www.lakwoo.co.kr

CFBC & A HIHN|

LSW100

LSW 100, CFBC Power Plant Additives

...........

AY
AY

%50,000

LAK\WOO

INDUSTRY. CO., LTD.



Challenge for

the Future

DJ2HE gt = 2!

Vision | HIH

- Stable management of existing businesses
- Diversification of industries to secure competitiveness

<SR AR, B M2 AL 8 - Fostering aviation and standard ceramic businesses

- Facilitating corporate development with both stable businesses and growing industries

(F)t 0! AR

Lakwoo Industry Co., Ltd. Sacheon

- 8B7| RE HE
Manufacturing of aircraft
machining parts

F 837 B3 Y KB
Aircraft sheet metal parts
and tools

BT H| AH| 22
Semiconductor
equipment parts

LI MR(F)

Lakwoo Industry Co., Ltd.

- Hl2tal Zoj
Ceramic catalyst

- 22 ofx
Fouling inhibitor

-« CO. AT ST
CO2 dry materials and
absorption materials

* 2K TR LS A HE LSt
Saggar for sintering secondary
battery cathode materials

Baekun Mine

« ZLhH
Mine development

- DHEE M
Kaolin mining

- | EfrE A R
Development of a solar power
plant site
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1968

LE MRS FRABIA AR TIAIMIE 2 Bl BE HA
Establishment of Lakwoo Industry Co,, Ltd., Machine
Production and Non-Metallic Mineral Refining

1979

seaiA HA(DHE 27 87, XAHH 80°HY HR)
Establishment of Baekun Mine (Possession of 8 Kaolin Mine
Lots and 800,000 Pyeong of Superficies)

2014

AS9100 REV.C 2155
Acquired AS9100 REV.C certification

AU a5 RY F47|H MUE (K 14 BH 52)
Selected as Promising Export Small and Medium Enterprise
by Small and Medium Business Administration (No. 14
Gyeongnam 5)

1995

LI A FABIAL AP TEAR] L
(VHE "M A2 3Y)

Completion of Lakwoo Industry Co,, Ltd. in Sancheong
Agricultural Complex (Extension of Kaolin Refinery Facility)

M
(U}

2009

CNC MCT “datatol 125 51 7HZIHA|

(7| K2R E, XSkt HULE)

Construction of CNC MCT Production Line and Processing
start (Aircraft Jig Parts, Automobile Precision Parts)

2015

APEA| AHEH EbMITER] LY R 232 0fY

2 OJH 2tz (&37| KIS HZY)

Completion of Purchasing of and moving to the Second
Factory in General Industrial Complex in Sanam-Myeaon,
Sacheon-Si (Production of Aircraft Jig and Fixture)

2010

7|& MY 7IY(INNOBIZ) %% 215
(8l R7114-0336)
Firstly Certified as INNOBIZ (No. R7114-0336)

#HIX 7| 21E (Xl 20100400978%)
Venture Business Certification (No. 20100400978)

2016

Helm|oIE FE8 $17 BX|9IS 25
Acquired Environmental Product Declaration of Hue Dream,
Natural Paint

ElEls Statinr AH| 71 3l e E H(OJ2) AIKIZ At
Construction of Titanium Chemical Polishing Facility and
Production of Nozzle Pairing Prototype

201

ISO 9001 2IZ(KEFCC-0970Q)
IS0 9001 Certification (KEFCC-0970Q)

7| A MEI(H| 2011310495%)
Establishment of Company Affiliated Research Institute (No.
2011310495)

2018

M5 IBM(BAHMI|YR) S(HH HPIE)
Acquired the Certificate of Natural Paint Performance from
Ministry of SMEs and Startups

2019

o2 X It Y
Developed a fouling inhibitor additive.

2012

122373 /Y 327|Y ME (M 2012-008%)
Selected as a promising SME for the Technology Finance
Corporation (No. 2012-008).

BN 1K HHYH S5
Registered as a prime supplier for TAIYO YUDEN.
KAI(SH RSB 27 Mel) 1A} St in| 43

Selected as the First Partner Company of KAl
(Korea Aerospace Industries)

2021

o= M "o E515%
Registered a patent for fouling inhibitor additive.

2022

CO, 744! I Z0j 7
Developed a CO; dry capture catalyst.

2023

CR =01 7H (HIE 2E £0H)
Developed a CR catalyst (methyl alcohol catalyst)

A Trustworthy and Faithful Company, Lakwoo Industry Co., Ltd.



