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Rheological and thermal properties of epoxy resins obtained from 
epichlorohydrin and m- or p-aminophenol, cured with 
triethylenetetraamine

S u m m a ry  —  Synthesis o f triglycidyl derivatives o f m- or p -am in op h en ol and  
their crosslinking w ith  triethyltetraam ine (TETA) has been described. The  
obtained products h ave been characterized b y  IR and ^  N M R  m eth o d s and  
rheological properties. The curing reaction w ith  T E T A  has been  investigated  
b y  differential scanning calorim etry (D SC ). Therm al stability o f the cured  
products has been stu died  b y  therm ogravim etric analysis (T G A ).
K e y  w o r d s : m- and p -am in op h en ol, g ly cid y l derivatives, rheological proper­
ties, curing, ep o xy  resins, therm al properties.

O v er the last fe w  years, m u ch  attention has been d e ­
voted  to the synthesis o f tri- or tetrafunctional p o lym ers  
constituting raw  m aterials in the synthesis o f n ew  pro ­
ducts [1— 10]. Th ese p olym ers m a y  exhibit a num ber o f  
usefu l properties, such as h igh  therm al stability, ch em i­
cal resistance, g o o d  d im en sion al and m echanical proper­
ties a n d  excellen t processability. C o n v en tio n a l ep oxy  
resins (b ifunctional) are unsatisfactory in m eetin g  re­

quirem ents in the field o f ad van ced  m aterials w here cer­
tain therm al and m echanical properties are d em an d ed . 
E p oxy  resins, bein g  m u ltifunctional p o lym ers, find im ­
portant applications as adhesive and m atrix resins in  
chem ical processing , for electrical and electronic applica­
tion, aviation  an d  the h ydrospace industries, coating in­
dustry etc. [1 1 ,1 2 ].

The present paper reports synthesis o f ep oxy  resins 
obtained from  epich loroh ydrin  and m- or p -am in op h e­
nol and  the rheological and therm al properties o f the 
final cured products.

EXPERIMENTAL

M a teria ls

m- or p -A m in o p h e n o l (m AP, p A P ; Fluka), so d iu m  h y ­
droxide (N a O H ; A ld rich ), pu re for analysis, w ere u sed  
w ith ou t further purification.

E p ich loroh ydrin , triethylenetetraam ine (TETA) and  
organic solven ts w ere reagent grad e products and w ere  
distilled before use. *

* To whom correspondence should be addressed, e-mail: fmustata® 
ichpp.tuiasi.ro

S y n th e sis  o f  tr ig lic y d y l d eriv a tiv es o f  m A P  or p A P

A  typical synthesis o f the ep o xy  resins (Eq. 1) w a s as 
fo llow s:
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А  0.5 L 4-n ecked  rou n d -b o ttom ed  flask im m ersed  in 
a w ater bath, eq u ip p ed  w ith  m ech an ical stirrer, ther­
m om eter, d ro p p in g  fu nnel, a D ean  Stark trap and w ater  
condenser w as charged w ith  54 .5  g  (0 .5  m o l) m A P  or 
pAP, 277  g  (3 m o l) epich loroh ydrin  and  7 m l water. The  
m ixture w as s lo w ly  stirred (u n der nitrogen) at 3 0 °C  over  
30 m inutes to g iv e  a h om og en eo u s solu tion . N ex t, it w as  
heated at 60 °C  and  m aintain ed at this tem perature for 6 
hours. Subsequently, the reaction m ass w as cooled  at 
52— 5 5 °C  and 60  g  N a O H  (1 .5  m o l) as 5 0 %  w / w  aqu e-
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ous so lu tion  w as a d d ed  d rop w ise  over a period  o f 3 
hours. The m ixtu re w as kept for an additional 3 hours. 
The organic ph ase w a s separated, filtered and w ash ed  
several tim es w ith  distilled w ater to rem ove residual so ­
d iu m  chloride. A fter w a sh in g , the organic phase w as  
heated u n d er reflux to rem ove at first the azeotropic  
m ixture (w ater and epichlorohydrin) and next, excess of 
epich loroh ydrin . Finally, the raw  p roduct w as distilled  
un der v a c u u m  to rem ove epichlorohydrin  com pletely. A  
pale red brow n ish  m ass o f triglycidyl (TG ) resin w as  
obtained (average ep o xy  equivalent w eigh t = 118 g e q "1 
for T G p A P  and =  104 g e q "  for T G m A P ). The n u m ber- 
-average m olecu lar w eigh ts as determ ined by cryoscopic  
m eth o d  (u sin g  D M S O  as solvent) w ere 301 for T G m A P  
and 318 for TG pA P .

C u rin g  p ro ced u re

The curing reaction w as perform ed b y  m ixin g epoxy  
resins w ith  T E T A , in the ratio r = 0 .75 , w here r -  am ine  
h y d r o g e n /e p o x y  grou p . The m ixture w as placed into a 
v acu u m  o v en  at room  tem perature for 10 m inutes to re­
m o v e  air bu bbles and it w as u sed for the D S C  study. The  
rem ainin g sam p les w ere cured at 120°C  for 1 hour and at 
15 0 °C  for another 2 hours. C ured products w ere p o w ­
d ered  as fine grain and  u sed  for therm al analysis at 
a heating rate o f 12°C  / m in  in air.

