YYY-Y10 Clrio F ojled o al> N F--

Olisj 9 s (5,545, 4ali gl

S5 4 y 4ol g 3

ole 4,88

—

I||||II|I|

i

Olnl S5, (sale ool
:e&bsk Ao

S y Oladad (Slse (o155 g JUSlu ) 9 eyl g el 4L ST 31> 1
9 S e

“‘L;ﬂ)a..c J.:.a.} EYQL.“)L.ZB leﬂ ;ngw Ql:d‘).a.ﬂ QLA.:.; a\‘so'.:.u\g’ p.;.:..:} L\Ls_)',a.:.l )5[.'\ Qoo

Yod.g.)'b.é‘ sihas ‘Y°‘>|}g}:““" dexo

Ll ‘t;.c-‘ abl ol axlg (el ol;T olSisls cewdige 008l «(65,9ln g Slge cwdige 09,5 Lol -)

JoT el g3 29Y88 55 50 g0 )5 sode qual olSils ¥

m.b.limooei@iauamol.ac.ir « o ged 3L aeses 0025 45lSe o0 g3

oS slaws g cuyd lade oy 4 LSy, leaasin » lHaler i 5 olewd oS 5 SIS dlas oyl yo

VR NYY il e
VOV CFY

toduS>

- %

wges 5| polaie ol 4 NS (cmyp (Fu B OSS ag (e g (S ol Jald (Sl (elgS g (IS

A ookl ws o

IY g o,y o ND oy /) kB polie b ol g e 4l Dailax 50 g ailex 90y

oS 3lass 5 oy A 4 oy VO 5l cu b lade il el Baslss i3l S b 4y a8 ols olis s 6815 (slaos

ol il &5 g ysb 4 el 4l alS e 5 o2nS alSouiul Ll s sas VYO 4 VYO 5l oLl

9 70 ey e g o2k 4l slalialsz e 50 aile s Lalpd (6l JBWLBL 00 51 pas (A O o

@ ke 5 ek b blale jeam )0 haler en Lulyd sl Jup WA I (g5 5 JSuLIS FF- dyedls

add odalie g i3ty bl 5l Sz Sglas djales g0 dnslio o .Cawl ooy Jiupm VOV 5 VPO 4 5 5 SLE NS
b Jol g oslhe mls ml al alsr b sladiges o (Sl o> Ll 5l Ll b

e oyl 4y gl

9,3l s, 2 el s peediw 4L laljasls> S ‘mi)'l)élsi]am‘aoljwm‘@lﬂcw‘olwlgdslc@“\w ol e lomy (s> s o 9o 8L o
FYY-YV0 Glrio oF ojlods O alr VFe e e 5 5l (6,545, 4l gl (o0 St oz (Kb, Olahad SOl plg>

(DOI): 10.22034/FRJ.2022.330961.1153 : Jtumss aules

O Sy ey g s3bozal Lyl S Lol [a-7] wiloas
S ooslhe olss Wl s Jlslen, @ ooy oo
ol S par bkl oS e, s el oM.
ot b Ui cpl Jo o Sialex ldee [VY-Y -]
Bis 4y w0l vgue | o LSl 251G 1) cl
slazmil (b yo lacadl S LSis 5 S oo SIS Lo, lS
prefins ©ga) Sl Sl )0 wledoe ot S ) S5
G Jsku slass a5 Jbo 0 5 oud slesl (b e cudlS
Sl padails ) a e was oo Rl 1, SIS
o oljale> a5 ols olas VAL sasg, [YY-VF] g o

doddo -\
50 aex sl Gl mlio o Sox oldad 5l sl Lo o
ook & Hgige 9 ey (el el wile g5,055 milio
i ol g edle cwnl 48,5 118 oolaiul 5 90 o
b il sanl sl oy gl 5l eolatul a5 59l oo
ooy 5Ty B ianlS b (53l (slagpanygt oaal3é s
O3 ,0 oy 4 L0V ] aia leol ()l 5 sanled slatus
G iali8l g roylgs culs pals L Sis sl
Slge oal e (Sl el sl 5 (s 4 el
oriagll 5 (soVsh Slalad gly clie (soladl Sl


