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Dear(student name)

It is my pleasure to confirm that | will be willing and able to host you in my research program and
department as a PhD student beginning in September 2008 contingent upon your successfully
obtaining a scholarship from the China Scholarship Council (CSC), which will be CAD$14,400 per
year. | also commit to providing you with supplementary allowances to your applying CCNBHRSP
so that you would receive no less than CAD$17,850 per year in total.

You will be working on the project (provide the title) with a purpose of obtaining a PhD degree
from (name of the Canadian University).

This is not an invitation letter to come to Canada and it should be used only with your application to
CSC as one requirement to be eligible to the Program.

Sincerely,
Supervisor’s Name Head of Graduate Program’s Name
Supervisor’s Title Head of Graduate Program’s Title

Contact information of the supervisor at the Canadian University

cc. Canada-China Norman Bethune Health Research Scholarships Program
Research Capacity Development Branch, CIHR
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Wi AR

2. 18 NRC HiFH AR MK (—K—7)
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FHENE. RERIELEFFE.
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N BRE TR
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2008 NRC-MOE Research and Post-doctoral Fellowship Program

Dear (applicants name)

It is my pleasure to confirm that I will be willing and able to host you in my research program and
department as a PhD research student/post-doctoral fellow beginning from (time) to (time) upon

your successfully obtaining a scholarship from the China Scholarship Council (CSC).

You will be working on the project (provide the title) with a purpose of completing your PhD
dissertation back to China/completing your post-doctoral research in (name of the NRC institutes).

This is not an invitation letter to come to Canada and it should be used only with your application to
CSC as one requirement to be eligible to the Program.

Sincerely,
Signature
Printed Supervisor’s/Scientist’s Name

Contact information of host AAFC institutes

cc. International Relations Office, NRC
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g AR
2. AT R FR Y AR A B/ BT IR B A R AR R A B
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7o . FEURE
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. AR R KR B
HRAEFIFFARKBEEFELT M AR LETEL., EFARKEENELRAS o
R #2425 5 R E 3 (Research Participation Agreement) &, 7 7 ki3 ing kK
A ER AT K B IE R EE . AL O F 4L
N BREF X
BEAN: FAF B A B 5. 010-66093968
fEHE: 010-66093945 E-mail: dqguolcsc. edu. cn
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fitr: X ERESHAAK (MEA AN LN ERIT 8L, TEL L TP

(Applicant’s name)

Home Institute Address

Subject :
2008 MOE-AAFC PhD Research Program
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Dear (student name)

It is my pleasure to confirm that I will be pleased to host you in my laboratory assuming that the
China Scholarship Council (CSC) approves your application under the 2008 MOE-AAFC PhD
Research Program and provides you with a scholarship.

You will be working on the project (provide the title).

This is not an invitation letter to come to Canada and it should be use only with your application to

CSC as one requirement to be eligible to the Program.

Signature
Printed Supervisor’s/Scientist’s Name
Contact information of host AAFC institutes

cc. International Scientific Cooperation Bureau (ISCB)
Agriculture and Agri-Food Canada (AAFC)
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RILERE “DARIEF. BUEE. TFIFF. BRKI ko A#Tdk. A
B A AT E W iEE R el b E R AT AR AT W

(=) WiFHEE
2008 45 2 Al 20 H AW, WiEANBEEGMERELF T AFHKEZ, AERERTEXAN
Fil k.

(=) ®igmE kA

HiEAZEEMELEERE, T 200842 F 20 HE 3 20 H BRKEREF ALY
BT B AW L4 £ S apply. csc. edu. on FHATH B4R A FRR HiFM R KR AL . % H 500
TART/AL

(W) HiFZEF K

“985 TAE”. 211 IR M HEABPIEFRZEFE. HUAR HEREF ALY
BHERAZRAXREBRES AL EZENS (UTHARZTENG) ZHEFE., FRATHE

25



WA R T Z B HA%. ZERIFEARIET 2008 45 3 F 25 H w0¥ g AOr R dfhs 5. IF
HHEA-RRXEREFALFHEER 2. BRUFHLEHLR LA HETHEMIATEF. F
REZENAE 2007 F 11 F 12 B @2FMEEH.
(7)) ¥iFME
FIHBEATEGEREF XL R EEE R EMR (ARAEXA) Wit AE& S E
EA R
Ny WH. EKBURE
EXEFELEEENSWAR T Z X IFM R HATIFR, T 2008 5 5 F AA FIE
R.
. XA R RO
(—) B¥ARFEI T 8k RIMESBIL AR Fr e e AR BRI &, F2HE
BBk A A SR M A
(=) BFARERYA, FEEREFELEHLRA L E (R BEEFHIEY
FBENE. RERIEELFFE.
(Z) B¥ARFIZLEIRNF @I AE B EIRE . LREHIRE S, §F78H
B 2 BUH .
N BREF R
KAEAAN: HAH Bt Z B 3E: 010-66093968
fEHE: 010-66093945 E-mail: dqguolcsc. edu. cn
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KERRAER L LT

University

Areas within Science and Technology and Social Science attracting the top 5* rating

University of Birmingham

Clinical Laboratory Sciences, Anatomy, Psychology, Chemical Engineering, Metallurgy and Materials

University of Bristol

Clinical Dentistry, Anatomy, Community-based Clinical Subjects, Psychology, Biochemistry, Earth Sciences, Chemistry, Applied
Mathematics, Statistics and Operational Research, Civil Engineering, Geography, Social Work , Education

University of Cambridge

Clinical Laboratory Sciences, Community and Hospital based Clinical Subjects, Psychology, Biochemistry, Chemistry, Zoology, Law,
Physics, Earth Sciences, Pure Mathematics, Applied Mathematics, Statistics and Operational Research, Computer Science, General
Engineering, Metallurgy and Materials

Imperial College of Science, Technology
and Medicine

Clinical Laboratory Sciences, Hospital-based Clinical Subjects, Biological Sciences, Chemistry, Physics, Pure and Applied Maths,
Computer Science, Engineering (General, Chemical, Civil, Electrical, Electronic, Mechanical, Aeronautical, Manufacturing,
Mineral, Mining).

King’s College London

Psychiatry, Clinical Dentistry, Anatomy, Philosophy, History

University of Leeds

Food Science and Technology, Electrical and Electronic Engineering, Mechanical, Aeronautical and Manufacturing Engineering, Town
and Country Planning

University of Liverpool

Physiology, Mechanical, Aeronautical and Manufacturing Engineering

London School of Economics and Political

England Science Anthropology, Law, Economics and Econometrics, Social Policy and Administration, Accounting and Finance, Philosophy
University of Manchester Pre-Clinical Studies, Pharmacy, Biological Sciences, Computer Science, Metallurgy and Materials, Sociology, Accounting and Finance
University of Newcastle Clinical Laboratory Sciences, Psychology, Biological Sciences
University of Nottingham Theology, Divinity and Religious Studies, Languages, Music
Community and Hospital based Clinical Subjects, Pathology, Pharmacology, Psychology, Chemistry, Physics, Earth Sciences, Pure
University of Oxford Mathematics, Statistics and Operational Research, General Engineering, Metallurgy and Metals, Law, Politics and International
Studies, Archaeology, Philosophy
Pre-Clinical Studies, Animal and Plant Sciences Molecular and Cellular Biology, Automatic Control and Systems Engineering,
University of Sheffield Electronic and Electrical Engineering, Metallurgy and Materials, Politics and International Studies, Library and Information
Management
University of Southampton Physics, F:omputer Science, Civil Engineering, Electrical and Electronic Engineering, Mechanical, Aeronautical and Manufacturing
Engineering, Law
University College London Child Health, Neurology, Ophthalmology, Pharmacology, Psychology, Chemistry, Chemical Engineering, Geography, Anthropology,
Economics and Econometrics, Linguistics
University of Warwick Applied Mathematics, Statistics and Operational Research, Economics and Econometrics, Business and Management Studies
scotland University of Edinburgh Hospital-based Clinical Subjects, Pure Mathematics, Computer Science, Electrical and Electronic Engineering, Geography, Philosophy
University of Glasgow Psychology, European Studies, Sports-related Subjects
Wales Cardiff University Medicine, Psychology, Civil Engineering, Town and Country Planning, Education

42




KEXTEXFH L ETH

BE A

REEREFEEHER A H5REZ T ®KA¥ (University of BEdinburgh) £
W, WAHEARLTEXEFELETHER 25 ZTEARFKEX ¥4 (China
Scholarship Council/University of Edinburgh Joint Scholarships).

=, HIRHR

(—) @KL L

R XFFRIRE. PR, R, R, #liE. EREXRBUAK LW, FH. BF. A
K. FARFRBIRMA XK FAALHF (FLEXEFH_EXEFES R
TR BWGURT). BRER. A LR T B RFIF RN LR N A,

(=) SR FE A K E FHR

WMERA: EEHMR—MN 36 MA

(=) #KAE: 2% 20A

= RBAR

MTRBEEFEN, BFETERFRIARZL 204 FANATEH. EXEFEL
KRR F S E N —RERRZFRIE. B FFF A% E BT R ¥ e e A&
ER (BENRR).

