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e A g OPA-100 £ J& JEUAL 70 A 43, 3 i 2 A 2
Bonge 1 s o AT IR AT 20 T . e AW IR e it
IR S AT 5 AL AR B 7 U DA S .l T A kot b KCE
PHOR LY DO 29 2~ 4 mm, AR AR ST AP B R
BATEN B A —E B E A, R AR
SECI ALY I A5 S 1 SRR A DA BT S S A 4
i BE D 4 mm,

F 1 OPA-100 {525 %

Table 1 Instrument parameters of OPA-100
i H ol
WS A/ He 500
WA/ uF 7.0
W/ Q 6.0
AL HCHL ] B/ mm 4.0
LA/ % =99. 999
AW/ (L« min 1) 9.0
55 R HE/ (kHz » i 1) 160
R/ (mm s~ 1) 1

L2 FEAREHEmESE

FEOPHTREdL D 230 mm )R {1 IF @853, M2 o sk
2 TR o W ANIRTT ) 2 A P R HE AT 2 )2 0 Y0 E R . 9
2 BEAT I T WY 0 DL GE A o A S . 5 S 0 ) BE g
0.5 mm, RJZE M T —LE95 75 SR B I AFTE . BEA HE47 AL
SR HT . o T B 2> BB R O 0.5, 1.0, 1.5, 2.0, 2.5 Al
3.0 mm, )25 Hr AL AN XA PR B — B0 IR 60

F2 IFMEBEMRSTER(%)
Table 2 Composition content range of IF steel slab (%)

Element Content Element Content
C <20. 003 Mn <C0.10~0. 20
P <20. 006 Ti <C0. 04~0.08
S <20. 007 Si <20.03
O <0. 003 Als <C0.02~0.05
N <0. 004

mmX 36 mm (& 1), R 46 HRNE > 408 k5. R m i
LBEE IR .

1 HHRSHEE
Fig. 1

Analytical area of sample

1.3 ERYERMPENAHEBENE

M IE 845 3R N AR B — 4 60 mm X 36 mm X 15 mm [§]
HORFE & o 60 mmX 36 mm BY#A 538217, H %8
T35 53 S P BeasCRe o — BT T 4 JUE 48 7 23 A1 0 B 9T 4 1l
BRI S WRLBE B K AE DG o i TARZR . O3 — R 4kgF 3445
Ek 6 4~ 10 mmX 18 mm X 15 mm B/MEES . $rRFEeRE 5 5
AT BB AT I OE AL B . SR JSM-6400 HH i B+ &
B CHA R FOME T AR P I IEAR, JERA
EDAX RETS AU e e W) W43 64T T 43 H7 o GE I I 1 JBk:
RT FBCH B 47140 B B R A BB o 2 000 % . AR
FEfhZ MG L A B0 200 A~ SRZLE 6 B/NEE LY
Je B RS 34T, St A2 4 mm®,

2 HiR5THE

2.1 IFHAPRZAYHFERERITARAR

b T 49 85 1 P9 TR A 1CRE AT T 41 4 L B L 8
Fe AW oy B (B 2 1] 5), T IF B i 32 B Ak
AAE . HIEA/NT 5 pm, Hils A D EEZ A ALFI Ca K
MR I . KT 5 pm W e, FE L4
SAALER A T Y AR OB BUR B SR e 2R W IR, 7R R
YN G2 LSRR, NBURLI 28 I AE 5~ 10 YK i
HL I BT DR B R L R IR R (I 6) . T 24 H ik o
YR 50 YE s TR A WS 2, RIS I A L AR A
B I IR T (P 7) o T DL e 2% W i G 4 0 S v B % e
Py ep RS TE R AR R I B AR, BT R A OT R
T B 2 R XU RO RS e TRk
AWIIRZS AR B A TF 49 9 E0 AR 6 4> /INBE dy v 1) 2504k
BRI A AT T BRI R AT SE 3 (36 3) . R TF 8+ i S AL
BRI BB, FES 550 1 200 DAL AL T3]
523 ML ER IR Y, 1~5 pm WIS T AROR LB T
RO Je Z SR P AR R EL. 1A 2 SRR G b L # B
HELARTF 10 pm BJ ALY, WAL 5 T 6 5 KIS A B B 2
FIRT 10 o HYRIORL . 7T D06 500 A it 0547 DR RS v il Y %
ZRMGETE AT 3BT, A RE A e A W E B RAE 25 R T A AR
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Fig. 2 Morphology and composition of

