d
%TﬂTMﬂ1§ﬂ!Qﬂﬁ’l“ﬁﬂiﬁﬁ‘iﬁﬂN!ﬂﬂiﬁﬁgﬂlﬂﬂﬂizlﬂﬂﬂﬂﬂ




u mmzﬁﬂﬁmﬁnmqmmwm@uiﬂmummﬂgﬁmu
B 19YNUNTHAR

v
" IA39A390AAUN TN LA IAUY

" B3N 0unNI9 M9 klane




n1saLunUszianians

Tawz
Tavz$vnnwan Tavzuannauwan Tan=iien
— MANLALWANNED - NI
- Y
- Wwanuu
Tanzitugu Tavizwiin Tavzin
- NENUEY - Innidas - azgitilawy
- dan=d - UNUIMa - LunEs
- Az - LAALIE - LUSaae
- fun - fina - 187
- WA - TasLdia

G = 8%




Qo

] v

Nads14

117U 21A1T FZWIU
NIAU OUY

snln dauNdu MnEa

(] (] aa 74 I v I
LUAAN Lﬂu ﬂﬁ’lﬂﬂﬂ'\ﬁdl"ﬁ\‘i']uﬂ ENNIMNUINLULASLLWTVIRNE

NANITHAR

SNEAUA TONTLLL
SNANTHTULIUA

[V ~1 p= a

ALEiW L1ATRILTUaINA
NAAN LASAITNEA
LATRAIANSNA

+
A m1snszilag

au )

al' %3 d a 4
LATA4AS) IWBSULARS
dauigd wneanuNu
NAAIUINU NAAILNA
ABDLTA

G4 (4
aUnsainsunng




Ratio of world production of metal commodities (%)

Aluminium
2.67% Chromium
1.49%

Copper
1.46%

\

Lead
0.65%

Zinc
0.95%

Source: http://minerals.usgs.gov/minerals.
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: 60%
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- AU 4%

Source : ISIT analysis
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Iron and Steelmaking Process

Second

Ra .
Mater\{Yals Ironmaking Steelmaking Metallurgy Casting Hot Forming Cold Forming & Finishing Steel Products Application

Ore Ladle
- Dressed Treatment Surface Treated
- Sintered eyt I/~ heet and Stri
- Pelletized == [ -Galanized Construction,
> Ji Hot Strip Mill -Aluminzed Automoabile,
‘7 Al | -ColorCoated Appliances,
: : -3 A ound billet T plated e
= und bi
Srrelvng Reduc ton Y ) -Cold Rolled Sheet
ron t H)
e viecry IR |
&tube Construction,
Cold Forme Furniture
Il FP@r Arc Fl."-n?. " Section
g Seambss Tube Gas and ail
Coal/ - . aeber: : ¢ Construction,
Natural Gas|__| B:rm "l Machinery,
¥ A bil
RG> Coi Dravn Bar e
# Rod _ Construction,
[ Creving Y iy
Bright m Appliances,
Products Fasteners
Heavy /
S ection Mil P &Medium Construction
Steel Scrap Baston. |
Sheet Piles
Vacuum
Treatment Aoughing mil Machining Machinery,
-~ Z Forgings Automohile
Ingot Casting

I Charge Materials [

B Hot Metal

Liquid Crude Steel

Continuous Casting

I Cold-Formed Steel

Red-Hot Solid Steel |l Surface-Coated Steel
Hot-Formed Steel [ Machine Workpiece

Construction,
P Plate Machinery,
Tank, Pipe

Remark:
t HM = Tonne Hot Metal
t LS = Tonne Liquid Steel
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AULSLUAN (Iron Ore) ANUHAU (Coke) WARETTNTNA
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N1904Q9L1an (Iron Making)
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(Steelmaking + Casting)

¥
WAANWYINENA (Billet, Bloom), LUANLVGWLLIY (Slab)

A"

]
A 4

n53m (5au, L) msuaagUwssad (Roling  +  Foundry)
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A@ " g =\
Bar Rod Structural Shape Coil Sheet Foundry
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Thailand Rank 34
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Source: World Steel Association

(~3 ' = 9 o
nanuansigluairaslani 2013 (A1usU)

........................

