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AUTTACHAI UTSAJAI : EFFECT OF GRAPHITIZATION POTENTIAL ON
THE EUTECTIC EXPANSION IN GRAY IRON. THESIS ADVISOR :

ASST. PROF. SARUM BOONMEE, PhD., 137 PP.

SOLIDIFICATION BEHAVIOR/GRAPHITIZATION POTENTIAL/CAST IRON/

LINEAR DISPLACMENT/SOLID FRACTION.

The objective of this research is to study the effect of the graphitization potential
and the level of 'inoculation on the expansion and contraction in gray irons (GI).
The special equipment was created for this work. The spherical furan resin additive-
manufactured sand molds dimensions 76.2 mm were encased with the steel jackets to
minimize the mold-wall movement. The mold was equipped with a thermocouple (type
S) and a Linear Variable Differential Transformer (LVDT) to monitor the temperature
change and displacement during solidification simultaneously. Irons with various
graphitization potential that followed %Si 0.2, 0.47, 0.95, 1.49, 1.78, 1.80 and 2.06
were produced. It was found that the graphite expansion and the graphite expansion
time increased with increasing graphitization potential. In addition, the contraction after
the expansion of graphite decreased with increasing graphitization potential and carbon
equivalent ranging from 0.14 - 1.36 mm 0.2 - 1.8 mm. for the graphite expansion and
162 - 471 s. for the graphite expansion time. The experiment with the level of
inoculation demonstrated that the graphite expansion and the graphite expansion time

increased with increasing carbon equivalent.
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Mallet et al. Volume change Vessel -
(1874)

Schmidt et al. Graphite buoy Cylindrical; vertical Green sand mold
(1954) Dial gauges in mold wall

Degois (1975)

Displacement on silica rod

23 mm diameter, 175

mm long Cylindrical;

horizontal
Stefanescu et al. LVDT on quartz rod Thermal analysis cup Furan mold (hot box)
(1979) Thermocouple
Hummer (1985) 2 LVDTs on quartz rods - CO, sand mold
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Yang et al. Dilatometer on quartz | Square box CO, Sand mold

(1989) rod, Thermocouple

Gedeonova et al. LVDT on quartz rod

(1995) 2 Thermocouples (wall, | Cylindrical; vertical -
center)Load cell on
quartz rod

Mrvar et al. (2002) | LVDT on quartz rod Thermal analysis CO, sand mold
Thermocouple cup

Chisamera et al. LVDT on quartz rod 30 x 30 x 200 mm Green sand mold;

(2011) Thermocouple Square bar, Furan sand mold; both

horizontal encased in a container

Zou et al. (2012) Graphite buoy 80 mm diameter Bottom fed, encased in

LVDT on quartz rod spherical steel flask, vertical parting
line

Svidro and 2 LVDTs on quartz Stefanescu (2012) LVDTs mounted on a

Dosizegi rods (axial and radial) separated frame, shell sand

(2013) 2 Thermocouples mold, horizontal parting

(wall, center) Load cell

on quartz rod

line

G.Alonso et al.

(2014)

2 Thermocouples,

2 LVDTs (top, bottom)

Resin sand molds,

steel frame

Walls in front of the LVDT

to prevent disturbance

Chuanchareon et

al. (2017)

Thermocouple,

LVDT (Middle)

Spherical steel

jacket (13.3 mm)

No parting line of mold

Tadesee et al.

(2018)

Thermocouple, 4LVDT

Longitudinal and
transversal

displacement

Sodium silicate sand mold

Péter Svidro et al

(2018)

3 Thermocouple at

surface 3 LVDT (al)

Axial Displacement

Spherical steel mold
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Criteria RTD Thermistor Thermocouple IC sensor
Curve
RTD
hY Thermistor Thermocouple I. C. Sensor
w —» Vol
W v
2 3} wk
7 Z w
W @ ar [ol=]
o g =2
TEMPERATURE | — o TEMPERATURE | TEMPERATURE '
Temperature -250°C to -100°C to -267°C to -55°C to
range +750°C +500°C +2,316°C +200°C
Accuracy Best Depends on Good Good
calibration
Linearity Good Worst Good Best
Sensitivity Less Best Worst Good
Circuitry Complex Depends on Complex Simplest
accuracy/power
Power High when tanking measurement Low-high Lowest
consumption
Relative Moderate to high | Moderate to high | Moderate to high Low
system cost
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-+
MAXIMUM TEMPERATURE RANGE . /\/

Thermocouple Grade 7 S0 - Thermocouple Grade
32 to 2642°F AN NONE

010 1450°C A\ I ESTABLISHED
Extension Grade

32 to 300°F

0to 150°C . o .

LIMITS OF ERROR Platinum-10% Rhodium §
(whichever is greater) VS. . +
Standard: 1.5°C or 0.25% . _
Special: 0.6°C or 0.1% Platinum

COMMENTS, BARE WIRE ENVIRONMENT: ]
QOxidizing or Inert; Do Not Insert in Metal Tubes;

Beware of Contamination; High Temperature

TEMPERATURE IN DEGREES °C H
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0.02Si | 3.74 | 1224 1189 1086 162 339 504
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ANYNITINA
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A3 194
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2.06Si | 436 | 1178 1077 1068 426 20 565
Uninoc | 434 | 1165 1109 1084 348 26 374
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Uszian | @089 | CE | AT, | AXy Mgy | Aoy /Aty | Aty [ Aty
0.02Si | 3.74 | 103 0.14 1.18 0.32 0.68
047Si | 3.85 | 32 0.63 0.86 0.72 0.28
., _ | 09ssi | 4.03 66 0.86 0.68 0.82 0.18
ANYNITINA
. | 1.49Si | 423 | 97 1.30 0.03 0.94 0.06
n31 1
1.78Si | 558 | 84 1.98 0.01 0.96 0.04
1.80Si | 426 | 79 1.33 0.03 0.94 0.06
2.06Si | 436 | 101 1.36 0.003 0.96 0.04
Uninoc | 434 | 56 0.96 0.029 0.93 0.07
I o 0.1 | 4.39 64 1.47 0.037 0.92 0.08
dution-
5 Inoc02 | 436 | 57 0.93 0.026 0.93 0.07
ey
Inoc03 | 435 | 56 1.26 0.018 0.95 0.05
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Usgian | @089 | CE | UH19%UY | YHI9FUU N3 A
SUAU (mm) | gane (mm) | wWasumlas | vuwniu
W1a (%) | (kg/m?)
0.02Si | 3.74 76.20 74.35 -1.85 7,734
0.47Si | 3.85 76.20 74.62 -1.58 7,365
L 0.95Si | 4.03 76.20 74.92 -1.28 7,287
ANYNITINA
. 1.49Si | 4.23 76.20 75.12 -1.08 7222
A1 19l
1.78Si | 5.58 76.20 75.65 -0.55 6,741
1.80Si | 4.26 76.20 75.27 -0.93 7,183
2.06Si | 4.36 76.20 75.36 -0.84 7,100
Un inoc 3.74 76.20 75.45 -0.75 7,120
MIM 1 hoc 0.1 | 3.85 76.20 75.51 -0.69 7,125
dutlonadii
¢ Tnoc 0.2 | 4.03 76.20 75.41 -0.79 7211
Inoc 0.3 | 4.23 76.20 75.47 -0.73 7,181
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