aluminium oxide in IF steel
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Fig. 4 Morphology and composition of

ctitanium nitridein IF steel
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Fig. 6 Morphology of excited spot with ten sparks
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B3 IFNAHESRENHHMAN
Fig. 3 Morphology and composition of

complex inclusion in IF steel
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B S5 IFNAHABMAELBREYHERMAR
Fig. 5 Morphology and composition of big

aluminium oxide in IF steel

B 7 #aS0RMENHME SR
Fig. 7 Morphology of excited spot with fifty sparks
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Table 3 Inclusion particle number in different size range from six small samples

BLEE X 7] / em 0~3 3~5 5~7 7~10 10~15 >15 kA
1 50 32 3 1 0 0 86

2 14 30 4 1 1 0 80

3 36 38 6 5 3 3 91

4 45 23 3 3 0 2 76

5 51 24 4 3 3 5 90

6 13 36 8 7 2 1 100

Mt 269 183 28 20 9 14 523
B/ % 51.43 34.33 5.25 3.75 1. 69 2.63 100
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Fig. 8 Spark spectrum of Al, Ca and Si
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Fig. 9 Relationship between the net intensity

of abnormal spark and inclusion size

2.3 IFRREXZVEENHHINER

SR OPA100 Xf TF #§ AR Z R #8 0~3 mm Ky X 4k 19
AT T B WA Hop AL Z 443 A B A 10 iR . Al
VLB TF MR T 1.5~2.5 mm Z ] Al 19453 1 8 A 8
5, BMREAGKNSE &SRS BH, FH 2.2 FRmET
] 7 B X A it o 0 R e AR R AT TR BE A E BERAE, N
7] J22 0 e i & it R A3 A B JEUAL e T 43 A 4 B 4 SR 3R
4 MFE S Pw. [[A—XE IF WAL T 1.5~2.5 mm 4 & Al
SRR, MAT B E, KA iR AT 0. 23, [H
f e AL P& HE7E 1.5 F1 2. 5 mm Lb 3K B — -4 KAH 0. 002
8% . B IF H4 (¥ Je 22 W) UKL B2 0~5 pm, (HMLFEFE
— R T 10 pm BT ALY R AR B2 T IR B e 2 Wy 1) 4
G5k (R OWAIE—EER, ZEET 1.5 2.0 mm 4k, Al-
CaE AWK L, BomE A EHE 18%,

B 10 AEETEEN AN _HYTHE

Fig. 10 2D distribution graph of Al in different depth beneath the surface
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Table 4 Statistic distribution results of Al

WE B Al ICN giit Jedqe Al Al Je sy F
/mmo EHEE/V O fBTE RATEE /% R/ pm
0.5  0.044 2.107  0.1656  0.001 39 4.954
Lo 0.043 1.939  0.2133 0.001 08 6. 779
1.5 0.051 1746 0.2557  0.002 83 5.728
2.0 0.050 2.676  0.2420  0.002 32 5.732
2.5 0.052 2.299  0.2342  0.002 81 5. 855
3.0 0.047 2.085  0.177 2 0.001 83 5.532

RS AEERHNENFER(%)

Table 5 Size distribution results from different layers( %)

*ﬁﬁ/”m 0.5mm 1.0mm 1.5 mm 2.0 mm 2.5 mm 3.0 mm

0~3 50.88  34.53 41.80  43.00  42.68  46.17
3~5 19.42  21.15 21.79  21.69  21.29  20.16
5~7 11. 25 15.00 14. 05 12. 65 12. 46 12. 06

