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g Al A

7Y

ATE1

tha Hx3sle dAR (large pulsed electron beam; LPEB)©o] &% Ti-6A1-7Nb &+ .
37Y 2

Al 1 ol QlojA,

Ti-6A1-7Nb ¥rgol uid dAxsle Aol HEx7] o], Ti-6Al-7Nb =] SiC dHeolx, ;= iy
(hand-grinder), T+ A% Z84 X (auto—polisher)E o] &3le] Aul¥i= Ti-6A1-7Nb T+.

7% 3

Al 2 el 9loiA],

271 SiC #elHE 160, 320, 600 EE 1200 L] E(grit)Q]l Ti-6A1-7Nb .
A7 4

A 2 el JoiA,

Ti-6A1-7Nb ¥rgol uid Hzxsle Aol HEx7] o], Ti-6Al-7Nb =] SiC Heolx, I= Y
(hand-grinder), ®=+ A% &Y% # X (auto-polisher)E o]&3te] dAnle & F7l2 yoloji= FHEadlog

dvlE] = Ti-6A1-7Nb .

A+ 5

A1 el lojA,

471 g sty Axe B A& A 2 ps WA 4 ps ¢l Ti-6A1-7Nb .

A7 6
A7) dE Heaskd AR e F35= 0.1 Hz WA 0.2 Hz 91 Ti-6A1-7Nb &+,

Al 1 el 3hotA,

A7) 8 Baskd Ao oux] WE= 1 A 20 Jem © 9191 Ti-6A1-7Nb B

Al 1 el 3hotA,

A7) Ay Hxaste Axfe]l Ao 5 1 Wx] 20 22U Ti-6A1-7Nb TF.

Al L @l gloiA,

Ti-6A1-7Nb o] sk &8 A28ty Axule] A2 <3, Ti-6A1-7Nb 329 ¥ Aol Ti0,, Al0; 2 TiN

=1
= .

o7 FAE A3 Aol Z(re-solidified passivation layer)o] &A% Ti-6A1-7Nb

ot

A3 10



[0001]

Al 1 #el SlolA,

Ti-6AI-7Nb @oll thdh o Axshd Ao 2R Q&) Ti-6AI-Nb 9]
7} AARE Ti-6A1-Nb T

A3 11

A1 dA A 10 & F o= g o wE Ti-6A1-Nb o=
implant).

ATE 12

i 223ty AAS 2AbekE GAIS E38FE Ti-6A1-78b 59 7Ba 9.

b

A3 13

Al 12 el delA,

A7) e HastE AARNES Z2AEFE @A A, Sic #Hols, = 18k¢lt(hand-grinder), TE AE 2

A &2 (auto-polisher) S o]&3}o] Ti-6Al-7Nb &S dAn}sts=

AT 14

2L

| 13 &oll 2AofA,

A7] SiC #Ho)H,
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i
ol
ol
rlr
ox
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)
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=]
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o Q%4 ¢-0 @ 0 7]

Z 4 E (biomedical

i
ich

= a2kl d (hand-grinder), HE= 25 E2]7d FA(auto-polisher)E ©]&3 Avk

& 0 f3y FastE Az 2AF 9A Jdl, Ti-6A1-7Nb B5S tlololRe Hedom 2yl dAnfstE v

A 12 ol 9lofA],

271 @ daste dae] "Ha A& AR 2 ps WA 4 ps 9 R
AT 16

Al 12 el o],

2471 W3 Hxshe Ao Fa4E 0.1 Hz WA 0.2 Hz 91 8.
A3 17

A 12 ol 9defA],

7] NF Feskd Aol oux AEE 1 U 20 J/em o M99 M

O+
i)

A3 18
A 12 3ol o)A,

47 0g Azskd diapnel B 4 1 U 20 9249l
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o Aot gt gkl web, A3} 9 AP elae] JdEFFE(implant) FEe] Xof ¥ #HS A s
= 7 $83%3 Fd F Yyt HAvH.Bang, Y.L.Chiu, S.G.Memtsoudis, L.A.Mandl, A.G.Della Valle
A.I.Mushlin, R.G.Marx, M.Mazumdar, Total hip and total knee arthroplasties: trends and dlsparltles
revisited, Am. J. Orthopedics (Belle Mead, NJ) 39 (2010) E95-E102). d=HES] %7] A=, 53
A, w5 owkR 5l BAe gigk Ao w <, CoCr fwel 7P dwtHow Ay Aut
(H.Dobbs, J.Robertson, Heat treatment of cast Co-Cr-Mo for orthopaedic implant use, J. Mater. Sci. 18
(1983) 391-401.). &}, CoCr 3Fra2 # FAXm=z, Fdo] WAYSH7]  HrhM.Gradzka-Dahlke,
J.Dabrowski, B.Dabrowski, Modification of mechanical properties of sintered implant materials on the
base of Co-Cr-Mo alloy, J. Mater. Process. Technol. 204 (2008) 199-205; M.Geetha, A.Singh,
R.Asokamani, A.Gogia, Ti based biomaterials, the ultimate choice for orthopaedic implants—a review,
Prog. Mater Sci. 54 (2009) 397-425). Ele}m &S A3 JZHEZ AHLS 93 CoCr ¢ thAa|Eo]
o, o] FdjAow F REe|A(modulus), -2 A B A APz Qs 1980 Aol =UH o]F= o
TR2 A=A Niinomi, Recent metallic materials for biomedical applications, Metall. Mater.
Trans. A 33 (2002) 477-486). Ti-6Al1-4V(5 53 Grade 5)¢] 7 dg A-8%¥ EElg g=oldk( C.Cui,
B.Hu, L.Zhao, S.Liu, Titanium alloy production technology, market prospects and industry development,
Mater. Des. 32 (2011) 1684-1691).

