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Issues having to do with the natural resources and energy of Japan and the rest of the world are dramatically changing,
owing to the economic growth of emerging countries and the recent development of new sources of energy such as shale
gas and renewable energy. The Kobe Steel Group, a unified business entity dealing in materials, machinery, plant
engineering, power generation, and so on, is developing advanced technologies to provide the materials and processes that
meet the requirements for natural resources and energy.
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Fig.1 shows the MIDREX® Process flow. Natural gas is used to reduce
iron ore in this MIDREX Process, and the top gas from the shaft furnace
is reused to produce CO and H, from natural gas. The top gas, after
having the dust removed and being cooled down by the top gas scrubber,
is mixed with natural gas, where it is then pressured by a compressor
and heated and fed into the reformer. Using Ni catalysts in reformer
tubes, the mixed gas is then reformed to produce CO and H,. With the
diversity of the MIDREX Process for reformed gas, the use of coal
gasification and coke oven gas is being promoted and will expand
business opportunities for this process, with the first plant starting up in
India in 2014.
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Fig.2 shows the storage cask that holds spent fuels in the Fukushima
No.1 Nuclear Power Plant of the Tokyo Electric Power Company. This
storage cask is the first type used in Japan, 9 casks having been
fabricated by KSL and delivered to the Fukushima No.1 Nuclear Power
Plant in 1995. The storage of spent fuels has been safely continued
over a period of about 20 years using these 9 storage casks. An
additional 11 casks that were ordered in 2009 were fabricated and
delivered in 2013.
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The cover photo at the lower right shows the latest MIDREX® process plant. The plant was built in Bahrain, in the Middle
East, by Kobe Steel and its subsidiary company MIDREX Technologies; it started up in 2013. This plant uses natural gas
to produce DRI (direct-reduced iron) from iron ore pellets. The DRI is transferred to the melt shop at a high temperature and
utilized as the iron source for steelmaking. The cover photo at the upper left shows the storage cask that holds the spent
nuclear fuels and is one of our major nuclear-energy-related products.
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Resources Trend and Use of Directly Reduced Iron in Steelmaking Process

HeEE" ow
Dr. Hidetoshi TANAKA

Expectations are rising for new iron-making processes that can not only utilize a wide variety of
materials and fuels, but are also environmentally friendly. Direct reduction (DR) is one such iron-
making process that can substitute for blast-furnace (BF) iron-making. This new process can utilize
inexpensive shale gas, which enables its plants to be built at various locations. The DR process may
be adapted for coal-based processing, which will contribute to the stable supply of directly-reduced
iron. This paper outlines the direct reduction technologies developed by Kobe Steel. It also includes a
survey on the contribution of directly-reduced iron, used in place of the scrap for electric arc furnaces

(EAFs), or used as a burden material in BFs.
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Table 1 Characteristics of DRI and HBI *’

DRI HBI
T.Fe(%) 90~94 —
M.Fe(%) 83~89 —
Metallization(%) 92~95 —
Carbon(%) 1.0~3.5 —
Gangue (%) 2.8~6.0 —
Bulk Density(t/m®) 1.6~1.9 —
Apparent Density(t/m°) 34~3.6 5.0~5.6
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Company Location Dust (t/y) Start up
Hirohata No.1 190,000 April. 2000
Hirohata No.2 190.000 Feb. 2005
NSSMC Hirohata No.3 190,000 Dec. 2008
Hirohata No.4 220,000 Oct. 2011
JFE Nishinihon 190,000 Apr. 2009
KSL Kakogawa 14,000 April 2001
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Table 4 Status of gas-based DRI projects in North America®

Company Location [Capacity (kt Status Start-up
Nucor Louisiana 2,500 Confirmed 2013
Nucor Louisiana 2,500 Permitted- not approved 2015+

Voestalpine Texas 2,000 Confirmed- needs permitting 2016

Bluescope Ohio 1,000 Under consideration 2016+

Essar Steel Minnesota 2,500 Permitted- not approved 2016+
Severstal NA [Mississippi & Trinida nfa 1.5 tpy project rejected
US Steel Minnesota n/a Under consideration 2016+
Total 10,500
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Beneficiation Plants and Pelletizing Plants for Utilization of Low Grade Iron Ore
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Recently, the grade of iron ore deposits has deteriorated and further development of low grade deposits
is desired. Presently the most effective and experienced route to utilize such deposits is the provision
of beneficiation plants for upgrading iron ore and pelletizing plants for agglomerating. Kobe Steel has
much experience in designing, constructing and operating beneficiation plants and pelletizing plants and
has its own pelletizing process (KOBELCO pelletizing system). This paper describes general information
on beneficiation and pelletizing plants, including future expectations for them, and introduces the latest
activities in connection with KOBELCO pelletzing system, with a view to the future.
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Fig. 2 Typical flow of sintering plant
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Fig. 7 Relationship between coal fineness and ash deposition
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Application of Coke Oven Gas to MIDREX® Process

>4
KEEERE™
Noriaki MIZUTANI

AR GILEE-S
Takashi KISHIMOTO ~ Norihide MAEDA

The MIDREX® process runs without coke, emits less CO, and thus is gathering attention as an
alternative process for blast furnace iron-making. To expand business opportunities, attempts involving
a study to utilize coke oven gas have been made to diversify the MIDREX process. The study has

resolved most of the technical issues for commercialization, as reported in this paper.
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Table1 H,/CO ratio due to reformed gas source differences

(example)
Natural gas COREX offgas Coal gasification
base gas
H,/CO 1.5~1.7 0.3~04 2.0
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At present, about 38 million tons of iron and steel slag are generated per year in Japan. The properties
of the slag have been investigated and ways of using it have been developed since the 1970's. As a
result, iron and steel slag products have contributed to the conservation of natural resources and
establishment of a recycling-based society, being used effectively for cement, aggregate for concrete,
base course materials, civil engineering works and fertilizer. This paper introduces these iron and steel
slag products of Kobe Steel. Furthermore, in recent years, iron and steel slag subjected to field testing
in the ocean and were evaluated as safe for the surrounding waters and as having good biological
affinity. This paper also describes the present situation of field testing.
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Table 1 Uses of iron and steel slag at KOBE STEEL.
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Blast furnace slag fine aggregate(Shinko Sand) |

| Steelmaking slag
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A TR A EICX BB, EAY  A—
AR ) — 2B A=, EarTHICRES
N, RHEIICEEY S L ARFED L LTHEH STy
%o JIS A6206 Tl FF T A& (cm®/g) 12 & D 30004%,
4000%%, 6000%%, S000LAHE STV 52 Hi B4
TIX40008 BT AP AT I REE o —F I )L
(OK¥ Y —=X3I W) Ik E LT b,

—EBORFREHESM L ETIEEE, a7 ) — MR
BEDCO i & 2 KIFIIR T X 2 FEMa > 7)) —
P OFEFALICELY Ml A, BRBEEM O WEEY % Hig
LIEHTWAEY s ZOMDHAICEVTERE RS DD
FERAT T KT 5,

