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Abstract:

JFE Steel manufactures bar & wire rod and related
products at both blast furnace route and electric furnace
route in steel works. These system enables to respond to
variety of customers’ needs for products, especially from
a perspective of carbon neutrality. By taking advantage
of these respective processes, JFE Steel West Japan
Works (Kurashiki) and JFE Steel Sendai Works estab-
lished manufacturing system of high quality products.
Furthermore, JFE Steel has been engaged in the develop-
ment of high-function and distinctive products in each
product category, providing products that contribute to
carbon neutrality and the needs for EV transformation.
This paper describes features of these processes and
introduces typical examples of newly developed bar &
wire rod products in JFE Steel.

1. Introduction

JFE Steel manufactures bar and wire rod products
at two production bases, West Japan Works (Kurashiki)
and Sendai Works. The company also employs two
manufacturing processes, the blast furnace route at
Kurashiki and the electric arc furnace route at Sendai,
and delivers products suited to customers’ needs utiliz-
ing the advantages of these respective process routes.

This article introduces the features of the manufac-
turing processes and the bar and wire rod products of
the JFE Steel’s two production bases, based on the key
technical points of recently-developed products.

2. Features of Manufacturing Processes

2.1 Features of JFE Bar and Wire Rod
Materials

West Japan Works (Kurashiki) manufactures
blooms by secondary refining and continuous casting

and produces large ingots by ingot casting, using
mainly blast furnace pig iron (molten iron) refined by a
large-scale 226-ton converter. Sendai Works manufac-
tures blooms by secondary refining and continuous
casting, mainly using scrap by a 130-ton environmen-
tally-conscious high efficiency electric arc furnace (Eco
Arc furnace") as the raw material. Taking advantage of
the features of the respective equipment, the two plants
manufacture products in both large and small lots, pro-
ducing a wide range of steel grades, from low carbon
steel to high carbon steel, alloyed steel, bearing steel
and leaded free-cutting steel, in a wide range of sizes.
Table 1 shows the available size ranges of the two
plants. The Kurashiki billet mill can produce the
world’s largest-diameter rolled products, with sizes up
to 450 mm for round steel and []750 mm for square
steel. It is also possible to roll blast furnace materials at
Sendai and electric arc furnace materials at Kurashiki,
responding to a wide range of customer needs.

2.2 West Japan Works (Kurashiki)

The Kurashiki billet mill manufactures not only bil-
lets for rolled products and bars and wire rods, but also
round billets and beam blanks for steel pipes and shape

Table 1 Manufacturing facilities and available size of bar and
wire rod products

Products West Japan Works Sendai
(Kurashiki) Works
) . Round bars ¢ 90-450 —
Billet mill
Square bars [1250-750 —
Steel bar | Straight bars ¢ 16-90 ¢ 17-120
mill Bars in coil 6 16-38 6 16.7-52
Wire rod | Square wire rods [112.7-27 —
mill Round wire rods 6 4.2-19 $5.5-18
(unit: mm)
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steel, using slabs or blooms as the starting material. In
2020, the capacity of the round billet peeling equip-
ment was increased and the accuracy of flaw detection
equipment was upgraded in response to requests for
increased production of products with excellent quality
without defects or decarburization. In 2023, the num-
ber of regenerative burners at the reheating furnace of
the Kurashiki billet mill was increased and air-cooling
and water-cooling equipment was introduced at the
cooling beds to increase the capacity of the mill to
meet increased demand accompanying the shutdown
of the billet continuous caster at East Japan Works
(Keihin), which had manufactured round billets for
steel pipes and tubes.

The steel bar and wire rod mill is a 1-strand com-
bined mill which can roll both bars and wire rod mate-
rial (BIC/ROD) with high quality. At the bar and wire
rod mill, size-free rolling with high dimensional accu-
racy is possible by utilizing a 4-roll mill®. This facility
also manufactures square wire rods, four-ribbed
deformed steel bars with excellent bendability and
ultra-fine wire rod material with a minimum diameter
of 4.2 mm, among other products.

2.3 Sendai Works

At the Sendai Works steelmaking shop, renewal of
the continuous casting machine was carried out in
2018, followed by an expansion of the ladle furnace
(LF) capacity in 2022, enabling production of
high-quality blooms. The capacity of the electric arc
furnace was also increased in 2024 to respond to cus-
tomer needs for electric arc furnace materials. At the
billet mill, the number of billet grinders was increased
in 2022, increasing the production capacity for
high-surface quality products with few flaws, and at the
steel bar mill, the steel bar inspection line was
expanded in 2019. Efficient production is being pro-
moted through these capital investments. On the other
hand, efforts to achieve high quality in products and
reduce costs by utilizing data science and digital trans-
formation (DS/DX) technologies are underway at the
steelmaking plant, billet mill, steel bar mill and wire
rod mill. These technologies are also being applied to
maintenance, contributing to achieving stable manufac-
turing.