Background of

Power Plant Additives

A I OHE U

L LHd ol x| EHEH(2019)

Domestic Renewable Energy Generation (2019)

HMAMSZ HIO| 20 A HZ0f| TS 2t =7t 0K 12 U2, £3)
SLHOM = HR| T MofAX| =l 8l 7 |2F SE A 2t X0
AlE| D ACt 3] MAHE ofHX| § H7|= 3! Hto|20HA2| H|FO|
=O0FX|31 QUL (2010 0| = H{O|20HA 6HY 0|4, H7|= 5! HiH[E 28K L
Ofd) gt & 22 7|& 20| w2t 7|1Z0l= AE0HA| ZoHH Ao i EHE Solar Panel
7|2 (R2 gL, XSHO0|X| et e 5) S2 g8t L.

J— 7|E} Misc.

P =3 Wind Power

22 Water Power

The interest in biomass fuels is increasing globally, and in Korea in
particular, the government is implementing policies to expand renewable
energy and strengthen regulations on air pollutants. In particular, the share
of waste and biomass is increasing among sources of renewable energy.
(Biomass 6-fold, and waste and waste vinyl material 2-fold since 2010) In
addition, following the development of boiler technology in power plants, I|7|2 %! Hlo|2O{A
waste materials that were previously unable to be used (low combustion Waste and Biomass
temperatures, unsteady combustion, etc.) are now being utilized.

H}O| 201 A ojjL{X| &
Biomass energy sources

MEZ QA Cellulose M &7 starches S&A Wood
Rapeseed, Beans, etc. Barley, Corn, etc. Waste Wood, Saw Dust, etc.

71 H|7| 2 Organic Waste AlEM ZITHE Plant Waste S| 27| Marine
Food Waste, Livestock Waste, etc. Coconut Shells, Pine Nut Shells, etc. Marine Plants, Seaweed, etc.
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Circulating Fluidized Bed Combustion Boiler

SIHUTE flot 8H| T =2ARSE L= HL= oM
800~900°CZ 7IZEl RSAME =&, RSAH E2

HYHTE AAAS AL,

The circulating fluidized bed combustion boiler, an
equipment for thermal power generation, uses a combustion
method that circulates and fluidizes fluidized sand heated
to 800~900°C within the combustor.

Xge d=(muld) A 7ts
Can use low-grade fuel

HAE SHEO| RSAE 712 A7 17| HiZ0] StFM-Q0| EX| ek= ME H=E M8 IS

As the combusted materials heat fluidized sand, low-grade raw materials
that don't generate flames can be used

43t | =3 SN
Excellent solid combining properties

Ma-MEES| A4t IHssH, K| 2540| Z0t =2 4 28 HY

It is capable of low-grade and low-energy combustion and shows high combustion
efficiency due to excellent solid-combining properties

AASHALR LY 2=
Consistent temperature within the combustor

HAZ U RS D USH FXIAA HHEA HH|9| S FHAIY

Maintains consistent temperatures within the combustor
to increase the lifespan of power plant equipment

* SHEUTA(B0MWE), SS2AHLTA(125MWE), FS2AH LT A 257((200MWa),

=

S

&0 (400MWS), ZEI2I0|HX|, SREUTA (FFIRI0|HX]), ZLA7E UHA S CFBC 222 A8 &

* Donghae Thermal Power Plant (30MW), Yeongdong Thermal Power Plant (125MW), Yeongdong Thermal Power Plant No.2 (200MW),

SGC Energy (400MW), Poseung Green Energy, Midland Power Plant (Wonju Green Energy), small and medium-scale power plants, and others currently use
CFBC boilers.

A Trustworthy and Faithful Company, Lakwoo Industry Co., Ltd.




Background of

Power Plant Additives

A I NS U

CFBC H22{ EX
Feature of CFBC

CFBC 22| Y= (23, HiH|'E, Hio[0iA, A §)2

oy

2|(Na, K) &0 =0t Z&e| stet=3 TdAIE

Raw CFBC boiler materials (pellets, waste vinyl, biomass, chaff, etc.) have high alkaline content (Na, K)
and generates alkali compounds

jl

X§d et 88
Generates compounds with low melting
temperatures

HO|20HA, H7| 29| £2 22| FYOR QI8 KCl,
K2S04, NaCl, Na2S04 & XM&H slet2s 44

Generates compounds with low melting temperatures, such
as KCI, K2S04, NaCl, Na2S04, and others, due to the high
alkaline content of biomass and waste

B3 ojof maE F’d
Fouling formed on the exterior of boilers

LZZ| 2tet=E(Na, K)2 28 2E0lM £AHH0| ol 25|

IHE0]| e EHA2 Mo| I ZR4H0l| THER (Fouling) S E4
Alkaline compounds (Na, K) form fouling around the carbon

steel pipes of the boilers due to their strong adhesion at
certain temperatures

)

(0l

MEJo= Qg Ha g X{of, H4
Deteriorating thermal efficiency and corrosion due to fouling

