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Commercialization of “Kobenable™ Steel” Low-CO, Blast Furnace Steel
and “Kobenable™ Aluminum” Low-CO, Aluminum
Taiyo SUETSUGU - Satoshi HANEKAWA
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Abstract

The Japanese government has set greenhouse gas (GHG) reduction targets of a 46% decrease from 2013 levels
by 2030 and the achievement of carbon neutrality by 2050. In view of these targets, many companies have
begun actively exploring measures to reduce their GHG emissions. Kobe Steel has likewise established targets
to reduce emissions by 30-40% from 2013 levels by 2030 and to achieve carbon neutrality by 2050. The company
has developed detailed roadmaps for its steel and aluminum businesses and is steadily advancing CO, reduction
initiatives.

At the same time, customers are increasingly seeking to procure low-CO, materials as part of efforts to
decarbonize their entire supply chains, creating the potential for rapid growth in demand. Kobe Steel has
already introduced “Kobenable™ Steel” low-CO, blast furnace steel and “Kobenable™ Aluminum” low-CO,
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aluminum. Here we will introduce the features of these products.
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Fig.3 Breakdown of CO, emissions during the manufacturing of steel products and aluminum sheet products
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Fig.5 Roadmap to carbon neutrality in the steel business
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Fig.6 Roadmap to carbon neutrality in the aluminum sheet business
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Innovative Ultra Low Carbon Ironmaking Technology with Massive HBI
Charging in Blast Furnaces
Masahiro YAKEYA - Dr. Akito KASAI - Mitsuru SAKAMOTO - Kenjiro MIYATA - Toshifumi TAGAWA

EE5

KOBELCO 7V — Z I3 e st o EEEO —I12, “I—Kr=a— b I L~0OkK 2EFTn2s, &
FET B AIZBIT 5 CO,HIICEI L, 20304F HEEIL 2013@&1:[:“(“30*40%%’”5&" THY, 2050043 vk “h—
RryZa— PP L, EXZ2BIET Thd, 22T, SM7 0 IHEBMICBWTRAD CO PP T
H 5 EFO CO,FEH = %2 RIEHIR T, I IS 4 3@ 51238 v CHBI (Hot Briquetted Tron) #Z5 B4 %¢
A & B CO, HIRF M DAL Z Tl L 720 P B0 T Eb ol &k B L L AL T oM K TH 0, FEil
FERRIE I A H O SIFSESN 2 B L7z, ZofR, KAESCHBI=440 kg/ THM O LR A2 AIZ LD
FRICH b =386 kg/THM, I— 27 A =230 kg/THM D Ft i/ k#2558 L, CO,HPEH 0 25% Hlik (20134 FE 1t)
I L7z,

Abstract

The KOBELCO Group has defined “challenges toward carbon neutrality” as a core priority in its medium-term
business plan. As for CO, emission reduction in production, the Group’s 2030 target is a 30 to 40% reduction
compared with FY 2013, with a long-term vision to achieve carbon neutrality by 2050. To substantially cut CO,
from blast furnaces-the largest emissions source in the Steel & Aluminum Business-Kobe Steel conducted
a demonstration at Kakogawa Works' No. 3 blast furnace to evaluate CO, reduction technology by means of
massive charging of hot briquetted iron (HBI). This trial addressed technical challenges such as deteriorated
gas permeability in the lower part of blast furnace and increased heat fluctuations, which led to the application
of Kobe Steel's proprietary blast-furnace operation technologies. The experiment achieved world-leading results
for a large size blast furnace: reducing agent rate (RAR) of 386 kg/THM and coke rate of 230 kg/THM with
HBI charging of 440 kg/THM, yielding a 25% reduction in CO, emissions compared with FY 2013.

BRERFX—-7—F
BBk, 4, CO, PRI, BT

FEATURE : KOBELCO's Steel and Aluminum Technologies and Products for CO, Reduction
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DFER, HERAMA L FSEOHBIEARTI D Z L D&
JLM L - T — 7 R AR AR T BB 2 BT SEREIC KT L,
20234FE 4~5 H @ # [l 7 A b T HBI 5 A7 = 440
kg/THM (THM : Ton Hot Metal) ®#BLEAIZL D K
RIE A Tt PR /N KT H 2 iR ek b = 386 kg/THM
B a—2 2 =230 kg/THM Z &K L 72 O THHE
5,

1. HBIEBSEARFDIEE

HBIIX, #SEARLy MERRA AL ETEILL TR
&R N EEICE (DRI - Direct Reduction Iron) %
Ty MIRICHEMER L7 D TH 5, DRIZLILE
THAL LR35 <, WkREIIEK) A7 035 572 DEHD
B ETOMHICR SN 55, HBLGEE ICEIALT
%2 & THBILLIC LA LEXRTE, @05
Wize ECTOMBADTEETH 5V HERB IR AR C
B B BEXESE - BREEA R L v b - Bi8H & HBIO W Fi L
PR Z I L CER 1 IR T, HBIOFRIE, OEcS
NTWb7bEEGEAS (MFe) 258 <, HHENT
DRBILVAETH L (RICHMEHREZIRMTE %) 2 &,
@ORERTIFIAZE AR X 0 4 AR E L, RF—1HY
ZYWOEEFKRENIE, THD, THLOEMILE
Z BN 5 HBLE R RO FNIRIEL & R E %
B 1R,

DFEITCHALE % HBIE 2 LA R 1213 & T L o IR
WK Y a2 CHEOA 5R)E T 2 BUR & =Ioh
RIS LTHERT 7 A/) 2T L, B0tk (A
WoBER/ FATAOBER) O LA X)) HA DK
{LiEmSRIE CH A A7 (CZ : Cohesive Zone) DS
MEPMRT 35, TOMRE, FTHa—27 AL —2X
7 AIZADo TBET AHTHST—7 AL—E ¥
7' — > (MCZ : Moving Coke Zone) #$&/MbE L THA
THEHATARND LA, B R 75y 571 v 7
GEAR2SHE TS, W - S 238 24T, BT
HOBR - WSS 5, T2, Ry vahAmn
W EIFR O AR ~OE — 7 # A5 % B L,
AN v T (EAMOREETIHE) © X9 LEAWOH
THAYEALLDLRD D, S5, Ky ¥a Xl AmDH
DI T ABABADMET L, &8 (XH)HA) BLUR
T T NDOEBPAL LLET)T 5 T, FHELHDOBEKR
PEEEIN D,

@IFNEICHT 21, BTABOZEEIRE W GBI
PLoO/NE W) TS EERICHEN Y S EAT 5, R

R 1 KRB R AR AR & HBLOY AL PR
Table 1 Physical and chemical properties of conventional burden
materials and HBI

Sintered ore Iron ore pellet Lump ore HBI
’8‘,. & ”
[ e [ T | WL e | s
50 mm
Size mm 3~40 12 10~30 100 % 40 % 30
Apparent 3 »
Density t/m: 33 42 4.0 5.0~5.5
T.Fe % 56.2 62.2 62.3 90~94
M.Fe % - - - 83~89

BIZIE, B A A2SK & WHBIETE D %K% R 7
AR T Bo L72A35 T, HBIZEARDHIINT 2 &,
FICH A EPERR RGNS AR & DMK T3 5
Z LT, BT EICE LR eSS,

T, ERFICBIZEIGHOEAFEELLT, H
AL gk MR o 44 1 R LR T 4 1 5 4P T 1k HBI 100 kg/
THM i iR BR % 9206 L, AEpEVE b & & oht A Iszh
BAMRLTN2Y, F72, voestalpine AG D Linz 8§k
A28\ T, HBI 250 kg/THM %A 2SS ShTw
5V, Rit2#2BT 5 MFe 2 A & R FEHIRE (AC)
DB ER 2R T, K OB#IERISTEF VY T
VX7 MRFEE L LTERELZACTH S, MFedt
AEAY100 kg/ THMREED VR TH NI, ACIEY v 7
M —E T A~ (BEFR) 1> TIKT L Tw 5, 100
kg/THM % #8 2 % % AR2 7% 5 &Mtk F8 13 2 o

Gas temp.

Gas temp.

Center  Periphery ~ Center  Periphery

Un_ifo_n:n Gas deflection
gas flow around HBI

‘inverse V' % ‘W type CZ
Centr, type CZ =

gas fl

B 1 HBIEZEAE AR OFPNIRIZEAL & Bl iR
Fig.1 In-furnace condition changes and technical issues with
massive HBI charging

Calculation assumptions :
10 |  Carbon in Coke = 88.0%
+ Carbon in PC=80.0%

B AY
—~ =30 . Ref. 4)
S N\
T 40 ¢ /% \///
S Ref.3) Y,
x -50 \
Q \\
< 60 S
\
-70 \\

Shaft efficiency Y\

90 t =Const. \\
\
AY

0 100 200 300 400 500
M.Fe in HBI (kg/THM)

2 MFe# At & ACOBIFR (it D)
Fig.2 Relationship between M.Fe charged and AC
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2. -7t (ExX#it) KEHROKEKE
ICM T oA R R R T
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F218iB X022 CRR L, @B L V@IIBEED AL
TIZRT,

QAR OBKE= Y D—>ThLHFHTIHE=
9 7%, Al % L CHBIB S B A2 AR 5 H[H
SeowstiE (HMT : Hot Metal Temperature) % ¥
W 2Y AT LT, FPAREIIHEGTLIRMTH S,

¥ 72, @EFI AT, HBOBZ A IZRE ) K7 A
EARER ORI E - BMEELE - EREEB LR
W - RERERREL, Ky Y2l g L—A7x
A WEE - PCRRBESR 70 & % o 1F i P A B 48 3 2 $4l5 <,
HBIMZ BLA R OIS - R - i FAY) OREIHS:
THHEMTH S,

<Technical issues> <Solutions : BF developed technologies>

1) Deterioration of
gas permeability
at lower part

( i ) Burden distribution control

(i ) Pellet reforming (KHP)
2) Increase in

heat fluctuations g
= (iii) Al SOURO®

(iv) Blast condition control

3) Decrease in AC

3 HBIECHRF OHATRE 6§ 5 S HAly
Fig.3 Technical issues and developed technologies with massive
HBI charging in BF

| Large bell h\

o Coke
center
charging

Movable
armor

Center
charged
coke

4 R)V - T = — T O A5 i )
Fig.4 Burden distribution control at bell-armor type blast furnace

2.1 EAYPFHIEE HBIFE A HiT
(1) R - 7= —F T OEE AW 55 il
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a—27 ABE) I C27T -~ -0l T —~—%Hl
AEDLETHHT S, C27 —~—DOMHLICK - TC2
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Wy o3 A R A T L oo SEBRCRE I N R £ 3
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HBI OfFAEE R IR 2% L 72,
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Fig.5 HBI segregation results in burden distribution experiments
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LEBICHBIZEATAZ LT, RGIZRT LTI
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T HEBR & N L 72,
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Hbo AT LEAT -7 ZZBE LT VI FR—
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A5H) MERBF LS E 2L L )RBETLTALL
B, BETHMIVERTAZEE L. TTABRET
100 mm DALEIZ BT, EHEE B L 72KEB L OHBI
AT 7R LSRR (D VKRR AF Vv a
—X) ZPrERE L, FERL D BROmEEE) %
BIg U720 FEBREAE LT, WM GEREE) - s -

Gas temp.