VT Y= b DONL T THEERAY ME, ARG
ERERLCHEEINDL Z LS, ZORERETEZED
CO T 5. —, BIFAT 7RO EERET
BHETHCOUIA R, avy 7 )= hokxr M,
M THELLEEWTH 2 EF R T 7k RICHE &
Wz DHZEIZE S TCOHMmEMY/NS ST H LS
WEETH Ho 20134F 3 HISHR T LM A 8o Pt =T
i, N D A XU N HERDTE% DRRIRFLD »
V=) — N R~ eSS (B2), I
DAL TIZMED T > 7 ) — MEH & i L T70% L E
CODHIMEN = L2 B,

() HEEEEMZERTe (M) HARBZERTICB W T KR
FRa )= FOMEFEDOLNTEBY, FRkoEh
AT TWBRKOFIHILR BRSNS,

2.1.2 BFRZTHEHM

FIFA T ZHIEMIE, KA T 7 &2 L TR
WeHA ZxHikL-ar ) — VOB TH S, JIS A
5011-1 T3k LC & ) BFS5, BFS25, BFS1.2, BFS50.3
PHESNTEY Y, M TIZBFS2512 41243 5 Al
BH (s v rya—Yr ) 2EGELTWS,

WDV TR EREM LR, 3270 — N Hofly
e U THMHPEDLITE 7AW Nl TN
RIS A IS L S, & SIS EBUG 25D
WAL L7, SO0RETE, ohZifvTiEs
NBW R AT 7B O X 9 %2 NTWHHIEH O35 &
o TWb, RIRWOMEIEEI LM, BblZHhX
THENRELTWLEFA T 7 lg~oEHEidmE
{, GHRIMBELTFEIRATN TS,

o

2 (AT R PT AL R BRI S T AR E R o v
J—1

Fig. 2 Low-carbon concrete applied to retaining wall of new head office

of Kobe Steel
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Table 2 Standard of quality for environmental safety

Element Elution amount Content

(mg/L) (mg/kg)
Cd =0.01 =150
Pb =0.01 =150
cr* =0.05 <250
As =0.01 =150
Hg =0.0005 =15
Se =0.01 =150

F =0.8 =4000

B =1 =4000
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Evaluation of Spontaneous Combustion in Stock Pile of Sub-bituminous Coal

e gi 7
- h LN A
ZHRHE*? FithiE 2
Toshiya TADA Naoki KIKUCHI

1

i wmEY
Haeyang PAK

Takuo SHIGEHISA

)
.‘.

<
o

sa8K"° pEO

e (LA —
Toru HIGUCHI Seiichi YAMAMOTO

Spontaneous combustion in coal stock piles is one of the problems met with when utilizing coals
such as sub-bituminous coal and brown coal, which contain highly volatile matter. A method has
been developed for simulating the spontaneous combustion of coal in stock piles. This method
involves transient calculation taking into account the flow behavior of air in the pile, low-temperature
oxidation behavior of coal in the pile, evaporation of moisture from the coal and its absorption /
desorption behavior. The simulation enables the evaluation of the temperature change in the coal
stock pile without any large-scale temperature measurement. As a result, it has been clarified that the
spontaneous combustion occurs at the foundation of each stock pile, where the breathability is high. It
has also been confirmed that the stock pile of sub-bituminous coal exhibits a faster temperature rise,
because it has higher oxidative reactivity than does bituminous coal.
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Table 1 Coal properties
Coal A, Coal ET’
. Indonesian
Australian I
o sub-bituminous
bituminous coal
coal
p Density [keg/m’] 1,150 1,100
C,  Specific heat [k)/kg/K] 1.46 230
Heat conductivity [W/m/K] 0.25 0.25
D, Average diameter [mm] 5.0 5.0
AE Activation energy [klJ/mol] 46 58
AH Amount of heat generation [kJ/g-0,] 10.73 6.91
£ Void ratio [-] 0.19 0.19
W Moisture [%] 11 27
O/C  O/C ratio 0.05 0.14

K2 AWV ERKOM S0
Table 2 Initial condition of coal stock pile and atmosphere

Coal stock pile | Atmosphere

Initial temperature [deg. C] 30 30

Initial relative humidity [%] 88 70

Coal A Coal B

Coal A

Coal A

30 40 50 60 70 80 [°C]
8 HAKABIUHKBDISMAE A VI BT 5 i AR REZE
AL DA S F

Fig. 8 Analysis results of temporal temperature change in 15m
large scale pile for coal A and coal B
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Fig. 9 Analysis results of temporal temperature change in 4 m lab-
scale pile for Coal B
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Lignite (brown coal) is being used only for mine-mouth power generation. The high moisture content
in brown coal causes its power-generating efficiency to be considerably lower than that achieved by
bituminous coal. Kobe Steel has developed a process for upgrading brown coal by applying a unique
slurry dewatering technology. A study has been conducted using the upgraded brown coal (UBCY)
made from Indian lignite to verify its applicability in improving the efficiency of mine-mouth power
generation. As a result, it has been confirmed that UBC-based power generation is superior to the

existing lignite-based power generation.
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Table 1 Outline of pilot plant and demonstration plant

. Duratio
[ocation Capacity (t/ l.j) (construction~ Purposes
( product basis) ;
operation)
. Indonesia Confirmation of
Pilot plant (Palimanan, Jawa) 20012004 technical viability
Collection of data for
Demonstration plant l_ndon_esna 2006~2011 deSIgnzconstructlon af‘d
(Satui, Kalimantan) operation of commercial
scale plant

1 600t/d UBCKEIFRET T » bAMEL
Fig. 1 Outside view of 600t/d demonstration plant

UBC powder application UBC briquette application

(S_Mrw Dewstering)

( Slurry Making )

(Ol Recovery )

2 UBC7utA7H—
Fig.2 Process flow of UBC
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BEHT R E RN KBS 5 B 5 AR
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Flue gas Boiler (steam generator)

Ambient hot air duct Flue gas (furnace outlet)

Burner
Raw coal

AH
Coal bunker

Flue gas Coal feeder

Flash mill
(coal mill)

X3 WkAEFEERAT (F7—K4F) #E7a—
Fig. 3 Schematic flow of lignite fired boiler (tower boiler)
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(Plant load factor: 80%)

Extraction of steam to
UBC plant (328t/h)

1

UBC plant

Slurry making

Slurry
dewatering

Qil recovery

UBC cooling

uBC
powder silo

UBC powder

=
€i«_‘l\H =
]

Electricity required
for UBC plant to be
supplied from power

plant (47 800kW,)

T
ﬂtl—i'—u

4 UBCR—ASET T~ b OB 7 0 —

Fig. 4 Schematic flow of UBC based power plant

xR 2 HEAFEOLERR
Table 2 Effect of improving power generation efficiency

Power generation
efficiency (%)

(sending end, HHV basis)

Improvement from
conventional (%)

Remarks

Conventional Power Generation

Lignite—fired Sub—Critical Plant 29.15 NA Data from operating Plant
UBC based Power Generation
Integrated UBC—fired e o Energy used for UBC
1 sub—critical plant 32.60 11.8 plant is deducted
9 Integrated UBC—fired 34.45 18.9 Energy used for UBC
ultra super critical plant (40.90: LHV basis) : plant is deducted
Non Integrated UBC-fired 40.63 Energy used for UBC
3 39.4 plant is not deducted

ultra super critical plant (42.70: LHV basis)

% Lignite :total moisture 52%, calorific value 2,830kcal/kg (HHV )

UBC powder:total moisture 0%, calorific value 5,900kcal/kg (HHV)
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Table 3 Reduction of lignite consumption and CO, emission

