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% 2. 4th International Conference on Chemical Looping 7 :Bf2

Sepr25 Sept26 Sept.27 Sept 28

Friendship Hall L7 S ST Viglet Hall [T 10" | Friendship Hall IR =00 Tulip Hall Friendship Hall [TSSCSTE | Tulip Hall

9:00-3:10 Welcome E:80-3:20 E:A0-9:20

e - 920930 820830 Peraiel Seriors

4
a2 D3 A3
9:30-10:30 Ouygen 9:30-10:30
- - o o o . .
Comrrier

10:30-10:50 Parallel Sessions 10:30-10:50

swon-z200 — L. e
Ad
. 14:00-15:40 Pilat
Poster Session
soan1520 [ S <5 Lab visit |
Registration
Tour el
Pa
16:00-17:00 = ion
1830
at Zijin Building Conference Hall at Mandarin Garden Nanjing

Oral Presentations are presented in five sessions (A: Pilot Plants; B: Hydrogen Production & Gasification; C: Oxygen Carrier; D: Modelling; E: Calcium Looping)
and held in four halls (Friendship Hall, Magnalia Hall, Violet Hall and Tulip Hall).

Sept.26 Friendship Hall AT . . .
—— Detailed Scientific Program
Welcome =
005110 Ty Oral Presentations

The kaynote and plenary lecture invited speakers have 35 min + 5 min dedicated for discussion at their disposal.

The presenters of the topical oral presentations have 15 min + 5 min discussion at their disposal.
Presenters are kindly asked to upload their presentations in the designated session room before their presentation is
scheduled. also, please make sure your presentation is compatible with the Av system provided.

:10-3:50

10:30-10 Parallel Ses:

- Adi
- ] [a)' izati Arners _q' T CLC Conditions
ina1 i
1050-11:10 Maiin HANNING, Angelica CORCORAN, Dongmei ZHAD ",
Fredrik LIND, Mognus RYDEN
Chaimers University of Technology, Sweden
] |Design and Ciperation of & 50 KWth Chemical Looping
[ ] Resctor Using Cosl
11:10-11:30 s jis Xin CHEN,
Xin TIAN, Chuguong ZHENG

1O the Distribution of Residence Times of Solids ina Circulating
Fetin DONAT®, Wenting HU, Stugrt A. SCOTT, Jofn 5. DENNIS
University of Combridge, UK

af
Looping Coal Combustion
sni-¥ing Liv T, Tomanca SAITC
Jopan Coal Emergy Canter, Jopan
[E— . Process Development and Analysis L
Zhen Fan, Liangyeng Chen, Fang Liu, Ninkug Bao, Heather Nikoiic, Kuniei Li
University of Kentuweky, USA

12:30-14:00 LUNCH

F4H



Sept.26 Magnalia Hall IEZF Tulip Hall BEEET

Session B-2 2 ‘Session D - 1 Modelling Session C - 2 Oxygen Carrier
: ] Integration of Solid Oxice Fuel Cells and Chemical Locping Combustion

‘for Efficient Power Production with 00 Capture

14:00-14:20 Ple 1 Vincznzo Spaliina *, Pasquaic Nocering, Mattea C. Romana, Plenary 2

Chemical Looping Coal Gasification with Calcum Femite - g Hext Management Strategies in Chemical-Looping Combustion of Methane
_ z e - . o using a Tt Functionl Oxyg

.fun:mmm-snﬁlem Copper-Based Oxygen C ngziai Li, Hug Wamg, Wi, Xing Zhw, Ningning Li
Hanjing Tian °. Ranjani Sifwardane, Jarrett Riley far Canversion of Gaseows Fucls ing University of Sciznce ond Technology, Ching
14:20-14:40 e e e ] ‘Syed K HAIDER, MOrio ERANS *, Felix NONAT, Lunbo DUAN, Stuart 4 SCOTT,
wasilije MANGVIC, Edward | ANTHONY
Cranfierd University, UK

