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| nvestigation of the influence of electron beam welding current change on
the microstructure and mechanical properties of Nb-1Zr advanced
alloy

A. Hajitabar, H. Naffakh-M oosavy’
Department of Materials Engineering, TarbiatM odares University (TMU).

(Received 16 April 2018 ; Accepted 10 October 2018)

Abstract

The effect of eectron beam welding current changes on the microstructure and mechanical properties of the Nb-based
alloy has been investigated. The electron beam welding was applied with 4 different currents of 20, 24, 30 and 35 mA
on 3mm thick plates. The aspects including different welding regions, geometry and depth of welding penetration, as
well as the effect of heat input on the weldability are investigated. The mechanical properties including tensile and
mi crohardness values of the weld was also measured. The results show that in a sample with a 30 mA welding current,
the optimum conditions for the depth of penetration, weldability and the geometry of the weld are obtained. The welds
showed a cdlular structure, and intercellular dendrites in the central region of the weld have been caused due to
mi crosegregations created between the cells. In the heat affected zone(HAZ), severe recrystallization and grain growth
has occurred. Because of the high thermal conductivity of niobium, the HAZ size is relatively large. Based on the 3D
Rosenthal’s equation, the recrystallization temperature of alloy was calculated as 713 °C. It is observed that as G x R
increases, the grain size in the central line of the weld decreases. The hardness profile shows that the hardness of the
weld zone and the HAZ is significantly less than that of the base metal due to elimination of work hardening effect. The
tensile strength of the weld for a sample with a current of 30 mA was 281MPa, which is 53% of the tensile strength of
the base metal and the weld was broken from the HAZ.

Keywords. Electron beam welding; Advanced aloy Nb-1Zr; Welding current; Microstructure; Weldability;
Mechanical properties.

cYLW&LMﬁW[A]xﬁwebuﬁ,ﬂ\um‘))‘)j aedie -1

S5AFS elinal by ekiasolid gl S ok Sl

L8] 2,8 oo o1 3 ealial 5550 ULy
oS e deosd) M 05958 b ensd A S
Mo 2 o G bz ol 5 Ll b Sl
Sl b s e by slacsY 53 NB-1Zr 5UT [V] s s
osliul (glanaa gla, STy s Ol LS Ol s
0> Saslie (oS Osi5 ol ool GLls 1) st e
Sl iy 53 o ceslie 5 Vo (S Sl
oS0~ ese WD pemen IV 5V 0] il aiads
Syl S g ol K Olgis 4 il 5SS
Syl b s A5 o wss ST DY ASL 0 2 5

8 6o S 50N 5 LS = 85 s s

oS Bl s YIWW b slos LIS s (530 p sl
aie opl V]l 5l S sl am s VR B gles
5 pess D] Sl £) el sdey NDpbend sl sl
bl e 3l Jle VL glos ol slyls 0T sl
S5 ST ) s o a5 el s Yo gl
S OIS s Sl Ole 53 poman satils ot Sy

[F-Y] asl e s 1y J&
05,28 ssb 4 NDAZr SUT 5 &l sl o3l
eslaial WU Loy (glas 5518 (ol 5 Labl g 5 glatans Cxs o
gz Sl 53 s A8 OV e [V] 555 s
5 05t (NSIy Ol e Ol (Sau e 00 sl



61 59'704:53.0 c1397&l:.~.aj K J'«'-i‘f: 424)\.4;..':': cv)\.ﬁ Ju c&)‘ﬁ‘ ‘_5)&.’5‘99'- ‘5)‘9\.13 K f-’l’ 4:\‘}.;.\' ¢ L)b&a.k K )L:S u_."'-la- "A.F

Db Slaas 08U ela 5 gl anea Ladlsa O gaeen
BE NG I W J..LL\A L;Lﬂ.:tz}é' LgLé ul)bi 9 Jlae (SS90
s Al s a8 el odd OF e Rashy
ST olelasy ol 2 9S5O 0L