Utilized sensible heat of center gas
under stable gas permeability

Periphery Center Periphery

Coke center Coke
charging % é +HBI center charging

Coke layer
Ore layer

X6 HBIHLE AZEORKIK
Fig.6 Schematic diagram of center charged HBI
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Fig.7 Proper dripping area in cold model experiment
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Fig.8 Operational results of the first actual test
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Fig.9 In-furnace condition changes with massive HBI charging
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MIDREX™ Process Contributing to CO, Reduction in the Steel Industry

Shoji IKUTA - Taiji HATAKEYAMA - Dr. Tetsushi DEURA

E: 354

MIDREX™ 71 & 2 1%, % TR c#k (DRI #8E TX 28k e LT, R 25802 EDTw 5,
MDMKmfutXKH,X%ﬁX% JCHI & 45 [MIDREX NG™], KER» 2 & AK100% F THREKIZAKFEIZ
BER BT LA EEZ TMIDREX Flex™ ], /K% 100%#cH & LTHWA [MIDREX H,™M | D=2D X = 2 —
FHL TS, A7 00X ZITEREN 7 KA RO ED TH D720, WL ICREL 7)) —>
IRFEDPATIRM R T A F— B IS U TR A WIS TR TH Y, RlERY ) 2—2a VERETLHIENT
&%, ARTid, MIDREX™ 70t 2 DM RERITICHBIT 5 CONIRANDOEB, F@esklzZibsek
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Abstract

The MIDREX™ process is gaining global attention as a low-carbon ironmaking technology for producing
direct reduced iron (DRI). It offers three configurations: MIDREX NG™, which uses natural gas as the
reductant; MIDREX Flex™, which enables progressive replacement of natural gas with hydrogen up to 100%;
and MIDREX H,™ which uses hydrogen as the sole reductant. This flexibility supports gradual hydrogen
introduction while leveraging existing assets, enabling adaptation to regional green-hydrogen availability
and energy policies, while making it possible to provide tailored, optimal solutions. This article outlines
the MIDREX™ process features, its role in CO, reduction through hydrogen transition, and the laboratory

FEATURE : KOBELCO's Steel and Aluminum Technologies and Products for CO, Reduction

evaluation results of DRI products under varying reduction conditions.
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Optimizing Reaction Efficiency of Dephosphorization Furnace to Expand
Scrap Utilization
Takashi TSUSHIMA - Keita OUCHI -+ Dr. Takamitsu NAKASUGA - Shinya OTANI - Masumi IWASAKI - Takerou ADACHI
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SHICHEREZ%ET L,

Abstract

To reduce CO, emissions at Kakogawa Works, efforts have been made with a focus on expanding scrap
utilization in the dephosphorization furnace and, as a preliminary step, on improving dephosphorization reaction
efficiency. The following issues were addressed from a chemical engineering perspective: (1) promotion of
phosphorus transfer to the hot-metal/slag reaction interface, and (2) improvement of the bottom-blowing gas
injection method (bottom-blowing pattern) in the dephosphorization furnace, based on the notion that increasing
the reaction interfacial area through enhanced slag entrapment would be effective. First, as a preliminary study,
water model experiments confirmed that an effective means of realizing this concept is to switch from gas blow-
in where the inner-tuyeres flow rate exceeds that of the outer tuyeres, to a uniform flow rate from the outer
tuyeres. Next, a demonstration test in the dephosphorization furnace confirmed that the reaction efficiency
improved as intended. On the basis of these results, the bottom-blowing pattern of the dephosphorization
furnace was improved, and full-scale implementation was completed in March 2025.
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Fig.1 Schematic flow of steelmaking process in Kakogawa Works
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Fig.2 Schematic of dephosphorization furnace
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Fig.4 Schematic of water model cell
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Table 1 Gas blow hole arrangement of water model cell

Number | r(mm) ©(deg) | Number | r(mm) O(deg)
1 220 30 6 104 0
2 104 90 7 220 0
3 220 120 8 220 330
4 220 0 9 104 270
5 104 0 10 220 210

Conductivity meter

Conductivity meter Syringe
(40%KCL:50 ml)
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Blow hole Blowing gas(Ar)

(b)Vertical section

(a)Cross section
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Fig.5 Overview of mixing time measurement
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Table 2 Gas blow rate ratio in mixing time measurement (per hole)

Gas blow rate ratio(%)

mI;IIzLZr Bottom blowing pattern
A B
1,3,8,10 9 10
2,5,6,9 13 10
4,7 6 10
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Fig.6 Overview of metal/slag mixing simulation
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Table 3 Gas flow rate ratio in metal/slag mixing simulation (per hole)

Gas blow rate ratio[ %]
m];:;:;r Bottom blowing pattern
A B C
1,3,8,10 9 11 10
2,5,6,9 13 11 10
4,7 6 6 10
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Fig.7 Schematic of involved particle evaluation by image analysis
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Fig.8 Relationship between mixing time and bottom blowing gas rate
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Fig.9 Image of shrinking dead water area caused by expansion of
gas column
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Fig.10 Schematic of gas column area measurement by image
analysis
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Fig.11 Effect of bottom blowing pattern on gas column area
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Fundamental Study of Purification of Aluminum Scrap by High-

Concentration Magnesium Addition

Dr. Katsuhiro YAMAGUCHI - Kohei KOMORI - Dr. Kengo KATO - Dr. Hideki ONO
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Abstract

WEMEZAELTBY, TVIZTLARAZ Ty TOEGYE

This research is based on a fundamental study of impurity removal from aluminum scrap by adding
high-concentration magnesium. Experiments have confirmed that adding high concentrations of magnesium to
aluminum molten metal and holding it at low temperatures for a short period of time results in the formation
of compounds containing Fe, Mn, Si, and Cr as primary crystals, reducing the impurity concentration. Applying
a settling-based separation to recover only the upper layer has produced molten metal with low Cr content
in contrast with JIS A5052 alloy. Thermodynamic analysis based on activity coefficients has supported the
observed impurity-removal behavior. These results demonstrate the method’s potential to simultaneously
reduce multiple impurities rapidly, and to serve as a foundational technology for improving aluminum scrap

quality.
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Mg 20~40 mass%, J6#M 1 mass%, Wiz 7L 3I =
v A& L7ze LA, mass% % % & WEERd 5o BT Ar
A AT T773~913 K 12T 10~35 min PR FF L 72 1%,
JFARSEY ML, Ar M AZKREMT TG Lz, Wk
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HRE - BEMEE (SEM) (2 X I L7s MUBOHHE,
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(K& 11~%EB&13)
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250 mm DB B DIFICT IV I = A A B X 0K
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R & 2 % X ) IT ANz, HHLKIZTH 1,000 K T 7
B, 7 ATV LMERRMLEEGR%Z50~54kg &
L7z B, BHOMBILRELTRZ -0, FEH121X
FRALR I D72 D Be Z AT & L 7zo B85 13T iR
T10 min fR¥F L7272, B2 05kgl 25 X H 122D
LOIENEG L72e 22T, 1k LA LA YA

26

WLARWI ) ICEREHOAMINT 2 X 5132 %G L
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2. RERHER

2.1 MgHRMIZ K 2R MERE LERROFRE
KURLIGMEROEB Y, EE1~101B W T,
BCARLEE & LR U CAMM e R ORI L7z TV
ISV LAREDHEETLIT3KICBITAT VI =T A
ORI, RER LD Fen18%"”, Mn7336%", Si
2321%", CrA%068%" THh b AfEHIE, Mg% ik
JERIN L TR T 39 %5 Z & TFe, Mn, Si, Cro®
FREMMET L2 2R LT WS, D EDREELS,
Mg iR X A AHM BRI T LT 2 BRI b HR
ThbHIEDWThol

WO LR RIS 5 TAEZ - 72 EB11~1312
BOTH BRI CrilfEA VMK L VIETF L $72
Mg i AYE < PRFFILE DRV FEER 13 258 B K\ Crii
JEE ol RERLD, BHEHWT A L TCrig
JEDNE S & RN T & A 2 & AR S,
2.2 {bEYEREE EBLIMHIROEBE

B 112928k 2 (Al-30% Mg-1% Fe) o WiiliEREH; %%
TRT o BRE I I AR R LA OFERTTRICH 5 K1 (a)
WFYI VR4 2 uRa—TETHY, FEHIALEwL
ATEZ M1 (b) BIO (¢) &, FhZFhils L
B XN TFEHOBSEGRTH 5, HifE AlFefbt&WT
% Y, Shinomiya & DFFE" X Y B D ALFe (Al,Fe,,
384 x 10° kg/m*'?) LHEE S NS, B TEICIE
ALFe b &EMH % S HFAEL TV B L, REEEBIC
RIFEAER NGV, THIZALFe L&Y OB I
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Table 1 Summary of experimental conditions (Target elements, Formulated composition, Weight, Temperature) and corresponding results

Experiment | Element .. Weight | Holding time | Temperature | Experimental concentration (mass%)
Formulated composition .

No. M (kg) (min) (K) Mg M
1 Fe Al-20% Mg-1% Fe 0.12 35 833 22 0.29
2 Fe Al-30% Mg-1% Fe 0.12 25 833 32 0.08
3 Fe Al-40% Mg-1% Fe 0.12 10 823 43 0.02
4 Fe Al-30% Mg-1% Fe 0.12 15 913 39 0.79
5 Mn Al-20% Mg-1% Mn 0.12 25 823 19 0.32
6 Mn Al-30% Mg-1% Mn 0.12 21 873 36 0.50
7 Si Al-20% Mg-1% Si 0.12 30 823 19 0.44
8 Si Al-30% Mg-1% Si 0.12 20 873 26 0.24
9 Cr Al-20% Mg-1% Cr 0.12 20 823 21 0.03
10 Cr Al-30% Mg-1% Cr 0.12 20 873 31 0.02

Al-10% Mg-0.19% Cr-0.05% Cu
11 Cr -0.03% Ti-0.004% Be 5.4 10 896 9.4 0.11
109 y ) o 0
12 Cr AJ””BMg8§;f$;0056CU 5.0 10 901 10 0.13
-U. 0
Al-15% Mg-0.18% Cr-0.04% Cu
13 Cr -0.03% Ti-0.003% Be 5.0 10 877 15 0.08
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Fig.2 Cross-section observations of samples, (a) Al-20% Mg-1% Fe, (b) Al-30% Mg-1% Mn, (c) Al-30% Mg-1% Si, (d) Al-30% Mg-1% Cr
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Fig.4 Activity coefficients of various elements M in liquid Al-Mg alloys at 873 K as a function of Mg concentration
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Table 2 Thermodynamic data and references used for equilibrium calculations

Element Formation Gibbs free energy Reference
M Formation reaction of compounds N o o
AG (J/mol) AG YM(in Al-Mg) | @Al OMg
Fe 3AI(l) + Fe(l) = AlsFe(s) -136,460 + 68.4T 9) 9) 22)
Mn 6AI(l) + Mn(l) = AlsMn(s) -189,344 + 116.3T 21) 10) 22)
Si 2Mg(D) + Si(l) = MgSi(s) -136,248 +62.7T 20) 11) 22)
Cr 13AI(l) + 2Cr(l) = Alj3Cra(s) -364,186 +196.3T 20) 15, 20) 22)
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Fig.5 Comparison of calculated and experimental solubilities of Fe, Mn, Si and Cr in liquid Al-Mg alloys as a function of Mg concentration
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Development of a CO, Data Calculation and Management System for
Site-Specific and Product-Specific GHG Emissions
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Abstract

Since achieving carbon neutrality by 2050 requires increasingly objective and transparent GHG emissions
management, Kobe Steel has developed a company-wide platform known as the “CO, Data Calculation and
Management System” to meet this need. Designed to handle diverse business sites with varying calculation
rules and data granularities, the system is flexible enough to adapt to future calculation standards and ensures
full traceability of input data and calculation logic based on third-party certification. This paper explains the
development background and architecture of the CO, Data Calculation and Management System and outlines

FEATURE : KOBELCO's Steel and Aluminum Technologies and Products for CO, Reduction

its future application.
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Table 1 Examples of GHG emissions report by manufacturing site

Report

Reporting entity

Reporting based on the act on the rational use of
energy and shift to non-fossil energy

Ministry of Economy, Trade and
Industry (METI)

Reporting based on the act on promotion of global
warming countermeasures

METI and Ministry of the Environment

Reporting based on the prefectural ordinance on
environmental conservation and creation

Hyogo Prefecture

Carbon neutrality action plan

The Japan Iron and Steel Federation
Japan Aluminium Association

KOBELCO group ESG data book

Our group’s disclosure materials
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Table 2 Scope categories of GHG protocol

Category Explanation

Scopel Emissions from sources that are owned or controlled by
Direct emissions | the organization.

Emissions from the generation of purchased energy
Scope2 o ; .
Indirect emissions | (€lectricity, steam, heating, cooling) consumed by the
from energy organization.

