg@to@make@a@flat@surface ・ Next ， the@pressed@alloy@surface@was@slightly@polished 

by@hand@using@a@polishing@cloth@with@alumina@slurry@(0.05@urn)@to@make@a@mirror ， like@finish@of@the@alloy 

surface 。 and@the@spe0men@was@then@washed@with@4stl Ⅰ   d@water@and@dri   d@@@   a@current@of@air ， A@stain Ⅰ   ss 

steel@rod@was@then@bonded@with@4 ， META@resin@on@the@flat@alloy@surface@after@applying@the@M 。 Primer@ n   

6.1.3  Results 

力 れり レ 3%  9 戸 Hi 心力 - 柁用 2e た 乙甘ぴ re  O は芽は乙棚 0 れ Zoo れ e, Pic ん ね ばノ 11o ノ S ぴ 「 f/ace,  乙れ d  Res 加乃 れ戸 re ㌣ d ガ o れ滴訪 e 

S タ 0 れ ?9 召 - ガん名 S かぴ AC すぴァ e 

The@images@shown@in@Fig ・ 6.1-2@are@a@secondary@electron@image@(a)@and@characteristic@X ・ ray@images@of 

Au@La@(b)@and@Cu@Ka@(c)@perpendicular@to@the@oxidized@surface@obtained@from@the@14K@gold@alloy@containing 

onIy  Cu  俺 a  b ㌍ e  me ぬ l, 蛆 eroXidizing  at800 。 C  in  a む飴 r  60  min. The  X-ray  im 轄 es  showed  th 屋 an 

external@oxidation@zone@was@formed@on@the@alloy@surface@and@that@internal@oxidation@particles@composed@of 

copper@oxide@ precipitated@in@the@ alloy@matrix@ from@the@ 8loy@ surface@to@ 30@ (im@ in@depth ， Each@internal 

0 対 dation  par 伍 cle  w ㏄ iso ㎞ ed  楠 ， o-dimensionally,  bM  ㏄ 加 alIy  the  particles  were  comlected 

t ぬ ee.dimensionallywiththee 蛆 emaIoXida Ⅱ on  zone, 養 described  ;ntheneXtp ㎝ a 簿 aph   

The@images@shown@in@Fig ・ 6.1-3@are@a@secondary@electron@image@(a)@and@X ， ray@images@ofAu 

L0  (b)md  Cu  K0  (c)ob 械 ned  丘 om  a  specimen  仕 eated  by  0Xid ㎞ on  md  then  pic ㏍ ng  pe 皿 endicul ぴ to  the 

alloy@surface ， The@X ・ ray@image@of@Cu@Ka@(c)@shows@that@the@external@and@internal@o Ⅹ dation@particles@were 

@most@comp Ⅰ   tely@removed@with@pic Ⅱ   ing@and@that@the@aloy@matrix@near@the@a   Ⅰ   y@surface@was@depleted@i   

Cu ・ The@ results@ of@ ESCA@ analysis@ revealed@ that@ the@ surface@ composition@ of@ the@ gold@ alloy@ after 

high ， temperature@oxidation@followed@by@pickling@changed@from@59@mass%Au-3%Pd-14%Ag 。 24%Cu@to 

88.4%Au-2.2%Pd-8.7%Ag-0.7%Cu ・ Figure@6.1-4@shows@a@secondary@electron@images@obtained@from@the 

surface@after@pickling ， oxidized@at@800 。 C@in@air@for@1@hr@(a)@and@10@hrs@(b) ， The@pore@size@of@the@specimen 
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heated  № r  l0  hou ト w ㌍ ぬ gerth ㎝ lthatofthe  specimen  heated  も r0ne  hour.lfthe  res ㎞ w 養 able 屯 。 

impregnate@into@the@sponge ， like@structure,@stronger@mechanical@bonding@could@be@expected   

The  im 穏 es  sholWlin  Fig.6.1-5  町 e  a  seconda Ⅴ elec 甘 on  image  (a)  md  X ぜ ay  image  ofC  K0  (b) 

obt8ned@from@a@pick Ⅰ   d@14K@gold@8   Ⅰ   y@specimen@bonded@with@4 ， META@reSn ・ The@X ・ ray@image@shows@that 

the@resin@has@impregnated@the@internal@oxidation@pores ・ Figure@6.1-6@shows@Raman@spectra@obtained@from@the 

五山 ng  in  Ⅲ e  intemaloXid ㎞ on  pore  md  a  poly  me 山 ylmethac け ㎞ e  (PMMA)Pla 土 e.The  l ㏄ er-iwad ㎞ ed 

area@of@the@alloy@specimen@was@shown@in@a@CCD@image@inserted@in@Fig ・ 6.1-6.@Both@spectra@exhibited@a@peak 

at@2,955@cm@   l@due@to@C ・ H@stretching ， indicating@that@the@internal@pore@was@filled@with@applied@4 ， META@resin 

(95%PMMA ， 5%4 ・ META) ・ Figure@ 6.1-7@ shows@ a@ secondary@ electron@ image@ of@the@ resin@ side@ of@the 

resin ， alloy@bond@structure@after@the@alloy@substrate@had@been@removed@with@aqua@regia ・ Many@fine@resin@tags 

cm  be  seen  in  伍 iS  SEM  image,showing  that 田 e  resin  had  pene 廿 ated  ㎞ o  the  pores 伍 athad  飴 med  on  the 

alloy@surface@after@pickling   

Mee ぬ才 "m"" 「 ダ Bo ㎡ 碗 IgS か 。 "9 由 

Figure・ 

su ぬ aces.The  bonding  s は en 鮒 ls0fthe  se Ⅲ cured  Tes ㎞ w ℡ oM  4 キ 佃 TA  t0  the  porousspecimensrmged 
丘 om  14  ト化 a  to  24  N 什 a  (19%  1  (mem  士 SD)  ㍉ 什 a). SEM  eX ㎜ in ㎡ on  indicated  ぬ at  p 抽 ia Ⅱ nter 億 cial 

俺 Ⅱ u 丘 ehadocc ℡Ⅰ ed,b 血 res ㎞Ⅰ emainedintheporesonthealloysu 桟 ace,Thebonding  s 仕 en 摩 h  of4.N 佃 TA 
resin  to  the  Hatspecimen  applied  with  M.Phmer  Ⅱ w ㏄ 24 土 2  N 仕 )a,SEM  eX 杣 ㎡ na Ⅱ on  reveded  a  miXed 

m0de 丘 actureinthisc ㏄ e,withpartialinter ぬ cial ぬ ilureonthe 田 loysur ぬ cemdcohes;ve 伍 ilureinthe 

4-META@ reSn ・ The@ mean@ bondi   g@ strength@ of@4-META@ reSn@ to@ the@ porous@ spe0mens@ appli   d@ with 

M ， Primer@ n@ was@3@8@@3@ MPa ， Wth@totally@cohesive@failure@in@the@4 ， META@resin@observed@by@SEM ・ As 

shown@in@Fig ・ 6.1-8 ， statistic8@   analysis@demonstrated@that@the@bonding@strength@of4 ， META@resin@to@the 

por0us  specimen  was  signi 丘 cmtly  higher  山 an  that  of  4-N Ⅰ ETA  resin  to  the  ね at  specimen  (*p く 0 ・ 05), 

indicating@that@the@porous@structure@created@by@the@high ・ temperature@oxidation@and@the@subsequent@pickling 

w 養 e 丘 ective  № rincre ㌍ ing  bonding  stren 酊 h  when  the  adhesive  resin  containing  4% 億 TA  w 養 used  in 

combination  wi 血 M.Phmer  Ⅱ   

6.1-4@ Discussion 

Foo 榊乙 f70 れ 0/ 乙 SPO れ lgge-% た官 S かぴ iC 加 ㌃ 召 0 れ柄 e 力仮 0 ノ Su 弓れフ Ce 

Ⅱ w ㏄ previously  shown  丘 om  ch 打 acte Ⅱ stic  X-ray  im8ges  and  st 甜 e  町 l 杣 ysis  by  荻 lelec 廿 0n  probe 

microanalysis@ that@ the@ oxidation@ zone@ of@a@ dental@ 14K@ gold@ alloy@ containing@ Cu ， which@ forms@ after 

high ， temperature@oxidation@by@heating@at@800@oC@in@air 。 that@the@external@oxidation@zone@was@composed@of 

two@copper@oxide@layers ， an@outer@layer@of@Cuo@and@an@inner@layer@of@Cuzo ， and@the@internal@oxide@particles 

were@composed@of@only@Ci@o@   

Oxygen［ust｜e‖ppre0ably《o Ⅰ   b Ⅰ   @   an ㏄   Ⅰ   y’or》he（ntern@｛xiatin｛f‖n・   Ⅰ   Yng‘ Ⅰ   ment     ， ， In 

a@gold@alloy ， the@solubility@of@oxygen@is@very@small ， and@the@gold@alloys@used@in@the@present@study@did@not 