U

(—) BIFANAFEEFEFEET 8 E T F A 73k 4 F A2 09 g &4,

(=) HAh &4

BAEZTERF BAMZOEE LA TG, B, WAL LRETERF
T LR AR R F A A B ACT 7 W W — R KA

. HiESE

(—) #EAiE

RIFEHRER “DMAHFE. BfEF. EFIFHE. BHRFR HHK T A #THRE.
AR E WiF RO+ EA RS TIEAENTEFHITHIE.

(=) HigE&

2007 45 10 Al —2008 £- 2 F 20 H, WiF AMIZTE E R /MK FR, 328 # i AR I B
BT EARBE M., BRER, BFARILLEHUETERFANEEE AL, ¥iF
ZT#HMUA: www. ed. ac. uk/studying/postgraduate/applications/forms. html, W&
AEHRFEARTRNEAFFEXREFELEHENCEE T EAFHKEL ¥4 (China
Scholarship Council/University of Edinburgh Joint Scholarships).

(=) "t le oy &

._P‘:,

43



HiF AGTER(LHEEEE, LT 200842 2083 A 20 HBEFERXEFAS
THZE N 2W LA R G apply. csc. edu. on #ATH EIRA H R AT FIEM KR4 IFH 5
500 TART/A. WERAH, #F (BREFEACHLE R HEFFEFEE)Y “iHL
H¥HRR” 2HREFTEAYEE 2 (University of Edinburgh) ™ 4% 1B K
FEAFRE LA EFHRET “FRMR” £,

(M) ¥iFZEH R

“985 TAE”. “211 IA2” MR M EFRXEWE. HARHERE¥HXLEHRE
SEFAREREF AL T IFZENS (U THRZENL) ZEFIF. FRKZIEN
RFEZEE . TiE. ZERIEARIT 2008 4 3 F 25 B ¥ HIEA R ARG . T
HHRARXEREFRALEELZR BN Z BN, BEXEFALERERLAEE
ZHANANEE, 985 T, “211 THE” KA 2007 4 11 F 12 HRFHR- KW, &ZHE
B 2008 41 F 5 B REHRESA.

(F) ¥iFMF

LiFHBXTEEEREF RN HEEFHEME AR EXA) WA EES
T AR

2. ZETBEARFEAZREREZNHE (—X—17);

3. METERFERALTMAFEMRNENE (—X—0);

DLEATRE IR B O B T (AR TR AR R ),

. OWE. RKBURE

EREFEACHEE R AW HE L T3 FA AT IS 57 2 KL 2.

. XA R RO

KBAEEATMKRANFHREFEFET., HRBARIKEEE—&ALFE I Au)E,
FLAR B[] DAAR 7 S BUAE Jn Oy

N BRE TR

BXA A ML BfZWiE: 010-66093977

f£HE: 010-66093972 E-mail:hgsuilcsc. edu. cn

Whb: ETFEAEAL O A 13 B (W %: 100044)

. HERKRERF

2 xm

44



F5 | B y B | EKRAE % i
2007 4 11 i W3 AL A% T B B SR AT AN R
1 F-2008 4 ik %, AW FEM BRI
20208 By IE 5 S A3
HiFAZHERMEFLERE |(DEFHERREZ T EAF
N R BB ERIAR | EA RIS
2 3 F 20 B W 4 THRAFZERMPIEFR | QBRI T ENAYEEFF
REMZTENHERFFER | MBI ERREXEEELE
X 4R R AR B4,
ExXEFAeERE R4
3 4 A G P& F 3 EAA R HATITF .
KA E
ERXEFALERLR LN
. 5 A | EREFHEAEEERLK | ZWBERREFEFFANE
R IE A KB f FRHZE AL, Fhiis
KHEA.
NI PR -
s BEHACH E B F AR H )
5 6-8 F I Ik B o
W4
AR T AL B B AT
6 9 A Hl i KEHIR L #, EFRER

B B BUH.

45




RERBAFEEI¥REIRRRFLE L ATE

—. FHEMEAN

WRIEE FFIWHE 242 (The KC Wong Bducation Foundation) H xipil, E XK ¥
HEeEHER2BEFHRRARARAFEERHAAFEEFKR (King’s College London)
WAL+ A

=, HIRHR

(—) #kZ W

WHRAFEEFRAIM T LA m AT E #IFAF K. HEIFERE. TR HHE. K
. HliE EREXEARL A B EE JOK. SR R A A TR A
HafE (FLEREFF “EXEFEeh BT FH. TVFR"), FiFAFHLE
BHEARAFE LT FREM T AT v IfEI, AT & ak 2% 4= (A8 B 1Y
Ll H. FiEMAE: http: //www. kcl. ac. uk/prospective/pg/.

(=) HIKRER K E FHIR

WEHRT L EFIRA 48 NA

(=) HRMME: 5 A
=. REAA

BFARM 36 MNAFIHENFHREERRFAFTESLRE, £EF o —RKEERE
FiRFHEREFEeRE. EFARFEIFFES. £ENLIEH AR,

. owIEAE

(—) HiFANFEERXEFELTHEEE ¥ A KA ENC N IF LM,

(=) HAph At

AEARHKRFETFRAAIOLE AN FBREAE. FHik, ¥iFALAALIMK
K E T F I AR AR A A0 FAE AT 77 1l o — AR A K Am o

. HIFESE

(—) &k

RITERE “DARIEF. BAEEF. TFIPH. BRHFKIC Q@EH7 RATHRIK. B
HFAARTE W IF Ry E A R T E R 7 #HAT HIF .

(=) HifEE

2007 4410 A —2008 45 2 A 20 B, WiF AR IZTE FZR 4N R, R FFEM I
BT OERFRGE . AARER, B B U EKRFEEFRAANE RN E.
Hx{z BiE W: www. kel.ac. uk/international, EAE FiFHTHHEIFEREFHELEHE
FoebEIXTRRAETHLAL LA L 4 X ¥4 (China Scholarship Council/KC Wong
Education Foundation Joint PhD Scholarships).

(=) ¥iFHE & R

T

46



HiF AGTER(LHEEEE, LT 200842 2083 A 20 HBEFERXEFAS
THZE N 2W LA R G apply. csc. edu. on #ATH EIRA H R AT FIEM KR4 IFH 5
500 TART/A. WERAH, #F (BREFEACHLE R HEFFEFEE)Y “iHL
¥R 2rEASHFIAFEEFREXE 72 (King’s College London) F /™ #44%
AT ERKEE L B FHWET “FH | £,

(M) ¥iFZEH R

“985 TAE”. “211 IA2” MR M EFRXEWE. HARHERE¥HXLEHRE
RAZRARAEREFELEEZTENS (UTERZTENY) ZHEEE. FREZEN
METEZEE. T ZERIFMART 2008 4 3 F 25 H APl WiE AR K IR A F . IR
HHRARXEREFRALEELZR BN Z BN, BEXEFALERERLAEE
ZHANANEE, 985 T, “211 THE” KA 2007 4 11 F 12 HRFHR- KW, &ZHE
B 2008 41 F 5 B REHRESA.

(F) ¥iFMF

LiFHBXTEEEREF RN HEEFHEME AR EXA) WA EES
T AR

2. RBAFEEFREAFZBRAMEZGHE (—X—4);

3. MWHAFEEFHREZWATEFHEWEGYE (—KX—0);

DLEATRE IR B O B T (AR TR AR R ),

. OWE. RKBURE

EREFEACHEE R AW HE L T3 FA AT IS 57 2 KL 2.

. XA R RO

KBAEEATMKRANFHREFEFET., HRBARIKEEE—&ALFE I Au)E,
FLAR B[] DAAR 7 S BUAE Jn Oy

N BRE TR

BXA A ML BfZWiE: 010-66093977

f£HE: 010-66093972 E-mail:hgsuilcsc. edu. cn

Whb: ETFEAEAL O A 13 B (W %: 100044)

. HERKRERF

47



Fg | B R O BAAKAE % 7
2007 4 11 sk W E AR A% T B B kot M B
1 F 2008 4 ol %, AW FEM BRI
2208 iy IE 5, e B3 4
HiEAZREEMELER | (O FHNERBRAEE
2 H 208 - o, BB KEEERHATN | T¥FHREAFRAL.
2 3 H 20 8 ki WA BERMFEFR | QBB T EN A EHE & iF
REMZTENHERFFER | MBI ERREXEEELE
X O & AR B 4,
EREFALEHRER 24U
3 4 A G L E F A HIF MR HATIFH
B KA B
ERXEFALERLR LN
. A M | EREFELTEERLK | ZRARKFERFANE
W 4 IR KEE R, FREZE AL, FhLi
& iE AL
NI S =t
s BHHEACEE B F AR AR
5 6-8 F I Ik o s
BFE
AR J7 A H B LR
6 9 ARl i KGR #, EFRAKE

B B BUH.

