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Tab. 1 Ductile iron composition design Wg /%
iH c Si Mn P S Mg RE
JAJIR 3.7-3.9 1.6~1.8 <03 <004 <0.02
L 3.6~3.8 2.6~2.8 <0.3 <0.04  <0.01 0.035~0.055 0.007~0.012
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Tab. 2 Chemical compositions of spheroidizing agents and inoculants W /%
B! Si Ca Ba Mg RE Al Sr Bi Mn S+0
Q1 46 25 1.0 7.0 1.5 (La65Ce35)
Q2 46 25 1.0 7.0 1.5 (La35Ce65)
Q3 46 25 1.0 7.0 1.5 (La65Y35)
Q4 46 25 1.0 7.0 1.5 (La35Y65)
Q5 46 25 1.0 7.0 1.5 (Lal00)
Y1 70 3.0
Y2 76 1.0
Y3 73 1.0 1.0 (La100)
Y4 70 4.0
Y5 64 1.0 (Cel00) 1.0
Y6 73 1.0 (Cel00) 1.0 1.0
Y7 70 3.0 3.0
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Fig. 1 Schematic diagram of thermal analysis curve for ductile iron
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Tab. 3 Characteristic values and their meanings of thermal analysis curves
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Tab. 4 Experimental schemes for adding different
nodularizers
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Tab. 5 Experimental schemes for adding different

g5 Cl%  Sil%  ERMEFI%  ZEEFI%  BErElEC

Q1 3.7 2.8 1.2 0.6 1520
Q2 3.7 2.8 1.2 0.6 1520
Q3 3.7 2.8 1.2 0.6 1520
Q4 3.7 2.8 1.2 0.6 1520
Q5 3.7 2.8 1.2 0.6 1520

inoculants
H'  Cl%  Sil%  BRERI%  AET%  ETREC
Y1 3.7 2.8 1.2 0.6 1520
Y2 3.7 2.8 1.2 0.6 1520
Y3 3.7 2.8 1.2 0.6 1520
Y4 3.7 2.8 1.2 0.6 1520
Y5 3.7 2.8 1.2 0.6 1520
Y6 3.7 2.8 1.2 0.6 1520
Y7 3.7 2.8 1.2 0.6 1520
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Fig. 3 Experimental technical route
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Fig. 4 Relationships between different A 7' values and the nodularization effects of solidification structures of ductile iron thermal analysis specimens
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Fig. 7 The different TEU values and corresponding graphite morphologies of solidification structures of the thermal analysis specimens
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Tab. 6 Summary of experimental data

TiH TL TEU TER AT TES G,IG G,IG GG BRAEE  gRRAR AEREREL

Y1 1136431 1136430 1146861 1043 1084943 000 036  0.64 68.51 3.34 426.2

Y2 1143008 1137.392 1143657 627  1087.423 014 024 062 73.85 2.74 525.6

Y3 1156015 1133328 1139259 593 1076680 013 023  0.63 72.02 2.50 489.0

Y4 1146299 1134517 1143241 872 1078240 017 029 054 71.31 3.19 391.0

Y5 1147146 1131718 1138527 6581 1078308 020 025  0.56 70.40 3.05 436.2

Y6 1141576 1130519 1142.186 11.67 1079.675 022 028  0.50 63.94 3.39 391.2

Y7 1150767 1138658 1139.971 131 1083925 021 029 050 76.99 354 546.2

Q1 1150237 1138460 1142006 355 1090.341 022 025 053 70.27 3.38 547.4

Q2 1146107 1135454 1141864 641 1082433 023 027 051 68.88 3.42 531.4

Q3 1140799 1138793 1141645 285 1080288 014 023  0.64 71.12 3.06 555.2

Q4 1139991 1131322 1138428 711 1075492 025 029 0.8 65.92 3.60 474.0

Q5 1140662 1127.810 1135468 7.66 1074272 017 024 059 64.65 312 490.2

231 IWREIMEEFEER0E T ®8 HMLMITER
FIFESPSSI AR Z M TEEEZM TS5 Tab. 8 Curves estimation results

FEinm 2z BRIEXMY, REMEFIHEZEOBEXES Atk 2 ) Gt/ GRS ST (=2 QD O ¢
. ST EZEREXEDITERINETFIR. GJG (G,) 0157 0716 0786 0.149 0.149 0.286
GIG (G,) 0333 0638 0634 0431 0329 0.383
RT HEXRBITELER GJG (G,) 0552 0603 0606 0572 0528 0.563