AUSTRIA

R

Gl

wrmsanmmamnn et

Crude steel production Apparent steel use (finished steel products)
World total: 1,606 million tonnes World total: 1,481 million tonnes

3‘2 Other Europe Other Europe

)
2.4% 250

Others
N 5.9% Others =15/
Other Asia 6.7% 00% [EED
Japan 11.9% Other Asia
6.9% NAFTA 14.8% NSATFJA
7.3% Japan sl

} 4.4%
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«  A9NALA1Y (Solute): C, Mn, Si, Ni, Cr, etc.
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Gold is for the mistress, silver for the maid; Copper for the craftsman, cunning at his trade.

“Good” said the engineer, working in the hall; “But iron, cold iron, is master of them all”



HCP Structure

ANUAFAN 9] URIHARIUAUNLTIATIAS M LU
?I’aaﬁla@‘ AYLASEAL macrostructure,
microstructure NS=NIRIlUAUDITZAUDZAAN

Zn, Mg, Cd, Be

BCC Structure - FCC Structure

el

Fe, Mo, W Al, Au, Cu, Ag, Pt,

11



The Relation between Material‘s Microstructure and

Mechanical Properties

Increasing strength ee—————

8

oy

CP

TRIP

.

3

R.,: 450 - 1000 600 - 800 800 - 1000 > 1000 MPa

~ |Ferrite %/ Austenite "l Bainite M Martensite
=— Strengthened ferrite

CP :Complex phase Steel PM : Partial Martensitic Steel




Material‘s Microstructure and Mechanical Properties




The Factors that effect to Steel’s Properties

Production &
Manufacturing Process

7N\

[ Special Treatment >[Chemical Compositior}
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Solid solution strengthening effect on HSLA steel

Change in yicld stress (MPa)

Source

+300 _C and N
P
+225 H
Silicon
+150 H
Copper
+7S § Manganese
Molybdenum
0
Chromium Nicke?a\nd aluminium

78 1 I 1 J
0.5 1.0 1.5 2.0 29

Alloy weight (%)

. Steel Metallurgy and Applications, D.T. Llewellyn
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Steel Manufacturing Process & The key Factors affected

with Steel’s Properties
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Indirect reduction reaction Fe,0:;+3CO — 2Fe+3CO,
Direct reduction reaction Fe.0;+3C — 2Fe+3CO

: Unit
Materials Mean dia. consumption
(mm) (kgt*)

Coke 50 380
Sintered ore 20 1,160

Lump
Pellet Wiy \ Lumpy zone

Blast volume (Nm3/t*) 995

Pulverized coal (kg/t*) 120 2

Humidity (kgNm?3) 28 ' B Cohesive zone
Temperature (K) 1,453 ‘ P

Pressure (MPa) 0.40 : £ e Dropping zone
Oz enrichment (vol.%) 2.3 : | 7]

t*=Hot metal ton

Raceway
Slag

Hot metal

Ironmaking by Blast Furnace

Dust (kg/t*)

w
©

Volume (Nm?3/t*)
Temperature (K)

Pressure (MPa)

CO (vol.%)
CO,(vol.%)

H2 (VO|°/0)

Hot metal temp. (K)

Slag / hot metal ratio

Hot metal

€
Si
Mn

4.50
0.39
.27
0.10
0.03

16

1,633

430
0.25
22.0

22.8
4.2

1,800

0.30

Slag

SiO,
CaO

ALO,

MgO
MnO
S

33.8

42.5

14.3
6.5
0.26
0.96




Raw material

e R

Hot metal

Scrap
Pig iron
Burnt lime

Ferroalloy
Dolomite

430 0.01 0.20 0.04 0.01

Pure oxygen gas 50Nm3/t

Inert gas (Ar, N2) } 1.6Nm?3/t

CO, CO2

101Nm?/t

CcO CO2 N2 Ho
70 10~15 13 1~2

C Si  Mn P S
0.04 0.01 0.15 0.01 0.007

To secondary refining

Steelmaking by BOF Operation




LLadle Injection
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Purpose: to add alloying element



Tundish
Submerged Entry Nozzie

Mold -
: Meniscus
Liquid Torch Cutoft

Pool Point
B Support roll

h;]'d"!' ‘, .;-... 2 Sol'dlf‘\'r(.]
Cooling

Metallurgical
= Length
Strand — < €N OO a D @

Continuous Casting Machine



Continuous Casting Process to produce the Semi-finish Products

(Billets, Slab, Bloom, Beam blank, Ingot )

