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' o a - di o = = o,
wi'laasandlasnisirdfisensanernsveslalnaddadinaiaeniafuaste-

awandisdu (1) daw 2,4-leezilu-6-laarandlwidiu (2) ussihindwal 3

a - 2+ 2+ 2 2+
nagauanuFIIn lunissulosanuaslan: 5 wia fa Ni© Cu’ Co . Zn . uas

e

2+ g A =l - - a 2+
Pb 'lumma:mu'nu@maq Na‘ﬂ‘lﬂﬂﬂ ‘[WE\LMQ‘{ 3 :Jm'mmmmhn’ﬁw Pb

- a 2 A |
WiBRUaEAMNEINITO UL Pb %zﬂﬁﬁ(ﬂLUB‘I'Eﬂ'ﬁﬂtﬂ’lUNH&J‘HGJ‘IQBQN‘UH 80% Lu
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ABSTRACT

The objective of this research is to synthesize epoxy polymer (3) containing
amine and hydroxy groups by crosslinking reaction of diglycidyl ether of bisphenol A
epoxy resin (1) with 2,4-diamino-6-hydroxypyrimidine (2). The chelating ability of
polymer (3) with 5 metal ions, i. e. Ni2+. Cu2+. 002*, Zn> and Pb>" was investigated.
It was found that polymer (3) could selectively chelated with only Pb”" and the
maximum chelating ability with PI:)2+ was obtained when a mixture of 80% dioxane in

water was used as solvent.
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) UNHI

1.1 Indweindenuainisaluwnisiulasaunaslans (Chelating
polymers)

ﬁaqﬁ'u'lﬁﬁﬁau‘laﬁnmﬁmﬁ'u'[wﬁmafﬁﬁmmmmmhmﬁu’laaau,
(30ew) 2aslawez (chelating polymer) athsmnniftasvnanansnhllfuszlomild
atinani1erne laun 1flugaamnsn metal processing wazmsthoasige Wudw' ™
sutdvaslndweifdanumunsolunmsivlessuvaslansdaiuiidains fe finnnuy
(capacity) &9 wszdamusmunnlunmsfendvlessuvaslanziidaints (selectivity) 39
ﬁz&'wmmu’aﬁ'mmzﬁwmﬁa‘lﬂe‘f chelating polymer il capacity Waz selectivity ga'fu

anusvnTo lumIdnlesanveslansuas chelating polymer 'fu%uagﬁ'u
auswsarasdunudnagunldinfwelunmsifaandstaunylosonzaslans™"
lasm lfsffinadennumansolumsivlosansaslansldun (1)  zfiavedlesan
voslane (2) Tawsdnvesdunud (3) lansaivsadlwdueifegrevfunud (4)
anuaiisrrasmndidauivleosaueaslan: (5) dvharmouss pH usz (6) gaungdl

@18t19284 chelating resin ﬁﬁ@'ﬁamﬁ:ﬂﬁuﬁ Feng uazame" leivh
nMIRaAaTzRlalndwaiues 1-(B-acrylamidoethy! ) -3 -hydroxy -2-methyl-4(1H)
pyridinone uaz N,N’-dimethylacrylamide Jols N,N’ -ethylene-bis-acrylamide LUu&17
\raules (crosslinking agent) HAMTATEWLAN chelating resin 7164 selectivity Tundu
Fe3+ ldduas capacity Tumsdu Fe3+ Ao 146 pmeol/g Lﬁa'l‘fbatch process UR: 144
umolsg 1iiald column process

Latha uszame’ léFueTsd  polycrylamide lagld  N,N'-methylene-bis-

acrylamide (usnnFanlos uazwuin chelating resin #1684 capacity 289m33y Fe
Fe”" Ni°” cu® luilSunmi 3.62 4.22 1.48 uax 1.67 meqv/g MU

1.2 Bwandlndinas .
- &t - & & - ﬁ‘al-! o W
awand Indwas dumes lutmnlndwesninasdrunldiu

L [ 1 8 [ &= B - - 1o : 1 - B
NUDHTIUWINAY LTU 'I.‘m.ﬁum'z 'Jﬁ@}'aﬂﬂﬂﬂﬂ'l LLUWU?T 'ﬁumumuuuﬁ ua:waﬂnm‘ﬁ

AARANLFIULTS (Tueu



awanfusduiiioulfunnfigefie digiycidyl ether of bisphenol A
(DGEBA) (1) \flavih DGEBA mﬁ'lﬂﬁﬁ?mrﬁaum’n (crosslinking reaction) az'l@iiln
ﬁwaﬂﬂwﬁma‘fﬁﬁxfmﬁﬂmaqagaua:ﬁTmaa*}'ﬁaLﬂuﬁqu 3 1@ fathsuasrsils
s densmedioaldldun i dHudu Tasfitendenanafennl§izom

izmwﬁgﬁwan"ﬁmaa DGEBA u.am:‘kjmﬁu

1.3 5’@1qﬂ5:ﬁaﬁ‘maamu%’u

ndTsiliumseiouinendInded (3) lagnsiyfisen
L"ﬁaumﬁwm diglycidyl ether of bisphenol A (1) ¢t 2,4-diamino-6-
hydroxypyrimidine  (2) walildawendInded (3) ﬁﬁiﬂmrﬂmar'}ﬂgauﬂzﬁ
Tansafadluiniun 3 98 uazh (3) lunassuanusaninlumsivleasuvaslan:
lusnsazanuens G}Tﬂﬁﬁnmﬁd chelating selectivity a2 chelating capacity

imauaiFenlfawendlndiwef (3) lasendeuianaldun
ANULRAUTURENUNIRADRTTLAN L0 @ (Wuein \fiasa1n 2,4-diamino-6-
hydroxypyrimidine (2) ﬁﬁgﬁaﬁi’u’?‘&muﬁnﬁ'uvlaaamaﬂm:ﬁag'lumm:mu"lﬁua:
mavhlffienanrneresinandisdudan (2) sunsarmldie Judenldlndiues

(3) \ilu chelating polymer

1.4 ADULBAVDINUIVY

1.4.1 \@3sugunioluazanaad

1.4.2 ﬁnmﬂﬁﬁ%mrﬁawﬂwm DGEBA (1) @28 2,4~-diamino
-6-hydroxypyrimidine (2) #2871 differential scanning
calorimetry (DSC) Lm:mzm'n:ﬁmm:auﬁqnﬁ'm%’mﬂ%uu
awandlwdiuat (3)

1.4.3 a3sudwandlndiuaf (3) amasaulaniaieuazaud@nig
n1enINad (3) 6287375 infrared spectroscopy (IR) DSC
W8 thermogravimetric analysis (TGA)

1.4.4 wnagsuanuswsalumsivlessuvaslanzvaslwdiuein
w@3sulaluaiazaoana g

1.4.5 sjUnanmimessd
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i aInaaad

21 ia3asie
Netzsch DSC 200
Perkin Elmer TGA7
Perkin Elmer 1706 Infrared Spect_rophotometer

Varian SpectrAA 300 Atemic Absorption Spectrophotometer

2.2  #1TLARN IKOSUNFITREANLUDI LD DOWVDI AN

Cobalt (II) chloride hexahydrate
Copper (I1) nitrate trinydrate
Lead (Il) nitrate