M e a su r e m e n ts

T h e  ch e m ic a l structu re o f the p repared  p rodu cts  
w a s id en tified  u sin g  IR (Specord  M 8 0  C arl Z e iss , KBr 
p ellets) a n d  ]H  N M R  (J E O L -JN M C  6 0 H L , C D C b  as 
so lv e n t, tetram eth ylsila n e  as internal stan d ard ) sp ec­
tr o sc o p ic  m e th o d s . T h e  a v e r a g e  e p o x y  e q u iv a le n t  
w e ig h ts  (e xp ressed  in g  e q "1) and  the n u m b er-a v era g e  
m o lecu la r  w e ig h t (d eterm in ed  b y  cry o sco p y ) w ere d e ­
term in ed  u sin g  a m e th o d  d escrib ed  elsew h ere [1 3 ,1 4 ] .  
T h erm al p rop erties o f e p o x y  resins w ere evalu ated  by  
m e a n s  o f  a M e ttle r  12  E ty p e  d ifferen tia l sca n n in g  
c a lo r im e te r  (D S C ) ; th e  in s tr u m e n t  w a s  ca lib ra te d  
u sin g  in d iu m  as a stan d a rd . A p p r o x im a te ly  5 — 10 m g  
o f the e p o x y  resin  in m ixtu re w ith  the cu ring  a gen t, in 
the p ro p o se d  ratio, w ere scan n ed  from  20 to 2 0 0 °C , 
w ith  d ifferen t h eatin g  rates ( 5 ,1 0  and  2 0 ° C /m i n ) ,  in a 
n itr o g e n  a tm o sp h e r e . C h a ra cteristics  o f cu red  p ro ­
du cts w ere ob tain ed  u sin g  th erm o gra vim etric  analysis  
(T G A )  ( M O M  B u d a p e st  P a u lik , P a u lik -E r d e y  ty p e  
d eriv a to g ra p h ) at a h eatin g  rate o f  1 2 ° C m i n "1, in air. 
A c tiv a tio n  en erg y  o f the d e c o m p o sitio n  process for 
cu red  p ro d u c ts  w a s  d eterm in ed  u sin g  the C oats and  
R ed fern  m e th o d  for n = 1 [15]. R h eo log ica l beh aviors  
w ere  estim a te d  u sin g  a R h eotest 2.1 typ e v iscom eter  
(G e r m a n y ) , e q u ip p e d  w ith  co n e  a n d  p la te  d e v ic e  
(con e d iam eter  =  36  m m , con e a n g le  0 .3 ° , 1 s"1 shear  
rate, the tem p eratu re ran ge 4 0 — 9 0 °C ). C on siste n cy  in ­
d ex  (К) (the zero  sh ear v isc o sity ) w a s  m easu red  b y

direct extrap olation  o f straigh t lin es fro m  the logarit- 
m ical p lots o f  sh ear stress v ersu s sh ear rate. F lo w  in ­
d ex  w a s  d eterm in ed  fro m  slo p e  o f th ese  lin es b y  u sin g  
the O stw a ld  d e  W a ele  m o d e l [16]. A c tiv a tio n  en ergy  
for v isc o u s  flo w  w a s calcu lated  u s in g  the A rrh en iu s  
equ ation :

Л = A exp(E/RT) (2)

w here: E —  activation energy for viscous flow; R —  gas 
constant; A —  constant characteristic of the sample; T —  
absolute temperature (K); q  —  viscosity.

RESULTS A N D  D ISCU SSION  

C h e m ica l structure

E poxy resins w ere syn th esized  from  m- or p -am in o- 
ph en ol in a large excess o f epich loroh ydrin  w ith  the aim  
o f obtaining lo w  m olecu lar w eig h t products. H ow ever, 
the difference betw een  experim ental (118 or 104 g eq"1) 
and theoretical (92 g eq "1) valu es o f average ep o xy  equi­
valent w eigh ts, su gg est that the reaction m ass contains  
oligom ers in its com position.

C h em ical structures w ere identified  b y  IR and  *H 
N M R  spectra, n am ely:

IR peaks (KBr), cm "1:
T G p A P : 1620 (ph en yl), 1250— 1270 (C -N  arom atic), 

1 1 5 0 — 12 0 0  (C -N  a lip h a tic ) , 9 1 5  (o x ira n e  r in g ), 840  
(p-substituted benzene).

T G m A P : 1615 (p h en y l), 1235  (C -N  arom atic), 910  
(oxirane ring), 830  and 755 (p-substituted benzene).

! H  N M R  peaks (C D C b ), p p m :
T G p A P : 2 .65  (m ultiplet, C H 2 oxirane ring protons), 

3.15  (singlet, C H  oxirane ring proton), 3 .6  (m ultiplet, N H  
proton), 6 .70— 7.1 (arom atic protons).