Scope3 Emissions that occur in the value chain of the
organization, both upstream and downstream.

emissions
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Initiatives to Reduce CO, Emissions through Steel Slag Products
Eiichirou MORI - Hiroaki MATSUMOTO - Takeshi MAKI
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Abstract

Steel slag is a by-product of the steel manufacturing process and has traditionally been used as roadbed
material and as a raw material for cement. Ground-granulated blast furnace slag (GGBFS) has also been widely
used as a partial substitute for cement in concrete, thereby contributing to the reduction of CO, emissions.
This article introduces existing examples of CO, reduction achieved through the use of GGBFS, as well as
the environmental benefits of emerging applications such as soil stabilization and materials for seaweed
bed creation. In addition to supplying GGBFS, an established product, Kobe Steel strives to contribute to
the realization of a sustainable society by further promoting the use of steel slag products—including soil

FEATURE : KOBELCO's Steel and Aluminum Technologies and Products for CO, Reduction

stabilization with steelmaking slag and its application as a base material for seaweed bed creation.
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Fig.1 Low carbon type concrete utilized in the retaining wall at Kobe head office of Kobe Steel
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Fig.2 Ladle Turret of 6CC in Kakogawa Works
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Table 1 Physical specification of local soil and steelmaking slag

On site soil Steelmaking slag

Soil particle density (g/cm?) 2.619 3.197
Natural water content (%) 229 8.4

Content of Gravel (2-75 mm) (%)} 447 64.4
Content of Sand (0.075-2 mm) (%) 17 27.4
Content of fines (=0.075 mm) (%) 38.3 8.2
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Fig.3 Result of uniaxial compression test
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(a)Submerged breakwater construction materials
(Steelmaking slag stone)
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Development of 1,600 MPa Class Alloy-Saving High-Strength Bolt Steel

Yosuke MATSUMOTO - Takayuki YASUI - Tatsunori UCHIDA - Dr. Masamichi CHIBA
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ARIFFETIE, MoZ ML Si#MMAITBML, A Y 54 o - KEZWHT 2 2 & Tl % 22
fLs, SE- CAMOMI & BN Z IH 28 & E&mmE v Sz RIE Lz 72 Y- ZAFFHEIC LD,
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T NVHERENDOEIRD R TE 5.

Abstract

Demand for high-strength bolts is increasing as automotive engines become lighter and more efficient.
However, ensuring adequate resistance to delayed fracture remains a significant challenge. This study has
yielded an alloy-saving steel for high-strength bolts that achieves an optimal balance of strength and toughness
while suppressing delayed fracture, where increasing the silicon (Si) content without using molybdenum
(Mo) suppresses cementite precipitation and growth, thereby stabilizing fine carbides. Test-piece evaluation
confirmed that increasing the Si content raises the critical hydrogen concentration required to initiate
embrittlement, enabling the steel to maintain delayed fracture resistance at tensile strengths of up to 1,600 MPa.
Furthermore, prototype bolt evaluations demonstrated excellent formability, and delayed-fracture testing
showed outstanding performance in the high-strength range. This steel grade is currently being used for bolts
in automotive engines and is expected to contribute to resource conservation and the advancement of carbon
neutrality initiatives.
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Table 1 Chemical composition examples of steels for bolts (mass%)

Class C Si Mn P S Ni Cr Mo \Y Ti Nb | Ref.
1,100 MPa| 0.41 0.20 0.72 10.013 |0.010 1.01 0.18 - - - *
1.200 MPa| 0.34 | 0.28 | 0.37 |0.008 | 0.005 1.26 | 0.40 0.026 | 5)
1,300 MPa| 0.42 0.06 0.53 10.007 | 0.004 | 0.54 1.00 0.97 0.07 | 0.05 - 6)
1.400 MPa| 0.40 |Reduce| 0.50 |Reduce|Reduce 1.20 | 0.70 | 0.35 - - 7)
1,600 MPa| 0.40 |Reduce| 0.50 |Reduce|Reduce 2.00 | 0.15 - - 7)

*JIS G 4053 : SCM440
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Table 2 Concept of alloy design

Alloy design

Previous concept

Developed concept

P,S reduction

Reduction of grain boundary embrittlement
elements

Reduction of grain boundary embrittlement
clements

Ti,V,Nb addition

Refinement of prior austenite grain

Refinement of prior austenite grain

Mo,V addition

High-temperature tempering above 550°C
reduces the grain boundary plate-like
cementite and induces hardening by

precipitation of alloy carbides

Suppression and refinement of cementite on

Si increase grain boundary by low temperature
tempering under 450°C
Standard alloy steel(SCM. SCR) Mo-added steel Developed steel
Film-like — Spheroidized
i 0 cementite
cementite )_\ ’
N
4 - \
Microstructual —{ - |
image @ J
0.0, | LGS
Massive Prior austenite Alloy
cementite ~—grain boundary carbidé™
Precipitate Cementite(Fe,C) Alloy carbide(VC) Refined cementite

1 PERSH & ARIZERMOMBE T > 7 b

Fig.1 Microstructural concept of conventional steel and developed steel
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Table 3 Chemical composition of test steels (mass%)

C Si Mn Cu Ni Cr v Ti

0.11%Si| 0.39 0.11 0.15 added | added | 1.06 added | added
0.98%Si| 0.37 0.98 0.16 added | added 1.06 added | added
1.45%Si | 0.37 1.49 0.16 added | added | 1.09 added | added

1.75%Si| 039 | 1.75 | 0.15 | added | added | 1.04 | added | added
2,400 —0—0.11%sSi
2,200 —h—0.98%Si
§2,000 — —0—1.49%Si
= ’ 1.75%Si
£ 1,800
o} 1,600 MPa class
2 1,600 <
@
‘@
€ 1,400
2
1,200
1,000
250 300 350 400 450 500

Tempering temperture (°C)
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Fig.2 Relationship between tempering temperature and tensile
strength of test steels
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Fig.7 Surface observation results of developed steel
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Effect of Ca on the Machinability of Non-Heat-Treated Steel for Connecting
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Abstract

Kobe Steel has developed a steel for fracture-split connecting rods that achieves both the world-class high
strength among non-heat-treated steels and excellent machinability. In this newly developed steel, calcium
(Ca) content is precisely controlled to mitigate the degradation in machinability typically caused by increased
material strength during turning with cermet tools. While previous studies suggest that Ca addition primarily
suppresses tool wear in terms of rake face wear, this newly developed steel exhibits a significant protective effect
on the flank face. Hence, the wear behavior at the tool’s cutting edge, along with the composition of adhered
deposits, has been considered using SEM and TEM to elucidate the mechanism of flank face wear suppression.
The results have identified two primary contributing factors: (1) migration of adhered deposits toward the
flank face during turning, which inhibits tribochemical wear; and (2) the formation of Ca-based oxides that act
as a diffusion barrier for binder-phase constituents, preventing binder degradation and the subsequent pull-
out of hard particles from the cermet tools. Furthermore, the results suggest that these mechanisms act in
combination, leading to a significant overall reduction in tool wear.
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B Conventional process

=@

Mating surface

o=@

Rod c Rod b
ap Cap
i) The rod and cap were forged ii)The mating surface was iii)The parts were fastened with
separately and subsequently machined. bolts and then finished by
machined. machining.
Improving efficiencies of its engine
B Fracture-split process The mating surface is used as the
fracture-split surface.
Rod€a /=) Cap S
€ Machinability >
i) The rod and cap were ii) The rod and cap are ii)The parts were fastened with
integrally forged and separated by fracture- bolts and then finished by Reduce manufacturing cost
subsequently machined. splitting. machining. 2 avmy FRENRD 5o LB
1 avoy FoRETR Fig.2 Necessary properties of the steels for
Fig.1 Manufacturing process of a connecting rod connecting rod
. x1 M OLF RS
1. EBREE Table 1 Chemical compositions of samples
(mass%)
NP /. . =A =
Ca @%EEU‘VIF’\O)?;%’Eﬁé f:b&& Ca;%%% Lff_ 2 Sample C Si Mn P S Cr | v Ca
#ifE (LLF, Z2M Non-Ca,Add-Ca & \»9) o) ZHEfF L, Non-Ca | 0.49 | 0.25 | 059 |0.008 | 0.037 | addition | tr
%0)“:?5\25}75:% 11273, #iM i %%I*{é THEIEL Add-Ca | 0.50 | 0.26 [ 0.57 | 0.011 | 0.044 addition

28 2 HWT, B mMmICAMEEL/ -0, &
25 mm F THEBEBIM T UZze N L7280k %2 a2 >

Non-Ca Add-Ca

SN ]\\*H %,' 2 yﬁr{ & ‘g_ 5720 ‘i‘)‘h‘ ﬁaﬂﬁ?ﬁﬁ*ﬁ*ﬁ@ ‘i‘}‘l‘%}i Hardness : 5 J !| Hardness : 410 HV'

]

(1200°C x 1hr, HIEGH) %47 VBEIM % fE8 L 720 i
BeWA ML & S % B 3 1R e
Non-Ca, Add-Call#L T, F2 O%LMChedlinLH
ATV, CaDBBIE~OBEICOWTHRE L7z B
WIPEIL 2 2 OB CHM AL L, 20k S 0%F
T T HESFER 2 W5E L, SIMIEEEC 0 2 THESED

AT s SEA L7 3 BB OMML S
HEATEC A TRFl L 720 Fig.3 Microstructures and hardness of Non-Ca and Add-Ca

2. KERFER
®2 JEHIM T4

2.1 KEHlnIEERER Table 2 Cutting conditions for turning

Febl I T AR08  2 B 4128+ Add-Ca %l - 72 —_— r———
ﬁ,ﬂé EU Iﬂ (JflT, Add-Ca B,E‘ Eﬂ] I,E\ Ewn ;) o) 1Z Non-Ca Cutting speed (m/min) 200
ZH o 72El TR (BT, Non-Calghl LEZw9H,) (2 Feed rate (mm/rev) 0.1
HARCRITH O THERESHHI S TB Y, BHtEot Depth of cut (mm) 0.5
AR b NTzo THREEFEDHMH S N7 H N 2 i8R T 5 Coolant Wet
728, Non-Calighl TH, Add-Calighl TERDZhZho Cutting distance (m) 50, 200, 1000,
HEDFEM 2B 21T 720 —
2.2 EEITEN%DOEHE 200

R51C THORNEZ FIFHM A, S SEMBIZEE L O
EDX~v ¥y 7 L7z hEmRL, R6IZZ0MEER
o Non-Calighl LTE, Add-Calghl TE & bicHE (B
BOBIL) CIESIRKE R HEBREEZ LTRBY, BERER

250 ==A--Non-Ca A
—e—Add-Ca o

Maximum flank wear (um)
=
2z

ER0 b 2o F 1z, BEHIBASES L CO BT 100

b b L% 5 720 Non-Ca e Hl TR I3 BERETT A 0 o 50

PRI A5 % RSP A E U2 512, Add-Ca liEH T 0

(VBB & RIS R O AT (55 20 B #3570 e
BB, VTS THERABHABHA LTS S ok e

nefo A, e N 4 BEHI LR A

LR LTW5S, CadtE~ v ¥V 7ofERE, Add-Ca Fig.4 Turning test result
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Rake face
Cutting edge

N

Flank face s—p

observation direction
in SEM and EDX

Cutting for cross section

observation

-
-

Detailed observation
in SEM , TEM and EDX

|:>->:

5 el TEN Lo BIg )k
Fig.5 Observation method for the cutting edge of the turning tool

Turning tool after cutting Non-Ca

Turning tool after cutting Add-Ca

50 um

6 HEfl THEFMOSEMBIEZB L 0 Cad i~ v ¥ v 7
Fig.6 SEM observation results and Ca elemental mappings of flank face of the turning tool
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FTMEICYTIZ 0y ~BumDMAPL KD SN
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BEO:YhHN, BISRAMEQ: BEEP YR _;]bl«\
TEMBIZB L OEDX v ¥ o 7 L7-iEHE 4R 8 (Non-
Cafghl TH) &R 9 (Add-Cafighl TH) ZRd, Hb
B, HEWERS TARmICEORLRT, BISE
@ P HIZBWT, NonCalghl THEIZAIESi & O,
Mn &S, VEODRRMEIZHDO LN, FNFNLALSIH
AW, MnS, VRABALYDPHE L Twb EEZ bbb,
W |F9 Add-Caligh] TH.1x, Al&SikCak O, Mn&S,
V & O EMLEIZERD b, FFiL Al-Ca-Si ALY,
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BAL A7 L T 5 }:u\') 112 BT Non-Ca ighll T
H.2 Add-Caligd] TEIZZ=EIFRD SN 5, BIEHED:
FEFEPIRIZBWT D, Non—CaﬁEﬁUIEli Al&Sik O,
Mn & S2SREICFED B, ZFNEALSREELY,