Nickel (II) nitrate hexahydrate
Zinc (I1) nitrate hexahydrate

2.3  MsesuNANanTINALNSS (crosslinked DGEBA) (3)

NEu DGEBA (1) (D.E.R. 331 epoxy resin. 39nuTs¥N Dow Chemical
Thailand, E.EW. 181-192) uaz 2,4-diamino-6-hydroxypyrimidine (2) 14
equivalent weight ratio 283 1:2 = 1:1 1:1.3 Uaz 1:2 LLﬁ"Jmaﬂum:mnmﬁmﬁ
(ARaUGIY silicone grease 'lﬁm’m%'auﬁ'waaNauﬁanﬁﬂﬁqmwgﬁ 185°C w2
lus inaliAefAzendanensldiiuinandInfiuef (crosslinked DGEBA) (3)
ﬁa'lﬁ'tﬁuawuﬁqmﬁqﬁtﬁﬂﬁuqmvxqﬁﬁaa 819 3 @2u dioxane ﬁajul.ﬁamﬁ'ﬂ 1 usz 2 1l

L] S, D, L] A ﬂl.i .d = »
lifiedjAsenesn s 3 wauft 110°C fiwas 1 Taluaiiaeda dioxane aan

2.4 mmesayaugIansalwnsdulanzuss 3 A235 batch method

\@i crosslinked DGEBA (3) 0.5 n3N adluw7@ Erlenmeyér 2u1@ 125
ml Aflesacaelessuvaslans 20 ml Uewmauasmuvasnsuiuwnm 3 alusit
gomniivas vmsnsasifiansn 3 sananasasmnuazae 3 srudrharaefily
wisumsazalosauraslan: 1 fitrate  Alduimiunaclesanvaslansiinds

Atomic Absorption Spectrophotometry



I NRaN1INaa aouaz‘im‘snfnaﬂﬁﬂﬁaaa

3.1 UjAssudenuatsuss DGEBA (1) dou 2,4-dlamino-6-

hydroxypyrimidine (2)

m‘sﬁnmﬁﬁﬁ?mr‘ﬁaw'ﬂwm DGEBA (1) fapmsifaneany 2,4-
diamino-6-hydroxypyrimidine (2) grunsahlelasldinefla  differential  scanning
calorimetry (DSC) mineaad DsC Hldlaglwaruiauiuamsuszning 1 uaz 2 7
equivalent weight ratio Wiy 1:1 1:1.3 use 1:2 lw aluminum pan muldussenma
TulasuiieltldiiuwdwandIndiued 3 (crossinked DGEBA)

Wefnwufiasduiufisrifassrimintaiieinld  Sivhmanaass
psc laslwaruiaulu first heating cycle lutaigmngdl -100 fla 210°C Adasmsly
amwau 20°c/wf mniulienuiduiudaiauigomgll -100°c usslinnuian
337 2 (second heating cycle) Tugvgampiimiiounulu first heating cycle anmavh
first heating cycle wuinen Tg (glass transition temperature) U84 DGEBA #trslaine
URzenderrnilusdazdratnadimndifsiuussimndiouulaarasdr Tg lums
Yin second heating cycle (Eﬁﬁ 3.1a, 3.1b Uar 3.1c wmawwIn uss @Ief 3.1)
uam*hl,ﬁmﬂﬁﬁ%‘u'wﬁan-umﬁfmwi'lﬂaugivi URSTBINRNIININ 1 uax 2 71 equivalent
weight ratio LYiiy 1:2 LﬁmJﬁﬁ‘%m:.%aum‘:amnﬁqmﬁmmnﬁ T, gaﬁq@

J i - A Ll D
@137 3.1 6 glass transition temperature (T,) 2a3lwRiuef 3 ALAAUGATN

\euwanedan
Equivalent weight ratio T, #ldan T, Aldan
18y 1:2 first heating cycle (GC) second heating cycle (GC)
1:1 -14.7 -8.4
1:1.3 -14.4 -4.4°
1:2 -14.5 =3:2




s ——
L I ey o

- i d A - 1l
Tunmsdnsnsifiedizendesrriniiestesuysal mImesas DSC
dl ) - A o L g
filffe wuy dynamic Adrgmngd -80 fa 350°C MdaTMIliiAnuian 10°CAn
gﬂff‘i 3.2a 3.2b Uaz 3.2¢c (MAN®IN) UFAY DSC thermogram 8363841 3 ML
A [} L= s 1
11 equivalent weight ratio 283 1 U8z 2 YitAU 1:1 1:1.3 U 1:2 Mud@U 61 Tg 1
AW e o w ¥ -t A e v 4 . N
DGEBA flafieaunitmineasdluarid 3.1 iasnnldsarnmsivanuionsinin
1 e b S [l ) o % 4 B o= . -
uRzWUIGIaEe 3 Mmednusasnsiialfitonfenunedeldilin exothermic peak i
) - L - A -
Tgounndl 215 fia 230°C amdwmfia post curing T9RNUBY post curing Tauriy
B ) -~ ﬂ' Ea - A 8 "
Aufinzasn1siia decomposition 183 DGEBA Aaufjiduidanaruds 39ldsunsn

- - e d L
W1 enthalpy 283msiiauiiseusonwasle

PINMINAaad DSC Uyl isothermal ﬁqmﬁ.gii 190°C (Eﬂﬁ 3.3a UR:
3.3b 'lun’lﬂwu'm) WU A28 TDINFULBY 1 UR: 2 ﬁﬁ equivalent weight ratio 111
fu 1:1 e peak maxima a1 17 wift uazadlslumsiRelfiseudenemadi
tﬁﬂaﬂ‘ﬁmugmfﬁa 44 W atTBINENR 1 Was 2 ﬁiﬁ equivalent weight ratio
Windy 1:2 11 peak maxima famlaunitda 15 wift WiesaniUSunnwaes
mudenlss 2 nniuszamildlumsifafidegarsnefifiesdnruysolfe 35

~

wm

minesstusalifia muiedoy crossiinked DGEBA (3) Wil
naseunsiulesautaslan: andays psc Alddedu JuRenvulfitegeuunng
189 DGEBA daumudenlos 2 figunndl 185°C wm 2 HluaeliAeUjitn
\Henr s Yol WEITINUWYINIES crosslinked DGEBA #il¢iehn dioxane figu
iferda 1 usz 2 AliifeUfi3eaen uani crosslinked DGEBA luaufigngd 110
°ciflwamn 1 Falus erred 3.2 usas yield 289 3 fAldnnslduesnsuuny 1 uas

2 1 equivalent weight ratio @14N%




@15197 3.2 Yield 989 crosslinked DGEBA (3) fildanmaldusananuas 1 uss 2

i equivalent weight ratio @13N %

Equivalent ratio 283 1:2 Yield w83 3 (%)
1:1 42
1:1.3 50 i
1:2 69

3.2 Characterization 2184 crosslinked DGEBA (-3)

N IR ;Unasurey 3 Aldvinuasnaseey 1 ws: 2 Al equivalent
weight ratio YNy 1:1 (gﬂﬁ‘ 3.4 lumeanwan) Anflugasfe O-H usz N-H stretching
FaFauriuiulugay 3500-3200 cm™ #Nn289 C=N stretching 71 1634 cm ' u§aindl
2,4 -diamino-6-hydroxypyrimidine (2) agﬂu crosslinked DGEBA (3) wananit
nsmwllzesfindl 920 em™' Guilufinuesnydwandlu DGEBA (1) Huiumsiudu
JufAeUfAsendesyn i

msanurulanIannTausas 3 ldlagldinedla DsC  ua:
thergravimetric analysis (TGA) lunmsvih DSC #adlf heating cycle 2 cycle 1 first
heating cycle 1fgmmniilugag o iy 210°C Asarmaldanutan 20°Canf aminly
anuuiudmadulagldianmslienuin 10°candt wfigamgd -100°c uazly
anuiaulusecond heating cycle Tugsgomplinidennulu first heating cycle Adam
milvanuan 20°C/andi M first heating cycle WU endothermic effect 71523
gunail 60-140°C ({1899 MNMITINE03 dioxane 3INN3T second heating cycle WU
fn T, 783 3 ﬁ‘lﬁ'ﬁﬂﬂwamau‘um 1 use 2 17i equivalent weight ratic 1:1 1:1.3 U&2
1:2 115 113 uaz 117°C ey (gﬂﬁ 3.5a 3.5b Uaz 3.5¢ lumauuan)

i, % A i
TGA thermogram 723 3 Nl63MNVBINANYY 1 WAz 2 N1 equivalent

weight ratio 1:1 (gUfi 3.6a lumanwan) uraInsifia decomposition 2 $I3 FIIUIN



- dl [} -:I' - é B - 2L
\iaf 100-240°C 4297 2 mﬂ'ﬁi 240-500°C dudlumsiia decomposition 183 3 TGA
thermogram 184 3 Aldnnuainanses 1 usz 2 7 equivalent weight ratio 1:1.3 Ugsz

