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Ash Fouling and Slagging Model
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Furnance Wall Cleaning Strategy
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Furnance Wall Cleaning Strategy
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Furnance Wall Cleaning Strategy
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Furnance Wall Cleaning Strategy
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Furnance Wall Cleaning Strategy
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Furnance Wall Cleaning Strategy
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Furnance Wall Cleaning Strategy
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<DTF experiment>

Condition

Environment T. 1300 °C

Feeding rate 0.15g/min

1st air N2 = 1.5(lpm)

2nd air O2+N2 = 3.5(lpm)

Time 1h

<Simulation>

Coal property

Collie Coal B

Tcv(K) 1406K 1325K

Ash(%) 13.4% 5.7

1st 2nd2nd
Collie Coal B

SiO2 0.416832 0.4352

Al2O3 0.224953 0.2643

TiO2 0.017431 0.0066

Fe2O3 0.143851 0.1422

CaO 0.018692 0.0443

MgO 0.011546 0.0191

Na2O 0.001779 0.0357

K2O 0.009301 0.0123

P2O5 0.003665 0

MnO 0.000765 0

FeO 0 0

NiO 0 0

ZrO2 0 0

CaF2 0 0

B2O3 0 0

SO3 0.149675 0.0163

Melting temperature(K)

SiO2 1873

Al2O3 2345

TiO2 2116

Fe2O3 1839

State of the Art in PNU
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Coal B Collie 

 Deposition experiment results

Coal Collie Coal B
Total coal 

feeding 10g 10g

Collection 
efficiency (%) 10.34% 28.59%

- 점착되어 획득된 회 입자
분율을 파악

State of the Art in PNU



Ch. 2 Solid Fuels by Prof. Jeon Power Gen. from Solid Fuel71

Collie coal (Tcv=1406K) Coal B (Tcv=1325K)

State of the Art in PNU
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Collie Collie coal (Tcv=1406K)

실험 결과와 비교

State of the Art in PNU
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 Tcv 변화에 따른 deposit 예상결과

Tcv=1406K Tcv=1500K Tcv=1650K

Tcv에 따른 Deposit량(kg/s) 변화

Tcv(K) 1406 1500 1650
Deposit rate (kg/s) 2.53 x 10-7 1.91 x 10-7 1.78 x 10-7

State of the Art in PNU
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Assignment #3 : Slagging& Fouling papers

Key paper 선택 : 2012.10.5 일까지

Presentation 작성 : 15 pages ppt, 2012.10.11 일까지

Uploading : idisk.pusan.ac.kr  / update only

ID 111050, PW 123456

Both of paper, presentation.

Top 4 : presentation and A credit
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2.1.2.1 Petrographic Analysis
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Properties of Maceral

Maceral H/C O/C frac. aromatic C Density (g/cc)

Liptinite

Resinite 1.33 - 1.55 0.03 - 0.11 1.01 - 1.15 He

Sporinite 0.92 - 1.13 0.09 - 0.12 0.45 - 0.6 1.15 - 1.25 Aq

Cutinite

Bituminite 1.3 - 1.5 0.14 - 0.17

Alginite 1.1 - 1.4 0.10 - 0.07 0.18 1.01 - 1.15 Aq

Vitrinite 0.39 - 0.9 0.10 - 0.33 0.5 - 0.9

Telocollinite 

Desmocollinite

Inertinite

Semifusinite 0.5 - 0.64 0.14 -0.13 1.28 - 1.50 He

Fusinite ~0.5 ~0.13 1.40 - 1.60 He

Micrinite

Macrinite

Inertodetrinite
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껍
질

퇴
적
물

포
자

표
피

Origin plants and the 
extent of their 

decomposition at the 1st

stage of coal formation

Difference in Petrographic composition

Macerals Analyzed through 

1. Transmitted light method

2. Reflected light method

Origin of Coal
In the view of 

Petrographic composition

How does this approach will 
enhance your understandings 
on coal and coal combustion?
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Reflected light method by Microscope

Gray, light 
gray, white

Dark gray, 
light gray, 
white

Light gray, 
yellowish white



Ch. 2 Solid Fuels by Prof. Jeon Power Gen. from Solid Fuel

79

Manual petrography
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Optical microscopic Image Processing
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Optical microscopic Image Processing
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Optical microscopic Image Processing
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Optical microscopic Image Processing
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Coal Grain Analysis
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Coal Grain Analysis
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Coal Grain Analysis
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Coal Grain Analysis
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Thermal and PCI coals
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Thermal and PCI coals
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Thermal and PCI coals
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Cocking coals
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Cocking coals
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Volatile matter of macerals
93
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Volatile matter of macerals
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2.1.3 Reserves of Solid Fuels
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Coal production and prices
96
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2.2 Renewable Solid Fuels
2.2.1 Potential and Current Utilisation
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2.2.1 Potential and Current Utilisation
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고급탄 확보를 위한 해외탄광 개발 및 저급탄 전처리 기술 개발 추진

우드펠렛 확보를 위한 지분출자 및 바이오매스 전용 발전소 건설 추진

Biomass Status
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자원이 풍부하고 매년 재생 가능한 바이오매스 자원을
활용하는 것은 한정된 화석연료 자원을 이용하는 것에
비해 환경 친화적이며, 지속 가능하고, 현재 우리가
직면한 기후변화 대응에도 기여할 수 있음

