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KEYWORD: CATAYTIC HYDROGENATION / POLY(ISOPRENE) / NATURAL
RUBBER / POLYMER MODIFICATION
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PATTARAPAN PRASASSARAKICH, THESIS COADVISOR : PROF. GARRY
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974-03-0836-8.

The homogeneous hydrogenation of cis-1,4-poly(isoprene), in presence of OsHCI
(CO)(0O2)(PCys); or [Ir(COD)py(PCys3)]PFs as a catalyst, has been studied by monitoring
the amount of hydrogen consumed during reaction. The composition of hydrogenated
product was characterized by BC nuclear magnetic resonance spectroscopy. The final
degree of olefin conversion measured by computer controlled gas uptake apparatus was
confirmed by infrared spectroscopy and 'H nuclear magnetic resonance spectroscopy.
Kinetic experiments for cis-1,4-poly(isoprene) hydrogenation indicate that the
hydrogenation rate is first order with respect to carbon double bond concentration. The
experimentally observed rate constants depend on the catalyst concentration, hydrogen
pressure, and temperature. The apparent activation energy for the hydrogenation of cis-
1,4-poly(isoprene) using OsHCI(CO)(O2)(PCys); and [Ir(COD)py(PCys3)]PFs were 109.3
and 79.8 kJ/mol, respectively. The rates of hydrogenation in presence of OsHCI(CO)(0O)
(PCys), are superior to those obtained with [Ir(COD)py(PCys)]PF¢. Mechanistic aspects
of these catalytic processes are discussed. The thermal properties of hydrogenated rubber
samples were determined by thermogravimetric analysis and differential scanning
calorimetry. Hydrogenation increases thermal stability of the hydrogenated rubber
without affecting its glass transition temperature.

Natural rubber consists of cis-1,4-poly(isoprene) repeating unit in the polymer
structure. The hydrogenation of natural rubber in presence of OsHCI(CO)(O,)(Pcys3)2 has
also been studied. The acid-promote hydrogenation of natural rubber has been observed.

The influence of acidity and type of solvent were studied and discussed

Department Chemical Technology Student’s signature...K—/.'. i AN s vt

Field of study Chemical Technology Advisor’s signature.. =7l /4 e e
Academic year 2001 Co-advisor’s signature.. W___‘l:y .............
Co-advisor’s signature..... / E % W ”



vi

ACKNOWLEDGEMENTS

The author would like to expfess his gratitude to advisor, Professor Pattarapan
Prasassarakich, and co-advisor, Professor Garry L. Rempel and Associate Professor
Tharapong Vitidsant for their encouraging guidance, supervision and helpful suggestion
throughout this research. In addition, the author is also grateful to Professor Somsak
Damronglerd, Dr. Pienpak Tasakorn, and Professor. Pramote Chaivech for serving as
chairman and members of thesis committee, respectively, whose comments have been
especially valuable.

The author wishes to thank the Golden Jubilee Scholarship (Thailand Research
Fund), Chulalongkorn University, and the Natural Science and Engineering Research
Council of Canada for financial support of this research. The author also wishes to thank
to Dr. Neil T. McManus for his useful discussions and helpful suggestions during this
research at University of Waterloo, Canada. Many thanks are going to Technicians of the
Department of Chemical Technology, Chulalongkorn University and Department of
Chemical Engineering, University of Waterloo for their assistance in building and
maintaining the experimental equipment.

Thanks go towards everyone who has contributed suggestions and supports
throughout this work. Finally, the author would like to express his deep gratitude to his
family for their love, support, and encouragement throughout the tenure of my Ph. D

program.