= v o e oA . v v s
1:2 (U7 3.60 uax 3.6¢ lumeanwan) duwaltudoanuduflansunudadndu

= et .d .ﬂ. [ L} - =
nalnvasmaieufisondeusnfilinvlyldde wi primary amine

(-NH,) Tu 2 Bavhiadliln nucleophite 1ivU§ATeTa epoxide ring Tu 1 vialild

awandlwdiwad 3 Aflasesuluiaun (network) (wwunawdl 3.1) naille epoxide
ring T@U'ﬁg primary amine 1@ l&de@avinl# primary amine wanwilu secondary amine
n13tia epoxide ring I@wﬁy; secondary amine WNeniwiiosaind steris effect 1tasann
yleld w849 3 WvtwdofinFnowes 2 uedh T, 7189 3 finaasuwdastasann
urasdrlwdef 3 Aldamsle 2 luSunaenanud crossiink density Indifuariu 39

arudull@fing primary amine 113 2 wiilu 2 lalldvinufisendy 1 sthsauysal

i NH,
?H
3
e OSSN
CH, a HO N}\

NH,

s e SanCants
)ﬁ\ /a-ﬁ—cm@ﬁ{»m
AR OS L@

P!
WHWATIWN 3.1



3.3  mmedsuarNFasoiwnsulasaunaslanzuas

Snandlwdlnes (3)

3
b7

3.3.1 n1idulsasuuaslanzl

- a 2+ 2+ 2+ 2% 2+ aa
laaaufivns@neif@a NIT Pb . Cu . Co  (Az Zn  35ms
a i - ni - e,
0 lasavuaslansiild@a batch method @137971 3.4 ug@IAURILNTNVIIWRLLET 3 N

v v - i . . a A ¥
Idanmsled 1 sz 2 71 equivalent weight ratio 1:1 Tumsdulesauwvaslansfagluin

@137 3.4 Chelating capacity 7adlnfiwes 3 lumsdvleaanvaslanzfiagluwi

lasauvaslan: | Chelating capacity
mmol/g mg/g megv/g
Ni 0.08 4.6 0.16
Po” 0.13 27.9 0.27
cu® 0.12 7.7 0.24
Co”’ 0.14 8.2 0.28
zn”" 0.15 9.9 0.30

anumntnlwniivlesswatlavsutaniln 2 adn @

- =

chelating capacity WR chelating selectivity 27n®1773N 4 chelating capacity 223 3 UA1
o A - - > ool

dufiasnn 3 amsuanda (swell) wbhldlaid losauvaslansRahurinldlugngu

983 3 lavn

3.3.2 n1svulaaswaaclansindivitasatauanseuinonIuas

dioxane

lasanindines 3 dulessuvaslanslwirlalud  Fuvh

3 as s o d ‘-i. - o et i
nmsanwimiavlsaauseslansludvasaedunlnfwes 3 Aanisuindalad an
NINARAINLIT AAEEERFNTENIURS dioxane Tudas1dau 1:4 (80% dioxane




Tuh) udsssoilndwes 3 Lﬁﬂmmméi"n‘lﬁ'ﬁﬁqﬂua:mmma:mu’laaawsa
Tam‘lﬁ'ﬁ?‘iqﬂLﬂatﬁUu_ﬁ'n@’i'aﬁwazmtjnamzwi'wﬁmazﬁ'zﬁwmmuﬁu lédun  dimethyl
formamide LUYNWER URS dimethyl sulfoxide Feloaauzaslansfilndwas 3 sanndy
”lﬁ'x'ﬁﬁqa (i chelating selectivity ﬁr’iq@:) da Pb. din lasauvaslansiiBandnmie

Pb2+

- - [+ - (7

@797 3.5 WAEAIURAIAINUEILNTNTRIIWRLWET 3 AldaInms
a i . N . | o o 2¢ A a g

1% 1 usz 2 71 equivalent weight ratio @3nulunsdu Pb nagludazaisuay 80%

. ¥ A - et B ¥ A » [ et o
dioxane Wi G3lwdiwes 3 swmndvlesawvaslanslddaniudlsltiuiuwarvazais
I - & o ar o - | -
wazlwdwesd 3 ynardenuaininlumiivlasauvaslavzlndifivsiuiiasand

crosslinking density Tndifzann

4 . 2
@157 3.5 Chelating capacity 784 3 lumsdu Pb’

equivalent weight F’!:)2+ chelating
ratio 184 1:2 Alg capacity
lumsiesou 3 mmol/g mg/g meqv/g
131 0.60 126.1 1.2
1:1.3 0.60 124.5 1.2
1:2 0.61 127.1 1.3

P - & Y o
@1TNA 3.6 usAILEAIANUFINITAYBIINAWES 3 Aileainms
A ] o (= 2+ A L% A
1% 1 usz 2 71 equivalent weight ratio iriu 1:1 Twun33u Pb- Weldanuidutures
2+ A o - ) a i & P
Pb. Adenulussazay wammesasfa Iwliwes 3 & chelating capacity uInawuiila

L 2+ 3
aNuLTNTUBEY Pb Ej&‘ﬂ‘u




i ~ - L, 2+ L
@179N 3.6 Chelating capacity 189 3 iU UAULEI Pb @INU

ANUITUTUYRIP Pb° chelating
capacity
M pem mmol/g mg/d meqv/g

0.005 1110 0.12 25.7 0.2

0.01 2060 0.17 35.4 0.3

0.02 4520 0.28 59.2 0.6

0.03 7140 0.39 81.8 0.8

0.04 9260 0.47 94.5 0.9

0.05 11300 0.55 114.6 121

0.06 14200 0.66 137.3 1.3
©0.08 18167 0.74 154.6 1.5

0.10 22200 0.74 154.4 1.5

-l - 3 aV o
TN 3.7 ureuEalanuuTnradlndwe’ 3 Aldanms
& A _ B @ 2F & 4
1% 1 usxr 2 91 equivalent weight ratio tviinu 1:1 lun1sdu Po- altanuidutu
a: Lo 2"' ] - - - i e 2 [
Fuduval Pb ¥y 0.9 Aadlua (mmol) :MNAINARBINLTY M3 Pb™ lugiaausn

- v = &l P
iﬂﬂvl-@lLT?LLﬂ:ﬂﬂﬂ»ﬁl“ﬂﬂ"gﬂE{U@Jaﬂﬂnﬂ'} 150 %N

10



¢{ a4 2+ o ] e
@713 WN 3.7 Chelating capacity 483 3 lumsdu Pb™ Aamdnenu

128 (uaf)