3. JFE Steel Bar and Wire Rod Products

JFE Steel supplies a wide range of products that
take advantage of the respective features of Kurashiki
and Sendai to customers. Table 2 shows the main steel
types manufactured by JFE Steel. The company devel-
ops products with various distinctive features according
to the needs of customers, and recently has also pro-
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Table 2 Main manufacturing steel types

Carbon steels for machine structural use:
S10C-58C, SO9CK-20CK

Alloy steels for machine structural use:
SMn420-443, SMnC420, 443, SCr415-440,
SCM415-822, SNCM220-815, (H)

Spring steels: SUPY, 12, 9A

High carbon chromium bearing steels: SUJ2, SUJ3

Boron steels:
10B21-10B38 KF10T, 15B23-15B41
S35BC, S40BC, S48BC

Free-cutting steels:
SUM?22-31, 221, 23L, 24L.
SAE (AISI) 1117, 1213, 1215, 12L14
1215M, 1215MU, 1215ML

Free-cutting steels for machine structural use:
Lead free-cutting steels (symbol...L1, L2)
Lead free free-cutting steels (symbol...S0, S1, S2)

Microalloyed steels: NH45MV, NH48MV, S45CVSI, etc.
Chrome-vanadium steels: S32CC5V-55CC4V

Wires for high-strength hoops: SD785

Piano wire rods: SWRS 62A, B-87A, B

Low carbon steel wire rods: SWRM 6K-22K

High carbon steel wire rods: SWRH 27-37, 42A, B-82A, B

Carbon steels for cold heading Part 1: Wire rods:
SWRCH 6A-22A, 10K-50K

Rolled steel for general structure: SS330-540

Rolled carbon steel for cold-finished steel bars:
SGD A,B,1K-4K,3KM-4KM

moted the development of products that can contribute
to the needs of the electric vehicle (EV) transformation
and carbon neutrality (CN). This chapter introduces
several examples of such products.

3.1 Case Hardening Steel

Case hardening steel is manufactured by applying
carburizing, nitriding or other surface hardening treat-
ments, and is used in parts such as the gears and shafts
used in automobiles and construction machinery. Vari-
ous properties are required in these parts, beginning
with fatigue strength. JFE Steel has developed products
that achieve high fatigue strength while also contribut-
ing to CO; reduction through omission of processes in
the customer’s manufacturing process.

Although parts such as gears are formed by forging,
in many cases soft annealing is performed to reduce the
load during forging. JFE Steel developed the steel
JECF™? (Fig. 1) with excellent cold forgeability, which
makes it possible to omit this soft annealing process. In
addition, with clarification of the mechanism suppress-
ing abnormal grain growth during carburizing *°, it
has also become possible to omit normalizing before
carburizing. As a result of these efforts, this is a steel
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Fig. 1 Properties of JECF™

product that can meet the needs of customers for CO»
reduction and cost reduction.

Low cycle impact fatigue properties can be men-
tioned as one property which is required in gears. In
gears, fracture occurs at the gear dedendum (root of
the gear tooth) when an excessive impact load is
applied to the gear. Strengthening of the crystal grain
boundary is important for preventing this type of frac-
ture®. The key points for this are reduction of impuri-
ties and the use of boron (B). The steel SCMB622H
with resistance to low cycle impact fatigue developed
by JFE Steel is used in practical applications.

In the gear manufacturing process, straightening of
heat treatment strain is a large-load process. Therefore,
JFE Steel intentionally applies a design in which the
amount of martensite formation is reduced and the fer-
rite phase is used to absorb strain by forming a certain
fraction of ferrite internally in the part during carbu-
rizing and quenching. This approach led to the devel-
opment of a carburized dual-phase steel” with reduced
heat treatment strain.

Another strategy for reducing heat treatment strain
is nitrocarburizing (soft nitriding) without phase trans-
formation. In comparison with carburizing, one weak-
ness of nitrocarburizing is a shallow hardened layer
depth. To overcome this weak point, JFE Steel devel-
oped the steel JAENS™? for high-strength nitrocarbu-
rizing by optimizing the microstructure after hot forg-
ing and optimizing the alloying elements®. This
material displays fatigue strength which compares
favorably with that of conventional carburized materi-
als (Fig. 2).