2 AR gl 39 Aes AL Ame Fas S4ol, I olfre A7 2 A BEAo] dEUEY FES
AARsE F23F ¢lato]7] wEo|th(A.Pye, D.Lockhart, M. Dawson, C.Murray, A.Smith, A review of dental
implants and infection, J. Hosp. Infect. 72 (2009) 104-110). A 4 ol ZA, 5 53 Ti &Y F4
A B 7AIA 540l AAYE dZHE dig AFES dsEt] A& dE AHe] g 5 55 ¥E Y
ZIAA B4 digk B, olAe] wg- & AE O FF HES Zeve e ‘JrE]r‘dl‘ﬂr(M.Nlmom, Recent
metallic materials for biomedical applications, Metall. Mater. Trans. A 33 (2002) 477-486; H.Dong,
T.Bell, Enhanced wear resistance of titanium surfaces by a new thermal oxidation treatment, Wear 238
(2000) 131-137; M.Ribeiro, M.Moreira, J.Ferreira, Optimization of titanium alloy (6A1-4V) machining,
J. Mater. Process. Technol. 143 (2003) 458-463; A.Cremasco, W.R.Osorio, C.Freire, A.Garcia, R.Caram,
Electrochemical corrosion behavior of a Ti—-35Nb alloy for medical prostheses, Electrochim. Acta 53
(2008) 4867-4874). Hg, o= Co-Cr v R AEA Fu& Tt thE ASHE Azd v 58 F4
A&e YERITH(].Gurappa, Characterization of different materials for corrosion resistance under
simulated body fluid conditions, Mater. Charact. 49 (2002) 73-79). Hlelg T+ 37| == 4%
EH ol AAAQ Ti0, ¥g whEA FAdsh. oy gk st Mol d F(passivation layer)2 AEE
HozRY ARHoE WEF 4 A, oled o=, Heky FTe UMY YTVEES 9T T2 A
Fo|t}(Y.Oshida, R.Sachdeva, S.Miyazaki, Changes in contact angles as a function of time on some pre-
oxidized biomaterials, J. Mater. Sci.- Mater. Med. 3 (1992) 306-312; C.Kuphasuk, Y.Oshida, C.J.Andres,
S.T.Hovijitra, M.T.Barco, D.T.Brown, Electrochemical corrosion of titanium and titanium—based alloys,
J. Prosthet. Dent. 85 (2001) 195-202). < Htoll=, €Xg, ¥¥W IH 2 xW TiN & FA4se= A
= ¥dete 19 Aglse]l RuHdut. ey, Hebw 2 19 feEL & vhE AFE UEhla =4 g2
vl A4S el A -3 (shear stresses)ol 28] A WS =2 (A.Buford, T.Goswami, Review of
wear mechanisms in hip implants: Paper I-General, Mater. Des. 25 (2004) 385-393), &7%<l Elelyg %
o] EoR FyAE JEHEE 10-15 W ool wA|wojof ¢th(H.Liang, B.Shi, A.Fairchild, T.Cale,
Applications of plasma coatings in artificial joints: an overview, Vacuum 73 (2004) 317-326). |x]&%
5 51 ¥use MAE mte A SUkE #W ARE JEidle Zdo® Base] ghvk(I.Cvijovic-Alagic,
7Z.Cvijovic, S.Mitrovic, V.Panic, M.Rakin, Wear and corrosion behaviour of Ti-13Nb—13Zr and Ti-6A1-4V
alloys in simulated physiological solution, Corros. Sci. 53 (2011) 796-808). %¥=4F3}(anodization)+
e el el Yol AgEs BHE B9 A Pdelth, FFAE S ol ek CaP FHE Hehy
gheel 4 A “% A AAAE AHAANCHT.-D.T.Nguyen, 1.-S.Park, M.-H.Lee, T.-S.Bae, Enhanced
biocompatibility of a pre—calcified nanotubular TiOZ2 layer on Ti-6A1-7Nb alloy, Surf. Coat. Technol.
236 (2013) 127-134). FWHIAM 9 TiN F¢ AL T3 FW FEE dA3| S7MA1710H(A. Zhecheva, W.Sha,
S.Malinov, A.Long, Enhancing the microstructure and properties of titanium alloys through nitriding
and other surface engineering methods, Surf. Coat. Technol. 200 (2005) 2192-2207.).
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=245 YedttsE AS w3tk (S.D.Rogers, D.W.Howie, S.E.Graves, M.J.Pearcy, D.R.Haynes, In vitro
human monocyte response to wear particles of titanium alloy containing vanadium or niobium, J. Bone
Joint Surg. Br. 79 (1997) 311-315). ©]2]3F o=, Ti-6Al-7Nb 7} feld 5 Jon, A YZJEES

A&l 5 SH T AT QS zh=t}. Ti-6Al-TNb = ZAE % REHAE Idst= 7|44 EA9 44
oA 5 33 A 28y, UeH SAI=E H]%*éo]i H ez dolnz | vluEs UFo=R wi
3l AL AA AgAS MAE Ao R oAAFEtH(M.Palanuwech, The fatigue resistance of commercially

pure titanium (grade II), titanium alloy (Ti6Al17Nb) and conventional cobalt chromium cast clasps, in:
The University of Tubingen, 2003).

A 3 AgeIA Ti-GAI-IND Sl FAH ol FENE BFSL, ool FrHoR Mg T
o] olel@ Fael w4 % AAM S ofF ATk A UL EF, Ti-6AI-ND o A A 2
AAA EHE AN A% bsE W ARl UE dE Ao gk Heky gEe A8 54 2

