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Evaluation of Microstructure, Quantitative Fractography and Bending
Strength in Cr-Mo Powder Metallurgy Steel

E. Ganjeh and H. Khorsand

Young Researchers Club, Tehran North Branch, Islamic Azad University, Tehran, Iran
Materials science and engineering Division, Mechanical Engineering Department, K.N. Toosi University of
Technology, Tehran, Iran

Abstract: The fracture surfaces of PM Cr-Mo steels intensively depends on pores structure, densification, diffusion of alloying
elements, contact area between particles (sinter necks), microstructural homogeneity, and type of applied load. Also, knowing
about element distribution in PM parts to evaluate what places are good for crack growth, nucleation and coalescenc is
important. In this investigation, fracture surfaces and crack growth mechanism for element distribution environments of cracks
were studied under the three point bending (TPB) test. In this work, crack growth mechanism in Cr-Mo PM parts with three
different densities (6.7, 7 and 7.2 g/cn’), were evaluated accurately. Crack walk occurred in some places that had more alloying
elements, particularity molybdenum. In addition, crack route was obtained from among the sharpened porosities and

martensite/bainite structures.

Keywords: powder metallurgy (PM), mechanical property, microstructure, crack behavior, fracture surface.

o e Tl a8l e S ol [V s e
s Sl il s ol b b b GL) Ta
Pt S) (e ol hendd g
Ady s 5wl Sl e e sl 5 Ll (S
B SR e a RN e RUSE L SE I S ERE
ST s (gls 53 S o Ll IS e i 3 el
o0 el | Se s e el ol olles go— 5
I R R S R R AP SRR GUN Hp P L W
Golie Sladas s ool Sl gy [A-Fl s o 5 g
s Sl Sl eslial) Sl SUT i, war s L eg
il e Coded boshsn iy 515 (3585 sbadily L 3L
Sl Slei5 ¢ 5 i el A3k (Kol b 5 (e
S o Pke Slabss y Sast 5 et Jo Salus
Fror 5 SosSse Dlakd sl s gl IS L e oS
LY s Vel 30 5, a0 cdcien (5,0 Jlazl glasis
- l_@.,),aj s 5l S glaked 4w et L)}»ﬂ
JSs el L o ol Slakad a8zl (g8 e 510
O3l il (ol oSzl L3 8l 0305 ) oS S
P s 5l sl (Saar 4 ad glabi 4w e
FRCHIESE N PRE P 5 I PO P S| NI D g

Y4 )L@.}A ;)LQ-«:QY’\ dLﬂcg;wJC«.@J)J wm 3‘}-‘

dodle —)

3 Ol s 5l ladad 538 55, oS
Sl gl 5355 mles 53035 4 550 031 IS sleds,
Sl o3l 3 Jiles e 51 35 ol ol (sl
s e 6 Ol e il ol s (sl IS aler
LS (Sl e S e (613 (sloodis £ ¢l
S B ran gl ar S LS s Selile p2 5 Oy
bl S (O edile wya 5 A5 Jol e slid 3 Jlals
e S s YL A8 QLSS U s 655 0 oS
G iy Sl 5l g S, b W 5 gl ple
Slaked Cod a8 5 05 JalS 4 e a3 o
lee b el Yo A 5 el 5o ot 4 S
Ele o S ol MS e Dimer 58 s (GOl s>
LY 5 V]l sl 3,058 Aoy Ae=Ve (g3lus s 5

@5 5 JSS a oy Soe Dl ol S sk
5 I ooy 050 e UL Ko ol i
sl doys 50l arls | g i s b el
o S ol ol i oslul 5 K e 5 J s
Slekoe Ol @ Sl ol pland S 5 51 e Sl e



NP 3Y) M):Wﬂ‘_;.:bu’wlja oslazl 5 g0 J.AT 4.3\.3‘);‘,.;); 63@1)‘*’\*“ bi}.:a—\ Jod>

| s | oS

NEWPY

eS| o | IS

ads <o/o) o/\

°/0 Y °/y

<o/o)

