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@ Pretreatment process for Various biogas € Biogas Dehumidifier System

Biogas Energy Application Fields - The necessity of biogas dehumidification
- Biogas contain 4~8% Moisture (30 ~ 100g/m?)

Sewage treatment / \ Gasengine

plant digestive gas power generation

a - The moisture causes various problems such as loss in gas heat and engine
) (Removal of Impurltles) ) I acidic species, CO, and H,S
Livestock manure City gasand . ) - . . . . .
Vehicle cell - Acid condensates produces impurities degrading engine oil and increasing

Pretreatment

power, corrosion of pipes and equipment components combined with
digestivegas Separation and Purification

silica accumulation

Food waste . .
digestive gas High purity Fuel cell

& Landfill gas (LFG) k Fuel conversion / DMEProduction S %,
© CH,OCH,

- Biogas dehumidification technology - Biogas pretreatment system
Warm biogas out —— Desulfurization tower in(RH : 40%) .
Biogas

A Q) N
Hot biogasin _L|, | % ” ' Ay )
R 100% I 1 || Medium hot Moisture and Biogas H.s, Siloxane Biogas usage

£ )| bloges outlRH: 1h0%) VOCdserveiEneovaI | heating [ [removal tower! _ Engine

1% stage heat exchanger Cool biogas in(RH : 100 1
g -+ Boiler

Cool biogas out(RH : 100%) —I

Gas filter idficatic City gas

Oil separation
device

I Green hydrogen

€@ Removal of Hydrogen sulfide and Siloxanes from biogas

Refrigerant in s i \1;

| f‘»‘ rigeraiit out AN J s Fuel-electric power

O Concept ‘ o 2r stage heat exchanger n‘/{gd h ;e"eraﬁc;" p

- Desulfurization agent in powder and pellet form rf:i biogas infer : 100%

for H,S and siloxane removal from biogas ;
. - High efficiency system for hazardous gas removal - Biogas impurity removal method and removal
-;;c;?OHH%dioghdeS‘(Fi(gs )53) +6H-0 z , adopting 2-stages heat exchangers (Patent KR : 10-2300634) system (Patent KR : 10-2196559)
’ ’: > 2 - Energy saving by 60%, extended operating time with high - ppb-grade hydrogen sulfide removal rate and
2FeO0H + 3H,S — FeyS3+4H,0 durability prevention of condensate production

O Technical excellence

- Removal of fine dust-causing substances from biogas (i.e H,S and Siloxane) . . T PT

- Removal 200 ~ 10,000 ppm H,S down to ultra low concentration in less than 0.5ppm Effects of biogas dehumidification

-100% removal of 5 to 100 mg/m?* of siloxanes . . . li ith L dard

- No effect by moisture (High water resistance desulfurization agent) Upgrade in engine efficiency Complies with supply standards

of gas engines

O Advantages in our technology Lowering the moisture content by 1% leads to Major engine manufacturers do not

- High ability of simultaneous removals for H,S and siloxanes the increase of methane(CH,) content by 5%, allow a moisture and pipe condensate

- Alnstallation and maintenance cost is 30% economical more than before. thus increasing the electrical power by 5% from raw materials.
O Reference sites Reduction of Engine Oil Pollution Corrosion protection of piping

- Hongcheon / Eco-friendly Energy Town - Incheon / Metropolitan Landfill Site and components

(Manure, Wastewater) - Changwon / Changwon Food Waste Increase in engine oil replacement cycle
- Chungju / Food Waste Bio-Energy Center (Food waste) Bio-Energy Center (IMWe engine 600L) Adry gas supplied at low dew point prevents
- Seoul / Tancheon Wastewater Recover Plant -lksan / Sewage Treatment Plant Biogas Equipment From 800 hours to 1,600 hours the generation of corrosive acid substances
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mmmmmmmmmmmmmmmmmmmmmmm



E&Chem

Environment Energy & Chemical Solution

Solution

E&Chem
Solution

Environment Energy & Chemical Solution

€ Hydrogen Sulfide (H,S) Removal System

* The necessity of removal H,S from biogas

- Hydrogen sulfide is an air pollutant that causes toxicity and odor.
- It mainly occurs in the process of anaerobic decomposition and desulfurization of petrochemical plant.
- The sulfur compounds(H,S, SO, etc.) contained in biogas exist in trace amounts,
which generate the corrosion and odor-causing substances in the device
- When people inhale the hydrogen sulfide released into the atmosphere, it causes central nerve paralysis
or suffocation