48




KERHAFFRATAETE

—. FHEMEAN

RFEEXEFEeEHE R 25 XEMRIAF ¥ (University College London) &%
M, XA ERRLTEREFEGEHEE R 25 RERAKXFFHRIKEXF4 (China
Scholarship Council/ University College London Joint Scholarships). iZ 31 H &4
Y5 B A A6 A B AE K F F IR BUEHF R & 1L

=, BRI

(—) #kZ

RAEXFFRIE. FE. F. Rk, #liE. EESFXBNR LS. ZH. BF. B
Ko AR EREG ALK AT (FLEREFW_“EXE ¥ A4 % KB
FH. BVAGR”). BERAFFR. Tl m AR AR F R LR IRE N E,

(=) JIKREA K E FHIR

WEHRT L EFMRA 36 N

(=) HIRAE

WEHEE: EF 20 A

=. REAR

WHAFFRAELATF . BEXEFELAE - RAMERE KT AREFEEF
RFpiEH e ETES (LEEINFEFERR). SIEHIFR.

. owIEAE

(—) WiFANFEERXEFELTHEEE ¥ AT KA ENC N IFLME.

(=) HAph At

BAMZKRFF IR LA IRA G+ FALR A L FAL TR, B, #iEA
o6 A3k B FH K S AR kB L IRARFE S AR A0 B ACT 7 Y — R AR (B A R
A <1z B W.: www. ucl. ac. uk/prospective-students/graduate-study ).

. HIFESE

(—) #HKAH*

RITE KB “DARIEF. BAEEF. TFIPH. BRKIC H@EH7 KIATHRIK. B
ARFA AT E WiF R 6 & E A R TR #HAT R E.

(=) HigkES

2007 4 10 —2008 % 2 F1 20 B, 3 AR H B R AIE R, $3 3k bHR R
FOHNERFRGE S, BRER, B st B URBAAFFRAGHNELNE. A
F% A4z B W: www. ucl. ac.uk/scholarships. FEHIFHTHHIEFEREFHLECHER
S5 K FEREKS ¥ ¥4 (China Scholarship Council/ University College London
Joint Scholarships).

49



(=) ¥iFHE &7 R

HiF AR ERLHEEZEEE, MT 2008442 H20HF 3 A 20 HEFRERE¥H4
THE R 2W LA R G apply. csc. edu. on #ATHW EIRA H R AT FIEM B KA IFH
500 TART/A. WERAE, FE (KERXREFELEHELZRSHETFZWIEERY L
B2 ERESRBRAFFREXE 2 (University College London) I ™ #44%
AR ERKEE LR IREST TR £,

(M) ¥iFZEH R

“985 TAZ”. “211 TH#2” R M EFRZERE. A AR HEREFALEHE
SEFAKREREF AL FIFZENS (U THRZENL) ZEFIF. FRKZIEN
RFEZEE . TE. IR EARIT 2008 45 3 F 25 B ¥ HIEA R R ARG . T
FR—RRERBFELEHEE R BN ZENY, BREFELEHELER LT EE
ZHANANEE, 985 T, “211 THE” KA 2007 4 11 F 12 HRFHR- KW, &ZHE
HE 2008 41 F 5 HRE/EFA.

(7)) WiEMH

LiFHBXTEEEREF RN HEEFHEME AR EXH) WA EES
WA A

2. BBMAFFHREAFRA /B FEENME (—X—7);

3. MMFAFFREXG2MEFHHHENE (—X—0);

DL_E AT B E I B O S T (AR TR AR E ),

N V. KEURE

EXREFEACHER AW AR LR HIFMRHATITF G T L .

. XM ER KR B

KBAFEATANMRRZANFREFET. HRBAIRE B A —&ALE 9 AR)E,
FLAR B[] DAAR 7 S BUAE Jn Oy

N BRE TR

AN H21H BfZ HAE: 010-66093977

f£HE: 010-66093972 E-mail:hgsuilcsc. edu. cn

Wihb: R TEAEKL 9S ASK 13 B (Hi4: 100044)

. WERKREF

# ¥ an

50



Fg | B R O BAAKAE % 7
2007 4 11 sk W E AR A% T B B kot M B
1 F 2008 4 ol %, AW FEM BRI
2208 iy IE 5, e B3 4
HiE AL EEMERERE | (D FREEIRAKRFEF
2 H 208 - o, HBAKEMEERHATN | REXFRAm/HEFE.
2 3 H 20 8 ki WA BERMFEFR | QBB T EN A EHE & iF
REMZTENHERFFER | MBI ERREXEEELE
X O & AR B 4,
EREFALEHRER 24U
3 4 A G L E F A HIF MR HATIFH
B KA B
ERXEFALERLR LN
. A M | EREFELTEERLK | ZRARKFERFANE
W 4 IR KEE R, FREZE AL, FhLi
& iE AL
NI S =t
s BHHEACEE B F AR AR
5 6-8 F I Ik o s
BFE
AR J7 A H B LR
6 9 ARl i KGR #, EFRAKE

B B BUH.

51




RE R AFR L AETH

—. JE &

REEXE FHLEHE R &5 KE 2 M K¥ (The University of Manchester)
EATHM, WA XFRLTEXREFELEEER &5 N A FKEX ¥4 (China
Scholarship Council/The University of Manchester Joint Scholarships). 1Z 31 B ¥
KA R A B AL B A A K BUE A

=, HIRIR

(—) &#IKRE

fhE FFRLIR. FIRE. 5. R, #liE. EEFXRIABK A, BH. BF. A
K AR FREEGR A XK A AHF (FLEREEN_“EXE 73410 5%
TR BNGIRT ). HIHAE OB R M TR KT P sk A Ak E A R L, DA
Bom ARy E & & % % 8NN E LR F. FHEH W H:
http: //www. manchester. ac. uk/research/areas/subareas/.

(=) SIRKA K E FHR

WEHRT L EFIRA 36 MNA

(Z) HRAE: £Z 10 A

= RBAR

F MR R FR AR L R L FA R EANY 3 ST S, BERES.
EXEFRESENEL R FEARERETEBRNRF2MEREHEERE, G1FHES
FAMEERR. SIEFIE SRR RZFTRERIE, ZNEN—A—TE—XK, H
R R T ST 48 Fu 5 R et A

. WIERE

(—) HWIFARNFEEXEFRE LTI EE % AR BKEEN N ELE.

(=) Hfb&th:

A TR R F A BOR T £ KBRS, BN R R F U REAES
A f R B K CE O OE K — & % Kk EF LW E B
http: //www. manchester. ac. uk/postgraduate/howtoapply/international/,

. FiESE

(—) Ik Ak

RIHRI “MAHFE. BLEE. TFZIFH. BRI KT A #THK.
AR E WiFER O+ EA RS TIEAENEFHITHIE.

(=) HigE&

2007 4 10 H—2008 4 2 20 B, #i% AR5 B B AHHBER, 2w AR IR

52



RO AT BGR A . A XATE, BUHBAFAELM ETHE. HHFARZRE
A W AR A Ao T

International Relations

Division of International Development

John Owens Building

The University of Manchester

Oxford Road

Manchester M13 9PL, the UK
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Ir. Cees Timmers

Project Manager
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PO Box 5035
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pplicants are required to submit:

1) Full CV including elaborate description of research experience; details (title,
date, co-authors) of (inter)national publications

2) Abstracts of publications

3) Essay (max 2 pages) on the research topic reflecting the candidate's ideas and
perception of the concerned topic

4) Proof of English Language Proficiency (e.g. TOEFL or IELTYS)

All above documents must be submitted n the English language, making explicit
reference to the topic and DUT supervisor as advertised.

Candidates are kindly requested to direct all correspondence solely to Mr. Cees
Timmers, CICAT TU Delft, and not to individual faculty staff so as to avoid any
miscommunication or misunderstanding with regard to their application.

Those candidates that wish to pursue a PhD study in topics other than those
listed, are invited to express their interest to TU Delft as per above instructions.

Short-listed candidates may be asked for additional information and will be

interviewed in China at a place and date to be determined later. Due fo the expected
large number of applications only shortlisted candidates will be contacted.
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POWER CONVERSION

Electric Power Processing (EWI1); prof. Ferreira

Title

EMC in power electronic converters

Researcher

Supervision in
China

Supervision in The
Netherlands

Prof.dr. J.A. Ferreira

Short description

China does most of the power electronics production in the world. A
difficult problem in the design of power electronic converters is
electromagnetic compatibility (EMC). The switch mode operation of
power transistors is known to be a major source electromagnetic
interference. The requirements of electromagnetic compatibility (EMC) in,
for example the automotive industry, is becoming more and more
stringent, to avoid interference with sensitive electronic devices.

Traditional EMC remedies using heavy passive components or shielding
add to the cost and is counterproductive to the miniaturization of power
supplies. The project is about finding better solutions and design methods
to reduce EMI and to develop based on the expertise and knowledge of the
TUDelft on the application of new technologies and system integration.

Title New Generation Wind Turbine Generators
Researcher

Supervision in|?

China

Supervision in The
Netherlands

Prof.dr. J.A. Ferreira

Short description

Accompanied with the fast economic growth, China faces continuous
growth of electric power demand. It is estimated that the electric power
demand of China will increase about 260% from 2000 to 2030. Renewable
energy source can help to avoid future energy crisis, limit pollution and
protect the environment. The continuous economic growth of China
depends on the utilization of sustainable energy source. Among all the
sustainable energy sources, wind power is the most mature and economic
efficient technology. China has large amount of wind power potential,
which is estimated between 160GW and 250GW. According to the
"Eleventh-five" national development plan made by China government,
the wind energy installation capacity in China is should grow to be 5000
MW until 2010 year.