Study results
P UBC Lignite CO, Remaks
ower . . ¢ o
output production consumption emission
(Mt/y) (Mtly) (Mt/y)
1,000 MW
(MUBC-fired ultra | (generating end) 2.64 5.69

super critical plant

891 MW

(sending end)
. . 957 MW -Existing facility is 210MW
(@Conventional ( " D cub-critical
lignite-fired sub- SEnErating en 6.73 subreritical
critical plant 891 MW +Sending-end output is
(sending end) adjusted to the above (1.
Reduction of lignite @—D) (@;Eéﬁj

consumption and —
CO,; emission

(approx. 16%
reduction)

(approx. 16 %
reduction)

< Premises of the study>>- Lignite : total moisture 52%, calorific value 2,830kcal/kg (HHV), carbon 28.22%
- Plant load factor : 80% (7,008 hfy)
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Installation of Gas Turbine Combined Cycle at the Shinko Kakogawa

Power Station
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The Gas Turbine Combined Cycle (GTCC), which was first installed as a part of boiler renewal project,
mainly runs on by-product gases from the steelmaking process and employs new designs, a split shaft,
dual fuel system, and so on. Its commercial operation began in July 2011. The performance of the new
Gas Turbine (GT) and the Heat Recovery Steam Generator (HRSG) was confirmed as satisfactory, and
the GTCC has operated smoothly since the start of commercial operation.
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Fig. 1 Configuration of power station (left : before, right : after)
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Table 1 List of abbreviation words

Abbreviation English Japanese
GTCC Gas turbine combined cycle HARA—EL -aunAvEH149)L
BFG Blast furnace gas BIFEHA
CcOG Coke oven gas aA—HRAFPHR
GT Gas turbine HARE—EL
AC Air compressor TR
GC Gas compressor BAFL T R EHERE
HRSG Heat recovery steam generator HEREIRAAS
B Boiler RA1Z
ST Steam turbine FERI—E
G Generator FEEH

BRI O L ORI EE Hig L T b,

F72GTCCI, FMEHIRIET A THDEFH A (L
T, BFGE W) &, BERBED DD — 27 RIFH
A (LLFCOG) ZfHLTRBY, HERDEIENT AR X
KA T - 7 —E R ERRTREDZRIIR30% T
e sN A,

AFTlE, 1 5GTCCORMMELRT L LI, Z
OUEREEHIARS H, K OEERIIZ OV THAT %,
BB, ARTHHL TV IEO—ERER1ITRT,

1. 1 5GTCCOEHBIE

1.1 BESIREEERTIE

1 GGTCCO EEH LK UONBIEHE ZhThEk 2,
212 F . 15GTCCIE, 2009410 7 (i fkH 2 %
L7265 KA 7 OPICER L, 20114E 7 H13H X1
HHREREZMIAL TV D, B THEOERER IR,
1.2 15GTCCADFHEHETEA

ARETIE, B4 ) TSV E %D HEEIGTCCOREE
ZAIIT Bo

BRI M IRERAT TRV = BB IR R BN IPPARES e
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1.2.1 FIEHERETDEA

GTCCix, A& —E &k (GT) DIEHIT2RE
itk (AC), MRBT Z M (GC), HREIA A 7
(HRSG), #&& % —¥ ¥ (ST), KUEEE G 5
i S, GT, GC, ST% [l FIZHE T 2 DA —ik
WThb, LaLAttola, MilisaiHofkiz H
MIZBERR D 5 57A Y —¥ >~ (5ST) #STIZM L7z

#£2 1 5GTCCEEMIT
Table 2 GTCC #1 performance

Manufacturer Mitsubishi Heavy Industries, Ltd.
GT 87.2
Output oy | st [ 528
1GTCC (GT+ST) 1400
Fuel BFG + COG( or LPG)
Fuel Mass Flow (m*N/R) 280,860 (BFG+COG)
Fuel Heating Value (k,J/maN) 4,040
Heat Efficiency (%) 454
Firing Temp. °c) 1,250

I S L
2 1 5GTCCHMI G
Fig. 2 Overview of GTCC#1

(Dual fuel system) geg

<Conventional model> <Optional model>

3 raxatopE

Fig. 3 Schematic view of newly-designed part

7c®, GTRUGCESTA ML LClRET LI &Lk
o7z (R3). BllhRlE &> 721 5GTCCIE, %fii L
AT N80 MZhB—)T, WMRTHRET B
B R G BREE SRR & 3R B 70, WEOF
HEEWHESELIRFTE LTS, T2, wWHLA
BERE S STEGT & DByl AS i & 72 572, 5ST
D FEZ NI D HE 5 X % I 2 & FET-fil AR I 4 T
T 5 LOYFERT, B E RS L,

1.2.2 EMEAOBFGHIAR U HEEHME DO _E1L

(COG, LPG)

1 5GTCCIZIE, B ORET HREEN ZADHTY
% b RHEIKVBEG (34M]/m’N) % EBREHH W
TWABIZENSIKDY AT HES, TnZEN#EYT 57
D, BRBEVELE O 720 OBBFBREL & L TCOG (20.1M]/
m’N) ZH LTw5, —J)TCOGIE, PN TR
AT BEVET AT TR FEHEDIE L, FINOE LD
THTMBIFR T A S v ¥ OBEE LTHHH SR TS
D, FTNOERIRIIC X 5 TE 1 5GTCCND AL
EIRESELBEND S,

ZZT1H5GTCCTIE, BEHFEDZZDIZCOGITM Z
THEBEEAETdH H5LPG (122M]/m°N) % i il 7] g
&L, WEMEOZEILERK S TWD, TORE, 2013
06 HICHE N L 72COGHELS ¥ 3 T h12COGHEAE AT
Ik L 72 BV T, MR 2 COG2 HLPGIC
PR B LT 5CTCCOIMER: 2 Ml S5 2 LA
TX7

2. 1 SGTCCOEREFFH

2.1 GTCCREN7O+tAHE

IYNA Y FHA 2V THBSGTCCHE, GCTHEL
ZEIAE A A (BFG, COG) & ACTHIE L7225 %A
WRBET 5 2 & CCTZ IS, —HBOREZTI o
BV TE O ABE AT 5 2 £ 12X - THRSG
THERLAERESE, STCLHHOREEZIT ).
YA Y RHA 2 VREER, BRI RS
TOREDAIA VNV EMAEEZLDOTH D, Filisk
DEA A 7 VIZIZIREOMRBEREBIEE THT LA b~
YA NVEMHL, KEISOHT A 7 WV AIRBEDE T A

#3 1 5GTCCH, TR %A
Table 3 Work schedule of GTCC#1

GTCC FY2009 FY2010 FY2011
July-Sept. | Oct.—Dec. | Jan-Mar. | Apr.—June | July-Sept. Oct.—-Dec. | Jan.-Mar. ] Apr.—June | July-Sept.
‘W Sept.1 Begin
Break down boiler #6 W¥Dec.19 Complete
. ¥Dec.19 Begil
Foundation work W Apr.5 Complete

W Apr.6 Begin

Build up turbine building W¥Uunel12 Complete
| |

Installation of main equipment

WJuly10 Gas Turbine
WJuly14 Generator
¥ July20 Gas Compgssor

First access to electricity

¥Oct15

Hydraulic pressure test

¥Oct.15

Performance tests

W¥Feb.3 First spining

WJuly 12 Heat run
Complete
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Fig. 5 Heat balance of GTCC#1
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Fig. 6 Heat balance chart of GTCC#1
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Fig. 7 Correction curve by atmosphere temperature