http://www.foundingjournal.ir/article_152374.html
http://www.foundingjournal.ir/article_152374.html

s (S b (Sl (olss g lSlag ) 1wl 3 peskew 4l slabiailsr ST GiSen 5 290 Y\#

2N Dsliie (olierd oS 5 b sl Badls 90 5l 059
PG Y amaile byl Al p 6500 5 peeadiw 4L
A oolatul wewl sdal Y Jgaz j0 a5 e Lo

aiged (OUSE) ladiged &l5 5l (5 Fazny ) il b oLl 5l oy
a8 talesT ol angd GBSl 5 (o (22 Galej]
fiws L5 ASTM-E08 sl &b
s Lislel s Jleel GOTECH- GT-7001-LC50
Alides aballi Loz )0 g bsS Jlujgeie oKws b i p
@l 5o ol Sile 5 (oxS ojlail Wigal glaiie ghaw
S ST slotisal yn o Sl oasl B
55l Sygo 4 (V) UK 50 o] Gl o5 00 g (slaaiged
i) Cuyd JlMie cwyp poogdle il osls lid es,>
A% dewlxs 35 (Nodule Count) oL3lS sleo,S oslows
cols Image Analyzer ,l38ls, 5l o)las ol ow)p slp
Al ool liwgais

Ty

& a iy

Lk ol

ASTM-A367 5 bl bl 53 (5,5 4y, Joto olal =) JS5
Grogsles o 5 Slasl)

3 - L §
SrSAB (gl ool 2,50 S ais ) Jae =Y S

g S o0 b YU 8L S slao S slass slw] o |y gu LS
il pole Jsho o glagibr Gl b e 0
ol ams e ol 1) Jlazs] sla J5lss g odgas s pS sl
Oloj b 598 slalialyz 5148 5,5 o0 D50 g Sloj B!
B s Jlesl a0 0 Yl
5o 0gb pll (In-Mould) _JB 4,0 4 (In stream)
oy 0 ol JSie a5 ai asie V] £ anlhe
5 Suilow JSCa5 oS30 slao)lad b ofag 4 (S5 slagyar
an il b wilg o oliailex Lol ol 0y 5 4 hles
LIyl sas pals 1) IS cpl 0 cos ials 5 6 138
slio ;0 a5 GGGA0 o 5 L ouy8 JoSTs oo Slakad po
gblie 9929 » ogdle ipS (oo )8 oolital 3,50 (219,055
ol Camal Bl o] s SWUlEss sl 4 S5L
395 Caley Wl 5 (93 Sle 9,095 <S55 (B Cysgume
Ol 5 035 00)0 ¥ slre w5 e JiSTas s sl
JIo e el o Sl 008 51 )l SlS L S
oot JoT 58 ao¥sh S50 (g Sem b aslllas ol 5o
9 Ll 5 ke 5 Ll Ay Gl Dailg g0
5 dels bt 5wl wsls,y GGGA0 Sis o ol
S Ghpdy 95 sbadlailivl b anlie p ogdle SG e
28,5 )18 anlie 3550 005 L lug 09>

GioS by 9 Slge ¥

bl (V9 VJS2) S0 looS sla e gy cnl 5o
Car didd a5 Sl ol ASTM-A367 o st
35 5 b Lntigad 15 e sl il Sl 08,5 S50
Joles g Celoasl V- Jguzr 50 a5 il pleord <S5 L
Al g S Az wel GGGA0 oy ,5 Sis o

