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Sodium hydroxide, N,N-dimethylaniline and tetrabutylammonium hydroxide
(BugNOH) were used as catalysts in the erosslinking reaetion of &ig]ycidyi ether of
biephenol-A (DGEBA) with Schiff’s base metal complexes of copper, eobalt and
nickle. From Differential Scanning’ Calonmetry (DSC) study, use of the catalysts_
decreased the crosslinking temperature ‘The lowest crosslinking temperature was
: obtamed when BusNOH was employed. The metal-containing epoxy polymers were
synthesized using BuyyNOH at the amount of 20 mole % of the metal complexes.
Crosslinking temperatures employed in the preparation of copper, cobalt and nickle - '
containing epoxy polymers were 150°C, 160°C and 155°C, respectively. The polymer -
properties were investigated by Dynamic Mechanical Analysis (DMA) and
Themogravimetry Analysis (TGA). It was found that the copper-containing epoicy
' polymer showed the highest glass transition temperature value-of 153°C, possessed
the highest heat resistant with 1.9% weight loss after treatment at 250°C for 24 h and
showed the best mechanical property, tensile strength of 69 MPa.

This .copper-containing epoxy showed better physical and mechanical
properties than DGEBA/maleic anhydride and DGEBA/diethylenetriamine system.

- - .. . . . d B b - . .
MNIN...... awilodeilda . e
-~ - . - - " A . ' - .-
mviun, Demeiuadnamtminding  auileBoernsdiiRam. DOWISY '0”"’"'3'?
4 p e '

Unsfinm.. 2641 awiflefemidiFnudon.. ...



Acknowledgments

The author would like to express her deepest gratitude to her
~advisor, Assistant Professor Dr. Nuanphun Chantarasiri for valuable
guidance, suggestion and encouragement throughout the course of
research. Sincere thanks and gratification are going to Associate Professor
Di. Supawan Tantayanon, Professor Dr. Pattarapan Prasassarakich and
Assistant Professor Dr. Somchai Pengpreecha for their valuable suggestion
as committees and thesis examiners.

She would like to thank Thailand Research Fund for financial
support and Dow Corning (Thailand) Ltd. for material support. Sample
testing results from Scientific and Technological Research Equipment
Center of Chulalongkorn University, National Metal and Materials
Technology Center (MTEC), and Department of Chemistry at Mahidol
University are appreciated.

Furthermore, many thanks are going to all those who helped and
encouraged her over the years of this study. Finally, she owes deep

gratitude for love and support of her family.



Contents

Page
Abstract (in Thai).......cccoveiiiiniiniiiiniiiiiiiriii e, iv
Abstract (in English).......cococoiiiiiiiiiinien, bt eaeso——reron \
Acknowledgments.......ccoovviiiiiii i vi
01110 1 < SOOI e SR HE Sy vii
List of FIgures.......cccocvvivicrneniniinnneasns T TV X
LSt Of SCREIMES...ciinivteieeieiniaeiieinnatnnanearaneinanreestsnnmmsarsssmresnes XV
LSt Of TADIES. c.euiieeriie et iineeisaeinnaresereassserssnenssssessnsersssasasans Xvi
List Of ADBIevIationS. ... ovuveuunriieieriniieeaeneaseeissarmeescmierarnisencenee xvii
Chapter I Introduction......c...c.cooeeviiiiinviniiniirireniiinn e 1
1.1 Epoxy resin........c..oouvuees N I 1
1.2 Crosslinking Reactions........ccoceiaciieniniieirveeinieensiiceivenensnns 2
1.2.1 Amine Crosslinking Agents...........ccoverriiuiiiirinrininniannn 2
1.2.2 Phenolic Crosslinking Agents. . e enebeasaennrasettsaeesesarteeen 3
1.3 Metal-containing Epoxy Polymers...........ccooviiiiiiiiiiiiniiiniinennn. 5
1.4 Objective and Scope of the Research...........ooc i, 8
Chapter II Experimental...........cccovveiiiiiiiinniiineiniiinine s 9
2.1 MALETIALS. .....eeeeeennreeeeeeeseeraeaterenneeanenesneneesateesasessseessesanens 9
2.2 Equlpments ................................. 9



viii
Contents (continued)

