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CONTENTS ON MICROSTRUCTURES AND MECHANICAL
PROPERTIES OF GRAPHITIC CAST IRONS IN AS-CAST CONDITION.
THESIS ADVISOR : NARONG AKKARAPATTANAGOON, Ph.D.,

128 PP.

COPPER/GRAPHITIC CAST IRONS/MICROSTRUCTURES/MECHANICAL

PROPERTIES/AS-CAST CONDITION

The objective of this research is to study effects of copper content addition
on variation of microstructures and mechanical properties of flake compacted and
spheroidal graphite cast irons. The purpose of this study is to produce graphitic cast
irons in pearlitic matrix structure in the as-cast condition. Results of microstructure
analysis and mechanical properties of three the graphite cast irons are as follows;

Flake graphite cast iron having carbon equivalence between 4.4-4.5%, with
0.5-2.5 wt% copper additions gave mainly pearlite microstructure (78.2-79.9%).
Results of mechanical testing exhibited Brinell hardness values of 167-179 BHN,
yield strength of 104-122 MPa and tensile strength of 132-154 MPa.

Compacted graphite cast iron having carbon equivalence between 3.9-4.2%,
with 0.5-1.5 wt% copper additions gave pearlite-ferrite microstructure. The pearlite
phase was measured to be 26.2-57.7% and 68.9-38.1 % ferrite. Results of mechanical
testing showed Brinell hardness values of 179-229 BHN, vyield strength of 448-474

MPa and tensile strength of 506-545 MPa.



Spheroidal graphite cast iron having carbon equivalence between 4.3-4.5%,
with 0.5-1.5 wt% copper additions, gave pearlite microstructure. The pearlite phase
was measured to be 65.8.2-86.9% and 24.9-4.4 % ferrite. Results of mechanical
testing showed Brinell hardness of 241-302 BHN, yield strength of 539-641 MPa and
tensile strength of 694-898 MPa.

Impact energy of compacted graphite irons and spheroidal graphite irons
0.0-1.5 wt% copper additions in the as-cast condition showed decreasing trends due

to decreased ferrite structure according to copper additions.
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Hu8I1e 910 ASM Specialty Handbook Cast iron (p. 9), Tag J.R. Davis, 1996, United States

of America: ASM International Materials Parks.
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Property Gray Iron CGI Ductile Iron
Ultimate Tensile Strength 55% 100% 155%
Yield Strength - 100% 155%
Elastic Modulus 75% 100% 110%
Fatigue Strength 55% 100% 125%
Hardness 85% 100% 115%
Damping Capacity 285% 100% 65%
Thermal Conductivity 130% 100% 75%

HUYLYe 910 “Study of the Machinability of Compacted Graphite Iron for Dilling Process,”

Mocellin, F., Melleras, E., Guesser, W.L. and Boehs, L., J. of Braz. Soc. Of, Mech.

Sci& Eng., January — March 2004, vol.26 , n.1, pp. 22
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(a) Flake graphite (b) Compacted graphite (d) Spheroid graphite
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lunsou (Radzikowska, 2005)
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(Davis & Associates, 1996)



Y 1
AT ASTM A 247 Idszywiiavesgilsraveanns Trdna 7 guuun g 2.3

v v Vi
A
Vil
Equivalent SO Equivalent ISO
ASTM type(a) form(b) Description ASTM type(a) form(b) Description
I VI Nodular (spheroidal) graphite v m Quasi-flake graphite
I VI Nodular (spheroidal) graphite, v i Crab-form graphite
imperfectly formed VI v Irregular or open type nodules

m v Aggregate, or temper carbon VIic) 1 Flake graphite

(a) As defined in ASTM A 247. (b) As defined in ISO/R 945-1969 (E). (c) Divided into five subtypes: uniform flakes; rosette grouping;
superimposed flake size; interdendritic, random orientation; and interdendritic, preferred orientation

5141 2.3 narasdnyazgliavewns ldlumanasauanaigiu ASTM A247 uag ISO/R

945-1969 (Davis & Associates, 1996)



[ [ [

a [ a [ 1 =) I a . . o Y
! VHanANSUMINAAanviaouns 1WA Ao tanady (Pig iron) laenaluudd
=

g a ¢ /2 @ S an = o /2 <
Lﬂaﬂﬂﬂfﬂguﬂ'ﬁﬂﬂuﬂigﬂ’lﬂ! 4 lﬂ@i!cﬁuﬁiﬂﬂu'lﬂuﬂ Llagcﬁﬁﬂ@u'QIQﬂ\iﬁgﬂU 1-2 Lﬂ@imﬁu@]

Y
U

o @ 0 o y < 1 a I
IﬂFJ’LH“I’Tuﬂ%$QﬂHWNWﬂWﬂWﬁWﬁﬂNium1ﬁaﬂﬂJ Lﬁ’f)H’T'ﬁﬂﬁﬁﬂﬂﬁ@ﬂlﬁﬁﬂlﬂﬂﬂ?il!ﬂlﬁﬁfl
o A 1 a ~ a VoA Y <] 1 4 A 3
asveuntogludsuaiguiunifzazareldlumanizeglugdvewns ia neman

< z 4 1o 1 ~ <] 1 [ < @
ﬂWﬂ‘Uﬂ (Fe3C) uu%u@EJﬂ‘]JET’JuWﬁiJTﬂ\‘lLﬂiJ"UENMﬂﬂ‘l/iﬂ’é) DRIINITLYUAINNTNIISUDIUYIQ

U

IS 1

I < a =Y J
Tl uvoauda HAEMIUBYVDIUINALDOUN (Nucleants) (Brown, 1994)
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{ a 3 o
1 2.4 upuglaugaveunaniuAIsuou (Verhoeven, 1975)
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[ { @ T 1 1 a3 Aa 1
(Metastable diagram) ﬂﬂzﬂﬁ 2.4 088 2.5 AIDYNUITU ANUUANATNVDIGUHHUYIANAN TSI
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EDGEWISE GROWTH
CEMENTITE IS LEADING

CRYSTALLOGRAPHIC
C-DIRECTION OF
CEMENTITE —

SIDEWISE GROWTH

(a) (b)

A a g a 3 o s .
31U 2.7 mmuaaamsia Taginan luszunvounaniua1s o (Flemings,1974)
3 a A
(a) gnanLuUaNAa (Fe-C eutectic)
3 a 2 .
(b) gaanLUUNITUAA (Fe-Fe,C eutectic)
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s a 2 < : !

