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Optimization of pellets microstructure characterization method based

on industrial CT

GAO Bo', LIU Weixing”, WU Xuezhi®, FEI Xinhao*, YANG Aimin®
(North China University of Science and Technology :a. College of Sciences;b. Comprehensive Test and Analysis Center;

c. College of Metallurgy and Energy, Tangshan 063210, Hebei, China)

Abstract: In order to characterize the microstructure of pellets, a 3D reconstruction method based on industrial CT is
proposed to address the shortcomings of traditional two-dimensional images in terms of structural integrity and spatial
correlation. In the image processing stage, the slices are preprocessed by using joint filtering, adaptive histogram
equalization and super-resolution model to improve the grayscale distribution and phase boundary separability. The method
retains the spatial distribution characteristics of pores, liquid phases and hematite phases through voxel
construction. Combined with the annotation mechanism based on volume distribution and the gray wolf optimization
algorithm , the three-phase threshold automatic optimization is completed ( the optimization results are about 80.03 and
102.25). The three-dimensional phase statistics show that the volume fractions of hematite, liquid phase and pore are
stable at 82% ~ 86% ,8% ~ 11% and 4% ~ 6% , respectively, which reduces the statistical fluctuations caused by two-
dimensional slicing. On this basis, the fractal dimension of the pellets is calculated and compared with the two-dimensional

weighted results,and the results show that the two-dimensional dimensions are mainly distributed in 1.2 ~ 1. 6, while the
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three-dimensional dimensions are greater than 2.5, and the difference between different directions is as low as 0. 007,

showing good isotropy and structural stability. The three-dimensional method overcomes the direction dependence and

truncation error,improves the objectivity of volume distribution and structural complexity indexes,and provides basic data

support for pellets structure characterization and metallurgical process analysis.

Key words: pellets; 3D reconstruction; optimization algorithm; fractal dimensions; microstructural characterization

TE“ XU SRS HRLEHE I 15 52T, ek Tl
TSR FE TR 7 TERiE -~ RER ERTR T, W
T SCELRE IS AE S B B B R R, RN ATl
AT A6 PR3 3 (] R 20 A Sy e o Ak 1 S B o
BRUAGT o 4 ok 3 SRR IS R L AR ok
R B SNERE, TR b SO A 405 RS
AETE IR L5 1 5 SEOE R 584 . SR W
TP ELAVRE, 3 BE IR RE 5 15 e e, P,
PRTERIA A B vk . FLER 7 Ak K 22 AH 23 A3 14 4
P, XEFSCBlE AL, ek A E e YUY,

TEBR A S5 ) 2 0F Jr 1], = 2 9 A FOR e g 2
MR ST RS, RSB 20 im FLBR . ORE % o Bk
B S (0 2 8] 3 A, AT S 0K SR W 4% 4 1)
AR . HE R T AN BV 7R 20 A0 L T 56 2
LUK, A B TR KBRS T AT
FMERERIREN . JETF Tl CT SRR B 15 41
HEAT = e T, ST AR R 2 FLA R P 4G
wE TS, AR EERZG . #R
P PEY BREi B WA IR 3 i %) S ARk A5 3
PRI SR, 7R ST RR R N S e h, B8
B 43 BB AR A B Tk, CT UG, FLBR. VA
5 K 22 18] A7 7E I FE B 8 0 o SRR A )
SE LI RS S R E MR R AR X — 1)
i, RUSSOM Hisk T K 45 Ak 5 e M AH 45 4 1) PR 4%
R R . SICRIN, JETIRE %5 SR
TRE =2 R 2% 0 7 1t 7 W IR R B
fldn, YANG 24 T Rl B S HLE Y
SA-MVSNet #ivk, 4R T T 55 8000 X I8 Y I
TR s DAN 25U P05 5 7 5807 e R
I (DEM ) SRR 1] = 4k 4546, IR 140 TF 4 S gk
AFHHIBEE . EaRBFE SE e sh T =4 E A
FOFF RN FH o 43 T8 4500 S R AE 2 FL 454 52 2
MEESH, CEZASEMAR 2N, LU
SRR T =i, TR s
BB I ARIE ;. REN 21 4550 5 2