The Effect of Different Farticle Residence Time Distributions.
on the Chemical Looping Combustion Process
Matthics A. SCHNELLMANN *, Felix DONAT, Stuart A. SCOTT,
‘Gaveth WILLIAMS, fohn 5. DENNIS
University of Camridge, UK
Molecular Dynamics Simulstion of Cul Sintering Process
in Cu-besed Oxygen Camier Particle
Jivfo Gui, Heibo koo

Session B -3 7 Session D - 2 Modelling Session C -3 Oxygen Carrier
Chair: Hanjing Tian, Fang He Chair: Mshdi Yazdanpansh, Fansxing Li Chair: Stuart Ashely Scott, Kangzhai Li

Evaluation of a Fromising Cu-based Durygen Carrier
for its Use ot Industrial Scabe in CLE of CH,

i sty ot izm ot 00
with Spine-Typs MnFe,0, Surtsce in Chemics-looping Combusticn
Fang Liu", Jing Lil, Jinxin Dai, Yingjs Yang, Zhan Thang, Minjun Wang

of Chemicail L
n-sm'.mﬂhmmj-m.-ﬁ
WERTHER
Hamiburg University of Techroiegy, Germany

of & Chemical Leoping Combustion Unit
Jesper ARONSSON, Dovid PALLARES, Anders [YNGFELT

musﬁ_-wn—n’—:

and
‘Woshington University in St Lowis, USA
Building nce Hall

Sept.27 Friendship Hall JE{HT
Keynote 3
Chair: Joachim Werther
=40-5:20 Chemic .

Anders Lyngfet
b Swaden
e e
—— ——

Session A - 2 Pilot Plants Session D - 3 Modelling Session C - 4 Oxygen Carrier
Experience of more than 1000 of Operation with Oxygen Carriers and Solid  Cg i ninati ‘Solids
Biomass at Large Scale i i i Lespir
2:30-3:50 Teresa BERDUGD VILCHES *, Fredrik LIND, Jozt A. MEDRANG, Maria NORDIO,
Magnus RYDEN, Hearik THUNMAN Martin vaw SINT ANNALAND, Fauste GALLUCO
Chaimers University of Technology, Sweden i of

$5H



Two-fluid CFO-based Model for 1 MW, Chemical Looping Pilot Plant:
and ion of Air

FS0-10:10 . = Jom MAY, Peter OHLEMULLER, Folah Alsbaid,

Jochen STROKLE ", Barnd EPPLE

TU Darmstadt, Germany
Eiomass with COZ Caphare Using OLC: Results i i ion of Chemi ing Air i Oxy-Foed Co
10101530 Tereso MENDIARA, Maria Tereso [ZQUIERDO, Antdn PEREZ-ASTRAY, Alberto Tor Power Production with CO, Sequestration
" ABAD, Luis F. de DIEGD, F. GARCIA-LABIAND *, Filor GAYAN, Juon ADANEZ Shiyi CHEN, Wenguo Min ZHY, Shiwei MA, Ziao SUN
instituto g Carboquimica [ICE-CSIC, Spain Sowtheast University, Ching
Development and Scale-Up of Copper-Bassd Chemical Looping 'CFD Simiulaticn of & 10 KW Chemical Looping with Oxygen Uncoupling
a0 with Oxygen Uncoupling System: Effectz of Process and Fuel Parameters
Kewin 1. mn'r'.m 5. LIGHTY, Andnzw FRY Maotthew A _', Kewin L Whitty, foAnm 5. Lighty
\University of Utah, US4 University of Uteh, US4
Use of Manganess Ores a5 Oxygen Cariers in
sr1oa10 e
Cor! LINDERHOLM *, Anders LYNGFELT
Chalmers University of Technology, Swedsn
Annuisr Carbon Stripper for ChemicaHeoping Com bustion of Coal
11:30-11:50 ‘Moo Cheng, img Sun, Ye Lig, ia, Wir Cai
= ity £l
’ ] 4000 Houwrs of Operation with Cxoygen-Carniers in Industrial
Relevant Scale (75 MWth)
1L:50-12:40 Bengt-die ANDERSSON, Fredrik LIND,

