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In this research, the method of mechanical alloying and subsequent sintering has been used to obtain Zr-based
MAX Phases compounds with nanocrystalline structure. For this purpose, a stoichiometric mixture of high
purity elemental powders of ZrH,, Al and C (Graphite) was subjected to intense mechanical alloying in a
planetary high energy ball mill under different milling conditions (5, 10, 20, 40 and 60 h). The fabricated

compounds were characterized by X-ray diffractometry (XRD), scanning electron microscopy (SEM) and
microhardness measurements. Experimental results exhibited that after an optimum milling time of 40 h,
Zr,AIC MAX phase with the crystallite size of less than 25 nm and high microhardness of 971 HV can be
obtained. Also with milling time, morphology of pre-alloyed powders changed from lamella to globular.
Sintering of milled powders at 1300 °C for 2 h resulted in the production of nanometric Zr;AlC, and Zr,AlCs
MAX phases, increase the crystallite size (grain growth), and release of internal strain. The results revealed
that this route (high energy milling followed by sintering) is a powerful, cost effective and high productive
technique for preparing Zr-based MAX phases compounds with nanometric structure and homogenies
morphology.
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Fig. 1 XRD patterns of milled powders after different milling times
dalises slogyle; 1o oo Clwl (sla 05 XRD (o631 1 JSCis

[é)_.a Sl g 000 315 wsas CuS 5 oll o (6 s
RN NN FE N FCH I SR VORWE P P VAP SUNN L
Sl 4 ) Sl s o lsie 4 el 40 oy azes
S 5 4 bgye sl Llis 5 el @ bgyje Jilats
Al o0 ZRAIC 51 WS

ooy L Laasls olusl @l yoss e ol SLo 2 S o
iales 4 (Sl anal ol cads calSI L) (s,01,8 plol
ooy 8L (F938 (95 de paal 4 axgi bl 0al 00 IS
= o Ly Laasly olasl Kais alS dayog (30,5 bglxe
Te—09d Jdo 90 an e o 1) £e05e cpl ol ol ails
lacadae sl ¢ Jlns )57 e alaxde LB aniils cols
Pl s iz e g el alils o jo |y i Jiale>
ol Asgar E985 41 (5,5 Ol aalfin o auaus Stadl
&Ll ol glawl o a8 cusls olo Ole oo SS90 g 3
oeolS (6ol 5 sl e 4y 055l slaasls ojlasl ¢ SOl
Lo, 6,15 olawl oy yian iol38l b aslsl 4o g osges low
cdecwl snile L ()';.Ay'lj 24 Sgus )o) et 9y g Sl
ez sl g5 pad Joles & i oo |y 5550 0!
nld Lo e OIS S g 0y

S5l alol> (59058590 i (b ga ) 3 UK 5o

4 o )losis 6 ©)93 1398 Mol pl 35 9 il wadie

AT el sl il | g 30,8 aslisd oazss |
3 i adaizme Giolopw g osdidai (Sloj loo s o
Sppme 6L s Aoy ey s 5 Ll
Sham 8,8 1,5 (XRD) (uSl anstl (ol (g0l b (g 2
slo o,y sl ol 5l g polin (s, Glewl ol b assls
3550 (SEM) (g (59,5 98 ang Sna bamgi (5l
g am S oy Jlosl 3l oy OF 5 (Sl (i3 5 addlas
I Sl plss (olsl )90 i (5 5,50 ol
Szt odnd ddgl la o 5l (6,550 s delsl o 3
0,55y o, 5 sl as o 1300 sles o e & Ail,8
242,015 (e S 5 L) 09,1 58 yhaesl s il S
asllas jglaieds dnlol jo g ouls x8ly el 2 Sow 4 (ands

s a18,5 sl XRD (9031 cons oSt oloS 5

G g i -3

2 S Sll plej ey Sl il il slacab
e e S ol an asgi bl oo sols ylas 1 JSCs
P5d iy (alS cely ()L bl (55518 45 055 o0
2 lagldsas Jdo 4 g5LT polie Sy jlaie g cad (05
o=l 3148 58 Hlen 005 (o0 oigS p My e 4GS Sl
el D 5o adgl o yog slacSls ol Lasin S
S5l rd oy Aol Ly g 4 ils o525 (lizes )5 Sl
A8 050,55t Ceelw 10 oley Saw sly 0,5 Lol
St 3 S ol Pl S 5550 ol (2
aie M bylas Jlo e )0 .08l o0 g 25 S e
b aalol g oo sl ol el 10 51 o 525 pteel
cel celw 20 oy oe B 0,5 bolss (5,918 0403
aepen B slagl pasle (B 5 L e b 05,8 o0
o ol srate b @ by e lacsy (G ool osisS 2
2z Lol Gz p sl JU) 5855 by o
talol> (g,llw lagSl 4 axgi b aS anles sl 4 g9,0
Lo S S oS 5 & barye dyo slacisb sl
aie ol Sy Gul jualS g wales ZHAIC aasie
9 95 5l s mate glocil (Sadiw Gl (380 98l
09335 (5 Olgsi e 1y 550 g 5l gl s ad oS
Gz 2SSl wlf e s g Al (55 ol (3L
wael 40 e 40,5 bglse (51,8 polas b oenils o
g o0t gome oS o bods oisS 5 dy0ep (S pate glaSy
ls dalg> 3524 ZILAIC g0 5 oS 5 sla sl Lo

25



Ue 9 (50233 (850

U 35950 1395 32 Aals Lo YuSo ulgs 629 T3 Eauille 9 LTigSD U3 Axlgl Slge £95 H3l )

ol @il o y0 1) 98UsS

Fig. 3 SEM images of milled powders after: (a) 10h and (b) 40h milling
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Fig. 2 Crystallite size of mixture powders at diffraction milling times
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