satis 呼 thiscondition  面 rintemalo ぬ da Ⅱ on.However,o 吏 de  precipi 援 ion  h ㏄ been  obsewed  atthe  grain 
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bound ㎡ esin  gold  a Ⅱ oys.Asshown  ㎞ Fig.6.1-g,the  oXide  №Ⅰ med  杣 ong  the 群 ain  bound 鐙 ies  ㏄ ts ㌍ a 

d Ⅱ 血 sion  pa 田山 atperIn は sthepenetrat;on  ofo2-4nto  thebulk  alloy  ma 秤 iX, Ⅰ esulting  in  i 田 emaloXidation 

predominantly@along@the@grain@boundaries13 ， 14) ・ 

The@morpho Ⅰ   gy@of@the@intern8@   oxi   atin@zone@of@the@dental@go Ⅰ   8   Ⅰ   ys@was@found@@@   these@prev*us 

studies@to@change@markedly@according@to@the@kind@of@base@metals@in@the@composition:@Ni,@In,@or@Cr@with@Cu   

The@external@oxidation@zone@and@internal@oxidation@particles@composed@of@copper@oxide@in@the@present@14K 

go Ⅰ   8   Ⅰ   y@were@removed@by@picklig@in@a@thig Ⅰ   co   Ⅰ   aCd@s0utin ， resultig@@@   the@formati   n@of@a@porous 

alloy@surface ・ However ， Nio 。 Inzos ， and@Crzos@with@Cu@oxide@in@the@internal@oxidation@zone@could@not@be 

removed@from@other@oxidized@gold@alloys@by@pickling,@and@remained@in@the@alloy@matrix@near@the@surface 

because@the@internal@oxides@were@well ・ developed@and@fine@needle ， like@in@shape15@@This@suggests@that@a@gold 

alloy  c0n ぬ ining  6nIy  Cu  盤 a  b ㏄ e  metal  %  a  suitabIe  alloy  №Ⅱ 騰 Ⅰ ming  ;merc0nnected  intemaI  oXide 

deposits ， resulting@in@the@formation@of@a@sponge ・ like@structure@on@the@oxidized@alloy@surface@after@pickling   

Theshape 酊 ld  dis な i ㎞ れめ n  oftheimem 刮 o 対 dat 油 n  p 荻 ㎡ cksdepend  noton け onthek ㎞ d  町 ld  簗 Ⅱ ount 

of@base@metals@but@8so@on@various@other@factors,@including@oxidation@temperature,@heating@time,@oxygen 

pressure,@gr8n@size@of@the@al Ⅰ   y,@and@extent@of@gr8n@growth@during@heat@treatment ・ The@oxidation@process@of 

dental@gold@alloys@in@air@follows@a@parabolic@law@ ・ It@was@found@that@with@increasing@Cu@content@in@a@14K 

gold@alloy,@the@internal@oxidation@zone@became@well@developed@on@the@alloy@surface1@ ， However ， the 

resis ぬ且 ce  ofthe  l4K  gold  alloy  to  c0 町 osion  荻 ld  t ㎝Ⅱ ish  decre ㏄ ed  w Ⅱ h  incre 養 ed  Cu  conten 伊 7). The 

optimal@Cu@content@should@be@further@addressed@to@develop@a@14K@gold@alloy@for@resin@bonding ， which@forms 

a  sponge- Ⅱ ke  sm Ⅰ c 抽 Ⅰ e  on  the  sur 俺 ce  w は h0 位Ⅰ educlng  the  co 圧 osion  ㎝ ld  t 打 nish  Ⅰ esist8 エⅠ ce. Although 

grain ， refining@elements ， Ir@or@Rh ， are@generally@incorporated@in@commercial@dental@gold@casting@alloys ， these 

elements@were@not@added@to@the@14K@go Ⅰ   al Ⅰ   y@used@@@   the@present@study ， As@adding@these@elements@affects 

the@sponge-ike@structure@on@the@8loy@surface,@it@is@necessary@to@continue@further@research@on@the@effects@of 

these  elements   

屯から ct2 Ⅰ ク SDPongee-% ん召ふ か れ c 甘ぴ re  o れ地 ピメ AAo ノ $ ぴ屯れ ice,o れ Bo れ d 血 tg  ふ か e れ rgft 乃 

Bonding  s 丘 en 鰯 h  re 鹿 rsto  the  椅 rce  required  ぬ rsep 荻 ating  回 o  p 抽 s,md  itco ㎎ istsof 血 0  ぬ ct0rs     

mechanical@bonding@and@chemical@adhesion ， Mechanical@bonding@is@an@anchoring@effect@that@is@related@to@the 

surface@roughness@of@the@alloy@surface ， Therefore ， both@mechanical@and@chemical@factors@are@essential@to 

create@stable@bonding ・ Since@the@chemical@affinity@of@4 ・ META@was@high@enough@to@base@met8@   8loys@but@it 

was@quite@low@to@gold ， rich@alloys ， in@the@present@study@a@thiophosphate ， type@metal@primer@(M ・ Primer@ H) 

w 俺 app Ⅱ edto  thepicMed  all0y  su ゴ acein  orderto  e Ⅱ hmcethechemicaladhesion.Thebonding  stren 目 h  of 