- Hydrogen sulfide (HzS) removal process

H.S (9)
at > 80%RH

H,S - removal
clean biogas

2Fe(OH),(s) + 3H,S(g) — Fe,S,(s) + 6H,0(g)

’ Hydrogen sulfide removal process by using the iron hydroxide (Fe(OH),) ‘

- Schematic diagram of hydrogen sulfide (H.S) removal plant

& Siloxanes Removal System

- The necessity of siloxanes removal in biogas

- Asiloxanes generation increases according to landfill of waste chemical products increases

- Attachment of silicate to gas turbine, boilers, etc. leads to the increase in facility maintenance costs.
- The siloxanes are one of the fine dust-causing substance

- When inhaling the siloxane, it is harmful to human health
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- Siloxanes removal effects (Generator parts life extension)

e Sparkplug — 4to5times longer lifetime of parts

e Engine reassemble — Extension of operation from 6,000 to 30,000 hrs

Boiler pipe

replacement — Increase in pipe lifetime by 300% to 400%

Catalyst replacement cost savings

* SCRcatalyst bed > by $10,000 to $1,000,000

e Power reduction ~ — From 75% to 98%

Biogas Generator

. Extension of exchange period from 500 to
® Oil exchange —> 2500 hours

Excess Gas Combustor
- Blower ﬁ - Schematic diagram of siloxanes removal process
Dehumidifier it
Desulfurization e
Tower g
Condensate ~ - A
o %
QI%] , — Gas generation Stl)orgzz - - @ —> - .
Blower % Gas engtlne
. Solidification Dehydration Siloxanes removal Dust l generator
Biogas Storage Q Gas Filter Drocess Drotess upr(r)ecr:sc;va
(S9 F) olraamy 34
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€ Hydrogen sulfide (H,S) removal capacity test @ Biogas Pretreatment Process Field Test : Result |

DeHyS-200 DeHyS-250 Remarks

Busan Environmental Corp.

x| u u 2}

H,S removal Breakthrough Incheop 1 * M) Gangwon
zcapacity wtd% Above 25 Above 30 Curve - Sewage treatment capacity ey ~ Q.
Gyeonggi

:550,000 m?* / day

- Sewage sludge and food waste
:1,300 ~ 1,400 tons/day

- Biogas generation
123,000 m*/ day

: 5 , Bed Bed Volume(ml) = 3.88 : Jeonbk g;aem P - I3 | ‘
Concentration(ppm) = 10,300 ' gyé%gogen sulfide (HS): 1,000 ~ A veonanp ' ' :
Retention Time(sec) =2.9 ORI Guangu (L) Dry-type desulfurization devi

> — _ e . s . HY ry-type desulfurization device
C%I/Y;;Zr . Q Space velocity(hr) = 1,235 Siloxanes : about 55 mg/m S (R) Pilot. Plant
Breakthrough point = 5%
C-’}ﬂ\-’i‘-i Jeju-do
N,

Effect of moisture

= 5
Chungbuk

« s
s} Gyeong
Daejeon

- FE

GC/PDD
0.5
;ﬁl 1. N, gas(99.99999%) <
2. MFC - = — 100 500 <Before use>
P K - = 1,200 4 —&— DeHys :
3. H,S gas(99.999%, 10,000ppmv) = > .—/”'——.’/.\' " g y :
7 4. MFC E;‘_ o3t £ 1,000- 1, ® g 40 —o—ACorp
5. Tee tube S o2l oy 3 fox
6. Mixing Chamb = = 8001 170 & = 300-
. g amber S S . S
. o = —a—H S Concentration m S
7. Adsorption Bed g . g 6009 —— R;moval efficienc 1% ’_:’n S
—/ (@ 10 X 150 glass tube) L c 3 o £ 2009
W, 00 ‘ s . S 4004 450 3 S Top
H,S 8. Gas Chromatography(PDD) r 0 20 40 60 80 S < S
Relative humidity (%) at 25°C & 2004 o 9 100 <After use>
T " 130 = .
0 T l-/l L L) L) L) 0 T T T
0 20 40 60 80 100 120 140 160 0 50 100 150 200 250
Time (hr) Time (hr)
. . H,S effluent concentration & A comparison of breakthrough curves
Effect of space velocity Effect of HzS concentration removal rate between DeHyS and A’s product
gy — -1 o — -1
N (Space velocity = 600hr ') (Space velocity = 600hr ')
S S s
E , , z
b o Lm&\g/sswoewmw _‘Z’
£, Sw
=3 686765510070 =2 - Applications of biogas : City gas
o . o g . . 3
= T2 - Process gas concentration : H,S (1 ppm or less), Siloxanes (1 mg/m? or less)
2 2 - Sample location : The input and output testbed
% ® % 0 - Field test conditions : 0.48 m* /hr, average H,S concentration (1,649 ppm), operating hours (136 hr)
I T 0 2000 4000 6000 000 10000 12000 - H,S removal capacity : 28.67 wt%(space velocity 600 hr™* condition), A's product = 3.8 wt%
0 2000 4000 6000 8000
Space Velocity (hrY) Input Conc. Of H,S (ppm) - Siloxanes removal capacity : Incoming concentration 81 mg/m?, and removal rate 100% (after 120 hours)
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@ Biogas Pretreatment Process Field Test : Result II

Gwangju 1st WWP )
. 2%

= N2 Gaﬁgwon

Seoul

- 37|

Gyeonggi

Q%

- Sewage treatment capacity : 600,000 m*/day

- Sewage sludge and food waste : 300 ~ 400 ton/day
- Biogas generation : 30,000m?/day _ -8
- Hydrogen sulfide(H,S) : about 2,500 ppm ) -

- Siloxanes : about 60mg/m?

= 5
Chunghuk

L]
= A Gyeonghuk
Daejeon

. 5 .

3 Daegu
Jeonhuk . A

g Ulsan

:'6'-75- Gyeongnam _5_{”

Gwangju

bl =
Jeonnam

@’{EE Jeju-do

- Competitive Performance Comparison

1200
—@— DeHyS
—&— A Corp.
= 1000- geHyS
& A Corp.
— 800+
ke
S 600-
c
3
S 400
(@)
Q2
T 200 /
0 S —
0 30 60 90 120 150 180
Before use After use Time (hr)
(L) DeHyS (L) DeHyS ; . )
(R) Competitor A (R) Competitor A Fig. Comparison of DeHyS and A’s product |

- Applications of biogas : Boiler operation

- Process gas concentration: H,S (1 ppm or less), Siloxanes (1 mg/ m? or less)

- Sample location : The input and output testbed

- Field test conditions : 0.18 m?3/hr, average H,S concentration (2,355 ppm), operating hours(138 hr)
- H,S removal capacity : 21.6 wt% (vs A’s Product = 6.9 wt%)

- Siloxanes removal capacity : Incoming concentration 63 mg/m?, and removal rate 100%
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@ Biogas Pretreatment Process Field Test : Result Il

Incheon Environmental Corp. ot
. — = 2
Seunggi branch Mg Gomton
eou
= 37|

Gyeonggi

&%

- Sewage treatment capacity : 275,000 m?3/day

= 5
Chunghuk

- Biogas generation : 8,000m3/day <& Ly
- Hydrogen sulfide (H,S): 5,000 ppm G s Gk

Daejeon

- Siloxanes : about 50 mg/m?

= = I3
oSk Dacal
= SAH

g Ulsan
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= Y
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« Fy

Jeannam
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| Removal rate according to H,S input/output |

Input Testing Bottom

- Applications of biogas : Manufacture of ultra-low sulfur components(0.5 ppm or less) for fuel cells(SOFC)
- Process gas concentration : less than 0.5 ppm in H,S, not detected in siloxanes
(confirmation of stable processing performance)
- Sample location : The input and output testbed
- Field test conditions : 3 m? /hr, average H,S concentration (4,722 ppm), operating hours (1,032 hr)
- H,S removal capacity : 26 wt% or over
- Siloxanes removal capacity : about 5 wt% (space velocity 375 hr)

% H,S and siloxanes removal rate : 99.99% or over (official test report attachment )
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@ Biogas Pretreatment Process Field Test : Result IV

=M
Hongcheon )5
angwon

25
Chungbuk

= 48
P | (P Gyean?huk
‘»IH’.$ Daejeon

Daegu

e Gyeongnam . 5_{'