TUDelft covers the full research fields of wind energy, from blade design
to wind power integration. The Chinese company Goldwind has
approached the TUDelft to collaborate in wind energy.

This project is about the power electronic converter and electromechanical
generator design of the next generation of wind turbines. The Electrical
Power Processing group of TUDelft is doing research on a 10MW directly
driven wind turbine, and the research project of the PhD will be part of this
activity.
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WIND ENERGY / ELECTRICITY DISTRIBUTION

Title

Integration of large scale wind farms in the grid

Researcher

Supervision in
China

Supervision in The
Netherlands

Prof.ir. W. Kling

Short description

Accompanied with the fast economic growth, China faces continuous
growth of electric power demand. It is estimated that the electric power
demand of China will increase about 260% from 2000 to 2030. Renewable
energy source can help to avoid future energy crisis, limit pollution and
protect the environment. The continuous economic growth of China
depends on the utilization of sustainable energy source. Among all the
sustainable energy sources, wind power is the most mature and economic
efficient technology. China has large amount of wind power potential,
which is estimated between 160GW and 250GW. According to the
"Eleventh-five" national development plan made by China government,
the wind energy installation capacity in China is should grow to be 5000
MW until 2010 year.

TUDelft covers the full research fields of wind energy, from blade design
to wind power integration. The Chinese company Goldwind has
approached the TUDelft to collaborate in wind energy.

The High Voltage Components and Power Systems group of TUDelft has a
research program on the integration of wind farms in the electrical grid.
This project will focus on small signal stability en problems related to
reduced damping in the grid when wind energy is integrated on a large
scale.
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Five PhD proposals in Wind Energy topics

1. System Identification (1 PhD)

The current trend in the wind energy is to speed up the development and installation time of wind turbines.
Every wind turbine and the conditions that they are facing are different and even changing with time.
Nowadays, controllers are designed and tuned using aeroelastic simulations, and subsequently fine tuned
during the prototype and O-series phase. The fine tuning on-site is necessary due to differences between models
and reality, and in some cases due to site-specific problems that may arise.

In order to automate the time-consuming tuning process closed loop system identification can be applied. Such
techniques can yield accurate linear and/ non-linear models based on experiments performed on a real wind
turbine. Such experiments may account for site-specific effects and even degradation effects of the wind
turbine when they are repeated over time. With the information obtained from the system identification step the
existing controllers can be updated in an automated procedure and we circumvent the time-consuming tuning
of the feedback controllers.

The project objectives can be realized when suitable tools for experimental derivation of accurate models
(system identification) have become available. In four tasks, the underlying methods are developed and
implemented in preliminary tool form. Task 1 provides the data from which the system identification needs can
be derived (benchmark). This concerns the turbine properties, control functionality and equipment, and specific
behavioral aspects. Task 2 focuses on the actual development of the system identification methods from the
needs that will be derived from the benchmark data. It is foreseen that different classes of methods will apply,
depending on the related identification goal, which may concern structural dynamics, sensoring and actuation,
wake-blade interaction or (unsteady) aero- or hydrodynamics. In Task 3, the controller parameterization will be
coupled to system identification. Three types of identification based control will be addressed, viz. (i) use of
offline (in-advance) identified model properties during control design, (ii); on-line matching the control
parameters to slow varying turbine behavior (adaptive), and (iii) on-line fast tracking of control parameters to
highly non-linear behavior (LPV). The developments in Tasks 2 and 3 will be (mainly) based upon simulation
results from the benchmark data of Task 1. The developed methods will be verified and finalized in Task 4,
based on true experimental data. In addition, the gained knowledge will be fed back to (guidelines for) analytic
model improvement.

2. Rotor aerodynamics (2 PhD’s)

Wind Turbine Wakes

Because of the increasing size of wind farms, wake losses have and will become more important over the years.
But to date wind farm design and wake control, aimed at minimising wake effects, are hampered by poor
state-of-the-art knowledge: due to the complexity of the flow/structure interactions it is hard to develop
analytical or numerical models. Full-scale experiments in the first generation of large wind farms have limited
value because of poor meteorological measurements and uncertainties due to the stochastic nature of wind. In
addition there are (legal) risks associated with control adaptations in real wind turbines. Wind tunnel
experiments with model wind farms, on the other hand, do not have these drawbacks but have a poor
representation of the wakes. As to experiments, and that is what is proposed here, the best of both worlds is to
perform experiments in a small-scale wind farm. In parallel wind farm design and wake control modelling will
be improved upon. This small scale wind farm is operated by ECN, the Dutch Energy Research Foundation.
The proposed project is in close cooperation with ECN. ECN will be responsible for the measurements, and for
analyzing and modelling of the far field of the wake. Within Duwind many experiments in wind tunnels on the
near wake properties have been done. This expertise will be used to develop a model for the intermediate wake,
which links the near- and far wake aerodynamic models.

The near wake models comprise a detailed description over a distance of typically half the diameter in the
wake. Using a vortex restructuring algorithm together with a vortex decay model, both validated and verified
with earlier wind tunnel experiments in uniform and yawed flow. This wake model will be extended to
distances of typically 2 to 4 diameters behind the rotor, resulting in a detailed flow structure description that
can de taken as input for Ainsly and ECN type far wake models.
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Rotor Aerodynamics:

The availability of high quality measurements is considered to be the most important pre-requisite to overcome
the uncertainties in wind turbine aerodynamics. Such measurements have recently become available within the
EU project Mexico. In this project a large database has been created of detailed aerodynamic measurements on
a representative wind turbine model, which was placed in the large DNW wind tunnel. This includes the
measurement of pressure distributions around the blade and the measurement of the flow field around the rotor
using PIV (Particle Image Velocimetry). The database is still in a rather rudimentary form and only limited
analyses have been carried out. It is foreseen that the data will serve as a benchmark for aerodynamic analysis
for the years to come. Most wind energy research institutions prepare an analysis programme to the analyze the
data, and to validate the aerodynamic codes developed at the respective institutes. In this proposed project,
Duwind will contribute to this (international) programme, focusing on the vortical structure of the rotor (bound
vorticity) and near wake (free vorticity). The tools for analyzing this range from blade-element momentum
methods, vortex lattice methods to CFD methods. It is expected that the project will deepen the knowledge of
the unsteady aspects of aerofoil- and wake aerodynamics, and will result in improvements in design codes used
by industry.

3. Design, build and test of a ‘smart structure’ rotor (2 PhD’s)

The loads and dynamic behaviour of modern wind turbine blades are controllable only by changing the pitch
angle of the blade, collectively (all 3 blades simultaneously) or individual. With the increasing size of the
turbines, the need for a more detailed control becomes apparent. The ongoing research programme for the next
generation of blades aims to develop blades with embedded, spanwise-distributed aerodynamic control devices
like trailing edge flaps. Using these devices, the loads should become controllable at any azimuthal position
and at several spanwise positions, leading to a significant reduction of the blade load fatigue damage. This
research requires an intensive cooperation between aerodynamicists, control experts, material and construction
experts, and sensor/actuator experts. The embedding of the aerodynamic devices in the blade structure asks for
a change in blade material and blade construction. This is greatly facilitated by using thermoplastic composite
material instead of the current thermoset material, since this makes efficient use of spars and ribs possible. The
research so far has concentrated on the analysis and design, supported by wind tunnel experiments. The next
step is to design, build and test a ‘smart structure’ rotor in real atmospheric conditions.

Since Duwind has a close cooperation with ECN, the Dutch Energy Research Foundation, one of the wind
turbines in the *scaled wind farm’ of ECN will be made available for this. This small wind farm consists of
several wind turbines of 7 m diameter, having variable speed operation and full span pitch control. The rotor to
be designed, built and tested will be mounted at one of these turbines. The measurements will be performed by
experts from ECN, in close cooperation with Duwind.

The objective of the two proposed PhD projects is to take the research from the previous phase, wind tunnel
tested feasibility of the concept, to the proof of concept by a test in real atmospheric conditions, including the
design of the rotor, assistance in manufacturing it at the Aerospace Faculty, preparation and analysis of the
experiment, and analysis of the possibilities for further upscaling. One PhD researcher will focus on the
performance part of the problem, the second one on the thermoplastic material and construction part.
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SOLAR CELLS

Dimes (EWI); Dr. Miro Zeman
TUD PhD research projects in China 2007

Author and contact person: Dr. Miro Zeman

Delft University of Technology-Dimes

Laboratory of Electronic Components, Technology and Materials
Research area: Solar cells

Research project 1:

2-D modelling of thin-film solar cells

Introduction: The Solar Cells group at Delft University of Technology has developed a 1-dimensional (1-D)
device simulator ASA (Advanced Semiconductor Analysis). This simulation program is pre-eminently suitable
for studying thin-film solar cells. The ASA program integrates both optical and electrical modelling and
includes most advanced physical and material models for both crystalline and amorphous semiconductors. The
program is used all over the world by the leading research groups in the field of thin-film solar cells. The ASA
program can successfully carry out the analysis and predict the performance limits of current thin-film silicon
solar cells. However, to push the efficiency of thin-film solar cells towards 20% it is required to investigate 2-D
effects of light propagation and spatial variation of electric transport. The 2-D simulations can result in
breakthroughs that will point out the way for experimental work to develop 2-D or 3-D structures in order to
deliberately improve the light management in the solar cells and improve collection of photo-generated charge
carriers.

