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Abstract 
Experiment: Heat cured acrylic dental base material was prepared through using a new formula  

which includes acrylic and methacrylic acid, and new polymer : monomer ratio The specimens was 

prepared by useing different composition of denture base materials. Benzoyl peroxide is used as 

initiator to polymerization of polymer/ monomer mixture. The heating process used to control 

polymerization according to certain program. 

Discussion: The new chemical modification of polymethylmethacrylate (PMMA) was prepared by 

using  alkali of different concentrations. Added the prepared (PMAC) to the powder (PMMA), in this 

case a blend and not copolymer is obtained. While methylmethacrylate (MMA) monomer was 

copolymerized with acrylic acid (AC) and methacrylic acid (MAC).    

Conclusions: The effect of the variables on residual monomer concentration like gas-liquid 

chromatography analysis and determination acid value, porosity as well as the  preparing polymer was 

characterized  by infra red (I.R) spectra. 

       In our case we have used a new ratio of polymer to monomer through which we achieved no 

monomer content and no porosity the last finding is believed to be responsible for good physico-

chemical and physico-mechanical properties.  

 

 

Introduction: 
      Acrylic resin and their modification are the 

principle plastic used. They provide the best 

combination of physical, chemical, and 

cosmetic properties for the large volume 

application of denture base materials (1). 

 Researchers still investigating different ways 

of curing with respect to different dough 

formulation e.g. heat cured denture base 

materials, microwave activation, cold 

curing…etc. the polymer monomer ratio is of 

considerable importance in the fabrication and 

denture base resin with hydrophilic 

characteristics, is claimed to improve retention. 

The dynamic mechanical behavior and impact 

strength of the modified systems were 

investigated. The results showed that the 

impact strength and modulus were influenced 

by the composition and the a mounts of the 

modifiers(2,3).  

 

 

 

 

 

 

        In the present work we have modified the 

resin by introducing acrylic and/or methacrylic 

acid to change hydrophilicity, changing the 

monomer polymer ratio, and optimum heat 

cure conditions for such new dough polymer 

ratio, and optimum heat cure condition for such 

new dough composition. 

Materials and methods: 

Materials: 
1.polymethyl methacrylate, suspension 

polymer. Mwt12000, Aproduct of BDH. 

2.Methylmethacrylate , containing1 % 

hydroquinone, a product of Aldrich. 

3.Acrylic acid , purity 99% containing 

0.05%hydroquinone, a product of Fluka. 

4. methacrylic acid, purity 98.5 % containing 

250 ppm  hydroquinone , a product of Aldrich. 

5. benzoyl peroxide purity97%,A product of 

Aldrich. 

6. ceric sulphate Mwt332.24, manufactured by 

Aldrich. 

7. sorbitol Mwt182.17, a product of BDH. 

      All other chemicals and solvents were at 

least of the pure grade and were purified              

and or dried according to the well-known 

methods (4). 



Specimens of heat curing of acrylic resins: 

      During the time that the powder-liquid type 

of acrylic denture base material has been used 

for  the curing process . there is a very 

considerable divergence of practice with the 

possible range of time and temperature 

variation(5). Bulk polymerization is used to 

produce sheet, rod, tube and other shapes. The 

heat dissipation problem is minimized by 

polymerizing in stages of a polymer/ monomer 

mixture(6). polymerization vessel used was 

long tubes, diameter(1.25-2)cm.  

 

 

 

 

The polymer/monomer mixture was 

spatulated and introduced in the polymerization 

vessel, benzoyl peroxide BZ2O2 is used  

as initiator. The vessel was then lightly corked 

and held in water bath at 40  ْ  C for about (2-4) 

hours until suitable viscous syrup is formed. 

The temperature was then raised according to 

certain program. 

    The temperature was not allowed to exceed 

60  ْ  C and kept constant at this temperature 

until complete solidification was attained. 

Control of this stage is gained by experience. 

 The heating process used to control 

polymerization is termed the polymerization 

cycle and this process controlled by heating the 

resin more slowly during the polymerization 

cycle as carried out here in Fig(1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (1) Heating Program for Preparation Denture Base material. 

Determination on gelation time (manual method)(7): 

 

This methods is described a procedure for 

determining the gelation time of a resin when 

maintained at specified temperature. The dough 

composition for every samples listed in table 

(1) were placed in a suitable test tube. 

Maintaining the test tube content at the 

prescribed temperature.  

Place the stirring rod in the resin mixture and 

stir it by moving the rod one complete 

revolution of the diameter of the tube every 

15min. until gelation occurs. 

Hydrolysis of Polymethylmethacrylate 

(PMMA): 
       Polymethylmethacrylate (5) gm was added 

to (0.5, 0.75, 1.0)M KOH in ethanol (31.2)ml. 

the polymer dissolved upon warming to 

refluxing temperature and refluxing was 

continued for 24 hours. The hydrolyzed 

polymer was isolated by decanting the KOH/ 

ethanol solution at room temperature. The 

polymer was then purified by precipitation of 

the solution in ethanol or in methanol.