Page

2.3 Determination of Epoxy Equivalent Weight : Hydrochloric Acid
in Dioxane........... UL 1 1 WY e 10
2.4 Synthesis of Metal CompleXes........vvietiraciiiniiniarnceiiinininian 11
- 2.4.1 Preparation of the Copper Complex (CuL).........cccouiriinianenne 11
2.4.2 Preparation of the Cobalt Complex (CoL)..........ccccviiiinnniiinn 12

24.3 Preparation‘ofthe Nickle Complex (NiL)........ccoveenenvnnn12
2.5 Preparation of Metal-containing Epoxy Polymers by Using

Tetrabutylammonium Hydroxide as a Catalyst.................c.ooon. 12
| 2.5.1 Coppér-containing Epoxy Polymers.......ccoicvvuveniiiinininnn 12
2.5.2 Cobalt-containing Epoxy Polymers.........ccooevvniniennnniann 14
2.5.3 Nickle-containing Epoxy polymers............c.ccccuin 15
2.6 Study of the Crosslinking Reaction of DGEBA with Metal
Complexes.....coevevearnnans . 16
2.6.1 DSC Study...evuenieuecnsraienmcunmrerresiisieiecieresersrnessssasnn 16
2.6.2 IR SPECITOSCOPY vevrerrusrirrnrnsernsaraesecssasssaiensarosscasses 16
2.7 Characterization of Metal-containing Epoxy Polymers.................. 16
Chapter I Results and Discussion;.. ... .., i1/ 0 iibiethiont bt beerann, 18
3.1 Synthesis of Tetradentate Schiff’s Base Metal Complexes............... 18
3.2 Crosslinking Reaction of DGEBA with Tetradentate Schiff’s
Base Metal ComPIeXeS....cuouvirniereieimineieerirenrinsnrnrariessssisnies 19

3.3 Crosslinking Reaction of DGEBA with Tetradentate Schiff's |
" Base Metal Complexes by Using Catalysts..........ccceervuerrecereenns 21



ix
Contents (continued)
Page

3.4 Effect of BuyNOH Quantity on the Crosslinking Reaction of
DGEBA with Tetradentate Schiff’s Base Metal Complexes.: reerneennsl

3.4.1 DSC StUAY...cueuiieiieiiiiniinieasarersnienrasistncrnearssrasesnne 26
3.4.2 Isothermal DSC StUQY ... .verererrssnrermenns eererererereroe 28
3.5 Preparation of Metal-contéining Epoxy Polymers.........ccocvveevneeen 29
3.6 Characterization of Metal-containing Epoxy Polymers............. ..n31
3.6.1 IR SpeCtTOSCOPY . euuermitrnrarsersrnairacsraneommreerseasssaseasen 31
3.6.2 Glass transition temperatire. .........cccoeeneeveseneniess crrereens 32
3.6.3 Thermal Stability....cccioviriiiiiniiiiiininirrniitioninraiiniin 34
3.7 Mechanical Properties. ... .oeieeeiesenrerieuerinrmmnianesneenecnisissnnns 37
3.7.1 Tensile STENGth..ccvieiiiieereierenrrriinierenrens e e 37
3.7.2 HArdnessS. .. cvvverieeioisiiiasneciassearecessnmencsresassonesnssnnne 38
3.8 Comparison of the Polymefs' Properties. ....cvevevervriariciiiniiiannen 39
Chapter IV Conclusion...........ccoveiiniiiiiiiiimn e 4]
ReferenCes. . iiuiiiiiininmininasriosiivin et itaasresinasisasivassnrnssssssermms 42
APPendiXeS.....cccoiinieiiiiniiiiiiiiei et 45