S 0] HAEI IS 2OR Ol HHLt HE KBI7HUM,
RI&XQI TF22 344 A| 2ZR|AOR QIS0 [T K1Ajo| Tk
The fouling formed around the tube reduces thermal

conductivity efficiency and the continuous formation of
fouling corrodes the pipes due to the alkaline nature

ZI|MQl QX|H4 Lo

Requires periodic maintenance

Z7|Hel 23 A|A, oto| T wA|, LiIEZE S5 23
LHEAIEO| RXIE7H EHe
Regular maintenance of the interior of the boiler, such as

periodic removal of fouling, pipe replacement, and internal
coating, is needed




CFBC Ei2{ 0|2 O[0|X REo| miE2 34
Fouling Phenomenon In CFBC Boiler Economizer Tubes

@ﬂ HUZq LY HIO| O A HA A| HIO| QO AT} Skt LEEE (Na), ZE(K) S| M&0| 129 HA1pE| Ao
HA(CI), AHAFSIEH(S03)2t UH2510] KCI, K2S04, NaCl, Na2S04 S | QtZia| 34 SHEHES MABICE

Components in biomass, such as Sodium(Na) and Potassium(K) react with Chlorine(Cl) and Sulfur
trioxide(SO3) when burn biomass is burned in the boiler to form alkali metal compounds, such as
KCl, K2S04, NaCl, Na2S04, and etc.

@Z AZtE| IS AN 2= FH|A HiH0| 0jS sl 2 Uz{of AX|El BHH7|

Alkali metal compound adhere to the exterior of superheaters and economizers installed in boilers
due to their strong adhesion at certain temperature ranges

LSW100 E7HH| 2% 2AIZ o234 i
Improved Fouling with the Spraying of LSW100 additive powder

HOH| A ™ HIH AR =
Before use of additives After the use of additives

O|2-0i0|N FE m23 2 O|ZL-0(0|X FE mt=2l 0|4
Formation of economizer tube fouling No formation of economizer tube fouling

*ELAF SALQ| 0| 2 L0H0|X £ 2 (Economizer tube of “Company S” in Busan)

A Trustworthy and Faithful Company, Lakwoo Industry Co., Ltd.




LSW 100,

Power Plant Additives

WA HIHI LSW100

LSW1002| Ex!
Characteristics of LWS 100

A Al ZHE Na, K SS SAI6t0] 18T sietE = HEtA 7|1, Hetel N8 SIEE2 Ash PEIZ HIEAIF | = 2T A HIHH|

A power plant additive that adsorbs elements generated during combustion, such as Na and K, to convert them into compounds
with high melting points, and discharges these converted compounds with high melting points in the form of ash.

&2 HEH
(100m*/g)2 o2 Pt &1 2
S xZX No Formation

High specific surface area of Fouling or Slag
(100m2/g) for effective capture

2 M2y AHaY LSW100 ATIE A4 o

High Fouling Inhibition of
Inhibition Effect Characteristics of Smut Formation
LWS 100

[Py oj2 X|et Agt SOx, NOx &%
Effective ion Capture of
exchange bonding SOx and NOx




/ LSW100 &H™A HItH| 22|
The principle of LSW 100 power plant additives

-LSW1002 AtE3H= 22 KCL, NaCL 0| Al,05-2SiOx(s)
MEa opsty Aghg S50 18F 2l (1,500°C ~ 1,600°C)
LARIO| E(KAISI04)2t RAL0|E(KAISi206) 2 HEHE|0] ASHE
HHZEIC}.

* When using LSW100, KCL and NaCL chemically bond with the
Al203-2Si02(s) component and convert into Kalsilite (KAISiO4)
and Leucite (KAISi206) at a high melting point at temperatures
between 1,500°C to 1,600°C. These are then emitted as ASH.

Aluminosilicate (Al203-28i02) BET Surface Area > 100m?/g
AL,05-28i04(s) + 2KCl(s,g) + H0(g) —> 2KAISiOu(s) + 2HCI(g)

Source : Norwegian University of Science and Technology. 2012. A critical review on additives to reduce ash related operation problems in biomass combustion applications in Energy

Procedia 20 (2012) 20 - 29 . 3-4. Energy Procedia

/ Halloysite Nano Tube X2 2|3t =2 H{EHY
High specific surface area due to the structure of Halloysite Nano Tube

A)

Alumina layer

Silica layer

The composition of halloysite tube

-LSW1002| ==

LSW1002| ¥=o| ZYFZ= HNTTZE &

kx| QL.
EEDEHNT QH22 H202 KA U
=]
=

C
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S —=="

A
15to] 7IAE SRl Z2E S2tE X

%% * T Thymeol
HINT s in sodurion with thyme ofl

Lomitlmg of thyme ol by vacum pulling

The role of halloysite tube pores

APE AL SI2O0|AIO|E T-ERZ HNT - * The main raw material of LSW100-HNT is halloysite kaolin
S HEHAS from Sancheong. Due to its HNT structure, it has a high

specific surface area.