. CONTENTS

PAGE

o T R A R B SO L S SRRSO SN e N iv
L e T R S R o ORI R WU v
T O O e 4 Rk 5y s i e i e AR A8 0 A 6 A B S vi
G e B e SRR A R S B N S (N SURE TP vii
L R S L WS SR R o S x
e D e N\ L T 7 e A L S IURIR AR -SSR xi
N e, T P S e SRS L N A Xiv
CHAPTER | INE RO IC TN o727 . N s » <o s 0o vacarioiossncsonsnnens soansnnnonsions 1
1.1 Chemical Modificalion/Of DOIYIMErS. . S8, . cooveririniiecsintseccascanscssensone 1

1.2 Hydrogenation of Datural RGBBET, ... u Naceecererersecnrersccssionmesaessaseanssn -

1.3 Homogeneous Catalyst for Rubber Hydrogenation.............cccceevniininnenne 5

1.3.1 Catalytic UCRenitiPTRODSHCKCONPR):. ... oo ivvvesecncenensonnnses 5

1.3.2 Catalytic Chemistry of [Ir(COD)py(PCy3)]PF.......................10

e RA T T s o A OO 13

1.4.1 Hydrogenation of Acrylonitrile-Butadiene Copolymers.............13

1.4.2 Hydrogenation of SBR, SBS,and PB............cc.coceiviiiiiinnn. 17
1.4.3 Hydrogenation of Natural Rubber.............c.cccoiviiiiiiiinnnan.. 20
LT R TN . i conseiinms i s nFnaalbonvas dpansies spamiaba suniss sas Z1
CHAPTER II: HYDROGENATION OF CIS-1,4-POLY(ISOPRENE) CATALYZED

BT DI I RIS . . ... iics koo snss ks st asmiosisds susie 66 » wamssmaicion 23
T SR R e PR o TR S I R R LS 23
BRI, .. ... cixinies i nisons vailiesmolkes kossvabe s dosmbs s s aaanoshine ponprensesiih 24
s I - e s MG R s W w6 53 6 s b 24
2.2.2 Hydrogenation of Cis-1,4-Poly(isoprene) by Batch Reactor....... L

2.2.3 Hydrogenation of Cis-1,4-Poly(isoprene) by Gas Uptake
L A N S G e N TSR 25



viil

CONTENTS (continued)

PAGE
225 Viscosily MeaRteBOnL. ..........ccvo0orovsesnonsssnnnsssssnsssnssnsens 29
2.2:6 - Design of the Kinetic EXperimenis. ...........ccccconevriioneenscnsens 29
23 Rosulls and DRSSUBEION. ... ......ovouonrninsinenrsasimssssasissssosssssssssnonsssosssss 30
2.3.1 Initial Studies in Batch Reactor..................coceiiiiiiniennnn.... 30

2.3.2 Hydrogenation of Cis-1,4-Poly(isoprene) using
O R O VA S . ... v o oocicsnvnnassnsninesansonssssineasssssesh 36
2.3.3 Factorial Design BXHEHPEntS. .........ccccceeerininencriienennnnnnes 36
2.3.4 Univariate Kinetic Experiments.............c.ccocceveivniiieennnnnns. 38
2.3.5 Relative Viscosity of Hydrogenated Cis-1,4-Poly(isoprene)....... 48
2.3.6 Reaction Mechanism and Rate Law.................cccveiinnnnnnnn, 49
SHCORIINNIONE. ....... . . AN N - o aixeesnensnmpessnsessnssssoncesses 53

CHAPTER III: HYDROGENATION OF CIS-1,4-POLY(ISOPRENE)

CATALYZED BY [Ir(COD)py(Pcy3)IPFe.....ceeveviriniiiiiniiiieaeannn, 54
e ORGSO SO S 54
32 Expevicientil.. .. O i e i D) e inenesiserneeias e s 56

EVEEEL T U g SO 56
3.2.2 Hydrogenation Process............cccvuiiiiiiiiiieinineiiniiiienenennn, 56
3.2.3 Characterization and Viscosity Measurement........................ 56
3.2.4 Experimental Design.........c.covvueiniinieriiiiiiiiiieee e, 57
3.3 Results and DiSCUSSION. .......cuivuiitiiiieiiie et eeeee e eeie e e aaens 57
3.3.1 Characterization of Hydrogenated Cis-1,4-Poly(isoprene)..........57
3.3.2 Kinetics of Cis-1,4-Poly(isoprene) Using [Ir(COD)py(Pcy3)]PFs.58
333 Experimemal DOSiGN............ccocvvonivrenesissssnncnsnvonssnsssassses 61
3.3.4 Univariate Kinetic Experiment...............c.cccovvviviiiniininennn... 63
3.3.5 Relative Viscosity of Hydrogenated Cis-1,4-Poly(isoprene)...... 72
3.3.6 Reaction Mechanismand Rate Law............ccccovivemncecencconcn 74