Gwangju

. My
Jeannam

- Hongcheon Biogas Field Test Picture & Graph

2500 10

—— Anaerobic digester (ppm)
—A— After dehydrogenaton(ppm)

2000 ~

1500 ~

1000 ~

500 ~

Desulfurization

agent exchange

Desulfurization
agent exchange

(wdd)se3oig jo uonesuadU0) STH

H,S Concentration of Anaerobic
digester(ppm)

17-01-01 17-05-01 17-09-01 18-01-01
Date

Original

Hongcheon Eco-friendly Energy Town

Oo - Sewage treatment capacity : 100m?/day
- Biogas generation : 3,600m?/day

- Hydrogen sulfide(H,S): about 1,500 ppm
- Siloxanes : about 5 mg/m?

Test ; Test Below
initial  Testing Final  moisture

[k S

- Sample cycle : 0.5hror 1 hr

- Sample location : Moisture removal
tower at the rear of the digestive

- Biogas flow method : down-stream

- Applications of biogas : City gas production (less than H,S 5ppm )

- Sample cycle : twice a day (average value application)

- Sample location : The front and rear end of the desulfurization tower

- Analysis method : Desulfurization tower - Portable hydrogen sulfide analyzer (Bio 5000),
Rear end of desulfurization tower - NDIR(Automatic analysis)

- Operation result : 3,600 m?/day, average H,S concentration (about 1,500ppm),
usage period(8 months), March 2016 ~ currently in supply

- when breakthroughing, removal capacity : 33wt%
B Simultaneous removal of siloxanes

€ Siloxanes Removal Property (Lab Test)

Gas turbine

Siloxanes removal rate
(Sweden SBF analysis results)

5000 -
4500 o
4000
3500 -
3000 -
2500 -
2000 -
1500 o
1000

500 *L I
0 o \L_Y___Y_. T - n \I T T T
‘?/{\'\’9’5,\99&,&0\?’0&’ S & & &
&0\0&%@\@&6\@&*\ ?"‘\\\\&?’@\ @&Q‘@\&Q@ K‘Q’@Q‘\ & 06*?'0\& \\"‘\é\\)‘\e}g}~
3 B
‘sgﬂb wﬁéﬁb e(§§p ®(§3gS°éS§P af§ﬁ> t?fi;§§gﬁb (jib
&0 s Y
& &o* {\’5\\ 3 oé'\\°+ é\o.p °>°+ -\0""»(\.\0*-'&\
© G P P
o & T
S
(&)
M Avg. WES M Avg. SBF
1200
‘ Lab Test RESUI.tS Space Velocity (hr‘1)
10004 —e—2000(test 1)
—0—2000(test 2)
N —=— 4000
P £ 800+ —a—8000(test 1)
%0 —+— 8000(test 2)
, i 600
7 2
S 400
3
1. N2. & 200
2. Syringe pump _J-
50| swic il
4. Heating mantle 0 5 10 15 20 25 30

5. Thermostat

6. Reactor

7. Impinger
(Sampling)

- Sample cycle : 30 min
- Sample location : Reactor rear end

Time (hr)

Fig. Siloxanes breakthrough curve
according to space velocity

- Sample method : Methanol absorption method (flow rate 300ml/min, collection time : 30min)

- N,(carrier gas) : 300 ml/min, average siloxanes concentration : 2,063 mg/m?

- Average breakthrough removal capacity : 12.73 wt%

91|10
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@ Siloxanes Removal Property(Field Test Application)

- Seoul/Tancheon Water Regeneration Center delivery & field experiment

€ Major Construction & Delivery of Products

Division |

Place

| Technology |

Volume
(m3/day)