5 ol 0,53 18- -OC L \Fe e gloo b lie ags (sl
Al B e 0 colatnl gais axly o (Y SS) (o
285 Oy plal COp slacdl o (0 JS5) 6,8 5
Ol (bsy 4 FeSiMg 5LIT (al33 b (o5le (St a3
CVEYVC slos o (5lopSits Slbas 5l uy g cplsl 58
a0y Giwrsd Sl b plen (Glhalz) mil anl
B b HVFY-PC B sles o cws Oyge
e Gl s By a5 5 5k 4l el (In stream)
aslol Clae 4 Lz LB jo Olde (59 duoy0 /Y 4 +/V0

ol yo g lalez ey Lo B 5l (SO eyl oodle .S



Yy TYY-YN0 clocis oF ojlats dd alo VFe v lin) 5 5l o5, 4oy, doli sty
39 208 e 1 Slde (uz bierd oS -V Jgur
C Si Mn P S Cr Mo Ni Mg Fe
Y/VY V0¥ VAR v/ Ve v Y /e Y v Y saslely
39 20y ey baljailsr (oloondh S 5 -V Joox
Inoculant C Si Al Fe Ca Ba
Si Base ) v .Y oslandly - -
Ba Base - YA-YY 1,0 odslodly Y-\ Y-y

Eiywgd Cgz 08 oolal (Sl (o wpsgd gilwoslel gz (5 8 (LAl 0,5 (I -Y IS

K¥ )

)T (sla o ,F ol

250

200

=
Ln
(=]

=
=
=

50

Nodule Count

m 51 Baze

OBaBaze

0 o1 0115 02
(1) ol U513 Glie 5115 algr puu

w2k s m.u:l:.m 4l lala g0 (6l Laslsr lade cows 5 cudlyF slao,S olawi lawglia Jloges -# S




s (S b (Sl (olss g lSlag ) w3 peskew 4l slabiailsr ST GSen 5 290 YA

o o0 ] Gulp Sl LSS Gimes 5 005 9>
a5 il s o [YY] Sl addllas o a5 5,0k 4 mo
OS5 iz (Sl ple g )3l » el Sl s,
OVUWE [P FESIR I [+ PRVIUL IS L SO PV PRV g [
ol a8l 2ol 0+ °C 4 VY-OC 5l asles o0 Ll o
slst SIS ol gy peies S ilate j5b 4
oo ,S olass molidl FY L as wisls lis e .l
Iy peiS ol pllorial 5 auls ol lade 5l 2818
el 00l ol 38l (6 pds Blasil 5 alS

GRlP L &S ad atiie (S ely @l (o) 5o
5 omiS ol pluinl jlada ljdilex g0 oy ljdilax lade
aS sk 4 (Ve 9 1 Gl Sl) sl Al yialS ssw
3 eiiS ploin] ks L Dailg> L sladiges (sl p
doyo ¢V L FF-MPa 4 lails> jea> pac 0 DO-MPa
390 (oS plouin] a0l 4 Az g3 b g Conl oduw, [aile>
Az 0 wog YY-MPa jlu g,005 &5 0 lawg S pdy
35t J3sd S50 3 ol (S psllie sloaiz s edle
e VPV a Bailszr g0 slaaiges sl Jp VAA S
Gazg bcal asl pals Hales asy /Y L sladises
Syg0 .‘a.)‘]w ‘)»..o.s J.:..)LCLA 9 ‘)4.:‘9} )LLM L}"‘ d‘))Lq ©0dgs
Gl Hale> b akaly o asled oo ool g5uw Bl 5l las
polae a5 gl pl b ocenl alie IS w5y, 5 el
g plSoul jlade ljaile> aoys +fY jgas 0 a5 (5 yeb
Coy8 slde @8ly jo g aie JLSle a [alez s 0 Sl ss
e Lo 50 o b Gl L ogh e by o 50 95290
clbsle plo b alie 0 o dul> Jolore S laie @
s Al asile  SSe ples (ol 5l Ul 560
aile oolgm g aidl jualS S5 g nS ol el
IVT b go 2331 ol ol

Coy g gl -V

s lag, V¥

Ok bz Gl wlBlen, bl mL
T P L P W S A B S WS IRy A VARPR VSRRV A AP PE
oo S olaws Jailsz laie ilsal b a8 ols o)Lt mamnlins
WO @ ljals> 9oy cll> lpymm' 5 0ae VYO 5 o8l S
wlie ol oo, Halle> aoyo /Y Layls ,omm” 5 soe
LS (sob a0 oamlive 5 o)l b Bl o Gl
y o2 VYO 51 o08LS glae S olaws Tasles> Jlade o33l
59 ead ,Sd il wigy e, mm” oo VYO 4 mm”
5 ol 15 45 Sl o] 5l sl svalie LBV 8 S
Sy ladme ol (a3l (aliailsz anlyd o ol
Gl Gt bl oo Lallg> olidl b 1 e
5 oad oS slaml e 4o dlS sla sl ol
el ilaie SIS (gl oy 1S (sl olaxs i3l
S 4 mie i S laeS s IS sk 4
(o Dlabad (lS10) (oo Gl T a5 b 0oy
e sloojll b ablie gl (slaings (godgioms Lol 25,5
Sl Bl Ny sS4 mie 00gaze (al s, 5 3,0 292
IV as aales pas ol plocinl ialS g ooy

il olgs--Y-¥
FLERW uaM Ao )L&Lw S99y 0 ﬁL?u‘ ‘_gl.b‘sw)).a B
Sl we)s Ve 30 o B plie [l jpa pos o
Ll hale> b8l b as Jb jo ses o JSis 1) ae)
2Rl Bl Gl o ke b s el
Gl 00y die) GBSl w0 A @ Bdiler ds e /Y
0ds S iy BB lade a5 T asgs BB (A g F JS0)
Nl halez jaan g 008 oy YO jlug 0e &S pb Jawgd
Wt I | L SRLPRT- IR V-] I K WL LV ESRWESRRRY A G FR WS
S8l Sl g laebl cul s (28,5 S s 4y azgi L L
i Ol YL polie (53955 5 (Sl slalla>
3ol Aoy LEle o s Gl ] il o Jols
Lailg> g alawly 4 (D) w5 cos )0 a5 cunl (6 s
st g al als o0 cod lailee ol Loas ol



Y14 TYY-YN0 clocis oF ojlats dd alo VFe v lin) 5 5l o5, 4oy, doli sty

A&t

A 5l 2umy 1V G sl &l 158l 4oy +1Y (0 Tyl oot (Gl sl 5 amanlao 1 15052 5 6 el i oo U digad 31,5 lie skt ¥ IS

b 4 5y 000 /Y (5 pakews 4 1592 000 +/V0 (5 raskiws 0 1592 03 <1V (o poals sl il oy /¥ (5 b



KB, Olabad (Sl ol g Sl 51 el 9 pesles 4y slaljailsz 1T ) Ken 5 g0

Ferrite Percentage
W 5iBase 100

[OBaBase 90 T T T

3
=

0 0f1 015 02
(1) B sl olie 5115 ailgn pud

w0l 9 prabow 41 Badlsr 9 sl jailsz Jlaie G )b e slaunlie Jlogas-AJSo

Strength

B 5i Base

OBaBase

'J'S.ul..ll-fdll ,aﬁ.z'...-l

o

0 0/1 0f1s 0z

(L) dB 5l lde 3115 dilgar g

w20b 9 pamediw &l B3l 9 (glp ldile jlade sy (225 oles plSociul Jlade glawslie jlages -4 S

Hardness
H 5i Base
180
- OO Ba Base
175
%ﬁ 170
T
J] 165
160 I
155
0 0/1 0/15 /2

(L) iz J3ls Olde 3115 adlgs s
ol 5 sl 42l 5le 90 (sl 5ls s o 1 Tkt e gMaslin Jfogai —)+ JS




Yy

YYY-Y10 Cloxio of o)lod ) alx VFe e lius) g 5l 5,5 a5, el hagss

Sgyogs 8 55 iy ol s olya 4 Lodigas a5 launlio gl ¥ Jpior

Lo ,S" oloas o
¢ o; Co,® oy © £ ! (THPESRWES ljalg> £o8

=35 (HB) (MPa)
YO Y- YYA INARS . I5algz Cygey
VO Yo VFA IR A
VO A- \#8 A4 Al sl 45ly
VYO Q. \PY ff. Iy
Vo- Yo \YY NN </
NN Q- \YY Y)Y A ool 4l
NN Q- VPO t5. Iy
- Yo < VAY-1 07 fy.< - sy yog5 b ysds lai do

[4] Boldyrev D., Dema R., and Kalugina O., Research of
phase composition of graphitizing ferro silicon barium
inoculants. Materials Today: Proceedings, 2019, 11, 510-
515.

Gl ogHl 8wy op lplederme 5 sepm i e Gola[0]

S Vg B g J3len, » Lale olse 4 HE 5 CeOy

AYENED ()0 N Fee g St ) aslingyy caldols iz

[6] Upadhyaya R., et al., Study on the effect of austempering
temperature on the structure-properties of thin wall
austempered ductile iron. Materials Today: Proceedings,
2018, 5(5, Part 2) 13472-13477.

[71 Upadhyaya R. and Kumar Singh K., Effect of some
inoculants on the structure and properties of thin wall
ductile iron. Materials Today: Proceedings, 2018, 5
(2, Part 1) 3595-3601.

[8] Hou Y., et al., Influence of rare earth nanoparticles and
inoculants on performance and microstructure of high
chromium cast iron. Journal of Rare Earths, 2012, 30(3)
283-288.

[9] Mojisola T., et al., Effect of preconditioning on the
microstructure and mechanical properties of ductile cast
iron, Materials Today: Proceedings, 2022.

[10] Ferro P., Lazzarin P., and Berto F., Fatigue properties of
ductile cast iron containing chunky graphite. Materials
Science and Engineering: A, 2012, 554 122-128.

[11] Kédllbom R., et al., On the solidification sequence of

ductile iron castings containing chunky graphite. Materials

Science and Engineering: A, 2005, (413-414) 346-351.

Borsato T., et al., Effect of in-mould inoculant
composition on microstructure and fatigue behaviour of
heavy section ductile iron castings, Procedia Structural

Integrity, 2016, 2 3150-3157.

iy Jpta 5 il 58b o oulie 5 0 (6K 5 ey lpa s, 1Y]

wlitagh ws9)S Sl b spfie il paz sleml Jbslag,
ARTAR WO L SRS FTEI

[14] Yeung C.F., Zhao H., and Lee W.B., The morphology of

solidification of thin-section ductile iron castings,
Materials Characterization, 1998, 40(4) 201-208.

[15] Li Z. and Li Y., Evaluation of melt quality and graphite
degeneration prediction in heavy section ductile iron,
Metallurgical and Materials Transactions A, 2005, 36(9)
2455-2460.

[12]

claosgions & st b o 3505 et o il Sl
5 lSlon, Glasa 5l jlugyoes S8 Spdy 3,9
g oijle (8 Dllamde @y azgi b uizred 5 (Sl ols>
el e Ldilem duoyo +/V0 lade golaxdl Sllax>Me 5
10 500y a8 o a4 j golaidl Ll 5l eShe slaaiuly>
Cqz oy el sl Jlade ilesl 000 polie L
Sype Plai v olen 4 @l 4l5 (KaS, L s anlis

sl ol (1) Jgaz o g 005 &8 5 (o 0y

S5 4 -¥

o ol 50 0l s peenkew 4l Glaljailer Sl -)
B9 Pge sl S8 Gz 50 S 5B obul g v
lasls olwas B o3l S glae,S

el plonl 5 goew Juals cel baljasly> olidl Y

JHle Slae 58 Gl a4 Basle> S39 auoye <10 lase -F
] PS03 e bl ph 4y LJB

el

[1] Ferro P., et al., Effect of inoculant containing rare earth

metals and bismuth on microstructure and mechanical

properties of heavy-section near-eutectic ductile iron

castings, Journal of Materials Processing Technology,
2013, 213(9) 1601-1608.

[2] Asenjo 1., et al., Effect of mould inoculation on formation
of chunky graphite in heavy section spheroidal graphite
cast iron parts. International Journal of Cast Metals
Research, 2007, 20(6) 319-324.

[3] Xue W. and Li Y., Pretreatments of gray cast iron with
different inoculants. Journal of Alloys and Compounds,
2016, 689 408-415.



- Sty Olabd (Sl olss g LSl 5 )l g sk g labdilez ST oS00 g (e Yyvy

Beijing, Mineral, Metallurgy, Material, 2008, 15(5) [16] Vicente A.D.A., et al., Nucleation and growth of graphite

552-555.

particles in ductile cast iron, Journal of Alloys and

[20] Labrecque C., et al., Production and properties of Compounds, 2019, 775 1230-1234.

thin wall ductile iron castings, International Journal of
Cast Metals Research, 2003, 16(1-3) 313-317.

[21] Bockus S., Dobrovolskis A., Peculiarity of producing
ferritic ductile iron castings, Carbon, 2003, (1) 2.

[22] Sangame B., and Shinde V.,
microstructure and mechanical properties of ductile iron,
IOSR Journal of Mechanical and Civil Engineering, 2013,

5(6) 17-23.

5 Olyoeil 3538l b egpom s v (Bolodame vy cualemig [VY]

00 SHe ol g Sl S i n S, Jove
VY-8V ()0 e+ g Sams, anlimgyy oSt

[18] Roedter H., Gagne M., Ductile iron for heavy section

wind mill castings: a European experience. Europe, 2003,
(5000) 6000.

[19] Sheikh M.A., Production of carbide-free thin ductile iron
castings, Journal of University of Science and Technology

The effect of inoculation on

i

IRANIAN FOUNDRYMEN’S
SOCIETY

Founding Research Journal

Research Paper:

Effect of Inoculant Containing Si and Ba on Microstructure and Mechanical

Properties of Ferritic Ductile Iron Castings

Mohammad Bagher Limooei' *, Shabnam Hosseini!, Peiman Omranian Mohammadi?,
Ali Najarian?, Hamid Omrani’?, Mohammad Hosseinzadeh?, Mostafa Afrazideh?

1. Assistant Professor, Department of Materials Engineering, Amol Branch, Islamic Azad University Ayatollah Amoli, Iran.
2. Department of Materials Engineering, Applied Science and Technology, FZA Center.
Corresponding Author: Mohammad Bagher Limooei (m.b.limooei@iauamol.ac.ir)

Paper history:

Received:22 Feb. 2022
Accepted:24 June 2022

Keywords:

Ferritic ductile iron,
Inoculant,
Microstructure,
Barium,

Silicon.

Abstract:

The effect of chemical composition and amount of inoculant on microstructure
especially ferrite phase and graphite nodule count and mechanical properties
containing ultimate tensile strength (UTS) and hardness of ferritic ductile iron were
considered. In this project, three conditions were evaluated. They were without
inoculants, barium and silicon base inoculants were used. Inoculant percentages were
0.1, 0.15, and 0.2 percent. The results show that inoculation encourages the ferrite
formation from 75 percent to 90 percent in the matrix, increasing the nodule count
from 125 to 175, decreasing the hardness from around 200 HB to close to 160 HB,
and decreasing the UTS from more than 500 MPa to close the 400 MPa. In
comparison between barium and silicon base inoculants, it was seen that the effect of
inoculants on the microstructure was the same but on the mechanical properties was
different and barium base inoculant had a more appropriate effect in comparison with
silicon base inoculant.
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