Description: The ASA program will be extended into 2-D device simulator. Device geometrical description
and extension of the solution of a set of semiconductor equations into 2-D will be executed. Simulations of the
effect of 2-D structures, such as 2-D photonic crystals, on the performance of solar cells will be carried out.

Challenges: A model for light propagation from 2-D geometrical structures has to be developed and
implemented into the program. The developed program modules have to be step by step tested and calibrated
using 2-d experimental structures.

Requirements: A student should have a good background in semiconductor device physics and modelling
skills.
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Research project 2:
Development of thin-film nano-crystalline silicon solar cells

Introduction: Hydrogenated microcrystalline silicon (uc-Si:H) deposited by low-temperature PECVD
technique is a promising candidate for the low band-gap material in multi-junction a-Si:H based solar cells.
The University of Neuchatel introduced a micromorph tandem solar cell in 1994, which comprised an
amorphous silicon top cell and a c-Si:H bottom cell*. The promising potential of the micromorph cell concept
was soon demonstrated by the fabrication of micromorph tandem and triple solar cells with stabilized
efficiencies in the range of 11 to 12%%° and Kaneka Corporation started the development of micromorph
module production technology.

The microcrystalline silicon films are a mixture of crystalline and amorphous silicon phase that varies as a
function of thickness of the film. The size of crystallites is in the range of nanometers and therefore this
material has been recently referred to as nano-crystalline silicon (nc-Si:H). These films are deposited from
mixtures of silane and hydrogen using plasma-enhanced chemical vapor deposition (PECVD) techniques. A
general feature using these deposition conditions is an inhomogeneous growth in which the fraction of
amorphous and crystalline phase changes. There is a general consensus that the best nc-Si:H material for use in
solar cells is at the transition from a mixed amorphous and crystalline phase to fully crystalline phase. However,
the optimal nc-Si:H material regarding the fraction of crystalline part in the films has still to be identified. At
the same time, the deposition conditions for a homogeneous growth of nc-Si:H films with a particular
crystalline fraction have to be determined.

Description: Deposition conditions of nc-Si:H films will varied and the structural and opto-electronic
properties of resulting films will be characterized. Also the deposition conditions for ultra-thin doped nc-Si:H
layers (20 to 30 nm thick) will be optimized. Solar cells with nc-Si:H absorber layers will be fabricated and
characterized.

Challenges: Determine deposition conditions for growth of uniform films regarding the crystalline fraction in
the nc-Si:H films. Determine the optimal crystalline fraction in the nc-Si:H films for obtaining the highest
performance of solar cells with the nc-Si:H absorber layer. Optimize the doped and buffer layers for maximal
solar cell performance.

Requirements: A student should have a good background in semiconductor device physics and some
experience with deposition and characterization of thin semiconductor films.

1 J. Meier, S. Dubail, R. Fluckiger, D. Fischer, H. Keppner, A. Shah, in Proceedings of the I World Conference on
Photovoltaic Energy Conversion, Hawai (1994), p. 409-412.

2 J. Meier, S. Dubail, J. Cuperus, U. Kroll, R. Platz, P. Torres, J.A. Anna Selvan, P. Pernet, N. Beck, N. Pellaton
Vaucher, Ch. Hof, D. Fischer, H. Keppner, A. Shah, Recent progress in micromorph solar cells, J. Non-Cryst. Solids
227-230 1250-1256 (1998).

® K. Yamamoto, M. Yoshimi, Y. Tawada, Y. Okamoto, A. Nakajima, Thin film Si solar cell fabricated at low
temperature, J. Non-Cryst. Solids 266-269 1082-1087 (2000).
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Research project 3:

2-D photonic crystals for efficient light management in thin-film silicon solar
cells

Introduction: For obtaining high conversion efficiency of thin-film silicon solar cells the proper light
management inside the solar cell structures is of great importance. At present the light management is
accomplished by light-trapping techniques that are based on the introduction of surface-textured substrates and
the use of special layers called back reflectors. These light trapping techniques have been first introduced in
thin-film amorphous silicon (a-Si:H) solar cells in the 1980s and resulted in an increase of short-circuit current
density of 3 to 5 mA/cm? in comparison to solar cells deposited on flat substrates and without the back reflector.
The surface texture of both front glass/TCO (transparent conductive oxide) superstrates and back
metal-reflector substrates has been optimized by several groups, among others the Asahi Corp. in Japan,
Research Center Julich in Germany, University of Neuchatel in Switzerland, United Solar company in USA.
The aim of this research project is to investigate the effect of 2-D photonic crystals fabricated in thin silicon
layers on light propagation inside TF Si solar cells.

Description: 2-D periodic structures can wavelength-selectively scatter and manipulate the propagation of
light. A better understanding of the effects of light scattering and propagation using the 2-D photonic crystals is
necessary for the development of improved light trapping schemes and implementation of these structures in
solar cells. Relation between the geometrical features of 2-D structures formed in thin silicon layers and the
light scattering properties will be investigated in this project.

Challenges: Formation of the 2-D photonic crystals in thin silicon layers using advanced lithographic
approaches. A precise measurement of the scattering parameters of 2-D structures in the wavelength range from
200 to 1200 nm. The haze parameter will be determined using an advanced spectroscopic set-up with
integrated integrating ball. The angular distribution function will be determined by Angular Resolved
Spectroscopy for several wavelengths.

Requirements: A student should have a good background in physics and semiconductor device physics.
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Opto-electronic Materials (TNW) — prof. Laurens Siebbeles

Projects ""Towards the next generation of solar cells"

The high costs and limited efficiency of conventional solar cells, based on crystalline silicon, drives the
worldwide search for new solar cells that are cheap and provide high efficiency. The ultimate solar cell is cheap
and converts most of the incident solar energy into electrical

energy. New nano-structured materials have a great potential to realize this next generation of solar cells.
Fundamental research into the dynamics of photo-excited states and charge carriers in relation to material
structure will be carried out. Studies will focus on a) cheap

solar cells and b) highly efficient solar cells.Cheap and mechanically flexible solar cells. Materials include
composite organic (conjugated polymer, fullerene) and hybrid

organic/inorganic (polymer or dye in combination with metaloxide) structures. Until now the highest power
conversion efficiency achieved with an organic based solar cell is 5%. Challenges to enhance the efficiency
include the development of new materials with improved absorption of the red part of the solar spectrum,
enhanced charge separation efficiency per incident photon and improved charge transport properties.

Highly efficient solar cells. In a conventional solar cell based on a(bulk) semiconductor layer, photo-excited
electrons and holes rapidly convert their excess energy (difference between photon energy and semiconductor
band gap) into heat due to thermalization of the

charges by scattering with lattice phonons. It will be studied how this loss of electrical energy can be
minimized by using inorganic nanoparticles as a light absorbing medium.

Description

The research will focus on the fundamental understanding of processes involved in charge generation and
transport in nanostructured materials with potential application in solar cells. The nature and dynamics of
charge carriers and excitons will be studied using (ultrafast) time-resolved techniques. Charges and excitons
will be produced using high-energy electron or laser pulses, ranging from the femtosecond to the nanosecond
time-domain. Charges and excitons will be probed using optical detection and microwave or terahertz
conductivity measurements. The candidate may become involved in theoretical studies of charge and energy
transfer. The results of the research will contribute to the development of cheap and/or highly efficient solar
cells.
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FUEL CELLS

Section Energy Technology, (3mE; Aravind, P.V.)

Detailed modelling of flow, temperature and thermo-mechanical stress fields
in a Solid Oxide Fuel Cell (SOFC) stack

Background

A Solid Oxide Fuel Cell (SOFC) is a device that electrochemically oxidises fuels to produce
electricity. The potential produced by one fuel cell is quite small around 0.7-1.0 V, This means that to produce a
useful voltage, many cells have to be connected in series to forma fuel cell stack.

In SOFC stack design the gas flow distribution plays an important role. This distribution should be
uniform over all cells in the stack but also inside the individual cells. Inside the cell, the anode gas flow should
be distributed uniformly because of its high conversion rate. A non-uniform distribution will result in lower
performance and enhanced degradation of the cell. The cathode gas flow is needed for oxygen supply and
cooling. The gas flow distribution over the complete stack influences the temperature profile and hence the
thermo-mechanical stress fields in the components of the stack.

The Energy Technology section of the Delft University of Technology is now involved in a Dutch national
initiative for designing a 20 kW SOFC stack with a specific contribution to the CFD modelling of fuel and
coolant flows in the stack. This project is performed in close collaboration with the solid oxide fuel cell
technology group at ECN. The proposed new PhD position is expected to augment the ongoing stack design
activities at the section. The project will focus in particular on the interactions between the processes taking
place in the cells (electrochemical and chemical reaction and fluid flows).