B R N N N N I S A R R P S LI 76



ix

CONTENTS (continued)
PAGE
CHAPTER IV: HYDROGENATION OF NATURAL RUBBER CATALYZED
T mg o R  E ERR S EN U 77
FRE RO e L R L N I e O 77
L T SO MO NI O o s S 78
A g T R el AR S sy TS R OR e 78
4.2.2 Hydrogenation of Natural Rubber by Batch Reactor................ 78
4.2.3 Characterization and Viscosity Measurement........................ 79
A3 Rasiilie S0 DO .o i ATl « a5 si0 s s hatnssnssnsmsonssssensvsisnsons 80
4.3.1 Hydrogenation of Natural Rubber in Batch Reactor................. 80
4.3.2 Hydrogenation of Natural Rubber in Gas Uptake Apparatus...... 87
SACoNSINNNGS. i . i st N Nt s savnve ssasnvisnsbonsesianssesaobo 90
CHAPTER V: THERMAL ANALYSIS OF HYDROGENATED
R RO T L M s snsicsorsssnssissnssssrmsass swos 91
S.IIntroduction. . ............ . OUAIRIRDY . .. . ....oococescaessossrrnnsssovassonssesansas 91
5.2 Experivieniil.. . 00 it N0 B . cvroverooesseniassssisraesissivene 92
521 Mol e R R < i cssanrssnyrnasssenssossesereans .92
522 ThessmOurivimetno AngIVEIB. ... . .ovceineesrssssveresssnsenserareean 92
5.2.3 Differential Scanning Calorimetry...........ccccevveiiiiniiininiinnnns 93
S AR S EIEREIINE . . . o voxcr iy tns e isors svpsassnsonssbissnsasvns onanivuns .93
551 THSEEvImERIC RBNITEIE: . ... . o cooniivasnssrvaienssessannnsine se 93
5.3.2 Dillerential Boanning CaloBmelry. ..........oco0cocineisnnsnnsanones se 97
L T S A TR s M S COU AR, 99
CHANTEE VL UM RIRIRIIE - . oo ini o iiiin s Saptibinbiv s enis s siadibn s o s bnmnbiiied 103
G LRI . . i o3 voom st s Bestrivit s RN AU NS SRR SR SR A T O T PR 103
G2 BUBMOBHION. . ... e v on vnen 6 5005530 AT S B ¥ SRS 8 KRR S SN S HPRAIIES 104
R o oo ihiibennais b s R hswaon hod wenlh Sr ki g s B R sy PP g 105
o T e P £ T PR DRI Y SRRRE S 110
RPPBIEIEE. .. ....coviconsobonnidsbnnnmmnibinnns ihnssssninsaiasansais siebndvhs i aaviesnaqeivsses 111



LIST OF TABLES

TABLE ; PAGE
2.1 Results of Cis-1,4-Poly(isoprene) Hydrogenation Using Different Catalysts.......... 34
2.2 Result from 2 Factorial Design for Cis-1,4-Poly(isoprene) Hydrogenation...........39

2.3 Yates’s Algorithm Calculation of the 23 Factorial Experiments..........c.ccoeveeeeneen 40

2.4 The Calculated Effects and Standard Errors for 23 Factorial Experiment............... 40
2.5 Kinetic Results of Univariate EXperiments. .........cocoiiuiiiiiieieiiiiiinieeeeee 41
2.6 Effect of Solvent on the Hydrogenation of Cis-1 ,4-Poly(iSOprene).........cooeeencnnns 47

3.1 Result from 2 Factorial Design for Cis-1,4-Poly(isoprene) Hydrogenation...........64
3.2 Yates’s Algorithm Calculation of the 2° Factorial EXperiments..........c.coeveeeecneens 65