Ladle §wing tower Tundish

Mold Electromagnetic stirrer

v‘_§uppon rolls



Semi-finished Products (Billet)




Semi-finished Products (Slab)




CCM Mold:
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Semi-finish product

e
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Additional Process after Hot Rolling
Hot Rolled Directly Send to
Products

(No Additional Process)

\ 4 \ 4 \ 4

Pickled & Cut to the Coating Cold Roll
Oiled (P/0O) Designed Process Process

Dimension




leveling shearing




shearing

leveling




Hot Rolled Coil & Cold Rolled Coil

HRC CRC



Pickled&Oiled, P&O, P/O, Pickled




d Steel

Plating Metal

Steel base

Plating Metal
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AC Electric Arc Furnace (EAF)
(Capacity 50- 150 Ton/heat)

Graphite S v
electrodes . - ‘

2 Tapping hole

’ i )
'ﬁi’; Function of EAF:

B - Melting Scrap with Electrical Energy
@l - Refining




Raw Materials for Steelmaking (Recycling Route)

Shredded Scrap Bundle Scrap Baller Scrap
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AULSLUAN (Iron Ore) ANUHAU (Coke) WARETTNTNA

v v v
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N1904Q9L1an (Iron Making)
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[ a & .
LUANARINTALUANNWSTU (Pig Iron, DRI)

v
g = = : =
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(Steelmaking + Casting)
[ 1 . * = 1
AANLLN9EN1 (Billet, Bloom), tanuNaLIu (Slab)

A P

n53m (5au, L) msuaagUwssad (Roling  +  Foundry)

IManTuUNag

Rod Structural Shape Coil Sheet Foundry
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Blast Furnace Steelmaking Electric Arc Furnace Steelmaking

Scrap
Pellets

/- n -— Iron Ore
Continuous casting Ladle ‘

(Refining) /
"
Direct
reduction
Electric arc furnace s
(Primary steelmaking) \ crap

Pellets

_—
Iron Ore

\

Ladle
(Refining)

Sinter

‘
Limestone
s

Coke Blast furnace

‘ ‘ (Ironmaking)

Converter
(Primary steelmaking)

Hot and cold strip P|ate Coils Hot rolled bars Rods Tube rounds Structural shapes Ralls

yyw = = =

= o ‘

Cars - White goods Welded pipes - Ships Rebar Nuts and Bolts Pipelines Structural profiles Train rails
(AR R R RERERRERRRRRRRRRRRRRRRRRRRRRRRRRERRREERRERRERRERRERREREREERRERRERRBRRERRERRERRERRERRERRRRERRREERRRRRRRRERRERRERERREERRERERREERERRRRERREREREERERNERHN.]

worldsteel.org

ail, Not all stee ants produce all of the products shown in this diagrar

Source : World Steel Association



Thailand steel industry structure

Iron making Steelmaking

_____________

Scrap
recycle

16 Mills

* TATA

* G Steel
* GJS

* SYS

* TRIUMP
* Etc.

Production:3.7mT
Import: 3.2 mT
Export: 0.004 m T
Demand: 6.9 mT

Import
China, Russia, UK,
Japan, Brazil

Export
India, Cambodia

Long Product

~ 50 Mills

* TATA

* Sahaviriya
* Tycoon

* Etc.