#£4 15GTCCital#wh=x
Table 4 Design heat efficiency of GTCC#1

50% 75% 100%
Fuel gas  (km°N/h)| 188 232 281
Input @ [Heating value (kd/mN)| 4040 | 4040 | 4040
Total input  (MW) 211 260 315
Output(GT)@ (MW) 431 65.2 87.2
Output(ST)@ (MW) 36.2 437 52.8
Output(PS)@) (MW) 17 24 3.2
Heat efficiency %) 385 428 45.4

—_
—
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o
w

Standard condition(315.2MW)
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Fig. 8 Correction curve by heat input
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Fig. 9 Correction curve by condenser vacuum

£5 15GTCCHEBMBMFMIE
Table 5 Corrected heat efficiency of GTCC#1

GT load (%) 100

Design heat efficiency %) 454

Actual heat efficiency %) 451

Corrected heat efficiency (%) 45.2

Correction Design temp. (°c) 15.0

(atmosphere Actual temp. °c) 13.8
temperature) Correction coefficient () 1.0002
) Design input (MW) 315.2
Oy Actual input W) | 2647
Correction coefficient  (-) 0.9938

Correction | Design condenser vac.  (kPa) -95.5
(condenser | Actual condenser vac. (kPa) | -98.4
vacuum) Correction coefficient (=) 1.0048
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%6 GTHEDO K=
Table 6 Heat efficiency of GT unit

- Design | Actual

Fuel gas  (kNm’/h)| 281 274
Input @ Gas calories (kJ/Nm')| 4040 | 4040

Total input  (MW) 315 308
Output(GT) @ (MW) 87.2 87.1
Heat efficiency %) 217 284
Atmosphere temp. (MW) 15.0 13.8

Correction coefficient (-) - 1.0003
Corrected heat efficiency (%) 21.7 28.4
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Fig.10 Simple heat transfer model of HRSG

2 7 HRSGIz#AMEfE K
Table 7 Heat transfer performance of HRSG

GT 100%Load Design Actual
...Exhaustgas flow rate (/) | 1023 | 991
HRSG input temp. (°c) 567 556
" HRSG output temp. _ (C) | 160 | 156
Feed-water flow rate (t/h) 195 194
o Feedwatertemp. CO) | it |1
....Qutputtemp (HP) CC) | 540 | 528
________ Qutput temp (LP) _...CQL .30 ] 284
Feed-water receiving heat  (MW) 160 158
LMTD (°C) 53.5 52.0
Heat transfer performance (MW/°C)| 2.99 3.04
HTP’s gain (%) - 1.8

%8 5STHIL%
Table 8 Degradation rate of 5ST

Degradation rate (%) 7.36
Standard 5ST output (MW) 52.8
5ST output (MW) 491
5ST output (corrected) (MW) 48.9
e Design steam flowrate ... (t/h) 1.1622
S Actual steam flow rate oo W Laent
Correction coefficient (flow rate) (=) 0.9934
Design steam temp. c) 540.0
T Actual steam temp.  (C) | 5209
" Correction coefficient (temp.) ) | 09869
Design condenser vacuum (kPa) -95.5
Actual condenser vacuum (kPa) -98.4
Correction coefficient (condenser vac.) (-) 1.0239

R=D #7844l 5/ Vol. 64 No. 1 (Apr. 2014) 37



Enthalpy A (kJ/kg)

3,600 g — 860
3,400 812
3,200 <lInternal 764
efficiency >
g Design:85.5% m
/e | 6.34MPalglA Actual :79.3% n1 g
17 L A e PR 'll’/#i .
;ﬁ‘ Decreasing rate f %
TP RS <
e HZZ@ Z g, i, e 669 -
Humidity factor = 0.08 ”. : =
: S A Y B
2,600 o Z 621 >
) : &
; o Y
idi = £ 2 >
g TTTITEEDN -~ 7= << Ry
2,200 [ 95.5kPa(g) K= 525
X
2,000 [= e 478
6.0 6.5 1.0 1.5 8.0

Entropy S (kJ/(kg*K))
X111 BRIt (h-sHRIX)

Fig.11 Comparison of internal efficiency (h-s chart)

© 5STHML
o oo @ (52.8MW)
A54% x| ~T36% X G L @ (1432MW)

=-12FK1 b

bbb, 15CTCCOBMRYHFMAL ST L72D

38

i, WHLZS5STORELILIZEIABDTHY, Hrik
8 CdH BHGT KR OHRSGIZ DO Wi, 1% F 2 Pge
BIRHMLTW5S,

CTO=EEEmMGEURE2EIHARBLZ1YS
GTCClZ, kA7 & o FtEs Ik % Bl v 745 1 IR R
20134E10 H K BIME T & v ) etz 750, &<
220135 EDABEIC D W TR RAKIER 0 % TH 5o F 72,
BUE 2 5GTCCOREZRTHICETLTH Y, 20144E12)]
KOBERGEHIBZ FEL TS, 25GTCCIE, #REE
WOWRZEIZXY, BEWRETH 5 COGH H & D Hl
Wx HIE L7-BFGHEBEEIZ D ZE LG TH 5. &
%, KEUL» O ERRLIC L o THEY SN2 42=2 v b
DRBRMAENT LI LICLY, BEICREL-ED
DEEMAEEEBLL T <,

2 £ X #®

1) A& EEFD 30N AL Y YL 2 VEETT v FoRyxn
b KRDEF 15T, ALEE N KN EF SRR, Tk
234E 2 A, Vol.62, No.653, p54-p55.

2) fRHFESEIED. 1500CHET N ¥ B A 7 VT AT L |KE
L= — FR134E 6 H, Vol56, No6, p. 8 -9.

3) WHEANKRIE T IS ESAM 2. KIVE T I 5L LET 8
7 W SPFRE194E 3 H, p.386-388.

4) BRI A. ETFER BRI 3 ML+ A H AR
#4504 2 H, p.184-191.

5) PrIEHE BO1EAM T, MIEAE A VT - v & —, F
4457 H, p109-plll.

R:D KOBE STEEL ENGINEERING REPORTS/Vol. 64 No. 1 (Apr. 2014)



WS BR- TRILE—

G0
[RFHREEFES 7 EEINBIEEASBOMEEFEHIFE
Numerical Analysis Method for Reheater Performance of Moisture
Separator Reheater for Nuclear Power Plants
GE BT ow  EEREAN it

Dr. Tsuyoshi ODA Kyosuke FUJISAWA  Hiroshi AKAMATSU

Nuclear power generation uses saturated steam of 6MPa and 275C level due to the restrictions imposed
by the materials used in the nuclear reactor, and its efficiency, approximately 33-35%, is not high
compared with fossil fuel power generation. Therefore, thermal engineers working on nuclear power
generation have the important responsibility toward society of achieving the highest efficiency under the
given restrictions. The use of a moisture separator reheater (MSR) is one of the measures we can take to
achieve higher efficiency. Because the bottom of the MSR tube bundle making contact with the cycle
steam at its lowest temperature is subcooled and inadequate drainage of the condensate inside the tubes
causes cyclic flooding and temperature oscillations in some cases, it is necessary to have a minimum
flow rate of excess heating steam slightly beyond the demand of/what is required for the heat transfer,
and the consequent subcooling must be kept below a certain level. This report describes the numerical
analysis method developed for the design of heat transfer performance and evaluation of the tube