T2 AFE ANAATIE Aol g3 #EE SV fE dEAeR b 34 dAES AT
D.T.Nguyen, I.-S.Park, M.-H.Lee, T.-S.Bae, Enhanced biocompatibility of a pre-calcified nanotubular
Ti02 layer on Ti-6A1-7Nb alloy, Surf. Coat. Technol. 236 (2013) 127-134; A.Zhecheva, W.Sha, S.Malinov,
A.Long, Enhancing the microstructure and properties of titanium alloys through nitriding and other
surface engineering methods, Surf. Coat. Technol. 200 (2005) 2192-2207; S.D.Rogers, D.W.Howie,
S.E.Graves, M.J.Pearcy, D.R. Haynes, In vitro human monocyte response to wear particles of titanium
alloy containing vanadium or niobium, J. Bone Joint Surg. Br. 79 (1997) 311-315). t& Hx3sld AAMH
(large pulsed electron beam; LPEB) 2|7} ©d T4 wAlolA T 7144 54 2 F2 A BFE /)
AN Aoz RHiuxEo gop(J.X.Zou, K.M.Zhang, S.Z.Hao, C.Dong, T.Grosdidier, Mechanisms of
hardening, wear and corrosion improvement of 316L stainless steel by low energy high current pulsed
electron beam surface treatment, Thin Solid Films 519 (2010) 1404-1415; B.Gao, S.Hao, J.Zou, W.Wu,
G.Tu, C.Dong, Effect of high current pulsed electron beam treatment on surface microstructure and wear
and corrosion resistance of an AZ91HP magnesium alloy, Surf. Coat. Technol. 201 (2007) 6297-6303). #
A ZAFE o] &8k Avk FA(finishing processes)< vl R ZHdA a9 9 A2E flal AHEH
o] $kth(J.X.Zou, K.M.Zhang, S.Z.Hao, C.Dong, T.Grosdidier, Mechanisms of hardening, wear and corrosion
improvement of 316L stainless steel by low energy high current pulsed electron beam surface treatment,
Thin Solid Films 519 (2010) 1404-1415; T.Grosdidier, J.X.Zou, N.Stein, C.Boulanger, S.Z.Hao, C.Dong,
Texture modification, grain refinement and improved hardness/corrosion balance of a FeAl alloy by
pulsed electron beam surface treatment in the "heating mode" Scripta Mater. 58 (2008) 1058-1061;
D.M.Kim, J.Kim, S.S.Park, H.W.Park, H.Ki, Surface modification of the patterned A16061/SUS304 metal
plates using the large electron beam, Appl. Surf. Sci. 261 (2012) 458-463; K.Zhang, J.Zou,
T.Grosdidier, C.Dong, Microstructure and property modifications of an AISI H13 (4Cr5MoSiV) steel
induced by pulsed electron beam treatment, J. Vac. Sci. & Technol. A: Vac. Surf. Films 28 (2010) 1349;
J.Zou, K.Zhang, T.Grosdidier, C.Dong, Y.Qin, S.Hao, D.Yang, Orientation dependent deformation on 316L
stainless steel induced by high-current pulsed electron beam irradiation, Mater. Sci. Eng., A 483
(2008) 302-305; J.X.Zou, T.Grosdidier, B.Bolle, K.M.Zhang, C.Dong, Texture and microstructure at the
surface of an AISI D2 steel treated by high current pulsed electron beam, Metall. Mater. Trans. A 38
(2007) 2061-2071). Z&iut, Elebw ol el dA 2ARE ol &3 & il disid= A ware wprt

of, oA & ATAELS Ti-6A1-7Nb ol ek Avp T o 29 LPEB A &5 7fAIgTh. thie-
BAx, F2 A3 2@ outR 3ol LPEB 8 A8 H ® Fol HrtHAT. ¥¥W EEZX](morphology), X
steta] 54 9l LPEB & 8% vt 5] Ti-6A1-7Nb 79| WstE XAbel7] flate], Fwle] F43H4 £4 o
HAA}FAFE W] 7 (scanning electron microscopy; SEM), Xz} Z=ZH wg EA(electron probe microanalysis;
EPMA), 2 X-A 3]Z(X-ray diffraction; XRD)& o]&3te] 3w AL},

g J§
ddstel= A

B oo 240 gy wastE Axle]l A4E Ti-6Al-Nd FE R 4] HES ek Ao dSdE
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(biomedical implant)Z #A|&3t= Aoy, weh, HE dwe oiy HA3ly AAHS A 83 Ti-6A1-7TNb =9
MA MRS AFTsE AHolth. & wwe] wat Ti-6A1-7Nb Faol] 3 dxastd Axe Agdozy, R
A B wW AE7 dA38 S7HE Ti-6Al-INb =& Sshal, 7] dee o8 uFAE, Fu4, v
A 9 AN ZAFEES e YA JSUES F58taA ).

A9 2 o
[0008] A71e BEHs @dsty] feke, B wye, oy Ax3stE A (large pulsed electron beam; LPEB)¢] 28
A Ti-6A1-7Nb &
[0009] oyl AAA Aol glejA], Ti-6A1-7Nb F=ol diy Fxste dxpo] 287 doll, Ti-6A1-7Nb §+=o]
SiC #Ho]¥, dW= g¢lti(hand-grinder), %= A% ZgA X (auto-polisher)ES o]&3dte] duf=a &=

[0010] ool A do] 9lejA], 7] SiC #Hleol¥ = 160, 320, 600 FEf 1200 1] E(grit)d & U

[0011] Boabgol gAAde lolAl, Ti-6A1-7Nb ool thd Hxst® @Axle] HEw7] Ao, Ti-6A1-7Nb F5o]
SiC #lol¥, A= Zeklt](hand-grinder), %= 2§ E2]4 A (auto-polisher)E o|-&3dtef Avtd 5 7}
= tolols dgdor dAwpd 4 9t

[0012] g o] XA oo QoA 7] tiE Haste A Hs A& AIZRE 2 ps WA 4 ps A 5 9l

[0013] g o] XA o] QoA 7] tiE Hxste HdAe] FugE 0.1 Hz A 0.2 Hz 9 5 Sl

[0014] ok o] AAAlee] QlolA, Y] tiE HxstE AAHO duyx] WEE 1 UiA] 20 J/em o WY &
ATt

[0015] ool AdAAee] oA, 7] tE Hastw Ao He] 5 1 UK 20 92 5 9l

[0016] o o] dAAdol delA, Ti-6A1-7Nb =l et thd HAxstd dApRle] A= &, Ti-6A1-7Nb =
o] 3 A Ti0,, Al,O; 2D TiN o2 FAE A2 gfA o] Z(re-solidified passivation layer)o] &A
g 5

[0017] Hodrge] A el glolA, Ti-6A1-7Nb Fell gk oy H2shd Aol AR <Isf, Ti-6A1-7Nb ¥
o] el 244 -0 2 0-H 717 AAE 4 gl

[0018] T, 2 e, ¥ de] wE Ti-6Al-Nb §aS EFstE AA S dETHE(biomedical implant)E A1F
Eide

[0019] T3, 2 oaye oy sty dAARE 2ARNE 4AE Z98HE Ti-6A1-Nb a9 ME WS Alwdi
ugo] g7

[0020] Boabge oy gasty AP (LPEB)o] 289 Ti-6A1-Nb &3 2 d dxste AAUS 283 Ti-6Al-
INb o] A wbde] #E Ao A, Ti-6Al-INb ol WE HxstE ARG H{IJowm A AF
2 OEW AEE ST BuS Aeder fdste o Ti-6Al-Nb el =4 548 dA8] NAdshe
2YE YeRd $ ok 19 2 LPEB MY E B9, ¥4 Ad 2 i A=rF S7hE Ti-6A1-TNb Fe&
ol-g3te], nFEA, =4, HLGYAAL B AHE VdFEE st AAE AFTES AAEE 5 9l
EWHe 7t HY

[0021] T 1 A-AST AA el tigh AF A AfEFARl Aot

%38 () 7 Hem 25 Ha (b) 7 J/em’ 2 10 D2 () 10 Jem 2 5 Fs, @ (d) 10 J/em E 10 I
2] LPEB A 2] 9] Ti-6A1-7Nb AZo] 3whHe] SEM ov| A& YEepdt}.