Production: 4 mT
Import: 24mT
Export: 0.6 m T
Demand:5.9mT

Finishing & Coating

Hot- Cold-
Rolling Drawing

~ 100 Mills

Flat Products

Hot-
Rolling

5 Mills

* G Steel

* GJ Steel

* Sahaviriya
* LPN

Production: 2.5 m T
Import:4.3mT
Export: 0.01 mT
Demand:5mT

Import
Japan, S.Korea,
China, Taiwan

Export
Laos, Myanmar,

Cold-
Rolling

3 Mills

* SUS

* TCRSS

* Bluescope

Production: 1.7 mT
Import: 1.2mT
Export: 0.1 mT
Demand:1.5mT

Import

Japan, S.Korea,
Taiwan, China
Export
Indonesia, Italy,

Malaysia, Argentina Belgium

Coating

~ 15 Mills
* Bluescope
* Thai Tin Plate

Production: 1.3 mT
Import: 2.6 mT
Export: 0.9 mT
Demand:3.8mT
Import

China, Japan,
S.Korea, Vietnam,
Taiwan

Export

Myanmar,
Indonesia,
Vietnam, Laos

Forming End Users

Construction

59.1%

Automobiles and

parts

~ 1,000 Mills 17.6%

= Machining Machinery and

* Bending Industrial

= Cutting Products

= Welding 10.4%
= Forging

= Heat Treatment Ele_Ct“caI

. Etc. Appliances

8.6%

Packaging

3.7%




THAILAND STEEL INDUSTRY 2016

ﬂ Consumption 19.29 MT +15.4%

Production 7.97 MT +23%

i,

@:; Import 12.6 MT, hits new
w” highin 2016, +10.3% YoY

a8 Capacity Utilization ratio

WL - 30-40%

K Finished Steel Inventory
Index up by 20% YTD

)
‘ Domestic steel average price
decreased by -6% YoY

Source : Iron and Steel Institute of Thailand (ISIT), March 2017

Downstream industry demand seem
softer in 2016 (Production)

Cement -1.9%

Car production +0.2%
Canned Fruit -7.2%
Canned Seafood -4%
Compressors -7.8%
Refrigerator +1.0%

‘?f Demand per capita is 294 Kg.

Demand Breakdown

Packaging
3.5%

Machinery
18.4%

Appliance
7.3% Construction

53.1%

Automotive
17.0%

41



Thailand Steel Industry Consumption 2016
= Finished Steel Consumption

: %y-0-y 0 . %y-0-y
Production Import change Export O%y-0-y change Consumption change
Total A Finished Steel
Cztnasunfgt?;im Inished Stee 7,977,501 | 12,614,629 | 10.30%| 1,294,821 8.10% 19,297,398 |  15.38%
Long Product Finished Steel
Cz?lgur;gtil;i thisned Stee 5301246 | 3125418 | 6.21% 816,505 -1.25% 7.610,160 | 23.95%
Bar 4,773,604 718,792 | 10.37%| 197,857 -6.38%  1asa0a | 30000
3 ) . 0
HR section - 196,767 42.31% 355,882 4.67%
Lona Prod Wire rod 527,642 | 1,691,168 | 6.21% 5095 -31.51% 2213716 |  9.59%
ong Product
Cold-drawn bar - 61,200 4.96% 20,514 -4.80% 40,686 10.68%
Steel wire ; 216,634 | 16.10%| 189,126 2.25% 27.509 | 1583.5206
Seamless pipe - 240,856 | -23.79% 48,031 -22.01% 192,825 | -24.23%
Flat Product Finished Steel
Consumption® 2676,344 | 9,489,211 | 11.72%| 478,317 28.95% 11,687,239 |  10.40%
HR plate 175,016 504,545 | 47.83% 3,554 -0.91% 676,007 | 37.12%
HR sheet 2501,328 | 4,477,483 | 14.05% 15155 56.30% 6,963,657 | 11.89%
CR sheet 1,841,584 | 1265921 | 2.20%| 155,763 47.11% 2051742 |  5.75%
Flat Product Coated 1419788 | 2,721,861 | 3.54%| 124,772 36.98% 4,016,877 |  1.72%
Cold-formed
Seoctioﬁrme - 20,419 | 393.09% 3.526 11.40% 16,893 | 1630.82%
Welded pipe - 498,982 | 40.61%| 175547 11.69% 323,435 | 63.59%

Remarks : (1)Total flat steel consumption does not include CR sheet and Coated steel production amount since both products use HR

sheet as their base materials, they are already counted in HR sheet consumption amount.

