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1 lNTRoDUCTIoN

The enlbrittlement phenomella can be i11duced by the i119ression of hydI。gen 1n

materials，since the difrcrent conte儿ts and distTibutions of hydrogen ln solids TIlay slg

血矗cantlv affect the mech3nic柏aIm出emic a1 charactcristics of Hmterla∥叫 S Ludy of

hydrogen behaviors，includin盛tho accumlllatiun a皿d djfFusiull of llycLI’ogen i T1 son(1s a11d

the segreZation，chanEes of n a工10—and n1^cro—mechan!!al characteristics of 111aterlals PLc

are verv essential to underst瓶d tlle eInbr“t!ement and co"osi011 A loL of wolk was

brought out『l’i⋯ However，studies of 11v d1一oEe_b ehavlors undcr some exLreme f【)Ilcli—

tl。n and some new 1na#erja】s a!e i11suHj cjont Tl!anjum：l!ld jts a】kysⅢ’e w】dcly 4ppⅡe(】，

due to their good chernjc—stabm}T，an(1 mecllallical fe吼11res TitaniLInl is also oIIe of

the best hydr。gen loading 111etaL The I)rcdict：-d nlaxhnunl loading raLi。of hydl(’geIl lll

SuPP。rec￡j}’y a fuIfd。f t】}r C¨wsc A(’。d蛐±v{“S—eⅢP’

Institube of Chi．1d
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tltamum may reach t。2 0．TherefDre，the fundamental study of hydr。gen behavl。Ts ln

t“a血咖and its aU。ys酊e Very郫sen“al for the Ilew mate“al research aIld engineoT—
ing appbcations【l～3，6～1引 111 thjs w。rkj some雎e】in由1甜y studles on阱lre tnaIljl】In aIe

br。ught out

2 LOADING THE HYDRoGEN INTO TITANIUM SAMPLES

Three methods gas loading，ion beam irr巾1antatlon and electrolysis}are LtsuaⅡY

used for loading hydrogen in to rrletals．However，the loading ratio(H／Ti)in ekc“。lys】s
method is very d瓶cult to be controUed So，the gas loadinE and implantation TIlethods
were used in this work．Since the hydrogen jsotopes have the same che面cal and rnechan

ical features、instead of hvdrogen，deuterium was appUed in order to study it s d塌lusio T1

and distribution by usm岳nuclear reaccion姐alvsis(NRA 1 mechods

2．1 Gas loading

The sample for gas loadjng was a thiTl titanjum layer f。rmed on a Tno】ybdeI川nl

substrate by sputt盯ing． The sample was put in a Vessel with deuteTium ga5 and“le

titanjum 1ayer was deuterated with chan百ng temperature．The load|ng ratio was dete卜

ndned by the change of U1e deuterium gas pressure befbre and after the loadin譬pr。ces5

The atomic loading ratjo(D／Ti)may be reached up to 2 o，while in t“s w。rk it js lcVger
than 1 6

2．2 Ion beam implantation

Deuteron implantation experiments were perf。rmed in a 600 kV hjgh volta解ac．

celerat。f The deuter彻beam was analyzed after acceleratjc帅and七hen implanted int。

a titanium saⅡ印1e． The ion beam energy and density were 300keV and 125pA／clll。

D(d，p)T reaction was used to monjtor the deute“um density jn七he sarrlple The charge(i

particles er曲tting fTom D—D fusion du血g the imphntation were detected by a sl(舢1)
detector and data acquisjtion system．The dj跚si。n，accu倒Ⅱ1a七j。n and escaping。f detl_
terium in the sample may be indicated by the change of D—D fusion yields The atomlc

ratio of deuterium to titanium(D／Ti)is hard to be nlore th砒ll 4

3 RESUIⅡ、S AND ANAIjySES

3．1 JIbpography of the titanium deuterides

The chan蟹e of tita血um na皿。一structure was observed with scanIⅡn譬electfon r血

croscopy(sEM)(Fig．1)
The titanium deutende was observed fin Fi异1)，and the metal structure cracked nlto

powder，while the Ioading Tatio(D／Ti)was larger than 1．4 A qujte symmet rical c1 ystaI

鼬ain were formed whjle the】oadiIlg ratio was 1arger than 1 6． The sizes of titaIlimn

crvstal耵缸ns盯e between 100 nm and 500啪 n was f01md that the metai
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the shape of crystal grains foⅡned by using the deuteron beam implantation meth。d is

di艉rent from the gr血s formed by gas loadjng method．The loading ratio is 1arger in
the case of gas loading，compaTing with the implantation method T如e 1arger the loadi“g

ratio is，the finer the crystal gra洫s are This phenomenon may be applied to Pr。pare

nano—size tita血m hydride powder．
The deuterjum density jn the“taIljum target changed abruptly dl删ng the jmplan—

tation process，whjch血1plies a suddenly explosion(segregation)or fast出珏hsion。f deu—

terium iIL titanjll】=n．There is usu“ly a very serious s11rface effbct of hydrogen in titaniuIn

aUov The most of hydro《en atoms diHhsed to the near surface region after m巾lantatioIl

When the suIface is destroyed by the new bombardInentj an amount of hydrogen could

escape due to the s11rface segTegation．An out—diffhsion c0111d also happen suddenlyf while

the 10adjng ratio is脚ch hi曲er than the satllrated value The、surface se盯egation may
depend on the iⅡlplantation dose The hjgheT is the implantation dose，the more fiequent

is it．However，the kiIletjcs is very comp工icated process．Jn order to understand the kj—

netics of this phenomenon，some矗ne t竹snu an出yses by elastic recoil detecti。n analysls

(ERDA)or resonance nuclear reaction analysis(NRA)should be brought out in funtre

Ti2Hx has strong abihty to trap njtrogen疔om air，compa『ing to the meta】s such as tita‘

njm，stainless steel and m01ybdenum etc The amount of nitrogen contarnination rnight
reach to a 1evel comparable co the deute一衄in titani哪．It may a抒bct sjgnj矗cantly the
charEe of deuterium血titanjum．
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