List of Figures

Figure page

1.1 The reaction between phenol and phenyl glycidyl ether when no |

catalySt Was USEd .....cc.ceviierrenianiianiiiineveeriiueineiisinisrastaenennson 4
1.2 The reaction between phenol and phenyl glycidyl ether when the
catalyst was USed ....ccciciiiiiiniiiiiiiiiiniiiiieieniiieri e 4
3.1 DSC thermogram of CuL:DGEBA at the equivaient weight ratio of
| Y YD S o A PRS- T A 5 N N S oo 19
3.2 DSC thermogram of CoL:DGEBA at the equivalent weight ratio of
| B TPPOUPRROR S O S ot N N T P R PP 20
3.3 DSC thermogram of NiLL:DGEBA at the equivalent weight ratio of
SN - JRRROI AR <O e S 20
3.4 DSC thermogram of CuL:DGEBA:NaOH at the equivalent weigﬁt
ratio of 1: 6: 02 .................................................. 21
3.5 DSC thermogram of CuL:DGEBA:N, N-dimethylaniline at the
equivalent weight ratio of 1: 6: 0.2.......ccocevrennreiiriiinivininnnnann 22
-3.6 DSC thermogram of CuL:DGEBA:BusNOH at the equivalent weight
ratio of 1: 6: 0.2.......... E T U 22

3.7 TGA thermogram of Cul.:DGEBA:Bu,;NOH at the equivalent weight
ratio of 1: 12: 0.2...ccininiiiiiiniiiiiiiinininnans eesesesanrrarsacinrranroaias 36



xi

List of Figures (continued)

Figure | page

Al:

A2

A3

A4

AS5:

A6:

A7

-A8:

A9

DSC thermogram of CuL:DGEBA:Bu/NOH at the equivalent weight
T8HO OF 13 6: 0.1 .ueeiereeiureanvesivaeiasieseesseeseesasseessessensnnenns 46

: DSC thermogram of CuL:DGEBA:Bu,NOH at the equivalent weight

TAtI0 OF 11 6: 0.4, ... iiiiiviisiiiieieneraesssnessansascssssnssossasassensns V47

: DSC thermogram of CuL:DGEBA:Bu,;NOH at the equivalent weight

o 11 (o3 0) B T S N eveeresens 48
DSC thermogram of CuL:DGEBA:Bu,NOH at the equivalent weight
ratio OF 11 8: 0.2, . e iiiien it ieiiienitet s e e s inea 49
DSC thénnogi'am of CuL:DGEBA:Bu,NOH at the equivalent weight
10 OF 12 10:0.2.0c01oeiiuineieerrunnnsenssereesseersnsnnnssesnmnnnsssasesss 50
DSC thermogram of CoL:DGEBA:BuyNOH at the equivalent weight
FAHO OF 13 65 Oulevoreerasaeesisssossesesomsnssnssssessterssassssssessssnsans 51

: DSC thermogram of CoL:DGEBA:Bu,NOH at the equivalent weight

1atio 0f 1:6: 0.2, ..cuviurieiiiiiiniiiicriiiiirre e e e 52
DSC thermogram of CoL:DGEBA:Bu,;NOH at the equivalent weight
ratio Of 11 6: 0.4, .ivin i e 53

: DSC thermogram of NiL:DGEBA:Bu,NOH at the equivalent weight

TAtI0 OF 116: 0.1 ..o eiiiiirreierersenncresereseesersssnsnsscassasersennsonsees 54

A10 : DSC thermogram of NiL:DGEBA:Bu,NOH at the equivalent weight

ratio Of 1:6: 0.2, cvvivivriniienennenannss veeretrenatnctornanasttietaretran 55

A1l : DSC thermogram of NiL:DGEBA:Bu/NOH at the equivalent weight

P To 103 3 IR T L T S 56



xii

List of Figures (continued)