Angetica CORCORAN, Henrik THUNMAN *
Chatmers University of Technology, Sweden

250 KWth CLC Filot Plant with Coal
1TU0-1230  Amerio ABAD", José A. BUEND, Rudl PEREZ-VEGA, Francisco GARCIA-
LABMAND, Pilar GAYAN, Luis F. a2 DIES0, Juan ADANEZ

Institwto De Corbaquimica (IC8-CSIC), Spain
m“
18:00-12:00 Poster Session Lab Visit Tour

18:30 Conference Dinner at Mandarin Garden Nanjing
Sept.28 Friendship Hall T

Parallcl Sessions

Magnolia Holl E3EEFT

Sezsion A - 3 Pilat Plants Seszion B -4 & i Session E - 1 Calcium Looping

Chemical Looping Combustion Development in Korea
P Jeom-in BAEK ", isit KIM, Hyungeun 50, Toe Hyoung EOM,
Joong Brom LEE Ho-Jung RYU

Performance of 8 150 kW Chemica| Looping Combusticn Resctor

w System for Qaseous Fuels Using a Copper-based Oucygen Carrier
Fyving LANGHRGEN ", inge SAANURM, Nils Erlond L HAUGEN
SINTEF Energy Reseaveh, Norway
Piloting of Bic~CLC for BECCS.
201010030 Toni inen ", ian Taii

Teir
WTT Technico! Ressanch Centre of Finkand Led, Findond

10:30-10:50
10°50-11:40
Plenary 3
Tor Henvy Dil Extraction
Dennis Lu
11101130 Commet ENERGY, Conoda
Fluid Dyramic Evaluation of s Next Scale Resctor Design for
Chemicsl Looping Combustion of Gaseows Fuels
11:30-11:50 "
; Hermann
Vienma University of Technology, Austria

%6 H



: e Ho-Jung RYU ", Dang-Ho LEE, Dowon SHUN, Jong-Ho MOON, Jeom-in BAEK
Koreg Institute of Energy Ressarch, Koreg
The Roles Carriersin i b i
1017 Combustion of Solid Fusl
= 30 Ligngpong Chen, Ziken Fan, Fong Liy, Jinhug Bao, Heather Nikolic, Kuniei Liv
University of Kentwcky, USA

[+

Wanous vh
Methane,fair and Filot Scale (51 Kwth | Chemical Looping Combustion Tests
14:00-14:20 With Methane,/Air
jami i *, Hanjing Tian, i
Douglas Stroub, Justin Weber, George Richards
Mational Energy Technology Center [NETLL US8
Fate of Sultur in Chemical Looping Combustion of Qasenus Fuels
Using a Copper Based Oxygen Camier
14:20-24:40 Robert F. FACHLER ®, Maric KOLLERITS, Karl MAYER,
Stefan PENTHOR, Hermann HOFBAUER
Vienma University of Technoiogy, Awstrio

of imenite in rized ChemicaHooping la:}
15:20-15:40 Xugolu", Dennis . Lu, Fines N.Ridha, Robin W. Hughes

Panel Discuszion

1E00-17 00 ir- Kevin Whi

F1TH
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HATAFTEMmEI TR R Z AR RETE s TSR cas  HERF s EstsE - WicE
REIRERE R B T2 NRMRIRZ TE HE AR R TR | 5158 I KEREE
BEMEE) E TRFREIRIMT 2 B IL o ARHEIAZE BT " IREREFUK R PR R 2 |
7 ErE  EERERARFCEH F0R o 4HEE 2016 456 Y e { B 22 20 [ [ P45 it &0 & (4th
International Conference on Chemical Looping) > 37 DA BEH 5 5 a5 p R am =L “Study on
Combustion-supporting Behavior of Ilmenite in Chemical Looping Combustion Process” > HEZFEHIAN
Kok > 1 FRUAE 12 BRI L2 R R BERE 7 2t i 2 B Bt 2, » Ph e Bl PR 2B 5 il
TR EIFEETE « RS /0 pl R E R o -

