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KITTIRAT WORAKHUT : PROTOTYPING OF THE THERMAL

ANALYSIS SYSTEM FOR CAST IRON INDUSTRY. THESIS ADVISOR:

ASST. PROF. SARUM BOONMEE, Ph.D., 70 PP.

THERMAL ANALYSIS/COOLING CURVE/ LIQUIDUS ARREST/EUTECTIC

The objective this resech is to prototype a thermal analysis system for cast iron
industry. In the industry, the control of chemical composition in iron melt is done by
the Optical Emission Spectrometry (OES). However, the technique is unable to predict
the nodularity directly and requires experiences in interpreting the chemical
composition. Moreover, the equipment requires the capital investment. The thermal
analysis can be applied to melt quality control by aiding the prediction of the chemical
composition and nodularity with minimal investment.

In this study, a new thermal analysis system was created. The system consists
with a sampling stand (equiped with a thermocouple), a data acquisition system, a
processing unit and a display unit. The data were collected in order to correlate the
characteristics of the cooling curves (e.g. the temperature of liquidus arrest (774), the
eutectic temperature (7k), the angle of cooling rate eurve (@) at the end of solidification)
and the chemical compositions (e.g. C, Si, Mg). It was found that the 774 and carbon
showed a significant correlation with the coefficient of determination (R?) of -0.97. In
addition, the 7 and silicon were remarkbly correlated with R? of -0.99. Therefore, the
empirical equations for the 774 and 7 were established for the prediction of carbon and
silicon respectively. For ductile iron, it was found that  and magnesium demonstrated
a notable correlation with the R of -0.96. An empirical equation for the prediction of

magnesium was proposed. All equations mentioned above were used for encoding in



the newly created thermal analysis software. The thermal analysis system was tested in
the industrial trials. The percent accuracy of carbon, silicon and magnesium were 98.31,
99.47 and 99.93 % respectively. Furthermore, the percent precision of carbon, silicon
and magnesium were 0.19, 0.13 and 2.74% respectively indicating that the system was

capable to be used in the foundry floor.
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A A . 1o A A A
98.319% ANUAAIALAADU AD 1.681% %Si HANUUNUUIIAD 99.4764% AIUAAIAADNDUAD

0.5236% CE IAnuuaiud o 99.8735% AUAIAAADU AD 0.1265% 1Az %Mg 4nu

UNUEIAD 99.9329% ANUAAAANADY 0.0671% AAAIIUAITIN 4.4 4.5 4.6 1Az 4.7

A1519% 4.4 mmmiuE]’m,azmmmmmﬁaummm%mu

%C (OES) %C (TA) FosazanuuNuE %’aﬂazmmﬂmﬂméau
3.386 98.319 1.681
3.330 3.380 98.499 1.501
3.373 98.709 1.291

A13197 4.5 AU UGN ANNAIIANADUYBITANDU

9%Si (OES) 9%Si (TA) fovaznnuuludl | Fesazanuaaianany
1.9240 99.7917 0.2083
1.920 1.9240 99.7917 0.2083
1.9200 99.4764 0.5236

A15199 4.6 ﬂ’J”IllLLllluEhl!,ﬁ$ﬂ’NllﬂﬁWﬂLﬂﬁ@uﬂl@ﬂﬂTgﬂﬂuﬁMQa

CE (OES) CE (TA) Fovaznnuulue %’aﬂazmmﬂmﬂmﬁau
3.953 99.9241 0.0759
3.950 3.948 99.9494 0.0506
3.945 99.8735 0.1265

Q13199 4.7 ANUULULAZANUAAIAAADUVD UL T Y

%Mg (OES) %Mg (TA) $osazanuuiue %’aaazmmﬂmmﬂﬁau
0.0461 99.9329 0.0671
0.0432 0.0447 99.9653 0.0347
0.0438 99.9862 0.0138
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CE 1 A1N89959 A 0.1097417% 1A% %Mg UANNINEIATIAD 2.7488856% Aduaadly

Q119N 4.8 4.9 4.10 1AL 4.11
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%C (TA) fosazanuneans

3.386 0.1873952

3.380 0.0098629

3.373 0.1972581




A1 19N 4.9 ANUNYIATIVDITFANDOU

%Si (TA) fovazanuneans

1.9240 0.0693481
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{ { s
@niN“ﬁ 4.10 mmgﬁmmwmmimuﬁuya

CE (TA) ZogazAuIfeInse
3.953 0.1097417
3.948 0.0168833
3.945 0.0928583

)~ A a
ATNN 4.11 ANUNGIATIVDILNNULB Y

%Mg (TA) FovaznnuNeansa

0.0461 2.7488856

0.0447 0.3714710

0.0438 2.3774146
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5.1.1 wanviasim

IS4 ) v

4 4 1 @ I} Jd v 1 1
ANSUIULALATUBNIVINMINANUTUNUTNY Ty 08190 Wed 1A Iasiian

9

A3

< \ o o o
ﬁﬂﬂizﬁﬂﬁﬂlﬂﬁﬁﬁﬁuwuﬁlﬂiﬂﬂ -0.97 11ag -0.95 AUAIAVTIUITOFAINTUNITUTA

anuduRus 1daail
% C=-0.006218(Tr4) + 10.64 (5.1)

CE =-0.00932(T74) + 15.035 (5.2)

Y 3 1 Y o 4 4 = ' < Y
Llﬁﬂ\‘]iﬁlﬁu’ﬂ Tra ﬁnﬂiﬂolG])"VHLHEJﬂWiU@uuﬁ%ﬂWﬁ”}J’t’)uLTIEJ?JLVIWGlHLWaﬂWﬁﬂiJLWa’Jllﬂ