T 4E Ti-6A1-7Nb 9] HEHA] & ¥ 2 LPER-Xald THeo /Musa A9 Was et

= 5% 10 22 Age LPEB A& #49 &5 4S8 vehdig



[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

[0029]
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T 62 LPEB A& %2 Ti-6Al1-7Nb etz o] 318 ARol BE¥XZ vehf= EPMA 23S etk (a) 7
Jem’ 2 (b) 10 J/em o] olux] W=} 10 Has AFSH AT}

7& (a) HElg 2 (b) &Fujgo] et He|=A] &2 Ti-6A1-7Nb 2 LPEB-A 2] ¥ Ti-6A1-7Nbe] XPS 3]
d& vehdth, LPEB A& 10 B25 AFE3Fl Y.

82 10 F=o] LPEB A2l A 2 %9 Ti-6A1-7Nbe] (a) HolAXE A= 3 (b) log(N-1Z] A=E YEbd

i

ol olvx] R gl Hxo] 2 LPEB AdE s A % 59 Ti-6AI-7NbEZHF-E 5% XRD Hd&

% 102 LPEB Al A 2 39 HEZES H2x9] 9 424 Yed Flolt),
% 11 LPEB A2 %9 #&7]5(functional groups)? W3lE YeElhl= W HoX ~HAEHS vepdith, 10
Jem' o lUx] W7} 5 Fag ALEAT)

T 12% LPEB-X ¥ Ti-6A1-7Nb A& o] FrEAe Uxn-HEE Yt 10 B2 A8 A
%13 (a) 7 J/em % (b) 10 J/em o) ouix] Wmze] LPEB Aelel o8] frE A4 £ dehie ¥
o] SEM o]mjA|olt}, 5 HATE ARRE AT

% 14 LPEB 9] 7/REFAQl BA =S YErdT.

wBe ANe7] fe FAN U

A AT wpeh o], # wHoME, B4 AR B U AEE S7HN7I7] A% Ti-6A1-7Nb ElebE $a
Anl W (finishing process)o2ZA oy HAxsbEl AW ZAR(large pulsed electron beam(LPEB)

irradiation)7} AR&HAT. FH19 &5 9 A7|EEF dadx 2F7E ARESHY, delFAE AR H

Og(f)—|Z| AEE 53817 A8 72 540 A7HIATt. W= =

dE= vk, Z=AbE EW(irradiated surface)2] F2] Ado] F7MEA3, A=A 2

F2 [9, 9 w2 B9 A% 9 o v 2 AFY W
o143 T

=
9 1 = 2 A3 Al
A el B4 A EWS UEig, 24 Fol ¥w 3
g o]

3] Z7F8FoiaL, o] A9l (dislocations)
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rlo
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ot
ff
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2}l (large pulsed electron beam; LPEB)o] Z 8% Ti-6A1-7Nb

3, B oage iy 323ty AANS 2AbskE GAlE E23EE Ti-6A1-Nb &5 R Wb 33 Aol
t}.

o ool waw, Ti-6Al-Nb FEol ohF Bzt Axbgel Hg:y]l Ael, Ti-6AI-Nb FFel SiC
Hol#, ;M= gkl (hand-grinder), T+ A& F X (auto-polisher)E ©|-&3te dAvld 4= glon},

o FFoo] wEw, A7) SiC #HolHE 160, 320, 600 EX= 1200 I E(grit)d & o), old Ady= A

d FEde] w=W | Ti-6Al-7Nb ol dE Hxzty dAxgloe] HExr7] Hell, Ti-6Al-7Nb g&Fo] SiC
Aol , = 18}l (hand-grinder), T A% Z8]4 FX|(auto-polisher)S o] &3le] Anld & F7iz tf
o]o],Ec -&]E}-OHOE oﬂu}ﬁ z,: 011:}

o W=y, 47l WY dxastd dae] dx AE AR 2 ps WA 4 ps A e, ofel Al

of 2w, Y] Ay AxstE A FuEE 0.1 Hz A 0.2 Hz o 5 Ao, o]d Algs=
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A Feole] wEw, v W@ Bxaskg Aol U BEE 1WA 20 Jem o WAL F ok, ol
71 U daste A o e 1 A 20 22 5 gley, o] AljtE = A

o T o] W2, Ti-6A1-7Nb &5 s s F~3

) Azl ZALE <&, Ti-6A1-7Nb =< F9
o Ti0,, Al0; 2 TiN o2 A" A& sjAjHo]

(re-solidified passivation layer)e] A=

ofj rit
b o

=
r

o] W=, Ti-6A1-7Nb $haol W3t d A3ty dxple] ZAFR Ql&l], Ti-6A1-7Nb &+ EH ol
-0 2 0-H 7|7} AlAE 4 Urt.