3.2 Free Cutting Steel

Sendai Works has steelmaking equipment which
makes it possible to add lead (Pb) to steel, and has
manufactured leaded free-cutting steel up to the pres-
ent. However, from the viewpoint of reducing environ-
mental loads, Sendai grappled with the development of
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non-leaded free cutting steel, and also developed vari-
ous types of substitute steels. As low-carbon non-
leaded free cutting steels, Sendai Works produces the
AISI 12L14-substitute CCC (Clean Cut Chromium)
steel'” by adding Cr to control the morphology of sul-
fides, and an AISI 1215 type non-leaded free cutting
steel with excellent cost performance. In particular,
CCC steel has good drilling performance in high speed
tool steel drills. Sendai Works has also developed a
RoHS-compliant steel with the same machinability as
conventional leaded free-cutting steels by adding a
trace amount of Pb.

3.3 Non-Heat-Treated Steels

In steels for machine structural use, good strength
and toughness properties are generally obtained by
producing a tempered martensite microstructure by
quenching and tempering. However, since the heat
treatment is accompanied by a large amount of CO»
emissions, non-heat-treated steels in which heat treat-
ment is omitted were developed from an early date.
Non-heat-treated steels can be broadly divided into
hot-forged non-heat-treated steels and rolled non-heat-
treated steel (steels for direct machining).

Hot-forged non-heat-treated steels generally have a
ferrite-pearlite microstructure and a composition
design that is generally based on the medium-carbon
(0.25 to 0.6% C) steel and secures strength by precipita-
tion of added vanadium (V) as VC during cooling.
Among other types, bainite microstructure-type steels
and steels that respond to high strength and high
toughness requirements have also been developed.

On the other hand, as steels for direct machining,
the NH Series of large-diameter round steel bars (45
to 190 mm) is manufactured using the rolling facilities
at Kurashiki. In manufacturing large- diameter bars,
optimization of V addition and the heating and rolling
conditions is important. TQF'" steel, which is suitable
for shafts, has also been commercialized. In this prod-
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uct, a tempered martensite surface layer and a fine
pearlite-ferrite interior microstructure are obtained by
direct quenching and self-tempering using the water
quenching device immediately after the steel bar finish-
ing rolling line at Sendai Works.

3.4 Surface Control Technology for Electric Arc
Furnace Materials

In recent year, needs for electric arc furnace materi-
als have increased from the viewpoint of carbon neu-
trality. JFE Steel is also developing electric arc furnace
materials with substantially the same properties as
blast furnace materials, taking advantage of the fact
that it has production facilities for both electric arc fur-
nace materials and blast furnace materials. Since the
electric arc furnace uses scrap as a raw material, electric
arc furnace materials contain copper (Cu) and other
tramp elements. Since it is extremely difficult to remove
these elements in the refining and melting stages, JFE
Steel has developed a manufacturing method that
reduces the adverse effects of tramp elements on the
surface properties of steel products. Some of these
products are already being used by customers. Since
various properties are required in parts in which bars
and wire rods are used, JFE is studying further
improvement of product quality.

3.5 Others

One type of surface hardening treatment is induc-
tion quenching and tempering heat treatment. Since it
is necessary to secure the specified quenched hardness,
a medium-carbon (0.25 to 0.6 mass% C) or higher base
steel is normally used, but it is difficult to satisfy cold
forgeability simultaneously with hardness under this
condition. Therefore, JFE Steel developed a medi-
um-carbon steel for induction heat treatment with cold
forgeability by optimizing the effects of component ele-
ments and the microstructure on cold forgeability.

As high-strength steel reinforcing bars for building
construction, JFE Steel, in cooperation with JFE Tech-
no-wire Corporation, commercialized a weld-closed
shear reinforcing bar with 1 275 MPa class yield
strength and excellent ductility after weld-closing'?,
and a 785 MPa class shear reinforcing bar in which
alloy-saving is achieved by controlled cooling'?.

Bars and wire rods are also used as functional mate-
rials. Excellent magnetic properties are required in the
soft magnetic iron materials with low impurities which
are used in solenoid valves and other products. How-
ever, it was necessary to improve machinability owing
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to the extreme softness of pure iron materials. JFE
Steel developed JAMS™ in which this weak point is
improved by inclusion and precipitate control.

4. Conclusion

JFE Steel develops and supplies products that
respond to customer needs, taking advantage of its two
production bases at West Japan Works (Kurashiki) and
Sendai Works. In the future, JFE will also promote
product development that responds to the needs of car-
bon neutrality.
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