FEATURE : Natural Resources and Energy

bundle integrity of MSRs.
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Fig. 1 Schematic drawings of turbine cycle used in nuclear power
generation
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Fig.2 T-s diagram of turbine cycle used in nuclear power generation
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Energy Saving Air Separation Plant Based on Exergy Analysis
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An air separation unit (ASU) requiring a large amount of energy has been widely used in the steel,
chemical and electronics markets. Therefore, there is a strong demand for ways of reducing its energy
consumption to help stop global warming. Shinko Air Water Cryoplant (SAC) has been collaborating
with the University of Tokyo in developing an innovative process that greatly reduces the energy
consumption. In this study, the concept of "Exergy" is introduced to evaluate the process efficiency. As
result, the new single column process was developed and verified as requiring approximately 30% less

energy than the conventional double column process.
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Cold potential exergy
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Carnot efficiency (-) - 0.73

Exergy (kW) - 270
Power consumption (kW) 3,210 2,270
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Technical Developments and Kobe Steel's Business Approach for

Hydrogen Filling Stations
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By the end of 2015, there will be 100 hydrogen filling stations installed in Japan. We, the Kobe Steel
Group, have various technologies in the field of hydrogen and high pressure machinery. This paper
introduces our new and reliable technologies for the installation of hydrogen filling stations.
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Fig. 5 General view of package type oil-free high pressure hydrogen
compressor for hydrogen filling station
(Photo : Courtesy of JX Nippon Oil & Energy Corporation)
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Fig. 7 General view of dispenser with DCHE for hydrogen filling station
(Photo : Courtesy of JX Nippon Oil & Energy Corporation)
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[Pressure, flow rate, and discharge—amount trend chart]
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Fig. 8 Example of simulation results for hydrogen filling
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To be operated safely in cryogenic circumstances, LNG storage tanks are made of 9%Ni steel plates.
For the sake of reducing Ni content, 7%Ni TMCP steel plate has been developed as a substitute for
9%Ni steel plate. Controlling the volume fraction of residual austenite(y ) is important to ensure high
toughness. By utilizing TMCP technology, much residual y is distributed in the base structure to
achieve the same toughness as 9%Ni steel plate. For 7%Ni TMCP steel plate, the thickness of which is
40mm, the properties of the plate and the welded joint were investigated under cryogenic conditions.
The results showed both properties of 7%Ni TMCP steel to be at the same level as those of 9%Ni steel.
This result means that 7%Ni TMCP steel plate is eligible to be used for LNG tanks.
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Table 1 Test items for performance evaluation

Resistance to brittle fracture

Plate |-Tensile test +CTOD test
properties [-2mmV Charpy impact test |*Duplex ESSO test

Basic performance

Welded . -CTOD test
e -Tensile test
joint -9mmV Cha impact test +Cross weld notched
properties TPy Imp. N wide plate test

®2 IR

Table 2 Results of tensile tests

) Thickness " L YS TS EL.
Material (mm) Position | Direction MPa) | (MPa) (%)
—

THNITMCP | 1/4t ) 655 738 31
steel
—

9%Ni 36 14t C 726 | 743 | 33
steel

SL7N590 - - 590% 690~ 830 215_

C: Transverse to rolling direction

£ 3 ¥ ¥V ¥R R
Table 3 Results of Charpy impact tests

. Thickness " N VE jgg:c.ave | BA jggc.ave
Material (mm) Position | Direction o (%)
——

TRNITMCP] g 14t L 256 0
steel
AT
9%Ni 36 4t L 243 0
steel

SL7N590 - — 1= -

L: Parallel to rolling direction
vE. g5 Charpy absorbed energy at -196°C
BA: Brittle fracture appearance value at -196°C

T/, Yy VY —HERBRFORMEMRE R (BA) X
0%TdH Y, TMCPH 7 %Nigi O 1x —196T 2B W

TIHFICREL TV D MAT, 9 %N & 7505k

EHTAHIE MR LT
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Displacement) #RERIZ & 1) 3¥Mli L 720 CTODER & 1
WD I AT DO YT S ZLEW T X ’”F’ffEJD”TUE
(LUF, BFCTODfliE 9) ZMET LB TH D,
FRFLCTODME AT K & Wi F &Pk i B 58 AR I P iE 3 oo
B 3 1ZCTODMRER % 7R § o

A0mmOEFARAEH SN BHLNGY » 7 GBI IE K
LT IHBOBRHMKTLHY (K4), 145m’LNGS

IBIT B KT OLERACTODA L, 0 # 32

IR R0085mmE 7 B Z L A S hTw Y,

FA4IZLNGY v 7 o HRETH 5 -166CICBIT B

CTODREEFE R %2 7R3 TMCPH! 7 %Nifi O [RFLCTOD

fiEi120.085mm & ) b ix AR E <, 9 %Nidh & Mg L

THMHEULEDMHETH Y, TMCPHL 7 %Nidi 3+ 557 e
PR IER AP E A LT 5,

e 1k A 3 oD A R LTt 9 B 3R & K ESSORRNR IS X
DR L 720 TRIKESSORER D F7i:, TEIRIZE 5 127RT
EBOTHY, BHBIZ L bS8 (ki)
FERMEROBEMN & LT 5b, REESSORKE & 13
BRIz CTEAE, i’éﬁé'&f:ﬁfé‘lﬁé"’ﬁ‘i@ﬁ*ﬁlﬁ]frﬂ:

@Loading i

Fatigue
precrack

Fatigue -
precrack Loading

3 CTODERBERE X
Fig. 3 Schematic drawings of CTOD test
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Table 4 Results of CTOD tests

Material | TTokness | nu ion [ Temperature Critical CTOD value
(mm) °c) (mm)
o
7%Ni TMCP 10 L -165 1.18 1.05 1.18
steel
-
9%Ni 36 L -165 0.65 0.70 0.68
steel
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Fig. 5 Schematic drawings of Duplex ESSO test
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Table 5 Results of duplex ESSO tests

. Applied
Material Th(l:r:<rr'11<§ss Direction Tem(p%r)ature stress |Judgement
(MPa)
o
TNITMCP L -196 392 No-Go
steel
.
9%Ni 36 L -196 392 No-Go
steel

Arrest Crack propagation

7%Ni TMCP steel plate !

6 AL G E (TMCPR 7 %Nidh)
Fig. 6 Photograph of fracture surface (7%Ni TMCP steel)

Embrittled plate

K6 BN
Table 6 Welding condition

. . i Welding material Welding condition
Welding | Direction of Position Maximum
method welding Brand | Diameter of weld heat input

Transverse Vertical
SMAW | torolling |NI-C70S| ¢ 4.0mm eu A 4.4kdmm
direction P
xR 7 DIRABER
Table 7 Results of tensile tests
Material Thickness TS Fracture
(mm) (MPa) location
7%Ni TMCP
o 40 713 Weld metal
steel
9%Ni
> 36 748 Weld metal
steel
SL7N590 (base metal) 690= -

1st side FL .