Jzﬁ)‘\—i‘jLﬁﬂQ—i‘)J ool Sy u_"AT AJ”L.{.)J}g: J}.&L;c
C,_C«Lv Q.X_A:J).Ajrjjjj_.al.& ey Y8 A .L:J)S JT d&qm‘

& 903 (55w oslel =¥
3 (0l D) S dos o/0 skl sed (3l eabel g
BLol by e 4 5lsly;y Oy " gy Skl Ao ys o/A
bl 5lam sl 5 00 S sl Gbdsed ae LS
So s aids o A S Laids Yo Sew O
by oy e SO Do B 550 B s (S bl
A e is BT gles s S Voo S des e SO
Y] slnbenl 5 s s Sladas A 55 ¢ Jool ames
Gl 500 °C las 55 ol 65,55 (sladi sai .55 ASTM ES
@wa.xuﬁsuﬁju\,,g;ﬁwy
oSl 53 g aids Ve i 4 WYYOC sles 53 dg
B 3 s Ly ai a3 Syl 3 13 ol Np-10H,
Sl sel gl oii J 58 jaecadl laes 55 ) °C/s 350>

s S (Nz-lOHz) el

e S Y-
sz-}))‘ abLﬂ:_w‘l_!L_hd_')M J&Z_Md}‘)T

L e [IYTASTM-B328 Ikl 3l Ol s (g sab 56

S gl ga5T -¥-Y
i e 5 RES (Sl e gLg s
Pl s sl A el gl a sl (ST elide)
Zwick/ Reoll Z050 Jos [2iS olSaws 51 TS ias
o3l l (il 5 |k aw et Ogasl plosil ok oS

AR

S =S el gl - PR Qj_»ﬂ&_‘_;gm 2, S yetios
2 S s IS Osa31 e 53 oS (635 315 oSl
e
S 3y e Dgme 635 30 Gl JOLS S e
I T RIPYIRCIE o351 [ Ve S VH IRt S S P
[4]cl

Oliioes el 45 5 Sy 0 058 U &S Slidss s
5 0dsn oS (S e ) GSUS olie b (ool
wlie 5o ool slas¥d o5 = Ve 5T s
Odd 3o 03558 48 das o LS Lgiulesl . Liles S )y
i S M als a5 e 5B el
sl s [0 s i Laaiped (i bl 055 0
Cmaglin (golml LS Cow (’3«'5 Shestazad Ll o il 3l
Bydie e 5 S 2l s (LS

s 5 sl 35 addllas (Goiow cnl plnil ) Gt
S Sl (5, S5 5 e S e oS 5 A
e > AstaloyCrM®™ 2= Sooke Vs e
(FIV Ve VY glem’) Cilises L& oo (glabas aw
oSl (6 S o3 (sl (Sl 05057 el o sas o

.J)J&)SQJ;«&

G gy 9 3 ge =Y
YU s oS s el G ol s eslinad 3,58 3
2 ol bt oS 5 35 AstaloyCrMY (65l 6l L iy
ol Sua b 3y g8l Sl o ool (V) Jsd 5o
Vsans a5 Cossl 4 5y Oy se0 (3l 5055 Cms 53 3 )8
gy gl o, sl slaedsis & plsl cotl s
oslial 5,555 Sladad 5l 805 (ol 5 0L (g e

Yy )l.@_:c\ ;)LQ.::’GY’\ chw&-@-ﬁ)-’ w}-ﬂ:n-g-,! J\j-"



jﬂ_.wj; L_As(_:),q_: )L:\;'-L.«uj'i) g:,._iL@J.)} S eale il L;K;—

W8S A sz 2550 IMIFA20 Jole (5555 S S

SEM Julows —0-Y
Ol 3 Laed gl Il bt Ly Slalie plil 1 3
S 3l S5 e L (6518 008 S sl A £l L
e sy o A S S L e Oy
S s b s g2 JSM-6360 (JEOL, Japan)
iy Jowe GBI 6 pais Jolos 5 sdalin sk 4 635

