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7remperature eleVated N ion implantation of Ti6A14V

a110ys using the plasma source

zHAO QiIlg，zHENG Ybng·Zhen，Mo zhi·Tao，TONG Hong—Hui，GENG Man

(so"乩伽e3fem hsz矗nfe吖P^可s。cs，国en口如疗J口叫』)

Abstract SpcciHleⅡs of Ti6A14V a王loy were implanted with nltro叠en ions of

4×101苎cm一2 at temperatures from 100 to 600。C A“ger Ekctron Spec￡roscopy(ABS)．

rnjcrohardncss measurement弓and piIl—on—diskⅥ陀ar tcs￡i119，ScanⅡi“g Elec‘roll Mi—

croscopy(sEM)，and Gla工lci“g a“gle x—ray Di仃raction(xRD)wcre utilized to evallla“、

the surfac8 property improvements． Thc比ichles8 of implant甜1ayers increased by

about an order of ma卫nitude when the temperature was ekvated from 100 to 60【】。C

Higher surface hardnes8 and wear resistance were also obtained in the hi卫h tc工Ilpcra—

ture iInplantation．The XRD iInage shdwed the presctlce of nitrides of titaniunl at池P

implanted surface．
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1 INTRoDUCTIoN

。o：c：：蛊；，銮芝=警∥玎tob电d‘·lcal implants，and so on bec‘ ”，f

en毕}．sllcll as hjgh strength—to—weigL j口口／

behavior of tit柏“um aJloys in a tn。 避鹫是
cal processing faciUties，

ical and che血cal prop一

：e【川．Hdwever．the wear

sat冬照i!邺12，“Jhere
are reports on the e圩色cts of nitrogeⅡion iIIlplantation on hardness，wear resist aIlce，c。m’

position and structure of Ti6A14V[4，5】．However，so far the process is not ec。n。rnjcal as to

industrial appⅡcation on complicate workpieces in metaU毗gical sector One。fits majo。

岫tations is very shaUow depth of penetfation ac上LieVed Ions haⅣing typical energie8

in the range of 50～90keV，produce a h缸dened region whicll is oIlly 60～100 naIlometers

deep．For mo暑t en酉neering叩plications experience wears，this 1evel of hardened zone

thjd【ness is iIlsu伍cient

1hatment at elevated temperatllres by plasma source ions implantation(PsII)is
a suitable and e丘bcthe means of血tridin叠steels【引． It gives rise to increased sllrface

hardness，and a njtrogen—strengthened di行hsion zone is produced that extends beyond

the implantation range aIld iInproves the load-bearing capacity of implanted lay【7t
8|

IIl thjs paper，we concentfate on the diffhsion related phenomena that occur duTing

PSII at elevated te工nperature and descrjbes the results of djfrerent tempera“王re nitrogen

plasma s01lrce ion implantation(N—PsII)of Ti6A14V adloy．
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2 EXPERIMENTAL PRoCEDURES

A衄ealed a+卢Ti6A14V aUoy with dimensions of 60rnInx60mm×60mm were u sed

as base material，and cut。ut into pieces．The 30Irlm×20啪×5mm pieces were uscd 111

we缸arLd rnjcrohardness test and the 15nun×10rr吼×5mm pieces were u8ed mamly for

AEs(Auger Electron spectroscopy)and xRD(x、ray difhaction)analysis Au samples

were InirroT polished to a矗nal roughness of 0 02 pm

F瑭．1 shows a schematjc djagram ofthe PsII—IBED(the plasma s。uce ion impJmlta—

tion—ion beam enhaIlced deposition)svstem More detaj】s about址ns devjce arc glven

elsewhere引． P“or to treatment，the system is pumped￡o a base pressurc of at ka5t

1 5×10一3 Pa to耐曲TIize oxygen contar血lation．The chamber is then舢ed wlth n“rogen

to the working pressure of 5 3×10—3Pa．The plasma wjⅡbe generated by a h。t—cathode

discharge，w}Lilst the ions are accel盯ated厅om tlle plasma by high Voltage pulses(40 kV】

appned directly to the workpiece． Pulse frequencies in the range of 100—600Hz，wlth

a pulse chlration of 20ps，are employed in order to achieVe the desired tempera“Ire。f

100，200，400卸d 6000C The treatment was carried out for 833，417，208 and 130 111in，

respectiveIy，and then the s锄ples were cooled in Vacuum．Total applied doses were。f

4×1018ions cnl—2 The temperature of the backside of the specimens wasⅡlonitored by

a K—type thermocouple，more det ails about measurement system haVe been r8p。rted ln

Reffl0]