B ITEE, R T R R SE 7 2R B2 [l 4 A B
5 WANG 2517 ZHANG 25" i i 3 2
AL T TP G A0 T G R, AT HL 2R (8] 43 AR HRAT
SONG 2520 AR R AF 41 Ji% 25 W 4 B 3 ZHANG
AP OWANG 252 UK R T T SR Y
BT, TESC IS AL RAT M ERE |, BIA
AR A N SRR, R S SR A
PR AT R, K PR AR 4y
SEEST TR 4Bk FRIBE 45 T2 (10 1 B T 0 4% 78
TERERE RO, WIEB% D I8 m, ORIt ieE
PRPR I ZHUE I, T £ b S ) A
ZHANG 25 gk — A4 8 B A0 54 1 15 b 2 ) 4%
FAGE S, STEL T X = A5 I 4B i B T

Mk, ASCEIAKET AL CT 9 =4t &)y
e, SEHUGTER P N ER LI . ORI R AR BT 3 Rl
ARG 1 SN S s R AR SR A AL
¥ (GWO) BT XA H sh T4, IR TARYE
Fat Bpn %k, DI EDRS R Sz ikae Jr; W
456 T4 5 = A4 T Ae B, e g
PR L 5 2R B, Bk P (WL 285 4 ) 0 4 3
iF B4 T At e S 1

1 #R57E%

L1 e

IR A AR ERA H 5 . Tl CT 14 5 E R
KA. EGBALTE 3 AFRAY, WA 1 R, 7EER
iR 2 N e 0 B I W A R ey s A 8 TN =
IR M Z B BUE B, LABRORAE S AR AR T2
—HE; RS, MR R X AR A Tl
CT RGEHEAT R PR, RHCE R —4EY) )
BIM%; e, MmO A e Koo He
B2 B B R AL B, SR T IRIG T R S A A T
WTRE . IR AR N S L YR T A . 2 WA 4R
LR E AT B E A



2026 445 2 ) B, A JET L CT Ry BRIATRORES SR AE 7 L1k 65

r

) 5
e AR %fmmm&
il W
S i % A e

. =) R HIR
*****
CTHH | gt 4
£ 2

N

g ( AR A BT B
5 4 5k7 5600 bt
ﬁ-, ﬁ( <Ay

N g
X A Q\iﬂm%m

J SRR
E1 AREERE
Fig.1 Overall process of the experiment
1.1.1 kA&

TG ER AT 2 A5 IR B RS R M
REPESF IR o Bt BRI h 4 FhPORS M HR 0T 5 3%
e, FCHE L2 50k 33% . 18% | 14% F1 35%
R TR A A R AR E R AR, R AT
BRULE AR BR, WSOt 2 B BoiAb B et
200 C T4 10 min, FEF 1 100 C F ik 10 min;
ZJE4rBIHE 1200, 1 220, 1 240, 1 260 °C 0
1280 C T REBEAFILL ABRIAI% 15 min, Jf i
SR ST BUR B, IR O BR A 254 15 M fg
IR E o
112 T CTiakhAgRE

BRIAT RS R L 4 e A X S R R T
Ak CT 224 (%15 . phoenix vItomelx m 300), 4
OIPERN 16 pm, ARG R AL 225 110 kV
5110 pA, ZRGH T IRECGERATH" (14 =570 B A
W R, e ger Mrig LA, PR i
ZAEE X PLE AR, RAEKE Y
PG, JFAR I B 030k A Bl = 4k N T 25 R S TR
PR TEA IR S BRI T, S B J A
L ZAHGS A Y v 23 B Gl W IR oK 20 A%, i
FATFFLBRE I3 A L R BE TR e 0 A A B 25 AW e i
RS AL
1.1.3 Hgmam

SR I Z2 1 B 1 5 1 5 SR e o 40 48 245 2R kA7 90
AbEE, ELFEMEE G Dy R ACIE . X HERTES
OrHEARER, PRTFRGG CT EUR A B S 254 1 o
B BRI LR 3 Bk