2+
Ui Pb° AiviRe

Uuw P faniy

Y3 P

Tussszas (mmol) lat 3 (mmol) | gniu/10 Wil (mmol)

0 0.95 0 -
10 0.83 0.12 0.12
20 0.81 0.14 0.01
30 0.80 0.15 0.01
40 0.79 " 0.16 0.01
50 0.78 0.7 0.01
60 0.77 0.18 0.01
80 0.76 0.19 0.01
100 0.76 Q.19 -
120 Q.75 0.20 -
150 0.75 0.20 -
190 0.75 0.20

11




3.4 @idwanmsavn

3.4.1 msasoudnendlnfwad

muaTsudnendinfwed (3) swsamldlasnsilfase

(Daur19vesdnandisdusiia DGEBA (1) et 2,4-diamino-6-hydroxypyrimidine (2)

Naonnil 185°C (luaan 2 53lus

q QU

3.4.2 @NEIN150P08 3 lwn1sdvlanaunaslans IuaTazany

Wanagauanuswnsolunisiilu chelating polymer wasBwand
Tndwas (3) nulasauueslans 5 vila fa Ni°° cu” Go- zn° usz Pb’ walldda
3 il selectivity lumssuianizlansu Pb°" ipe@dien uas capacity lunnsdu Po°* as
ﬁf‘iqmﬁa'l-ﬁ’ﬂ’ﬁa:munawaa 80% dioxane luiuiludvhazmefianuiduduyes
sz' YNy 0.1 M #in chelating capacity f‘i’l@‘fﬁa 154 mg/g %30 1.5 meqgv/g

3.5 Jaidnaun:
UARS s Tanavasdwendisdusiia DGEBA (1) ¢au 2,4-diamino-
6-hydroxypyrimidine  (2)  anahlszgndldlunudugamwnssumunfsufiale
Wasndmsldasdsznoudssinn  heterogyclic  wanurRiaiuwandasndwiu

dwandisdu leun melamine waz benzoguanamine

12
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ANANWIN

1. Specification 2789 DGEBA (1) 21NUTEN Dow Chemical Thailand

Trade name

Epoxide equivalent weight
Viscisity, MPa, 25°C
Color Gardner,max
Density, g/ml, 25°C
Flash point (C.0.C.), °c
Odor

D.E.R. 331

14

182-192
11,000-14,000
3

1.16

255

faint epoxy odor



2. Condition #15UN1INN thermal analysis

A. Differential Scanning Calorimetry (DSC)

Sample Sample Heating Temperature | Heating rate | Atmosphere
container cycle range (°C) (°C/min.)
Uncured closed Al pans 1 -100 - 210 20 nitrogen gas
epoxy resin | with pierced lids | cool down 210 --100 10
2 -100 - 210 20
closed Al pans - -80 - 350 10 nitrogen gas
without pierced '
lids
Crosslinked | closed Al pans 1 -100 - 210 20 nitrogen gas
resin with pierced lids | cool down 210--100 10
2 -100 - 210 20
B. Thermogravimetric Analysis (TGA)
Sample Sample Temperature | Heating rate | Atmosphere
container range (°C) (°C/min.)
Crosslinked | closed Al ambient - 600 20 nitrogen gas
resin pans with
pierced lids

15




3. Condition §&1MSLN1TYIN atomic absorption spectrophotometry

Elements | Lead Zinc Nickel | Copper | Cobalt(C
Variables (Pb*") (Zo™) | N&) | (Cu™) g
Instrument Mode Absorbance | Absorbance | Absorbance | Absorbance | Absorbance
Calibration Mode Coeegistion | Corioentiation: | Conesitrifion: ™} Conceinticn: | Consenkration
Measurement Mode Integration | Integration | Integration | Integration | Integration
Lamp Position - 1 1 -
Lamp Current (mA) - 5 4 4 -
Slit Width (nm) 0.5 1.0 0.2 0.2 0.2
Slit Height (nm) Normal Normal Normal Nomal | Normal
Wavelength (nm) 283.3 213.9 232.0 3274 240.7
Flame Air-Acetylene Air-Acetylene Air-Acetylene Air-Acetylene | Air-Acetylene
Sample Introduction Manual Manual Manual Manual Manual
Delay Time (sec) 6 6 6 6 6
Time Constant (sec) 0.05 0.05 0.05 0.05 0.05
Measurement Time (sec) 2.0 2.0 2.0 2.0 2.0
Replicates 3 3 3 3 3
Background Correction On On On On On
Air Flow (L/min) 13.5 13.5 13.5 13.5 13.5
Acetylene Flow (L/min) | 2.00 2.00 2.00 2.00 2.00

16




4. AIYBURTAINUNNEY

g n3u

ttmol lulaslus

meqv fiaffadniaud
mmol fadlua

mg Nafniu

5. DSC Thermograms TGA Thermograms WY IR spectrum
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DSC /nH/mg

JVexo
0.9
U.B': _,.*""'-“_‘_ -
0.7 e
] Y
0.67 o @ N
3 Glasubergang . Glasubergang .
0‘5.: Onset 2 -48B .7. Onset = =43 .B.C
] Hidpoint: ~14 .7 Midpoint: =B ,4°C
1 Hendepkt: ~14 .1, Hendepkt: -7 .9.C
0.4 Endpkt :'-10-.7 Endpkt : -2 .9¢C
; Delta ep: 0 .71 J/(gxK) Delta cp: 0 .51 J/(gxK)
0.39..-
" 2_‘ first and second heating
4 T T T T T T T T T T B o I T T T ™ T T
-50 0 50 100 150 200
Temperatur /°C
# DATE] IDENTITY PROBE MASSE/mq DATUM SEGMENT BEREICH CORR
i 0879402 0879402 12 ligmd 11.010 05,04, 19494 i/ 4 -100,C /20.0/210.C 500/TigHhoo uy
2 0879402 ‘| 0879402 {:2 liquid 11.010 05.04,1994 4/ 4 =100 C /20.0/210 C 500/Rg500 uy
3‘1]# 3.1a DSC thermogram 2842aINFNIENIN 1:2 ﬁ equivalent weight ratio

| e al -
iy 1:1 MTagmanall -100-210°C
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0SC /mH/mg

Wiy 1:1.3 figsgmingdl -100-210°C

Hexa
008? ___________...-—-—-—-———;;'lf" ‘--..._-________‘_ e
0.7
] N
0.6 N,
" 5_3 @)
al Glasubergang | Glasubergang .
1 Onset : -18 .3.C Onset  : -10 .3.C
0.4~ Midpoint: ~44 .4 C Midpoint: -4 .4 C
3 Wendepkt: ~43 .4.C Hendepkt: -5 .3C
- Endpkt : <10 .4 C Endpkt : i.4C
0.3 4" Delta cp: 0 .61 J/(gxK) Delta cp: 0 .39 J/(gxK)
0.2‘: first and second heating
e ' ? 1 T y—T T T = I o T T
0 50 100 150 200
Temperatur /°C
£ DATEL IDENTITY PHOBE MASSE/mgq DATUM : SEGMENT BEREICH « CORA
1 0879407 0875403 21,5 1iquid 11.960 05,04, 1994 1/ 4 -100,C 720.0/210,C 500/R0500 uV
2 0873403 0879403 :1,5 quid 11.960 05.04.1994 4/ 4 -100 C /20.0/210 C 500/Rg500 uY
Eﬂﬁ 3.1b DSC thermogram U83UDINAUTENING 1:2 i equivalent weight ratio
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DSC /mA/mg