(XRD) Sl 595 1 2l Jodow —#-¥

X S50 oMl Jdosd 5l e gad sl o Hske &
Shimadzu (x2), Jds eslizul 5,30 XRD oKy A el
s FomA ol ¥o KV 5Ly Comd Law e 45 35
g5 Jbow sl a8 S 13 CuKay LT oo ¥ O/min Sl
X'Pert HighScore 4l » 3l 4 o5 53 el |25 (glajsl

L osleiwPANalytical

u.i.;l.ia oo V=Y
sl 551 5,5 (V) Jsdr 53 Laas i SO ol
Sl Sliie suel Csas 2l &S ol S a3 o
L SOl ol ales el Gilae Al oo L go3T
Sladas SOl ol y ot woal asl ol il J&s il
S D S Skl s S Ol 4 535 5
SOL s il Eel LS il 3l V8 500] 5
Joo S S B ) R A esle e 0n) S 05 e
oM el Gl o D) i Dl i mand [O] S

Y4 )L@.}c\ ;‘)LQ.::JQY’\ dLﬂcg;wJC«.@J)J w}% 3‘}-‘

P

Gl ras g0l Soled -V ISS

(it o oo 3l

Syt b Lads gad O gasl o] Pl (sl ) s
&oile FYXEXY/0 mm’slel 4 5 [V¥] ASTM B 528-99
e oSl Ol ey el sy 2 oSSl 5 L
s VL ST oS = e s 51 csls
k5 YO/O mm s “L;ﬂ)' S g5 aols 5 Ymm/min
(V) JSs s gladats ae et O gl plonil Solat
B gles L3 SOlKe slgsasl oled .onl ol esls LS
S e S S oSl (S oI (gl i S ) 50
(s eslanad (V) dales

TRS:—3XPXL ()
2xt2 xw

95 e 4ol = L (MPa) s cnS (55,0 = TRS s

=G s g e E W T e o SO

S el SRt R B R R e

Ll s

SIS P o3l -
Sl laas ses 3l g Slles ru:\ o
A g SIS Il slad ol cilises SIS s BERY]

u@‘}“jmfj_?.lﬁi)eﬁavbhw;)bébﬁ)fﬂ)ﬂ6‘;}

Y



ok ‘_,:quduuys uS:aKa upb&—\' Jo>

¥ & ges Y 4 ged V& ge aasie
V/Y V/e $IV (gem’) i JEo
A0 WA V¥4 (1) s
VYo £Y0 ove (MPa) s oSz
a0e Ade VYo (MPa) 225 olSouru
\¥e e o (GPa) SVl J e
VIV V/0 \/Y Jgb sbssl aws s
Ao VA Vo (Rp) e

V/Y glem®) ¥ & gad 5 (Vo glem®) ¥ & 50« (B/Y glem®) N & 50 5l 6555 2 sSm s S b Jodsw jlsle - ¥ K3

S5 s Ul Sl s e ol
b @l s o d sl 53 S Sl RS 5 48 S5
LSS s 53 (1S Aens i Son S A ele
L 5SS sl phlidl Cslps S0 555 7T o5 L)l
s L0 LS S s 2alS 5 WO °C glas
O Ol 3o i 1010 335330 copl e esdhe [VATs 5 o
s e alS S S5 e/0 ity Jaes S A s
Yo Sdeas MIVe °C glos) Jseme b & bl 3 Cos
ol i lasl (V °Cfs Odd s v Co o g 4ids
/S 55k 5 LI olis Al (e L35 0
535 ol Y gl et 3158 Sl il
el e/ 5l pa o S Slude L Astaloy CrM
S S oy XS Jhle e £ e il 53l S
7ol 5B ile e 25 il B s 53 4S5 25 dal

Olms 4S S5 53 Al e G5 ne S Sltlwgy o

Y

asdad 3 s il coan A dalp (S i
jov\_&C)bLg)deb-ﬂQ\jﬂ}JiQUJ)JwCL&b

DVT Al SRl 5wy o & i Ol

S g S Oldalie —Y-¥

3 Ll b Gl (05K S B o e
sdalis VY glom’ JISs U oladses 65,0 oS 5 aslil
[N JT U W PRL  E X OV VSV SR IV N PR -
s Ol dals &gl Ol geds bads 5o

i 3l e bl s Sl () S s
L agde i () IS8 @ a5 b ol 0 o313 OLS
S o S Ladss a5 (IS Ol 28
Aal feS g om Gl Aoy 5 s S Ol e
A