Tassadawanveans lanmadulumanndoawnsoudasldsnigii 2.8 (@) Tag
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I { o a a { o a 4
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Shi, D., Li, D., Gao, G., and Wang, L. (2008) 1351891917181 899199 surface active

o 1Y 1 o < 1
element (S uag O) gﬂ@ﬂ%u"lﬂﬂwammizum (Edge plane) serwns Wauazivanvae
1 a 4
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‘a’ face
prism plane
c direction
[0001] ‘a’ direction
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c axis
(a)

2321
(c)

(b)

g1l 2.8. figmens Tavesmisinauns 1@ (Elliott, 1988)

i
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Ut 2.9 Branching mode voauns 1@ lugiindnisad (Elliott, 1988)
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J <3 1 a 1 ! IS J Y
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. A I 1 g ~
HUDU (Compacted graphite) AD LLﬂiMﬁWJgﬂiNmmﬂGl‘iyu ASTM A247 Type IV @Ngﬂ‘ﬂ
y a ] ! J @ o o3 1
2.3 e ldmannumiveunivz v launs Tudidugldmueu sulludedldTanzwaungy
Compactizing (magnesium, rare earths, and calcium) ﬁ)‘Uﬂ@:N Anticompactizing (titanium and
. 1 @ v o 1 ~ 3| = =} 9
aluminum) 39U Y @9A061931U7 2.10 Wumsuaawwan)Teufeunis1dTavznan

A = ' Y Y v A = ' = .
Lmﬂm%u—"lmmuamwnu AU ¥ lanemauuuniideunead19ae) (Davis &

Associates, 1996)
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Residual magnesium, %
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517 2.10 Fr9vetlSinamuniiFeumdeiannamilumanvaouns IWdavueu (Davis &

Associates, 1996)
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Shi, D., Li, D., Gao, G., and Wang, L. (2008) 51801u3130u luduniladmsumsla
J IS 1 3 ' 1 J < 1
youns IWa lidlugilsenanl@iiue interfacial  tension  szvI1uns Iduazianvae
9 [ 1 4 4 a .
WasNna9zAeellmgandins Tavoauns lAginsdu 9 uag 1599 (Surface tension)
< wa & Aaa d < J 3 o o =2 a g o
Wuguaianiamaaildndvounanyae lunszuiumsudediiu usademniuduls

o @

o =2 L <] 1w ~ ~
an iLJGlUﬂ']iﬂ’lwuﬂﬂ'IiIﬁmﬂqWaﬂl!ﬂiulWGIﬁlulﬁaﬂﬁaﬂﬂﬂgﬂ‘ﬂ 2. 12 UagMIINWN 2.3

5 ." "h:"‘. _\ " &
*‘Fﬁ“-. ‘.H' ) "'é'd\
(c) o =1082mN/m, ﬂake+verrn1cular (d) o =1203mN/m, vermicular
(e (f)

(e) o=1360mN/m, vermicular+nodular (f) o=1465mN/m, nodular

ﬂﬁ 2.12 ﬂ’)'lllﬁll‘l/‘lu‘ﬁii“’ﬂ’)Nﬂﬂ‘lelil‘l“iﬂi']\i"llﬂﬂllﬂiul'll\lﬁ!La“’LLiWNN’J‘mmﬂﬁﬁﬂuﬁ'm

/5118 modifying agent (Shi, D., Li, D., Gao, G., and Wang, L., 2008)
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A v o 1 R A o W 1 4
M3 2.3 AUz IS RsEInUdnyaz 35 19ve N Td

Surface tension (mN/m) Graphite shape
<990 ake
990 <= o < 1108 Nake + vermicular
1108 = o < 1283 vermicular
1283 < o =< 1385 vermicular 4+ nodular
o = 1385 nodular

HUYLYa 910 “Relation between surface tension and graphite shape in cast iron,” Shi, D., Li, D.,

G. and Wang, L., Materials Transactions., Vol. 49 (No. 9): 2163-2165
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Associates, 1996)
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Ratio of Mn and S Undercooling | Cells count /inch | Chill depth | Graphite type
(inch) and Matrix
%Mn = 66.0%S Moderate 362 16/32 Type D +
(0.8% Mn, 0.002%S) ferrite
%Mn = 45.0%S Small 362 13/32 More type +
(1.0%Mn, 0.022%S) pearlite
%Mn = 12.0%S smallest 517 9/32 Type A +
(0.8%Mn, 0.065%S) pearlite
%Mn=1.4%S large 1723 29/32 Type D +
(0.28%Mn, 0.2%S) carbide +
pearlite

NUYLYF 910 Cast iron technology, Tag Roy Elliott, BSc, 1988 Butterworth & Co. (Publisher)
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3 1/ 2.22 Monotonic tensile stress-strain response of pearlitic and ferritic irons (Fash, W.

