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4 # 4772584823  : MAJOR CHEMISTRY

KEY WORD: HYDROGEN STORAGE MATERIALS/SODIUM ALANATE.
CHUTTREE PHURAT. : HYDROGEN DISCHARGING AND RECHARGING OF
NaAlH, AND HfCI,-NaAlH, THESIS ADVISOR : ASSOC. PROF. NONGNUJ
MUANGSIN, Ph.D., THESIS COADVISOR : ASSOC. PROF. PRAMOCH
RANGSUNVIGIT, Ph.D., 78 pp.

Mechanisms of hydrogen desorption and absorption were investigated by the X-ray
diffraction technique. NaH and AlH,, which play a major role in both dehydrogenation and
rehydrogenation, were found. In addition, HfH, , 0<x<2, can be observed in XRD patterns
of the doped NaAlH,. Attempts were also made to reduce the formation of Hf-Al alloys
during the hydrogen desorption/absorption of HfCl,-NaAlH, by adding a chelating complex
(H,TPP or HfCI,TPP) as a co-catalyst. The desarption temperature of HfCl,-NaAlH, doped
with the co-catalyst is lower (76 °C) than that of the undoped co-catalyst one (90 6.
Moreover, there was no Hf-Al alloys detected. However, the amount of reabsorbed
hydrogen in subsequent cycles reduced pbecause of the incomplete rehydrogenation from
Na,AlH, to NaAlH,. When using CuCrO, as another co-catalyst, the hydrogen desorption
took place at the temperature range of 62-270 °C. The temperature of the first hydrogen
desorption decreased much’ further to 62 °C and the hydrogen released was 5.9 wit%,
which was higher than the theoretical value of 5.6 wt%. The equivalent mole of H, released
per one equivalent mole of NaAlH, was increased to 1.65, compared to 1.5 of NaAlH,

doped with HfCI, alone.

A/ N
Academic year:........ 20105 PR Co-advisor's Signature }.ffwv\-«@ B {7



Vi

ACKNOWLEDGEMENTS

Firstly, | would like to express my deepest gratitude to Assoc. Prof. Nongnuj
Muangsin and Assoc. Prof. Pramoch Rangsunvigit, my advisor, for their helpful
suggestions, creative discussions, patience and encouragement throughout my

graduate work.

Profound appreciations are granted to Dr. Santi Kulprathipanja, Assist. Prof.
Boonyarat Kitiyanan and Miss Yindee Suttisawat for their encouragements, intensive

suggestions and useful comments.

A special thank to the Department of Chemistry and The Petroleum and
Petrochemical College, Chulalongkorn University-and UOP for their support on this

research.

Finally, I would like to’extend my whole hearted gratitude to my family and my

friends for their love, cheerfulness and understanding.



CONTENTS

Page

THAL ABSTRIACT i vauswnsianoss s s w0 s s s ms s s ss s eh sl sass s eaiss o snosins iv
ENLISH ABSTRACT ...ttt ettt e e s e e s sa s ea e aes v
ACKNOWLEDGEMENTS. . ... vessssimsomsnmesnsmmunsssosmsmenssenmsansesnssnpvesds s omssais vi
LIST OF FIBURES., . iuuivssis rosss i sosmiiseis i ras i m o daiae sy sy s ds s soaiaiuess X
LIST OF TABLEES tsscsuusvsess s aing 5000 ss s s i i i e s i an s da i N sa s s wanss Xii
LIST OF ABBREVIATIONS AND SYMBOLS........ccociiiiiiiiniiiiiieien Xiii
CHAPTER | INTRODUGCTION. ... ... coai aheasvaissini o ssmmhe Vessasqs sessusive: 1
CHAPTER Il BACKGROUND AND LITERATURE REVIEW..............ccooiiinn 5
2.1 Hy B rogen StOranE. <. sl e At e D NG+ e ris e s s g 5

2.1.1 Physical StorgQe/sygte=y. .\ oo . M- e o raransssavimmsasmsanaorssans 5

2.1.1.1 Compressed FYEIO0EN QaSi...c iviimiasssuniissironass s b

2.1.7:2 LiguefBcloni L. o o i issns s o sovsaivsses 6

2.1.2 Solid-state StoragB=SyBIBMlmmeL, . . .- . vovvucveesimieisaririneisssnssaes 6

2.1.2.1 Gas.0n-Solid TechnologY s vde e ienerreeereeeeeaeaes 6

2.1.2.2 Metal Hydrides Technology:u......cccovvenennn.. T 7

2.2 Metal Hydridesg 3300 3 QS a1 2598 1 AWM BEF G B <+ < dvas sassisiaasvsviss i 7

2.2 1 InterifetallicaC ainpountsas - Ml asssmm@imag - - i oo vsesvsiias s 13

2 2.2 Solich SOIIHON AlOYS: cvismsmisassnmuisns vussumann sassmsnommmmssamsms gy 14