IZ CaDiifbh®

Turning tool
after cutting Add-Ca

Turning tool
after cutting Non-Ca

Ilank face

Flank face

10 pm

& Unworn area

7 T TR o SEM %%
Fig.7 SEM observation results of the cross section of the turning
tool
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Observation
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cutting edge

Observation
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center of the
wear area

8 Non-Ca®liEhll TEWii O TEMBIEB L Ok~ vy ¥ v s
Fig.8 TEM observation results and elemental mappings of the cross section of the turning tool in Non-Ca

Observation HAADF image Mn S O
positionD s
cutting edge

Observation
position@
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wear area

9 Add-Ca®JiEhl T EWifio TEMBIEB L Ot~y v 7
Fig.9 TEM observation results and elemental mappings of the tool cross section of the turning tool in Add-Ca
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3. EE

THEEREISEI A A=A LMITWONEETALIE
AHE SN TBY, gl TE XN E MR Tld &S
ERER T TV VTR AL ), BRI
EDMNITARTIHWNVERENAAL VIZhDEFSbILTWY
%%,

Sl OBEHIN 4504 ClEX 6 X 0 hel) THHA &I kS
BB LN o722 e, BRIINIARTIHL
BN RAL Y ThHholbFEZibhb, 22T, PIAK
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R1212/79 Add-Calighll T.213 Non-Ca il T- H 12 kb
NGV RBA I TIEN, Y FHPONIB X P Coni
FERT AR SN TBY, Wl ) NE Tl Non-Calié
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Co DILFEE TN HEET-DSFRD BN D,

Turning tool after
cutting Add-Ca

Turning tool after
cutting Non-Ca

1.pm |
e A\

10 JeHl TR T O F RGBT B 5254 & FHO5H L iE
Fig.10 Analysis locations of the binder phase in the cross section of
the surface layer on the flank face of the turning tool
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Fig.11 Analysis results of Ni content in the binder phase on the
flank face of a turning tool
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Fig.12 Analysis results of Co content in the binder phase on the
flank face of a turning tool
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Steel = |
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| Ca enrichment in
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Suppressing the pull-out of
hard particles
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B13 A ¥ ARG OB RIS & 2 WK O R EBIH A 71 = X 2

Fig.13 Mechanism for suppressing hard particle pull-out by preventing diffusion of components in the binder phase

fillo
@A ¥ FRIERGVAT A L7z Ca R IL 33 4~ 5 M
T OPLEEBIE L, N4 v F o5 bE 3 %
2 &T, WKL O K% & Bl

Non-Ca lig ]l T. B & Add-Ca FEHl T. B T3 %W o
RICERDZDH Y, 2L B TA KT I A IVEFEOH
#7712 38 34 U Add-Ca Big il T2 (& Non-Ca fig il T2
WZxt L C T HEE IR ST b e sh
%o LL, A ¥ &G OdLEkh Ik Add-Ca lig
HITEIZL»BO N o7zl &5, Add-Caliehl
THIZOQDOHEAES LT Non-Calell TH X ) &3k
O THEFREI I S Cnwiz e E2 5hb,

IO =YL CTHIZE L7z & g2 W L7258
Daray FH#TE, EmErctE) gnvko B
T 57201 Camz il L Twb, T Call k28
HIPEEALOPIHI A = X L 2S5 2 & 2 HNIZ, e
Hl TEAEORERAEWIEH L TELEZIT- 72,

ZORER, ORI T Ak 75 75 76 0 1 0 1 5 B)
L, ZOHBIIBWT NI 4 K7 I HIVERZIH, @
INA  FHIERAT A L7z Ca R B AL AN A4~ & H
WA DI ERILL, N1 Y ORI EIHIT S &
T, BRKFOREZWH, OZOOEREH LML
720 ZLTC, INOORENEE L CITHEFEIHIH &
NTWABWREEZEX LD, AhbElharoay K
L, BB E IR R G T R R i L OV OBREE &
B2 L7248k cdh Yy, aray Kz - igek
LIy Y Y ORMFMICHESGTHI LT, HEHEDCO,
PE R ORI S D,

2 % X #

1) RO ¥ BULRE 2001, 41%, 4%, p.190-195.

2)  WE 30 20044F BEREH T RBRTR R M AR
#£. 2004-3-16/18, F§9% 1443, 2004, p.615-616.

3) R ik 45188 - 1890 P (L FRAHAMT I [ BRI O O
HEA | 2006-6-1/15, HA$S1#43, 2006, p.191-205.

4)  HMEEIE 5z 5T 2020, Vol.25, Nob, p.18-23.

5)  fICELRIZ A k& 8. 2022, Vol108, No.7, p417-423.
6) RHEHIE I KB 1982, 48%, 477, p463-468.

50 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 75 No. 1 (Jun. 2026)



W5 38 7VIRMITHIBKOBELCONCOHId BRtHA - B

FEATURE : KOBELCO's Steel and Aluminum Technologies and Products for CO, Reduction

(Hefty Rt

BE{bE CO,RIBICHINY 2 EMiE/\1 T > B
BAEE - B oo ) - AR - SRS v - VR 2 EEIE

Ultra-High Tensile Steel Sheets Contributing to Lightweighting and CO,
Emission Reduction
Koji FUKUMOTO - Dr. Junya NAITO - Atsuhiro SHIRAKI - Dr. Yuichi FUTAMURA - Manabu KOBAYASHI - Hatsumi YOSHINO

31

M ERBREIE AR O B TSR R A A (GHG : Green House Gas) #HEHIEEI I Z H Y & L 72 BB O R 1] A3 %%
E T I N Tw5, HEEORE N LIIIBEARBERALDSERTH 50, FRFICH 2R EIEESFIGNOER D &
FoTHEY, LVBEREZATAHHBRLWTET = — XG> TWb, ARTIE, ZIIHIEALINT T 1,470
MPaik~ V7 v A4 bHREB L O AV F—WIGTEM 0 & S LEIES O - & (GA) 980 MPa sl o 4k
DWTHINT 5, ZLTC, INH#NA T UMBHROBEAERILIET 4 754 7 VIZB1T 5 GHGHEL RHIKIC
KRELFHGTAHLZEZHLIZ L2

Abstract

From the perspective of global environmental protection, countries around the world are tightening automobile
fuel economy regulations with the aim of reducing greenhouse gas (GHG) emissions. While reducing vehicle
body weight is an effective means of improving fuel economy, stricter collision safety standards are also driving
increased demand for ultra-high strength steel sheets and components. This paper introduces the features
of a cold-rolled 1,470 MPa-class martensite steel sheet for deformation suppression areas and an alloyed hot-
dip galvanized (GA) 980 MPa-class steel sheet for energy-absorbing components. It has been demonstrated
that vehicle body lightweighting achieved through the application of these ultra-high tensile steel materials

contributes significantly to GHG emission reductions over the vehicle’s entire lifecycle.
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Fig.1 Mechanical properties of high tensile and ultra-high tensile steel
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2 RFEMMEGE (1,470 MPa#k MSHiAK)
Fig.2 Typical microstructure (1,470 MPa grade martensitic steel
sheet)

R 1 BEWRGFEORZEM (1470 MPaik MS $i47)
Table 1 Typical mechanical properties (1,470 MPa grade martensitic

steel sheet)
YS TS EL.
(MPa) (MPa) (%)
1,367 1,528 7

3 HFEHMMEGE A) Dual phase$il, B) BAZES
Fig.3 Typical microstructures of A) dual phase steel, B) developed
steel
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Table 2 Mechanical properties of test steels (GA 980 MPa grade
steel sheet)
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Fig.4 Absorbed energy-displacement curves and appearances in
axial crush

<, 80 mmZN CIREEE AL LD L XbPD, &
%, 7EY AL FAYN—RY THA R R N—EEA
DEHAYIHETE o

2. BT UOMBERICKPBEENROHE

WA E L 72 BEV (Battery Electric Vehicle)
FARETF NV Z VT, St omEmEfbic L 2BE3 %%
RELZFMICE AL, FIREEES0 MPafk oA T
UM EKIA0%, HIRRE T80 MPa Ll Lo NA T VB
ZR125%BH L7 R — 2 EF IV 5, BIIERE 780
MPall LN A 7 A O#FE%383% L3452 LT
12% DEERE B SN TV B, R 5 ICHEHEICE X
—ZEFN, 12%RBAL L 727 — 2 DM FREE % 7R3
ZORBEZIT 57220184 Y A0 5, BIoREREE 1470 MPa
WMOEHH TV AR, T U ERMLEN b L, @
M OFEFRELE X TV ARIBEM 2 EOMNA T W
DOFMHAMBFRIE S SRR LTB YY), BN T
MEHICEY S50 8w EIMETE L, 22T,
A Ci3 HEHEERL TR S N5 GHGHEH = HI HRh R
IZOWT, FA4 7 A 7 VOBETRE L-f R4 3=
TR 5,

3. 479147V %EZRL /- GHG HHLEHIR
EYIES

BEV HiAE 7V %2 LIS Y OREHEED12%

52 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 75 No. 1 (Jun. 2026)



Dimensions & weight
(Base model)
SUV (E segment)

Length (mm) 4,826
Width (mm) 1,885
Wheelbase (mm) 2,785
Height (mm) 1,710
Curb weight (kg) 2,150 Material constitution Rate (%) Material constitution Rate (%)
Weight of BIW (kg) 456.4 < TS590MPa Steel 41.4 < TS590MPa Steel 24.1
Number of parts 243 = TS590MPa Steel ] 40.7 = TS590MPa Steel 1 32.9
Xexcluding hood, fenders and doors = TS780MPa Steel | 12.5 = TS780MPa Steel [ ] 38.3
Hot Stamping Steel | m—m 4.5 Hot Stamping Steel | m—m 3.8
Aluminum Extrusion | 0.8 Aluminum Extrusion | mm 0.9

Base model
5 HROFZFEICH X PR

Fig.5 Body in white, main specifications and material constitution of base vehicle

12% lightweight model
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Fig.6 Scope of assessment during the life cycle of a vehicle
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Investigating the Application of High-Heat Input Welding of 9% Ni Steel
Plates
Haruya KAWANO - Naoki HASHIMOTO

31

i pe FA S o FEINZ T, RRRE L L CHRESHINT 2L RBE A A (LNG) ORFEA 7 » 271213 9%Ni §i 23
MENTVEY, 5HBE L OBEY v o PBEE S b, Z OB TR LIS ORETH L, €T,
MUHREL Y ~ 7 O MEE TS L 7 YRS FEEZ BN L 22RO BEESEEN (HAZ) o U AM%GEEICH
A L, 2oUERE WA LR, A0 Molind X OSHERAE I TH L EZ/RINL, &
k), FMEE - CAMIRD L XY, KABBEEZETOENZHAZ CAMEEZAT % 9%NiMOEmILIco %
BHHRZD Z ENTET,

Abstract

Driven by the global shift toward a decarbonized society, demand for Liquefied Natural Gas (LNG) as an
alternative fuel is surging, making 9% Ni steel a critical material for storage tanks. Given the projected need for
production of a large number of fuel tanks, enhancing welding productivity is becoming a matter of urgency.
This study investigates the challenges of improving Heat-Affected Zone (HAZ) toughness when applying electro
slag welding to vertical joints in marine fuel tanks. Our research demonstrates that optimizing the base metal,
specifically by adding Mo and reducing Si, is an effective means of improving toughness. These findings offer a
path toward the commercialization of 9% Ni steel that maintains exceptional strength and HAZ toughness even

under high-heat input conditions.