3.3 The Calculated Effects and Standard Errors for 23 Factorial Experiment............... 65
3.4 Kinetic Results of Univariate EXperiments. ... ....ccoevurriiniiiiiiiieeeee 67
3.5 Effect of Solvent on the Hydrogenation of Cis-1 ,4-Poly(isoprene)..........cooeuvnvnn. 71

4.1 The Properties of Natural Rubber Grade TSR SL.......c..ocovuimmimmmnnieinniniimenenn 80
4.2 Tnitial Studies of Natural Rubber Hydrogenation in Parr Reactor....................... 84
4.3 Effect of Acidity on the Natural Rubber Hydrogenation..........coeeveeiinruniinennnnen 85
4.4 Effect of Solvent on the Hydrogenation of Natural Rubber............c.cocvvemiieenne. 86
4.5 Relative Viscosity Measurement of Natural Rubber Hydrogenation.............cc..uu 87
4.6 Hydrogenation of Natural Rubber by Gas Uptake Apparatus..........cooeeeiiieennenne 88
5.1 The Degradation Temperature of Rubber Samples........ccoceveiiiiiiiiiiiiiiiiiieenina 94

5.2 The Glass Transition Temperature Value of Rubber Samples..............cccoeenenen. o7



xi

LIST OF FIGURES
FIGURE : PAGE
1.1 Unit cell structure of the natural rubber molecule.............c.occeeiiiiiiiiiiiiiiiniin. 4
W2 p T T T T TR U e SRS DO S 6
1.3 A displacement of the chloride of 1b by an acetate anion...............c.ccceeevvvinnnnnn., 7
1.4 Styrene insertion into the Os-Hbond of 1b...........ccoviiiiiiiiiiiiiiien 8
1.5 Coordination of molecular hydrogen by 1b..........ccccoiviiiiiiiiiiiiiiiiiiiiiee e, 9
1O TRS AR PRI MR .. ... .. .oo.ovionsioninnhs s s s ssnneihnss et sinsnnuse sws swmass 11
1.7 A new cation succeeds 8 as the principal iridium-containing species
e T e S PSRN, - iR < 0% A0 S O e S Ur 12
Z1 G0N SR . ... GBR TL .« StTRIEI  + ss5 viass 4o was s o e us o vaehiins waves 27
2.2 The hydrogenation reaction of cis-1,4-poly(iSOprene).........c.ceeeueveeeveiieinnnenennns 30
2.3 FT-IR spectra of: a) cis-1,4-poly(isoprene) and b) hydrogenated
cis-1,4-poly(isoprene).......... /L. Lo 2R Y oot N e eeeereneiionnieccnaiecerancennnes 31
2.4 "H-NMR spectra of: a) cis-1,4-poly(isoprene) and b) hydrogenated
Cis-1.4-polY(ISOpIene). ... ... .../ USSRk TBetlY . Y. . o e e eveesennstinasasessmsansasernesnse 32
2.5 PC-NMR spectra of: a) cis-1,4-poly(isoprene) and b) hydrogenated
Cis-1,4-polV(ISOPrene). . ... X/ ARG s sasesunrnansot MBI « o« oo oovsiansnssnsvonsnsnsnsans 33
2.6 Hydrogenation of cis-1,4-poly(isoprene): a) olefin conversion profile
S0 D) DRAUEINE TR PG, o . v oncvrnecrsnrerinisrisnmon snssebanehs sonsrs ssrasssssonsanens 37
2.7. Effect of catalyst concentration on the hydrogenation rate at various
DRI . e s mackii s i v irn il asia smwnn wpn sl ks Bl aos SRR S bSSmwAR S smm PRl 43
2.8 Effect of hydrogen pressure on the hydrogenationrate..............c.ccoeveinininnnn.en. 43
2.9 Cis-1,4-poly(isoprene) conversion profile at various pressures.......................... 44
2.10 Effect of polymer concentration on the hydrogenation rate............................. 45
2.11 Arrhenius plot for the hydrogenation of cis-1,4-poly(isoprene)........................ 46
2.12 Hydrogenation of poly(iSOPIrene) iSOMET.........cuvueeueineieiveeeennnerinerneeennensann 48
2.13 Selectivity as a function of a) total metal loading. b) polymer loading.
T AT S e S OO R N, 50



xii

LIST OF FIGURES (continued)