Sl edle Dad e 5 ps S 3L jolie age S

Yy )L@.:c\ ;)LQ.:-:GYI\ JL,.:‘@AJ‘.@.A)J&M J\j"



SEMHV: 2000k WD: 14.0620 mm
SEMMAG: 2000k«  Dat: BSE

: : / 100 (R ek
ladlate ¥ Jald odes ; gbay 45 SEM p 9oas (7 5 6055 (2 35ws S 9o (@ 5 Al 0dd ] &0 5l la ) -1 S5
PR PO U SPRCETE A PICIIRE S EY EE

(F) JK3 s Cilisee bl 51 EDS oo —¥ Jpir

Szl () 56 S TE Se es ol
C Mo Cr Fe
S/ g 55 5L Va /Y /4 “i |
sllosl ool o/ o/ °/0 i Y
A‘J_q.é L] o LSJ}’- 5 4.;‘5.‘»_" )tb'-l...»ﬁj (\‘) Ji.; P [Y’] 300 O:](;r.,gJ&Crz}C(,
o u: Fey
. s o T T e . - n : Martensite/Bainite
ol oaly Qi O) ot OJQL‘A )‘ ‘(‘ﬂ) d_g.\} EDS J‘..‘L’” 250 - g ;Rc‘,tl:incdtf\ustcni[te
BEE™ 65)}5&# byﬁ BLl )b?l.wﬁ) odes C,..g d‘j& [RU|
; ~ 200
slaass Jali o, S 555 70/0 el ,an 4 Astaloy CtM &
2 150
Gk Ulediladl cmal 5B 51 slaca s 5l £ "
‘E o
c(_ng .x_:wls LSLAJL‘? ))«é_> ‘(Y)Jg_.lcul‘)_i @\_‘.’; 100 . g E:
xM&uumw)b(};JJATﬂL&j%/Cﬁﬂ)b 50 WWW
eslaol L: B\ s Lf)j /°/O QJ..._:.]}A )‘J.EA 4.{5{‘ C,.LGA.: L;)
0 T T T T T T T T T T T
20 40 60 80 100 120

il eala sl gy 5l s ol O el i ol
EDS 5 o do SaSan Y- i 55 ke e
sl 1 Ol s ) S35 4 O g e o

sl 0 MJL]@QM«S...«CE.N

e 03051 53 S 5, gy p ¥-Y
S5 S wl s g Jeee sasy S5oslle Dlakd s
Sleis o 48 Il ke slgloilis 5 ol i Litas
A3 ((Sa) (Salus gl 5 (2is) (Sl

WA Sl o) asled Y Jlo o wkige 3 4t iy Sl e

Angle (2-theta)
R PN PV PVCR PP IS [ U

b g 53 LS e B 3l AL e/ Sl xS o S
Dby 3 e lagl LSS cpl a8 SIS 0l
B N P S LT RUS ST P R SR
ol Rl el O g 5 ps S VA 5 V] 2ls (S
S5 slaassad 53 A8 gy S8 b g SO

Y



sﬁ}dﬂcms..fvckuj;bﬁ_’ms (sy&.ﬁﬁw:ﬂ;dﬂ C‘,k.uqn\s‘_;)l..ﬁjui.:s‘_;u;lg J\n&‘a‘,’é &M(J|—9J§J
S 7 JSs oad gl mda (8 0o pd b edalin OF 3 (S 5 48 HLES Cond i (5 (1) S5 s b (IS 35 Sl i (7
.AJSJ:MG|éﬂ(};“‘%;éﬂ,b/&&bﬂblﬂﬂdﬁﬂMJ@DL’JJ

S ol polad 53 oliis VL S omte G L oS &gl
o s S L ales 3 S Sos mha 4 5 5oL
Sla 2 () IS 0 5d o )l 2ES 50 (el Sl
ailaie 5l e pla Lehsdos S 48 51 0L el Jos &
Ll ol S 5 5 Gl a8 C b 4 S gl

Yo

Wl s (D) UK Gib 39 Gaiod ol 53 A 5 0-1] s
L@JKA&M;{J@&}JM&&Q)@TJ:J;M)}JQ
MWL}L:‘[Y° 5 Y4 N0 V-0] B sdalis
rl_{..h ] DMM‘)QJﬂé‘MMWQ"AJI

ck—w&_lucd‘ww&&e&ﬂ}‘)é A.vj.q.l 6)|J§)b

WWAY Sl o) Sylas ) Jlo o oikige 53 4 iy 34



£t e )~

Ay o) z
WD: 12.5080 mm
Det: SE

% LR
SEM HV: 20.00 kV
SEM MAG: 1.00 kx

50 pm

233 55256 & 90 CenSd i 51 gy S9N O gSs Soe g gei -V JSE

a@ud‘wlsgbgjlﬁ&&uq&w
rsas Gab ol oy Db e o8 BL s
G 2l 3 o (V) S e S e 51 SEM
0313 &5 latads s izt D5l e ed 3 (L)
Sl p 3 S 5l 2y Dl 55 S olie J s
ke il el o3 JSSS L e i sy B S
Sy ol ods 55158 VY Vo] (ool Oldioes Jow 5
2535 Sl bl sl g 5 Dlakad s Il
Jrate RS @ s sladils &8 Lol 53 58 e ]
G B A RS L e 5 D) ot S S iledd
5 glaeis S o bl o wel esls 5, TS 5
s o2 4 Sl el LIS Dl iy ) L s
S5 Glosi @ Dle s (15 (ad g0 Sl s (S5
3D st p b S glaad LSS e 0L Gres
Siodlue Slaks 533 5 cnsld Jol oo Ll by s
o bl ol TV P XS WV WS S S

WAL Sl o) 5ylas ) Jlo o oonkige 53 a3 1iy 314

Rl 2 S5 6,8 S0 a4 e g & gl
DS e Ay a o pd g 03 S S5 Wl Gble res SIS S
e gl Sledd i oSy See pslal b
Wl 5 /a5l e 1S S e (F) (S
S3) oeiS oS 2y Shoas et 3 S ol cle
S5 o oS b () JS G o il e
5 e Leados a8 ol Sl ol ai S 15 (gl
GRIP Gl e Jele (LS 55 8 Bl 53 s Fes 08
L s ESGU el sl [£] 5, 0 sl 4 (sl.<>=:,ﬂ|
e ezt LB, 5 L e S IS Glgnand ps S
S o) e A (G MEL ks S sy g5 lke

TAldeas o )3 30

oS i Jodons —¥-Y
Sl Ll 5o o8 wlgsltle Jals jas (g5 0k olaks

Sladad ol s s 55 \Y&?ddudsﬁjdﬁﬁ

A4



13500 <

12000 —

Fe

10500 —

9000

= 7500
3
(8]
6000 —
4500
3000 — R
1500 ‘ B Cu s}
k 9 ]
0 f T T
0.00 1.00 200 300 400 500 6.00 700 3m 9.00 10.00
lev
) ]
adkie oul SIEDS Jdow (0 g i3S cou Ch‘”’ S 5 A, 5l SEM-Map ,; sea5 (A -A IS5
=]
-
o~
=
w
E
=)

Distance

S5 A s Sl bl s s -4 S

el S5 OBl s GSUT ube 5 eSS ms s
e g wly 55 el s 0dsB pl 5 OA 50 e
S Sl ol Esl badi s 53 70/0 Ol 4 = 0050 oS
Dy AT e fLil G Jsle GbLe Sl pan o
I ole ol 5l 2 1 04 se sais 55 EDS Lo
Gl ol ol 28l 6l W s o OLES S O gea
L e o=l Ol B S eslinad lay 56 551> Dldae )

58 o w3 53 ST polis nle Omen

v

s gbaas S sl o e 5 L5l &S Fo oS
Eo S Se lde 53 p S L S (Gl
G 5l e o S50 5lle w55 o sl 5 dad

Bty oS JSE i s

S5 Ady o -0-¥
¢c,.w_<..icL.~)'l sdal sty () 5 () Sl b
6‘)‘3‘5)%&;)‘;5:“:5&5@’56“}“3)‘&*“3

Yy )Lé..vg\ ;)LQ.::J‘Y’\ dbcw-h-@i)-’wjﬂ;-ﬁ-’\_}‘



=Y/0mm s w=Fmm L=Y0/0mm ol sl gl p s CnKs Q’K":‘"I 4 by @l -F Joas

(MPa) i Sl 25 | (N) cnls 3,0 | (gem’) J&s | (mm/min) 5,148 ,L &
VAo4/\ o ¥¥qo 20
VAYA/YY YVYo V/e \
YoSY/\ o ¥4Ae /Y

O3l 53 adped Gl 5 VU e 0 Jlasl glelis
5 s Sl ol e 4 S5 goldad (ldhd an et
M&dwﬁfjﬁw)‘&md)JeMow
CE.EA)\MJ)WM@MWuMJﬁ&ﬁ)‘}
aMﬁﬁjﬁwQ\;&c)yd)wwwﬁww
=5 slaas S 5l aS Lls Ll LS 5 IS ke sy
.Mm)«{tjﬁc)b&
Aol eSS ol O ge 5 058 SSUT jolie s ¥
1o/0 55y Cdoas 5l o Jltlagy 5o &5WIT ole
LGN&L@)L:}LNJ.:)A OC/SC)JJSJJW&L&}M)&JS
el o biladl ozl 5B S glans 53 mpSsbe / i
@)}3‘6“5.\.&@‘6}‘“)%@\}‘)30@
ol Josle sy e S cul o HpSL S g e
,umeMu;‘La«;}&;)ap;p,:wM;&ﬁﬁ O
Jy‘;fC)WLbj
auMudﬁMerjlwer e
jéjm&ujsobwsﬁjoileQ;d‘wl

;;ﬂ})u\s
ES b e 5 5o e odSilesT o s S
oo S 5 5L e Sl el ey Sl

))—Z&ﬁm LAM)AJ 6)L.~ eJLcTLg‘J.: Q)J)Jﬁ

Y4 )L@.}c\ ;‘)LQ.::JQY’\ dLﬂcg;wJC«.@J)J w}% 3‘}-‘

i S p Sl (g S oIl -y
)gﬁdjjyuduuﬁwm¢&>@|
ailone (1) aslae 3 oslind b Cilies sleJ&s s Astaloy CrM
Pl Ly et plSowiad .l o 11 (F) o 3 5 A
55 3l ge ol Cosline S canSs 555 ool oy p2ES
o dlesl 4 cd 5l 25 Jlesl e 3 (6 5L S
S5 a3V slaaigad (1 plie b [4] ks 1S
S ol es S VYT ds)ls 5 085S L5 3161
G 5 53 Olasen gy Chows plSomiad 33 nl Ay n
ool I3 el anylg (olid i Al e IS
LgS 5 0wy el (0L20 25 a3l 53 il 0 et

& S 4o ¥
S aeldl 5 as, M;t_ﬁ o Sl Gl s

G S oS S Sl pmman 5 CuSs e Jolos

S o Astaloy CrM s 5 (655 80k 505 3l e

Csiy gl 45 A aslizal (FIV v/ WIY glom’) il

il e 3 S seods ol

35 oy SR adisas (SO ol S5 (Rl )
Ao 5 S Ll w5 oS i IS
LS 268 i g R Ol

Sl Gy oilin Sl b el b o i Y
ot Blslahl A e O3l 53 adsl S5 A0S 5 S5
Ol SIS 5 5m) m o a oy G5 4l )
58S IS el il 5 crn lai s s
g o andd LSS S AL Solg e

YA



1. sintering 6. pre-mixed

2. isolated 7. Hoganis

3. interconnected 8. zinc stearate
4. pre-alloyed 9.

5. diffusion bonded 10. span length
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