BREAX-—T7—-F

9%Nifil, LNG%¥ > 7, L7 MuRTF7iEHE BHEAGER

¥ 20 E = PURFESOFEIN T T A F —fgifaphs
Mo, BATEELE LC, EINCENRCO,B X OBREHE
BB OB DD e VKRR A D TFEERBINL Tw
%Y,

KIRA AE - 162C THAL L7 IRE Tl S 5 729,
WALRKA A (LLF, LNGEW9H,) OF ¥ 7 I3
MUAMEE EREZMLTE 5 9%NIFHET EhCTw
%o, LNG% ¥ 7 D& & bREHBITE A & WD
AL U A DR S B 72, HERIIABENZ 725
INABEHEM L ER SN TEZD, SHRLNGEREOF
TNy 7 OFTED BT 5 L e &b H1
BWC, &7 oS TREZ AT 2 BT o)=L
FRELZBETH S,

T L, TSRS TOMIREILICHEKL T
WbIL 7 haRT7EE (LUF, ESW: Electroslag
welding &\ 9 o) @ 9%Ni SHEHEA~O #H 2R S ik
DTEY, TTRHEETFERLBEME ORI EA T
229

ZZTHE, MHLNGERE Y v 7 O EE~D
ESW#MIZ X 0 K& RBHESGEEZ 21T 5 Al o4
R U AR L, ARSI & ek iy 723 2 17 -
72

1. RABEREERICH TS 9%Ni#HDEE

9% NI I K ABEIE A BT 2 BROFREEZ 6 22
T 572012, O 9%NISM A H T 178 A
ESWHkFZER L, WHEHGEEN (LLT, HAZ: Heat
affected zone &\ 9 o) 2B 2 RERIRE - 196C TD
VXV — R F G L 7. L 72 9% NS o
W kAR T BHAREL 2 KEIZELEET
ESW kT & f&k DR ABE AT O HAZ UAMEZ iR
L7z:LZ2h, ABEHEMIAHEVHAZDJLWHIFITUA
BT 2R 517z (B 1), Fusion Line (BLF, FL &
W) FHETIEA#E360 k]/mmiZBWT, FL»S
BEN A CTIE 222 k]/mm T KIEZR I T2 57z,

CAMETOERZW LN T 720, U AWM
THo72HAZOWIEILEB L O 7 uillikz i L7
FiA, FLANGTIZERGRE LR T INS Z 812X
0, Mk HAZ (LLF, CGHAZ: Course Grained HAZ &
W) EIEN MK ZAMETER SN L HERTH D,

F1 A 9%NIS DL

Table 1 Chemical composition of conventional 9% Ni steel

Chemical composition (wt.%)
C Si Mn P S Ni
0.05 0.22 0.67 0.002 0.001 9.16

MU T OV I SR BaliBSE v 4 — SAABIZEES
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Fig.1 Toughness of welded joints in conventional 9% Ni steel
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Fig.2 Fracture surface of Charpy specimen of CGHAZ
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Fig.7 Effect of Si addition on toughness and
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Table 2 Example of chemical composition of prototype steel

Chemical composition (wt.%)

C Si Mn P S Ni Mo

0.05 0.05 0.65 0.002 0.001 9.26 add.

x 3 AMEM O BB
Table 3 Mechanical properties of prototype steel plate

Tensile property Charpy impact property

Thick. Heat
YP TS EL VE.196c(J)
(mm) | treatment| ey | mPa) | (9% cach wve.
30 QT 702 735 21 220,197, 205 | 207
KLON6O B < =
Sooe 590= |690-790| 15= 19= 27=
250
ESW(12.3kJ/mm)
200 |
5150 |
el
o
% 100 &
50 |
0

01 2 3 45 6 7 8 9101
Distance from FL (mm)
8 MWD ESWHT U AN
Fig.8 Toughness of ESW welded joint in prototype steel
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Welding Consumables for Liquified CO, Carrier Tanks

Kazuyuki KIKUCHI - Baini JO * Satoru KANO + Dr. Takanori ITO * Dr. Yasuhito TAKASHIMA - Dr. Hidenori NAKO

E: 354

WAL CO, % & > 7 12 L 2 M BB KD SN TWw b, AFETIE, KR - JREAARmTIZ, — 55T Bk
TCTULAMZMAEL, 1390 MPa bl b2 7- 3 Mk % BI%E L 720 Nivguhn & AR bic & b BR¥LCTOD (Crack
Tip Opening Displacement) 0.15 mm PA & 3ERK L, ko KALIH 2, 71500 MPafht b Bt Lz, F
7z, il - EALBEIUTIC1E, PWHT (Post Weld Heat Treatment) 212077690 MPa bl b, — 35C CTo RBIF7%
CTOD Mfg%# A4 5 TRUSTARC™ LB-80LSR % %6 L 72,

Abstract

There is a need for the development of welding consumables suitable for liquefied CO, carrier tanks. In this
study, welding consumables have been developed for low-temperature/low-pressure service that ensure
sufficient toughness at —55C and achieve a proof strength of 390 MPa or higher. By adding Ni and refining
the microstructure, a critical crack tip opening displacement (CTOD) of 0.15 mm or greater has been obtained.
Materials with a proof strength of around 500 MPa have also been examined for future upsizing. For medium-
temperature/medium-pressure service, TRUSTARC™ LB-80LSR has been developed, providing a proof
strength of 690 MPa or higher after post weld heat treatment (PWHT) and excellent CTOD performance at
-35TC.

BRERX—7—F
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¥ 2D E = KIBBEARLBYF A SHHL S b Z B bk
F# (COy ML, BREFTAEMEHNTLHME L
T CCS (Carbon dioxide Capture and Storage) F 721%
CCUS (Carbon dioxide Capture, Utilization and Storage)
PEHSNTWS, BIXL72CO,0Mm%EE LT, K
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Fig.1 CO, phase diagram and an example of tank design for
liquefied CO, tank
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THZEHEEE Lz 72, %07 oREROBEH
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DNV ZEH] @ fift # B #% DNV-OS-C401 IZ e D B 5 0.15
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WolE), HEY v 7 RIENEE R EOEEIIBNT
1, VBTN DRI QAP S A
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T ZAHENEHCET T 2561 PWHT 2 FEhti L 20
MERbRVERRENTWE, 22T, BHEMEO
REHESICBW T O PWHT 2 £ L 72,

1.1 BAELERE
1.1.1 EBRFGE

FHETEEIC BT 2 EEM NI LT, A 058
TS A LT, ML CAMEE WY A EE S
BALZE S ORI 2 kA Tz BUWER R & LA SE O
LA P 2 2R 1, 8 S| OTERICH W 75
ZR2I18To SMAW IZHUE 20 mm, B 5 £f B2 20°,
V— b [HFE 16 mm DR 2 v, B (DCEP) (2
TERBEHEHEL, BESBEZERL. $72, FCWIERH

MR, BAJEMEE45°, N — T G 13 mm ORI 2 H v,
Y= RHACONTEIEEHERL, BESEEIERL 2,
SAW IEHE 25 mm, BASEAMAE30°, L — k13 mm
OB E Vv, BRICTEREEL, BE4R 2 ER
L7z

BWEBEMEIC BT 2EECBIBEEEO AR,
SMAW %% 2.1 k]/mm, FCW 2% 1.6 k]/mm, SAW %%
#23k]/mmTdH 5, SMAW T, T2, /52X MiE
#95~105C, FCW Ti, F#100~110C, 7% [
% 140~160C, SAW TIEP2, /S Z B % 140~160
CTL L7, PWHT &M, #HOFE (Aswelded) B
L O580C € 2 MR PRIE L 72 2 S Tl 2 G L 72

FKwmaE SR O PRI 5 AWS (American Welding
Society) BUEIZHE UCHIEEME R & ¥ v L ¥ —
R 2B L, BIRMEREB X U AR R L 7 72,
JGAE B EE, EARE THEME (LT, SEMEwv9,)
FHWCTHEAEERO I 7 o2 Bl L, NRICBIT2
CAMEZICE S8 2 MK O A 2 fERR L 72,
1.1.2 BELEOI /VOMABHES KUBHBNME

Bi%E L7 MRt OB E &8 3 7 aillfko—#l % X
213RT o WTROBIFMIZE VT HHIHIKE CHIK %
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Table 1 Chemical composition range of deposited metal

C Si Mn Ni Cr Mo Others
0.03 - 0.1- 0.7 - 1.0- Max. Max. Ti B
0.08 0.4 1.5 4.0 0.3 0.4 ?

Unit: mass%

K2 BESBIIBITHEHSMN
Table 2 Welding condition for deposited metal

Welding consumables

SMAW

[ FOW | SAW

Base metal (thickness: 20, 25 mm)

JIS G 3106 SM490A (Buttered by each welding consumables)

Welding position Flat (1G)

Current and polarity DCEP

Welding current 160 A 280 A 525 A
Arc voltage 24V 30V 30V
Heat input 2.1 kJ/mm 1.6 kJ/mm 2.3 kJ/mm
Preheating temperature 95~105°C 100~110°C 140~160°C
Interpass temperature 95~105°C 140~160°C 140~160°C

PWHT condition

As-welded, 580°C x 2 h

Groove configuration

[Thickness, Root gap, Groove angle]
SMAW: A=20mm, B=16mm, C= 20°
FCW: A=20mm, B=13mm, C=45°
SAW: A=25mm, B=13mm, C=30°

SMAW

FCW

SAW

2 BAESEOI 7 ok
Fig.2 Microstructure of deposited metal
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Fig.3 Relationship between Ni content of weld metal and A upper
yield strength
3% A upper yield strength = upper yield strength [-60C or lower] -
upper yield strength[RT]
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Nod, RFERDIMKL, BABEMICIE—EREDONIZ R
T Ak L7z,

BAESEOBMNEEZRIIRT, SHEMICSE
WC, i )7IEPWHT 580C T 2 B IR FF L 250 & 0
THAEE L72390 MPal LG LTHY, —60T I
By Vv E—IT AV F =1L TH 27 JU Lo
BIF2 iz R LTz,

1.2 BEMFHRE

1.2.1 EBAEX

KAIRTBEBEEFMFICBCT, EHBHICBTLE
Ok TERE % 5741 L 720 JIS G 3106 SM490A o RE# %
W, SMAW B X O'FCW i3 71 EiE 43, (3G), SAW i
TH%EHE (16) BT, HHEASMER20~30k]/
mm, XEREE LAMmEERFEZERLL, wih
DR T3 D FHGREIZ100C B E, 78 2 M & 140~
160C & L Cilra 0 L7z PWHT &l B0 F
FB L UB80C T 6 REMIPEFE L 72 2 S TRkl % %0t L
720

xR 3 BAESEOBMITEE
Table 3 Mechanical properties of deposited metal

Weldi Tensile properties Notch toughness 2
elding
consumables PWHT 0.2%PS TS EL Absorbed energy (J)
(MPa) (MPa) (%) -80°C -60°C
As-welded 194 586 33 158 192
SMAW 580°C x 2 h 478 566 31 155 167
FCW As-welded 492 585 30 93 122
580°Cx 2 h 462 551 32 95 128
SAW As-welded 518 598 30 188 235
580°Cx 2 h 481 569 32 198 218
Target min. 390 min. 510 min. 27

Location of specimen: t/2 (Center of deposited metal)
*1) Size of tension specimen: Dia.=12.7 mm, G.1..=50.8 mm

*2) Size of charpy impact test specimen: 10 mm X 10 mm, 2 mm V-notch

K4 BHERTICBT BEESN
Table 4 Welding condition of butt joint

Welding consumables SMAW | FCW | SAW

Base metal (thickness: 50 mm) JIS G 3106 SM490A

Welding position Vertical-up (3G) | Flat (1G)
Current and polarity DCEP

Welding current 130 A 200 A 500~550 A, 26~32 V
Arc voltage 24V 24V 26~32V

Heat input 2.7 kJ/mm 1.9 kJ/mm 2.5 kJ/mm
Preheating temperature Min. 100°C

Interpass temperature 140~160°C

PWHT condition

As-welded, 580°C x6 h

60

Groove configuration

2nd side
B
$
[mm] /'\_/' 1st side
50°

[Groove dimension(mm), angle(®)]
SMAW: A=15, B=2, C=33, D=30, X=70
FCW: A=15, B=2, C=33, D=28, X=60

>

SAW: A=15, B=5, C=30, D=24, X=80

>
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Fig.4 Cross-sectional macrostructure of butt joint

K5 BHERTICBT BREWMTEE
Table 5 Mechanical properties of butt joint

. Tensile properties 2 Notch toughness E
Welding PWHT I.JOC?D 0.2%PS TS EL Absorbed energy (J)
consumables -tion
(MPa) (MPa) (%) Test temp.: -60°C