9)cu %% v da ' aa @ a o g
Llf’Jﬂfl]1ﬂflEJ\‘]WUﬂ?TNﬁNWH‘ﬁL“KQL%HSZﬁ’JN%ﬁﬂ@uﬂ’ﬂ Tﬂuwumﬁ (RZ =-0.99) A1N15D

Y
v A

A3 AUMIHAAIA NN TNRUT 1Al

% Si = -0.080(T%) + 92.09 (5.3)

o [ @ 4 1 dy 9 o [ 9 Y] o <Y
auMsAMSuANYFUNUTIH 1N IFE T UM ST aso eI AL
5.1.2 Iranviaairie)

4
] ° T w a A [ Y4
wuIunthFeuusaviue 1aare MCR uaz @ Uaduilszansandunus

e

LY o w [ Y4 [
NN 0.84 1AL 0.96 AUAIAU ﬁ’lll’liﬂﬁ%l'l\iﬁilﬂ'lillﬁﬂﬂﬂﬁ']ilﬁﬂwu‘ﬁ119911 \Tﬁ

% Mg = 0.0358(MCR) + 0.0971 (5.4)

% Mg = 0.00045 (6) — 0.00778 (5.5)

o J 4
aums 5.4 vaz 5.5 gnldlumsinneuuniiBounas Nodularity arelugendnisdunuy
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% d d
5.1.3 manannwoan’
Y v o.l 14 4
nNANNFNNUTVIA NI ATUOU (%C) Az Ty MTveuaNya (CE) 1oz Ly
Fanou (%Si) uay Tr uunilGew (%Mg) uazid1(d) AunaN (%Nodularity) tazuun o
(9eMg) ldaumsaamsned 5.1 Mg msums@ouTdsunsulumssiiune %C %Si CE %Mg

uag %Nod

1 Y § o v J o
A15199 5.1 Aulsalanuaunusuasaunsiueg %C %Si CE %Mg uag %Nod

Fualsifiauduius AUMITIUY

%C Tra % C=-0.006218(T74) +10.64
94Si T: % Si = -0.080(T)+ 92.09

CE Tr4 CE =-0.00932(T74) +15.035
%Mg 0 % Mg = 0.00045 (6) — 0.00778
%Nod %Mg % Nodularity = 1522.7 (% Mg) + 2.5893

5.1.4 HaMIlyau

9 Y 1Y A=} 1 (] o Ia 4
MNNINATeUNI IFu ldnadutne Amanunuud1veIglnisiingzinig
anudou Maldnui %C HaNuuFININY 97.392 A1ANUAAAATOUAD 2.608 %Si 1
ANUUNUSUNINY 99.4764 AANUAAAAADUINING 0.5236 CE UANUUUUTUNINY 99.344
ANNUAAIAAADILNIND 0.3195 AL %Mg WANUNUTUNIND 90.3820 AIAIINADIA

d’ o v d' 1 = d' 1 U . =S 1 d'
NADU9.6180 IUTUANWNIIATINDI %C UAIANNNGIUNIAY 0.193 %Si UAIANUNG

MAY 0.1387 CE HMANMNSUNIND 0.0983 11z %Mg UMANUNSUNINY 2.6243
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{ ) v A J
M3190 1 YoyadmiVINTIZH %C uaz T,

No %C T,
4 3.66 1181.90
9 3.46 1149.25
4 3.55 1143.95
11 3.43 1154.05
2 3.68 1126.45
3 3.60 1131.80
10 3.50 1150.75
12 3.46 1157.20
13 3.41 1161.00
15 3.36 1164.80
16 3.36 1167.95
17 3.34 1171.60
18 3.32 1176.50
8 3.54 1146.25
14 3.40 1163.00
20 3.28 1186.75
12 3.22 1204.25
13 3.18 1204.20
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A13°99 2 YoyadmiuANTIET CE nay T,

No CE T,
3 447 1131.80
7 4.29 1141.35
8 441 1146.25
11 4.29 1154.05
19 4.12 1179.50
22 4.00 1193.50
2 4.2 1166.10
6 4.09 1174.40
7 4.02 1175.95
8 4.02 1176.90
9 4.03 1184.80
12 3.96 1183.45
15 3.89 1193.80
16 3.92 1195.75
8 4.14 1164.70
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{ ° v A 4
A1519% 3 %@yaﬁmammam‘t& %Si e T,

No. %Si T
1 0.92 1126.40
2 1.13 1124.55
3 1.27 1122.85
5 1.55 1119.80
6 1.69 1119.40
7 1.90 1116.50
8 2.02 1114.50
9 2.12 1112.90
10 2.33 1111.05
11 2.48 1108.95
12 2.65 1106.45
13 2.83 1104.20
14 2.98 1102.10
15 3.16 1098.70
16 3.40 1096.30

A13197 4 Poyad s UAATIZH %Mg g MCR

No %Mg MCR
2 0.060 -1.36
3 0.043 -1.36
4 0.040 -1.34
3 0.026 -1.63
2 0.038 -1.55
3 0.021 -2.50
4 0.011 .55
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{ < ) v A J @
ﬂ']ﬁ%‘]ﬁ S UBYATIHIVUATIEN YoMg NU 7]

No %Mg 0
2 0.060 115.39
3 0.043 84.92

4 0.040 77.18

3 0.026 48.96

2 0.038 54.46

3 0.021 13.71

4 0.011 14.66
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msmﬁmﬁuauam&a (Carbon Equivalent)
CE = %C + (%Si + %P)/3
%C monlodiiudniveuiiselumanvde
oSi monledifudsanouiielumanude

s I o v A < '
%P aonlessuarloanesanaslumanvas
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