James,1980)
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HUYLYA 910 “ Fatigue crack intiation and growth in gray cast iron.” Fash, W. James, 1980, A

report of fracture control program. College of Engineering, University of Illinois

Urbana. Illinois 61801.
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propagation) (http://www.sorelmetal.com/en/publi/frset publi.htm)
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A = ~ wva 3 1 a’ns: a
ATNN 2.6 l,!,ﬁﬂﬂﬂﬁlﬂiEmmEmﬂ‘mﬁwﬂﬁﬂlﬂﬂlﬂaﬂﬂaﬂllﬂiuMﬂﬂﬁ 3 ¥UA

COMPARISON OF CAST IRON PROPERTIES
Material Matrix Hardness Tensile Yield Elongation Fatigue | Thermal Conductivity
BHN Strength Strength % Strength W/mK
MPa (ksi) MPa (ksi) MPa (ksi) BTU in/h fi2 °F
Gray Iron Pearlitic 175 -230 230 - 300 115-210 0-1 95-110 44 - 52
(33-43) (17 - 30) (14 -16) (305 - 360)
CG Iron Ferritic 130-1390 330-410 240305 5-10 155-185 40-50
(48 - 80) (35 - 44) (22-27) (277 - 348)
Pearlitic 215-250 400-580 345-415 2-5 180 - 225 31-42
(58— 84) (50-60) (27 -33) (214 - 291)
Ductile Iron Ferritic 140 - 200 400 - 600 285-315 15-25 185-210 32-38
(58 - 87) (41 -486) (27 - 30) (221 - 263)
Pearlitic 240 - 300 { 600 — 700 375-482 3-10 245-290 25-32
(87 — 100) (54 -70) (35-42) (173 - 221)

HULYie 910 The Sorelmetal Book of Ductile Iron, Rio Tinto Iron and Titanium, 2004,

Canada.
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Grade 60-40-18 Grade 80-55-06 Grade 100-70-03 austenite) Martensitic Grade 150-100-70 | Grade 230-185-
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(414 mPa) (690 mPa) o (793 mPa) (1050 mPa) (1600 mPa) (310 mPa)
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*Approximate ultimate tensile strength 87,000 p.s.i. (600 mPa) Hard, Brittle (Note that magnifications are different.)

Huee 910 (http://www.ductile.org/didata/Section2/figures/pfig2 8.htm)
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a 1 1 4 a A o 1 ' a
NnFuUraovNAdURIUgUENa1e 30 Tadwas gRturasdnsaden ldedddsy

19 o ' = 2 o Y J dy Yo
Taolideetmuadiunauniaual (Brown, 1994) Jnihmaninasimsnadeviinlgiuns
1 < = < U J 3 A Ao = a v dy
NAAOUAINNNUTINTIAIVOUHaANraouns lWdNe 3 sHafiundny luanidel

< 1 Jd < 1 J o < 1 J
Uszneudey tianudouns Wdudy ianuasuns Ilddimueu vazmanndeuns Idnawy

a wva @ aw <3| J
IﬂEJ'E?)}'I\?@Q%@Hﬁﬁﬂﬂ@]ﬂWﬂﬂﬁﬁWNﬂWﬁiﬂ’luﬂ’liﬂﬂﬁﬂﬂ?ﬁﬂﬂﬂﬂﬂ!ﬂiﬂu ASTM Lﬂummm

A1519%N 2.8 Typical mechanical properties of as-cast standard gray iron test bars.

ASTM A 48 class Tensile Strength Hardness
MPa ksi (BHN)
20 152 22 156
25 179 26 174
30 214 31 210
40 293 42.5 212
50 362 52.5 262
60 431 62.5 302

HUELYA 910 “ASM Specialty Handbook, cast iron” Tag J.R Davis, 1996, ASM International

A1519%N 2.9 Typical mechanical properties of as-cast standard spheroidal graphite iron test bars.

ASTM A536 Minimum Minimum % Elongation in | Hardnsess
Grade Tensile Strength Yield Strength 50 mm
MPa ksi MPa ksi (2 in) BHN
60-40-18 414 60 276 40 18 -
65-45-12 448 65 310 45 12 -
80-55-06 552 80 379 55 6.0 -
100-70-03 689 100 483 70 3.0 -
120-90-02 827 120 621 90 2.0 -

NS 31N “ASTM Designation : A 842-84 (Reapproved 2004)”
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A15197 2.10 Typical mechanical properties of as-cast standard compacted graphite iron test bars.

ASTM Ag42 Minimum Minimum % Elongation in | Hardnsess
Grade Tensile Strength Yield Strength 50 mm
MPa ksi MPa ksi (2 in) BHN
250 (c) 250 36.3 175 25.4 3.0 179 max
300 300 43.5 210 30.5 1.5 143-207
350 350 50.8 245 35.5 1.0 163-229
400 400 58.0 280 40.6 1.0 197-255
450 (d) 450 65.3 315 45.7 1.0 207-269

NN 31N “ASTM Designation : A 842-84 (Reapproved 2004)”

(a) Grades are specified according to the minimum tensile strength (MPa.)

(b) Brinell impression diameter (BID) is the diameter (in mm) of the impression of a 10 mm diam
ball at a load of 3000 kgf.

(c) The 250 grade is a ferritic grade. Heat treatment to attain required mechanical properties and
microstructure shall be the option of the manufacturer.

(d) The 450 grade is a pearlitic grade usually produced without heat treatment with addition of

certain alloys to promote pearlite as a major part of the matrix.
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Liquid, L Cooling Curve
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A13197 3.5 1AAIT1902108AUDINADIYANT FAILLILLAY

AxioCam MRc 5 - Technical Specification

Number of Pixels: 2584 (H) x 1936 (V) = 5 Megapixel

Digitization: 12-bit/ 12 Mhz pixel clock

Dynamic Ranbge: 1:1300

Integration time: 1 ms to 60 s

Cooling: Single stage Peltier cooling

Interface: FireWire / IEEE 1394, 6 pin jack, speed 400 Mbit
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G — Gage length 62.5 £ 0.1 mm
D - Diameter 12.5 = 0.2 mm
R — Radius of fillet, min 10 mm

A — Length of reduced section, min 75 mm
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A 1 = < 1 sAq Y= av 0911 a
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Castirons No. | CE.| C Si Mn P S Ni Cr Cu Mg

1.FGI0.0%Cu | 4.5 | 3.48|3.01|0.149 | 0.061 | 0.010 | 0.009 | 0.020 | 0.027 | 0.001

