
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 19 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713647664

Kinetic of 8-quinolinyl Methacrylate Polymerization by Differential
Scanning Calorimetry
Rajni T. Patela; Kirit H. Patela; Arabinda Raya; Rajni M. Patela

a Department of Chemistry, Sardar Patel University, Vallabh Vidyanagar, Gujarat, India

To cite this Article Patel, Rajni T. , Patel, Kirit H. , Ray, Arabinda and Patel, Rajni M.(2000) 'Kinetic of 8-quinolinyl
Methacrylate Polymerization by Differential Scanning Calorimetry', International Journal of Polymeric Materials, 46: 1,
71 — 79
To link to this Article: DOI: 10.1080/00914030008054842
URL: http://dx.doi.org/10.1080/00914030008054842

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914030008054842
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Intern. J .  Polymeric Marer., 2000, Vol 46, pp. 71 -19 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 2000 OPA (Overseas Publishers Associatlon) N V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in Malaysia. 

Kinetic of 8-quinolinyl Methacrylate 
Polymerization by Differential 
Scanning Calorimetry 

RAJNl T. PATEL, KlRlT H. PATEL, ARABINDA RAY 
and RAJNI M. PATEL* 

Department of Chemistry, Sardar Pate1 University, Vallabh 
Vidyanagar-388 720, Gujarat, India 

(Received 4 September 1998) 

The kinetic of 8-quinolinyl methacrylate (8-QMA) polymerization was studied using 
2,2’-azobisisobutyronitrile (AIBN) as a free radical initiator by differential scanning 
calorimetry (DSC) under two different experimental variables viz., heating rate and 
initiator concentration. Borchardt - Daniel (B -D) kinetic method was applied to 
estimate the various kinetic parameters for the free radical polymerization of 8-QMA. 
The effect of initiator concentration and heating rate on the rate of polymerization was 
discussed. The importance of isothermal and isoconversion predictive curves in 
optimizing the polymerization process parameters has also been discussed. 

Keywords: 8-quinolinyl methacrylate; differential scanning calorimetry; Borchardt- 
Daniel kinetic; isothermal; isoconversion 

INTRODUCTION 

Differential scanning calorimetry is used to measure the amount of 
energy to be supplied or removed to keep the temperature difference 
AT = 0 between the sample and the reference with respect to time or 
temperature as the two specimen are heated at a controlled heating 
rate. The DSC technique has been widely employed to determine the 
physical transition such as glass transition temperature ( T g )  and 
melting temperature (Tm) of the polymers and to study the varieties of 
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12 R. T. PATEL et ul. 

reactions such as crystallization, polymerization, decomposition, 
oxidation, vulcanization and curing reactions [ l -  71 Pate1 et al. [8] 
empolyed DSC to study the comparative curing profile of liquid epoxy 
resin using hydroxy terminated aryl-ether sulfone oligomers, 4,4'- 
diaminodiphenyl sulfone (DDS) and phthalic anhydride (PA) as a 
curing agents. Feliu et al. [9] studied the kinetic of bulk polymerization 
of methyl methacrylate with and without using AIBN by DSC 
technique. 

The present work describes the kinetic study on the free radical bulk 
polymerization of 8-QMA by DSC technique. 

EXPERIMENTAL 

Materials 

Methacrylic acid, Benzoyl chloride, 8-hydroxyquinoline and AIBN 
used were of analytical grade reagents. 

Synthesis of 8-quinolinyl Methacrylate 

The 8-quinolinyl methacrylate monomer was synthesized as per the 
reported process [lo]. 

Kinetic of 8-QMA Polymerization by DSC 

Du-pont-910 DSC attached with 9900 thermal analyzer data acquisi- 
tion and processing system was used for the present study. Three 
separate samples, each containing about 5 mg of 8-QMA thoroughly 
mixed with 1 % wjw AIBN, were sealed in the DSC aluminium sample 
pans. DSC thermogram were recorded using these three samples at 5" ,  
lo", and 15"C/min heating rate in nitrogen atmosphere from room 
temperature to 250°C. Similar experiments were performed with 8- 
QMA containing 2% and 3% wjw AIBN. Thermal data from these 
experiment were processed further to evaluate various kinetic 
parameters by B-D DSC kinetic method. 

Borchardt and Daniels [ 1 13 proposed a technique to study the 
reaction kinetics by application of differential thermal analysis (DTA). 
This technique has been refined significantly by subsequent researchers 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
4
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



8-QUINOLINYL MA POLYMERIZATION 73 

in the thermal analysis field to make it applicable in conjunction with 
the DSC system [12,13]. 

The B-D method assumes that the reaction follows nth order 
kinetics, ie . ,  obeys the relationship: 

da 
dt 
- = k(T)(l - 

Where 

cy = fractional conversion (dimensionless) 
k (T)  = specific rate constant at temperature T (sec-’) 
n = reaction order (dimensionless) 

The method also assumes that the temperature dependence of the 
reaction rate follows the Arrhenius expression: 

Where 

z = pre-exponential factor (sec-’1 
E = activation energy (Jmol-’) 
R = gas constant (8.314 Jmol-’ . K) 
T = absolute temperature (“K) 

DSC is used to measure heat flow into or out of a sample as it is 
exposed to a controlled thermal profile. With the development of 
computer-aided data analyses in the thermal techniques, kinetic 
methods to study the polymerization reactions have become more 
widely used. B-D DSC kinetic data analysis software (DuPont-V 
I.0G) used in the present study in conjunction with DuPont-910 DSC 
system provide a rapid automatic calculation of reaction order (n) ,  
activation energy ( E ) ,  pre-exponential factor ( Z )  and heat of reaction 
( A H ) .  These values are then used in the data analysis programme to 
provide a series of predictive thermal curves to assess the polymeriza- 
tion process in terms of conversion, time and temperature. These data 
are of particular interest in process development for predicting 
optimum polymerization conditions as well as in the process control 
for optimization of the conversion. 
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74 R. T. PATEL et al. 