(—) 4th International Conference on Chemical Looping KX &=5f2

SFUE CEE BB 105 429 A 25 HE 9 A 28 HE KRR SRR a sk AR5
BT BRPERmEAS T - iR PR L2 A R o AH AT TR~ TR2AN ~ 5T
ANE ~ BFREREZEE—EFRRCEE » 7 EE R IR S TR BRI B - R gk
’B LB B Rl s T B2 a4 R B ARy S RS BRI AR B BA TR 0K - T4 AR R
sl TEUER & - BIESRE TROIE - SREYVER(LRE - EER o TBiE - b2
ARIPEIS A - DL RS A Rl aTam -

ICCL 2016 &t 9 H 25 H(EHH)bidGa L2 (E 3~[E 4) ; KEFavBmAHER 9 H
26 H(EH—)F EE817(E 5~[E 6) » AJeE A& KPR REH IR E BRI T - BHER
REEEEEE - fws Y EENBIEETECI S BB g ZE % - ARG AT SR
SRIE 0 oy s T EERE(Keynote Speech) ~ 28 3% (Plenary Session) ~ & S IPHEEFR - K EEH R
JERIUER Ty - R BRI R AU AR S -
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1. Keynote Speech

KGR —F EZ i Keynote Speech » EHIBLE ] = F 2% k15 Keynote
Speech : THIEE &GS B 2 R EEEEYERA T

Keynote 1- Chemical Looping Partial Oxidation
Prof. Liang-Shih Fan
Ohio State University, USA

Keynote 2- Reactor for Chemical-Looping Combustion of Solid Fuels
Prof. Lai-Hong Shen
Southeast University, China

Keynote 3- Chemical-Looping Combustion of Solid Fuels — What Is Needed To Reach
Full-scale
Prof. Anders Lyngfelt
Chalmers University of Technology, Sweden

Keynote 4- Overview of Operational Experience for Solid Fuels CLC
Dr. Juan Adanez
Instituto de Carboquimica (CSIC), Zaragoza, Spain

HNRIES & - AR SR R B T STt e 2 5 o) AR S B R T3 -

(1) Chemical Looping Partial Oxidation
A5 Keynote Speech BEERY 9 H 26 H 5. F» /%3 & Prof. Liang-Shih Fan %€ H Ohio
State University, USA © 5% 85~ EEEERHE 7~ 21 s « i i sm e e E Ak
YIE BB Pl A RS - HBEHRAL - ZoREEH - i rRmmvE (b - IREA(LE
[ o BB AR TP R RN T B R A EE R T (reforming  process) (511 FR Y &
FEEFH(oxygen coupling of methane) DAz H R LR lr el 2 pl e 41 & R HARY
FERARHSE > [FIF S S HURFZ I ST AR 7 A B R Ao &8 8% o3 M B P 2 (LB — e 1 TRl

