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applica1ion< rctp.1iTing high '1rcng!h rn'1<>mizcd "'"<'""" 1ha1 could mai111ain 1heiT mechanical 
proprnic< a, sub-LCTo 1cmpcra1un:< The expcrimcn1al analysis pro,cs 1ha1 �LM is a ,cry 1teliablc 
1cclmology 10 produce high s11rng1h me1aDic '1ru<.1un:< and 1hc<e spec Elm, can function dlocirn1ly 
in e<H<eme condition, 

ln!Todutti-On 

Wroughl p1tecipi1a1ion ha,,kning (Pll) an, primarily defined by 1heiT '1nong1hcning mechanism, 
Thc<c aDoys gcncrally i..,e high yield '11rng1h and high apparcn1 hardnc<s whik c.hibiling 
supcrioT com,.iun n:;isiance cumparcd ,.;,h mancn,i1ic '1ainlc<s '1crl< [l] The mos, co,,..,,on 
alloy in 1hi< group is "17-4 Pll" "hich is abo graded a, AISI 630 and c.hibi,s a 1cn,ik '11rng1h 
exceeding 69) MPa and 1cn,ik elonga1iun of 7,,, [2] These mc1als in P""dcr fonn JTI"C111 an 
a11ra<.1i,tc prospc<.1 foT addi1i,tc manufa<.1uring ( AM) 1e<.lmologic< lik ,dn1i,,e lascr melting (SLM) 
dLr 10 1heil- "ddabi61y and aL1S1cni1ic/m.1r1cn,i1ic micrn'1ru<.1un:< 
�e1e<.1i,,e Lascr me�ing is 1he cla,s of addi1i,tc rnllnutit<.1uTing ( AM) 1echniquc< 1ha1 is rnnrn1ly 

con<idcrcd c.cc<.si,dy ,ui,abk foT ma .... fa<.1uring Slrong me1aDic '1ru<.1u«c, "i1h in1rica1e profile< 
from no,,d mc1allic allo)� foT a range of di,=ified application, [J] �LM can produce ,1ru<.1un:< 
,.i,h cumpkx fn:cform gcomwy "hich arc in high demand by 1hosc cnginccring scc,o,. "hich 
fu.,our cum:rniza1iun 6k acrospace auumobile dcfc'Jlce and bio-mcdical indu'1ric< [4] �OT SLM 
rnllnufacrurcd pans 1hae i< a gC11Jine need of mechanical chara<.1criza1ion b..·caL&Se !he prncc<s is 
chara<.1crized by high 1cmp,cnuurc g,-adicn,s and dcn,ifica1ion ra1io 1ha1 in ''"" may ha,e significan1 
impil<.1 on 1he micrnmu<.1un, and proprnic< of �LM pam [ SJ 

SU.1 manutit<.1urcd alloy '1ccl par1, P""«' a significan1 po1cn1ial 10 be u!ied in rnllny imf>l<.1 
absort>ing applica1ion< "hich rnlly abo imohtc Elpa<.1 bcha,iou" a, lo" rmprnuurc OT undcr 
CT)t>gcnic condi1ion, Ma1crials and mechanical proprnic< of �U.1 manutit<.1urcd 1 7 -4 Pll '1crl 
pans ha,tc been imcs1ii;,.1Cd by rnllny rc<car<.hcrs [ 6 7] b.11 1hcrc is a need of obiaining rc�abk lo"· 
1�arurc 1ougmcs, da1a for 1hcse ma1crials In 1hi< rc<car<.h. Charpy impil<.1 1c<1 ,.a, u,ed 10 
imcstigale 1he impil<.1 f'"OpCTlic< of �U.1 l!<'"cra1ed 1 7 -4 PII s,ainlc<s '1crl '{>ceimcn a, mom and 
sub-LCTo 1CTnf'-'Talun:< ranging from -S 10 -SS °C �uh<cqLr,.ly ma1CTial propcnic< and 
micTOS1ru<.1un:< of 1he Charp) 1e<1ed sample< "= abo imcstiga1ed foT ma1crial i111cg,-ily 
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Effect of Rolling Temperature on the Properties of Titanium Clad Steel 
Plate Using DT4 Interlayer 
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K.ywordo: T1tan1um dad st� �ate, DT 4, tm1pe<a1Ure, mect.am:al !""!""�"" 