As F 515 609 27 168

-welded B 544 617 25 195

SMAW 580°C F 494 583 27 169

X6 h B 518 601 32 168

As F 490 599 31 100

-welded B 531 617 28 109

FCW 580°C F 474 567 31 106

X6 h B 478 572 31 69

As F 490 584 34 209

-welded B 520 597 31 194

SAW 580°C F 474 563 36 222

X6 h B 498 587 33 162

Target min. 390 | min. 510 min. 27
*1) Location of specimen: [F] 7 mm from 2nd side surface, [B] 7 mm from 1st side surface

*2) Size of tension specimen: Dia.=6.0 mm, G.L.=24 mm
*3) Size of charpy impact test specimen: 10 mm x 10 mm, 2 mm V-notch

# 6 CTOD il 4
Table 6 CTOD test result

Welding | Test temp. Critical CTOD
consumables Q) PWHT (mm)
_Wgze a 0.30, 1.29
SMAW -
580°C 1.04, 0.49
x6 h
_W?lze . 0.54, 0.39
FCW -60 -
580°C 0.26, 0.52
x6 h
As 0.44, 0.67
SAW -welded
580°C
0.63, 0.76
x6 h
Target min. 0.15

Note) According to WES1108 (2016) (Size: W=B,50 mm)

Notch: Center of weld metal

Mo Free

5 WREEO I 7 ol (L) B XUy v V¥ - (TB) 55

Fig.5 Microstructure (upper) and SEM image (lower) of weld metal
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Table 7 Mechanical properties of butt joint of YP500 MPa welding consumables

. Tensile properties 2 Notch toughness 9 Critical CTOD
Welding Loca - "
consumables PWHT tion™ 0.2%PS TS EL Absorbed energy (J) (mm)
(MPa) (MPa) (%) Test temp.: -60°C

As I 533 670 31 127 ~

-welded B 556 653 31 150 034,052
SAW ~
600°C F 537 617 35 175 0.28. 0.95
X6 h B 544 622 33 152 U
Target min. 500 [ min. 610 min. 27 min. 0.15
*1) Location of specimen: [F] 7 mm from 2nd side surface, [B] 7 mm from 1st side surface

*2) Size of tension specimen: Dia.=6.0 mm, G.L.=24 mm

*3) Size of charpy impact test specimen: 10 mm x 10 mm, 2 mm V-notch
*4) According to WES1108 (2016) (Size: W=B,50 mm), Notch: Center of weld metal

X8 BHMTF B 2 LN
Table 8 Welding condition of butt joint

Welding consumables TRUSTARC™ LB-80LSR
Base metal (thickness: 50 mm) JIS G 3128 SHY685N
Welding position Flat (1G) [ Vertical-up 3G)
Current and polarity DCEP
Welding current 160 A 130 A
Arc voltage 24V 22V
Heat input 1.8 kJ/mm 2.7 kJ/mm
Preheating temperature 140~160°C
Interpass temperature 140~160°C
PWHT condition 620°C x4 h
Groove configuration
2nd side
15
2 2
33
1st side

BY, WIDFSE LGSR TORRLEZONS,

SAW BAZEM 2B 1) 2 EHAKF ORMIIEE 2R 7 12
R KANIRT SAWHMKTBESMFICHEL, M
JIS G 3115 SPV490Q = i\ 72 PWHT &%, ## D
T B X600C T 6 R Prds L7z 2 Sk TRl = i
L7z

B4R O 1IRERR X R R AR AN B 5 B
500 MPa Ll E & L7ze F72, ABRIEE -60C ® CTOD
MERICBWTDH, RACTODIE, B HE 015 mm
e L7z,

2. tim - FERFRBRIECOBX % > 7 MmIf &
EEZVES

i - REAAEE O WAL CO, 7 v 7 T AT,
EN10028-6 P690QL2 |2t # % 1L % PWHT W fiE 7 780
MPa bR DM S b BEHTIE, 780 MPa ik
EHSAICHIE SN2 PWHT IG5 i (DCEP)
FISMAW & L T TRUSTARC™ ™ LB-80LSR {22\ T
ALY, REEEORREE LT, Sakite il
3562 LI2LY, PWHTROBEE E LWL & ALY
BEOPLZEHRTE LI ERETONE, X512,
6207C T 8 FEfH] PHe 70 & e e IRe ) 0 B L B S {1 T Tl

i) TRUSTARC IZ M0 EEHBHETH %o

62

R 6 wHEMFoWm~2s v (a) T (1G), (b) i ki (3G)
Fig.6 Cross-sectional macrostructure of butt joint (a) Flat (1G),
(b) Vertical upward (3G)
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2.1.1 EBHE
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SOLSRIZ B ) % Mk 1k ik & 3Rl L 720 BEAFICIE,
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(1G) B LUV LSS (3G) & L7z, HERIRIE
XL L, BHEABIIH 2~3 kJ/mm 2 THEHEK
FeER L7, THREDB X OS2 Wik 1 140~160
CT& L7z, KR AREIZ, PWHT# (620 T 4 B
PREE) A RRACIN L 720
2.1.2 BEHKFONME Y7 OB LOERNME

BB BRBICBIT AW~ 226 1CRT. Wi
NOBEHELIT BT RIFREAARTZIRE S Tn
72o F72, BHMTFORMNEEEZRIICRT, VT
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Table 9 Mechanical properties of butt joint of HT780 welding consumables

- ) &) N
Welding Welding Loca oo P’gensﬂe p;ospertles = El::srbzoduegr?exi'e:; )] Critical CTOD (mm) ™
consumables osition -tion™ 470 N ° Test t .1-35°C
P on (MPa) (MPa) (%) Test temp.: -60°C est temp
Flat F 759 815 23 126
0.38, 0.31
SMAW (1G) B 782 830 25 106
Vertical-up F 750 823 22 85 0.25. 0.25
(3G) B 757 825 24 109 T
Target min. 690 min. 780 min. 69 min. 0.15
*1) Location of specimen: [F] 7 mm from 2nd side surface, [Bl 7 mm from 1st side surface

*9) Size of tension specimen: Dia.=6.0 mm, G.L.=24 mm
*3) Size of charpy impact test specimen: 10 mm x 10 mm, 2 mm V-notch
*4) According to WES1108 (2016) (Size: W=B,50 mm), Notch: Center of weld metal
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F— LA TH 260 JUN L2 WIE L, #iEmmT 1) RS CCSRM B — Fv v THH 2, H3ECCSHRET 2
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2 5\ C CTOD 3Bk b %4 L 720 CTOD 3B 12 5515 FiA T b BREIWG, BAHCCS, vax
2o FREEAR L L, i & A S8 T
L7 W3 o CTOD RBEE T, BRCTOD 4,
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Low-Hardness Welding Consumables for Onshore Ammonia Tanks
Kosuke YAMAGUCHI

E: 354

T ¥ = 7L ER R BRI N 2, CO, ZHEH L 2 Wik 7 ) — v 2 AV F— & L THIIER D A TH
D, KIS >~ 27 OFEPEH L TW5H, LA LA T ¥ = 7ERE TS IS g EEIn (SCC) 235ty
BZYVAIDHY, BHEMOMSERNEECTH DL, KETIZ, TUYEZTF ¥ 7 TS L7 RS R
BT B, 7597 AAD T ALY [TRUSTARC™ DW-K50EA ], MY 7~—Y 7 —2BHEHIAY . 75
2 A [TRUSTARC™ US-50EA.TRUSTARC™ PF-50EA-HJ, B X O'EC% 0 TIG A+ [TRUSTARC™ TG-
SXINA | i, —60~—40C CENLHEERZA L, KEEIrOSRELBEH T 2EH T2, 2UCkh, 7
VEZTZ  ORIL - BEALISHIS L, 4t - EEEN ECEST 5,

Abstract

Ammonia’s expanding use—as a chemical raw material and fertilizer feedstock, as well as a next-generation,
zero-CO, energy carrier—is driving a surge in demand for large storage tanks. However, steel in liquid ammonia
environments is susceptible to stress corrosion cracking (SCC), and controlling weld hardness is a critical
issue. This article introduces low-hardness welding consumables developed for ammonia tanks: the flux-cored
wire TRUSTARC™ DW-K50EA; the horizontal submerged-arc wire/flux pair TRUSTARC™ US-50EA/
TRUSTARC™ PF-50EA-H; and the piping TIG filler metal TRUSTARC™ TG-SXINA. These products deliver
excellent impact toughness between —60C and —40C while enabling low-hardness, high-efficiency welding.
They also support the upscaling and mass production of ammonia tanks and contribute to improved structural

FEATURE : KOBELCO's Steel and Aluminum Technologies and Products for CO, Reduction

soundness and reliability.
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TYERIT Y VI DMEY — DB IO RE T
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BLE A B FCW & BB AR 2 MLA 72000 LERE O
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2.1 BELEBEOHMEE

TRUSTARC™ DW-K50EA O % # 48 0 ik Ve % i
L7z BESBROLER SR, BEOTTO
PP 2 R 4 1R § o KRR —50C TOWI =
ANF DRI BBEESRPHBONT N5, BHHESEO
PLERME AR FE R A RSICAR T LHEKRFZRIEHS
mL/100g & fRWilEZ R L TWw b,

2.2 I BERESFOF MR

TRUSTARC™ DW-K50EA % JH > T /N1 AT $i 700 3 B

K1 WEXT VE=T 5 V7 TR ONDERSIROMN YL
Table 1 Required mechanical properties of weld metal for onshore
ammonia tanks

Tensile properties Notch toughness
0.2%PS TS Hardness
(Mlg a) (MPa) Absorbed energy
Targets Min.325 Min.440 Min. 47 J at -40°C Max. 220 HV
JISG 3126 . . Min. operating temperature
SLA325A Min.325 440~560 is -45°C

xR 2 HHEME OB
Table 2 Applicable standard for welding consumable

Welding Wire dia.
consumables (mm)

T]%%?]E?&S:M 1.2 JIS Z 3313 T495T1-1CA-N2-U

Applicable standards

£3 BAESEOLERS (mass%) *
Table 3 Chemical composition of the deposited metal (mass%)

C Si Mn P S Cu Ni
0.06 0.25 1.08 0.007 | 0.006 0.01 1.00
*1 Location: Center of the deposited metal

JTE 1) TRUSTARC 13 4D B 50GHETH 50
WiE 2) ARCMAN 3 YD BEMEECTH b0

TRy hKI7000C & % 3700 B s AR 2 1T v, AR
T DFRIERE % 8Tl L 720 MBS B X RS e R
6 BLUKRT7IIRT, KI70025k > ¥ v 7 L72BEIK
WIS UC, madiZeiEsstr (BER -7 — 7 8E -6
B -4 — Y 7hE) RSy — U EBINIC
Hihsihiz,
BHEARTOE— FAMEL, B~ 7 08 X ORGHE
R R 2R8I, BHESBOLLFHITEZRIL, £
DM EE 2FR10I1TR T, BHEEFIIBVWTY, K
BEEE A —50C CRIF 2R U A% Z R TE TV 2,

K4 BEEE OB
Table 4 Mechanical properties of the deposited metal

Tensile properties™ Notch toughness™

Absorbed energy (J) Hardness™
0.%]’8 I\IF? ]j‘/l (Brittle fracture: %) (HVS)
(MPa) (MPa)| (%) -60°C -50°C -40°C
97 (45) 92 (40) 142 (25)

130 (25) 121 (35) 133 (25)| 165~194
65 (50) 133 (35) 137 (25)| Avg. 182
Avg. 97 (43)|Avg.115 (37)|Avg.137 (25)
*1 Test condition is according to JIS Z 3313
*2 Base metal: JIS G 3106 SM490A 20 mmt; Buttered with TRUSTARC™ DW-K50EA
*3 Welding condition: 270 A-29 V: Heat input=1.5 kJ/mm
*4 Shielding gas: 100%CO, (25 L/min)
*5 Size of test specimens is based on JIS Z 3111
Tensile test specimen: Round tensile specimen, Dia.=10.0 mm, G.L..=50 mm
Charpy impact test specimen: 10 mm X 10 mm square shape, 2 mm V notch
*6 Measurement at macro-section, 1 mm below the surface

460 | 535 |30

£5 ILHHEAK SR
Table 5 Diffusible hydrogen test results

Polarit CTWD*| Diffusible hydrogen content (mL/100g)
Y (mm) | N=I | N=2 | N=3 | Avg
DCEP" 25 31 [ 31 | 35 [ 32

*1 Test method: JIS Z3118, gas chromatography method

*2 Welding condition:270 A-28 V-350 mm/min; 1.2 mm wire dia.