7. Keynote Speech 1-1 8. Keynote Speech 1-2

%12 H



9. Keynote Speech 1-3 10. Keynote Speech 1-4

11. Keynote Speech 1-5 12. Keynote Speech 1-6

13. Keynote Speech 1-7 14. Keynote Speech 1-8

15. Keynote Speech 1-9 16. Keynote Speech 1-10

F 18 H



17. Keynote Speech 1-11 18. Keynote Speech 1-12
19. Keynote Speech 1-13 20. Keynote Speech 1-14

21. Keynote Speech 1-15

(2) Reactor for Chemical-Looping Combustion of Solid Fuels

A Fy Prof. Lai-Hong Shen » M Ry K= R » AR R AR E £
Ji5 0 AT IR RN 24 H EREEAVR N CE R IR A~ Dige - TEERIE
rE Ry EAS ~ 22 RSTERS ~ WNRHERS ~ LSV TS S « I Bies 7 —1E
R EIREENR R B A RO ISR S FERS - 7 L Er T e B H BTN B ZER S
HY{LEL A RE S s Y F AW SRR B R B LR 5 - AR B8 =0Aet S e a S A %
HYsZ 2 - SRR B AR A AR DOy REG g | AEREIAR > H R EIREAEHE AL
1 KB LR RERIRR} o 75 BT PRESH » HH T 7 PRAG AT AY AT A SR RS 1 ] B8 AL,
SRS > WILS TR e bR o R 2 EHE BRI 22~[E] 43 AR -

%14 H



22. Keynote Speech 2-1 23. Keynote Speech 2-2

24. Keynote Speech 2-3 25. Keynote Speech 2-4

26. Keynote Speech 2-5 27. Keynote Speech 2-6

28. Keynote Speech 2-7 29. Keynote Speech 2-8

%15 H



30. Keynote Speech 2-9 31. Keynote Speech 2-10

32. Keynote Speech 2-11 33. Keynote Speech 2-12

34, Keynote Speech 2-13 35. Keynote Speech 2-14

36. Keynote Speech 2-15 37. Keynote Speech 2-16

%16 H



38. Keynote Speech 2-17 39. Keynote Speech 2-18

40. Keynote Speech 2-19 41. Keynote Speech 2-20

42. Keynote Speech 2-21 43, Keynote Speech 2-22

2. Plenary Session

RRAK G =I5 R 2 &3 (Plenary Session) » AR th % E =15 2 B & a5 o S8
gt KR ARG EESEENR 9 H 28 HE L > BEeELEM Sy “Zero Emissions Pressurized Chemical
Looping Combustion for Heavy Oil Extraction” - & &% %& Dennis Lu 2K B I & K #Y
CanmetENERGY - 5% < B Z &R UIE 44~[E 67

H A DS S B 7 =0 B2 A ] R SE A2 5 o 58 11 JBE 7 (Pressurized Chemical Looping
Combustion, PCLC) » 23 Fs¥a NIER ST RESEE I 24 0% - B (EfE i R st DEVERSME T » A
B FE RS0 Y IR EEE = R — &bk - Wt =S bikifiERK RS - Bb S bk
R o R LB ST AR NS R SAERE & PCLC 1Y RIFEER - HER AR IR
SEEUERSN o 5341 > CanmetENERGY &5 88/ PCLC Bl 200kWa HE - DIFEAESER ~ 7%
R PAKRETST -

517 H



SAGD facilities
+ €O, capturs
* Minimize capital cost

44. Plenary Session 1-1 45. Plenary Session 1-2

46. Plenary Session 1-3 47. Plenary Session 1-4

48. Plenary Session 1-5 49. Plenary Session 1-6

+ Objectives

* PCLC Kinetic Study

« Pinch Analysis
« Integrated Process Simulation

« Business Case Development
* Pilot Construction and Demonstration

CanmotENES

50. Plenary Session 1-7 51. Plenary Session 1-8

%18 H
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U saprmerta datn e pict pie 2 ek =ode
+ Pertorrarce. entinins wd econnk

52. Plenary Session 1-9 53. Plenary Session 1-10

54. Plenary Session 1-11 55. Plenary Session 1-12

56. Plenary Session 1-13 57. Plenary Session 1-14

58.  Plenary Session 1-15 59. Plenary Session 1-16

%19 H



BssUMpteas.
« Pump odatat wicency  5.0%

Wl W L N, aUcPOGATS 1 VGBI Dy Natars a0 conkers 1
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mnn.ulunzmumvlerm-m( o s cpming oo 8
GG e by - 61700 o sty

« Ra0uce the st ot gyeed g traapo
lnmrwn-w/m i o

« Curggon camer puga
« Thi Parg Fiohioson Ak pachagh & Ui Fr T AmuMacn

N st
i sage oy 35 . v 8 o )
07900 G o e

60. Plenary Session 1-17

+ Ho g wiys recuired 1 Daricudete ramavel spstem.
« Dase3-PCLC Netd
+ Host 1 rorere o e ook sttt e
- S0 s il O
et ) 1 ke 1 FC gonat tncoety . forpatesate

e saares in sactiaty oyt ConimutENERGY.