2.FGI0.5%Cu | 44 |342|299|0.155]|0.072 | 0.019 | 0.010 | 0.016 | 0.483 | 0.001

3FGI1.0%Cu | 44 |3.412.93|0.190 | 0.073 | 0.029 | 0.012 | 0.018 | 0.970 | 0.001

4FGI1.5%Cu | 44 | 341|298 |0.120 | 0.085 | 0.020 | 0.009 | 0.014 | 1.510 | 0.001

5.FGI 2.0%Cu 4.5 | 342|297 0.114 | 0.0838 | 0.019 | 0.008 | 0.013 | 2.070 | 0.001

6.FGI 2.5%Cu 44 | 3401|2921 0.127 | 0.085 | 0.020 | 0.030 | 0.036 | 2.510 | 0.001

7.CG10.0%Cu | 4.0 |3.24 | 2.40 | 0.086 | 0.044 | 0.015 | 0.025 | 0.066 | 0.008 | 0.010

8.CGI0.5%Cu | 4.2 | 336|234 | 0.096 | 0.034 | 0.015 | 0.015 | 0.020 | 0.533 | 0.018

9.CGI 1.0%Cu | 3.9 |3.07 | 2.49 | 0.049 | 0.036 | 0.013 | 0.043 | 0.073 | 0.995 | 0.013

10.CGI 1.5%Cu | 4.0 |3.22 | 2.31 | 0.077 | 0.039 | 0.015 | 0.024 | 0.039 | 1.400 | 0.010

11.SGI10.0%Cu | 4.5 | 3.52 | 3.05 | 0.080 | 0.050 | 0.013 | 0.016 | 0.035 | 0.036 | 0.042

12.8G10.5%Cu | 4.5 | 3.50 | 2.93 | 0.106 | 0.055 | 0.015 | 0.021 | 0.028 | 0.595 | 0.044

13.5GI 1.0%Cu | 4.3 | 3.34 | 2.88 | 0.036 | 0.047 | 0.012 | 0.022 | 0.029 | 0.927 | 0.055

14.SGI 1.5 %Cu | 4.4 | 3.37 | 3.00 | 0.058 | 0.056 | 0.015 | 0.037 | 0.030 | 1.450 | 0.040
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Compacted graphite
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Percentage (%) SGI 0.0%Cu SGI 0.5%Cu SGI 1.0%Cu SGI 1.5%Cu
% Residual Mg 0.042 0.044 0.055 0.040
% Nodularlity 63.17 66.34 85.64 71.41
% Compacted 28.33 24.07 8.21 20.73
% Intermediate 16.99 19.17 12.30 15.72
% Spheroidal 54.67 56.76 79.49 63.55
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in single screw extruder. The composition of PP/PET blends were 100/0,

Technical Program

state has not yet been reported. The modification of alloying elements was

90/10 and 80/20 with and without a bilizer. The ci ibizizer was

d to improve the mechanical properties of this steel.

maleic anhydned grafted polypropylene (PP-G-MA). The effectiveness
of the compatibilizer was evaluated using vanmous techniques, such as
mechanical analysis, scanning electron microscopy, and rtheological analysis.
The results show that the addition of PP-g-MA promotes a fine dispersed-
phase morphology. and improves toughness of the blends. Shifts in the glass-
transition temperature of the PET phase and the increase in the melt viscosity
of the compatibilized blends indicated enhanced interactions between the
discrete PET and PP phases induced by the compatibilizer.

5:10 PM
Catalytic Process for the Dehydrohalogenation of NiCI2 Catalytic Process
for the Dehydrohalogenation of NiCI2 Supported on Al203: Chartsak
Chettapongsaphan'; "National Metal and Matenals Technology Center

In the process for the preparation of catalysts for hydrogenation from
oxides of nickel from the aqueous solution of the chlorides the solutions are
introduced into a pyrohydrolysis unit, where the desired oxides are formed
with specific surface areas of between 40 and 60 m2/g_ agglomerate sizes from
1 to 4 micrometers and a mean particle size of between 2 and 3 micrometers,
and the anions are combined with to hydrogen to give the corresponding
acids. As a further process step, this can be followed by a reduction at hugh
temperature not exceeding 1400°C. The catalytically active substances can
also be deposited on support matrices such as aluminum oxide supports.
Simple further processing to shaped forms (pellets etc ) is possible_

Materials Processing XI

Wednesday PM
December 10, 2008

Room: Plaza 7
Location: Sofitel Centara Grand Bangkok

Session Chair: Ammesh Jha, University of Leeds

2:45 PM Invited
Influence of Copper on Microstructure and Mechanical Properties
of Hypereutectic Ductile Irons: Tumrongsak Witchanantakul!; Usanee
Kitkamthorn', Sarum Boonme!; Rattana Bomisuthhekul'; Narong
Akkarapattanagoon!; Suranaree University of Technology

Hypereutectic ductile cast irons with the compositions of Fe-(3.3-
3.5)C(2.8-3.0)5i-xCu where x = 0-1.5 (in weight%) were cast into the
cylindrical bars. The alloys were austenitized at 950°C for 0-3 hours, and
then air-cooled. Austempering at 300°C for 2 hours after austenitizing were
also carried out. Results show that increasing the levels of Cu promotes the
pearlitic microstructure of the matnx in the as—cast alloys. Fully pearlitic
microstructure of each alloy 1s obtained when austemtizing time for 0%,
0.5%, 1% and 1.5% Cu-added iron alloys are 2 hrs. 1.5 hrs, 1 hr and 45
minutes, respectively. Addition of Cu also improves mechanical properties
of the as-cast alloys and those of the air-cooled samples. Results from the
austempering experiment show that low levels of Cu (< 1.5wt%) do not
significantly affect the microstructure and mechanical properties of the
austempered wons. Relations among microstructure, mechanical properties
and heat treatment conditions were discussed.

3:05PM
The Investigation of Ultra-High Strength Steel by Quenching-
Partitioning-Tempering (Q-P-T) Process: Rong IYonghua'; Wang
Xiaodong!; Xu (Hsu) Zuyao (T.Y.)!; !Shanghai Jiao Tong University

By comparing quenching and partitioning{(Q&P) process proposed by
Speer et al with quenching-partitionging-tempering (Q-P-T) process proposed
by Hsu, an ultra-high strength steel of Fe-0.485C-1.195Mn-1.1855i-0 98Ni-
021Nb by the Q-P-T process was designed and the microstructure was
characterized. The results indicate that this Q-P-T steel exhibits the tensile
strength over 2000MPa combined with good elongation above 10%, and a
steel with the carbon content less than 0.5wt% and with the tensile strength
over 2000MPa accompanying elongation above 10% at heat treatment

3:25PM
Synthesis of S and N Co-Doped TiO, Films by AC-PLD Method and
Their Photo Properties: Minoru Matsuda'; Masaki Yoshinaga!; Nobuaki
Sato!; Atsushi Muramatsu!; Tohoku University

For the application of Ti0, film to visible light active photocatalyst by
anion doping, synthesis of S and N co-doped TiO, films was conducted
by here lled pulsed laser deposition (AC-PLD) method. In
this method, anion doped TiO, film was formed on quartz substrate by
the irradiation of pulsed Nd:YAG laser light on TiO, target in the presence
of CS, and CH;CN. Both S and N were found to be doped homogenously
i the obtained TiO, film. The co-doped film was visible light active and
its absorption property was sensitive to the partial pressure of the gaseous
reagents during the ablation. Furthermore, the co-doped film showed better
catalytic performance than either sulfur or nitrogen doped Ti0, film

3:45PM

Synthesis of Two Types of Adsorbents: A Comparison Study of Their
Efficiencies and Environmental Impacts when Adsorbing Molybdenum
from Wastewater: Gjergi Dodbiba'; Teiji Nukaya®; Yuji Tanimura?; Toyohisa
Fujita': "Wniversity of Tokyo: Nittetsu Mining Company, Ltd.

A comparison study was carried out in order to compare the adsorption
efficiencies and the environmental impacts of two different methods
for of Mo ¢ 1 d - In other words, a FeCl3-
based adsorbent and a FeSO4-based adsorbent were synthesized and their
efficiencies in adsorbing Mo from were d in terms of the
adsorption capacity and the rate of adsorption. Here, it should be noted that
the main material being used in the synthesis of the FeSO4-based adsorbent
is a waste product from the manufacturing process of titanium dioxide.
Finally. the experimental results were used as input parameters in assessing
the environmental impacts of these two different adsorption methods. In
other words, both methods were compared in the context of the life cycle
assessment (LCA). The environmental impacts were expressed in terms of
pletion p 1 and global g potential.

4:05 PM Break

resources d

4:30 PM
Synthesis of Slow Release Fertilizer by Means of Mechanochemical
Method: So/ihin': Qiwu Zhang!;: Fumio Saito!; ‘Institute of Multidisciplinary
Research for Advanced Materials, Tohoku University

The candidates of slow release fertilizer matenals, such as KMgPO4 and
NH4MgPO4. have been i d by means of i; hemical method,
using a planetary mill to conduct solid-state reaction It is found that rate
of nuirient release depends on the rotational speed of the mill. The release
performance of both KMgP0O4 and NH4MgPO4 in water is depending on
mill speed. For example. small amount of KMgPO4 and NH4CaPO4 formed
on the surface of reactant powder particles decreases with an increase in
mull speed of rotation. The nutrient release rate of phosphorous, potassium,
ammonium from KMgPO4 and NH4MgPO4 1s decreased down to 10-20%,
whereas magnesium can be dissolved slightly. Thus the mechanochemical
method may be an effective synthesizing tool for controlling the release of
fertilizer materials, such as KCaP0O4 and NH4CaPO4. in water.

4:50 PM
Synthesis of Metallic Nanoparticles by Hydrolysis of Magnides,
Aluminides, and Sodides: Huabin Wang!; Derek Northwood'; 'University
of Windsor

The hydrol behavi of ides, aluminides, and sodides at room
temperature has been systematically investigated. Ni, Cu. Au. Ag, Si. Ge, and
Pt nanoparticles prepared by the hydrolysis of magnides and sodides were
roughly spherical in shape with particle sizes below 20nm. The hydrolysis
byproduct of magnides, Mg(OH)2. has a very small solubility in water, and
1s easily removed by a dilute acid. The use of a dilute acid for the removal of
AI(OH)3. the hydrolysis byproduct of aluminides, leads to a fairly low pH,
as a result. chemically active transition metal nanoparticles do not survive,
especially when exposed to air. Only chemically inert transition metals,
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Influence of copper on microstructure and
mechanical properties of hypereutectic
ductile irons

Thumrongsak Witchanantakull, Usanee Kitkamthoml, Sarum Boonmeez,
Rattana Borrisutthekul’, Narong Akkarapattanagoon”

'Graduate Student, School of Metallurgical Engineering, Suranaree University of Technology
111 University Avenue, Muang District, Nakhon Ratchasima 30000, Thailand
*Lecturer, School of Metallurgical Engineering, Suranaree University of Technology
111 University Avenue, Muang District, Nakhon Ratchasima 30000, Thailand
E-mail: rattana@sut.ac.th

Abstract

Hypereutectic ductile cast irons with the compositions of Fe-(3.3-3.5)C~(2.8-3.0)Si-xCu where x =
0-1.5 (in weight%) were cast into the cylindrical bars. The alloys were austenitized at 950°C for 0-3
hours, and then air-cooled. Austempering at 300°C for 2 hours after austenitizing were also carried
out. Results show that increasing the levels of Cu promotes the pearlitic microstructure of the matrix
in the as-cast alloys. Fully pearlitic microstructure of each alloy is obtained when austenitizing time
for 0%, 0.5%, 1% and 1.5% Cu-added iron alloys are 2 hrs, 1.5 hrs, 1 hr and 45 minutes, respectively.
Addition of Cu also improves mechanical properties of the as-cast alloys and those of the air-cooled
samples. Results from the austempering experiment show that low levels of Cu (< 1.5wt%) do not
significantly affect the microstructure and mechanical properties of the austempered irons. Relations
among microstructure, mechanical properties and heat treatment conditions were discussed.