Figure page
Al2 : Isothermal DSC thennogfam of CuL:DGEBA:Bu,NOH at the
equivalent weight ratio of 1: 6: 0...vuu.vveeniunveeneeerneeenereenns 57
Al3 : Isothermal DSC thermogram of Cul.:DGEBA:Bu,;NOH at the
equivalent weight ratio 0f 1:6: 0.1.........vvveeeeeeeeeeenereneeeinsen, 58
Al4 : Isothermal DSC thermogram of CuL:DGEBA:Bu,NOH at the
equivalent weight ratio of LT LA N e SO 59
AlS5 : Isothermal DSC thermogram of CuL:DGEBA: Bu4N0H at the
equivalent weight ratio of 1: 6:0.4........ccvuvviennvveeneresennennn, 60
A16 : Isothermal DSC thermogram of CuL:DGEBA:Bu,NOH at the
equivalent weightratio 0f 1: 4:0.2........coovvviiiiiiniineenerrennn, 61
A17 : Isothermal DSC thermogram of CuL:DGEBA :Bu,;NOH at the
equivalent weight ratio OF 1802 eoeeeeiecterersesesesoo 62
AlS: Isothermal DSC thermogram of CulL:DGEBA :Bu,NOH at the
equivalent weight ratio of 1: 10: 0.2.........c.cevvvvvvnnecreeennnnnn... 63
‘A19 : Isothermal DSC thermogram of CoL:DGEBA:Bu..NOH at the
equivalent weight ratio 0f 1: 6: 0.....cc..iviivniiiiiiiiiinineerennennne 64
A20 : Isothermal DSC thermogram of CoL'DGEBA:Bu4NOH at the |
equivalent weight ratio of 1:6: 0.1................ivvriiiietiinanen, 65
A2] : Isothermal DSC thermogram of CuL:DGEBA :Bu,NOH at the
equivalent weight ratio 0f 1: 6: 0.2..........coevuieeerenncrieennrernnnnn 66
A22 : Isothermal DSC thermogram of CoL:DGEBA:Bu,NOH at the
equivalent weightratio of 1: 6: 0.4...........cccevvivnvivnrivnerennennnn, 67
A23 : Isothermal DSC thermogram of NiL:DGEBA:Bu,NOH at the

equivalent weight ratio of 1: 6: 0........cccuvvuniirnivinienniinreennnen, 68



Xiii

List of Figures (continued)

Figure | . page
A24 :Isothermal DSC thermogram of NiL:DGEBA:Bu,NOH at the
equivalent weight ratio of 1: 6: 0.1......oceeiveuiereinnnnrinnennnnnnn, 69
A25 : Isothermal DSC thermogram of NiL:DGEBA :Bu,NOH at the
equivalent weight ratio 0f 1: 6: 0.2.......cccvvvenivviinnneerneeennnnnnn, 70
A26 : Isothermal DSC thermogram of NiL:DGEBA:Bu,NOH at the
equivalent weightratioof 1: 6: 0.4..........cccoovvvvnvennennn.., STTITa 71
A27 : IR spectrum of CuL:DGEBA:Bu,;NOH at the equivalent weight
ratio O 10 12: 0.2, i e e e s 72
A28 : DMA ‘thermogram of CuL:DGEBA :Bu,NOH at the equivalent
weightratio of 1:4: 0.2....ccuiiiiiiiiiiiiniiiinien i e eeea, 73
A29 : DMA thermogram of CuL:DGEBA:Bu NOH at the equivalent
weight ratio of 1: 6: 0.2, iAo 74
A30 : DMA thermogram of CuL:DGEBA:Bu,NOH at the equivalent
weight ratio of 1: 8: 0.2......ciirreiinniiiiii e 75
A3l : DMA thermogram of CuL:DGEBA :Bu,NOH at the equivalent
weightratio of 1: 10: 0.2, 76
A32 : DMA thermogram of CuL:DGEBA:Bu/NOH at the equivalent
weight ratio of 1: 12: 0.2....ceuiviiniiiierc e 77
A33:DMA thermogra.tﬂ of CoL:DGEBA:Bu,NOH at the equijvalent
weightratio 0f 1:4: 0.2.. .. ueieiiiiiiiiiiieiriiie e reneneveneans 78
A34 : DMA thermogram of CoL:DGEBA:Bu,;NOH at the equivalent
. weight ratio of 1: 6: 0.2......ouiiiiiiiiiiiiniiiiin i e eee, 79
A35 : DMA thermogram of CoL:DGEBA:Bu,;NOH at the equivalent

WeEIGht 1atio 0f 13 8: 0.2, 0 cueveeeineeeereereeeeeeeseeeessnesseens e, 80



Xiv

List of Figures (continued)