4 こ h 佃 TA  resin  to  血 eporo 騰 14K  gold  alloy  sur ぬ ce 丘 e 柑 mentwith  M-primer  Ⅱ w ㏄ 38 土 3  (mem  土 SD) 

れ仲 ㌔ which  w 養 much  higher  th ㎝ l  that  of  4-META  resin  to  the  sur 俺 ces  of  goId  aIl0ys  a れ er 

high ， temperature@oxidation@treatment@(25@MPa)@@and@to@the@surface@of@Sn@ion ， sputtered@type@ IV@gold@alloy 

(21-27MPa)4) ・ 

Joints｛f‥ental‖dhesive〉esin｜onded》o‥ental‖lloys『eaken（n『et‘nvironments ， though‖dhesion 
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*   strong（n‥ry‘nvironments18 ， 2@ ・ One‘xample（s》he《eparatin｛r｝e0ig》hat｛ccurs‖fter〕ong-term「se 

in》he｛r8 environment ， When》he『ater［olecules”ave‥estroyed》he…hemic8｜ond,》he｜onding《trength 

is@lowered@to@a@level@that@is@sustained@by@the@mechanical@retention ・ As@mechanical@bonding@would@play@an 

important@role@ in@m3ntenance@of@the@bond@structure@@@   ths@Stuati   n,@ increased@mechanial@retention@is 

essential’or‥urability｛f》he‖dhesion（nterface ・ It（s《peculated’rom》he〉esults《hown（n：ig ・ 6.1-8》hat 

the｝ores’ormed｜y‥issolution｛f》he（nternal｛xidation｝articles‖re‘ffective’or（ncreasing［echanical 

retention‖nd‘stablishing‖〉eliable｜onding   

℡ FE 皿 NCES 

l)Tm 荻 a  T,N 穏机 a  K,T 荻 eymla  M,N 荻 abay ㌍ hiN,M 雙 uh 打 a  E.Heat は e 柑 mentofgold  alloy  to  get 

adhesion  with  resin. ノみ れⅠⅠ ocDe れ甘ノ pp タのア イⅠ オ Mad Ugr,2 才     95-102,1980  (in  Japmese)   

2)@Yamashita@A ， Kondo@Y ， F ℡     ita@M ・ Adhesive@strength@of@adhesive@resin@PANAVIA@EX@to@dental@alloys ・ J 

Jpn@Prosthodont@Soc ， 28:@1023-1033 ， 1984@(in@Japanese)   

3)｀usilヽ ， Cli   i   al」erification｛f》he《ilioater》echnique ， Resuts｛f》hree ， years ， experince ， Dent´ab, 

35:  1709-1715.  1987   

4)Tm 蕪 aT,Hirmo  M,M お umuraH 。 AtsutaM.A  new  ion-co 輔 ng  sur 俺 cetre 柑 ment0falloys № rde 血 al 
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i   terfaces@between@4 ・ META@reSn@and@precious@met8@   alloys@modiied@with@two@adheSve@met8@primers   

ノゆ 7iSoocDe 沌 Producf,, Ⅱ :35-41,1996  (mnJapmese)   

10)0 ㎞ o  H,Endo  K,Tmabe  M,Qum 田柿 ve  malysisofe 曲 emely  smaIlsmpIesby  ESCA. 幼沖 0dZM 

Rev ， 47:@97-101 ， 1990@(in@Japanese)   
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J ， 5:・ ， 1986   

12)@Meijering@JL ・ Internal@oxidation@in@alloys ・ Adv@Mater@Res ， 5:1-81 ， 1971   
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m0istw 訂 m  air. ルゴ 7 カ は肱力沸 9, Ⅱ 35-39,1980   

1g)KoCU,Wigh ㎞ m  W.EXperimen.talmalysisofmois 抽 reintmsion  i 血 otheAl 几 i-polysul%neinter 伍 ce   

JAdhe ， 25:@23-29,1988   

20)@Ohno@H ， Endo@K ， AraK@     Y ， Asakura@S ， Destruction@of@metal ， resin@adhesion@due@to@water@penetrating 

through》he〉esin ・ JMaterヾci ， 27:・   

103 



Chapter@6@ NEW@MECHANICAL@RETENTUION@METHOD@FOR@RESIN@AND@DOLD@ALLOY@BONDING 

Ⅰ
Ⅱ
 

A
a
 

 
  