The surfaces of aU saInDles，both treated a肌d untTeated，were characterized by XRD

Auger Electron spectroscopy(AEs)with AT+ion gun spu代ering was used t。dete rIIune

the nitrogen concentration depth pr061es The 111icr。hardness testing was conducted on

an HQ一1 rnjcrohaTdness indenteT svstem with loads of 25 g． Wear measurenlent s were

performed using a Pin—on—disk we缸tester Samples are mounted on a r。tating disk aIld

a SiC baU of 5 mm in出aIlleter is impressed on the saInples with a 25 g 10ad without

lub“cation The disk js rotated at 1 50 r／I诬n Each口iece was tested foT 2000 fevolutj。ns

The weaf tracks and the SiC ball we口scars were exaH曲ed us幻g SEM，

3 RESUIJ’S AND DISCUSSIoN

The 111icrohardness of the sarnples impIanted at vaTious temperatures ls compared

with the value of the untreated sample as sho州n m Fig 2 It’s seen fTom Fig．2 that Lhe

r血crohardnesses have been sign近cantly improVed comp缸ing with tlle untreated s赳nple，

although there is a sUght inlprovement in the surface hardness of the sample treated at

100。．The ma虹Ⅱmm harde血ng is observed at 600。C nom these resmts，it can be seen

that by selectiIlg suitable processing temperatⅥe，the hardness irLcreases in the ra“ge

150～200％缸e possible These can be associated with the formation of hard and stable

Idtride phase in the near surface region of the sample at di珏色rent teⅡ1peratures，which is

co蚯rmed by the XRD reslllts 0uT observations are in agTeemeIlt with those repoTted

by Johns⋯
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Fig．1 Scllcnlatic diagranl of PSII—IBED
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Fig．3 XR D patterns from tllc Ilitrogell_PSII—treated sampks越diffcrcnL teIllpera“mls

X．Tay di册action patterns for all specimens are shown in Fi93 N。nitride is detected

in s锄ples treated with N PSII at 100。C The presence of TiN is。bserVed in the sur土ace

microstTuctuTe of sampks treated at 300。C Th2 pe出s f研thjs phase are sIuaU and

di伍cult t。be distinguislled．The TiN peaks are clearly Vislble at 400。C and relatIVely

large at 600。C．Ti2N peaks aTe cleaTly observed siIllultaneousIy It suggests that a greater

啪

啪

量言

瑚

啪

孝三

啪

姗
80c琶日￡口扛一E已里u；

Eml暑>∞口fn∈3口。一

   



180 NUCLEAR SCIENCE AND TECHNIQUES V0112

volme fraction of TiN and Ti2N has been evolved in the substrate region of the Ti6A14V

sample Thjs may be a result ofthe hjgher doses imp缸ted by N—PSII at thjs temperature，

as、张Ⅱas the enhanced mobility of ILitrogen at lligher temperatures．

O 鲫l伽 ‘蛐
De口lh，nm

Fig．4 Nitrogen concentration pr而le of ch。

sarllple implanted at temperature lO【)o

Fig．6 Nitrogen conceⅡtration pronle of the

sample implanted at temperature 400。C

Fig．5 Nitrogen concen”ation prome uf t11【、

sample implaⅡted砒temperatllre 3㈤。C

Fig．7 Nitrogen conceIltration prome o±tllc

saⅡlple implanted at temperaturc 600。C

AES promes for nitroEen on the s11rface of the s珊ples tfeated at 100。C，3000C，

4000C and 600。C are presented in Figs．4～7，respectively． At the lowest ternperatures

(100。C1，we obtained a sllrface peak cllaracteristic of implantation alone(see Fig 4)．At

3000C，we observed a wide peak which includes implantation and山丹hsion(see Fig 5)，the

peak concentration of nitrogen reaclles about 62at．％． whjle the temperature increases

to 400。c(seeiIlg Fig．6)，the pT而k shows a hjghel Peal【concentration of njtrogen about

72at．％．F0r a h培her血plaIltation teⅡlperature of 600。C(see F培7)，theⅢtrogen peak

coⅡcentration出ops to about 65at．％，and the工litrogen distribution becom郫a broadened
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4 CoNCLUSl0NS

ⅥJl l!

The treatment of Ti6A14V aⅡoy at temperatures of 300～6000C鼬ves hi篮her s11rface

hardness and deeper nitrogen—strengthened difFusion zones，resulting aIl increase¨l thP

load_bearing capacity of the implanted 1ayer． N—PSII process of Tj6A14V alIoy at a

temperatllre of 600。C resulted i】1}Ligher hardJless and wear resistance duc to slgnmcantlv

deeper penetration of nitrogen and stable Ti2N and TiN pTecipitate．Thu5 diff’usiofl llas

been shown to play an import皿t Tole in the N—PSII process
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