(1) MEpsm 5 aE, X —4e ) i ER
TR AINIBR 5 8 0l Ak B - SR Y v S0 D D0 9 oAk A% v Y

AL RS R4 DL (B8 I 2 BRI PR R A
AT FE PR A 00 25 FE AT 25 0 () B 38 58 75 55 K3 1Y
— 3tk BT IR TR S bR DL A IO O B AR L
H&RNGY WA, #F— 250 AEuE -5
ERCER IS FEAT M, AR S5 R R A R
SR, WRIZ S5 X3 Y K B AR e S ar i
ES o

(2) XFLbREdE iR, 7rEMRIERE B, SR L
JE 32 IR A 0 B 34 4k ( CLAHE ) B35 B4
JREEHAT IR AR AL B 207 B8 R 53 247N
DRAR DX S, IR — DXt 37 AT B A Ak,
[Fi] 15 o) L 32 R o] 1 /L LA 9100 ) Jeg 70 ek B8 3 0
IR R T AL R 0 S RORE S sk R DX A
FLEE Sy R B, ORI gEhnigEm, A
T Ja 225 BB

(3) sr@esednm, 78 XF e BE 3G o 1 LAl L
GIATET A T T I 28 () 368 43 R A, X Jmy
SR B B AT A, AR EA A ]
Y75 5 TR S B R B R R . P RAE R
2 Jm—E R, A ROE IR CT R85 B2 FR
[IESE N Rt

2 LR =B E, AR SR
f ] L RE 5 e A3 E) A3 B R 51 R
HERRTTJE BXT L an & 2 Fr
1.2 BKEAMMEH RIS X
L.2.1 etk o4

TERRAW WOREE T, ZRERE (Fe,05) A 2
YiAH, R A AR A, S R R R
BRI 5 3 S RE R PG o YRR P ) 48 Ui R
N, RENG Y BB AR, AT 3 5 JURL [E] () 45 &
SREE, (HUAH S I 2 3 SR LB A e i
o FLBRF = A F 1 Bk 5 R e B BL i AR %
BJRTREE A TS 1E LB A A TR R R v
P ARAG i, Tad SEFL BRI S BRI A A e Rk

BT Tk CT 2 8dE, 4R —4e0) v 2
LS = 4E AR R ik, X BRI A =28
F YA T RARFR B0 LI 5 o &5 4 PEA o
Y Ry s A B BTl CT E&H op (1) |
front (Fif) . right (A7) &5 ) BRI, 28 K B2 53 %)
JES A A B4R 2 O L, B DL TE BRI A T Ak



66 e gk

Bk ES1E A2

REBRIN ] /min: (a) ((d) 7; (b).(e) 115 (c).(f) 15
(a) ~(c) JER; (d) ~(f) ) lEfg.
B2 BEREEFEIT

Fig.2 Comparison of image before and after enhancement
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Table 2 The content of each phase obtained through the 2D slicing method %0
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AR 28.6 27.52 11.45 12.23 12. 38 7.61 15.25 14. 65 13.91
TR 64. 16 65.33 83.73 82. 63 82.53 88.03 78.51 78.51 79.37
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Table 3 The content of each phase obtained through the 3D slicing method %0
1220 -7 #£5, 1220 - 11 #£ 5 1220 - 15 £ 5,
WA PR : , :
front right top front right top front right top
FLER 3.51 3.48 3.53 3.91 3.94 3.12 5.43 5.47 5.46
TR 9.47 9.49 9.45 9.97 9.93 6. 45 12.45 12.41 12.43
IRERAT 87.02 87.03 87.02 86. 12 86. 13 90. 43 82.12 82.12 82.11
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Fig. 6 The variation curves of the two-dimensional slice fractal dimensions in different directions of the various pellets
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Fig.7 The distribution of two-dimensional slice fractal
dimensions in different directions of pellets
(violin plot + box plot)
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Table 4 Performance comparisonin different directions of various pellets

A 1220 -7 #£ 54 1220 - 11 £ 5% 1220 - 15 #£ 54
front right top front right top front right top
oI 1.412 0 1.435 4 1.6357 1.765 7 1.775 2 1.758 2 1.851 4 1.772 1 1.763 9
=453 2.834 5 2.8296 2.849 2 2.838 2 2.842 4 2.845 1 2.542°5 2.546 5 2.5310
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Fig.8 Log-log results of the box-counting method in different directions of various pellets
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