\ +3mm__ 1¢/4

__WM center - )V' ___________ Loy ]
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Fig. 7 Notch positions for Charpy impact tests
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Fig. 9 Results of CTOD tests
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Table 8 Results of cross weld nothed wide plate tests

At . load
. Thickness | Welding | Temperature maxea
Material (mm) method °c) Ogross Onet
(MPa) | (MPa)

7%Ni TMCP SMAW - , -

steel 40 -SAW 165 651 775
9%Ni SMAW . -

steel 36 SAW -165 714 834
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Fabrication and Properties of Forged Rings made of Modified 9Cr-1Mo-V
Steel for High-temperature and High-pressure Reactor
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Recently, a higher temperature process has been developed for more efficient operation of extra heavy oil
processing and coal liquefaction processing in the oil industry. This new process will be operated at around
500C. Therefore, modified 9Cr-1Mo-V steel may be a candidate material because of its high temperature
performance. For forged shell rings constructed for the heavy wall reactor, the weight of ingot used may
exceed 190tons, and the wall thickness is over 300mm at the time of heat treatment. However, it has been
reported that forged products that were manufactured using an approximately 30ton ingot of modified
9Cr-1Mo-V steel were prone to internal defects; in particular, the generation of casting defects becomes
a more serious problem as the size of the ingot increases. Therefore, it was necessary to confirm the
quality of forged products exceeding 100tons. As a result of an evaluation test, it was confirmed that the
mechanical properties meet ASME requirements, and internal defects were not detected. The heavy wall
shell ring with modified 9Cr-1Mo-V exhibited good material properties.
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Table 1 Material requirements of SA-336 Gr.F91 (ASME Section II)

Chemical compositions (%)

C 0.08 - 0.12
Mn 0.30 - 0.60
P =0.025
S =0.025
Si 0.20 - 0.50
Ni =0.40
Cr 8.0-9.5
Mo 0.85 - 1.05
AY% 0.18- 0.25
Nb 0.06 - 0.10
N 0.03 - 0.07
Al =0.02
Ti =0.01
Zr =0.01
Mechanical properties
Tensile strength  [585-760 (MPa)
0.2% proof stress =415 (MPa)
Elongation =20 (%)
Reduction of area =40 (%)
Heat treatment (C)
Austenitizing 1,040 - 1,080
temperature
Tempering 730 - 800
temperature
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Fig. 1 Effect of cooling rate on as-quenched hardness of modified
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Fig. 2 Effect of tempering condition on 0.2% proof stress and tensile
strength for modified 9Cr-1Mo-V steel
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‘ Melting (Electric arc furnace and ladle furnace)

Ingot making

Weight: 190ton

Outside diameter: 4,550mm

Wall thickness: 310mm

Heat treatment

Quenching: 1.060°C X Th/WQ
Tempering: 740°C X 9.4h/AC
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Fig. 3 Manufacturing process of trial shell ring
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Fig. 6 TEM micrographs at center position of wall thickness
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Table 2 Chemical composition of trial shell ring

(mass%)
Position C Si Mn P S Ni Cr Mo vV Nb N Al Ti Zr
12 0° 0.11 | 0.26 | 0.50 | 0.010 | 0.001 | 0.33 | 887 | 0.95 | 0.22 | 0.07 | 0.05 | 0.003 | 0.002 | 0.001
ToP 180° | 0.10 | 0.26 | 0.51 | 0.010 | 0.001 | 0.33 | 8.88 | 095 | 0.22 | 0.07 | 0.05 [ 0.002 | 0.002 | 0.001
14 0° 0.11 | 0.26 | 0.50 | 0.010 | 0.001 | 0.33 | 8.88 | 095 | 0.22 | 0.07 | 0.05 | 0.003 | 0.002 | 0.001
180° | 0.10 | 0.26 | 0.51 | 0.010 | 0.001 | 0.33 | 892 | 096 | 0.22 | 0.07 | 0.05 [ 0.003 | 0.002 | 0.001
72 0° 0.10 | 0.26 | 0.50 | 0.009 | 0.001 | 0.33 | 8.89 | 0.94 | 0.22 | 0.07 | 0.05 | 0.003 | 0.002 | 0.001
BOT 180° | 0.10 | 0.26 | 0.51 | 0.010 | 0.001 | 0.33 | 893 | 096 | 0.22 | 0.07 | 0.05 [ 0.002 | 0.002 | 0.001
14 0° 0.11 | 0.26 | 0.51 | 0.010 | 0.001 | 0.33 | 892 | 096 | 0.22 | 0.07 | 0.05 | 0.002 | 0.002 | 0.001
180° | 0.10 | 0.26 | 0.51 | 0.010 | 0.001 | 0.33 | 892 | 096 | 0.22 | 0.07 | 0.05 [ 0.003 | 0.002 | 0.001
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YS: 0.2% proof stress
TS: Tensile strength
EL: Elongation

RA: Reduction of area

FATT: Fracture appearance transition temperature

£ T =190tonfiBl & Y 9Cr-1Mo-Veg BifE > = V)
Y ERBEL, BRIEY VY VT OMEEEMEAL
7o BARIEHE - & - @l T o ATEE LY 2L
VU ZIERBEEREGICE o THRASNAXKKD 2L, B
U2 MRR DS SN B T L R L T2e S5 h, Bk
Harom b, SEREICED, T—HFDO=— XS8R b
LRI A T FIFETH 5,

YS: 439MPa ||YS: 439MPa (| YS: 444MPa |[YS: 439MPa
TS: 618MPa ||TS: 618MPa (|TS: 622MPa |[TS: 618MPa
EL: 29% EL: 30% EL: 28% EL: 31%
RA: 67% RA: 72% RA: 72% RA: 71%
FATT: -11°C [[FATT: -17°C ||FATT: -14°C [|FATT: -10°C
7 TOP N
ﬁfi) T ]
| Tf4| 0° 180° Tf4|
[ 772 [ 712
AT s d
pe =YY
BOT //" N
YS: 436MPa [|YS: 436MPa ||YS: 431MPa |[YS: 434MPa
TS: 619MPa ||TS: 615MPa [|TS: 614MPa |[TS: 614MPa
EL: 31% EL: 31% EL: 30% EL: 30%
RA: 69% RA: 72% RA: 63% RA: 71%
FATT: -16°C [|[FATT: —20°C ||FATT: —-13°C |[FATT: -12°C

7 RMEY ) ¥ BN O BRI L

Fig. 7 Mechanical properties of trial shell ring at each position
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Heat-resistant Austenitic Stainless Steel with Excellent Cyclic Oxidation
Resistance for Ultra-supercritical Pressure Coal-fired Boiler
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A heat-resistant stainless steel has been developed for boiler tubes installed in ultra-supercritical (USC)
pressure coal-fired boilers. USC boilers have excellent generation efficiency, thanks to steam with a
higher temperature and pressure than those of existing sub-critical and supercritical boilers. However,
the enhanced steam condition tends to cause problems related to oxidation, corrosion and creep
degradation in boiler tubes. In particular, once scale has formed, it can peel off and accumulate, causing
serious damage not only to the boiler tubes, but also to the turbine blades of the generator. The newly
developed steel contains cerium, a rare earth element known to suppress the peeling-off of the scale,
and has a cyclic oxidation resistance higher than that of conventional steel. This prevents boiler tube
and turbine blades from being damaged, while keeping their properties, such as high temperature
creep and corrosion resistance, at the same levels as those of conventional steel.
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Forging Technology for Large Nuclear Pressure Vessel Parts
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Dr. Hideki KAKIMOTO  Tomonori IKEGAMI