0.8} ex0

1

- g .-"'"u,,.—o—'"'"__‘-_-‘\._
0.7 ] first and second heating e, e
0.6

: ‘\\\
0.5 B

: (1) 2
0.4': QIBSS transitiqn glass tpansi[ju.n

E onset ; ~18 .4 C onset : -10 .B.C

] midpt : -14 .5C midpt :© -3 .2,C
0.3 inflpt: -13 .8'C inflpt: =4 .,4°C

t endpt : -10 .7 C endpt : 4 .,5C

1 del cp: 0 .56 J/ lgxK) del cp: 0 .43 J/ (gK)
0.2 e’
0.4

L] ¥ L L '[ Ll L) L] L i L] L) L) L ', r L ¥ T [ L] L T T I T
" -850 0 50 100 150 200
Temperature /'C

L) FILE . IDENTITY SAHPLE MASS/mg DATE SEGHENT RANGE conn__
1 0679404 0879404 {:1 Haquid 11.370 05,04 1994 VAL ~100,C/720.0/210,C 500/Ag500 uY
2 0879404 0879404 1: 4 ldquid 11.370 06.04.1994 4/ A ~400 C/20.0/210 C 500/Rq500 uY

A 1
5UN 8.1¢  DSC thermogram 28IUBINENTENING 1:2 i equivalent weight ratio
] B n‘ ] -
Wiy 1:2 AT9gungll -100-210"C
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DSC /mH/mg

J{exo
. = T |224.5'C
0.0+ Blasibergang
) oOnset : ~17 .6C
Midpoint: -16 .2,C
Hendepkt: -4 .9C
1 Endpkt : ~14 .9C
0.5 Deltacp: 0 .38 J/(g%K)
~4.0-
-i.ﬁ_
] 230,4°C
1 . i ' I y I ¥ 1
~50 -0 200 300 350
Temperatur /°C
INSTRUMENT: NETZSCH DSC 200 14,410 mg Dyngmisch i
DATEL: 0879409 0.000 mg -80 C /10.0/350 C
IDENTITY: 0878409 EMPF-DATEL: ABNAHME . SNS 1/ 1
DATUM/ZEIT: 07.04.94 10; 08 KORR-DATET: Pan Al, closed
LABOR: Natzsch B20087/94 UN1 Bangkok N2, 20;
OPERATOR; IR 000/Rq500 uY¥

311 3.2a

Wiy 101 ﬁ’fi’mqmm‘]ﬂ -80-350°C

DSC thermogram Yad2BINFUTEWIN 1:2 ﬁ equivalent weight ratio
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DSC /mH/mg

Wi 1:1.3 Aitaegangd -80-350°C

Jyexo =
’_—_—’j 224.8°C
0.2 =
Glasubergang ‘
1 oOnset : -17.7C
| Midposnt; ~15 .8°C
=0.071  Xendepkt: ~14 .5.C
Endpkt : ~43 .8 C
1 Deltacp: 0 .57 J/(gek)
_0-2_.
-0.4
~0.6
T T T v T — T T u T v T v 7 v 1
~50 0 50 100 150 200 250 300 350
Tenperatur /'C
INSTRUMENT: NETZSCH 0SC 200 PROBE: £: 1.5 liquid 16.460 mg MODUS: Oyngmisch .
DATEIL: 0879413 REFERENZ: 0.000 mg BEREICH: -80 C /10.0/350 C
IDENTITY: 0879413 EMPF~DATET: ABNAHME . SNS SEGM: i/ 1
DATUM/ZEIT; 11.04.94 07: 14 KORR-DATET: BECHER: Pan Al, closed
LABOR: - Netzsch BEMERKUNG: 820087/94 UNI Bangkok ATHOS: Ne, 20;
OPERATOR: IR CORR: +__000/Rq500 uY
4 i
3UN 3.2p  DSC thermogram 284UBINANIZNIN 1:2 f1 equivalent weight ratio
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DSC /mH/mg

j,2-{bexo
1.0
0.8+

1 e6lasibergang
0.671  Onset : ~-18 .0.C

1 Midpaint: -16 .2 C

Wendepkt: ~14 .6.C .

0.4 Endpkt : -14 .4 C 215.9°C .

4 Deltacp: 0 .39 J/(g*K) 275.8°C
0.2- e ——

;v____j 95.9C
0.0 221.9°C

T T M 1 L | % T J ) - T T 1 ¥ 1
=50 0 50 100 150 200 250 300 350
Temperatur /'C

TNSTRUMENT; NETZSCH NSC 200 PNOBE: 1: 1 1iquid 13,790 mg MODUS: Dyngmisch .
DATET: 0079414 REFERENZ: 0.000 mg BEREICH: -80 ¢ /10.0/350 C
TDENTITY: 0079314 EMPF-DATET: ABMAHME . SNS SEGHM: i/ 1
DATUM/ZETT: 11.04.94 08: 16 - KORR-DATEIL: BECHER: Pan Al, closed
LABOR: Netzsch BEMERKUNG: B20087/34 UNI Dangkok ATMOS: Ne, 20;
OPERATOR: IR CORA: ~+_000/Rg500 uY

U 3.2

; o
DSC thermogram 28JIWAINFUTENIN 1:2 N equivalent weight ratio

Wiy 1:2 ﬁ-ﬁuqmgﬁ -80-350°C
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0SC /mH/mg Temperature /°
1
-0.10 ~206.98J/9 i -194.5
~0.15 -194.0
-0.20 5
-193.5
-0.25
~193.0
~0.30 -
e 192.5
440 17.4min :-192'0
~0.45 ; | S E———%, =TT}
10 20 30 40 50 60
Tire /min '
INSTRUMENT: NETZSCH DSC 200 SAMPLE: 1:2 liquid 9.040 mg MODE: Isathermal
FILE: 0879417 REFEAENCE: 0.000 ng RANGE: 190.0C/60.0min
I0ENTITY: 0879417 SENS-FILE: ABNAHME. SNS SEGM: i/ 1
DATE/TIME: 12.04.94 09: 48 CORR-FILE: CRUC: Pan A), closed
LABORATORAY: Netasch AEMARK: 820087/94 UNI Bangkok ATHOS: N2, 20;
DPERATOR: 1A CoRR: 300/Rg500 uY
,J i
gﬂ‘n 3.3a DSC thermogram 2aIBDINFUIZNIN 1:2 f equivalent weight ratio

" B .-J - -I i s
inny 1:1 ﬂqmﬂnuummmnu 1QODC
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Sg

DSC /m¥/mg

Temperature /

0. 4J B ?192.0
| i e AR TGN N W K m m e O b e ceesrer b e B F B 6 aele e e L-Hgi .
o.a-l P
- :
-194.0 |
~0.0 -259.806J/g C
1E s L e L (90.5
-0.2- : E
1 .
il ~180.0
0.4 : E
IR -169.5
: -
-0.6 " :
. 45,0min  189.0
RN 2 3% 4 . s &
Time /min
INSTRUMENT: NETZSCH DSC 200 SAMPLE: 121 liguid 10,810 mg MODE; Isothermal
FILE 0879420 REFERENCE: 0.000 mg RANGE: 190.0C/60.0min
JOENTITY: 0879420 SENS-FILE: ABNAHME . SNS SEGM: 1/ 1
DATE/TINE: 43.04.94 06: 22 CORA-FILE: CRUC: Pan Al, closed
LABORATORY: Netzsch REMARK: 820087/94 UNI Bangkok ATMOS: Ne, 20;
DPERATOR: IR CORR: » 300/Rq500 uv
o ; ;
;sﬂn 3.3p DSC thermogram V2J22INRUTZWING 1:2 ﬁ equivalent weight ratic

. P -~ e
wiriy 1:2 Ngampiinsfiviniy 190°C
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———