Figure page

A36 : DMA thermogram of CoL:DGEBA:Bu,NOH at the equivalent

weight ratio of 1: 10: 0.2, .c.iiiviiiiiiiniiniiiiiiiiice e e e 81
A37: DMA thermogram of CoL:DGEBA:Bu,NOH at the equivalent
. weight ratio of 1: 12:0.2...c.ieviiiiiniiriieiniieirineecreaea e e 82
A38 : DMA thermogram of NiL:DGEBA:Bu;NOH at the equivalent
weight ratio 0f 1:4: 0.2, .. ciiii it se v enaes 83
A39 : DMA thermogram of NiL:DGEBA:Bu,NOH at the equivalent
weightratio of 1:6: 0.2....ccccmmiiviiiiiiiiiiiiiiniiiiicn e, 84
A40 : DMA"thennogram of NiL:DGEBA:Bu,NOH at the equivalent
weight ratio 0f 1: 8: 0.2 cceevreeeieiiiiiiii i 85
A4] : DMA thermogram of NiL:DGEBA:Bu;NOH at the equivalent
weightratio 0f 1: 10: 0.2, .o e 86
A42 : DMA thermogram of NiL:DGEBA:Buy;NOH at the equivalent
weight ratio 0f 11 12: 0.2, .o ciieiiiiiiiiii i e rcren e e e 87

A43 : DMA thermogram of DGEBA: maleic anhydride at the equivalent
weight ratio of 1:2.8 and 0.1 phr of benzyldimethylamine...........88

Ad4 : DMA thermogram of DGEBA: diethylenetriamine at the equivalent
weight ratio of 1:1...couieniiiiirii i, 89



List of Schemes

Scheme . Page

1.1 Synthesis of diglycidyl ether of bisphenol-A (DGEBA).................. 2
1.2 Possible mechanism of crosslinking reaction of DGEBA with phenol..3
1.3 Possible mechanism of the reaction between phenol and phenyl
glycidyl ether when using KOH s & Catalyst..........cvererrerererernerns
1.4 Synthesis of metal-containing epoxy polymers............ reevestteenraanns 7
1.5 Synthesis of metal-containing epoxy polymers by using of catalyst.....8

2.1 The procedure for preparation of metal-containing epoxy polymers...14

3.1 Synthesis of Schiff’s base metal cOmpleXes...........crervvecrerereunnnn 18
3.2 Possible mechanism of the reaction of DGEBA with metal complex..
ANd BUsNOH . ...voireiieniiinceinerameeneasiasinsiersasaasserssaresstonssnenss 24



List of Tables

Table | page
2.1 The results from WPE determination of DGEBA..................... 11
2.2 Weight of CuL DGEBA and Bu4NOH used in the preparation of |
copper-containing epoxy POlYmErs. ...c.vervmeserieniiiinirininanin 13
2.3 Welght of CoL, DGEBA and Buy,NOH used in the preparation of
copper-containing epoxy POLYMErs.....ccccevmiueimnimiiniiiiniinniinin. 15

2.4 Weight of NiL, DGEBA and BusNOH used in the preparation of

copper-containing epoxy POIYIMIErS. ....ecvueiriresiiererieiiiieeninnien 15
3.1 Results from DSC eXperiments. ........ceernsruerusrarencainneiinnicaranna 27
3.2 Results from isothermal DSC.....cciuiviiiiiiiiiiiiiiinni . 29

3.3 Curing conditions for the preparation of metal-containing epoxy
POLYINIEIS . 1. eivvneransiiauiesianeseeasannaettannsssenissiansrrarrinnsensennas 30
3.4 IR absorption characteristic of metal containing epoxy polymers......31
3.5 Glass transition temperatures of metal-containing epoxy polymers....33
3.6 Thermal stability of Cu, Co and Ni-containing epoxy polymers........35
3.7 Tensile strength of metal-containing epoxy polymers................... 37
3.8 Hardness of metal-containing epoxy polymers........cc..cooieeiaiiies 39
3.9 The best physical and mechanical propefties of Cu-containing epoxy
polymers....c.cooceniiaeiinnn. T B R TTTyon 40



List of Abbreviations

Bu,NOH tetrabutylammonium hydroxide
DGEBA  Diglycidyl Ether of Bisphenol-A

DMA Dynamic Mechanical Analysis
DSC Differential Scanning Calorimetry
g gram
. h hour
meg milliequivalent
min minute
ml millilitre
mmol millimole
- MPa mega pascal
phr part per hundred
TGA Thermogravime&ic Analysis
T, reaction time required to obtain 100%
conversion
Tend temperature at the end of the reaction
Tint initial temperature of the reaction
Tnax temperature at the peak maximum

WPE weight per epoxy equivalent



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