« In addition, inside the HNT, it is filled with H20. Therefore,
when heated, the crystallized water evaporates, and enough
space is formed for the gas to be absorbed.

A Trustworthy and Faithful Company, Lakwoo Industry Co., Ltd.




LSW 100,

Characteristics

LSW100 =73

LSW100(1R ) MM dE22ME
LSW100 (High Granularity) Additive Ingredient Analysis Table

NCEREE AIBE A HTH%)

Test Analysis Items Test Analysis Results(%)

Si0: 44.6
Al203 35.9
Fe203 1.57
TiO2 017
Ca0 4.04
MgO 0.45

- NEE A AR Y )| 24
m

Test analysis method: wet analysis and instrumental analysis

LSW100(112k) e 2R
LSW100 (High Granularity) Particle Size Distribution Chart

NEEELE

Test Analysis ltems

Na20

K20

NnO

SrO

BaO

ZEZEf (Loss on ignition)

100.0 6.0
90.0 9.4
B0 ol 1.8
70.0 4.2

1+ ] o

% 60.0 3.6 o

£ 500 30 3

2 o

O 40.0 = 2.4
30.0 1.8
20.0 12
10.0 0.6
0.0 0.0

0.0 0.1 1.0 10.0 100.0 1000.0

Size(um)

NS

[= ey |

Z2H(%)

Test Analysis Results(%)

m

0.35

0.02

0.03

014

1.6

Diam pm

2.000
5.000
10.00
20.00
45.00
75.00
100.0
200.0
300.0
400.0

Percent
5.84
12.76
2019
32.27
47.85
62.07
73.49
96.76
99.83
100.00



/ LSW100-1(MYUx) HItH| d22ME
LSW100-1 (Low Granularity) Additive Ingredient Analysis Table

NEEREE

Test Analysis Items

AlglZ A EnH(%)

Test Analysis Results(%)

SiO: 65.0

Al20; 21.5

Fe203 : 2.30

TiO: 0.25

Ca0o 1.40

MgO 0.05

Naz20 0.37

K20 2.46

ZH2E (Loss on ignition) 11.6

- NEE A AR Y ]| 24
m

Test analysis

/ ob¥Nel gz 23
Stable Supply of Raw Materials

ethod: wet analysis and instrumental analysis

/ LSW100-1(Mek) 2 2 X
LSW100-1 (Low Granularity) Particle Size Distribution Chart

£l (Dlampm)  HFATH%) gy
Unit(Diam pm) Percent(%) Measurement Method
+1,700 0.00
-1,700 / +1,180 9.1
-1180 / +500 40.2
KS A 0507:2007
-500/ +150 24.2
-150/ +106 5.3
+106 21.2
AEistay
TEEWY 13 ASTM D200

(Water content)

As an amorphous clay mineral, it has higher ionic bond
efficiency than massive minerals with strong hardness and
can produce many high-melting point compounds from the
same amount. In addition, we have secured mining rights for
main materials in 9 mines, enabling a stable supply of raw
materials regardless of market conditions.

A Trustworthy and Faithful Company, Lakwoo Industry Co., Ltd.



Major Customer
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KOREA AEROSPACE INDUSTRIES, LTD.
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Certificate Affiliated Research Institute

LAKWOO

INDUSTRY CO., LTD.
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(©?2023 Lakwoo Industry Co., Ltd.
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XK TT
THE2 o4 ofA| 4 HIHH| Method for Preventing Selection of Raw Material for
Fluidized-bed bailer interior  Corrosion of Power Plant Using  Petro-chemical Catalyst of
and tube surface slagging or Halloysite Kaalin Raw Ore  Halloysite Kaolin Raw Ore and
fouling combustion additives Refinement Method

using lime and biomass as fuel

LEQARA(FE) | Lakwoo Industry Co., Ltd.

ZUEE AEFE AEE M2 116-54

116-54, Sansu-ro, Sancheong-eup, Sancheong-gun, Gyeongsangnam-do, Republic of Korea
Tel +82-55-972-9922 Fax +82-55-972-9925

(F)HMA A | Lakwoo Industry Co., Ltd. Sacheon

BHEE APHAl AL SN2 163-19
163-19, Gongdan 1-ro, Sanam-myeon, Sacheon-si, Gyeongsangnam-do, Republic of Korea
Tel +82-55-855-5200 Fax +82-55-855-5201
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