Electrochemical knowledge available in the literature as well as from the ongoing studies within the section
will be used for detailed CFD modelling. The Energy Technology section has two different software tools
available for fuel cell modelling and they will be used for the present study (the Fluent fuel cell module and
COMSOL). COMSOL also can be used for modelling thermo-mechanical stresses. The new PhD student is
expected to improve the stack model which is being developed at present with specific contributions to 1) use
of electrochemistry and 2) thermo-mechanical stress modelling.

Objectives

1. Evaluation of the advanced electrochemical models for SOFC applications and the use of the same for
CFD modelling of an SOFC stack

2. Detailed modelling of thermo-mechanical stresses in the stack.

3. To study the dynamic performance of the fuel cell stack

Proposed activities:

Evaluation of advanced electrochemical models for cell and stack models (literature study)
Improve the existing cell and stack models by including detailed electrochemistry
Detailed modelling of gas flow and temperature fields at cell and stack level

Detailed modelling of thermo mechanical stresses in the stack components

Propose recommendations for an improved design of the SOFC stack

De5|gn the balance of plant components for the SOFC stack

Tk wN e
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Energy systems with intermediate temperature solid oxide fuel cells: Fuel
oxidation on ITSOFC anodes and its influence on system performance

Solid oxide fuel cells are emerging as a possible choice for future energy systems. However, the fact that they
have to operate at very high temperatures requires expensive materials for their construction. This increases the
cost of SOFC based energy systems. By dropping the operating temperature to below 800 °C, the use of less
expensive materials such as stainless steel for manifold, piping, heat exchangers, blowers, etc., can be achieved
and the system is less prone to thermal degradation. However, inherently lower fuel oxidation kinetics at lower
temperature may necessitate significant catalytic activity from the anodes. This in turn shall increase the
influence of fuel-derived contaminants on SOFC performance. Such SOFCs, working between 600-800 °C are
often called as Intermediate Temperature Solid Oxide Fuel Cells or ITSOFCs.

Lower electrolyte thickness required for reducing electrolyte losses for such cells often lead to the development
of anode-supported cell configurations. To evaluate the use of ITSOFCs with real life fuels, detailed
understanding of the fuel oxidation on ITSOFC anodes is necessary. Knowledge of electrochemical fuel
oxidation will in turn help to design and optimize the anodes for working with real life fuels and to develop
macro-scale models for analyzing the performance of ITSOFC stacks. Realistic system parameters obtained
from such studies also shall be used for development of thermodynamic concepts for high efficiency energy
systems based on ITSOFCs such as ITSOFC- gas turbine systems.

Objectives

1. To study the electrochemical fuel oxidation on intermediate temperature SOFC anodes and to arrive at
suggestions for optimal anode micro structure

2. To study the influence of various fuel gases on the performance of intermediate temperature SOFC
anodes and complete cells

3. To arrive at concepts for high efficiency ITSOFC- gas turbine systems using the information generated
from the studies mentioned above.

Actlvmes

Preparation of SOFC anodes with varying micro structure (TUD-ECN)

2. Impedance measurements on the anodes developed with various gas compositions and interpretation of

the results (TUD-ECN)

Preparation of complete cells using the developed anode (ECN).

Testing of the cells with varying gas compositions representing various fuel compositions (TUD-ECN)

5. Influence of contaminants such as H,S on anode performance using impedance and I-V curve
measurements with a special focus on possible sulfur intake on ceria based anodes at reducing conditions
(TUD)

6. Energy and exergy analysis of systems with ITSOFCs and gas turbines with hydrogen and natural gas
with and without external reforming, resulting in a system conceptual design that enables comparison with
alternative system options. Comparison of the thermodynamic performance of ITSOFC- gas turbine
systems and high temperature SOFC- gas turbine systems (TUD)

»w
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NUCLEAR ENERGY

Radiation Radionuclides Reactors; Section Physics of Nuclear Reactors (TNW);
Dr. J.L. Kloosterman; Physics of Nuclear Reactors, Delft University of Technology

Research on the Very High Temperature Reactor (VHTR)
(2 PhD projects)

The Very High Temperature gas-cooled Reactor (VHTR) is the most promising reactor design within the
Generation-1V initiative. It produces heat at a high temperature of 1000 °C, which enables one to apply the
VHTR to the generation of electricity at high efficiency or to the production of hydrogen via thermo-chemical
processes or hot electrolysis. Both PhD projects focus at the Chinese HTR-PM design and will be carried out in
close cooperation with the INET of Tsinghua University in Bejing, China.

PhD Project 1
This research aims at a maximization of the power rating of the HTR-PM without increase of reactor vessel

dimension. The PhD student will first focus on the HTR-10 to validate the calculation scheme with the models
from INET and with experimental data. The next phase deals with the HTR-PM power increase to its
maximum value. Focus will be on the power profile and temperature distribution in the core during normal
operation with the aim to get a distribution as flat as possible. Especially the “edge” effect in the porosity of the
pebble bed (the effect that along the reflector boundaries, the porosity of the bed is hon-uniform) will be dealt
with. Subsequently the temperature profile in the core during transients will be investigated to ensure that the
limit of 1600 °C will not be exceeded. The analyses will be done with an advanced neutronics code system
coupled to thermal-hydraulics.

PhD Project 2
This PhD student will focus on the use of thorium in the HTR-PM. Thorium is abundantly present in the earth’s

crust, enabling one to extract energy from a cheap and commonly available resource. Several fuel cycle
scenarios will be considered, like thorium usage with enriched uranium (up to 20%) or with plutonium from
other reactor types. Advanced fuel depletion and recycling studies will be performed using an in-house
developed code system. The safety case of thorium usage in the HTR-PM will be investigated with a coupled
neutronics and thermo-hydraulics code system. Besides the performance and safety case of a stand-alone
thorium-fueled reactor, also the synergy of thorium-fueled HTRs with an existing reactor park can be
investigated.

Both research projects will be carried at the section Physics of Nuclear Reactors (PNR) of the faculty of
Applied Physics of TU-Delft, which is well-known for its research on innovative nuclear reactor designs.
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Design of an inherently-safe Gas-cooled Fast Reactor (GFR)
(1 PhD project)

Dr. J.L. Kloosterman, Physics of Nuclear Reactors, Delft University of Technology

To improve the sustainability of the nuclear fuel cycle, nuclear reactors are needed that can extract much more
energy from thorium and uranium than is possible with present-day reactors. To this end, fast neutron
reactors are needed which are able to convert U-238 to Pu-239 or Th-232 to U-233. This way, about 100
times more energy can be extracted from uranium and thorium making nuclear energy a cheap and real
sustainable energy source.

This PhD project focuses on the design of a Gas-cooled Fast Reactor (GFR); one of the six Generation-1V
reactor designs. Due to the helium cooling, the neutron spectrum in this reactor is harder than in liquid-metal
cooled reactors, facilitating a high breeding gain, but troubling the safety case of the reactor. Therefore this
project focuses on the following research topics for the GFR:

e Inherently safe shut-down mechanisms to mitigate the consequences of reactivity induced accidents.

e Inherently safe decay heat removal systems to prevent core damage after a loss-of-cooling accident.

e Sustainable fuel cycle based on the uranium-plutonium fuel cycle or on the thorium-uranium cycle.

The research will be carried at the section Physics of Nuclear Reactors (PNR) of the faculty of Applied Physics

of TU-Delft, which is well-known for its research on innovative nuclear reactor designs. The research will be
carried out in cooperation with the other main labs and universities in Europe and the USA.
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Design of a small inherently-safe Nuclear Battery (1 or 2 PhD projects)

Dr. J.L. Kloosterman; Physics of Nuclear Reactors, Delft University of Technology

At present, about 1 billion people rely on nuclear energy for their electricity needs. In Europe, 35% of all
electricity and 50% of base load capacity originates from nuclear. A growing momentum towards small-sized
reactors and non-electric applications indicate that nuclear energy can serve other needs as well. Small
inherently-safe nuclear reactors with a long-life core, called Nuclear Batteries, can generate energy for
decades at a low and constant price without refueling. Examples of applications are:

1. Electricity and heat production for industrial consumers.

2. Electricity and/or heat production for isolated communities.

3. Ship propulsion.

4. Sub sea applications to enable the exploitation of oil/gas fields far off the coast.

The PhD student(s) will investigate the following topics:

1.

Optimization of the burnable poison distribution and enrichment zoning of a Nuclear Battery with a
thermal neutron spectrum. In an inherently-safe reactor, the initial surplus reactivity needs to be
compensated by passive means. The aim of this study is to get a reactivity swing as small as possible
and for a period as long as possible. Advanced techniques will be developed to calculate the
sensitivity of the results to the initial conditions.