  

Table (1) Dough composition of denture base materials 
Sample PMMA/gm MMA/gm BZ2O2 PMAC H-PMMA/gm AC/gm MAC/gm 

1 0.6 5 0.025 - - - - 

2 0.6 5 0.025 0.1 - - - 

3 0.6 5 0.025 0.2 - - - 

4 a 0.6 5 0.025 - 0.1 - - 

5 b 0.6 5 0.025 - 0.1 - - 

6 c 0.6 5 0.025 - 0.1 - - 

7 0.6 3.5 0.025 - - 1.5 - 

8 0.6 3.5 0.025 - - - 1.5 

(a) H-PMMA in 0.5 M KOH 

(b) H-PMMA in 0.75 M KOH 

      (c)H-PMMA in 1.0 M KOH 

 

Preparation of polymethacrylic acid 

(PMAC)(8): 

      Distilled water (12ml), monomer 

methacrylic acid (2ml)and redox initiator 

0.16gm ceric sulphate and 0.32gm sorbitol 

were placed in glass vessel 25ml capacity. The 

flask was placed in a thermostate at 

temperature 30˚C for 24 hours. The polymer 

produced was precipitated by using 45ml 

ethanol or methanol. The polymer dried below 

60˚C until constant weight is attained and the 

yield was calculated. 

Determination of the acid value(9): 

     The acid value of the resin is number of 

milligram of KOH required to neutralize free 

acid in 1 gm of the sample. 0.05 gm of the 

polymer was dissolved in 10 ml of neutralized 

acetone, few drops of phenolphthalein indicator 

(1% in ethanol solution ) was added and the 

solution was titrated against standardized 0.1N 

KOH(56.1 mg KOH in 1L ethanol). 

  Determination of porosity of heat cured 

Polymethylmethacrylate bulk materials: 

      For the conventional water bath method, 

the over night curing method was used, 

eliminating most of the residual monomer 

present in the specimens which in turn produce 

porous free specimens(10). In this test the 

sample in the form of cylinder, diameter 

1.25cm, 2.5cm length, is placed in glycerol 

bath at 150˚C. A large number of small bubbles 

caused by the vaporization of the free monomer 

soon collected on the surface of an completely 

polymerized resin. A fully polymerized resin 

does not form bubbles within 30 seconds after 

immersion in the bath.  

Analysis by gas - liquid 

chromatography(GLC):  

The residual monomer concentration was 

determined in dentures and test specimens 

made from the standard pink shade and 

uncolored denture base material under a variety 

of curing conditions. The samples were 

analyzed by Shimadzu gas-liquid 

chromatography 9A apparatus with a glass 

column of 4 mm internal diameter and2.1m 

long, filled with 10 percent carbowax 20M
3
. 

The oven temperature was 80˚C, the injection 

temperature 190˚C and the flame ionization 

detector temperature 110˚C. nitrogen was used 

as carrier gas at 50ml/min and 0.2ml of the  

 

 

supernatant methanolic extract was injected 

into the chromatograph. 

 

Extraction : 

     The flask containing the sample was heated 

under reflux for 1,1/4 hour using a single 

surface condenser. A calcium chloride guard 

tube was attached to the top of the condenser. 

The flask still attached to the condenser and 

guard tube. 10ml methanol extracts all 



monomer from (0.1-0.4)gm samples at 65˚C 

(b.p. of methanol).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Further evidence that 1 hour was sufficient for 

complete extraction was obtained by filtering 

off material that had been extracted for 1 hour 

and, after washing it with methanol, submitting 

the material to re-extraction with fresh 

methanol and then quickly brought to room 

temperature by immersion in ice/water. 

 

The aim of the work: 
    (1) Synthesis and characterization of novel 

hydrophilic acrylic denture base material. 

   (2) modification  and  improvement  the 

chemical,   physical  and  mechanical 

properties   of  denture base material.            
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Results and Discussion: 
 
Preparation of hydrophilic base materials (11) : 
               In this research we prepared 

hydrophilic denture base materials via three 

methods: 

1.partially hydrolysis of 

Polymethylmethacrylate (PMMA) hydrolysis 

of PMMA using alkali of different 

concentrations. 

               In this way copolymer containing 

both units spaced randomly along the chain 

was  obtained. 

2. blending of (PMMA)and prepared (PMAC) 

     in this modification methacrylic acid 

monomer was polymerized to 

polymethacrylic 

     acid and the latter is added to the powder 

PMMA. However, in this case a blend and 

     not copolymer is obtained.                       

3. copolymerization of MMA and (AC, MAC) 

monomers: 

     In the third case methylmethacrylate 

monomer was copolymerized with acrylic 

acid (AC), methacrylic acid (MAC). 

 

 

 

 

 

 

 

 

 

 

 

 

The level of residual monomer in cured 

samples: 

It is a general belief that tissue sensitivity to 

resin materials depends on the level of residual 

monomer and increase with the increase in the 

percentage of residual monomer in the 

resin(12,13). Data collected in table(2)and 

represented in figures(2,3,4,5)showed that 

quantitatively all samples are free from residual 

monomer. 