5sd als o Nb-1Zr

oS gy g 3 ge =2

a4 N -1-2

e 45,k SWD Gtk 4w s Sl sy ol 3
S 5 05,80 Cewd 4 Gl el sdd eslizad (ND-1Zr)
SrS Sras Sel oy S ssse SUT G et
» Ol ml & S35 I el 55 (e 551 59)
3 ge GLa3B end (6l el 0l 03,51 (V) s
oslizal (XRD)' S0l 55 ol 5UT oy Sl 5WT ol s
orlplomil 6l ol o 53,51 (V)UK 55 0T Jlagei 45 A5
oS i ol X°Pert MPD Jue XRD oKas 51 5JUT

el 0l onlaial PhlleS

p 100 mm _
40 mm
‘ _ 28mm
—\\ ﬁ
- A
2L
10mm
32 mm

ASTM.EB/EBM 5 liliul bl 5 (23S 4 5ol slagl =) K3

ol s NB-1Zr 3UT 228 ol s she o
ASTM.ES/EBM 16kl wll o ¢ IS5 (514555 (oS g
e 5 0 ol Olo MlS s o L S Ll bau
SANTAM Jde (5 gm0 SO 5 25 00 2iS olKas ba s
90 318 Bl azma Yo gles 3 0/e) ST S £ SL
oo b ST 5l e e B S 15 S

A (98 el 3,80 e (e

oS sl o Wb e Gl 03 sy GLBE 4 e s L
2 ki Sy Sw GBSl S S s)SEer s
D]l ok s wikige olakad Jlss!
(HAZ) @)l = 5l ke aibin cose 5l O35 ole ol
G o has opl omamen V0] el YU sl 5 S S
Ghle 53 L b o s (s e e,
Aol opl ol glas o )8 V8] aS o bi= HAZ 5 s
c‘j)J}} GLMp )‘ Sl CJ)L\.C« YL: QLA.,\.:\) L: ‘_5)&,;?
[v]

SN S S plerd 5 (S ol e
Soas el Ssl bug SIS OB s,
ol bl (551 o LS 5 Culbes Suasls 53,5 g
DAL 13 asdlas 5590 3s er:M\ﬁ B

S e Ll Sh) = (S JuelSal e
g 1y 2V SIS s Sl S sl L s S
JY4] sl

S S bl ol @ SBS 5 Sl e
S sl Wl V8] el Lalls Gsbopam b g S
45@‘ Ml.i J;ALS aJ‘J U:Ij;- LSLA 4.;}4..: L}'iLJL'N)J'J up‘?
a5 Ll ol chle Al 5l ab tals
Gon 4 P OLRes 5 eSS e AL (o
S 5o b @l ol S 2 S oS ol
pomnb omer o Jlail ppomen 5 Jsa (S5 SIS
LY+ ] wxsls , Ti-6AI-4V 5UT o

S Jj.iv & WW cd..\?d) U‘i| BE 3}7.-},& C>-|JA o L:
e ST (S s w53 (350 Dlidios 0 5S
Sl iy mlbe o of e sl )8 4 - 5 L ND-1Zr

2 - X-Ray diffraction

1 - Heat affected zone



59'704:53.0 ‘1397&\:""").‘9}'3‘1 424)\.4;..':'; cc)\.ﬁ Ju c&)‘ﬁ‘ 6)&5‘99.- ‘5)‘,l:3‘,¢‘,b 4:\‘}.;.\' ¢ &‘)&Oﬁj)\-ﬁ u_."-la- "A.F

62

NB-1Zr 5UT G35 olass o8 5 Vs

Element N O

C

Fe Hf Mo Nb

Wt% 0.001 | 0.002 | 0.006 | 0.002

0.008

0.04| 0.05(0.14 | 0.5]| 0.6 | 0.8 | 98.5

5,50 XL30 Jue Philips o5 o cxle ugy 59K
S 3 ke

G Ol e

e sl yialeT -3-2
SN n Fr (RS ol amlie ) p sl 4
bl el (e gl 4 gas il e L ND-1Zr 3UT
(NS 53 baaigas Solat S ASTM.ES/ESM 5 1l
oy Ol MalS slaad b lS ls a5 535 oo oalie
ngjm&)vﬂ\a&f.SeKLﬂbjaﬁﬂjW)LM
w3 Y gles s 0/ee) ST S £ b il 3 MTS Ju
S 9 S roma A S I3 LIS sy ;\jfwb
eles sl Buehler LTD olSaws baw i b s ciliss Gblis
S b As 6,8 el ek (e sl e

Ao S aslis

Cou gl -3

4l N -1-3

ol s 4 308 e edalie (gl S ST @ g
b os el dos O3 aeS wsle ol 3 3 se 3L
35 m oalive ((Y) IS 3 SUT 0l XRD s ga 4 ax! e
el (5B SO IS b 4 esle pul &S

FRCHPR G NVER P INE S JI APy N}
Sl daly Gb ol s 4 Cad 20 4l Al
5 Slmio o alols Jlas (S asls (RGO dal))
ol Sl 038 Iy Al S bl e s

3 sl dalr Jlowe &g wesle (5l )5 55 e el

Sl Ol Jsls 3 (S Slles el (6l
oK 5l s LS tE % SIS e Ol e
Oy iSlas A0 KV 3 ST b S sSIl 55 o S sm
Laas ga ol 03 o3lizal 6x107'mbar oSt e 5 ¥+ kw
5 LA eals 3 olKaus M dhaies 3 (IS e Gl e
L3S Jles! 107mbar M= e

Yool 5 0L Ller 3 ol Gl 2
S sS s 2 (Mdsdr b Gl el o YO 57 Y
DL b Sy e S a el sl s plowil S
S50 o558 Ol 5 s e (S B 0L
s Go S S S e s S s il mlaw
A ﬁé;jﬁi).’@cb.ndy{{).ﬁ ek ol (Sl
JF 03 Gl S S8 Vbl b gladipad o
35 o Jlasl anlad

SIS Jhe sla byl -2-2
Gy w5 oltlagy b S e s addlae Gl
Sl awda Sl s e ke bl
S b S Sose 4 s shie Jl eld S
oS ile Ll b € ped LA e3ls b ABL g bl
3 on A by B el b shie mhw 5l e
Ssbme ds & b @5a5 s 615 5 5 ALOs J s
saseis 5 e HFH3HSO+IHNOS#+5H,0; (s sime
Slp il 55 baiged L S 2] 4l YO wg Ol 055
A S S Lo g (ha S5 Gee g ks (o)
5 LLs oy n OLYMPUS s 5 lWSZX2-ILLB J
e o8 @SS s Gl e Gl
5S35 OLYMPUS =S % L BX5IM

Wsai a6l S5 5 6 sla el )l - Y J g

4igad o Lo ¥ n ok 5W9 G Bga sy
NI 20 mA 85KV 10 mm/s
N2 24 mA 85KV 10 mm/s
N3 30 mA 85KV 10 mm/s
N4 35Ma 85KV 10 mm/s




S gl gla g =23

A s HAZ (g Gble sl Sbe sl ‘(\‘)JS.: 2
aad > S e edalie il cbaisel lp | el
Coge 433 e 5 Al Al &S 550 e cdalin ladl ses
b 5B Sl 5B e pate S0 g 5 ol JLaSl
5 oS sl sl eslanad ple oy gl e )l e
el aly 5 G B sl s et S 5 005 0L
sladils Wd, dadises aen G bl 53 ioeen
el 93 S s ges Sz 3 o adlie 53 (solel
TS e B s Sl OLalS e
Ly S Ol s sl s e gl S
ot el b Bt s ges Dope w58 ladls
I s sladls oo w0 G B glesdl Ll
0> ol JUEl s w8 e 55 e B s e
msda sdalio |, Hsoe - badls (Olg= aan

J= s 5B 2 (3T e g5 e ers ) el om b
Ll el 4.{.\..:: J.:.A\)Li e)\.,b\ L)LALS e 9 ol
| =2dsin(q) ()

Slomio oy dolB A oSSl 5 2 Jsb Aol cpl s
SWE Gy llag, does g, (R0 a5l 0 5 Ll
sdalie 5 5b Olen .ol sl o350 (F) IS5 3 Nb-1Zr
S 3 o kiS lawils glls SUT ul Jltlan ;) s o
OYF/OY L ol SUT ) s ACCEI O g
38 VYL SUT Gl e Sk 5 IS
ey b Uﬁﬁu S s o LA @Lg s 6,8 el
Pl 5 B Slis Lol (l SIS s 35 S oSl
Dl e Sy IS8 e s0l 8 5l b o228
U ees ool ax 81l lass (gles SUT
2 s plSowd SUT cpl bl s b s Nb-12Zr

LS o bai ot 4 VL slales

(%1
100 4

b @ Nb Phase

64 -

w
@
1

Intensity (cps)

‘ ZM|_

|||||||||2|n|||||i|||3|ol|||||||||||||

10 40

LINLIL L L O B B BRI
o 70

6

Degrees (26)
Nb-1Zr 5WTXRD ;LT 15 505 -¥ o

ANBAZE SUT 51 o Sy a3 s =Y IS



59'704’#’1—.@ ‘1397'9&-«-»} 3 hti ‘za)u T)LG{ JL» Lb‘ﬁ‘ 6)&.3‘,? 6)3‘}5 3 c‘,l.ﬁ 4.;4,&.1' 3 bbm 3 JL:.\' ﬁt’ ‘-Aﬁ 64

YOMA o> UN4 &5 6 v MA 0L > LN3 440 (2

sdalin |y asly Wi, HAZ 53 badsad aen sl (F) 2 s
L 53 48 ol 035 0l 3,5 Il ol SUT oS e
als iy 5 sdzes 55 ld JLas HAZ la &l (o )3 5
g adlre Caw a4l 36 5l A HAZ s wileus
Shasls i, 0Lsl S opl Kl oo 5 s e dils s 00
(G0 JSC2 53 0155 o aop & Ly e 51 B 4l U
O350 VL Cde a b e sy ble 53 5 S sdalis
by wdy Gk sl baals el gl S s b HAZ les
by el g 5 pdo s Cenl Lo ba ls 50 &S >

33,8 o JSKES Cad e SUnp s Sk
Cody Sl 352y Sds an pd e 3l o0 Ghle o
b ba adbye oS 5 Ll kil s ol
JS 55 s adlae S5 s 5 e GO
sla L&b&i.f.?;.&l@dhl#}é(g—())&ii BERERS
23S edalle Ol o &j}yb)furhdudbj&j;»
Ol Jlasl s as sl 56 5 b adkee e o
S s lel asS e Al Sste Soge 4 ladly Qoo
)fu(,.ALgLMJ; g (’L‘J): ol Jlsl s a4 5
ol Sk pslal 534S j5b Olan i e S5
sblie 55 jslome sladils 358 0 sdalin (0 5F)la IS5

s oSy S bl b S HAZ o Gola Sl gl 5 S i —F S0
YFMA oL > ULN2 &5 (0

YMA oL~ LNL &40 (Ll

i i A :‘.ﬂ‘
Gradient of increasc grain size

¥

| Al graio

5

~§- 3

+

N2 w50 G580 5 S bl 55y Sl sllm0 JSo

S Py S b s

s e bl i &l (LI

S 3 e o 5 S S dils (o



SNI b 6505 a8 0ol o 53 (Mdsdr 4 ax 5 L o5l
(oS 63505 L S) S s OL > e o N2
JelS sb 4 N4 5 N3 sls & 4a o 5 Llazilis LelS 5,46
Wyes Sl e NS el 2,0 @ Goo ol Liles S 558
Sl Wsed 4 Cand N3 &sad (63555 LS . onl N4
sl S %inz

G S s G @S S el (VIS
5 o o s ol 53 Aas e DL 1) 5 b 5L
S o Ul gl Wl G e L Il slesl
s LB a5 s S edalie K5 Gl pls (slae i
Sl Sllasey 53 sk g glaca s sdalie  pa
Ou 03 ekd bl s ulus S s Wl e &S
Slp HAZ adlais o301 AL ol slow! (goles] slad s
S LS S ol image J il e L 5 ek el es
ol 03,50 W JSE 55 450 o sl HAZ o5l ool
ailaie o316l ND-1Zr LT (VL 5ol culis s 4 ol
558 sb oles [YY] ol S5 er s BB Lsb 4 HAZ
G sbS SR L ek e sdalie (W) S
AL e a5l 5 HAZ ades o311 s & gas 53 (K5 5o
S 5k Gles Ol oo e a5 JW55 el el
Sysl s 4 o 5 K e S s L 5UT gl
Wl Lalgy op 5 esle 5 cp fo S Sl Js, kily,
b B3 Sl OVslae pl b e s Bl e Oyl >
03,50 ¥ alaly 53 day aw s Jl, dslee ool Sla, 5 5
IV ] ol ol

2mt(T-To)Kr _ -V(R-x)
T i [T] ™)

LSL‘ij cLAbTM.iLi_ Q‘J.lﬁ 4.:!)‘ LSLAQOTAh{b ﬂ.ﬁ‘ BL

S ol S s Sl sla K,y s HAZ o
Ol s oslae glag S 5l b bal o b K,
2wl slag 8 g cpl ol s il 4
S S o sl slite (S5 e ol Jsboes b ST,
Ghlie cnl 03 S8 be K)o (Say Ul 4 a2 55 L
NG PN WA EY

Nb-1Zr U SN g e Sy suals () K3 s
OAS oS 55 4 Ol 8 o psad ol o3 das e 0L )
S sk 4 58 edalin S Cmr 5 |y adils
g5 2 L b e @oans bS5 e e
G sl a iasn opl s s O sl b 5 lstlag
Sl e 0L Ll e b co e b
O ¥ daly 4 g Lol oslie oS s
INT S o 3005 Sbo S i L6 (6,10 5
E=h" VI/S ()

O |y 55 Vigssss sl S B aaly ol s

el AL Sl s S g s

i

ND-1Zr5UT s 831 552 S (55 giw il gl = JSC

b e a Glp Gar 3B Ges 5 Sr B0
sdalie (M) sdr 3 48 A (5,5 o3l imaged l53le

ND-1Zr (gla3UT ot (6,158 s (6la 4 305 wndid Sluaseiio —¥J sl

Ly o Lot ok G sleS | Ler o 9T Gee R
(mA) (KJ/m) (mm) (mm)
N1 Y. Var VIO IV VY
N2 \A{ \AY/# Y10 Y/¥ -1af
N3 Y. Yy YIA Y5 V/Ya
N4 o YSYIVD YA Y 1B




Al

2500

2088

2000 1953
E
2. 1500 1439
|
E 1000
=
|
500
153 183 6 229 5 2‘i7
0
4

¢lmplL numbu"

® heat input
mHAZ size

Sl el 65455 sl S s HAZ ailas o300 u,:f.,l.:» anslie —A IS5

S sl w50

Sl A dan Gl G 655 0 bt s gles b ke
ol o3ls OLES (O)dsd>= 5 oS A dles ol (IS 5
S bl RAS, 25 e g5 B2 s o
e (L gl Wsad ann Gl o S Sl V(S g
o diS nd GXR lids IS j5b 4 il e Ve mm/soi
A S Gosb 4 s G sl il 5 cilb
Froals g 5o b ltle w2l GXR i e
N1 @500 353 0 odalin O)Jsd> 53 &5 b Ol .l
GXR jluis oy jaS N4 & gad 5 3505 1) GXR e oy i

w‘ b‘b \)

175

e 295
123.5 180,51
153 148.43
129.96
18658
¢
1 3 4

Sample number

E

L_JTEH

g

¥ heat imput
¥ grain size

WklVm
g

w
&=

=5 4ils o3Il S0l 4 lis — A

S sl gl sl Jles]

S3ss SLS 5 s S e bt

9 O s> s T S o bt 55 GXR slie aslas L

c(Q)J._g.Z )‘bj_n.} DL u:’j—" JSJ_A DL 4_}|> aj\.k.l\ U’»‘QL‘JA

e Vo P S 5 et Aol Rl U )~
Lol el Jis, Al e L odmes K
03,51 (D)Jsd= 55 SNB-1Zr 3UT ol 5L 5,50 5~
LT o s w0 SUT ol sises 5 5ks (glos s (ol 0
S e Lld s SUT ) same Jiks sles
sl 0l sl VY C Ll Sy ST

S o b s als ol Sl Q) IS el 4 a5 L
S Seslulimaged 15l o5 v 5 Ladi sad s sl s
S o atkrn 53 il o35l Wsad gl lad cpl il
oLl Sl 2y, elul imaged il or s
Il Sl e 5 LS (6,5 o3Il il s k3 s
<l o3Il Sle (S s 5 acals 4500 o sladils
A Gl sl 2555 Gl S ol er 1) Cilie gl gl
s bl ools QLA Sl ges oo a1y b i gad 5l plas
53 65555 LS Ll b aS s5d e edalin S5 ol 4
S5S o bt s &l o3Il Sls el (IS g gl & ga
b e Gl e

2 G gl Cod e e a3 Jlig, daly 4 a5 L
INVILT o s ¥ sl 51 g (655 50 o

21k (T, —Tp)? (t)

G =
Q

4.:3)‘ Lgl.nb To ‘gTJj.} LSL‘QTL‘QJJ‘F QE:‘; Gda;b g_)‘i| BL)

S aldia K 5 QYD) 3555 sla S Qualy 5

/ /
Y.

S ﬁf )‘ s s}rﬁ‘ u;w:ﬁw’ RV ISS
.Nb-1Zr 3L



[v¥] NDb-1Zr 3UT s> jols 5l byl —Fd s

- RO
. X J [ESV o R
LT oL To(°C) adsl slos TL(°C) gd las k(m) Sl colas ("""z)oc
s
Nb-1Zr Yo ARTAY VAL F

e.L.i:‘_g)li.i_,q-‘_gLA43_,«.3‘_gb.fui_,:.-‘_gj'ffJa:‘-)AGXR}R.L.i:)tjjgGk;_La:QL_:\;o.&Mla.aﬁ:&a—bJ}Aq-

digal NI N2 N3 N4
G 2led s
( €/mm) 975.8 813.2 650.5 557.6
R slex! [
{omls) 10 10 10 10
GxR
(C/s) 9758 8132 6505 5576

fars LS Gu S b G e Gl s s e
el YTVl 5B S el Sl S () S
G B ols &S spd e sdalie 3B s (glaiais
S5 s ol Jols S 56 S ol 5l 8 S
o ar g besmpb s oal il doss .ol FeND (g3 o
oS 51 eagdoms 3 (Gble nl 3 (slaki EDS ST
aiee) by 56 51 5508 adee sl FeND Ugs (o350
Sy e sdaline (=) 0) Ko 53 oS (Ve IS8 s Sl
s S5 FolND 5 pamnl Sy Sl ailkie
o EDS U1 s pan sl 5 ol el Aoy Gillas oS oo
Sl 5,8 e 3 bl Shs ST ensioee 55 cadlat

Q”‘”Mw&uﬂfdd.‘):dj}béﬂ;ﬁﬁ%y%y

| initial phase of
- Fe

e ol

cils 1y GXR lie o xiy NI 4505 o5 355 o odalie
la wsad sl Ole o |y &ls o3l 1 2o S iman
&1 o3Il oy 855 GXR s 2aS L 50 N4 & pad 5 ls
42-)3 L o .b)‘b ol LS)K‘LJ" LSL“ Ajj,q.} ji.L‘"’ QL::.A DL b
Ml osd mle g 555 0 b2 3 GR 4z s mlE o
Al Al B (658 e L s il

a.l.::u,az..:.\ﬁ 445.14.\.& &'Lo.g)j; )‘ oS (u—\ ')Jg_;' L Mbdﬂ
sl calite ailie aw el (VO USE )
Pyt

5 XRD SJUT ol 5 palpsm b (536 ¢ Sbs & ex 5 L
LSLGJU Q‘j;dﬂ c(\')&g_l'Jb bj}jﬂ LSLA)LZ}L»Ji))jJG.\.:AA

Eutectic
(FeaNb+Fe)

Eutectic structure fy
(Fe + Fe;Nb)
e L.

10 jn N
e |



59'70423& c13970\:-ﬂj 3 ﬁi‘i 424)\.4;..3 ‘f)Le JL“ c&)‘ﬁ‘ 6)&3‘99.- ‘5)‘9\.13 3 f*’b 4..1‘,;.1' ¢ L)b&e.b 3 )L:.T u_-"-\a- "Aﬁ 68

Glos 53 N3 s gl 238 053] ol ool ok
GOl w3l opl 2SSl S S S o3Il Jaes
2SIl YOV o el s 4 YA MPRLL
S dlasl sl e OY2/0 MPa 4l 6 plSowal) wl
able gy @l polal 4 a5 Lo e HAZ 4l
G g asly 50 51 s sy b ST 55b a0 il
LA Ay s 4l e als LS el (e
Wl Bl 1alS il cpl ool HAZ wilais s 4l
e e V) S 53 (e L 40 58 L e
ol ool b ot b S il S
wa=Me JB ksl o bl oDl b b e 5 AL
o3Il sl 5l b «S HAZ ailaie 55 13 ged o
ods HAZ aibais 5l cons o connl aiaie opl 3 alls

NG

180

il

146
-
o am
o
Zw e
A -
g 80 it TS apetied
b=t =gt weld

&0
E | Haz | 0 ———
=

40

20

0
i i1 03 03 0.4 4.5 153 o7 08
Distance from the center of weld

Sl €l aen gl o amd i (B0 (B s ) S
ok ngb\/.&)}

S5 a4

2 A S S O e FlGasn cpl oo
o0 NDIZr sy SUT SO ol 5 ol )
0331 4N Sspo 4 s ) B 2B S S
] ol

HAZ aibie 5o als iy (o 80 o lad god aan 53 —
2 Slesl 38 5 sl 3UT 5,5 Ol cle oS as saalis
Ly 9 ddoee )jl.:; )L>;J ‘Lg)K..';j;.- rK.\A BE S .,L.ZL:L;a QI

.v\.}‘ev\..; Gl

s S e bl b s oV al G851 5 ke
B s FelNb 5l o ST g 3B S ls
0 ikl Jllag, o Sl FEND 5 ool Sy
5ol il Ao s b ssde sdalie (o)) S
ol SLs ST a3 sdome 3 cailate ol 5l EDS SJLT s e
53 FeNb oJyl 36 sl coyus 5,8 o 13 FeNb
S olS 5l sdalin KB o (e—\~)J§_‘;
sl b s (Vv ==V UK s el LSS
sl FeND 5 Fe alsl slasle 1S5 3l s i S oy pm
S S s Gl YL Co e W 4 k50 e
S Gble 53 b ol (S bl (G S
AP pp ey S sl Y o3l ol s LS
sl oY dob (Sl S as 5,8 o3lul Image J
g5 pl ol ool s 4 s S NO Ly (S
SMSE e Ok = F s b s ol

Gl 0l sdalie

S S ol s -3-3
Soslial b 5805 (s oo Lo s B (e D o
g e blE s 406 V0 Ol o ¢J§Y" g
ol I Gl e e Gl e S0 chie
DL 1y e St s O JSE s (5,5 o5l
B R g O
JG sb o NDIZr 5UT HAZ 5 o ailae e
3,50 oA 58 aly Ul aly B 5l S glala-dle
S & a3y 510 51l 0l 2S5 55 Sl (sbualls b (o
sdaline (O)JSE 53 & Lsb Oles iy 5 HAZ aikais
Ol Gl Al e Rl S il b il o3l ol e
s S i adke 4 al bl als ol as
B LM S N Ve O e 2 SO L e ¥ v.mr&z:..ﬂ\
e Sy JalS el sl e sl Les 515
Gosb 4 .l sdd g g HAZ adee 4 4l 36 adlas

Qﬁ)ﬂ/\ Jjbjwf;f)syw)\mwwé



69 59'70423& 41397&b‘.~.ﬂj K Jﬁba 424)\.@.’3 gf)\.g.‘: Ju g&‘ﬁ‘ ‘5)&’5‘99.- ‘5)‘9\.13 K f*"\; Aij&a' ¢ L)U&QA K )L:J u_."-la- "A.G

3-Alma Vazquez, SK. Varma, “High-temperature
oxidation behavior of Nb-S-Cr alloys with Hf
additions”, Alloys and Compounds 509, 2011, 7027-
7033.

4- Linfen Su, Linalia, JunfeWeng, Zhen Hong,
Chungen Zhou, Hu Zhang; “Improvement in the
oxidation resistance  of Nb-Ti—Si—Cr—Al-Hf
alloyscontaining alloyed Ge and B”, Corrosion Science
88, 2014, 460-465.

5-Wenging Wei, Hongwei Wang, ChunmingZou,
Zhaojun Zhu, Zunjie Wei; “Microstructure and oxidation
behavior of Nb-based multi-phase alloys’, Materials and
Design 46, 2013, 1-7.

6- Maria D. Moricca and SK. Varma, “the High-
temperature oxidationcharacteristics of aloys from
theNb-W-Cr system with c additions’, Refract. Met. 7,
2007, 66-609.

7-Wojcik, C.C. “High temperature niobium aloys’.
AdvancedMaterials & Processes 12,1998, 27-30.
8-Campbdll, F.C;“Elements of Metallurgy and
Engineering Alloys”, 2008, ASM international.

9-X. Singer; E. Filimonova; D. Reschke; A. Rostovtsev;
W. Singer; T. Tokareva, V. Zaharov; “Single-cel
superconducting RF cavities from ultra-high-purity
niobium”, Nuclear Instruments and Methods in Physics
Research, 2007, 518-520.

10-Niendorf T, Canadinc D, Maier HJ, Karaman |,
Yapici GG. Microstructure-mechanical  property
relationships in ultrafine-grained NbZr. ActaMateriaa
55. 2007; 6596-6605.

11-Rubitschek F, Niendorf T, Karaman I, Maier HJ.
Corrosion fatigue behavior of a biocompatible ultrafine-
grained niobium aloy in simulated body fluid.
Mechanical Behavior of Biomedical Materials
5,2012,181-92.

12-F. Rubitschek; T. Niendorf; |. Karaman; H. J. Maier;
“Surface hardening of biocompatible ultrafine-grained
niobium-zirconium alloy by two-stage oxidation
treatment”, Materials Science, 2013, 4549-4556.
13-Steve Lampman; “Weld Integrity and Performance
(A Source Book Adapted from ASM International
Handbooks)”, 1997, the Materials Information Society.
14-B.S. Yilbas, M. Sami; J. Nickel; “Introduction into
the electron beam welding of austenitic 321-type
dtainless stedl”, Materials Processing Technology, 1998,
13-20.

15-Wang Y ajun; Fu Pengfei; Guan Yongjun; “Research
on modeling of heat source for eectron beam welding
fusion-solidification zone”,Aeronautics, 2013, 217-223.
16-S. E. Demyanov; E.Yu.Kaniukov; “Superconducting
properties of ultra-pure niobium welded joints”, Low
Temperature Physics, 2015, 671-678.

17-M.St. We glowski; S. Btacha; A. Phillips; “Electron
beam welding e Techniques and trends e Review”,
Vacuum 130, 2016, 72-92.

18-Yu.V. Budkin, “Specia features of the physical-
chemical processes of interaction of refractory metalsin
electron beam welding”, Welding International, 2011,
309-312.

Cose w23 e 3 al AL, dadised aes 3 -
b by Slle oy paste S g 5 2 JlnSa
9 odiS sk 5l eslan ple okl gl e i s
el gl G 8 Glasl s plerd S 5 005 0L
T T
Bl |y dme D S dwdia 5 3580 Ges k)

et S 5o Jske w5 0l i s sbel -
bl glaialr s S os i 6550 el s ke
el o 3ol ke oy 3 0l

el e ks Gles ey 4 xS, aaly bl -
VY OCL Ll oSl 5 s S s U
5 i S b al ol (Sl alie L -
Sladised aan gl g S 0 53 0 anlone BXR i
53 &ls o3I GXR il 3l L oS A sdalie cold (5 LS 4>
b o A R 658 e B

28 ey o O g 08 plae e o n -
o NB-1Zr SUTHAZ 5 o dilave e s & 5e5 4o
R P R T S IS T S TP
AL sble ol s als o3Il i Silssl )

sl e T Ol L el sl S RS plSsad -
Pl cpl el ks YAV MPRL il oS s (5,8 o310
Sl B 2lS r&z:.ﬂ\ 1OV

U0l e & w wn S HAZ dilaie 5l 23S 45ed —

g adeie b s als el s 1580

S g g

U VO I VO A PR W E S T T

S S el S8 g e Juadl

e
1- Mishra, Braendra; “Review of Extraction,
Processing, Properties & Applications of Reactive
metals”, 2013, john Wiley & Sons.
2-Cardardlli, Francois,"material hand book",2008,

Springer.



59'70423& 413970t--ﬂj K Jﬁba 424)\.@.’3 gf)\.g.‘: Ju g&‘ﬁ‘ ‘5)&’5‘99.- ‘5)‘9\.13 K f*"\; Aij&a' ¢ L)U&QA K )L:J u_."-la- "A.G 70

21-S. Edition, S. Kou, Welding metallurgy, John Wiley
& Sons, 2003.

22-A Hagjitabar; H.Naffakh-Moosavy:” Electron beam
welding of difficult-to-weld austenitic stainless steel/Nb-
based alloy dissimilar joints without interlayer”, Vacuum
146, 2017,170-178.

23- R. Nunes, ASM HandBook Vol. 2, Properties and
Selection: Nonferrous Alloys and Special-Purpose
Materials, 1990.

19-Yu. V. Budkin; V. A. Erofeev; “Physico-
mathematical model of the process ofelectron beam

welding refractory meta to sed”, Weding
International, 2011, 562-565.
20-M.J. Torkamany, F.MalekGhaini, R.Poursalehi,

A.F.H.Kaplan; “Combination of laser keyhole and
conduction welding: Dissimilar laser welding of niobium
and Ti-6Al-4V”, Optics and Lasers in Engineering 79,
2016, 9-15.