C
wa, 2 ouge H ago] wE Ti-6Al-7Nb F+S £ st WA JdZUE(biomedical implant)el] =3+

2 oas dAstr] 9

o, AAdlE Fatel X W US A AHetad @ olE AAde o=
I el Wik o5 FE e FYAAA Bgel

of ofa A= Aow siEA= &

o

[AA 4 1] Ti-6A1-7Nb A&

Ti-6A1-7Nb A (Ti-6wt%Al-7wt®Nb)= 217 25 mm B Aol 1 m ¢ FEAHFE Z=(extruded rod) k. 471
2EE 5m F9 2o® AdEdar, o] AAEES] FH2 160, 320, 600 2 1200-12] E(grit) €] SiC #e]
HE olgstol(=AMthz) AvtEAT. 1 m #7389 dolol= @eeo] 271411 dAvks 98 AREEAT. Ti-
6AI-7Nb ©] 38t 242 [ 1] o fofso] v},

[AA e 2] A8 HA3tg AW (large pulsed electron beam) A2

7 A2 EYeol=, 2 2x14(2D) o]& WA (translation stage)® TAE
ZIA R AYPAH, EgzatE FAdste dd AFEETE. dAE v grEle) o}
A, AAZE(electron gun) S E2RE 7)o Tw7A 9 AgE 30 mm
S "7l F 2A7AE o)gete UAdd FRE VMEEY. dux dEE
7}~ 8 Z (Gaussian distribution)E wEw, Wel A
3, ZA(irradiation)= AE9 FAANA A=At LPEB
T 9 e e AfgHor WO, FEHE X

—
e~}
=
(ws]
rr
2
o OI“J
k3
- E
=
o,
O

! =
(o
HU

2
o o
(o]

=R

o
[
2
Lo,
o
:(o
F

rl

o K
flo

7-10 J/em ] B
60 mm ST}, ]@(substrates)%
=2 ]%3}04 Awukel Z’\}ﬂ
W =48 SEM, EPMA % XRD &

s

o

_EL

o

Lo
ol
o]

ol

aY)

ra

on Y
o

o

ol Ol
=

g

32
T
2
T
X

EX
=

M
1
i

+ol

OFO
[«0

[9A16] 3] %(phase) £4] 9 sopd =45

XRD(D8 Advance, E=Y) EXo] Cu Ka WA YA(radiation source)g o]&dte] F=ATE. A= 40 kV
AL, AFE 40 mA 3L, 200 i W= 0.02° SGAR 200 A 807 o M. XA FHA EFHEX-
ray photoelectron spectroscopy; XPS)e] Al Ka 3F5U& ol&stod FHHJT. o= BE2 50 eV 9 53
oL (pass energy)® WAE A, AEo xwo] i o]FZ(takeoff angle) 90° i1, oJyA & A7
(step size)= 0.1 eV T},
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[ 1] Ti-6A1-7Nb ¢] 3}s} %A

Ti Al Nb Fe Ta O N
Hlg (=&%) 8550 600 700 025 050 020 0.05

stet# 544317} LPEB-Ael€l 7149 kA tislo] el = irh. EPMA(EPMA-1610L, ¥#) A %= A|Zto] 15 kV
o] 7} M (acceleration voltage)S o]&sto] FHAT. W A7]= 2 m 2 2 H AT, SEM(Nanonova
230, ¥=) o] A5 3k LPEB-A2E Ti-6A1-7Nb 7]He] Fadde] s 5= At 71 Aol 3 m o H
23 A7) A 10 kV 2 AR A}

[AA 4] 4] H7)88HE B

A7) (potentiostat)(IviumStat, UE@H=)E o] &3k o] RA A7e xAMSH] 98, 1 F%% NaCl &<
o 2] AH=(three-electrode) A713}8r 30| 4235 = Al o] Aok, d71stet A
A7 HEEL R vrEoRar, 71" o4 ¢ |rte] 15 0-Feol o3 dad dalde] =ZHIUrh. mEkA, 1
o Gelel ME Ewlo] Wajdel wZHATH. A7) BEH AL 9dle], ¥E 2™ A (standard calomel
electrode; SCE)o] 7]+ A (reference electrode) 2.2 A}&
o7 ALgFHAT. 4ol 54 3 3] wEHT. 549 = Al (potentiodynamic polarization test) %
A7188 oy BF7)(electrochemical impedance spectroscopy; EIS) =4 A, <HAE /A= A9
(open—circuit potential; OCP)E EA3}7] 93+ H-:=Z(pre-exposure) AlZF2 30 #o|3th. = Ad2 X
3l Z2% H=(saturated calomel electrode; SCE)ell thate] -200 WA +1000 mV & H$lel A3 1 mV/s 9]
27 HEE FPHAJY. EIS 2#EFo] 0.1-10,000 Hz o F34= B9 old F5FHATE. aFAC) A=
Z1Z-2 0CP o disll £10 mV 131, ©]& EIS 4ol AAYAoE FAHASTS 9ustc}. EIS HolHE volH
2E AX=(Nyquist plot) % log(fH)-1Z| AEZE o]&3sto] vluEAT}.

i)
32
kl
=
ol
2
JH
o
B

A= (counter electrode)

[AAld 5] A=z 54

AA % (sessile drop method)& 7122 & HFZ FAHDSA100, U)ol FAHJTE. 3 pl o o]+
(deionized (DI) water) <A o] ARGHATE. o}FALE A=A 22 Ti-6A1-7Nb 7129 %W % LPEB-A & ¥
Ti-6A1=7Nb 7] sHol whsto], ztzhe] 71de] 7 7Qe] Aok A HolM H=7zho] SAHN oW, He HolH
7b Z=ALE A

[AA A 6] Y- = (nano-indentation hardness)

SHA S o] &dte] Y-kl SAo] A EHelA 500 nm o] Zol7kA FHHAT. -T2t 2lol-
of @AF 1 nm Ao HFRZ 500 GAR F=HAT. A 5

Ak Aapge 712 ol w717kl 4 Pul(thermal gradient)E =38ttt o 24 w9, 48 ®
W &8 F ASREHAT. webA], RERA 9 2W 54 = 29 7H/\1E vkel o] WstE A, 22 7
Bl & (duty rate)® Qlakel, 7} 9 W7t & 100 K/s 93 %9kth. LPEB BA A& AZMES 2 us glat, 7
Az Alolol= Atdoez 71 10 s 9 AxF AlZH(dwell time)o] EA|sIith. whebA, e F5 T3 A
A EdellA MEE 5 9L, LPEB Ao ZF HAae dodhron SyHolfnt. k& 32 ke odyA |9
Lo} Axol 5 UM, AEEA S Ti-6A1-7Nb A2 2 LPEB-ZAME Ti-6A1-7Nb 22 Fahwe] SEM o]
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Ag et E 3(a) % (b)el ek sheh 2ol, 7 Jan o oA el dsied, Agn Fel Qelk 5
H2 5.83 pm G, 10 E2=2 6.41 m Atk = 3(c) 2 (d)eol YERS ukel o], 10 J/sz o] ojuyx] W
o tisled, A& %94 Zol= 5 Bx2 7.45 ym 93, 10 A2 7.99 mm Puf. AL =9 o= A9
SR " ouxe] o AsHA o EsA).