DSC /ak/ng
:&exo

116,0°C

44.0844/g

glass transition
onset ; 46 .2.C
nidpt ¢ 52 .9¢C

Ll

inflpt: 54 .41.C

a

endpt : 59 .6 C
del cp: 0 .45 J/ (gxK)

an? glass transition
onset : 406 .1.C
nidpt : 114 .9.C
inflpt: 117 .9.C
endpt : 123 .7 C
del cp: 0 .28 J/(gxK)

e o S e 4
e e

A 3 i
Ui 3.5a  DSC thermogram 284 crosslinked DGEBA (3) laanuaansusEning

1:2 equivalent weight ratio ity 1:1

T -slo Pr— L] d T T T T ﬁb * T T L ’50 T L L T Iéﬂ 20[0 ™
Temperature /°C
i FILE __IDENTITY_ [ SAWPLE _ |__ WASS/mg DATE _ SEGMENT RANGE __coAn ]
i [ 0679308 |~ 0879405 )2 14810 06.04. 1494 1/74 =100, 6720, .G, 300/Tgh00 o
2 0879405 0879405 §:2 14.810 06.04. 1994 4/ 4 ~-100"C/20.0/210 C 300/Rg500 u¥__|
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DSC /mi/mg

0.9

=]
-
[==]

=
-
~4

M I ]

Jyexo

] 108.4°C
< poxder 4: 1.5

ist and 2nd heating

-----

T
*

0.6 ]
§ Glasubergang .
] Onset : 105 .3C
0.5 e Midpoint: 112 .7C
; [TNSECE e - Hendepkt: 115 .9 C
J="""Glasubergang Endpkt : 119 .4°C
0.4 Onset : 46 .2.C Delta cp: 0 .22 J/ (gxK)
1 Midpoint: 51 .3C
1 Wendepkt: 56 .4 C
0.3 Endpkt : 56 .3°C
] Delta cp: 0 .32 J/ (gxK)
0.2 | T T T T o T T T T T v T T T T T v T
.20 40 60 BO . 100 120 140 160 100 200
Temperatur /°C |
i DATEI IDENTITY PROBE MASSE/img DATUM SEGMENT BEREICH coRA
1 0879411 0879411 1.5 13.930 08.04.1594 1/ 4 0,C /20.0/210.C 3007119500 WV
2 0879411 0879411 1:1.5 13.930 08.04,1994 A/ 4 0°C /20.0/210°C_° 300/Rq500 uY

A Y v
EiJ'n 3.5b DSC thermogram U84 crosslinked DGEBA (3) Aleanuasnanszning

“ v i L
1:2 1 equivalent weight ratio 11Ny 1:1.3
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0SC /mW/mg

1.27exa  Glasibergang
Onset : 48 .1.C .
: Midpoint! 52 .0.C 112.,9°C
Hendepkt: 67 .4.C
1.0 Endpkt : 55 .9¢C pawder {: {
’ Delta cp: 0 .44 J/(gxK)
] ist and 2nd heating
0.8 _
0.6+ Glasubergang -
Onset  : 110 .8 C
T e Midpoint: 117 ,0.C
mmssanmseasamanoannennas Wendepkt: 119 .5°C
0.4 Endpkt : 423 .3 C
s Delta cp: . 0 .2% J/ (gxK)
0.2 T T T T y T ’ I . | ' T ¥ T ¥ T T
20 40 60 80 100 120 140 160 180 200
Temperatur /°C
i DATEI IDENTITY PROBE MASSE/mq DATUM SEGMENT BEREICH CORR
i 079412 0079412 11 14,400 08.04.1994 i/ 4 0.C /20.0/210 C 300/RgH00 uY
2 0879442 0879412 21 14,460 00.04.1394 Al 4 0 C /20,0/210 € 300/Rq500 uy

Eﬂﬁ 3.5¢

DSC thermogram 84 crosslinked DGEBA (3) ﬁ"l@‘i’mnmmmmszwm

A 1 B
1:2 Y1 equivalent weight ratic inINY 1:2
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= gample3 (sample3)
—=~-— = {gt Deriv of file: sample3 (sample3d)
£ = 88,789
100 - i
| “h\\H\““*--____f~- 94.215
From: 104.50 C X = 94,215
To: 237.84 C
?s.as,l_ % Chango = 7.8574 i
s From 237.82 C
To: 493.59 C
+ X% Change = 78,649 .
b=
g -,
HOBRE e NN oAty
= pNBp \-\\ 2
A\,
& ‘\
‘\
\\
2&.75T M
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\
- "
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‘ i K o= 4D KBRS
1 i 1 i i i 1 1 - L
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pDate: Nov 24, 1994 12: 55am

Scanning Rate:
Sample Wt:

Eﬂﬁl 3.6a

20.0 C/min

1.334 mg Path:a:\

Temperature (C)

- | e
1:2 7 equivalent weight ratio ity 1:1

TGA thermogram 294 crosslir,<ed DGEBA (3) Aldnnvasnauszning
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—— " (sample2)
—an— = igt Deriv of file: sample2 (sample?2)
% = 88,942
100 | ]
A o U1,0H1
| !
N . A 1
il I
I
From: 94.63 C X = i
To: 245.43 C H
77.5 + X Change = 7.830 H
® (EIATSY1 P Y 15 T B B !
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¥ \
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3.5 +
\_/
1 ' 1 1 1 1 1 ] f LI S T 10 | A O |
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Date: Nov 21, 1994 11: 18am
Scanning Rate: 20.0 C/min

Sample Wt
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Temperature (C)

3.470 mg Path:a: \

TGA thermogram 284 crosslinked DGEBA (3) AldnuanauTzning

i |
1:2 1 equivalent weight ratio tYNnu 1:1.3
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= gamplei (samplead)
——wn— = ist Derilv of file: sampleei (sampleed)
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! __-“""""‘_,
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1
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Scanning Rate: 20.0 C/min
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1:2 91 equivalent weight ratio \¥infiu 1:2
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Application of 2,4-Diamino-6-hydroxypyrimidine as a
Crosslinking Agent for Diglycidyl Ether of Bisphenol-A

Nuanphun Chantarasiri*, Anucha Euapermkiati**, and Suttipong Tunyapisetsak***

The diglycidyl ether of bisphenol-A (DGEBA) epoxy resin undergoes a thermal crosslinking
reaction with 2,4-diamino-6-hydroxypyrimidine to yield a crosslinked DGEBA polymer. The
crosslinking reaction was studied using Differential Scanning Calorimetry (DSC). The
structural and thermal properties of crosslinked DGEBA polymer were characterized by
Infrared Spectroscopy (IR), Differential Scanning Calorimetry, and Thermogravimetric
Analysis (TGA). - '

Key words: DGEBA, epoxy resin, crosslinking agent

" The Petrolewm and Petrochemical College, Chulalongkorn University, Phyathai Road, Bangkok 10330,
Thailand.
(Current address: Departmentof Chemistry, Faculty of Science, Chulalongkorn University,
Phyathai, Bangkok 10330, Thailand}

" The National Metal and Materials Technology Center, National Science and Technology Development
Agency, Rama 6 Road, Bangkok 10400, Thailand.
(Current address: Thai Petrochemical Industry Public Company Limited,
299 Sukhumvit Road, Rayong 21000, Thailand)

™ Multidisciplinary Program of Petrochemistry and Polymer Science, Chulalongkorn University,

Phyathai Road, Bangkok 10330, Thailand.
(Current address: Petroleum Authority of Thailand, 555 Vibhavadi Rangsit Road, Bangkok 10900, Thailand)