2.2 3 Complet HYArEs. s s sisiis s s s s 14

2.3 Metal Hydride DeVeIOPMENTS. .. .uut it ieieanans 15

D TN g e N B A S T S L A R e i 15

O PO EINYTIINS i iwuioinssioss i e ot s o o5 AR M R A S A0 19

2.6/ COpper-Chromiuim DXIAE. .. wssusssmnamssinsesscions oz s 20



CHAPTER il EXPERIMENTAL:coissmissasesiassimusmimasmasis trnasaiem s
Bl NN AOTIEES im0 o A 0 03 1 5 W 5 B
3: 2 Bample Proparalion . omsoammns tmssmvmomsiorss asame s mas e svsssas
3.3 Experimental Set-up Calibration.....c. .o sscansusnssssssomsssnsassiisssssinyns

3371 Blank TE8L. s rasaimsins i s i i s s irsvaayaves

3.3.2 Calibration of VOIUME SPace.........cuvssiimmiiiaimmsissieiivamaessns
8.3.2.1 Volume of manifold: (V) wssrmmsmmmisssssssmmmensions

3.3.2.2 Volume of sample holder (V,)..........cccoviiiieiiiniiinnannns

3.4 Hydrogen Sorption Data ColleCtion...........cccveiiiiiiiininiinniniiiin.
34 1 DoSOrpHON: e aN M Apsiasivossisvstasasossasananmmabems
B4 2 ADSOTOHON. e s () - -« DR s 4650 s L4 s % Catom i wripm s

3.5 CHAractariZation .. cos o/ 8- AR R » + = 1 vsssvnn s A s og S Rt Sr s

3.5.1 X-ray diffraBlON. £/ 8 a5 N - N s ersvsmosesanivavesssainsossnsns

CHAPTER IV RESULTS AND DISCUSSION...........ccooiiriiiiiiiiiiniiiin,
4.1 Effects of H,TPP and HfCI,TPP on the hydrogen desorption of HfCl,-

4.1.1 HydrogentDESOTPUONMN ... .. e ocror ool b eesroesansnsnnsssnnsnsossiosanss
4.1.2 Characterization of H,TPP and HfCI,TPP on the hydrogen
desorption of HfCl,-NaAlH, by XRD ..o
4.1.2.1 Aluminum reflection in XRD patterns of NaAlH, doped
with HfCI, and porphyrins ( S1-S7)....c.ceerriimenervensnnessennssennss
4.1.3 The proposed decomposition mechanism...........covieinn.
4.1.3.1 The decomposition mechanism of NaAlH, undoped.........

4.1.3.2 The decomposition mechanism of NaAlH, doped with

4.1.3.3 The decomposition mechanism of NaAlH, doped with
HfCl, and H,TPP or HfCI,TPP as a co-catalyst.......................
4.2 Effects of CuCrO, and Ni as a co-catalyst on the hydrogen desorption

Of HFCI,-NAAIH,.....oiiiiiiiiiieiiiiii i s s

30

30
30

34

42

44

44

48

50

53



Page
4.2 Hydrogen Desorption .....cississmimniesainsis s 53
4.2.2 X-ray diffraction patterns of CuCrQO, as a co-catalyst on the

hydrogen desorption of HfCl,-NaAlH,and the proposed
decomposition MEChANISM.......c.ioieeiiiriciiiiee e 56
4.3 Hydrogen Absorption KinetiCs. ... . civvereresasieniiiiisiisininmmniiionsnsisiiis 59
CHAPTER V CONCLUSION.: - soimvinsviasmmssmesiomive forumii i s se s vosssaisasiasi 62
REFERENIGES 5 u0005ivis1058506 50§ a8 68 55188 S N S S DO S g AR amie 4 63
APPENDICES .....corcrrersensmmsomin O « oo v N5 5753 s 5 e U8y ipaatse 66