<A Ao 3-1> FAFE B2 AF EA

A AEe o] g8 wdrgtety o] OCP o Wste] H9E WIAAFAoZHN FHY] wiEo], wets 57
9 BT A];i Al ¢kAE OP & FAsE Aol F o8t © 4F Ti-6A1-7Nb &9 o}FAE AHEA &
S ¥ 2 LPEB-AH2® ®d Ao 0P W3lE yeldd. © 40 TAlE upe} o], Ti-6A1-7Nb 9] o}F-A% A
g% 2o W 2 IPEB-HE® EHe 0P & Asde] 30 ¥ =21 I AT}, = AeEA o

EH0 TAY BF A4S L}EHJ_E}. B2 AL Eeorr

[e)

=}
2 Ti-6A1-7Nb 5 2 LPEB-ZA}E Ti-6A1-7Nb g2 o3
9 EA AREE iy 7t A 5 3449 B2 94H(Tafel extrapolation)S o]&3to] AE AT, 5
A% E B SRS IFSE GSHE A7 WaEel 24 duA AEe] F5EA [E 2] o AAHe)
b, LPEB-H2l® ¥we] ¥4 A9t e e TART A4 L(nobler), oA LE 7 J/en oA
BT} 10 J/em oA o E&Aolqth. o AAQ] A A A gF o 2 ZAFUAES on g
shufstH, Atshe 349 A7 HF I (equilibrium potential)Hth H ?WHO] 7d5-o A7) wEolth
(P.Ocon, A.Cristobal, P.Herrasti, E.Fatas, Corrosion performance of conducting polymer coatings
applied on mild steel, Corros. Sci. 47 (2005) 649-662; C.Vasilescu, S.Drob, E.Neacsu, J.Mirza Rosca,
Surface analysis and corrosion resistance of a new titanium base alloy in simulated body fluids,
Corros. Sci. 65 (2012) 431-440). [% 2] o] EAH n#}e}F o], F24 d99 714 & Z7F= 10 J/cm2 9] 9
A WEo A FEHST. §24 AFEESY ¥steE E3E LPEB At e H2 A3 F/HE e
AFLEE LPEB A Fo A3 A, §24 AFdEe 2 A3 Alolo] #AE 2 Ty o
(E.Sherif, S.-M.Park, Inhibition of copper corrosion in acidic pickling solutions by N-phenyl-1,
phenylenediamine, Electrochim. Acta 51 (2006) 4665-4673; C.-C.Li, X.-Y.Guo, S.Shen, P.Song, T.Xu,
Y.Wen, H.-F.Yang, Adsorption and corrosion inhibition of phytic acid calcium on the copper surface in
3 wt% NaCl solution, Corros. Sci. 83 (2014) 147-154). H-2Alo] WrAIE 7 -9 Whe &L 2 g 224 &
T defdole WA uwe} shr]et Zo] yEd = Q)

M .
V=—Icorr

zFp

¥ fr &

oo

A NS HEEe g mol | 9 BAGO|I(=47.867), i & B4 AR, ; = Ax} AAolm
(=2), F = ¢ mol " o] Heylo | A4=0131(=96.485), p = g com 9 WIo|th(=4.520). H-2] £L= B AR
Uo] Hl g},

B ARe ma LB Az Fol B Agel wsuyE 54K 4 vk B3 A% dvls 2
(F.Mansfeld, Tafel slopes and corrosion rates obtained in the pre-Tafel region of polarization curves,
Corros. Sci. 47 (2005) 3178-3186):

AE

AL/ 5o
2 F, AR = B A9 2o A8 Al wstela, Al = W AR Motk B AL xue
A Age] 54 oM AHgE 5 k. Ti-6A1-TNb 9 x%ﬂﬂﬂ e wW e B Xif‘f}% 0.252 NQ

en’ Gtk o] 7 J/em o oluX) WEE LPEB ZAF Tl 4.805 MQ cm 2 Z7betAa, 10 J/em o] dlux @
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A 26.683 MQ cm’ &= F7FetAT). oledd AVEE AL vzw, B wyse 34 Ao LPEB A
Tof FUMeitt A2 UE 4 ).

ot 11

[ 2] A=A &2 Ti-6A1-7Nb A1 B LPEB-H ¥ Ti-6A1-7Nb HEe] &= 17]3}8F w4¢] ok

Ecorr imrr Bc Ba Rp v
ez 2
(mV/SCE) (nA/em?) (mV/dec) | (mV/dec) (MQ cm?) (mm/3)
XNe|g|A| Ye | -3867 +934 | 8007 +567 | 90+ 10 | 84 + 16 0.252 + 0.005 1.3857
7 J/em? -337.7 £ 306 536 +178 | 125+ 9 | 210+ 7 4805 + 2226 0.0928
10 J/em?2 -218.1 + 3.82 108 + 0.76 75+9 | 127 +11| 26.683 + 13.241 | 0.0187

W AG Ade BA 3 24 Anarh. P9 WAUZe EANAY 3 JES 1FoE 43D
4 ATH(S.Nesic, Key issues related to modelling of internal corrosion of oil and gas pipelines-a
review, Corros. Sci. 49 (2007) 4308-4338). webr, ®W 9l 38t 5A4& A3l Zo] T3t LPEB %