| Remarks

Hongcheon/ Dry desulfurization
Digestion Gas Eco-friendly method 3,600 Hongcheon/ March 2016
108 energy town (DeHyS-250) Kangwoncitygas ~in delivery
T
4 . Dry desulfurization :
@ ~’g 8o i Digestion Gas Fhungju/Food ry method 8,000 . Chiungju/ Janugr;l/ 2018
I i) : - > inener ~i i
O g5 50 : Bio-energy center (DeHyS-250) eojinenerge in delivery
n o _'7; §, Yo+ ;
Gyeonggi 25 ] /5, o Seoul/ Dry desulfurization Seoul water September 2019
- E2 25 204 \\1.-" Digestion Gas Tancheon Water method 40,000 regeneration (construction &
o gy | Chunebuk =© 1 : Regeneration Center (DeHyS-250) facility Corp. delivery)
Chungnarn = | H G. e?ngbuk o] (a)
Daoaon o ] T v T T T J Incheon Metropol-
15 itan Area Landfill
s HE Lo v ] g MAGA Corp.
ok ¢ - - EY S E ] 2§ Sten 2 Dry desulfurization August 2020
o ) Geonanan % téb 104 ! : Z E LFG slud eF::I .in method 86.400 Metropolitan Area (con%truction&
Givangiu fisan 2= ] i o i 2 fg .l.ry g (DeHyS-250) g Landfill MAGA Corp. el
. My 29 ] I A g S . acility elivery)
Jeannam 5 S : : 0 100 200 300 w0
(o) : \ H \ Space velocity (1/hr) Step 3.
04— — v— slucige.lc.irying 187,200
: : acili
CE’@E Jeju-do 100-—— /‘.” /—“—""-"—‘—'—’ X il
1 : : Dry desulfurization . December 2021
= ] \ 4 \ / Digestion Gas Iksalzzavtvalgaenttreat— method 13,000 :::Z?]';/ E:;Zﬁ??;nt (construction &
< : : P (DeHyS-250) 8 P- delivery)
>3 H '
2 507 : i Cheongyang/Chilseon i
§ 3 Sv:i sv. i Sw g>llfnegr/gy ¢ Dry desulfurization 12,000 Ko?grEr;\;;rtci)oan/ent December 2020
& 150 hr™ 100 hr"' © 300 hr” Digestion Gas —T - /Y method Cf\ilsung (construction &
singyang/Yeoyan, ;
o (c) & Fagrm yane (DeHys-250) 3,600 energy farming corp. delivery)
0 | 2 3 y 5 6 Changwon/ Dry desulfurization . December 2021
Time (Week) Digestion Gas Foodwaste Water method 16,560 Korea Eg(;/;ronment (construction &
Bio-energy facility (DeHyS-250) P- delivery)
Eumseong/ Dry desulfurization Korea Environment
Reference : Chemical Engineering Research and Design Digestion Gas .l|vesfcc.>ck manure method 5,760 Corp. under construction
163 (2020) 149-156 biogasification facility (DeHyS-250)
- Applications of biogas : Electrical power generation (siloxanes Img/m? or less)
- Sample location : The input and output testbed
- Sample method : Methanol absorption method (flow rate 300ml/min, collection time 30min)
- Operation result : 3 L/min, average siloxanes concentration (41 mg/m?), operation time (986 hr)
- when breakthroughing, removal capacity : Total 4.8 g adsorption — 1.1 wt% absorption . ' ' N ]
ghing, pacity g P 0 P Eco-friendly Food Tancheon water Metropolitan Area
m when the flow rate was changed, the siloxane was leaked but finally stabilized after 3-4 days energy town Bio-energy center regerenration center Landfill Management Corp.
(Hongcheon) (Chungju) (Seoul) (Incheon)
-©) () of "'EE‘: 11 | 12
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€ Biogas Pretreatment Facility Construction (Seoul/Tancheon) € Biogas Treatment Facility Construction (Incheon)

Seoul Water Regeneration Center SUDOKWON Landfill Site MGMT Corp.

- Landfill gas(2nd stage) : 86,400 m*/day

Qo - Landfill gas(3rd stage): 187,200 m3/day
- Hydrogen sulfide (H,S) : about 500 ppm
- Siloxane : about 25 mg/m?

- Sewage treatment capacity : 950,000 m3/day
Oo - Biogas generation : 40,000m3/day
Gyeonyg| - Hydrogen sulfide (H,S) : about 2,000 ppm

. Crnabk - Siloxanes : about 150 mg/m?