Keywords: Austenitizing, Austempering, Hypereutectic Ductile Trons

1. Introduction
In the production of thin wall ductile iron, the
undesirable primary carbide tends to develop
during solidification [1]. To avoid its formation,
the carbon equivalent of ductile iron should be
kept at high level which is normally in the range
of hypereutectic iron. The carbon equivalent is
a function of the concentration of carbon, silicon
and phosphorus in cast iron [2]. It is given by;
CE = %C + (%8i + %P)/3
It has been suggested that silicon contents
higher than 2.0 wt% are preferred for production
of thin wall ductile irons [3]. Silicon promotes
graphite formation and delays the precipitation
of cementite. This, in turn, leads to an increase
in volume fraction of ferrite matrix and a
decrease in mechanical properties of ductile
iron. Cu is a moderate graphite stabilizer. It is
also promotes pearlite formation by retarding
carbon diffusion in austenite [4]. In [5], it has
been indicated that Cu builds up at the

STJSWEG 2009

austenite/graphite interface during solidification
and creates a diffusion barrier against carbon
diffusion in austenite. Therefore, Cu is believed
to be one of the potential elements added to
ductile iron to reduce the ferrite formation.
Although previous research works were carried
out on the ductile irons containing Cu [6-7],
none has explained effects of Cu on the
microstructure and mechanical properties of
ductile irons clearly. Thus, in this paper, the
effects of Cu contents on ductile iron in as cast
condition and heat-treated condition were
studied.

2. Experimental Procedures

Four different compositions of iron alloys in
Table 1 were used in this study. The carbon
equivalents of all alloys were kept to the same
level in order to avoid its effect on
microstructures. The alloys were melted in a
40-kg induction furnace. The melts were
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inoculated and treated with a commercial
nodulizer (COMPACTMAG) at 1500°C by the
sandwich method, then cast in the form of
cylindrical bars shown in Figure 1. Specimens
with a thickness of 25 mm were sliced from the
bars. These specimens were austenitized at
950°C for 30, 45, 60, 90, 120, 150, 180 minutes
and followed by air-cooling.  Appropriate
austenitizing times were then chosen for the
austempering experiment carried out at 300°C
for 2 hours. The microstructure of as-cast and
air-cooled and austempered specimens were
observed by optical microscopy.  Brinell
hardness of all specimens was also investigated.
The standard tensile test specimens machined
from the bars were also subjected to the same
thermal treatments. Tensile testing was
performed using the Instron 8801 universal
testing machine.

Table 1: Chemical composition of ductile iron

Alloy No.

Wt SG0.0 | SG05|SG1.0|SG1.0
C 3.52 3.50 3.34 3.40
Si 3.05 2.93 2.88 3.03
Cu 0.0 0.6 0.9 T
Ni 0.016 0.021 0.022 | 0.037
Cr 0.035 0.028 0.029 | 0.050
Al 0.021 0.028 0.018 | 0.020
P 0.050 | 0.055 0.047 | 0.050
S 0.013 0.015 0.012 | 0.015

| Mg 0.042 0.044 | 0.055 0.040 |
-5l
Ll;— L —)
440 mm
d i
%Avqjj

Fig.1: Dimension of casting

3. Results and Discussions

3.1 As-Cast Microstructures and Mechanical
Properties

STISWB 2009

Microstructures of as-cast ductile iron alloys
are shown in Figure 2. Unalloyed iron exhibits
bull’s eye microstructure as shown in Figure
2(a). The additions of Cu into the alloys promote
pearlitic microstructure as illustrated in Figure
2(b)-(d). Near-fully pearlitic microstructure was
obtained when 1 wt.% of Cu or higher amount
was added into the iron alloys. Figure 3 shows
the variation of hardness, yield strength, and
tensile strength of as-cast alloys with Cu
contents. These properties were improved with
increased amounts of Cu.

The higher levels of Cu contents in iron
alloys result in an increase in the amount of
pearlite in the matrix. Since graphite sizes and
its distribution in all alloys are not significantly
different, such augmentation of pearlite, in turn,
results in an increase in hardness, yield strength
and tensile strength as would be expected. This
is consistent with the results in this study.

3.2 Microstructures and Hardness of Air-
Cooled Samples

Figure 4(a) -(b) reveal microstructures of
SGO.0 alloy after austenitized at 950°C for 120
and 180 minutes and then air-cooled. As the
austenitizing time increases, the higher amount
of pearlite is observed. However, near-fully
pearlitic microstructure of SGO0.0 was not
obtained even though the austenitizing time had
been increased to 180 minutes.

The effect of austenitizing time on the
amounts of pearlite in Cu-added alloys is also
evident. Examples of microstructures of the air-
cooled SGO.5 (austenitized for 30 and 90
minutes) are illustrated in Figure 5. It was
found that near-fully pearlitic matrix of Cu-
added iron alloys were obtained when the
austenitizing time for $GO0.5, SG1.0, and SG1.5
are 90, 60, and 45 minutes, respectively. Figure
5(b) is an example of near-fully pearlitic
microstructure of SG0.5. Figure 6 shows the
hardness of air-cooled samples austenitized for
various times. The hardness increases with the
when austenitizing times and the maximum
hardness of $G0.0, SG0.5, SG1.0, and SG1.5
were obtained at 120, 90, 60, and 45 minutes,
respectively. The maximum hardness indirectly
implies the austenitizing time required to reach
maximum carbon dissolved in austenite.
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Fig. 2: Microstructures of as-cast iron alloys (a) SG 0.0 (b) SG 0.5 (¢) SG 1.0 and (d) SG 1.5.
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Fig. 4: Microstructures of air-cooled SG 0.0 austenitized at 950°C for (a) 120 minutes, and
(b) 180 minutes.
a) - b)
Fig. 5: Microstructures of air-cooled SG 0.5 austenitized for (a) 30 minutes, and (b) 90
minutes.
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Fig.7: Microstructure of austempered SGO0.5 austenitized for (a) 30 minutes and (b) 90
minutes.
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Fig. 8: Hardness, yield strength, and tensile strength of austempered iron alloys.