*3 Shielding gas: 100%CO, (25 L/min); Welding atmosphere: 21°C X20%RH
*4 Contact tip to work distance

x6 KBS
Table 6 Test condition of both side butt joint welding

Wire TRUSTARC™ DW-K50EA (1.2 mm)

Welding equipment | ARCMAN™ PORTABLE KI-700

Base metal JIS G 3126 SLA325A, 38 mm' x (150+150) mm" x 600 mm"
Welding position | Vertical up (3G)

Polarity DCEP

Ist pass:150 A22 'V st -60°_,
2nd pass~:180 A~200 A 23~24 V

Ist side: 4layers 6passes
2nd side: 3layers 3passes 2nd

Ist side: Avg.2.2 kJ/mm

‘Welding condition

20 18 R=6
P .32 /47
ass sequence £
Root gap=4 60°

i #)- Ceramic backing b umable was used
Heat input 2nd side: Avg.1.8 kJ/mm ) Mzr;micnga[cbz::f cl?irp;?::;]ma e
Preheat and o
Interpass Temp. 100~150°C Dimension of groove
CTWD"! 20 mm (Cap pass: 18 mm)

Torch angle™ Approx. 0°
PWHT None (As welded)

*1 Contact tip to work distance
*2 Backhand angle: 15°

R7 KI700 23408 L 72 w840
Table 7 Welding conditions generated by ARCMAN™ PORTABLE

KI700

Welding | Layers | [ERe e | Vpad® | NeRibe
(A) \% (mm/min) (mm)

1-1 150 22 75 7.8

2-2 200 24 124 11.7

Ist 3-3 190 23 160 5.7
3-4 190 23 160 5.7

4-5 190 23 108 114

4-6 190 23 128 11.4

1-1 180 23 150 8.0

2nd 2-2 200 24 166 10.6
33 190 23 130 163
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Table 8 Bead appearance, macrostructure and radiographic test
results

Bead
appearance

Macro
structure

Radio- Satisfactory
graphic JISZ 3104
test class 1

£ BHEBEOLENS (mass%) "
Table 9 Chemical composition of weld metal (mass%)
C Si Mn P S Cu Ni
0.06 0.33 1.28 | 0.007 | 0.005 | 0.04 0.90

*1 Location: Center of weld metal

R10 HHEIE OB

Table 10 Mechanical properties of weld metal

| N Notch toughness™ Hardness™
Tg?ilu?_ts.t;?;% Loca Absorbed energy (J) (HVS)
(Mlga) -tion™?|  [Brittle fracture (%)] Surf c
350 —10°C urface | Center
91(50)|  130(25)
. 105(45)  125(35)| 190~214
o 106(50) 133 (30)| Avg.203
Broken at Avg.101 (48) Avg.129 (30) 178~206
éasr:[fgt;) 87(43)|  126(10) Avg.192
B 121(35)) 123 (20) 178209
84(40)) 143 (10)| Ave.199
Avg. 94 (40)| Avg.131 (13)

*1 Size of tension specimen: 20 mmt X 30 mml (according to JIS Z3121)
*2 Location of specimen: [F] 6.5 mm below 2nd surface, [B] 6.5 mm below Ist surface
*3 Size of impact test specimen is based on JIS Z 3111
Charpy impact test specimen: 10 mm X 10 mm square shape, 2 mm V notch
*4 [Surface] Measurement at macro-section , Imm below 2nd surface
Measurement at macro-section , Imm below 1st surface
|Center|] Measurement at macro-section, center of weld metal
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B Welding
B : Preparation
40.0
Simulate condition:
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Table 11 Applicable standards for welding consumables

Welding Wire dia.
consumables (mm)

R AR .
[TIUS-SOEA™ |2.4,3.2,4.0,48) s ol o
[TIPF-50EA-H™ - JIS Z 3352 SAFBI

Wire-flux - AWS A5.23 F7A8-EM12K
combination

*1 Polarity: DCEP
*2 [T]: TRUSTARC™

Applicable standards
JIS 7.3351 YS-S3

R12 FHEROLFMS (masste) >
Table 12 Chemical composition of the deposited metal (mass%)

Wire-flux
combination

[Polarity| C Si [Mn| P S | Cu | Ni

[T]US-50EA,

[T]PE-50EA-H* DCEP | 0.06 | 0.23 | 1.48 [0.013]0.001| 0.11 | 0.01

*1 Location: Center of the deposited metal

*2 Base metal: JIS G 3106 SM490A, 25 mmt

*3 Welding condition: 525 A-30 V-420 mm/min; Ext.=30 mm; 4.0 mm wire dia.
*4 [T]: TRUSTARC™

R13 B ERORMIGTEL >
Table 13 Mechanical properties of the deposited metal

Tensile properties™| Notch toughness™
Absorbed energy (J) Hardness™s
Of/KgPS 1\3[? E/l (Brittle fracture: %) (HV10)
( 8.) ( a)( 0) -80°C -60°C -40°C
192(39)| 208(25)| 187 (30)
178 (40) 237 (20) 230 (18)| 168~220
449 15291351 4551y 220(28)]  282( 0) Ave. 208
Avg. 171 (43)| Avg.222 (24)| Ave.233 (16)

*1 Test condition is according to AWS A5.23
*2 Base metal: JIS G 3106 SM490A 25 mmt
*3 Welding condition: 525 A-30 V-420 mm/min; Ext.=30 mm; 4.0 mm wire dia.
*4 Size of test specimens is based on AWS B4.0
Tensile test specimen: Round tensile specimen, Dia.=12.7 mm, G.L.=50.8 mm
Charpy impact test specimen: 10 mm X 10 mm square shape, 2 mm V notch
*5 Measurement at macro-section, | mm below the surface

R4 JEHEAR S B R
Table 14 Diffusible hydrogen test results

Diffusible hydrogen content (mL/100g)
N=1 | N=2 | N=3 | N=4 | Avg.

Wire-flux
combination

Polarity

[TJUS-50EA,
[T]PF-50EA-H"
*1 Test method: AWS A4.3, gas chromatography method
*2 Welding condition: 550 A-30 V-350 mm/min; Ext.=30 mm; 4.0 mm wire dia.
Redrying condition: 350°C X 1 hr, Welding atmosphere: 10°C X 76%RH
*3 [T]: TRUSTARC™

DCEP™?| 4.9 3.9 4.4 4.6 4.4

R15 AERAIT
Table 15 Test condition of both side butt joint welding

Wireflux Wire: [TJUS-S0EA (3.2mm dia.), Flux: [T]PF-S0EA-H
combination
Base metal JIS G 3126 SLA325A, 38 mm'x (150+150) mm¥ x 1000 mm"

Welding position | Horizontal (2G)

Current (Polarity)

400~450 A (DCEP)

Arc voltage

24-25V

Pass sequence

Lst: 4layers 7passes
2nd: Slayers 20passes

Dimension of groove

Heat input Avg.1.7 kJ/mm
Preheat Temp. 100~110°C
Interpass Temp. 100~150°C

Torch angle™ Approx. 23°
PWHT None (As welded)

[back chipping: Machining]

*1 [T]: TRUSTARC™
*2 forehand, backhand

angle: 0°

F16 Y— FAMBL Wi~ 2 08 & OVBUHE st

Table 16 Bead appearance, macrostructure and radiographic test

results

2nd bead appearance Macrostructure Radigg;‘:. phic
= =l et e ]
i e st e e it Satisfactory
——— JIS 7 3104
e — datRd
i i i P}

FR17 BREEBEOLFES (mass%)

Table 17 Chemical composition of weld metal (mass%)
Location C Si Mn P S Cu Ni
2nd side™| 0.07 | 0.24 1.39 | 0.012 | 0.002 | 0.13 0.05
Istside™ | 0.08 | 0.26 | 1.33 | 0.011 | 0.002 | 0.14 | 0.09

*1 7mm bellow 2nd side surface
*2 7mm bellow st side surface

K18 HHAROBEMYEE ™

Table 18 Mechanical properties of weld metal

Tensile properties™ Notch toughness™ Hardness™

Loca Absorbed energy (J) (HV10)

a
-tion™! (](]%;/P"z)s (I\—/ll-l§a) (}:‘/l) (Brittle fracture: %)
0

Surface | Center

30°C 60°C 30°C
133@0)  235(18) 211 (19)
172(35)]  298( 0)) 288 ( 0)[163-239
Fop 51205751320 14535)  240(15)) 240 (18)/Avg.201
Ave, 157 (37) Ave.258 (11) Avg, 246 (12) 161~208
205(23)] 219(1%)  225(12) Avg.186
185(35)  244(23)  291( 0)/168-24
B | 5311386135 16933)|  216(13)  280( 0)|Ave.206

Avg. 186 (30)| Ave. 226 (17)| Avg.265 ( 4)

*1 Location of specimen: [F] 7 mm from 2nd side, [B] 7 mm from Ist side
*2 Size of test specimens is based on JIS Z 3111
Tensile test specimen: Round tensile specimen, Dia.=6.0 mm, G.I..=24 mm
Charpy impact test specimen: 10 mm X 10 mm square shape, 2 mm V notch
*3 [Surface] Measurement at macro-section , | mm below 2nd surface
Measurement at macro-section , I mm below Ist surface
[Center] Measurement at macro-section, center of weld metal

4. 717 (TIG) BEBEMH

TYEST Y Y REOBRIIITIGIS X A2 AR
BRLHWLNTWSE, BT, 7VyE=ZT Y V7
W45 [0 V7 TIG ¥4+ & L T TRUSTARC™ TG-SXINA
BB Lz UTICZ0f MR 5,

TRUSTARC™ TG-SXINA IZHE W ¥ — FOBRA R
B Ik R BRALEEIEIC N Y 7 3 — )V RHLIHTH » 7208k D
RS TIGE MM IS L, Ny 73—V il
THREZEREEREZTRE L-TIGENM TH 5.
FHRM 2 R191TR T
4.1 KTEEESERT OFMRE

TRUSTARC™ TG-SXINA % v T K [ & 5 va 5
T OREVERE 2 57 L 720 SBRSME 2 R 201787

BERFOC— ML, Wi~ 7 0B X O HE
KRB REZR21IIRT, E—FEK (LA, EHE-—
FREES), W7o —Fc— VIR TH L, BHEE
JBDALF %K 2212, T OIS #3F2312R7
BHEMTICB VT, RIEE 2D —40C TRAIF 2GR U A
MR TE TV,
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Table 19 Applicable standards for welding consumable

Welding Rod dia. .
consumable (mm) Applicable standards
TRUSTARC™ 20.2.4.32 JIS Z 3316 W49A4U 0
TG-SXINA T AWS A5.28 ER70S-G

£20 Ast:
Table 20 Test condition of horizontally fixed pipe welding

TIG rod (Dia.) TRUSTARC™ TG-SX1NA(2.4 mm)
Pipe JIS G 3460 STPL380 (10.3 mm thickness, O.D 318.5 mm)
Welding position

Horizontally fixed pipe (5G)

Root pass: 120 A (13 V)
Hot to Cap pass: 180 A (14 V)

Spasses - 5layers

Welding current

Pass sequence

Shielding gas 100%Ar

Back shielding None

Preheat temp. None (RT)

Interpass temperature 100~150°C

PWHT None (As welded)
L 007~

Root
10.3 Gap=4,

®318.5 mm
|
i l

........... \ ! [ES——.