The increasing output of nuclear power generation calls for larger vessels for next-generation nuclear
power plants. A vessel with an increased diameter requires increased load for its forging, which
can make it difficult to use a conventional solid die. In order to reduce the forging load, a rotary
incremental forging method has been applied to hot forging. This method includes pressing and
rotating a material in an incremental manner such that a target shape is obtained. This study aimed at
improving the accuracy of numerical simulation for the rotary incremental forging to reduce the load
when forging large vessels. This has enabled the temperature of the material and flow stress to be
precisely predicted; an example of this is reported in the paper. Specifically, the heat transfer coefficient
to be used for the numerical simulation had been determined experimentally from a small-scale hot-
forging. The reduction of the flow stress associated with incremental forging, had been deduced from
a compression test, and the value was applied to the numerical simulation. A preform was designed on
the basis of the above simulation to perform a 1/1 size scale experiment. A precision of better than 5%

has been confirmed for the shape prediction.
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Table 1 Chemical composition of standard hot compression test
(wt%)
C | Ma| P S | Si |Ni|C|Mo| V]Cu|lcCa| B | T | Al
Min - 1.20 - - - 0.40 - 0.45
Max | 0.25 | 1.50 | 0.025 | 0.025 | 0.40 | 1.00 | 0.25 | 0.60 | 0.05 | 0.20 | 0.015 | 0.003 | 0.015 | 0.025
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Table 2 Conditions of compression test
Temperature (‘C) | 700, 800, 900, 1,000, 1,100, 1,200
0.0002, 0.002, 0.02, 0.05, 0.2, 2.0

Strain rate (/s)

I —— Strain rate=0.0002/s

80 -~ Strain rate=0.002/s
70 | —Strain rate=0.02/s
- - Strain rate=0.2/s
;_6 80 ‘ ——Strain rate=2/s
= 50 ]
340 o e S

@ P
£ 30 =
& L
20 [/
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0
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1 ZREPLT— 5 o—6 (1200C DHiéH

Fig. 1 Example of relationship between flow stress and strain
(in case of 1,200T)
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Table 3 Heat transfer coefficient (center part of side surface)

Temperature | Heat transfer coefficient
(C) (W/m? - K)
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Fig. 9 Comparison of temperature change between actual
measurement and numerical simulation result

68 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 64 No. 1 (Apr. 2014)



JRIBPEZE AT 12 K B T E & FERRDTPBEATHEEE & < —3

TAHIEEMRL.
3.2 ETRER
HfEEE TR, —EET LB 2HEETT5ET

&0@#¢u¢50_@%,%ﬁi B % 2T e WIREE
Thhr, LIAHT, BIZAY Y NEELRETIZAY ¥
I [ CARE Al LS A - PR R ASHEAT L, TR
NEDLLY ZEBHMONT WD, TD720, KFTO
MHAEREIC B W T HHARIS, —EET L7z, BHEET
5 F CTIEREPUENZLT L E 255,

Z 2T, NiRgEEHOEREILT — & 2RI, fER
DEREI T — 5 LKL 720 ¥4 B XUCRI0ICER
I 7=y WED -0 DR SG M2 R, RBRTEE
ML7 4 =< A% & HWTEME S L5 %3 2140
FEAE, F721310% 0 7 HEM L, ARIT0% DM % 17
o572 Fi, ETEETOMBE (EFRE) (X108,
1008, 1,0008 D 3 K#ETIT - 720 R 1 HIEM & 5
% X 14101 JE# L 7235 & O ZTARYL T — & O el fil % 7R
Fo WEICRT 912, 1HEMOEBIEITICH L,
1000 IR C 5 % HEAfi % 14118 1) 3% L 72 3Bk O ZE 3P0
KL BN H B 2 Db oTze TORKIZLT
DEINCEZLIENTE D, B1212 HEH#EER 12
U 2B oML % 7R3 B0 TG % 17 - 7235
A, BERTH, Z o RHI N L CERS S SBRIG
T 5, BB, FHHRmOBETH 5 \VIE5E TR
B xR, s LI~ AR ) B S5,
:@tb,%ﬂbfl@&%ﬁ%fﬁ%ﬂé%%ﬁ%l
DO BB F72, HRFHOEEICE ) KILOFLEED
B h,

ZFIT, EFTHRBOZEIZIZZEENROAEZFTAL
720 BH3ICH—RMETETHBE 2L a0%
AT — 7 2773 MRS L 912, ETHE»E
{21 TERBHAKT LTS Z LD
720 &I, DT ARECFIETIZ L YK LD HETH
LI ENDbholze SO ENS, IS 3 RITH
TR AR IIRAT % S A AL, B B
JECFNT20LEBH ), TD-DIIZETHELY %E
T HULEDND B,

— R AP IRE LT OR (2) WREN 5,

g=A-¢ 8 eXp(Q) ........................... (2)

SIT, o BG4 e OF AR e OF
HEREE, O WML ANV F—, R FAERK, T:HE
Thb, TOEBKPIBITHEHAIHL, ETH
MEaZE LR EZHICEA L, $4bb, &£k
BE e O A - DT AREEITDWT 1 BRI O L TP
kL, BREIOKTRZEHTLE LB, #
DT H%2E FRIBOMBAG) THETT 2L E L,
Iz (3) 1WRT,
0

oc=A(s)-g" " eXp(RT) ........................ (3)

I, AW IKELT, EFHEEOBRERAE L.
F142ETFRIEEAGs) & OBBRO—FZRT, HKIZ

x4 FEBREN

Table 4 Experimental conditions

Deformation Temperature (°C) | 700, 800, 900, 1,000, 1,100
Strain rate (/s) 0.002, 0.02, 0.2

Reduction (%) 5, 10

10, 100, 1,000

Interval of press (s)

4 1,200°C  Reduction:70%
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- 10% X Ttimes
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Fig.10 Experimental procedure for compression press
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Fig.11 Comparison of flow stress between single press and multiple
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strain rate : 0.002)
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Extra High Purity Stainless Steel "SUS310EHP®" with High Corrosion
Resistance for Next Generation Nuclear Fuel Reprocessing Plant

>4

chil|#eSF 2
Junpei NAKAYAMA

hnEE &
Osamu KATOU

®n

A new stainless steel "SUS310EHP™*" has been developed for a next generation nuclear fuel
reprocessing facility. This metal shows good corrosion resistance thanks to the high purity of its
chemical component. It is expected to greatly extend the life of the reprocessing equipment.
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Rolled Sheets  (251) 162 464 56.9 394
Tubes 25A-Sch80 233 503 522 400
Tubes 100A-Sch160 206 497 546 428
Forged Plates (301) 170 464 497 415
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Fig. 7 Corrosion resistance in boiling 8mol/m® nitric acid with 1g/L
Cr®" of parts of simulated reprocessing equipment made by
SUS310EHP steel melted by commercial basis VIF-VAR
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Table 1 Example of chemical compositions of SUS310EHP steel melted by commercial basis VIF-VAR

Chemical composition (%) Mechanical properties
. - . . . B Proof stress TS El
S I e > N C loom| Py | e | (%)
SUS310EHP 0.005 0.01 0.01 0.0003 | 0.0002 21.0 253 0.20
R-SUS310ULC™” | =001 | =1.50 | =2.00 | =0.045 | =0.030 | 19.0~22.0 | 24.0~260 =480 =175 | =407