AR wHelAM A" AstE S22 4 AR wEke o€ 4 Juk(X.Zhang, S.Hao, X.Li, C.Dong,
T.Grosdidier, Surface modification of pure titanium by pulsed electron beam, Appl. Surf. Sci. 257
(2011) 5899-5902). th7] &7] stolA, Elets g7o FHel A" AU Ti0, T FA= & G2EF

o]th(J.Petit, G.Chatainier, F.Dabosi, Inhibitors for the corrosion of reactive metals: titanium and
zirconium and their alloys in acid media, Corros. Sci. 21 (1981) 279-299). o]#3dl =& THS HETH I
XA (passivate), olglel AE F5S o ¥ R ozZRE HEITHA.Kocijan, D.K.Merl, M.Jenko, The
corrosion behaviour of austenitic and duplex stainless steels in artificial saliva with the addition
of fluoride, Corros. Sci. 53 (2011) 776-783; B.Stellwag, The mechanism of oxide film formation on
austenitic stainless steels in high temperature water, Corros. Sci. 40 (1998) 337-370). % 62 EPMA =
o]-838te] A%, LPEB A} 9] Ti-6A1-7Nb A =9 5}“ x99l FHH WHolE YERdY. LPEB-FALE ¥
A, oA desh FaskA, Akl ASske AAke] F Age AuA &L el nla] Ao 7 ouisin.
Ti 2 Al 9] B]&o] LPEB-FAME ®WolA #4389, Nb 9] H|&2 6‘“10}74] WekA = skt o= HE‘rﬁ
Atol= gl kFulE SAtel=rh ASal T el 5“451 om, Nb = 6‘4%15}74] @ A
=

2t 5 AIEES FqHe As 9 ZHolE LPEB XAl 98 fxd £8%

=
o
=
o

ooE g

% 72 Ti-6Al-7Nb % &FrlEe] AuEA] & BW Y LPEB-FAR] EWel XpS ~FERS
SRrEe] dae Tio, % OALOy o IS dEhla, ols EFe FEd w4 Alske ]T/HSTDOS

B.D.Mert, B.Yazici, Polyindole top coat on Ti0O, sol-gel films for corrosion protection of steel,

Corros. Sci. 66 (2013) 51-58; U.Trdan, J.Grum, Evaluation of corrosion resistance of AA6082-T651
aluminium alloy after laser shock peening by means of cyclic polarisation and EIS methods, Corros.
Sci. 59 (2012) 324-333). & 7HA SPEE #5L, Hebw @59 7IAA 2 38t EAS HAA717] 9%
F9 Aol g AHEEE HEbr UeolEge]=(TiN) %= EAgths Zlolth. LPEB 2 XAlet:s &<t Sy
71AE AAsH] A8, A&7t 25 Atolo] FHE Holl7] &l AREHUAT. oleg TAE F o |
A Fa st AW el IR Bow odd F i, ek da VA &8 2 ASa
o w3 4= Aok, LPEB 2AF 9] TRl Al TiN o] F42 74 A4AE o1 &+ .

O

]:]‘_.
T

A

=
K3
5

b i

=
o

Rl

_1%
g

EIS =" E=# 9] Yol 2E HNE2REH 54 A3} ols A& (charge transfer resistance)dl ]3] wjA|wo]A
Zo] BA-ox g7t AEE 4 Jvh(J.X.Zou, K.M.Zhang, S.Z.Hao, C.Dong, T.Grosdidier, Mechanisms of
hardening, wear and corrosion improvement of 316L stainless steel by low energy high current pulsed
electron beam surface treatment, Thin Solid Films 519 (2010) 1404-1415; M.Lebrini, F.Robert,
A.Lecante, C.Roos, Corrosion inhibition of C38 steel in 1M hydrochloric acid medium by alkaloids
extract from Oxandra asbeckii plant, Corros. Sci. 53 (2011) 687-695). EIS *J—‘}EE,J/] log(H)-17] AE+=
FHolA el 58 gkl ok AS FaFo TR UrE‘rlﬂﬂtﬂ AgE S Qlvk. & 8(a)= LPEB xAF A
9 $9] Ti-6Al-7Nb AZE9] Yo]FA~E HAEE Yega, = 8(b)& LPEB ZAF W $9] Ti-6A1-7Nb AlEe
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log(D-1Z] AEE e, dubdos, LPEB Ael: Ewe] Av9As /M7, Puldze] ks 7
2

Jem' o o1z Wwo] A ol Wwalth, ek, 7 J/em © ol
YA mwolAe] 4S, A = RS 1S RN R ) 5 1= SRR o PUA= S
LPEB Hel7} s A ke gvaw s WAgeln g setos obgdata te 2849 Ti-6A1-7Nb
EHe op)@tia A=Y 4

A3k (phase transformation)s= F2] wl7lUFd 43S & 4 Aok, = 99 7iA]E w9} o], LPEB A2 #
9 5o S A7l Ss XRD dlolEE FEHAT. a8 Wste dA 23 FasiA S
AT, AP F, B AgxES Ao AE BEslen, ol Id ¥avt Hojxl o=
YElSTE, =3, B-Aol Asshe H Ao M7IZE A4S BH(X.D. Zhang, J.X.Zou, S.Weber, S.Z.Hao, C.Dong,
T.Grosdidier, Microstructure and property modifications in a near a Ti alloy induced by pulsed
electron beam surface treatment, Surf. Coat. Technol. 206 (2011) 295-304). a-/ ElElF<] H2] o]
B-Ae AmYg AvE Aol d#A  AtH(M.Geetha, U.Kamachi Mudali, A.Gogia, R.Asokamani, B.Raj,
Influence of microstructure and alloying elements on corrosion behavior of Ti-13Nb-13Zr alloy, Corros.
Sci. 46 (2004) 877-892; K.i.Yokoyama, T.Ogawa, K.Asaoka, J.i.Sakai, Susceptibility to delayed fracture
of alpha-beta titanium alloy in fluoride solutions, Corros. Sci. 47 (2005) 1778-1793). w&}A, a-Aro
7o) AR F7HE A ARS of|E & ok vk, o] ] B-4Fe] BlES LPEB XA Hell g Z
A7) well, & IS olefgh AWgle] FA A7l 4Ed dFS & Aow didebA X

R,

o O

AR 24 AT S8 FUE v Assel, 4AH AskE Fo va o FAL Aol S Y4
& Aol wrEATh. B delEE 47 Fol Tio, AL, R TN 02 T4l 9ee tehign, 47 s
FS(species)d] EAF F59 $4 42 2/A Ao adHU. o Be oux Wmelxe] § 2 ¥
4 @l Sk, BAAAS 0% T AT 3o G4 dE + sith,

Bl

<AA Y 3-2> A&7 A3

go] 29> (deionized(DI) water)®] 3 pl NAHS o] &slo], XEHA L& Ti-6A1-7Nb ¥ LPEB-* 2% Ti-6Al-

INbe] EHONA HFzbe] HAHRIT. = 102 LPEB A A 8 Fo AEelAM ] H524E eIt JE52h2

ATE BE 2A 2ANA ZAHAT, 7 J/en 9 olux] WEAMBT 10 J/em’ A © Hoh, HEzte P

gkx) orTh: olUx X7l B o FREGT. ol F5H A} Hro I
[e)

SR
Hoz HYH 54 9Ed Ak

78 H94 2 W duAS AstAl dAxEo 7] widl, W Fa3% 5Adolvk(M.Kalin,

olajnar, The correlation between the surface energy, the contact angle and the spreading parameter,

and their relevance for the wetting behaviour of DLC with lubricating oils, Tribol. Int. 66 (2013)

225-233). W% 2549 ERE U% F700] wusy) gEel, ] 2A0M o 2 4E4e o 2 94 AP

of Fedrh. EW, EAe g IS vE 5 Je W oUAE AgHom J
A

=
3 &7t SAFoRH B
Foahe, ol W WA o)
3.