62. Plenary Session 1-19 63. Plenary Session 1-20

* 20001 135,000 8PS0
+ Prossuiad unit, incorporating
Gombuszon it rshractory ined
confguratons ars avasatle
Wi e 15 operate charmces koopog
8t dssed higher pressuse
+ For maduar conciruction for §ymges o
Son Yo am OXussiAg &0
kst Configuestons

+ Reaotor buight  dépandart on

Fate of g s rowction
. Basckr g vokids s 1
or

64. Plenary Session 1-21

‘with riser reactor

+ B00KW.

« Natural gas firsd

« Produce CO; or syngas from fusl reactor
+ Oxygen carfief injection

00 emeins v 0 e o e i) s il
donign Py + Grs injoction possible for both oxidation
R g A SR ceatrai and raduction

« Cast por week
+ Gt marfeadsiocks <3k
= Mijorty o cost i e lodcur

e s s

. POLC ars y
foparating condilions. arie deveiopment, gas pOINNG. eiE)

66. Plenary Session 1-23 67. Plenary Session 1-24

%20 H



3. Oral Paper Sessions

ICCL MBHsm S KRR TR ARE T R VU ERFE: - [FIRF &A= (8P T 5 R G S
% BENEREZZPERSHEEES - AEAETSRERENR o Sl o8 TR
A SOREVELRALNIE ~ SERE TS - (LRI - DU S5 EER i
RRK G B SR 94

() AEBAEER ICCL KEhER I RER L

EHSH 016 F 5 VU JE (b 22 0 R B PE BT & & (4th International Conference on
Chemical Looping) @ #5Z=HTFE 5w 2 “Study on Combustion-supporting Behavior of
Imenite in Chemical Looping Combustion Process” > [IHEE=@HS I Z2HE 9 H 26 H H14F
12:10 ~ 12:30 > (HEARZHNEERT— SIS AR LR - BT Dln 33 E e nikH
B RERGHETIFABERIRYZERR KA FEZHRITZH Dr.
Francisco Garcia Labiano « SEFEFN A 2 EEAMT 8RR o

EH 2 EHEA S H R T A Z SO FES A (E 68~E 69) @ [RARZ
PERTERF R 5 vl > NRZ RS SEE (R W i A BRI s > PrlidLstam 1 10 738 -
HE B B PR BB E S E T o ~ 00 S AN AT AT AR AR A A D22 2l P A S8R e M FH AT Ve R Ao YA 52
AR B RS ER -
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} f 2. SEU Test Facility For Scale Up
Cold Model

Y% Scale of Hot Model.
Scaling in Accordance
with Glicksman.
Constructed of Plexiglass
to Observe Behavior,
Used to Validate System
Hydrodynamics.

1. Pilot tests on 50kWt oxy-fuel circulating fluidigg
bed with warm flue gas recycle

e Enough to simulate
scale hydrodynamics.
|

X wall is commercia

rray Includes Bayonet
Tubes, Heat Transfer
Probes, and False Tubes.
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Study on Combustion-supporting Behavior of Ilmenite in Chemical Looping

Combustion Process

Yau-Pin Chyou*, Der-Ming Chang, Ching-Ying Huang, Hsuan-Hua Chang”

[nstitute of Nuclear Energy Research, P.O. Box 3-6, Longtan, Taoyuan City 325, TAIWAN
*Yau-Pin Chyou, ypchyou@iner.gov.tw

Abstract - Chemical looping combustion (CLC) which divides the combustion process into
an air reactor and a fuel reactor has been regarded as an effective method to facilitate carbon
dioxide sequestration. Between the two reactors, specific metal-oxide particles, called
Oxygen Carrier (OC), are used for oxygen transport. Because OC is the main additional cost
of the whole process, it 18 proposed that low-cost minerals such as ilmenite can be a
candidate with great potential to work.