T [mm] We]ding'direclion
Groove configuration and welding direction

F21 U= FAMBL Wi~ 2 0B & OVRUHLE 8 albrs

Table 21 Bead appearance, macrostructure and radiographic test

results
6~5 o'clock 5~3 o'clock 3~2 o'clock 2~12 o'clock
g )
Bead
appearance
Macro
structure
i
Radio- Satisfactory
graphic JIS 7 3104
test class 1

#£22 HHEIBOLFS (mass%) ™!
Table 22 Chemical composition of weld metal (mass%)
C Si Mn P S Cu Ni Mo
0.03 | 0.68 | 1.11 | 0.004|0.006| 0.12 | 0.48 | 0.09

*1 Location: Center of weld metal

R23 HHEAR OB

Table 23 Mechanical properties of weld metal

3
Tensile Notch toughness
Absorbed energy (J) 3
strength of - o Hardness
ESIS] (Brittle fracture: %)
butt joint L 'E e (HV10)
(MPa) [Lateral Expansion: mm)]
-60°C -40°C
520 63 (60) [1.58] 222 (11) [2.46]
(Broken at 168 (47) [2.53] 183 (29) [2.34] | 134~188
Base metal) 72 (76) [1.73] 258 ( 0)[1.97]| Avg.151
Avg.101 (61) [1.28] |Avg.220 (13) [2.26]

*1 Size of tension specimen: 10.3mm! x 20mm? (according to JIS 7 3121)

*2 Size of charpy impact test specimen: 10mm" x 7.5mm?®, 2mm V-notch
(subsize specimen)

*3 Measurement at macro-section, center of weld metal

TV =202542 HIcMEde s hsz [ 7R AV
F—IEARFIW | I2BWT, TYEZTRA—FRr=a—
N7 VEBICIANT 7oA ) BRI ED T STl
0, 2030 4EHE 1TIZ 3005 >, 2050 4R KE 25 THE 2,000 /7
b Y OEPNAEMEERRATRTVSY,

KEGTIEX, 7YEZT F V7 OBERBIEF#E R FCW #8
[TRUSTARC™ DW-K50EA |, SAW #/#} [ TRUSTARC™
US-50EA/ TRUSTARC™ PF-50EA-H| &7 v E=T7T %
¥ U B ORI E 7 TIG N # [TRUSTARC™
TGSXINA| IZOWTHA Lz WITNET VE=T
7 ORERERREERTICHFS 35 & L b1, K
MO =60~ —40C TR KR CAEZHT 2 EHSR
RIBHIENTEL, THIZXY, 4tk BEHTOR
LWk - BEEO AR 5, & ¥ 7 ORI - BELAK
DOENET VEZT A TORLEVEAHEFES NS,

2 £ X #®

1) WAL # T A International Journal of Hydrogen Energy. 2025,
Vol.120, p.89-100.

BIARBARL. 11145405, 1980, Vol.18, No.6, p.295-300.

SN2, HAR%EY4EE 1976, Vol40, No.12, p.1256-1263.
Sz, HARS IR 4376, 1977, Vol4l, No.3, p.218-225.

B 21320, R&DANT #a1HFR. 2023, Vol.72, No.1, p.65-69.
RS BIRT AV F —JT. 7R AV F — ARG, 2025,
p.50-51.
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NEW PRODUCTS AND NEW TECHNOLOGIES
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NEW PRODUCTS AND NEW TECHNOLOGIES
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— WHBEA LI BRI ) D B4R Y

filifi R (4 Foston)

Bk - 817V I HEERM AEEAO PR A BT Y I AR B E

Mgk REEMMF “ELCH2”, “KELMOS”

FHEST* - JIIEEMH 2
BT OV I R M M=y b
“EHARBISEAE BRI ZERT

HRRGPEA BHE BT 2 500 A 80 & LT s,
BB BRI E, TORBEISEEL Y2 b, B
INTERFEEM B OB HRBEEIREWITE, BT RE
HPENITE, BafE b,

F112, Yt O BIEW T H B 08k WA R
ELCH2™ (#i#F481) B X O'KELMOS™ (#i#) &,
% W IE AR SPCC,  JIS HUA Bk #k D 3 KX 43 SUY-0
DR EFER %R 9, ELCH2, B X OFKELMOSIZCH

R 1 SHHP OB GAFEO LG (WSS

& 1 B 5 B EE (T)
CAfm) B B Bj By Bio B ao
ELCH2 32 1.37 1.42 1.46 1.49 1.55 1.69
KELMOS 25 1.23 1.36 1.41 1.47 1.52 1.64
SPCC 126 0.13 0.66 0.90 1.10 1.25 1.41
sSUY-0
(JIS C = 60 Z0.90 (= 1.15 [= 1.256 |2 1.35 | = 1.45 |2 1.60
2504)
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NEW PRODUCTS AND NEW TECHNOLOGIES

MR F "ELACT
EIHET
LSBT OV I HFERM M AWML=y b

BB B R DL RAL, ®EALIIIS R 5121
REHE R O B HEREAL AT R CTd B0 UFEDELAC™
(Electromagnetic wire rod for AC application) > —
A%, ELCH2 % N— R Z8M 5 % @b L, S
PR g & R Lo D BAIRPIER & S O - B FEH T H

U-—Z"

FESIEIHRZRL TV b

MRS B ELAC Y ) — X %2 @ L C, BRI
mNDERDEZFAL, FEALICHIS L, KRR IR O E
W0 LR BB, R NULZ BT 5 2 LI
L0, COHIEANEHLL T <,

%o MBOBSIIMEL HH DI LT, RiEAIIBIT

ZMER 2 IHTE, BHOZALIT R 1 HIM ORSIES X BRI OB

THRENEEDLIENTE D,
. Mo EE (D) A
%112, BLACY ) — X & ELCH2 mw |®E s
Y Ju—. \ - . ( m
DRAEIE L ), BAIHTEOH s, B B o Boo (uOcm)
%719 o ELAC V) — X3 Bl
BEASELCH2 £ D b5 o & 7 2 78 ELCH?2 37 1.35 1.60 1.65 1.90 12
KGR EI T O EEIE L, i ELAC20 | 35 1.46 1.57 1.62 1.80 22
NERNEDOT, BB Z KD 5 ER
. ) e ELAC30 | 31 1.40 1.51 1.55 1.72 30
W T 5. B, ELACORAS DT
s10c 86 0.45 1.40 1.54 1.74 16

1) ELAC xStk Z skt
(46788096 %) Tdh 5

i) B, B;, By, Byld, ZNZIEAOME100A/m, 500A/m, 1000A/m, 5000A/m
BT BT RT o

BAE% S 7V I FETM BMEMI=y b B ~—2 71 ¥ 7B%=E  magneticmaterial@kobelco.com

REMESKIR “ T AL
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UG L S SRR A=
MBI PR = N PR

BB O/NERAL - SRR EHBR T & 2 @MEAE & BRI E 2. BEEBILTHRE) S 5 H#E—
LT, EBBEOHITEH ENTWD, EREOIENEREE ¥R, 3WIHRANMBHELZ b OTF Iy ¥y v 7
M L CELE SN A 720, g7 & TR —%, HERBH) T 7 M ARE~NO#A B LT, &
%<, BIRBHEDEV, fEB M OB TEREILICE M L T <,

JER LD R & 70 B EREEMER R I3 F & LTt
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AN KR D720, ffl
N L : g | BREE R e lsme (Hom s
WOREED & O TS S, % M mEE gemn | D B Gm) | (Wike) | (MPa)
7z, RIEOMAFHRN L 0 R % Al ML35D 7.62 1.66 526 154 34 84
FECELZ ELmERBEREZ/NEL & 8 W | ML28D 7.72 1.70 545 128 29 70
ML-
TEBLHIMFETH 5, KEEMTO 10103 Tl t-ot 325 157 3t 48
1w . MH23D 7.49 1.50 270 253 22 89
ML“/]) A, ERBIT OMH ) % @ oW | MH20D 7.44 1.46 224 224 20 77
—A&IAYFyTLTEY, ThE 21340}514 7.27 1.29 187 230 20 51
NOREW LBEAFELYER 1 ITRT, *1 Brox 5 B R © M & 10,000A/m & B 5 5 B KB E & o8 T
FESRIE &\ D T © 1 s e Y2 B M OE & fF IS B R 1T,400H,
g 5 s Yy TRy " M M % 100mT,10kHz
OMFRE T Y 25w <, HATERS 7 *3 N i W R ¥ . 800MPa,80C
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NS N L=
HEVEETIE
~ _ = . N ol 1a N
2025%F11 H28 HIZHAT WV 72 L L 723K [Vol.74, No. 2 54 « B4 - 1A% X 2 5KOBELCOO# #H3 L UV
Va—2ary ] IZBEFELT, SEBICERIAPTEVFELAZOTUTO LY IZETEWZLE T,
TEHNTZEZVT0wLHEE, 2O CICHREMICTEREBINTLE L2 L2 BB L RIFET.
° )3 Thick
28 N— Strength Steel Classification fckness (m)
iz . t=25mm | 25<t=40 40<t=50 50<t=100
* P, SM490Y 0.26(- 0.26(80
SM490Y ™ O . (@EDE
) (Preheating temp.) [SMA490W [ 0.26(-) 0.27(80°C) 1 0.29(100°C)
490N/mm SMA490W
No preheating required Pey - 0.24 | 0.22
SBHS400(W) Pcw(Preheating temp.) =0.22(-)
SM570 Pom(Preheating temp.) 0.26(-) 0.27(80°C) | 0.29(100°C)
570N/mm? No preheating required Py - 0.24 | 0.22
SBHS500(W) Pcw(Preheating temp.) =0.20(-)
780N/ 5 HT780 Minimum preheating temp. 100 | 120
mm SBHS700(W) Minimum preheating temp. ( 50 )
e Thickness(mm)
Strength Steel Classification
t=25m | 25<t=40 | 40<t=50 [ 50<t=100
Pem SM490Y 0.26(-) 0.27(80°C)
SM490Y
(Preheating temp.) [SMA490W 0.26(-) 0.27(80°C) [ 0.29(100°C)
490N/mm’ SMA490W - -
No preheating required Pey - 0.24 | 0.22
SBHS400(W) Pcw(Preheating temp.) =0.22(-)
w70 Pcu(Preheating temp.) 0.26(-) 0.27(80°C) [ 0.28(100°C)
570N/mm? No preheating required Pcy - 0.24 | 0.22
SBHS500(W) Pew(Preheating temp.) =0.20(-)
B HT780 Minimum preheating temp. 100 | 120
780N/mm — -
SBHS700(W) Minimum preheating temp. 50(t=75)
28NK—T
x4: _ , . .
Tensile test Charpy impact test Tensile test Charpy impact test
Thickness Thickness
YP TS vE 5 YP TS VE5
(mm) ) ) (mm)
(N/mm’) (N/mm?) 0) (N/mm?) (N/mm?) )
6 551 627 - 6 551 627 -
25 588 632 365 25 588 632 365
50 574 652 338 50 574 652 338
80 538 620 A 80 538 620 328
100 546 636 (38 ) 100 546 636 294
Spec. =500 570~720 =100 Spec. =500 570~720 =100
e 3, Spec. Spec.
29N 7 Thickness Thickness s
Steel YP TS Steel YP TS
BB ET: (mm) : z () : :
(N/mm?) (N/mm?) (N/mm?) (N/mm?)
SBHS700 (z100) =700 780~930 SBHS700 =75 =700 780~930
K-TEN™780 =50 =685 KTEN™780 =50 =685 780~930
50<t=100 =665 50<t=100 =665 760~910
ss - — -
31 AN — < Steel Chemical composition(mass%)
. C Si Mn P S Mo v B(ppm) | N(ppm) Others Pew
i 8 . Developed 0.05 0.24 1.97 0.004 0.001 0.39 ( 0.002 > 11 40 Cu,Ni, Ti 0.27
Stesl A . A A . . . u,Ni, Ti .
Spec. =0.11| =0.55| =2.00 C§0.020 =0.006 | =0.60| =0.05 =50 =60 - =0.30
Stee! Chemical composition(mass%)
ee
C Si Mn P S Mo v B(ppm) | N(ppm) Others Pem
Developed
Steel 0.05 0.24 1.97 0.004 0.001 0.39 | 0.001 11 40 Cu,Ni,Ti 0.27
eel
Spec. =0.11| =055| =2.00 | =0.015| =0.006 | =0.60 | =0.05 =50 =60 - =0.30
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June 1, 2026

Kobe Steel, Ltd.
Technical Development Group

RE: Delivery of R&D Kobe Steel Engineering Reports, Vol.75, No.1

Dear Sir or Madam,
We would like to express our sincere gratitude for your continued support and cooperation.
Attached please find Vol.75, No. 1 of the R&D Kobe Steel Engineering Reports.

If there is any correction or change of address, contact name, etc., please fill in the
required information in the change notification below and contact us by fax or by e-mail.

Best wishes for your continued success,

Attention:

R&D Office, Kobe Steel Engineering Reports
Kobelco Business Partners Co., Ltd.

FAX: +81-78-261-7843

E-mail: rd-office@kobelco.com
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