Ab>tra<L ln 1his "'-f'CT a TA1/Q2JSB co�i1c plate ,.a, bonded ,.;,ha DT4 inlCTla)CT by 
hco-rolling in a ""- wm The resulring in1nfacial """-'""' and mnhanical JTOpCTlic< "= analyLCd 
The it:<uh slio" that "hrn 1hc rrdL11.1ion i; 2'1"/o. the rolling speed is 'iO mm!< and 1h<c bondi(\\ 
rmpcrarurc i; be!"= 7SO and 8SO'C the ;!,car '1rrng!h of the bonding ionafiu."C inrn,a<c< "Oh 
rmpcrarurc 1, i; diffirnl1 10 brnd TA2 aod DT4 a, a bonding 1<ompcra1un, of 700'C Brinl< 
co�uod, i e TiC. Fe Ti aod Fe2Ti arc frnncd a, 1he inlITfacr """" 1he bonding 1c,n"-·u1un, i; 
9'iO'C. and !he bonding '1�1h significan�y dem,a,cs When 1he bonding 1c,npcra1un, i; 8SO'C. 1he 
shear s1rcng1h of 1he in1CTfacr noachcs a ma,iirum of appro,im,udy 23 7 6 M Pa aod 1he frauure 
surface prc<cn1' <lic1ik frauurc chara..1cri'1ics 

lntroduttioo 
Ti1anium i; an ideal ma1CTial for mirny procc<s applica1ion; <lie 10 i,s supcri..- corrosion n:si<1ancr 11 
ha; been used in pc1rokum pipe; chemical noa<.1or< and hea, exchanlll'" fk,,.c,.cr "hen prtiSurc 
rmpcrarurc andior size demand ,cry 1hick pla1cs 1i1anium �ipmcnl can become cun,idcrably 
ex"-.,,,i,,e [ ! ] Ti1anium clad '1cd pl:ucs an, no1 onlyini'1an1 1oconusion b.11 al'° ha,e high """'g1h 
and noducrd co,,s Due 10 lhcse characlCTi'1ics 1itrnium clad '1ecl pla1cs arc "iddy u!ied in 1he 
pc,rochcmical. shipbuilding and rniu-ine indu,1ric, among o1he1' [2 J] Curranly 1he rn.1in me1hod, 
of manufauuring 1i1anium clad '1ccl pla1cs an, explosi,e "clding, expl"'i,,e-rnlling brnding and 
rolling bonding llo"'""' "ih cxplosi,e "clding aod explosi,e-rnl6ng bonding 1he shock ,.a,e of 
!he explosion rcsul1' in panial mcl1ing in a region of !he coml""ic inlITfacr 1ha1 quickly '°lidific; 
"hich can ea,ily cause solidifica1irn dcfc-..1' such a; shrinka!ll' cra..ks and pon:s a, !he i111crfacr [4] 
Mean" hik !he en, ironmen1al pollu1ion caused by 1he explosion and 1he lo"cr JTodL11.1ion efficiency 
grea1ly �mi1' 1he app6ca1ion of explosi,e composi1e 1cchnology Co�red ,.i,h 1he explosi,e 
cladding aod explosi,c-rol6ng brnding me1hodl 1hc rolling bonding mclhod can produce largc-siLCd 
and 1hin 1i1anium clad '1ccl pla,cs ,.;,h high produ<.1iun efficiency lo" pollu1ion and lo" encrgy 
con<w,p1iun [SJ 

The f..-ma1ion ofbriuk compounds Stllh a; TiC, Fe Ti and Fc,Ti on 1he in1crfacr rn.1ycau,e 1he 
dcg:rada1ion of mechanical propcnics The cocxi'1ing caibide and in1crmc1allic co�unds in !he 
in1crla)cr ha,e mo1te <k1rimc111al effe<.1' on 1he booding '1rcnglh 1han 1h"'c indi,,idually fonncd 
Co�red "ilh �e. C ha, a '1rungcr binding capaci1y" i1h Ti 1hcnoforc TiC i; 1he ea,ics1 10 fonn a, 
!he 1ianium '1ecl in1crfacr [ 6] 

To P"'"'n' !he forma1ion of bri1k co�unds such a, TiC. �eTi and Fe,Ti 1ha1 noducr 1he 
brnding s1rcng1h 1he me1hod of u,ing in1crmcdia1c la)cr ma1crial i; commonly adop1cd �omc 
'1udics ha,c used niobit1m sil,cr and nickel a, 1he in1e11a)cr [ 7 -9] ho,.c,cr bccaL<le of high cOS1' 
!he applica1ion of 1hc;e malCTial< in 1he JTodL11.1ion of 1ianium clad '1ccl pla1cs ha; been limi1cd 
Thcnofon, 1he L<le of ho1-rolling bonding bclY,ccn TA2 aod Q2J5B u,ing a DT4 in1crlaycr "a; 
in,cs1iga1cd 10 p11"en11he form1uion ofTiC The effc-c1 of1he bonding 1cmpcra1un, on !he mechanical 
propcnics aod micros1ru<1u1te of 1he brnding inlITfacc ,.a, al'° cxamiTI<Cd 
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