 

R
 

 
 

O
 

 
 

H
3
 
㏄
 n
O
 

C
@
C
 

一
 
一
 

H
,
 

，
ヒ
 
Fig.  6.1-1  Thiophosphate-type  metal  primer  (M-Primer) 
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Chapter・ CONCLUSIONS 

CONCLUSIONS 

In@1978 。 a@dental@adhesive@containing@4 ， META@was@developed@to@meet@several@requirements:@strong 

bonding@to@tooth@substances@and@dental@materi@s,@simple@handling@procedures,@insolubility@in@saliva,@no 

deteh0ration  村山 e  adhesion  i ㎡ er 俺 ce  underoralhumid  cond ㎡ ons,mld  non-toXici Ⅳ to  mld  n0  h 町 m 缶 Ⅰ 

effects@on@the@human@body ・ In@this@dissertation,@the@results@of@experiments@on@adhesion@of@dental@alloys@and 

4-META  deMala ㎝ lesive  Ⅱ esin  wRh  Ⅰ espectto  the  su 比 ace  st でⅠ c 憶 Ⅰ es  ofalloys  雙 adhe Ⅰ end  we Ⅰ e  p Ⅱ esented 

md  dlscussed   

The〉esults｛f‘xperiments｛n》he｜onding‖bility｛f・ ， META〉esin》o｜ase［etals《uch‖s，o ， Cr, 

Ni ， Cr ， and@ 18-8@stainless@steel@were@presented@in@chapter@2.@ Bonding@ability@was@evaluated@by@bonding 

 
 

 
 

s 揺 en 雙 h  me ㏄ wdments  md  0bseWations  0f  the  丘 ㏄ ture  appe 荻 mce.  The  4 小山 ETA  resin  showed 

comparatively@good@adhesion@to@as ・ polished@alloys@covered@with@passive@films ， The@bonding@strength@of 

4.META  resin  to  ㏄ -polished  aIl0y  s ℡ 俺 cesw ㏄ 飴 und  to  be  穿 eaterthm  thatto  oXidized  sur 伍 cesheated  at 

300oC@or@500oC ， Thermal@cycles@that@used@liquid@nitrogen@showed@clear@differences@in@the@alloy@surface 

states@affecting@the@adhesion   

The  re ㎞ ionshipsbe 抽 /een  thebonding  s 甘 en 囲 hsmd  the  aIloy  sur 托 ace  st ㎝ c 抽 resmalyzed  by  ESCA 

md  re 皿 ection  elec 甘 on  di 価 actlon  wefediscussed.Thes 甘 uc 抽 reofthe ㏄・ polished  Co.Cralloy  suv 俺 cew 穏 

㎝ ml0 や hous2-3nm  田 ick  p ㏄ sive Ⅲ m  madeofamonolayerofs ミ X-OH  md/orH2o  c0ordin 甜 ed  町 ound 

Cr3" ・ "‖nd，o2" ・ - or，o3" 。 ， metal（ons ， On》he‖lloy《urfaces｛xidized‖tヾooT‖nd・ ， 00304『as 

predomi   antly@formed@with@a@sever8-mo Ⅰ   cu Ⅰ   -thi   k@lyer@of@adsorbed@water@at@the@top@of@the@oxi   e@surface   

The@presence@of@the@water@molecules@was@thought@to@be@the@reason@why@adhesion@to@surfaces@oxidized@at 

high》emperatures『as（nferior》o》hat｛f》he‖s ， polished《urfaces ， This《peculation『as《upported｜y》he 

results@ of@an@experiment@in@which@the@ several ， molecule ， thik@ Ⅰ   yer@of@adsorbed@water@on@the@ oxidized 

surface@was@removed   

On 血 e あ -polished  sur ぬ ces,theadhesiveabll1 ゆ ofaN ト Cfalloyw ㏄ mn 俺 niorto  山 atofaCo-Cralloy, 

Treatment@of@the@as ・ polished@Ni ・ Cr@alloy@surface@with@concentrated@HNos@solution@resulted@in@excellent 

adhesi   n ， comparable@to@that@of@the@Co ， Cr@al Ⅰ   y ， and@adhesi   n@was@mai   tai   ed@even@after@thermal@cy0i   g   