The first part of this study is to characterize the properties of the selected material.
Consecutive reduction-oxidation cycles of 1lmenite were carried out in a thermogravimetric
analyzer (TGA) with the main gases from coal gasification, 1.e., H2, CO, and CHs. The TGA
analysis results show that the 1lmenite have the best oxygen transfer capacity with hydrogen
as fuel gas, followed by simulated syngas (10 vol% H: and 10 vol% CO) and methane. The
oxygen transfer capacities of ilmenite with H» and syngas as fuel gas were close to the
theoretical oxygen transfer capacity (12.67%). When using CH+ as fuel gas, carbon
deposition occurred on the surface of ilmeite and decreased the oxygen transfer capacity.
During the 10 redox cycling tests, the reactivity of ilmenite increased with increasing the
number of redox cycles under the syngas environment.

The IImenite was further examined in a bubbling fluidized-bed column with methane as fuel.
The trend of conversion ratio of fuel shows that a low flow rate of 6 Ipm (liter per minute)
outperforms for most of the time the counterpart of the case with higher flow rate (10 Ipm).
Also, for the low flow rate with preheating to 400°C, the conversion ratio does not rise
significantly, or rather is very close to that for the case of 10 Ipm without preheat process.
Finally, under different concentration, the results show that the reduction of concentration
can 1mprove the conversion ratio of methane.
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Study on Combustion-supporting Behavior
of Ilmenite in chemical looping combustion .
* Introduction
(CLC) process
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Sl E
Ggan Introduction e
» Clean Coal Technologies:
- Gasification
- Post-combustion process
- Pre-combustion process
- Oxy-combustion process
- Chemical Looping combustion
Gl -
Frigan Introduction S Phpen Oxygen Carrier e
» Chemical Iooping combustion (CLC) * In CLC process, choosing an adequate oxygen carrier
— a two-step combustion process is the maior challenge
— combined two interconnected fluidized bed reactor 4l ge-
N2+ 0: €Oz + H:0 + Characteristics of a good oxygen carrier
i \ it — high oxygen transport capacity
MeO, hi .
AR 1 FUEL — high reactivity
REACTOR REACTOR

— high mechanical strength
\’Meq,_., — low production costs
i i} + In this work, ilmenite is used as OC.
AIR FUEL

— highly concentrated stream of CQO, for sequestration

BalinE s Bl
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Oxygen Carrier: Ilmenite

+ anatural iron-containing mineral

cyclic stability during repeated cycles of axidation and reduction
« reactivity increase with the number of cycles

= ilmenite is a good candidate of oxygen carrier in terms of the
economical and environmental issues

B Es T

Material

> Oxygen carrier: ilmenite mineral
+ Apparent density: ~3.9 g/cm?
+ Composition:
— 42 2% Fe,0s - 54 86%TiO; - 2.94% others
* Particle size: 170 pm
* Uge 1.75 cmis @900=C

» Fuel: methane
— 20vol% CH, - 80 vol% N,

Methods
Data Analysis

Air reaction

the oxygen recovered rate on OC
n,

it
n (0.5yc0 + ¥ea, +y02).,m)

Fo, = ymMo, | ¥o,in — i,

where e 7o e re)
s P Fizin Ny MO CO,+H,0
the weight change of OC :
I Air Fuel
Fg,dt Reactor Reactor
AWy ==
Weon + 0 -0
._b 3
Air M fuel

B Es n

Test system

# Fluidized bed reactor:
— 2inches @X 4 feet height

— the flow rates of the feed gases were
controlled by three mass flow meters

> On-line gas analyzer:

— Moleculfar analysis 6000 for CH,, O,,
COzand CO

> TGA system:
— Weight of oxygen carrier~20mg

fessir oreneser
Fig. Fluidized bed reactor

— Reaction temperature:900 "C

Fig. TGA system

Gl -
Methods
. Chamical Looping
uh Data Analysis
Fuel reaction
the oxygen release rate from OC
To, = Mo, (¥eo, + 1.5¥co) N, —>M O CO,+H,;0
the weight change of OC { M
_~lig,adt Air Fuel
AWeo = Weoo Reactor Reactor
the factional conversion of fuel + 0 -0
Tigg + e
Xey, = (—Z)
* PTatal €/ gut :T\r 6__ M fuel
_(_ Yeo+¥co, )
(J‘mﬂ‘mzﬂ‘w, out

Methods
Data Evaluation

» Oxygen ratio (R,):
It describes the maximum oxygen of the oxygen carrier could be
transferred during between t%ﬂgiiwgéhe reducing (fuel)

R (oxygen ratio)= m,,. mass of metal-oxide;
m... mass of reduced metal-

reaction.

Mox

eae

Theoretical oxygen ratio, Ro, for the different pairs of metals/metal oxides

1 e 12
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Results
Fuel Reaction: Influence of flow rate (1)

Results
Fuel Reaction: Influence of flow rate (2)

INER

o
Chemical Looping

10 Ipm case :

the fractional conversion is close to
80% at initial stage

drop dramatically later with gradually
decreasing slope.

6 Ipm case :

the ratio went more smoothly
outperform the 10 Ipm most of the time
Weight change of the OC :

the rate to release the oxygen is higher
in 10 Ipm case, but not in direct
proportion

the final reduction weight of the carrier
for the both casesis closeto 1.6%

GaliEE - BhliE

Test Conditions :

flow rate are set to 6 and 10 Ipm
respectively, at 900°C with 4kg
iimenite

Cone.,vol%

higher flow rate case, the
combustion of methane s less
complete

the time for outlet concentration
of remaining methane to reach
80% of inlet concentration 1s
shorter.

Cong,, vol%

Results
Fuel Reaction: Influence of temperature

Results
Fuel Reaction: Influence of concentration

4* v G
Chemical Looping

INER

B Test Conditions

fuel is preheated to 400°C at a flow
rate of 6 lpm

B TestConditions -
mix the fuel with nitrogen to reduce the
concentration to 1/5 of the original
level (@ 6 lpm. non-preheated)

» Fractional conversion :

= does not rise significantly with the
increasing temperature, but close to
the 10 Ipm case

» Weight change of the OC :

= the higher temperature demonstrates
worse result as the counterpart at
normal temperature

= The reduction of concentration can
improve the fractional conversion.

= The tendency of weight reduction of
the OC is slower.

GalliLEE s BhliEE s

Results
fen Air Reaction (1)

Results
iren Air Reaction (2)

B TestConditions -
flow rates of 6 and 10 Ipm respectively,
at 900°C without preheat process with
4kg ilmenite

= Weight change of the OC :

« the rising slope with 10 Ipm is
steeper than that with 6 lpm

« Forall 6 lpm cases, the weight
change rates are all the same in the

e beginning.

* In casethat the time is sufficient,
oxygen carrier for reduction can be
recovered by oxidation, and usually
take a shorter time.

oxygen will be consumed completely
after initiation

A portion of oxygen is used for the
oxidation of carbon residue.

The low flow rate case required a
longer time to oxidize the used OC with
air.

T T e BhliEE s
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ipan Conclusions a—— L

1. The flow rate, temperature, and concentration are all
important parameters when designing a reactor.

2. Based on the results of temperature and concentration,
it is conjectured that the speed ofthe mass transferis XY
the dominating factor to control the reaction. _TJLHAA, — ;K, “Y_ ~°4LU4

3. The reduction of fractional conversion of methane
occurs when increasing reaction temperature, due to
shorter residence time.

Any question?

4, The oxidation reacticn rate ofilmenite is much faster
than its reduction reaction rate.
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