! Code for Nuclear Fuels Reprocessing Facilities, Materials Standard  HPI C 108:201 " except Pipe products
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TK-26 Transport and Storage Packaging for Interim Storage of Spent Fuels

T&E MY BAEBR*? (om I K
Jun SHIMOJO Hiroshi AKAMATSU  Dr. Hiroaki TANIUCHI Dai YOKOE

FeRAEE ™

The safety requirements for the dry storage of spent fuel have become increasingly stringent.
This change has led to the development of the TK-26 transport and storage package, based on its
predecessor, the TN24. The TK-26 has a new structure that ensures greater safety, while maintaining a
large fuel storage capacity and excellent economic advantage. The TK-26 structure features a borated
aluminum basket that has been newly developed focusing on pressurized water reactor (PWR) fuels.
This has enabled the designing of a new basket that is compact, ensures sub-criticality and has higher
structural strength with sufficient heat transfer capability. The TK-26 structure also includes measures
against the multiplying effect of impact acceleration by slap-down testing and the delayed impact
of contents in vertical drop testing, including the 9m drop tests required by the regulations. The
effectiveness of these measures has been confirmed through a drop test using a 1/3 scale model, which
has verified the validity of the structural safety analysis. The demand for the transport and storage
casks is expected to grow. A study is being conducted to standardize the design of the packages and
thus to ensure the flexibility and stability of their supply.
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Fig. 1 Structure of dry storage packaging for Tokyo Electric Power
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Table 1 Functional requirements of safety for transport and
storage packaging

Outline of functional
requirements

Main components for satisfying
functional requirements

(1)Heat removal

No forced heat removal of
decay heat generated by spent
fuels

Main body, outer shell, cupper
fin and basket composed of
borated aluminum alloy

(2)Sealing
(Containment)

Limiting leakage of radioactive
materials of spent fuel

Main body, Lids and Gaskets of
lids

(3)Shielding

Shielding gamma-ray and
neutron emitted from spent fuel

Gamma-ray : Steel materials of
main body, bottom and lids

Neutron : Neutron shielding
materials of lid, bottom and
around main body

(4)Sub-criticality

Controlling fission reaction of
spent fuel and maintaining
sub-criticality

Basket composed of borated
aluminum materials

(5)Structural
integrity

Structural integrity for
maintaining functional
requirements (1) - (4)

Steel materials of main body,
bottom and lids

Shock absorbing covers for drop
tests conditions
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Table 2 Design specifications for TK-26 transport and storage

packaging
Specification
1.Fuel
(1)Fuel type 17X17and 15X 15
(2)Maximum burn up 48,000 MWd/tU
(3)Minimum cooling time 15 years
(4)Number of fuel loaded 26 assemblies
2.Design thermal power 20 kW/cask
3.Dimension
(1)Storage condition
Total length 5.0m
Outer diameter 2.6m
(2)Transport condition
Total length 6.5m
Outer diameter 35m
4. Weight
(1)Under storage 120 ton
(2)Under transport 132 ton
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Manufacturing of Dry Storage Casks for Storing Spent Fuel and their use
at Fukushima Daiichi Nuclear Power Station
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A basic policy of adopting a closed nuclear fuel cycle was formulated in the Framework for Nuclear
Energy Pohcy (2005), and the spent fuels discharged from nuclear power plants will be stored until
reprocessing in the recycling plant. Storing spent fuels in Dry Storage Casks (DSC) is one of several
methods of interim storage, and Japan has more than 15 years' experience. The potential safety of DSC
was spotlighted after the Great East Japan Earthquake because DSC doesn't need an electric power
supply during storage and can be cooled by natural air circulation. This report introduces the outline of
the process of manufacturing DSC and the experience of using them for storage in Fukushima Daiichi

Nuclear Power Station.
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Interim Storage Facility for Spent Fuel
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The spent fuel generated from the operation of a nuclear power plant is to be treated in the
reprocessing plant in Rokkasho, Aomori. At present, spent fuel is stored in the nuclear power plant
until it is reprocessed. However the amount of spent fuel generated exceeds the capacity of the
reprocessing plant. Hence an additional spent fuel storage facility is needed for the nuclear fuel cycle.
The spent fuel interim storage facility is the first institution in Japan that stores spent fuel outside
of the nuclear power plant site. Our company has received an order for internal equipment for this
facility. This paper introduces an overview of the interim storage facility for spent fuel.
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Synthetic Rock Technique using HIP for Immobilizing lodine
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Todine filters expended after nuclear fuel reprocessing contain radioactive iodine (I-129), almost all of
which exists as silver iodide (Agl). The synthetic rock technique is a solidification treatment using a
hot isostatic press (HIP), in which the alumina adsorbent base material is synthesized to form a dense
solidified material (synthetic rock). The I-129 is physically confined in the alumina matrix in the form of
Agl. Thus, it is necessary to understand the matrix and Agl dissolution behavior in order to evaluate
the iodine release behavior. We therefore derived the empirical equations for the rate of dissolution of
the matrix as a function of the temperature and pH, and of Agl as a function of the concentration of
HS-, and these equations were used to evaluate the behavior of iodine release from the synthetic rock.
On the basis of these results, the synthetic rock technique was recognized to have a sufficient capacity

for iodine retention as a method of iodine solidification.
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Fig. 1 Treatment flow of synthetic rock technique
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Table 1 Test condition of synthetic rock

Item Decided parameter
Pre-treatment | Evaporation (C) 450
Temperature (°C) 1,200
Treatment
(Solidification) Pressure (MPa) 175
Time (h) 3

(a)

(a) 7148l (b) Wi
(a)Overview (b)Horizontal section
2 SHFEMbR (EFE ¢ 50mm)
Fig. 2 HIP capsule after HIP treatment (Diameter: 50mm)

3 LKW OEPMA~ v ¥ & 7
Fig. 3 EPMA mapping of horizontal section of synthetic rock
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Fig. 4 SEM observation result of cross section of synthetic rock
(Black: a-Al,0O; (Corundum), White: Agl or Ag)
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Table 2 Physical properties of synthetic rock

Item Properties

Real density (g/cm3) 4.310.12

Unconfined compression strength (N/em?2) (1.1£0.5)%105

Porosity (%) 10~15
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Table 3 Test conditions for matrix solubility

Material Ground product of synthetic rock

Particle size (mm) 1.18~2.00, 0.6~0.3, 0.3~0.15

Solid/Liquid ratio (g/dm?) 10 (2.5 g/0.25 dm?)
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Fig. 6 Concentration of Al (experimental values) and solubilities
(thermodynamic calculation values)
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Fig. 5 Results of matrix solubility tests
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Fig. 7 Results of immersion tests
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Decommissioning of Nuclear Facilities and Metal Recycling
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Junpei NAKAYAMA Osamu KATOU

A metal recycling approach can reduce the volume of wastes generated from nuclear facility
decommissioning projects. In Sweden, Studsvik AB. has been accepting large metal components
and treating them for metal recycling since 1987. In Japan, we have developed some technologies
to be used for metal recycling. Now Kobe Steel and Studsvik are jointly studying how to apply our
experience and technologies to nuclear facility decommissioning projects in Japan.
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Fig. 7 Transportation of steam generator”
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