Both‖s ， polished‖nd？Noa ・ treated¨     ， Cr‖lloys『ere‖nalyzed｜y・SCA》o‥eter Ⅲ ne》he〉eason’or》he   

superior@adhesive@ability@of@the@alloy@surface@treated@with@HN03@ solution ・ The@Ni@content@on@the@8loy 

surface@was@decreased@by@elution@of@Ni@to@the@HNos@solution ， As@a@result@of@Ni@elution ， Cr@that@has@good 

che ㎝     c3   affinity》o・ ・ META〉esin ， concentrated｛n》he‖l Ⅰ   y《urface   

Water@dura5lity@at@the@adheSon@interface@is@c Ⅰ     ti8   Ⅰ   important@for@adheSve@structures@used@in@humid 

environments@like@the@oral@cavity@because@environmental@water@and@humidity@influence@the@mechanical 

properties｛f》he‖dhesive）oints ， Chapter・ 

adhesion@interface@carried@out@to@determine@the@mechanism@of@degradation@of@adhesion@between@ ㎝     ld@steel 

anld  4.META  den ぬ ladhesive  resin.Itw 盤飴 und  thatw 柑 erentered  the  inter ぬ ce  by  diffuilsion  億 rough  伍 e 

resin〕ayer ， The『ater…ontent‖t》he（nterface『as…alculated｜y‾ick ， s〕aw｛f‥iffusion‖nd（t『as｝ossible 
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to@evaluate@the@degradat Ⅰ   n@with@respect@to@the@water@content@at@the@iterface ， The@water@induced@corrosi   n 

of@the@mild@steel@that@resulted@in@complete@destruction@of@the@adhesion@interface ・ Electron@diffraction@and 

ESCA  malysis  demonstrated  that  Feo(oH)  w 盤椅 Imed  atthe  adhesion  inteT ぬ ce  a 且 er  ㎞ mersion  ぬ r  2 

days ・ The@amount@of@hydroxide@increased@steadily@and@hydroxide@finally@changed@to@Fezos   

Evaluation｛f『ater‥urability‖t》he‖dhesion（nterface『as‖lso‥iscussed（n…hapter・ 

dmabiIi ゆ atadhesion  inter 伍 cesw ㏄ 而 vestigatedby  measurementofthesepa Ⅱ ated  荻 e ㏄ ofthin Ⅰ esin  Ⅱ lms 

bonded@with@4 ， META@resin@on@metal@surfaces@after@imposing@thermal@stress@using@liquid@nitrogen ・ In@the 

c ㏄ e  of  18-8  s ぬ inless-steeI specimens  伍荻 bonded  s 甘 ongly  with  4-META  resi ら to 幼 inter ぬ ce  飴 l ℡ e 

occurred@in@specimens@with@resin@thicker@than@0.55@mm@in@dry@conditions ， A@resin@layer@of@0.25@mm@was 

chosen@to@study@degradation@of@the@adhesion@interface@by@water@because@a@thin@PMMA@film@was@bonded@on 

den 械血 oysto  甜 0w  watersaturation  atthe  adhesion  ime 什 ㏄ e  a 住 era  sho れ immersion  廿 me.Thermalstress 

at  the  adhesion  inter ぬ ce  was  calcu ㎞ ed  by  a  c0mpMepaided  Ⅱ nite  eleme ㎡ method, She 旺 s は ess  was 

calc Ⅰ   ated@to@be@ 16@MPa@for@a@0.25 ， mm@thck@res@@   layer ， When@degradation@of@the@adhesion@interface 

occurred@due@to@immersion@in@water ， the@thin@resin@film@separated@from@the@metal@substrate@due@to@thermal 

stress   

Water@molecules@ rapidly@degraded@the@mild ， steel@ interface@ with@4 ， META@resin ， The@ relationship 

between@water@immersi   n@time@and@degradati   n@at@the@adheSon@i   terface@was@exami   ed@together@with@the 

amount@of@water@that@penetrated@though@the@resin@to@the@interface ・ When@the@water@content@at@the@adhesion 

interface@ reached@48%@ of@the@ equilibrium@ water@ concentration@ of@PMMA 。 destruction@ occurred@ at@the 

interface@due@to@breakdown@of@chemical@bonds@between@hydroxyl@groups@on@the@metal@surface@and@side 

ch8ns@of4 、 META ・ This@may@be@the@first@report@in@which@degradation@of@the@adhesion@interface@based@on@the 

water@content@at@the@ interface@is@ discussed ， The@method@used@in@the@present@study@is@ useful@for@quick 

evalua ぬ 0n  ofw 村 erdurab ⅢⅣ atthe  adhesion  inter ぬ ce. 