A [ T L A L T N N Wiy e 78



Figure

2.1

2.2
2.3
2.4
2.5
2.6

2.7

2.8

2.9

2.10

211
3.1
3.2
4.1
4.2
43

LIST OF FIGURES

Chemical structure of (a) Tetraphenylporphyrin (C,,H;,N,): H,TPP and
(b) (Tetraphenylporphyrinato)hafnium(IV)chloride (HfCI,C,,H,sN,):
T TIPS s G R A A WSS g
a) Schematic of hydrogen chemisorption on metal, b) Potential wells of
molecular and atomic hydrogen. ... ..coeeveiiiiiiiiiiiici e
Schematic of phase transition in metal hydride..............coooviiiiiiiiinn.
Theoretical P-C isotherm of a metal hydride. ..o,
Schematic of real P-C I80theim.. .. vismaumsamisimmnsmernasamarsassmns
Sehematic of Vant Hoff plofRibaksl il wes s smemmnysssnsssssms sapsnnssmamsasssnss
Dynamic in-situ X-ray diffraction measurements taken during
decomposition of NaAlH, mechanical mixed with 2 mol% each of the
liquid catalysts of Ti(OBU"), ANA Zr(OP ;.. iveeverrrerriiirieeieineiaanies
SEM images showing changes in morphology that occur during the
decomposition of NaAlH, doped with 2 mol% each of the liquid
catalysts of TIHOBU"), anG.ZHOP yeessu . iherrreeereeeianieeeiieearaeaiens
(a) Table of lattice parameter before and after Ti or Zr doping, (b)
Rietveld refinement profite of Tiand Zr doped NaAIH,......................
Schematic illustration of the changes in NaAlH, lattice upon increased
P70 5 13 511 s 0 PRl Sttt Bydetyoneintrlo b SRR S
X-ray diffraction indicating that TiAl, production in the NaAlH, system
when mechanically milled in 3:1 ratio with TiCly.........ocooii
A general reaction showing the formation of a metalloporphyrin..........
Schematic diagram of the experimental Set Up.........coocoviiiiiiiiiiinnn.
Photograph showing the experimental Set Up...........coooviiviiiiiiinnn,
Temperature program desorption from room temperature to 280 °C of $1-S6.
Temperature program desorption from room temperature to 280 °C of S7...

Temperature program desorption from room temperature to 280 °C of S8...

Page

10
11
12

17

Uit

18

18

19
20
23
23
32
33
33



Xi

Figure Page
4.4 XRD patterns of undoped NaAlH, (S1) and 4 mol% HfCI, doped

NaAlH, (S2) before desorption compared to the reference patterns of

NaAlH, (085-0374) and NaCl (088-2300) ..........coeeereneeneenernreeenninns, 36
4.5 XRD patterns of samples S1 to S6 before desorption..............ccccu...... 37
4.6 XRD patterns of samples S1 to S6 after desorption..............cccvvvvvnn... 38
4.7 XRD pattern of sample S5 compared with the XRD pattem of HfH, ,, and HH, g 40

4.8 XRD patterns of samples S7 (the mix 4mol%HfCl,-NaAlH, before
added 0.1mol%H,TPP) ; (a) before desorbed, (b) after desorbed and
(C) after re-abSorDEA. ....... ., 41

4.9 X-ray powder diffraction patterns of NaAlH, doped with HfCI, and

porphyrin (S1-S7) observe at Aluminium reflection..................cc....... 43
4.10 Dehydrogenation-of NaAIH, and NaAlH, doped with HfC,.................. 45
4.1 XRD patterns of undoped NaAlH, at different desorption temperature.. 46
412 XRD patterns of 4mol%HfCl,- NaAlH, at different desorption temperature... 47

4.13 Temperature program desorption from room temperature to 280 °C of S9

and S10 compared oS8T anad82: .. cib...vviiiiiniiii e 54
4.14 Temperature program desorption from room temperature to 280 °C of S11.. 55
415 Temperature program desorption from room temperature to 280 °C of S12.. 55
4.16 XRD patterns of samples S and ST10. ..., 58

4.17 Hydrogen absorption kinetics of NaAlH, doped with (a) 4 mol% HfCl,, (b) 4

mol% Ni -4 mol% HfCl, (c) 0.1 mol% H,TPP — 4 mol% HfCl, and (d) 0.1

mol % CuCrO, —4 mol% HICl, at first 40 min........cccccoeiiniiiiiiiiii, 59
4,18 Hydrogen absorption kinetics of NaAlH, doped with (a) 4 mol% HfCI,,

(b) 4 mol% Ni— 4 mol% HfCl, (¢) 0.1 mol% H,TPP — 4 mol% HfCI, and

(d) 0.1 mol% CuCrO, —4 mol% HfCl, iN 6 Nr...ccvvvviiieeeeeeeceeiiiee, 60




	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents

