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*Introduction

- Electric Furnace Steel Manufacturing

*The Study of Energy-saving Operation in Melting Process

- Relationship of Total Energy Cost and the Balance of
Heat Resources Amount

- Operation with Pre-heating by Combustion

*Summary

* Future work
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Chemicals
43% of net sales

Pharmaceuticals
1% of net sales

Cement & Construction

Materials
35% of net sales

Machinery & Metal

Products
12% of net sales

Energy & Environr
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Nylon raw materials and resin  « Specialty products
Synthetic rubber + Battery materials
Industrial chemicals * Fine chemicals

Drug discovery and co-development
Contract manufacturing

Cement, ready-mixed concrete
Building materials
Calcia, magnesia

Molding machines (Injection molding
machines, die-casting machines)
Industrial machinery

Bridge

Coal storage/sales
IPP/Power business


http://www.ube-ind.co.jp/japanese/products/fine/fine_01.htm
http://www.ube-ind.co.jp/japanese/products/cement/cement_01.htm
http://www.ube-ind.co.jp/japanese/products/cement/cement_02.htm
http://www.ubemachinery.co.jp/product/index.html
http://www.ubemachinery.co.jp/product/index.html
http://www.ube-ind.co.jp/japanese/products/energy/energy_01.htm
http://www.ube-ind.co.jp/japanese/products/chemical/chemical_03_01.htm
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Industrial Application in UBE-Group UBE INDUSTRIES.LTD.
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LJIZ = |UBEINDUSTRIES.LTD LIBE \UBESTEEL CO.LTD.

steel(billets, casting)

- the study of energy saving
- operation in electric furnace

4

@ )
Q\ FHYT U P UIKREH
<~ Ube Material Industries

magnesia(MgQO)

! analysis for kiln burning process
.~ (removing impurities)

KilnSimu

N o,

2015 GTT Annual User's Meeting 4



http://www.ube-ind.co.jp/english/index.htm
http://www.ube-ind.co.jp/ubs/english/index.html
http://www.ubematerial.com/

UBE

Comparison of two steelmaking process UBEINDUSTRIESLTD.
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electric furnace process blast furnace

image
steel scrap main raw material Iron ore, coal(koks)
batch operation continuous
. main heat
electricity fuel and oxygen
resources
fewer CO, emission, : :
. . merit mass production
suitable for many kinds
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Outline

UBE STEEL CO.,LTD

Business Lines : Manufacture and sales of steel billets and casting

Production Capacity : (Billets) 30,000ton/month, (Casting) 1,200ton/month

Employees : about 240

Electric Furnace : 3 (60T(60,000kVA), 30T, 10T)

Billet

steel type : JIS(SD, SS, SM, SN, etc.), SAE, ASTM etc.
size : custom cross section, length

Casting

material : normal, low alloy, for welding etc.

usage : major industries, car, ship, power plant, public demand etc.

L—L
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Process Flow of Electric Furnace Steel Manufacturing UBE INDUSTRIES.LTD.
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Process 4 ) ' ; ;
Frocess 60ton/batch, today's main topic
about 1600°C ) _
billets, casting
scrap ;
®e D E
e® — ® — — —
@
O
\ Melting ) Ladle refining Casting

waste plastics
*dust from process
*medical waste etc.

Action to industrial
waste recycling

electric power cost
daytime > nighttime

= operation is done in nighttime.
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http://www.google.co.jp/url?url=http://www.ohata.org/plastic.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBoQ9QEwAmoVChMIsfOqmbaTxgIVVJuICh0feQ56&usg=AFQjCNHPDWpC3WUT2IONguorYms8mO7ydA
https://www.google.co.jp/url?url=https://amanaimages.com/info/infoRM.aspx?SearchKey%3D25420009976%26GroupCD%3D0%26no%3D&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBYQ9QEwAGoVChMIw_2zybaTxgIVwzaICh0l4Q5J&usg=AFQjCNE_-Sv01Wkr5nN0J9D5UsL_-mQZPw
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Outline of the Operation of Scrap Melting Process UBEINDUSTRIES.LTD.
y ' - Confidential
“scrap
*CaO
~carbon fuel
*industrial waste =rnam el
Input additional additional : oxidation
electrode e iat L) nput 2 . Y
- ® ® =
U .E - o » » tapping
@
co-jet burner ~15min ~30min ~40min ~50min
= oil

.OZ J

Heat resources

studying the balance from the viewpoint of...

=arc discharge (main operation cost)
“burner combustion

-total energy cost

the quality (phase composition, purity ...)
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Relationship of “Oxygen Consumption” and “Total Energy Cost Index”

|
|
120 |

110
\9;0%“-’// |

100 [~ -\* steel making time
\_ =discharge time

-\-\_\‘:.- 2 i
€8 -

electricity s O e

oxygen
(3] /

yield reduction

B azF—a2 iR

total energy cost index

P
carbon fuel  sgwrm | oxygen consumption vs total energy cost

e B, oo
4:;;{-?:7”" (merit) electricity |, steel making time |

—— _— aTi® coal oil . . .
s I i - (demerit) yield |, carbon fuelf, coal oilf, oxygen?
10 Al 20 40
BEEHR N0

. oxygen consumption
M2.215 SAEHRSNEMME RS T AL F 3R -HEY Searching the oxygen amount when

total enerqgy cost is minimized
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Electric Furnace Analysis using FactSage UBEINDUSTRIESLTD.
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Containing very many oxides and solution database

molten steel (Fe-lig.) " = = "WM liquid slag
Fe, Cu, Mn, Cr, S, Ca, ...etc. 4%, & 3 @ Cao, Al,0,, Si0,, Fe,0,, ...etc.

( flow of calculation ) »¢atmosphere open type

solid solid solid

X as
-II- gas -II- gas -II- g

Equilibrium Equilibrium Equilibrium
Calculation e Calculation e Calculation oo «vs  tapping

A 4 A 4 AT 4
» 5
-AQ(t) -AQ(t) -AQ(t)
+AQ(t) heat loss +AQ(t) +AQ(t)
discharging
Stefan-Boltzmann law multi-phase(semi-batch)
Q =o0¢Ad (TS4 _TO4) calculation
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90 B 1800
oxidation
80 +-- pew Solid . addltlonal L \l/ L 1600
mmm S|ag-lig o input 2
70 +--| T e additional ------- - g---- ~- -8B} 1400

. Fe-lig

input 1 ¢ | 00

60 +--|mm=Temp.(Y2) [~ g -

— 50 - fApUt------=-mm e oo -3 1000

c

2

D40 - B3+ 800
30 +---- - - - B BB --- - 600
20 +-B0-- /0 ------B0------ B --- B - IR 400
10 +-B/--B---3---- -5 ---3----I--- - 200
0 I T T T T T T T T T T T - 0

0 2 4 6 8 10 15 20 235 27 33 39

t [min]

[C]

“Time interval of just after first input makes short.
“We can see all phases and temperature profile.
By adding input, temperature is down temporarily.

By adding oxidation, molten steel phase and slag-liquid phase increase.
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Oxygen Amount vs Total Energy Cost

280 140

240 120

100
X
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30 32 34 36 38 40
oxygen amount [Nm3/ton]

total energy cost index

—o—electricity

= oxygen

== coal oil

= carbon fuel
=¥=yield reduction
=0-steel making time
==total(Y2)

(base case) O, = 28Nm3/ton-scrap

*Most influential factor is “yield reduction”

- Total energy cost is minimum when oxygen amounts are 30Nm3/ton-scrap
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Influence on Each Factor and Quality

Confidential

o O [s2] LN ™M oy
7 ; ; O o (@] o
_ _ _ N 3098 Qc ¢
i i i Z < h o ¥ OO0 = uw
' ' ' 0 — ] E B E EE N
i o
| ©
P o
o
? <
c
[00]
£ -
c
2 8 2
N
= £
ed
<«
- w m Z
c | Q =
e
NS
[e] w m 5
m [ =]
(4] o =
c S ®©
3 5
o
> o O
X N
o o
\o]
o\l
<
1 1 1 1 2
X X X X X
o o o o o
o [o0] (e} <t [q\}
i
o g .
L “ < T g
1 1 1 w |_|
i i i . o P
||||| e JE e — ~
g g i M a "=
i i i ©
1 1 1 a []
0 I N /G — (o) | o
..... o " o P ” N
i i i ) |
1 1 1 < m -+ . %
..... (IR IS " { S I S ~ © | —
1 1 1 ™M 3 — ” m
i i i £ c : 0 5
I I I o H M N
- " ~NZ 5 | P
||||| VT T TTYTTTRTTTTYTTTTTOen b ..a m < m
1 1 {l 1 t q 3 N
i i i i m .w W s
i i i i o ! "
..... rocccrefporoccorocsore--omeeok @ @ g W S 5
i i i i £ > ” Q
1 1 1 1 © .L“- i o m
..... & .| o e O : M ©
i i i N m..g = : g
m m m S | 0 " S
..... il wo & Q ” %
1 1 1 1 “ 2 e ” o
A L ” S
T T T T M m aA/__.
O O O O O O o o ; ; ;
g o ®ron s g B o
[o0] [e0) ™~ N
[9%] uononpau Ajp1a30912 [uoa]

components of Slag-liquid

phase (Fe-liquid and Slag-liquid)
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Study for Energy-Saving Operation Method UBE INDUSTRIES LTD.
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Features of heat resources ....

arc burner
discharge combustion

—

operation image

temperature
high area low
(effective)

mainly mainly
combustion full discharge

high cost(relative) low i $ $

To reduce the energy cost, QEJ
Q

using properly two heat resources £

in appropriate temperature area.

~ Operation with Pre-heating
operation time tapping

start
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Concept of Energy-saving Operation UBEINDUSTRIESLTD.
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normal operation raw materials carbon fuel
additional additional
input input 1 input 2 oxidation
| ¥ ] '

combustion

discharge ® ... a g ‘

» IL’E »w*w»tapping

How long ? ~15min ~30min ~40min ~50min

~?min ~50+?min

Operation with pre-heating

. discharge additional additional
nput start mput 1 mput 2 oxidation
combustion dlscharge ;

@

2015 GTT Annual User's Meeting 16



UBE

Conditions Setting and Results UBE INDUSTRIES.LTD.
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Steel type : omin 324 L
normal (for General structure use) >0 additionatinpat +,2—— 7
80 } } 1600
U
- Tap Temperature : 1650°C 01 100
c 60 input X_')/ = B B 1200 ~
"Pre-heating time :0, 2, 4, 6, 8 min oS Y EEE 1000 3 = soid
@ 40 - 800 ‘;’ === Slag-lig
] L 600 £ = Fe-lig
20 1 Ls0 | CTO2)
10 r 200
0 — -0
0 2 4 6 8 10 12 14 19 24 28,5 33 38 43
Time / min
oy . . . . . 2min -3244-
- Additional input time is decided N o -
by Temperature in furnace. ] o
In first 2 minutes, 5., o £
(normal operation) 680°C Nl o g e
H . o 20 1 - 400 =T (Y2)
(energy-saving operation) 520°C ol .
° 0 ' 2 ' 4 ' 6 ' 8 10 12 14 19 24 28,5 33 38 43 °
Time / min
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Results(2)
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4min -3244- 6min -3244-
90 1800 90 1800
80 1600 80 1600
70 4 F 1400 70 4 F 1400
o o
g60- -1200; g60- -1200;
250 - 1000 5 e Solid 250 r 1000 5 e Solid
[ ©
@ 40 - 800 g e Slag-liq @ 40 - 800 § == Siag-lig
= 30 - 600 § m— Fe-liq = 30 1 - 600 E, - Fe-lig
20 - - 400 —eTv2) 20 1 - 400 —eT )
10 A - 200 10 A r 200
0 - - 0 0 A - 0
0 2 4 6 8 10 12 14 15 20 25 295 34 39 44 0 2 4 6 8 10 12 14 16 21 26 30.5 35 40 45
Time / min Time / min
8min -3244-
90 1800
n n X
80 1600
discharge 1 1
70 e [ 1400 "By pre-heating, temperature in furnace
(6]
60 F 1200 ~ O
5., [ owo & reaches to about 800 C.
~ = mw Solid
g 40 [ 800 § = Slag-lig . . . .
£ 5] 600 £ mmrern When pre-heating time is too long,
|_
20 A r 400 =T (Y2) . .
o ] oo rise of temperature is few because of
0 A - 0

Time / min
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heat radiation.
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Electric Power Consumption Rate Fe yield

o 100 100
po5S
~
g 99 99
2 S
5 98 5 % — - e —
2 97 — 'q'>)~ 97
;, ~— @
§ 96 96
®)
$ 95 95
S Omin 2min 4min 6min 8min Omin 2min 4min 6min 8min
w Pre-heating Time Pre-heating Time

1800 . . . .

1600 A" " Pre-heating is effective for saving
p 1490 P ?@zﬁ% electric power consumption rate.
~ 1200
£ 1000 pe "By applying operation with pre-heating,
S 800 - heat lgss —o=0min
£ 600 4 reducing ~8-8min we can reduce the heat loss.
8

400 . . .

oo Il - Little influence on Fe yield.

od
0 10 20 30 40 50
Time / min
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We applied FactSage to the analysis of electric furnace steel manufacturing
process.

0 We calculated all phases and temperature profiles through the melting
process.

0 By changing oxygen amounts using in melting process, we found the
relationship of total energy cost and the balance of heat resources amount.

0 Operation with pre-heating by combustion is effective for energy-saving.

But when pre-heating time is too long, the effect decreases because of
heat radiation.
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In the Future...
flow of calculation

solid

( how to calculate )

UBE
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manual(FactSage) = automatic(ChemSheet)

solid solid
n N ga5 n N
o - solid o o
-AQ(t)
+AQ(t) +AQ(t)
Process

Melting = | Ladle refining

O

Casting

Analysis Object
2015 GTT Annual User's Meeting

billets, casting
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