The@water@durability@of@the@adhesion@interface@between@4 ・ META@resin@and@precious@metal@alloys@was 

inadequate ・ Thus ， a@simple@and@easy@method@of@surface@modification@to@improve@adhesion@with@a@precious 

met3@   8loy@was@needed ， Therefore@a@Smple@new@method@to@promote@adhesion@between@precious@met8   

alloys@and@dental@adhesives@was@developed@(Japanese@patent@No ・ 63-153853@and@US@patent@No ・ 5,049,076)   

The@new@method@of@modifying@an@adherend@metal@surface@with@a@liquid@Ga ・ Sn@alloy@was@ described@in 

chapter@4.@The@liquid@Ga ， Sn@alloy ， modified@gold@alloys@(Type@IV@and@14K)@and@silver ， based@alloys@(Ag ， Pd 

and@Ag ・ Cu)@showed@not@only@high@bonding@strengths@but@also@excellent@water@durability@at@the@adhesion 

inte ㎡ ace.  Adhesi0n  to  伍 e  tin.elec 甘 oplated  specimens  w ㏄ comp ぴ able  with  th は t0  the  G 田 Sn 

alloy ， modified@specimens ， Surface@modification@by@the@Ga ， Sn@alloy ， however ， did@not@affect@adhesion@to 

Ag ・ In ， Zn@and@base@met8@   8   Ⅰ   ys@(SUS ， Co ・ Cr ， and@Ni ・ Cr)   

The  re ㏄ on  why  the  modi 且 c 酊 ion  w 億 only  e 億 ec 廿 ve  w れ h  some  preciousmetaIalloysmd  notwlth 

Ag ・ In ・ Zn@ and@ base@ metal@ alloys@ was@ also@ discussed@ based@ on@ the@ results@ of@analysis@ of@the@ Ga ・ Sn 

alloy ， modified@surface@by@ESCA:@a@new@alloying@layer@containing@Ga@and@Sn@was@formed@on@the@precious 

metal@alloys ・ The@main@factor@responsible@for@the@excellent@adhesion@was@the@formation@of@a@very@thin@layer 
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ofGa203 ㎝ ld  Sno2,less 山繍 1 1.2  m Ⅱ， on  the  alIoy  s ℡ 伍 ce.A  thickerm0di Ⅱ ed  ぬ yer, ㌍ ぬす med  on  the 

Ag ・ In ， Zn@aly,@ Ⅰ   d@to@poor@bondig@aUliy ・ The@Ga ・ Sn@8loy@was@not@8   Ⅰ   yed@with@NiCr@8   Ⅰ   y,@resuting@in 

poor@bonding@ability@with@4 。 META@resin   

In@chapter@5.@results@of@experiments@using@new@dental@precious@metal@alloys@for@resin@bonding@without 

alloy@surface@modification@that@had@been@developed@by@adding@base@metals@(In ， Zn ， or@Sn)@were@presented 

and@discussed ・ Binary@alloys@of@Au ， Ag ， Cu ， or@Pd@containing@In ， Zn ， or@Sn@were@first@studied@for@water 

durability@and@bonding@strength@with@4 ， META@resin ， The@adhesion@ability@of@the@binary@alloys@was@improved 

by@adding@In@equivalent@to@ 15%@of@Au@content ， Zn@equivalent@to@20%@of@Ag@content ， and@In ， Zn ， or@Sn 

equivalent@to@5%@of@Cu@content ， There@was@no@additional@effect@of@the@base@metals@on@Pd ， but@addition@of 

15%@In@improved@adhesion@with@Pd ， based@alloys@containing@equi ， atomic@percents@of@Cu@and@Pd ・ The@3loy 

sur ぬ ceswere  ml&lyzed  by  ESCA  ㎝ d  itw ㏄ 驚 und  th 酊 oXides  such  養 In203,Zno,and  Sno  played  m 

important@role@in@improving@the@adhesive@ability@of@the@alloys ・ The@reason@for@the@improved@adhesion@of@the 

Au ， In@alloy@was@investigated@by@ESCA ， The@ols@spectrum@could@be@separated@into@three@oxygen@chemical 

states ， Inzos 。 chemisorbed@ l-ho ， and@ physisorbed@ Hso ・ The@ amount@ of@chemisorbed@ Hio@ decreased 

markedly@with@the@increase@in@the@amount@of@In ， It@was@thought@that@the@poor@adhesive@ability@of@the@pure 

gold@and@alloys@ containing@only@small@ amounts@ of@In@ was@due@to@the@chemisorbed@I-@o@molecules@ and 

ニ nsu 鏑 c ニ fentindium  oxide  on  Ⅲ e  alloy  su ㎡ ace. Ⅰ tw 養 concluded  thatexcellentadhesion  requirescover ㎎ e 

0fatle ㏄ t50%  o 田 healIoys ㎝ 俺 cew Ⅰ hm  oXidethath 恭 chemica ぬ伍 nity  ぬ r4-META   