J. Sci. Res. Chula. Univ., Vol. 21, No. 2 (1996)

87



Nuanphun Chantarasiri,
rveeeirenennnn. Anucha Euapermkiali, and Suttipong Tunyapiselsak

asld 2.4-laezdilu-6-lansandlwafinuduaisidanyane
dmsulalnadfadinesvavliaiusate

a oo A S A a o a o PV
wIaNIIn YUNsA3, ayyn weliafissh waz gnbwed Styreiiasni
2198717330 Tngmans smiavnsaiuning1ae. 21 (2)

InlnadAadineuevlaiueaednendisdu (DGEBA) awmaiaUfAsen iWenvalasugizeansiaudiu
2 4-laezfilu-6-lonsondlwiddu MiRlsdulndwedidesnednendfifilassafraduioun nsdnw
Usendenuneildlaslinedadviiedioutos aunuile araeimad (DSC) dnunaianliidnw
Tasva¥rouazantanainufouveinfwesiionvarvdnendde dunsnin awnlasalal (IR)
aviivadisudoa aunuile aaedwad wasmedlunsriwnin ou1ada (TGA)

Adey  Bwentiadu, avadenuna

f a8 J. Sci. Res. Chufa. Univ., Vol. 21, No. 2 (1996)



Application of 2,4-Diamino-6-hydroxypyrimidine as a

Crosslinking Agent for Diglycidy! EINEr Of BISPREMOIA .........ovioi i s bbb e 28RS s

INTRODUCTION
In addition to primary, secondary, and

tertiary amines, a large number of other nitrogen-
containing compounds may be used to cure epoxy
resins.’? The amide of cyanuric acid, melamine,
has been used as an epoxy-curing agent, and this
may be accelerated with sodium hydroxide. N,N-
diallylmelamine is generally preferred to melamine
because of a long pot life and fast cures with
DGEBA. Another epoxy-curing agent is triallyl
cyanurate, which provides long pot life and
improved elevated temperature properties in the
cured formulation. The allyl unsaturation may be
reacted to add crosslinking density and rigidity by
using vinyl curing agents. These systems are used
in surface coatings, and are cured at relatively high
temperatures to yield films with excellent physical
properties and chemical resistance. Also 2-Phenyl-
4,6-diamino-s-triazine (benzoguanamine) has
been reported as a curing agent. It has been
reported generally that 5 to 20 percent by weight
of guanamines can cure DGEBA resins at
temperatures from 80 to 120°C for 3 to 10 hours.

In addition, 2,4-diamino-6-hydroxypyri-
midine is a heterocyclic amine with many
applications. For instance, the condensation
product of 2,4-diamino-6-hydroxypyrimidine with
quinone is used for coating internal reactor surfaces
to prevent adhesion of polymer scale during the
polymerization of vinyl monomers.?> Another
example is in the preparation of thermoplastic
copolyamides. Moreover, its structure can be
modified by introduction of another group to the
5-position.’

To date, there have been no reports regarding
the use of 2,4-diamino-6-hydroxypyrimidine as an
epoxy-curing agent. Since the structure of 2,4-
diamino-6-hydroxypyrimidine is partly similar to
melamine and guanamines, it was of interest to
prepare a new crosslinked DGEBA polymer
through the crosslinking reaction of DGEBA with
2,4-dia1111n0-6—hydr0xypyrimidine- It was expected
that crosslinked DGEBA might have properties
suitable for coating applications.

EXPERIMENTAL
Materials and Equipment

Chemicals were obtained from Aldrich,
Baker, BDH, Carlo Erba, Fluka, and Riedel and
were used as received. DGEBA (D.E.R. 331, EEE.W.

J. Sci. Res. Chula. Univ., Vol. 21, No. 2 (1996)

182-192) was obtained from Dow. IR spectra were
recorded on a Perkin-Elmer 1706X FTIR spectro-
photometer. The DSC and TGA thermograms were
recorded on a Netzsch DSC 200 and on a Perkin-
Elmer TGA 7, respectively.

PREPARATION OF CROSSLINKED DGEBA

DGEBA and 2,6-diamino-4-hydroxypyri-
midine at various equivalent weight ratios were
mixed while heated to 100°C for 2-3 minutes. The
mixture was then placed on a watch glass coated
with silicone grease and cured at 185°C for 2 hours.
The crosslinked resin was cooled to room
temperature then transferred into a beaker
containing dioxane (50 ml). The resin in dioxane
was warmed to 80-90°C with continuous stirring
to remove the unreacted DGEBA and 2,4-diamino-
6-hydroxypyrimidine, and then filtered and
washed with dioxane. The crosslinked DGEBA
polymer was then dried in an oven at 110°C for 1
hour.

RESULTS AND DISCUSSION
Crosslinking of DGEBA with 2,4-Diamino-6-

hydroxypyrimidine

The crosslinking reaction of DGEBA with 2,4-
diamino-6-hydroxypyrimidine to yield crosslinked
DGEBA polymer was studied using differential
scanning calorimetry (DSC). The DSC experiment
was performed by heating the mixture at various
equivalent weight ratios, i.e., 1:2, 1:1.3, and 1:1, in
a DSC cell using an aluminum pan under nitrogen.

In order to investigate whether the cross-
linking reaction can occur, the sample was heated
in the first heating cycle; the DSC temperature
range was from -100 to 210°C at a heating rate of
20°C/min. The sample was then cooled down to -
100°C and reheated; the DSC temperature range
was the same as in the first heating. From the first
heating cycle, the glass transition temperatures (T)
of all uncured sample mixtures were very similar
whereas the shift in T, could be observed in the
second heating (Table 1). This indicates that a
crosslinking reaction took place, but the reaction
was incomplete.

To observe the complete curing pheno-
menon, the DSC experiment was performed using
the temperature range from -80 to 350°C at a
heating rate of 10°C/min. The DSC thermograms
of three samples are shown in Figure 1. The T,
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Table 1. Glass transition temperature (T ) of partially crosslinked DGEBA polymer obtained from the 1st
and 2nd heatings.

Equivalent weight . Tgoflst Tg of 2nd
ratio of DGEBA:2,4-diamino- heating heating
6-hydroxypyrimidine O °O
1:1 -14.7 -8.4
1:1.3 -14.4 -4.4
c 1:2 -14.5 -3.2
(©
| exo -
2304°C
(b)

(@)
IR SN R 275.8°C
) 221.9°C
L L e iiiaiiaany \onciites: D P L
50 0 50 100 150 200 250 300 350

Temperature/°C

Figure 1. DSC thermograms of uncured mixtures of DGEBA: 2,4-diamino-6-hydroxypyrimidine at equivalent
weight ratios (a) 1:1, (b) 1:1.3, and (c) 1:2.
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values obtained for each sample this time were
higher than those shown in Table 1 due to the lower
heating rate. All three sample mixtures showed
the exothermic curing peak followed by a slow
post-curing, which overlaps with the decom-
position of the material. Thus the exothermic
curing enthalpy of reaction cannot be determined.
When the equivalent weight ratio of DGEBA: 2,4~
diamino-6-hydroxypyrimidine was 1:1, the sharp
exothermic peak at 230°C was observed because
of the quick consumption of DGEBA. Therefore, it
could be concluded from the DSC experiment that
the crosslinking reaction occurred between 215 to
230°C.

From the previous experiments, DGEBA
should be cured at a temperature lower than 200°C
to prevent decomposition; therefore, isothermal
curing at 190°C of DGEBA with 2,4-diamino-6-
hydroxypyrimidine was investigated (Figure 2).
The uncured sample at the equivalent weight ratio
of DGEBA: 2,4-diamino-6-hydroxypyrimidine = 1:1
reaches the peak at 17.4 minutes and the curing

stops at about 44 minutes. The uncured sample
at the equivalent weight ratio of DGEBA: 2,4-
diamino-6-hydroxypyrimidine = 1:2, where there
is excess 2,4-diamino-6-hydroxypyrimidine, cures
faster and reaches the peak at 15 minutes and the
curing stops at about 35 minutes.