) 2R
A0, H 2 AHASA2 9 AL 29 olyA

AAAH 5 ZAgS y : Eia=
 AELE ZE W, AEVF SAE FE24S 2 Za vk oloiA Fa AEgS zYdte AS
o] gk}

EY Aed Bar)E olgdtd ®wl A 2er]5e] WaE EAsgth. 10 Jen o ux WE 9 5
2 Z2AE AEAA SAHo] FaAENeH, T olfE Y] 2AECNA MY F AE57te] wAEelY] wiolt).
T 118 AEA e Ti-6A1-7Nb ¥ 2 LPEB-A &9 Ti-6A1-7Nb E4 % of digt AxtE el 3200-

-6
3600 cm ' o] Welol e Fa WAL 0-H g7l AL, 1050-1150 cn o] WSl FRE -0 A&
719l k. A7l ARVIES Ao, e AEA & FH Al #EEATRM.Silverstein,
G.C.Bassler, T.C.Morrill, Spectrometric Identification of Organic Compounds, John Wiley & Sons, New
York, 1974). LPEB 24} F, C-0 7lo] 433k 545 A9 948 goldm, -l 719 43 Ase @

A3 grastednh. B oBEAES dolA 24 Fo AxEe] 2 &% qUAZ 8 -0 W 0-H Aol BolA
2 Rom AT 5 Atk oled A 48715 £HL HWL U8 2p4oR wEol, ¥4 AL F

7IAA Ao R odad 4 JqrH(S.M.Lee, W.G.Lee, Y.H.Kim, H.Jang, Surface roughness and the corrosion
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resistance of 21Cr ferritic stainless steel, Corros. Sci. 63 (2012) 404-409).

<AA 4 3-3> Y- %= (nano-hardness)

% 12 LPEB 24} § EWozREe] golo) §4RA the-AEe Uehirh, Bd te-Fue AeuA oo
wuo] tial] 4 GPa o]QiL, 7 J/em’ 9] olUA WEE LPEB A} Fof 10.14 GPa o]tk 10 I/em € ouA]

wo] A, EWelA Y ve-AkE 8.37 GPa ©IQAth. LPEB-FARE AlEe] didte], Yie-Ake BW
A b R, EHoRRE Bg PoldM AYsA @ §Ee ve-gre mdshar).

< ol &3t AFHAT. T ek, a4 I35 9 &=
A 3ATH. 0131?1 Fatex] e AAEL UM F&5 Ytetet

= fol= Qlsf, A A4 viEg e f=uo] xH M9 2
PAE op1E & Qdar, FA BEEe 25 Fe9 Azt vWitdseE # g AvH(A.Pogrebnjak,
V.Ladysev, N.Pogrebnjak, A.Michaliov, V.Shablya, A.Valyaev, A.Valyaev, V.Loboda, A comparison of
radiation damage and mechanical and tribological properties of a-Fe exposed to intense pulsed electron
and ion beams, Vacuum 58 (2000) 45-52). = 13& ZAlE Fwe] el b el SEM o|u xS Yy, 7
Hew 210 Jjem & 2o ol WA Agw Jdolxe] 4AY THo| et 47 4AY £He
LPEB ZAF %o jwolrde & A9 Wi(density of dislocations)® 7)™ (J.Chesnutt, C.Rhodes,
J.Williams, Relationship between mechanical properties, microstructure and fracture topography in a +
b titanium alloys, in: C.D. Beachem, W.R. Warke (Eds.), Fractography-Microscopic Cracking Processes,
ASTM STP 600, West Conshohocken, 1976, pp. 99-138), ¥W<e] A3 E opr|& Aow o4d 4= ot o),
%= 6o JHAIE wpel o], LPEB A F-¢of ool &4 dxte] Exof dAHom 2 AAgv: Aeal F
oMol &4 HlES AEA G2 Az vl F7HE AT

XA F7HE 24-?4 ”‘C%‘i“& o}, AWM (crystal planes)o] AuIG= AT, AH wjgde HLo} 7
Al ATso] d TERE e XHE%S < T4 od FAsA WEE & Ak, = 990 AE
XRD ¥ FE HluLsle], WP RES LPEB A & (100) 2 (101) WolAd e dA3 #AxEs 53T, (101)

He Fo &£¥d %Oﬂ lpo]ar(J.Chesnutt, C.Rhodes, J.Williams, Relationship between mechanical
properties, microstructure and fracture topography in a + b titanium alloys, in: C.D.Beachenm,
W.R.Warke (Eds.), Fractography-Microscopic Cracking Processes, ASIM STP 600, West Conshohocken, 1976,
pp. 99-138), ool we} LPEB A8 F¢] (101) Wl A v&S xHe] AstE opr|go=zxn Als7t fAst
A AFE 7] @ &olgtesE g},

b Z1%@ wish o], ¥ MHASE, B4 A% % EW FEE FANYCRA Ti-6A-Mb GHe B 5
e AASI) A% LPEB o g NS ¥ uRAse B A A 2 Fo el A71sers 2 7]
AM BAe Fastdnh @ owye Fad ARe slsh 2

1. LPEB A&+ Ti0,, Al,0; 2 TiN o2 FAE L1 Aol Z(re-solidified passivation layer)< -
Lo M Ti-6A1-7Nb ¢ ¥4 Aa-S Z7A AT

2. LPEB o] olux WEs} F7hael weh, Aga S Aol val 0% APHES A Hn, ot By
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