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Technology of Evaluating Minute TiN Inclusions in High-carbon Steel
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Abstract

In high-carbon steel wire rod to be drawn into fine diameters, it is necessary to suppress breakage caused by
inclusions during the wire drawing process. In the past, breakage in high carbon steel wires was mainly due
to alumina inclusions. However, with the higher reduction in the diameter of wires, breakage started from
titanium nitride (hereinafter referred to as TiN), which is more minute than alumina, has become remarkable.
To study the means for suppressing TiN and to verify their effects, it is necessary to establish both a technique
to analyze the ultra-low Ti concentration dissolved in steel and a technique to evaluate the number of TiN
inclusions. This paper describes a method for quantifying dissolved Ti concentration using a secondary ion
mass spectrometer owned by the Kobelco Group and a technique for evaluating the number of TiN particles,
which has been newly developed by applying a chemical extraction method. This paper also describes how the
correlation between the number of TiN particles and the frequency of wire breakage has made it possible to
predict the quality of extra fine wires.
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Fig.1 Fracture surface of extra fine wire starting from TiN

THLEND L

TiN QARSI T 2 Mt 3 4 720121, &
DEAE THRER TINA RO E RIS VLETH L. &
AT, BAF TR EE DS 0 35 6123 08 = RS BE O R
WL b TTTARTIE, WidtokEE %% TIN
DA% T % 7250 O 5 Tk B DO HEE R R 2 b~
bo T72, WHIEOERSH TEELT, Yfrv—7
DRA T B RA & Y E BT 2 72 A7 Tik
JEERSTE, B XS EH 7212 BISE L 7 TiN L8
o8BI OV TN T 5. S 512, FEETH
18 L 72 (e e SRR O Wit iR 2 17w, TINKL % &
OMBETEA & TINEE T O W O WA RE L 7 o 72

BT OV I HEREM PlipasE L v & —  BUPHIETE U BB TV I R PAlRHIEL > & — b GBI SE R
IR T OV IR BalisE e v & —  BUSHBISERE (L SRS 7OV 3 SRR iy BERIT B
“BARBAZEATE  APRIEZEIT (Bl HSEBHSERE) U ERT OV aRHE b AL v s —

70 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 71 No. 1 (Jul. 2021)



FERIZOWTHIWET %0

1. $HRICHTBTINOERA WXL ERRTI
REDHE

WA ONTEW, B EET AWML T 705
RATZHRR L, STISHEAT 50 OILEOSR T &
STHERTAIHNEREICKINE NS, HRINEWIZL,
T DOFERRE D S B A FAR T2 O R TH
bho ZD72®, Witk & A5 TINIZHEREE Z S,
ZOMHNIZ AR A B = X 15 OIFHILETH 5,

ZZCTET, WS OY RTBT B EM T O LTI
ENEDRISIZE - T, diH o TiIN 2586 3 2 gEdE IS
DWTHE L7ze BHETIENEDKIGIC X - TTINAD
RIS B4 o TINGER IS (1) T€shs Y,

log[Til [NTp = —14.000/T+470 «weeeeeeeveeeess (1)
Z 2z, [Tily : &8P o TiRE (mass%)
[N], : P ONEE (mass%)
T HEIRE (K)

Uk > — Y 72 5 B B AR 2DV, SR T AT
FML-E&TiE ENORERHGAZR 2 128, &Ti
BLOENOREZZNZN]IS G 1258, JIS G 122812
HUTME Lz 72720, @TiREIZVwWIbEE T
RAEMCTH - 72720, wm FRAEICE L v 10 ppm &R
ELTETIEEN L OREREZFR L, FTIHRE
% 10 ppm, NREZ M EFMORAMEZ M LT (1)
THIE L7 TINBRER D b8 TRR L7

X (1) OELIAHBE L7254, TabbK2
IZBWTTi & NOBRERSTINGMRER L LAIChE
BT A EICTINAEKT 5 TIREICIZERID D
EWEZ W22 b 5%, Tik N ORI
PHIZ W N OIS B W T b R 2 Tl - T
Wb, L7z T, K225 HBr§4R0, Frsta L
TiINIZAER LRV,

S RO TIN I, $hE TREDEOSBILHEIC X - T
TAWREMEDH S, LA L, EMHILETE L 251 TN
FRFEDD T/hE L, — iy 73 7ar4—
FTHNY, ARTHAMANGE LTS 5~20 um FEE
DI 15 TIN &334 ZH—3H L7,

During Ladle
solidification _ Tundish rcﬂning Converter

Solubility product curve

1.0E-02

1.0E-03
I<TiN precipitation>

|

1.0E-04

<No precipitation>
1.0E-05

Solubility product of TiN

1 Cancentration produ
1.0E-06 | FEEE

1.0E-07
1,150 1,250 1,350 1,450 1,560 1,650
Temperature (°C)
2 SIS & TIN R oG Y
Fig.2 Relation between temperature and solubility product of TiN
in molten steel *