 그러나, 바이오연료는 죽음의 연료라며 소위
식량 대 연료 논쟁이 벌어지고 있음. 바이오연료로서
옥수수와 사탕수수가 많이 사용되고 있는데 설탕은
주식이 아니지만 옥수수는 주요 곡물중의 하나임.
아프리카에서 기아로 허덕이는 사람이 2억명 정도

 슈가부스터와 같이 설탕을 두배 축적할 수 있는
식물 등의 개발되어 사용될 수 있음

Biomass Status



Ch. 2 Solid Fuels by Prof. Jeon Power Gen. from Solid Fuel

101

유지작물
(유채, 콩 등)

채종유
(유채유 등)

바이오디젤
(에스테르)

전분작물
(보리, 옥수수 등)

당분
(포도당 등)

바이오알콜
(에탄올)

섬유소 식물체
(나무, 볏짚 등)

추 출

합성가스합성가스

열

전 기

가 스
유기성폐기물

(축분, 음식물류 등) 메탄가스혐기발효

에스테르화

알콜발효

가스화

직접연소

당 화

촉매반응

효소당화

보일러

발전기

당질계전뷴잘계

바이오매스계

당질계

동식물 유지

Biomass Production Flow
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Biomass – three main components
102

목질소

섬유소

다당류 섬유소
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Biomass – three main components; Cellulose
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Biomass – Cellulose
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Biomass – three main components; Lignin
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Biomass – Lignin : Triangular decompositions



Ch. 2 Solid Fuels by Prof. Jeon Power Gen. from Solid Fuel

107

Biomass – Hemicellulose
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Biomass Volatilization
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Biomass – Heating rate effect
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2.2.1.1 Biomass from Farming and Forestry
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2.2.1.2 Wastes
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2.2.1.2 Wastes : plastic and others
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2.2.1.2 Wastes : plastic structure
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2.2.1.2 Wastes : plastic structure - depolymerization
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2.2.1.2 Wastes : plastic structure – depolymerization model
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State of Art in PNU and KIER

총 사업기간 : 2010.06.01~2012.11.30 (30개월)

최종 및 단계별 사업목표

가연성 폐기물 종별 연소 동특성 분석 및 연소 모델링 개발

1차년도

□ 가연성 폐기물 연료의 종별 연소 정/동특성 해석

○ TGA/DSC와 FTIR을 이용한 종별 물리 화학적 기초 특성 해석

○ 연소 정/동특성 기초 DB를 통한 연소최적화 시뮬레이터 기초 입력자료 생성

○ 신속 고열 동력보일러 연소실 3D 모델링

2차년도

□ 가연성 폐기물 연소거동특성 분석 및 시뮬레이터를 통한 최적운전기술개발

○ TGA-DSC 를 적용한 연소실 내에서의 연소거동 및 배출가스 특성 해석

○ 연료별 연소 동특성(kinetics)과 연소거동특성해석을 통한 동력보일러 연소 시뮬레이터

개발

(상용코드 기반)

○ Utility 동력보일러에 대한 시뮬레이터 정확성 검증

○ 연소 시뮬레이터를 통한 바이오매스 연소실에서의 고성능, 최적화 운전조건 도출
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State of Art in PNU and KIER

Sample2_#1 Sample2_#2 Sample2_#3
(포대)

Sample2_#4

가연성 폐기물 연소거동특성 분석 및 시뮬레이터를 통한 최적운전기술개발

• 샘플종류 : RDF, RPF, 정방샘플(Sample #1, Sample #2-1~4)

Sample #1 RDF RPF
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State of Art in PNU and KIER

 Ignition & burnout temperature : The temperature of 0.1mg/min(DTG) 

 T50 temperature : The temperature at the minimum DTG value =Maximum temperature

 Reaction rate : Slope between Ti and Tf as a function of temperature
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State of Art in PNU and KIER

Coats-Redfern method (CR) 

 Reaction rate and kinetics


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 ,
3

2
)

4
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 )exp(

RT
EAk 
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Ek lnln 


where

A : pre-exponential factor [1/S], 

E : Activation energy [kJ/kg]
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State of Art in PNU and KIER

 TGA-DSC를 이용한 폐기물 연료의 열분해 및 연소 정특성 연구

• Pyrolysis process : N2 condition, up to 1000℃@ 20℃/min
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State of Art in PNU and KIER

 TGA-DSC를 이용한 폐기물 연료의 열분해 및 연소 정특성 연구

• Oxidation process : Air condition, up to 1000℃@ 20℃/min
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State of Art in PNU and KIER

슬릿버너를 이용한 기초연소특성 해석
- 가연성 폐기물의 버너 연소를 통한 화염의 성장, 소멸과정 및 구조특성분석 및 배출가스 특성 분석

- 폐기물 버너 연소시 배출가스(NOx, CO, CO2, O2) 특성분석
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(a) Burning process (b) Flame shapes of samples
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2.2.1.4 Sewage Sludge
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1262.2.2 Considerations of the CO2 Neutrality of Regenerative 
Fuels
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2.2.2.2 Harvest Ratios
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2.2.3 Fuel Characteristics of Biomass

2.2.3.1 Biomass from Farming and Forestry
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2.2.3.2 Wastes
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2.2.3.3 Refuse-Derived Fuel (RDF)
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2.2.3.4 Sewage Sludge