We investigated the bonding of・ ・ META resins to a｝orous 14K gold alloy surface created by 

high ， temperature@oxidation@treatment@and@subsequent@pickling ， The@method,@described@in@chapter@6.@was@to 

improve@adhesion@between@dental@adhesive@resins@and@a@14K@gold@aloy@by@creating@a@sponge ， like@structure 

on  the  alloy  sW ぬ ce  th 机 e 血 anced  mechmic 杣 bonding  (Japmese  patem  2000-93436). The  intemal 

oxidation@particles@ofCu@oxides@precipitated@on@a@14K@gold@alloy@surface@after@high ， temperature@oXdation 

at800 。 C  in  air  we Ⅱ e  Ⅰ emoved  by  picMing  w 且 h  打 Ⅰ㏄ id  solu 廿 on  t0  create  a  sponge- Ⅱ ke  sm ュ c 血 re  on  the 

alloy@surface ・ A@PMMA@resin@containing@4 ・ META@as@an@adhesive@monomer@and@a@self ， cured@resin@without 

4-META  were  used  to  exmnine  the  effects  of  mechm Ⅱ cal 荻 ld  chemical ぬ ctors  on  bonding  s 仕 en 酊 h.A 

thiophosphate ， type@met8@   primer@was@used@in@combination@with@4 ・ META@resin@to@strengthen@the@chemical 

bonding@of@4 ・ META@resin@to@the@porous@ alloy@surface@because@4 ， META@has@poor@adhesive@ability@for 

preci   us@met8s ・ The@ surfaces@of@the@8loy@speCmens@treated@by@oxidati   n,@piKing,@ and@bonding@with 

4-META  resin  were ㎝ laIyzed  us ㎞ g  ㎝ lelec 甘 on  probeX-ray  micro ㎝ lalyzer.SEM  obserVa Ⅱ on  showed  mmy 

resin@tags@on@the@resin@side@of@the@bonding@structure@after@removal@of@the@gold@alloy@matrix@with@aqua@regia   

The@bonding@strength@of4 ， META@resin@to@the@porous@alloy@surface@was@3@8@@3@(mean@SD)@MPa ， whereas 

thattoa ぬ atalloy  sur ぬ cewiththes ㎝ ecompositi0 Ⅱ w 雙 19 土 1N や a. ℡ eb0nding  s 甘 ength  ofasel%cured 

res 而 w は hout4-META  to  山 eporousalIoy  su は acew 養 24%  2  N 什乙 A  high  bonding  s 甘 en 鯨 h  w ㏄ obt ㎡ ned 

when@4 ・ META@resin@ was@ bonded@to@ the@ porous@ 14K@ gold@ alloy@ that@ had@ been@ surface ， treated@ with@a 

thiophosphate ・ type@metal@primer ・ 

There‖re》wo［ajor｝roblems》o｜e《olved ， water‖nd《tress‖t》he‖dhesion（nterface ， in｛rder》o 
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establish@a@durable@and@stable@adhesion@structure ・ Water@durability@at@the@adhesion@interface@is@critically 

important@ for@ adhesive@ structures@ used@ in@ hum@@   envionments@ such@ as@ the@ or8@   cavity@ because 

en Ⅴ iro Ⅱ mental  w 甜 er  md  humidity  in Ⅱ uence  the  mechmical  prope れ ies  of  the  ㎡ hesive  joi 庶 s. Stress 

introduced@at@the@adhesion@interface@caused@by@polymerization@shrinkage@Wll@cause@separation@of@resin@from 

血 e  ime ぬ ace. Ⅴ 下 en  watermolecules  ml Ⅳ or  s 什 ess  atthe  inter 俺 ce  haVe  des 肚 oyed  the  chemicalbond,the 

bonding@strength@is@lowered@to@a@level@that@is@sustained@by@mechanical@retention ・ Since@mechanical@bonding 

plays  町 l  impo 且 町立 role  in  mainten 田 lce  of  the  bond  s 甘 Ⅱ cture  in  this  sima Ⅱ on,  increased  mech ㎝Ⅱ cal 

retention@ is@ essential@ for@ durability@ of@ the@ adhesion@ interface ， Use@ of@ monomers@ expanding@ on 

polymerization@greatly@reduces@the@stress@induced@at@the@interface ， Although@such@monomers@have@already 

been@synthesized ， none@of@them@can@be@used@for@dental@applications@due@to@toxic@compounds@contained@in@the 

monomers@such@as@polymerization@in@iators 、 Development@of@a@safe@dental@adhesie@resin@with@less 

s 比 i 皿 age  on  polymerization  isneeded   
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