Vb5, Wikt s TIN (3 5 R O AR T IS %
AL, b BRI X o TRHITICERERZ L
S EIEVERT A EHEE L, £2T, WITICX
% TINZER A A1 = X 2 & TIN5 % B0 3 2 B A Tio
FEIZDOWTHE L7z,

RATEREL, 7 K94 MEIOM/NEETEL % 3
ORI e, 3 TRITIC X B AL A S U R k)
e EORBETLHMIIBE L CTAEL L~ 7 vt & i
KPIENZ, 37 BRITICE BHEEERSOEILIZOWT
&, WA AR MR L LRAANILENE LR R o
Scheil @3 %Y, [EAHPILE % % 1% L 72 Brody-Flemings
DR L > TFUITRETH 5. TN HDORITEDITIZ,
I TR ED ppm F — F OB TH > TH, BFE DM
FTIRES RATIC & 5 T 2 12 B1F 5 TIN iR % bl
B REVED D B0 7277 L, 10 um D TIN 23, 100 um %
DI 7 A RHTHEBICBVTERT 22 2 ME LY
&, YANT A FOIRRES L TEE D S TR0
TiRALDLETH ), FRFETEL L TREEIZHD T
vy, L2285 T, Wil TINGE I 7 0@ Cid el <%
ORATICE DAL/ MR L, 22596 TINFH D720
DRGSR TiwEEE 2 M L7zo

B TR E DM IZD T O HETITo720 3, 4
7V — 2 HL SRR T L U 72 v e R e I I B
W, = 7 T R ER A © Mn i EE 2 EPMA (Electron
Probe Micro Analyzer) (& D &L L7ze 2DV,
Mn 78 Z O EPMA 530l & Tt 2 BE o [ % 5
L7 EMROBEMICE EES ORFFEEF LYY
ZIGH L7zo FHEICIIRIICR LSS A= 2w
7209 F 7y BN TR 2T B
Wextgl 327020, BHBRE T oHHIER (2)
g AAYARN

T.(C) =1625-110[%C] — 25[%Si]
+3[%Mn] —35[%P] —71[%S]
_2[%N1:| _7[%Cr:| ........................... (2)
Z 2z, [%M] AR RS M OB (mass%) ThHbo
WA [%Ti] & [%N] & OFEASTIN O - v e g 2
Z Elo 7258128, bSEmEamils o TIN A5 3
e L7z, Tz, MBI EZRMEZBHCTICLZELT
FHETHE LT
DONWT, I TR 2 BRI L S &2 501

17 OEATESHCH 87 2=y O 0T
6),9)~11)

Table 1 Parameters for numerical calculation of micro segregation )

Elements K" DY(m’/s)
C 0.33 7.61%107%exp(-1.35x10°/(R=T) )
Si 0.52 3.00%107°exp(-2.51%10°/(R-T) )
Mn 0.13 5.50x 10 exp(-1.83x10°/(R*T) )
P 0.79 1.00% 10 °exp(-2.49% 10°/(R-T) )
S 0.035 7.50% 107 exp(-2.23%10°/(R-T) )
Ti 0.07 1.50%107exp(-2.51x10°/(R-T) )
N 0.48 3.60%107°exp(-1.69x 10°/(R=T) )

K Equilibrium distribution coefficient between y phase and liquid
D7 Diffusion coefficients in y phase
R: Gas constant of 8.314 J+K'mol”!

T': Temperature in Kelvin
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Fig.3 Relation between initial Ti concentration and number of TiN
particles (index)
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Fig.4 Residue after acid treatment with HCl (a : SEM Image, b : Schematic diagram of residue on filter)
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Table 2 Procedure for evaluation of TiN particle number

Procedure

Purpose

Sample preparation -
!

Acid treatments with HCI
1

Filtration -

l
Heated in air atmospere

1
Treatment with
ammonium hydrogen fluoride

Treatment with mixed acid

1
Filtration —

!

SEM observation

Extraction of inclusion

Dissolution of residue derived from carbon
Modifing of TiN

Dissolution of residue derived from SiO,

Dissolution of residue derived from
Phosphorus

Evaluation of size and number of Ti oxide
derived from TiN

Pore size of filter: 10pm
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Fig.5 Ti oxide on filter after mixed acid treatment
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Table 3 Chemical compositions of production materials

(mass%)
C S$i | Mn | P s cr | Dissolved Ti
(index)
Steel A 1.05 0.20 0.29 0.004 | 0.005 0.22 1.2
Steel B 1.04 0.19 0.30 0.006 | 0.006 0.21 1.5
Steel C 1.04 0.20 0.31 0.008 | 0.004 0.22 1.0
Steel D 1.04 0.19 0.29 | 0.004 | 0.005 | 0.20 0.5
1.4
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Fig.6 Relationship between dissolved Ti concentration and number
of TiN particles (both of index in Steel C: 1.0)
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Fig.7 Wire drawing process for evaluation of breakage rate
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