T G m A P : 2.81 (m ultiplet, C H 2 oxirane ring protons),
3 .08  (singlet, C H  oxirane ring proton), 3 .6  (m ultiplet, N H  
p ro to n ), 4 .0 5  (m u ltip let, N -C H 2 p ro to n s), 6 .6 6 — 7.31  
(arom atic protons).

So, peaks arising for the oxirane ring are observed at 
910— 915 cm "1 in IR spectra and at 2 .65— 3.15  p p m  in 
! H  N M R  spectra. Signal attributed to the b en zen e substi­
tution is situated at 830— 840 and at 755 cm "1 in IR spec­
tra and at 6 .67— 7.31 p p m  in ! H  N M R  spectra.

R h e o lo g ic a l b e h a v io r

Typical logarithm ic plots o f shear stress versus shear 
rate for triglycidyl resins are g iven  in Figure 1 and 2. The  
slop e o f extrapolated straight lines to j  = 0 w as u sed  to 
calculate consistency index (К) and  flo w  index (и) using  
the O stw ald  d e W a ele  m o d e l (Table 1). A ctivation  energy  
o f flo w in g  w as calculated on the basis o f the A rrhen ius  
equation and consistency index. A s  it can be seen in Ta­
ble 1, flo w  indices attain valu es less than unity  and this 
indicates that such resins exhibit n o n -N ew to n ia n  beha­
vior o f the p seu doplastic type.
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Fig. 1. Variation of the shear stress versus shear rate for the 
TGmAP resins; temperature: ( ■ )  30°C; ( □ )  40°C; ( • )  50 °C; 
(O) 60°C
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Fig. 2. Variation of the shear stress versus shear rate for the 
TGpAP resins; temperature: ( ■ )  30°C; (HU 40°C; ( • )  50 °C; 
(O )60°C

T a b l e  1. Changes in the consistency index, flow index and activation energy of flowing in the temperature range 30— 60 °C

Temperature, °C Activation
Sample 30 40 50 60 energy of

K, Pa s n K, Pa s n K, Pa s n K, Pa s n flowing, kj/mol

TGmAP 154.1 0.95 57.1 0.82 44.7 0.67 21.1 0.61 52.26
TGpAP 120.1 0.85 41.6 0.83 35.2 0.79 18.7 0.93 48.24

T h e rm a l ch aracterization  o f  resin s an d  cured  
p rod u cts

C u rin g  b eh a vior  o f the resins w as em p h a sized  in 
D S C  scans. Principal param eters o f D S C  scans are pre­
sented in Table 2 . L og  (3 (heating rate ° C /m in )  w as p lot­
ted  v e r su s  p e a k  te m p e ra tu re  (K ) u s in g  the O z a w a  
m e th o d  [17]. A ctiv a tio n  en ergy  and frequency factor 
w ere obtain ed  from  the slop e  and  intercept w ith  the 
у -axis. A  com p arative observation  in Table 2 reveals that 
valu es o f  activation energy o f curing are in the sam e  
order o f m a g n itu d e , probably  d u e  to the sam e chem ical 
structure o f the resins. These valu es are com parable w ith  
the data reported in literature for relatively sim ilar sy s ­
tem s [4].

In ord er to d eterm in e the th erm al stability o f the 
cured p ro d u cts  activation  en ergy  o f the d egrad ation  
p r o c e s s  d e te r m in e d  u s in g  th e  C o a ts  a n d  R e d fe r n

T a b l e  2. Kinetic parameters of epoxy systems cured with TETA (from DSC scans)*'1

Heat rate, “C/min Activation Frequency

System 5 10 20 energy of 
curing 
kj/mol

factor 
(average 

value, min ')T, Tm TF T, Tm Tf T, Tm Tf

TGmAP 28.7 70 162.5 30.1 86.3 169.2 35.5 95.3 185.4 57.3 СЛ 00 о C\

TGpAP 30.5 64 116.1 30.0 72 163.5 32.2 91.2 174.5 49.4 7.19 • 105

1T, — initial temperature, °C; Tm — maximum peak temperature, °C; Tp — final temperature, °C.

Fig. 3. TGA curves for decomposition in air of (Ш) TGmAP 
and (O)TGpAP resins cured with TETA
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T a b l e  3. Thermal parameters of crosslinked resins.

Temperature (°C), at which Weight Activation

Sample weight loss is equal loss energies of
at 500°C degradation

10% 50% % process \ kj/mol

TGmAP 308 438 57 39.5
TGpAP 282 440 60 36.1

1 In temperature range 200—450 °C.

m eth od . T h erm ogravim etric curves and  the m o st im por­
tant param eters are sh o w n  in Figure 3 and in Table 3, 
resp ectively . Initial d e c o m p o sitio n  tem peratu res (2 %  
w e ig h t losses) o f cured products w ere recorded at 20 0 °C  
for T G m A P  and for TG pA P . C ured products exhibit 5 %  
w e ig h t losses at a relatively equal v a lu e  o f tem perature. 
V alu es o f the d e c o m p o sitio n  activation  en ergy  w ere  
sim ilar for both products.
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