         Analysis by GLC carried out for the same 

samples tested by bubbles evaluation method. 

It is obvious from results of porosity tests, that 

no bubbles observed in all samples tested, This 

mean that the residual monomer practical 

absent in all investigated samples. Blank 

experiments figures(2,3,4,5) were carried out 

for monomer alone, methanol alone, and 

monomer methanol mixture. Good correlation 

was found between monomer concentration 

deliberately added and that measured by GLC.  

     A proper polymer/monomer ratio is of 

considerable importance in the fabrication of 

well fitting denture with described physical 

properties (2). In our case we have used a new 

ratio of polymer to monomer through which we 

achieved no monomer content and no porosity 

the last finding is believed to be responsible for 

good physico-chemical and physico-

mechanical properties.  
 

Table (2) the results of gas-liquid chromatography analysis of residual monomer. 

 

Samples Weight Retention time, in 
Area 

(volume) 
Conc.,wt% 

MMA 0.18 1.805 45663 100 

Methanol 0.158 1.883 84462 100 

Methanol 

+MMA(BLANK) 

0.079 

0.09 

1.833 

1.59 

54410 

27232 

66.644 

33.355 

1 0.2 1.815 35344 100 

2 0.2 1.817 37297 100 

3 0.2 1.955 61837 100 

6 0.33 1.848 114802 100 

7 0.35 1.888 321498 100 

8 0.4 1.745 108496 100 

 

 
1.805 1.883 66 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig(2)GLC-analysis of MMA                                   Fig(3)GLC-analysis of MeOH 

            monomer alone                                                           methanol alone                             
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.833 

1.815 1.59 

Fig(4)GLC-analysis of MeOH/ MMA 

mixture(blank) 
Fig(5)GLC-analysis of  sample (1)     



Infrared spectra I.R. : 
     Most acrylic resins have strong band at 

1750cm
-1

 which can be attributed to C=O 

stretching vibration, band at (1165-1203) cm
-1

 

and around (1250-1300)cm
-1

 can be assigned to 

a doublet O-C and C-O bond of the ester 

groups. Weak band at 2990-3010 cm
-1

 is 

mostly attributed to C-H stretching vibration 

(14). PMMA hydrolyzed under the effect of 

different concentration of alcoholic potassium  

 

hydroxide (0.5, 0.75, 1.0) M concentration. As 

shown in figures (6,7) the appearance of OH 

group give broad absorption band at (3400-

3500) cm
-1

. The intensity of alcoholic 

potassium hydroxide was increased. The 

appearance  of  new  peak at 1550cm
-1

 can be 

readly attributed to the C-O antisymmetric and 

symmetric stretching of the carboxylate . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acid value measurement:    Table (3) indicate the acid number as a 

function of the concentration of  KOH. As the 

alkali concentration is increased  

 

Fig(7) Infrared Spectra of PMMA (4),PMAC (5). 
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Fig(6) Infrared Spectra of Partially Hydrolyzed PMMA in  
(1) 0.5 M KOH, (2) 0.75 M KOH, (3) 1.0 M KOH. 
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 the acid value regularly increased. This 

matches with the I.R. results indicated in the 

last section.   

 

Table (3)effect of alkali concentration on the acid value of hydrolyzed PMMA at 78˚C. 

 

KOH, M Acid value 

0.5 8.416 

0.75 11.222 

1.0 14.027 

 

 

 

References: 



1. Grag R.G., Brrin W.J. and Powers J.M., (1992) , Restorative dental materials", 

Mosby,   New York. 

2. Anusarice K.J., (1989), "Philips science of dental material"10
th

 ed., Saunders W.B.,  

Philadilphia, 242. 

3. Vazquez B., Leven B. and Roman J.S.,(1998),Polym. Intern.J., 46,241. 

4.Perrium D.D., Aramgo W.N. and Prrin D.R., (1980), "Purification of laboratory   

    chemicals, Pergamon Press Ltd.,Oxford UK. 

5. Hugget R., Bates JF., and Packman D.E., (1987),J.Dent. Mater.,3, 107. 

6. Pinner S.H., (1961), " A practical course in polymer", Pergamon Press, London. 

7. British standard methods of testing plastics,(1980), part 8, BS, 2782, method 835B. 

 

 

 

8. Bierman C.J. and Narayan R.,(1987), Polym.J., 28, 1, 240. 

9. Gardner H.A. and Sward G.C., (1972), " Paint testing manual",13ed, ASTM Press,  

    Philadilphia. 

10. Sanders J.L., Lenin B. and Retiz P.V., (1987) , Quint. Int. J.,18, 453. 

11. Austin A. and Basker R.M.,(1980),Bit.Dent.J.149, 281. 

12. McCabe J. F.and Basker R.M., (1976), Br.Dent.J.140, 347. 

13. Kallus T. , (1989 ) , J. Prosth. Dent. , 52, 126. 

14. Kline G.M. , (1959) , "analytical chemistry of polymers", part I, Intrescience , 

New York.  

 

 