From the above dynamic and isothermal DSC
experiments, it was confirmed that the crosslinking
reaction of epoxy resin with 2,4-diamino-6-
hydroxypyrimidine took place. The next step was
to prepare a larger quantity of the crosslinked
DGEBA and isolate it for characterization by
Infrared Spectroscopy (IR), DSC, and TGA. The
curing of DGEBA with 2,4-diamino-6-hydroxy-
pyrimidine was then done by heating the mixtures
of DGEBA and 2,4-diamino-6-hydroxypyrimidine
at various equivalent weight ratios in an oven at
185°C for two hours to ensure the complete
reaction. The purified crosslinked DGEBA polymer
was obtained by washing the crosslinked polymer
with warm dioxane to remove the unreacted
DGEBA and 2,4-diamino-6-hydroxypyrimidine.

}exo

(b)

| exo

15.0min

(@)

17 4min

T T T T T T T T T T T

T
30

40 50

Time/min

Figure 2. Isothermal DSC thermograms of uncured mixtures of DGEBA:2,4-diamino-6-hydroxypyrimidine
at equivalent weight ratios (a) 1:1 and (b) 1:2.

J. Sei. Res. Chula. Univ., Vol. 21, No. 2 (19396) 91



g dElieE

Dioxane retained in the crosslinked DGEBA
polymer was removed by heating at 110°C for 1
hour. Table 2 shows the yield of crosslinked
DGEBA polymer obtained from various equivalent
weight ratios of DGEBA and 2,4-diamino-6-
hydroxypyrimidine.

Characterization of the crosslinked DGEBA polymer

The crosslinked DGEBA polymer does not
dissolve in any organic solvents but it swells in
dioxane. The FTIR spectrum (KBr pellet) of
crosslinked DGEBA (Figure 3) shows strong
overlapping O-H and N-H stretching at 3500 to

Yield of crosslinked DGEBA polymer obt
DGEBA:2,4-diamino-6-hydroxy pyrimidine.

Table 2,

Nuanphun Chantarasiri,
Anucha Euapermkiati, and Sutlipong Tunyapisetsak

3200 cm™. The C=N stretching at 1634 cm™
indicates the presence of 2,4-diamino-6-hydroxy-
pyrimidine in the crosslinked DGEBA network.
Moreover, the complete disappearance of the
characteristic peak of the epoxide group at 920 cm!
comfirms that the curing of DGEBA with 2,4-
diamino-6-hydroxypyrimidine has already
occurred and both epoxide groups in each DGEBA
molecule reacted completely.

The thermal properties of crosslinked
DGEBA polymer obtained from the curing reaction
of DGEBA with different equivalent weight ratios
of 2,4-diamino-6-hydroxypyrimidine were then

ained from ditferent equivalent weight ratios of

Equivalent weight ratio of

% Yield of crosslinked

DGEBA:2,4-diamino- DGEBA polymer
6-hydroxypyrimidine
1:1 42
1:1.3 50
1:2 69
1000 —
m —
80 — %d”
70 —
m -
GT
50 —
40 —
30 —
20 —
10 —
0 T 1 1 i [ r 1 1 | |
4000.0 3500 3000 2500 20000 1800 1600 1400 1200 1000 800 600 400.0
cm’?

Figure 3. FTIR spectrum of crosslinked DGEBA polymer obtained from DGEBA:2,4-diamino-6-hydroxy-

pyrimidine at equivalent weight ratio of 1:2.
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studied using DSC and TGA. Two heating cycles
were employed in DSC studies. The first heating
cycle was performed using a temperature range
from 0 to 210°C with a heating rate of 20°C/min.
The sample was subsequently cooled down to 0°C
at the cooling rate of 10°C/min, and reheated the
second time from 0 to 210°C at a heating rate of
20°C/min. The first heating shows a strongly
endothermic effect approximately at 60-140°C,
which might be mainly due to the evaporation of
dioxane remaining in the sample. With the second
heating, it was observed that the glass transition
temperatures of crosslinked DGEBA polymer
obtained from the equivalent weight ratios of
DGEBA: 2,4-diamino-6-hydroxypyrimidine of 1:1,
1:1.3, and 1:2 were at 115, 113, and 117.0°C,
respectively.

The TGA thermogram of crosslinked DGEBA
polymer obtained from DGEBA: 2,4-diamino-6-
hydroxypyrimidine at the equivalent weight ratio
of 1:1 (Figure 4) shows a two step decomposition.

The first step which occurs at 100-240°C shows an

8% weight loss. The second decomposition step
occurs at about 240-500°C which is due to the

decomposition of crosslinked DGEBA polymer.
The TGA thermograms of crosslinked DGEBA
polymer obtained from DGEBA: 2,4-diamino-6-
hydroxypyrimidine at the equivalent weight ratios
1:1.3, and 1:2 show a similar trend.

The proposed crosslinking mechanism
involves ring opening of the epoxy group of
DGEBA by nucleophilic nitrogen atoms of 2,4~
diamino-6-hydroxypyrimidine to give crosslinked
DGEBA polymer, whose structure is proposed to
be a crosslinking network (Scheme 1). The amino
group should undergo the first ring opening
reaction with the epoxy group very quickly. The
second epoxide ring opening by the same amino
group, which is now a secondary amine, should
be slower due to the steric effect. The yield of
crosslinked DGEBA polymer increased when an
excess of 2,4-diamino-6-hydroxypyrimidine was
used, but the T of crosslinked DGEBA was almost
the same, indicating that crosslinked DGEBA had
the same crosslink density. These results suggest
that the two amino groups in 2,4-diamino-6- -
hydroxypyrimidine did not completely react with
DGEBA. However, a detailed study on the

WEIGHT (%)
[
w

28.757

1 1 | 1 1

L 1 1 1 [l

5 T T T T T

40.00 100.00 160.00 220.00 280.00 340.00 400.00 460.00 520.00 580.00

¥ I Ll T T

Temperature (C)

- Figure 4. TGA thermogram of crosslinked DGEBA polymer obtained from DGEBA:2,4-diamino-6-hydroxy-
pyrimidine at equivalent weight ratio of 1:2,
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DGEBA

)Ei

P
N
CH,—CH—CH,—O —@—c@ O—CH,— CH—CH,
\/ [ \/
o CH, o
AN
CH-' CH,—0O H O
cuz-—cH—CH2 —@— —@

Crosslinked DGEBA polymer

NH,

HO NH;

2,4-Diamino-6-hydroxypyrimidin

CH_-,

Scheme 1. Proposed crosslinking mechanism of DGEBA with 2,4-diamino—6-hydroxypyrimidine.

crosslinking reaction is needed to confirm the
proposed reaction mechanism.

CONCLUSIONS

DGEBA undergoes a thermal crosslinking
reaction with 2, 6-diamino-4-hydroxypyrimidine to
give a new crosslinked DGEBA network polymer,
which can be prepared by heating a mixture of
DGEBA with 2,4-diamino-6-hydroxypyrimidine at
185°C for two hours. The structure of the
crosslinked DGEBA polymer was characterized by
FTIR spectroscopy and its thermal properties were
studied using DSC and TGA. Further studies of
the crosslinking mechanism and the crosslinking
reaction conditions to obtain the crosslinked
DGEBA polymer more effectively are now in
progress.
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