Research into the dynamic behavior of a Nuclear Battery coupled to an energy conversion system.
The Nuclear Battery should adapt to the energy demand under all circumstances, which requires
proper power feedback mechanisms. These can be provided by the fuel and coolant reactivity
coefficients, and by inherently-safe reactivity feedback devices like Lithium Expansion Modules. The
research into these options requires new tools to simulate the dynamic behavior of Nuclear Batteries.
The results will be applied to a Nuclear Battery preferably cooled via natural circulation of the
coolant. The reactor coolant could be liquid metal or a molten salt as envisaged within the
Generation-1V initiative.

The research will be carried at the section Physics of Nuclear Reactors (PNR) of the faculty of Applied Physics
of TU-Delft, which is well-known for its research on innovative nuclear reactor designs. The research will be
carried out in cooperation with the other main labs and universities in Europe and the US.
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ENERGY SAVING: LOW WEAR COATINGS

(prepared by prof.dr. G.C.A.M. Janssen)

Integrated low wear, low friction coating; Nanocrystalline base layer and DLC
top layer.

Applicant:

Key words:  Low wear, low friction, drive-train, DLC, CrN, nanocrystalline coating, reactive sputter
deposition.

Summary

High performance coating systems for application in car engines have to reduce the friction and thereby the
fuel consumption and CO, emission. State of the art coating systems consist of a CrN base layer and a DLC top
layer. The CrN layer provides the support for the low friction, but relatively soft DLC layer.

The present proposal is centered about improving the load bearing capacity of the CrN coating. The proposal
includes manufacturing of the integrated coating system and testing. We propose to investigate the merit of
various nanocrystalline modifications of the CrN coating for a load bearing layer. The goal is to improve the
load bearing capacity of the CrN base layer and to unveil the mechanism by which this is achieved. Based on
our experience with polycrystalline CrN we expect that the ion bombardment will play a crucial role in
obtaining high quality nanocrystalline material.

Coating systems with increased load bearing capacity will allow for higher torque at the same design weigth or
for lower weigth at the same design torque. Either way the fuel efficiency will increase and the CO, emission
will decrease. Frictional losses in car engines are responsible for 1.8% of the CO, emission.

In order to guarantee the utilization of the results, the project will be performed in close cooperation with
lonbond, one of the world largest suppliers of coatings. lonbond will deposit the DLC top layer and perform
the industrial wear testst. Already after one year we will have first results on the integrated system. This
very early testing of the integrated system is essential to warrant a transfer of the results to lonbond. Only by
incorporating the industrial feedback so early in the project can we hope to attain an industrial relevant result at
the completion of the project.

Research plan

State of the art coating systems for appliation in engine and drivetrain systems both provide low friction and
high wear resistance. These systems consist of a CrN base layer and a DLC (Diamond like carbon) top layer.
The CrN layer is hard and wear resistant. It provides support for the somewhat softer DLC top layer. The DLC
top layer provides the required low friction.

Both the CrN layer and the DLC layer have options for improvement. For the DLC coating the amount of
incorporated hydrogen is the most likely candidate for improvement of the wear resistance. For the CrN
coating the transfer from nowadays applied polycrystalline coatings to nano-crystalline coatings is a route
worthwhile investigating.

The global division of work in this proposal is that TU Delft will work on the nanocrystalline base layer and
that lonbond will work on the DLC top layer and integration aspects. lonbond will also reproduce the results
obtained in Delft on the nanocrystalline base layer in order to warrant transfer.

The main idea for improvement of the CrN coating is the prevention of crack formation in that coating caused
by mechanical loading of the coating system. Cracks do form in the coating once the deformation by
mechanical loading leads to stress levels in the coating and hence an elastic energy density such that it is
energetically more favourable to have a small irregularity grow out to form a crack than to retain the elastic
energy. This energy balance is known by the name Griffith criterion. The Griffith criterion offers a number of
options to prevent crack formation.

1. Minimize irregularities. One needs higher stress levels to have a small irregularity grow out to form a

crack, than one needs for a larger irregularrity. This approach has been used very succesfully in the application
of glass fiber reinforced polyester. The irregularities on the glass fibers are in the nanometer range and the
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strenght of the fibers approaches the theoretical tensile strength. [1]

2. Pre-load the coating. By depositing the coating is such manner that the coating is under compressive
stress one allows for a larger deformation of the coating before the critical stress for crack formation is
reached. [2]

3. Lower the Young’s modulus of the coating. At the same deformation, the elastic energy density will be
smaller. Young’s modulus is proportional to the second spatial derivative of the binding energy of the
atoms constituting the coating. For typical hard coating materials the hardness is proportional to the
magnitude of the binding energy. Therefore hardness and Young’s modulus are not independent
variables. Still Leyland and Mathews have argued that one should optimize H/E in order to prevent
crack formation [3]. This argument is based on the notion that H/E can be seen as the maximal elastic
strain.

In 1999 Musil showed how to make nano-crystalline films by frustrating competitive grain growth. He
demonstrated the principle by adding some copper during the growth of a CrN film. The resulting film was
nano-crystalline due to the frustration of the outgrowth of CrN grains [4]. Since that date various reports on
nanocrystalline films have been written, both by the mechanism proposed by Musil as well as by growing two
incomensurable hard materials at the same time, see e.g. the paper by Patscheider [5]. It is almost impossible to
judge the value of these reports for application since the starting point material, e.g. CrN is oftentimes not well
enough defined. Matthews reports a dependence of hardness on composition [3]. A few years later we
demonstated that the reported dependence of hardness on composition was in fact only a dependence of
hardness on density. The more porous films were less hard [6]. The cause of his dependence was traced back to
a composition dependent surface mobility. Once enough energy is supplied by an ion bombardment, the surface
mobility becomes composition independent, hence the density and also the hardness no longer depend on
composition. In 2005 Baker et al. published a paper on Cu-CrN nanocomposite coatings [7], in which the wear
properties for various types of wear were investigated as function of the composition. From that paper it seems
that nanocrystalline CrN outperforms polycrystalline CrN in various types of wear. Unfortunately from the
results presented in [7] it is not possible to draw firm conclusions. The problem with the results may be the
method of sample fabrication. The various compositions were attained by placing the samples at different
distances from the two targets, Cu and Cr. The closer to a target the larger fraction of that metal in the film. In
this way not only the composition changes, but also the distribution of arrival angles. We propose to deposit
nanocrystalline films from two targets in an industrial deposition system. All samples will describe planetary
motion through the deposition chamber. We will deposit coatings by simultaneous sputtering from two targets,
a Cr target and a Cu or Cr/B or Cr/Si target.We will vary the composition by varying the power to the Cu, Cr/B,
Cr/Si target while keeping the power to the Cr target constant.

In the present proposal we want to investigate the merit of a nanocrystalline CrN base layers for application in
CrN-DLC coatings for drive train and engine applications. We want to investigate Cu-CrN, Si-CrN and B-CrN
coatings. We will deposit these coatings by reactive sputter deposition in an industrial deposition tool, Hauzer
HTC 750. We will characterize these coatings with respect to composition, crystal structure, microstructure,
stress, stress gradients and roughness. In our recent work on polycrystalline CrN [6,8] we have demonstrated
the dramatic influence of ion bombardment on density and hence mechanical properties of the coating. The
imporance of a well managed ion bombardment for polycrystalline CrN supersedes the importance of chemical
composition. We will exploit our knowledge of a controlled ion bombardment on coating properties for the
proposed nano-crystalline coatings. The tools are SEM, TEM, EPMA, X-ray diffraction, nano-indentation,
AFM and wafer curvature. Moreover we will test the properties of these coatings by pin on disk and scratch
test. A selected number of promising hard coatings will be coated at lonbond with a DCL top coating to
undergo integral testing in pin on disk and scratch test. For the most promising system we will seek application
tests with the customers of lonbond.

The industrial goal of the project is to establish the usefulness of nano-crystalline coatings as a support layer in
low friction coating systems. In order for these coatings to be useful the formation of cacks has to occur at
higher loads than in the case of a polycrystalline CrN coating.

The scientific goal is to unravel the reason why nano-crystalline CrN coatings outperform polycrystalline CrN
coatings

Our aproach will be practical. Since we know how to make hard dense CrN we have a well defined starting
material. We will make series of Cu-CrN, B-CrN and Si-CrN, with the Cu, Si and B content as the main
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parameter. A second important parameter is the ion bombardment, Finally also the influence of minor
variation in the nitrogen flow will be checked. The deposited films will be evaluated by scratch testing. The
films with the highest critical loads for the occurrence of cracks and chiping will be studied in detail.

This aproach to find the best material may be critizized as trial and error. Indeed, we do not know which of the
three additives in which concentration yields the “best” material, with “best” defined from the application. If
the only goal of the proposed research was to find the best material this criticism would be justified. We,
however, aim not only at finding a material superior to polycrystalline CrN, but also at understanding which of
the three options following from the Griffith criterion is responsible for that improvement, thereby giving us
tools for further improvement. It will take us approximately three months to deposit initial series of Cu-CrN,
B-CrN and Si-CrN. Performance testing and elemental and structural analysis will be performed
simultaneously after that period. Within half a year we intend to have found the “best” material. With the
absence of trustworthy models for the mechanical behaviour of nanocrystalline material we see no way to
avoid such an initial parameter scan.
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Fig.1: Hardness of Cu-CrN films as function of the atomic fraction copper in
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copper in the film.
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We hope that the nanocrystalline material will be superior to the polycrystaline CrN for any of the reasons given
above. The scientific challenge is to unravel the reason why the material is superior. This will require an in-depth
study of the dependence of the performance on the properties of the material; microstucture, modulus and
hardness. During the study into the reason for the beneficial effect of nanocrystallinity we will undoubtedly
improve the quality of the layer further.