Tab. 7 Correlation coefficient calculation results

HiH GG (G) GG (Gy) GG (Gy)  HEtAR
GG (Gy) 1
GG (G,)  -0.389 1
GJG (G;)  -0.834 -0.177 1
A 0.596 0.577 -0.743 1

NETFATLUEL, SWEMQEXTERSHE
GG (-0.743) , EOR26,/6 (0596 ) , B/NHEG,I6
(0.577) . BEIEXMST, HIOME TS MFEE
S5lgEmm 2z BRIEXRE, BXETSS5WIEMRG
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BIILA Lo, ESPSSIG+F)AZ oIk (o]

Ao, 2URIERE, BREWgEMLE (K) FE
itk

K=28.51 x ,+30.15 x :-210.7 x G3-175.63 x G,

+354.23 x Gi-13.94 x G,+20.54 x G3+21.17 (3)
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Tab. 9 Comparisons of actual and predicted values of
contraction tendencies

P SRR BRI AXTIRZE%
1 3.34 3.343 0.09
2 2.74 2.679 221
3 2.50 2.620 4.80
4 3.19 3.173 053
5 3.05 3.150 3.28
6 3.39 3.418 0.83
7 354 3.558 051
8 3.38 3.271 3.22
9 3.42 3.395 0.73
10 3.06 3.010 1.63
1 3.60 3.620 0.56
12 3.12 3.030 2.88

MBI SPSSIANI BRI R (SG ) #HiTZ & iER
3. BIIXSEALE RS FEAIT LSRN T
ME, F127H T ERARINES ELERIBEXR
=,

FT12 IR RLPRESTAERTEE

Tab. 12 Comparisons of actual and predicted values of the
nodularity rates
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BENS B, BIISPSSIREXNERIES XA MS
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R10 BRULERMBXRBITEER
Tab. 10 Calculation results of the nodularity rate
correlation coefficients

P SRR BONERIEAR AXTERZE%
1 68.51 68.63 0.18
2 73.85 71.14 3.67
3 72.02 69.14 3.92
4 7131 69.43 2.03
5 70.40 68.86 2.18
6 63.94 64.89 1.49
7 76.99 74.21 3.61
8 70.27 73.01 3.89
9 68.88 70.04 1.68
10 71.12 73.53 3.38
1 65.92 67.51 2.41
12 64.65 62.18 3.82

A TEU AT Rk
TEU 1
AT -0.61 1
i 0.744 -0.693 1

B RO, BRUCERSHEHEETEU. ATRIEX
R MSLELL R S, 72 590.74470-0.693 . #[o])FEK
BE IR RIS AHET LOERATEUFIA T, BIgHE*
MEDTEMNAMERCESFAENEXREE, BTk
RN T EF TG . BIISPSSHAHITEEM
MZefdhit, ERANFIPR.

R HEMHITER

Tab. 11 Curves estimation results

I S ) ¢ O Gt/ QS - N | G G

TEU 0.754 0.652 0.554 0.558 0.563 0.531
AT 0.832 0405 0413 0465 0471 0.502

SG =0.532 x TEU-0.481 x A T-530.937 (4)
NEFEANTLIEER, BRRAOENREEER
4.88%, TE5%LAA . EICATLUAZIUIIEEYGER TR
MBREBHIRERIER
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Microstructure Performance Prediction of Ductile Iron Based on Thermal
Analysis Technology

YANG Xiang-jie"? LI Kun"? YANG Ming-hao"?, DENG Bo-yan"?, LIU Qin-biao"? YE Han"?
(1. School of Advanced Manufacturing, Nanchang University, Nanchang 330031, Jiangxi, China; 2. Key Laboratory of High Performance
Precision Forming in Jiangxi Province, Nanchang 330031, Jiangxi, China)

Abstract:

The influence rules of the characteristic values of the thermal analysis curves of ductile irons on the shrinkage
tendency and nodularization effect after adding different new nodularizers and inoculants were investigated
respectively through univariate experiments, and the relationship mathematical models between the curve
eigenvalues, shrinkage tendency and nodularity rate were established by SPSS regression analysis software.
The investigation results show that when other factors are the same, the larger the eutectic reglow temperature
AT, the faster the eutectic reaction speed, the fewer the average graphite sphere number, and the worse the
nodularization level. The nodularity rate and graphite spheroid number gradually increased with the increase
of the eutectic minimum temperature TEU. The longer the time occupied by the previous shrinkage time ratio
G1/G, the greater the shrinkage rate of molten iron to be measured. The longer the graphitization expansion
time ratio G2/G, the greater the dispersed shrinkage rate measured. In addition, a mathematical model of curve
eigenvalue, shrinkage tendency and nodularity rate is established, which can accurately predict the nodularity
rate and shrinkage tendency.
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ductile iron; thermal analysis technology; shrinkage tendency; nodularization effect; metallographic image
processing
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