FIGURE PAGE
2.14 Proposed mechanism for cis-l,4—p61y(isoprene) hydrogenation by
OsHCl(CO)(Oz)(PCy3)2 ..................................................................... 52

3.1 FT-IR spectra of: a) cis-1,4-poly(isoprene) and b) hydrogenated

L T R GAC R G S SRR SR o 59
3.2 'H-NMR spectra of: a) cis-1,4-poly(isoprene) and b) hydrogenated

T T A SRR 0 e NG e R 60
3.3 Hydrogenation of cis-1,4-poly(isoprene): a) olefin conversion profile

o E o g A R S s W e O S S S i 62
3.4 a) Effect of catalyst concentration on the hydrogenation rate

b) Cis-1,4-poly(isoprene) conversion profile at various concentration

S R SRR 8 /R B NN iSO RS 66

3.5 Effect of hydrogen pressure on the hydrogenation rate.................ccoevviniinennnnnn, 68
3.6 Effect of polymer concentration on the hydrogenationrate....................cc.ceenes 69
3.7 Arrhenius plot for the hydrogenation of cis-1,4-poly(isoprene)..............cccuueee.... 70
3.8 Selectivity as a function of a) total metal loading. b) polymer loading.

C) BVGIDGON DERISUFC. ... . . ix v as A N ORI e s i iasmsons o sisoimanshncsnsonnnia 73
3.9 Proposed mechanism for cis-1,4-poly(isoprene) hydrogenation by

oL E Gy L P R ey SR R S PSP S 75
4.1 FT-IR spectra of: a) natural rubber and b) hydrogenated

natural rubber......... YU LALUNGINUIIN & N o iriiniincrronncirans 82
4.2 "H-NMR spectra of: a) natural rubber and b) hydrogenated

DI . ... oo s b A ST A SR 5 DA o sl v T 0 Sl e S8 i s o8 83
4.3 Hydrogenation of natural rubber: a) olefin conversion profile

DR RO T BRI .o vohiiiicas i pssh sh mam e sy w0 6 5 il e A ke 88
4.4 Hydrogenation of natural rubber by gas uptake apparatus...............cccevvevvennn... 89

5.1 The thermogravimetric curve of rubber samples. a) cis-1,4-poly(isoprene)

DEHMIOe O BIPIR G EBBM ... ... i iniiissstanmanesnsinsssestavanianiid 95



xiii
LIST OF FIGURES (continued)

FIGURE PAGE
5.2 The thermogravimetric curve of rubber samples. a) natural rubber

e T T U S S S G AR SR Ot 97
5.3 The DSC thermogram of rubber samples. a) cis-1,4-poly(isoprene)

nn et R R Tt SO o QP S RN SO 3 99
5.4 The DSC thermogram of rubber samples. a) natural rubber

B Ot SR TR, ... ......0 ccooaviiani i dinessassiassnen vasss s aninases 100



Xiv

ABBREVIATIONS
R Relative viscosity
DP8C Differential scanning calorimeter
EPDM : Ethylene-propylene copolymers
FT-IR : Fourier transform infrared spectroscopy
HNBR : Hydrogenated acrylonitrile-butadiene rubber
HNR : Hydrogenated natural rubber
HPT Hydrogenated cis-1,4-poly(isoprene)
BB Hydrogenated poly(butadiene)
HSBR : Hydrogenated styrene-butadiene rubber
Ir : Iridium
p : Acidity constant
B 2 Rate-determining step constant
MCB : Monochlorobenzene
NBR : Acrylonitrile-butadiene rubber
NMR : Nuclear magnetic resonance spectroscopy
N Natural rubber
0 Osmium
PI : Cis-1,4-poly(isoprene)
Ru : Ruthenium
Bh - : Rhodium
SBR : Styrene-butadiene rubber
SBS : Styrene-b-butadiene-b-styrene block copolymers
Tia ¢ Initial decomposition temperature
T, : Glass transition temperature
T Maximum decomposition temperature
TA Thermal analysis
TGA : Thermogravimetric analysis

™E Tetrahydrofuran



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