Source : Iron and Steel Institute of Thailand (ISIT)
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Thailand Steel Industry Consumption 2016

» Crude Steel Consumption

Apparent Crude Steel Consumption 3,825,120 4,940,218 | 55.55% 145,678 3941% 8,619,661 | 25.38%
Ingot Carbon Steel - 24,160 | 1127.01% 63 -4%
Stainless steel - 47| -33.56% 1 - 29,249 | -77.88%
Alloy steel - 5,107 | -96.08% 0 -100%
Semi Proudct Billet 1,914,789 [ 30.77% 5
Slab 1,290,315 | 23.40% 28,011 -
3,825,120 8,990,412 | 27.41%
Billet/Slab C >= 0.25% 726,721 | 117.60% 115,351 4222%
Other Semi 979,079 | 390.06% 2,247 873%

Source : Iron and Steel Institute of Thailand (ISIT)
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THAILAND STEEL OUTLOOK 2017

Thailand steel demand (‘000 tonnes)

20,000 - Best Case
19,514 o

19,500

19,000

18,500

18,000

17,500

17,000

16,500

16,000

15,500

15,000

2013 2014 2015 2016 2017F

Assumption
GDP growth 3-4% Construction growth 3-5%

Automotive growth 2-6% Appliance growth 1-3%
Machinery & Industrial growth 0-1% Packaging growth 1-2%

Source : Iron and Steel Institute of Thailand (ISIT), March 2017 44



THE GOVERNMENT POLICY OF THAILAND

Q The Thailand 4.0 development plan is focused on 10 targeted industries, which can be divided
into two segments; developing existing industrial sectors by adding value through advanced
technologies for five industries: Next-Generation Automotive; Smart Electronics; High-Income
Tourism and Medical Tourism; Efficient Agriculture and Bio-technology; and Food Innovation. The
government has targeted five additional growth engines to accelerate Thailand’s future growth:
Automation and Robotics; Aerospace; Bio-Energy and Bio-chemicals; Digital; and Medical and
Healthcare.

U Investment Promotion Measure in the Eastern Economic Corridor Development (EEC)

. . » Emphasize on projects that will enhance competitiveness in
Targeted Industries m_the EEC the EEC such as:
(Chachoengsao, Chonburi, Rayong) « Targeted industries that utilize advanced technologies
R * Infrastructure development

* Next-Generation Automotive « Development of tourist destinations

* Smart Electronics « R&D and high-value services

« Eco-friendly Petrochemicals > Projects eligible for CIT exemption (Group A) shall be

and Bio-Chemicals given an additional 50% CIT reduction for 5 years

' « Automation and Robotics > Incentlvgs_ will be granted in line with the . .
L AETE : Competitiveness Enhancement Act for Strategic Projects

) located in the EEC special zones including a maximum
* Medical Hub CIT exemption of 15 years + grants
* Affluent, Medical & Wellness > Incorporate supporting tools from various agencies as
Tourism well as eliminate barriers, rules and regulations in order
« Food for the Future to generate real, high-value investments
- Digital » One Stop Service to facilitate investment in the area

Source : Thailand Board of Investment, February 2017 45



EASTERN ECONOMIC CORRIDOR DEVELOPMENT (EEC) - TARGET

Combined Public and Private Investments at least

1.5 Trillion baht ($43Billion USD) in the first 5 years

U-Tapao international airport New Cities / Hospitals

200,000 million baht ($5.7 Bill USD)

/ 400,000 million baht ($11.5 Bill USD)

Tourism
/ 200,000 million baht ($5.7 Bill USD)

A

h Industry
== == 500,000 million baht ($14 Bill USD)

Map Ta Phut port

10,150 million baht ($0.3 Bill USD)

88,000 million baht ($2.5 Bill USD) 9 E

High-speed train/

- _ \ Dual-track railway
158,000 million baht ($4.5 Bill USD)

64,300 million baht ($1.8 Bill USD)

Source : “Eastern Economic Corridor Development project” Driving Forward...,15" February 2017, Ministry of
Industry

Laem Chabang port

Motorway

35,300 million baht ($1 Bill USD)

46



5 HIGH PRIORITY PROJECTS TO START IN 2017

U-Tapao 3 million tourists
Airport * MRO (Maintenance Repair & Overhaul center)
First phase by Thai Airways and strategic
alliances

« Start constructing 2nd runway
» Grant concession for new city airport

Laem * Provide PPP for bidding 3rd phase
Chabang Port

High Speed * Provide PPP for bidding to connect 3 airports
Rail

Target » Acquire lead investors for target industries
Industries - Bioeconomy

- Auto, Auto part, Electronics, and Robotics

- Aviation, Maintenance and Related
Businesses

- Medical Hub

New Cities  Develop city planning and identify location

Source : “Eastern Economic Corridor Development project” Driving Forward...,15" February 2017, Ministry of

47
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