= 2y
= M8 Gangwon
Seoul
= g7
Gyeonggi
—4—1

= S
Chungbuk

=

=48 .
Gyeonghuk Gye?n?buk

= « i
Jeoton Dacay
= SAF

. f7
Jeonbuk Daegu

[
5
°

., | 1000

n - mit 90.0
E A JL_Hsan o Llsan — 120 .
'%-’5— veongnam .B'TA‘J D= Gyeongnam « g g_ 20.0 g
Gwangju usan Gwangju Blusan 8‘ 100 70.0 3
| od - Fy < ]
e Jeannam O g - 600 S
H - 50.0 ;
b=} =
S 7 - 400 %.
. O
C;"EE Hejie C‘;ﬂ\%sE Jeju-do 8 40 |nput Concentration 00 3
<
t;i 20 -=-Output Concentration 20.0 ’0;5
T —+—Removal efficiency - 100
0 T T T T T 0.0
0 12 24 36 48 72 84 96 120
Time(hr)
1,400 : s J e A — _I &1 100
1,200 4 2" stage
] 180
___ 1,000 - F3
e ] .
Q. —n— -
& s =— Input Conc. of H,S 60 2
n ] —o— Output Conc. of H,S ] o
&
I 6001 —e— Removal efficiency i =
o ] _—40 2.
J =}
S 400+ = ‘,2\
o 1 t20 =
200+ 4
o+—sts—p—p—t—0—p—"T——0n 0
T T T T T T

T
0 50 100 150 200

Time(hr)
- Applications of biogas : Production of biogas for power generation and boiler - Applications of biogas : sludge drying
- Hydrogen sulfide process gas concentration : 1ppm or less in H,S (99.5% or more removal rate) - Hydrogen sulfide process gas concentration : H,S 1ppm or less (99.5% or more in removal rate)
- Siloxane removal rate : 95% or more (Standard : D5) - Siloxane removal rate : [standard : D5 over 95% ][front(9.47) / rear (0.05)]* mg/m?
- Sample position : the rear end of the adsorption tower of the pilot plant, and the rear end of - Sample location : the front of the dehumidifier and the rear of the dehumidifier
the dehumidification tower m Construction started in July 2020, Completed on 31 August 2019 and is currently in operation
B Construction started in September 2019, Completed on 5 December 2019 and is currently in operation * Certificate KTL

(S9 B orasmy 13 ] 14
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€ Patent Status € Innovative Product Perform Certification
: Desulfurization agent for removing hydrogen sulfide from biogas and odor

A
P! Patent name Reg date Re

Reg Number (YMD) | marks

Catalyst for hydrogen sulfide removal using oxidation/reduction reaction and hydrogen

23 10-2022-0012058 sulfide removal method 22.01.27 App
22 10-2300634 High efficiency treatment system of hazardous gas using two-stage heat exchangers 21.09.03 Reg
21 10-2021-0140229  Continuous separation system for carbon dioxide 21.10.20 App Q=W 3 2021 — 454
20 10-2021-0117701  Biogas treatment equipment using iron hydroxide powder 21.09.03  App
19 10-2021-0067780  Organic waste treatment method and treatment system using amorphous iron hydroxide 21.05.26 App
18 10-2021-0002740  Biogas treatment equipment of detachable dry scrubber type 21.01.08 App
17 10-2020-0065805  Method for manufacturing arsenic adsorbent using iron-containing mine drainage 200601  App
16 10-2020-0065804 Manufacturing method of amorphousiron sulfide catalyst for heterogeneous Fenton 200601 App
oxidation reaction
15 10-2270488 Biogas adsorption equipment 21.06.23 Reg
14 10-2367558 Ultra-low concentration hydrogen sulfide-containing clean biogas production system 22.02.22 Reg
13 10-2196559 Clean biogas production system containing ultra-low concentration hydrogen sulfide 20.12.22 Reg
i) 10-1875682  All-in-one dry adsorption system 180702 Reg (F)e) WA E3A
1 10-1974504 (Aj/lgrigzzt;ﬂggemethod of inorganic adsorbent for phosphorus removal using acid mine 19.04.95 Reg A} A} =2 3 206—86—19800
10 10-182411 Method for manufacturing an adsorbent for removing sulfur compounds using acid mine 180122 Reg 2o1E ZA A FHE 234 212 94-38
dreneeslucke slol 25h2 g ks BaAs AHE 8
9 10-1932634 TCE removal system 18.12.19 Reg 8 " i
DR Q] »|x
8 10-1754953 Adsorbents for removing hydrogen sulfide and siloxane and their preparation methods 17.06.30 Reg 20219 129 249%3 20249 128 2397
7 10-1684296 Ammonia continuous recovery system using sequential method 16.12.02 Reg
6 10-1653382 Manufacturing method of complex adsorbent for ammonia removal 16.08.26 Reg
5 10-1616059 Adsorbents for simultaneous removal of hydrogen sulfide and siloxane 16.04.21 Reg
431 1212;1222? :I‘ar;ufact‘:;ng :}ei]od ofactwatted carbon fiber sheet using scrap carbon fiber 12322 Eeg 9 A5 x| DY HE AYY, AZBEALNLE 9
- igh-purity synthetic gas generator .06. eg
. THAAE A Y AR So) 2L AP, AL0EALYS 9 ehe]
2 10-1197486 Slurry drying apparatus 12.10.30 Reg
A F22 A0 5E A5¢ .
1 10-0528672 Method of manufacturing ZSM-5 using variable temperature under organic template exclusion ~ 05.11.08 Reg
202149  12¥ 244
€ Trademark Registration status
App/ ] Reg Re- App/ ; Reg Re-
No. Reg Number Design date | marks No. Reg Number Design date | marks
10 4020210161336 CATALITE 21.08.05 App 5 401274794 DeHysSil 17.08.07 Reg
9 4020210003874 DSULFER 20.01.08 App 4 401274793 Basorb 17.08.07 Reg
8 4020200209226 COMPLOX 20.11.19 App 3 401274792 Acisorb 17.08.07 Reg
7 4020200209225 MIRESORB 20.11.19 App 2 401191946 DeHyS 16.07.22 Reg
6 401360698 DeSiloxs 18.05.17 Reg 1 401191945 clsto|A 16.07.22 Reg
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€ Performance Certification
: Adsorbents for simultaneous removal of hydrogen sulfide and siloxane