Shorter austenitizing time for higher Cu
content alloys is expected since the higher

levels of Cu,

lead to more pearlitic

eutectoid transformation and thus results in
finer o + FesC lamellar spacing. It is worth
noting that prolonged austenitizing times lead

microstructure in the as-cast alloys.

to the decrease of hardness.

This may be

The maximum hardness of higher Cu
content alloys is greater than that of lower Cu
content alloys. This is due to the matrix which
consists of some ferrite surrounding the
graphite nodules. The Cu-added alloys
exhibiting maximum hardness have similar
constituent matrix phases. The higher
maximum hardness of higher Cu content alloys
is presumably due to the effect of Cu in
austenite on the eutectoid transformation
temperature. It has been reported that the
presence of Cu in austenite depresses the

STJSWB 2009

attributed to the austenite grain growth.

According to the microstructures and
hardness of air-cooled samples, appropriate
austenitization times for 120, 90, 60, and 45
minutes were applied to 8G0.0, SG0.5, SG1.0,
and SG1.5 respectively, prior to quenching into
salt bath.

3.3 Microstructures and Mechanical

Properties of Austempered Samples
Austempering of all samples was carried

out at 300°C for 120 minutes. Figure 7 (a)-(b)
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show examples of austempered microstructure
of SG0.5 specimens which were austenitized
for 30 minutes and 90 minutes, respectively,
prior to austempering. The dark phase in the
matrix is the baintic ferrite whereas the bright
phase is retained austenite. It can be seen that
the microstructure in Figure 7(b) exhibits a
slightly higher amount of retained austenite
than that in Figure 7(a). This indicated that
the level of austenite carbon content is higher
in the specimen austenitized for 90 minutes.

Figure 8 shows the hardness and tensile
properties of austempered iron alloys. Each
alloy was austenitized at their optimum times
(time required to reach maximum hardness)
and subsequently austempered at 300°C for
120 minutes. It shows slight variation of these
mechanical properties due to the difference in
Cu contents. Since the alloys were
austenitized at the optimum austenitized time,
the carbon in austenite should be at the same
level. The microstructure and mechanical
properties of austempered iron alloys would be
different if Cu affects the bainitic transform.
However, the results in this study imply that
Cu does not play a significant role on the
bainitic reaction in ductile cast irons.

4. Conclusion

1) Small amount of Cu in cast iron alloys
promote pearlitic microstructure in the as-cast
condition. This leads to shorter austenitizing
times of Cu-added alloys.

2) If the optimum austenitizing times for each
alloys have been chosen, low levels of Cu of
less than 1.5wt.% do mnot significantly affect

S7JSW8B 2009

the microstructure and mechanical properties
of the austempered ductile cast irons.
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Abstract

In recent automotive industrial trends, compacted graphite irons (CGI) have been used for
high performance diesel engine blocks which require high strength and weight-saving
materials, in order to improve fuel consumption. To achieve high strength in the as-cast
condition, copper (Cu) was added to CGI melt compositions for microstructure and
mechanical property improvements. Chemical compositions of each CGI melt were controlled
in the range of 3.1-3.4 % C and 2.3-2.5 % Si with subsequent treating of 0.3 wt%
spheroidizing agent and 0.4 wt% inoculants by using sandwich method treatment at 1450 + 20
°C. The amounts of Cu in CGI melt were varied from 0-1.5 wt%. CGI specimens were cast
into green sands mold in cylindrical shape bar of 2.5 cm in diameter 40 em in height.
Chemical compositions were inspected by using a spark emission spectroscopy analyzer.
Tensile properties were tested by a universal tensile testing machine and hardness values were
tested using a brinell hardness tester. Microstructure of CGI specimens were investigated by
using an optical microscope coupled with an image analyzer. It was found that pearlite phase
in as-cast structure 1s increasing with increasing Cu contents and mechanical properties of CGI
with Cu addition in the range of 0.5-1.5 wt% show range of hardness value of 179-229 BHN,
yield strength value of 448-474 MPa, tensile strength value of 506-545 MPa. Experimental
results clearly show that increasing amounts of Cu content promote formation of pearlitic
structure of the CGI matrix which resulting in increasing hardness, yield strength and tensile
strength 1n the as-cast condition .

Keywords: Compacted graphite 1on; Chemical composition; As-cast condition;
Microstructure; Mechanical properties
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Mechanical properties of gray cast iron are a sensitive function of graphite
morphology and matrix structures. Type C graphite, present in hypereutectic irons, greatly
reduces mechanical properties of the gray cast irons. To achieve higher strength in the as-cast
condition, copper was added to the gray cast iron melt as it helps to retard carbon diffusion,
thus promoting pearlite formation. Hypereutectic gray cast irons with norminal compositions
of Fe-(3.4-3.5)C-(2.9-3.1)Si-xCu, where x= 0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 (wt%) were cast
into green sand molds to produce cylindrical bars of 2.5 em in diameter and 52 cm in height.
Investigations on microstructures and mechanical properties reveled that tensile and Brinell
hardness properties increased with increasing amounts of pearlite structure when copper was
added up to 1.0 wt%. Higher contents of copper additions of 1.5 — 2.5% however lowered the
tensile strength due to the role of copper in promoting graphitization. Both tensile and
hardness properties were also affected by carbide formation at higher copper additions.
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Abstract

Mechanical properties of gray cast #on are a semsitive function of graphite morphology and matroc structures. Type G graphite, present n hyperedtectic inons, greatly reduces mechanical properbes:
of the gray cast Wons. To achieve higher strencth in the as.cast condtions, copper was addad fo the gray cast on melt as # heips o retard carbon diffusion. thus promotng pearine foermation
Hypereutectic gray :ﬁt(mmmmm af Fe-{34-3.5)C- l2 8-31)5Hx)Cu, where x = 00,05, 1.0, 15, 20 and 2.5 (wi%) were cast intc groen sand mokds to produce cylindncal bars of 2.5

em in dameter and 52 em in height
structure when copper Wﬁm|fm04—2§\ﬁ‘i

peeperties reveled tat bath tensile and Binsd hardness propemies ncreated with increasing amounts of pearite

Mechanical propertes of gray cast iron are a sensisve function of graphite morphology
and st struchutes. The mictosiructure of gray cast ron i contrelled by several fackors, the G
and S content (G.E V.= %C + 1/3(%5+%F)) were minor elements and other aloying additions
a5 woll a5 processing variables, such a5 method of meking. inoculation practice and cooling
rate. Hypereutectc gray cast irons are prefermed for producton of thin wall casting o reduce chal
foernation and pramote castabdity with a negative effiect on strength

To achieve hagh stréngth grary Cast iron in the as-cast conditon, copper (Cu) was added
to the mel composion . Copper s a graphitizer and can be used in partial replacernent for
sibcon to miemze chiling lendencies without promote free ferrte. Copper also promotes
pearite formation by retarding carbon diffusion in austente. Therefore, Copper i believed 1o be

Introduction

Experimental Procedures

Pig ron, steed scrap and high purity copper billet were mell in 8 35 kg capocity nduction
fumace 10 produce gray ast ifen having the cantrolied compasiions. Inoculation trealmant wi
camied out usng the lade transfer method. The mek was noculated (0.4% by weight of charge)
wsng Fe-T55.0 8Sr alloy by placing at the battam of the treatment adie pros 16 pouring of the
muolien metal Inoculation teatrment lemperature and pouring lemperatre of mollen cast inan
‘werg controlied in the temperature range of 1500 — 1520 *C and 1330 — 1370 *Cn

Chsrical analysss of the gray cast ifons was camed out usng 3 spectiometer a5 sted in
Table 1, showing varied amounts of copper addtion (0 ~ 2.5 wi'). The prepared meR were cast
mio green sand maid to produce cybndncal bars of 25 om in dameter and 52 cm n hesght
rhclcs.lu_lwe of GCI spe:rnem were investigated using an optical microscope coupled with an

one of the potential elements added 10 grary cast on 1o reduce ferte formation. In the. study,
the effects of copper eddtions between 0 = 25 wi% on merostucture and mechanical
properbes af hypereuechic gray cast sons were stiuded Influences of copper confent on the
matiex strocture of gray cast kons together with stength and hardness propenties were
| _imvestigabed

image analyzer Ten: amens were machined and tested on a uriversal tensile testing
machine rm.rq A_n'ulFe Brinell hardnass values were svakiated

Results and Discussion

Optical M ha a5 shown in Fig. 1

o gradunl change in gray cas Kon mcrostructure with ncreasing amounts of copper additions. mage analyus resulls (Fig 2) indicate pearite 1o
ferrite ratio moreases with increasing amounts of copper addbons (05 . 2.5 wi%h Cu) The amount of graphile phass increases only shohlly wilh increasng copper adddions while the amount of carbide
‘appeared 10 be rather constant. Furthermore, yield and tensie strength values of the casting were mproved with copper additions (05 - 2 5 wi) giving ranges of tensile strength values of 132 - 154 MPa
and yield strength values of 104 2 - 121 7 MPa Bonel hardness values were measured to be 167 - 170 BHN as shown in Fig 3. Overall resulls indicate that increasing copper addtions from 05 - 25
Wi in the producton of gray cast ion provide only Mile Improvements in lensée and hardness propertes with a Wade off on matenal cost

| —m—% Paarie

Table 1. Chemical composition of gray cast iron alloys <t Grophits =1, Ferrite = ® =% Carbide |
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Figure 2. Results of Phase analysis of gray cast iron alloys.
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ABSTRACT

Mechanical properties of flake and spheroidal graphite cast irons are sensitive
functions of graphite morphology and matrix structures. Primary graphite, present in
hypereutectic cast irons, greatly reduces mechanical properties of flake and spheroidal
graphite cast irons. To achieve higher hardness in hypereutectic cast irons, copper was

added into cast iron melt to retard carbon diffusion, thus promoting pearlite formation.
Hypereutectic flake and spheroidal graphite cast irons with nominal compositions of
Fe-(3.4-3.5)C-(2.9-3.1)Si-xCu, where x= 0.0, 0.5, 1.0 and 1.5 (wt%) were cast using
green sand molds to produce cylindrical bars of 2.5 e¢m in diameter and 52 ecm
in height. Microstructure of cast iron specimens were investigated by using an
optical microscope coupled with an image analyzer. Investigation on microstructures
and hardness of spheroidal graphite irons revealed that the hardness significantly
increased with the amounts of pearlite phase when copper was added from 0.5 — 1.5
wt%. Addition of copper in flake graphite irons in the range of 0.5 — 1.5 wt%, gave
rise to a slight increase in the amount of pearlite phase and a little improvements in
hardness with a trade off on material cost. Futheremore, as the pearlite microstructure
was excluded by annealing the sample to achieve fully ferrite microstructure, the
influence of copper additions will be discussed.

KEYWORDS: Flake Graphite Cast Irons, Spheroidal Graphite Cast Irons, Micro-
structures, Hardness
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