RESULTS AND DISCUSSION 

Table I shows various kinetic parameters of free radical polymeriza- 
tion of 8-QMA evaluated by B - D DSC kinetic method using different 
initiator concentration and at different heating rates. The values of 
activation energy (Eu) ranges from 265 to 518, 230 to 321 and 121 to 
265 kJ mole-' for 1 %, 2% and 3% AIBN concentration respectively. 
It is observed that, excluding few exception in some practical reading, 
with increase in rate of heating, activation energy decreases as it is 
expected in case of free radical polymerization of vinyl monomers. The 
heat of fusion (AHf) ranges from 64 to 96, 50 to 75 and 152 to 
215 kJmole-' whereas heat of polymerization ranges from 104 to 118, 
64 to 97 and 193 to 273 Jg-' for 1%, 2% and 3% AIBN concentration 
respectively. The order of reaction (n) varied from 1 to 3 and 
decreasing with increase in heating rate whereas value of pre- 
exponential factor (logZ) ranges from 17 to 80min-' and decreases 
with increase in, both, initiator concentration and rate of heating. 

Figures l(a)-(c) shows comparative DSC exotherm of 8-QMA 
polymerization initiated respectively by 1%, 2% and 3% wjw AIBN at 
three different heating rates. It is observed from these curves that peak 
maximum temperature of polymerization exotherm increases with 
increase in, both, heating rate and initiator concentration. Figure 2 
shows an illustrative raw data curve for the DSC kinetic study of the 
8-QMA polymerization at YC/min heating rate using 1 YO AIBN 

TABLE I B-D DSC kinetic parameters for free radical polymerization of 8-QMA 

Sample Heating Sample Energy of Heat of Heat of Order of Log 2 

("Cjmin) (mg) Ea AH,  ( J g - ' )  n (min-')  
rate weight activation fusion reaction reaction 

( k / .  rnol- ' ) (kJ.  mol- ' )  

8-QMA + AIBN 5 5.10 518 83 104 3 80 

8-QMA + AIBN 5 3.80 321 50 64 3 49 
(2% wlw) 10 6.30 340 75 97 2 51 

15 3.15 230 58 75 2 34 
8-QMA + AIBN 5 4.30 265 152 193 3 40 
(3% w/w) 10 2.30 121 215 273 2 17 

15 3.33 122 186 233 1 17 

(1 Yo w/w) 10 4.45 274 64 112 2 41 
15 4.76 265 96 118 1 40 
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FIGURE I(a) DSC exotherm of 8-QMA+1% w/w AIBN Polymerization at (1) 5", 
(2) lo", (3) 15"C/min. 

b ,  
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FIGURE I(b) 
(2) lo", (3) lS"C/min. 

DSC exotherm of 8-QMA+2% w/w AIBN Polymerization at (1) 5" ,  

initiator. Two types of data presentation are helpful for comparative 
studies of polymerization profiles. The isothermal polymerization 
predictive curves (Fig. 3), consisting of a series of isothermal plots, are 
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FIGURE l(c) 
lo", (3) lS"C/min. 

DSC exotherm of I-QMA+ 3% w/w AlBN Polymerization at  ( I )  5" ,  (2) 
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FIGURE 2 
polymerization. 

An illustrative raw data curve for the DSC kinetic study of 8-QMA 

most useful in setting of polymerization cycles for a novel systems. It is 
observed from these curves that as the temperature of polymerization 
increases, the time required to achieve a particular degree of conversion 
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8-QUINOLINYL MA POLYMERIZATION I1 

FIGURE 3 An illustrative isothermal predictive polymerization curves for 8-QMA. 

decreases to the considerable extent. Moreover, at lower polymeriza- 
tion temperature, the relation between percentage conversion and 
time is linear as it is shown in Figure 3 for 63°C temperature, 
whereas at  higher temperature, the rate of YO conversion in the initial 
stage increases rapidly as it is shown for 67, 70 1 3  and 77°C in the 
isothermal curves. These predictive curves may provide the way to 
select optimum temperature of polymerization to achieve optimum 
rate of YO conversion with respect to time thereby to synthesized the 
polymers with required properties because polymerization tempera- 
ture and rate of conversion are observed to effect many important 
properties of polymers such as glass transition temperature, melting 
range, molecular weight and its distribution and thermal degradation 
profile. 

Figure 4 shows an alternative report option described as an 
isoconversion predictive polymerization curves. This series curves 
can be use to provide time and temperature profiles for selection of 
optimum polymerization time required to achieve a specific degree of 
conversion. In practice the use of such predictive curves make the 
process development work much faster and easier. 
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Tmnmmrmtura t*cI 

FIGURE 4 An illustrative isoconversion predictive polymerization curves for 8-QMA. 

CONCLUSION 

DSC has been proved an excellent method for the kinetic study of 
varieties of reaction. The DSC techniques used in the present study has 
provided a rapid and detailed analysis of 8-QMA polymerization 
kinetics in terms of effect of experimental variables on the rate of 
reaction and % conversion with respect to time and temperature. I t  is 
also possible to utilize the predictive experimental data in setting-up of 
process parameters of large scale polymerization. 
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