22-Cll0227

O WM = ¢ ™ ¥

FIE XAl 2L SEHFMZ12 94-38

o+ & 3 IIE ZEA ZUHYH SHFN=12 94-38

o¢od 5B B =2 HIOIRIIAZ L E &3l54A L ASA HAHE S2HI[
CI3H0l A (DeHys)—-200, ClI5H0| A (DeHys)-250]

O ds3A AAIJIE: SAHA 72

oes ®|REJZ 2022. 03. 13. ~ 2025. 03. 12.

OeUAEE=F9 8. 23JIHHESE

rFAVAAE TSN QI REAU) B WE, AR D
e ¥ AR ALzl ek sk go] HAFL .

20223 05€ 09¢
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@ Certified Test Report (Hydrogen sulfide removal rate : 100%)

AR T
RS

Al d A A A
(TEST REPORT)

ktl BRI |
Yo i s

AAA W% : 22-000671-01-1

ktl

o, o
Pognan®

5. A8 (Location of Test)

o3ae

7. 1Y% (Test Results)

7] © (Remark) : AEAHY

1(1/5)

4. N¥712t (Date of Test) : 20221 014 059 ~ 2022 014 06%

BKTL 23 EA  (F2: HESWA F27 0492262 87 (F2%))

6. A1YT7FA/ 8 (Test Standard/Method) : KS 1150 19739

Agast

(Signature)

AAN WE : 22-000671-01-1
Report No

kel

Al & Z F (Test Results)

—— R 2y wag inpu 58 299 output

Faa 851.67 0.00

L ARAARL - ZUE FAZ HYd 2037 12
FRRYRAIA B
2. ARAAY : 20224 019 059

<IRAN>

FP104-05-00

#P104-06-00
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@ Certified Test Report (Hydrogen sulfide removal capacity : 41.76 wt%) @ Certified of New Excellent Technology : NET