We did some initial experiments on Cu-CrN to make a connection with the work by Musil. Compared to our state
of the art poly-crystalline CrN we did not find an increase in hardness by refining the grainsize but a lowering of
the hardness, probably due to plasticity caused by grain boundary sliding [Fig.1]. Since both H and E decrease
with increasing copper content one could hope for an increase of H/E with copper content. This is not the case
[Fig.2]. Two other findings however are very promising: The roughness of the nanocrystalline material is less than
the roughness of the polycrystalline material, giving option 1 a chance. Second, the nanocrystalline films do not
contain a stress gradient. While the polycrystalline films always have a fraction of the film under tensile stress [8],
the nano-crystalline films can be made in such a way that all of the film is under compressive stress [9]. This
feature allows option 2 to be the reason for outperformance of nanocrystalline films. Finally it may be the case
that in B-CrN and/or Si-CrN option 3 is the reason for outperformance of nanocrystalline CrN.

An altogether different reason for the outperformance of nanocrystalline coatings over polycrystalline coatings
may be a controlled amount of plasticity. Especialy in Cu-CrN one might expect some plasticity at the “soft” grain
boundaries. This limited plasticity may revent catastrophic failure.

In the above presented research plan we discussed the merit of the papers on Cu-CrN in the literature. We are
aware of papers on B-CrN [10, 11] and Si-CrN [12, 13], but since at present we have no data to compare these
findings to, we restricted ourselves to a discussion on Cu-CrN.

Utilization

Coating systems with increased load bearing capacity will allow for higher torque at the same design weigth or for
lower weigth at the same design torque. Either way the fuel efficiency will increase and the CO, emission will
decrease. Frictional losses in car engines are responsible for 1.8% of the CO, emission.

The nanocrystalline base layers will be part of a coating system consisting of the hard loadbearing nanocrystalline
CrN layer, coverd by a low friction DLC top layer. The performance of the coating system depends critically on
the properties of both layers. The DLC toplayer is subject to onging investigations and improvement at lonbond.
In order to introduce the nanocrystalline CrN-DLC coating system in the market we need to validate the complete
system. Having a low friction top layer present changes in the load pattern in the underlying base layer. Therefore
the development of the coating system requires testing of the complete system, partially produced at TU Delft and
partially produced at lonbond.

Based on our experience sofar with Cu-CrN we estimate that we will need one year for selecting the most
promising composition for the three selected nano-crystalline base layer materials, Cu-CrN, B-CrN or Si-CrN
together with the settings of the bias voltage and the nitrogen flow. From that moment on the scientific research
into the reason for the outperformance of the nano-crystalline material runs in paralel to the testing of the
integrated coating system.

With respect to utilization the later years of the projet will be used for testing, first on test specimens and later on
customer supplied parts. In the second year we foresee testing of layered systems consiting of nano-crystalline
CrN and a DLC top layer. In the third and fourth year we intend to test the coating system on samples provided by
customers of lonbond.

Based on our experience, we are convinced that we can make the nano-crystalline coatings. Provided that indeed
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nano

crystalline coatings offer an advantage over polycrystalline coatings with respect to load bearing capacity, we

do foresee an immediate introduction into the market upon completion of this project.
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Abbreviations and acronyms

AFM Atomic Force Microscope

CO, Carbon dioxide

B-CrN Boron doped Chromium nitride
Cu-CrN Copper doped Chromium nitride

CrN Chromium nitride

DLC Diamond Like Carbon

E Young’s modulus

EPMA Electron Probe Micro Analysis

H Hardness

H/E Hardness/Young’s modulus, i.e. maximum elastic strain
Si-CrN Silicon doped Chromium nitride
SEM Scanning Electron Microscopy
TEM Transmission Electron Microscopy

TU Delft Technical University Delft
X-ray diffraction  Rontgen diffraction
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Improving Fluidized Bed Drying Efficiency: Experiments and Modelling

Dr. J.R. van Ommen (TU Delft, DelftChemTech)

Background. Drying is a very energy-intensive operation used in e.g. food, pharmaceutical and energy industry. It
is often carried out using fluidized beds. In the Product & Process Engineering group of DelftChemTech is we
research and develop innovative methodologies to considerably increase the efficiency of fluidized beds based on
experimental and theoretical / computational work; this research is lead by dr. van Ommen, in cooperation with
prof. Coppens. We work together with Dr. Berend van Wachem (Chalmers University of Technology, Sweden),
who develops simulations codes for fluidized beds.

Goal. the goal of this project is two-fold:

1. To improve the efficiency of fluidized drying processes
To build a model of a fluidized bed dryer taking into account the process conditions, the drying kinetics
of the product, the heat exchange coefficients of inner heat exchangers and the hydrodynamics in the
dryer, both for the original situation and the process improvements

Approach. In this project, we will investigate three different ways of improving fluidized bed drying:

a. Pulsed fluidization
b. Electric fields
c. Fractal injection

(a) (b) live ;al(?ctrodes (C) Qs

: Q S electrodes -] I--I I——I
s

|Qpl.lll.lll.l Qoal L Qpa..........

|

ground -+
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Figure 1. Three ways of structuring gas-solids fluidized beds: (a) pulsation of the gas flow, (b) imposing an AC

electric fields, and (c) fractal injection of gas into the system.

In pulsed fluidization, the gas flow is not entering the bed at a constant flow rate, but an oscillating gas flow is
used. We have observed that this leads to the formation of a regular bubble pattern. This can improve the drying
process, since throughout the bed the conditions become more uniform. Electric fields can be used to polarize the
particles. In a recently delivered PhD thesis, it was shown that the interparticle forces and the bubble size in a
fluidized bed can be controlled in this way. In this way, additional degrees of freedom are obtained to optimize the
drying process. In the case of fractal injection, part of the gas enters the bed via a tubing system with a fractal,
inverted tree-like design, which is submerged in the bed, instead of only via the bottom. This more even
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distribution of the gas reduces the bubble size and increases the mass transfer. In addition to modifying the reactor
configuration, we use advanced process monitoring to follow and
optimize the drying process.

For a ‘normal’ fluidized bed dryer and for these three modified
layouts, experiments will be carried out at the lab-scale to obtain
relevant parameters, such as bed voidage, bubble size, and mass and
heat transfer coefficients. Optimization of the three control strategies
and scale-up effects will be taken into account. Using this input,
Computational Fluid Dynamics (CFD, see Fig. 2) models will be
developed to describe the different layouts. The model will be
validated using both the lab-scale data and commercial data, where
available. Finally, the model can be used for further process Figure 2. Snap-shot of a fluidized bed
optimization. simulation based on CFD

d.
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Furfural production from biomass using green solvents

Wiebren de Jong (Process & Energy, TU Delft) & Ruud van Ommen (DelftChemTech, TU Delft)

The world is facing an ever-increasing world energy demand nowadays. This phenomenon is particularly
pronounced in quickly developing countries, for example India and China. Moreover, the world economy is still
largely being based on fossil fuels at present, resulting in a greenhouse effect due to increasing CO,-emissions.
This makes it very important to find alternative routes to energy carriers and chemicals. The first-generation
bio-refinery often aims at the production of bio-ethanol. However, this product has a relatively low economical
value as a bulk chemical. In this project we aim at the development of a novel bio-refinery process for the
production of liquid transportations fuels via the coupled production of syngas and the platform chemical furfural.

The current worldwide production of furfural is year about 150 kton (Ullman, 202). However, in future it will
probably be applied as the feedstock for THF, durable wood production, nylon production, and several other
chemicals. Therefore, it is expected that the production will increase with a factor of more than 10 in the coming
15 years.

Currently, the relatively high cost price (~ 1000 Euro/ton) makes it impossible to compete with traditional
chemistry. The main reasons are:

e The low yield of the current production technology (30-35%)

e The large amount of steam needed (20 times the amount of furfural)
With the existing batch technology, these factors cannot be significantly improved. Therefore, this project aims at
developing a novel, continuous reactor which is fed with biomass rest streams. In this reactor, hemi-cellulose will
be converted into C5-sugars, which are subsequently converted into furfural. By carrying out these processes in an
ionic liquid or a different green solvent (e.g. hyperbranched polymers), it is possible to obtain a much higher
selectivity than with the conventional process. Moreover, it is possible to combine reaction and separation in a
more efficient way. An additional advantage is that the by-product of the primary conversion step (the
lingo-cellulose, which is 2/3 of the fuel) can be added to an oxygen/steam gasifier in a rather simple way. In this
way, hydrogen-rich fuel gas can be produced which can be deployed in the production in green transportation
fuels (e.g., Fischer Tropsch Diesel, methanol, DME etc.).

The project work will consist of a process design regarding the whole refinery process, and experimental and
modelling work concerning the new reactor concept.
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