7~10 6. 88 9.56 7.87 7.67 7.86 7.25
10~15 2.13 3.33 2. 44 2.50 2.59 2.39
15~25 9. 44 16. 43 12. 06 12.48 13.12 11. 97

®6 TRABMESEARKEUESBENE(%)
Table 6 Percentage of all kinds of aluminum

inclusionfrom different layers (%)

WE/mm  AlFO Al-Ca-O Al-Si-O Al-Ca-Si-O
0.5 80. 57 9. 60 4.52 5.31
1.0 78.35 13. 30 4.67 3.68
1.5 74.15 18.78 4.21 2. 86
2.0 72.95 22.08 3.52 1. 45
2.5 78.51 14. 47 3.69 3.33
3.0 81.91 13.09 2.98 2.02

8441 -=Al-O F24
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82 20
- s
‘{E 80 18 ﬁ
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Fig. 11 Composition change of inclusions
in different depth beneath
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Study of Inclusion Characterization Method in IF Steel Based on the Spark
Source Original Position Statistic Distribution Analytical Technology
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1. The NCS Testing Technology Co. , Ltd. , Beijing 100081, China

2. Beijing Key Laboratory of Metallic Materials Characterization, Beijing 100081, China
3. Central Iron & Steel Research Institute, Beijing 100081, China

Abstract IF steel has been widely used in the field of automobile and appliance panel with the strict demand for surface quality.
The existence of inclusion will greatly affect the surface quality and the performance of cold rolled sheet of IF steel. It is
necessary for the IF slab to get rid of the surface layer contained a lot of inclusions. Because of the different manufacturing
technology, there is a lot of uncertainty about the quantity, composition, and size distribution of inclusions in the surface of IF
steel which is influenced by somereasons, such as insufficientfloating of the inclusions under the process of cast starting and slag
involvement by pool level fluctuation under the acceleration process of the continuous casting machine. It is very important for the
discovery of inclusion distribution rulein different depth beneath the surface of IF steel slab, identification of suitable cutting
thickness in the slab surface and the inclusion control in a crystallizer to study the inclusion distribution characterization method
in detail. Metal original position statistical distribution analytical technique can be used for the determination of inclusion content
and size distribution within a large scale of the section by the high-speed data acquisition and analysis of spectrum signals excited
by spark discharge with the mode of no pre-spark and continuous excitation on the scanning process. In this paper, the abnormal
discharge behavior of inclusions in IF steel has been investigated and the suitable reference material of particle size distribution for
IF steel was developed. The relationship of the abnormal spectrum signals produced by Al element with the size distribution of
oxide inclusion was also discussed based on the spark source original position statistic distribution analytical technique combined
with scanning electron microscope and energy dispersive spectrum. It was found that the linear correlation coefficient of the
binary linear regression equation between the net intensity of the abnormal signal of inclusion components and the particle size of
inclusion was good with the value above 0. 99. So the inclusion characterization method of composition, content and size distribu-
tion in IF steel based on the spark source original position statistic distribution analytical technology has been developed. The
variation rule of inclusion composition, content and size distributionin the depth of 0~3 mm beneath the surface of IF steel outer
arc has been studied. It was found that the inclusion in IF steel consisted of two kinds of inclusions. One is the single inclusionof
aluminum oxide produced in the deoxidization process. The other is the complex inclusion of AL, CA and Si produced by the slab
involvement. The inclusion content in the depth of 0.5 and 1.0 mm beneath the surface was lower than the content from the
depth of 1.5 to 2. 5 mm beneath the surface. There were more complex inclusion of Al and Ca with a larger average particle size
existed indepth from 1.5 to 2. 5 mm beneath the surface, and the particle size decreased when the depth beneath the surface

increase to 3 mm. It is of great importance for the technicalguidance of IF steelmanufacturing.

Keywords Inclusion; Spark source original position statistic distribution analytical technique; IF steel; Size distribution; Slab

surface
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