He07E

4 Yt

A }\-] AN M 16-067456-01-1 A—I 7' E"' ol %*1
(TEST REPORT) ktl ganwIREY wem 1A )
424 WE : 16-067456-01-1 gr .
e s % bl R U S ILALE Bl A H B 9 EF Al TbAREl S S X] I &= EFS
Qo Rt B ‘ktl ] ¥ 2 3} (Test Results) 1. 1§ Hlol2 A HElSA HAE AE MMTNNF S2K WEES BEH
o
. e HxE 2 HE 2%
1.9 9 & (Client)
2 Qame) : (Prol@AETH dhid e il 2, 7l& BHRA
> 4 (Address) : 24715 X3 A 7Haba 7H4ER194W7) 47-36 2~ &
- #5a sHAde Fotel sakdAe] § - T Sl
<1#] 27 (Date of Receipt) : 2016. 11. 16. h}3 ol A 2] a\w“t(;)g, 25 Al Aed ST - gkl F2E 7}, _A||-4|'H.?_|-.|:dl| EHoMAEREM | SZHIYES
e A S 4176 wt% (%g/g) 5
2. YA AN $= (Use of Report) | F el 4 @22 vrol Faaww2 ftsioh L, ARSI SEMHT) 110111=3772680 / 141271-0009052
3. AU THFER/RY/A B (Test Sample) Cl .7:_.&[,-_40 al =] A}'“A] 17| EXA A 2R 51 1 g4-38 | LR T
A E B (Deseription) : B8 FAE 2 3141 1 AgAL b Fa(Eolel 9 [): 2T ZHA P BHAHE Lhl
A2 84 (Manufacturer) : ()] A& T4 S AYED  (FelAAEFAANA ALY FAUA FRAE PAEL AANUL B IFEA| EHAZ 199
2 9 % (Model Name) : 4418} 7] 34 S ERES AAY.
AZWNE (Serial Number) : + » »
7 o (Remark) : +x e i 3. 78 M
- AT BAELHS 109 %molmol 28 o &3 HHHFRE - N
B A = o
19712 (Date of Test) 41149 299 64 124 059 « HEEE O RSt e T &8 %2}
4. N9 ate of Test) : 2016\ 114 299 ~ 20164 124 05 At o~ . T, e 0 3 e "
- A @A : #4827 F2A), GOPDDOS Sceince, DS7200) H7 |22 HEs0 2oy, o] 2| -E—g— lHE Q & o 1 BEHE
5. NUFA Y (Test Standard/Method : 59 AHWH # MFC Controller 4CH (KRO-4001), MFC 1% Hi$ 500 ccm, N; 100 ccm (KOFLOC 3 F e i
3660model), MS(AND., HR-200), S8h44:(HS) 19.9 %molimol EE7HA(HUE 0| & X235 Hio|2 ol ZeE gErag HHSE JE
6. YRR (Testing Environment) et o0
& (Temperature) : (20.0 *5.0) T, %% (Humidity) : (50 = 20) % R.H. Al MR o= IR 0 ML)
7. A1Y A} (Test Results) : "WH A3} = (Refer to the attached results) 2 AUEw gﬁ
W3 ote) : 1.1 3 20 sl e MyE Al 19.9 %mol/mol HiS 7429k Ny 728 MFC® o] 830} 0:100, 10:400, 10:200, 10:150, 10:100 S X 226 v|EHY MEEA BEHE HE, Hisis HPE
; ) W &2 GCPDD) Fi3tel £4 ¥ FTEME Bo APHe Poch -
@ a |[FERTesedby) 1% 39 (Technical Managen) 7 AAADE 7] sl Wgolel AnE AAL FAAGUNUAG 20572 g FAVTH - ¢
Affirmation |y o (vamey: 08 s s o g Zh W7ol 199 %mol/mol FBFL AR 144 mUmine 2, A27kAE 15 miming QA HESH 0| 22h ] HEe8 HHEE 7s
F2iF0) WESHE 1AE GOPDDDE Fahe] WA BABTLENFAS BEHAT 4 ¥,
QEY AL 1 ), Sample loop volume: 0.5 mD, GC¥A & Halel Q& ©A g Aol ol o g i - ’
ot iion Qstel ME WAEL b FEE THL Al BE WEILs FEASE £23U Lo ERE 8U('22.04.28. ~ '30.04.27.)
: shsh Mol ThohE WrkAel FAE FR4Le) Fe ool sgxAdAe it WA F
2ee Fach
g%ﬁ%{jl%kltﬂ{ - Tubular type adsorption bed 2 g |_ : s s i
A7 : 1am FAAFTA : 6 om, FRAS ¥ : 471 om Mok eldE Ut 8577 H%o] Les FFE
A&HWA 727 AAYE263 87( 87, Digital—ro 26-gil, Guro—gu, Seoul, KOREA ) Tel 02-860-1698 Fax. 02-860-1699 = 577} iEAI KA B HSEAT] vhL )
FE7 HE & H&stAl7] i

FP204-01-03 FP204-02-02

gEzie o By xEy, Hr=, 22 W AlgY diszesHg 3 A2
(=]

g OAEFE MeEMIgol w2t He M ss g8 Bof MI&E eISEUCH
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E-mail : catalitel@hanmail.net
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