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ABSTRACT  
 

Flakes of polyethylene terephthalate (PET) alkaline hydrolyzed by sodium hydroxide were 

subjected to gamma rays. Some parameters were studied; irradiation doses (10  - 60 kGy), 

NaOH concentrations (1 - 4 M) and PET particle size (300 and 600 µm). The reaction time 

(60 – 540 min) required for sodium hydroxide/methanol hydrolysis of PET was optimized to 

investigate the products were obtained. Optimal dose able to converts PET into dimethyl 

terephthalate (DMT) was 20 kGy. DMT was analyzed qualitatively. The alkaline 

deploymerization of polyethylene terephthalate (PET) has been evaluated by HPLC. 
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1. Introduction 
One of the known polymer condensation is polyethylene terephthalate PET which known as 

Mylar film or Dacron fiber. This fiber has a wide range of use in our life, from the drinking 

and Juice bottles in the children hand’s to satellite in the sky. The product is a worth to the 

industry fields allover the world. It has many advantages; strong, flexible and resistance to 

degradation. PET is naturally adsorbs water from its surroundings. However when this 

“damp” PET is then hydrolysis takes placer between the water and the PET which reduces its 

molecular weight and its physical properties. With increasing PET consumption, its recycling 

for the preservations of resources and protection of the environment is required
 
[1]. Chemical 

recycling of PET is discussed in detail leads to the formations of the raw materials 

(monomers) from which polymers are made. Chemical recycling processes for PET are 

divided as follows: (i) glycolysis, (ii) methanolysis, (iii) hydrolysis processes (iv) other 

processes. The main depolymerization processes [2-7]
 
that have reached commercial maturity 

are glycolysis and methanolysis [8,9].  Essentially, glycolysis involves the insertion of 

ethylene glycol (EG) or diethylene glycol and propylene glycol in PET synthesis and its 

oligomers. The PET recycles have been studied by several investigators and reviewed by 

others[10-20] . The main advantages of alkaline methanolysis and hydrolysis methods are that 

they can be easily integrated into a conventional PET production plant and recover 

terephthalic acid (TPA). Further, an installation of a methanolsis unit can be located in the 

polymer production line, since the dimethyl terephthalate (DMT). Also, EG and methanol can 

be easily recovered and recycled. In this may, waste PET arising in the production cycle is 

utilized and the monomers recovered can be reused in the manufacture of a full value 

polymer. Disadvantages of the method include the high cost associated with the separation 

and refining of the mixture of the reaction products (glycols, alcohols and phthalate 

derivatives) and if water enters into the process it poisons the catalyst and forms various 

azeotropes [2,21]. Other disadvantages are associated with the trend of all new PET 

production process to use TPA instead of DMT as a new material. The conversion of DMT 

produced by hydrolysis to TPA adds considerable cost in the methanolsis process. Alkaline 

hydrolysis of PET is usually carried out with the use of an aqueous alkaline solution of 

NaOH. The reaction products are EG and the disodium terephthalate salt, TPA-Na. The 

mixture is heated up to 340 
o
C to evaporate and recover EG. Pure TPA can be obtained by 

neutralization of the reaction mixture with a strong mineral acid. Alkaline decomposition in 

aqueous solutions has been reported [21,22]. The addition of dimethyl- sulphoxide (DMSO) is 

suitable to PET as nearest it to solubility parameter [23]. In this work, the effect of gamma 

radiation on PET studded; during alkaline hydrolysis to investigation the production and 

byproduct which produces and compare with the alkaline hydrolysis for PET by reflux [24].  

 

The aim of this work is investigates the products and byproducts which produces by gamma - 

ray and by reflux for the alkaline hydrolysis of PET using HPLC.  

 

2. Experimental 
Polyethylene terephthalate PET flakes free other plastics were prepared from used PET 

bottles, taken from post-consumer soft-drink bottles. The bottles were cut and fed to a rotary 

cutter with two sizes of 0.3 mm. and 0.6 mm. NaOH, CH3OH and dimethylsuphoxide DMSO 

were obtained from Aldrich Germany. The volume ratio for NaOH: CH3OH was 70:30 % and 

1 ml of DMOS. Irradiations were carried out using a 
60

Co gamma source (in National Center 

for Radiation Research and Technology, AEA, Egypt). The irradiation process was carried 

out at the ambient temperature (45 ±1 °C in the chamber). Dose rate studies were carried out 



 

using lead attenuates (50% and 75% attenuation) and the dose was determined by Fricke 

Dosimeter.  

 

High Performance Liquid Chromatography (HPLC) Analysis 

The solid samples were analyzed by HPLC (in Hot Laboratories Center, AEA, Egypt) using a 

Merck-Hitachi high performance liquid chromatography (HPLC), Germany, equipped with a 

Nucleosil C8(250 x4 mm, 5µm) columns, L-6000 pump, L-4000 UV-detector set at 254 nm 

and D-2500 chromato-integrator. The HPLC procedure was carried out as follows: 20 mg/l, 

sample solution for analysis was prepared by dissolving a certain amount of the dried solid 

product in a 70: 30 (v/v) methanol/ water solution, which was also used as mobile phase with 

a flow rate of 1 ml/min. The temperature of the column was fixed at 25±1 °C.  

 

3. Results and discussion  
Waste PET flakes were first hydrolyzed in sodium hydroxide and CH3OH to yield the 

disodium salt terephthalate salt TPA-Na2 was continued to yield the dimethyl terephthalate 

(DMT) according to the chemical reaction, which was then acidified to convert to 

terephthalatic acid (TPA). In this work DMSO is used to solublize the expected separated 

TPA from the surface of PET [22,23]. Also methanol accelerates the reaction (Table 1): 

 

1. PET Alkaline Hydrolysis (NaOH/CH3OH) by γ-Radiation 

1.1. Weight decrease in PET Flakes 

The initial weight for PET subjected to gamma rays is 0.5 g. was reduced to 0.48 .0.4, 

0.31 and 0.29 g respectively at doses; 10, 20, 40 and 60 kGy. Figure 1 shows the decrease in 

PET weight with variation gamma absorbed dose. 

 

Figure 2 shows the increasing in number of moles or separated particles from PET by 

increasing the dose rate during hydrolysis by gamma. This was calculated using total weight 

from PET which has a known molecular weight and the rest of PET (RPET) weight after each 

dose. Table 2 summarized he bands and the molecular weight for each product after 

irradiation. 

  

1.2. Hydrolysis Products:  

To study the influence of γ-ray on the deploymerization, the experiments were carried out at 

11.0 MPa, 533 K at 10, 20, 40 and 60 kGy.  

 

The yield of BHET dimer appears at Rt 3.5 at 10 kGy and at 20 kGy three elution bands 

BHET, MHET and DMT at Rt 1.9 , 2.28 and 4.06, respectively, 
(9, 22)

. Scheme (I) of 

depolymerization is clear as follows: 
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Scheme (I) 

 

We suggest that depolymerization occurred at 10 kGy to dimer of BHET which separated 

from flaks surfaces and when the dose increase to 20 kGy this dimmers which represent 99.5 

% of solution separated as BHET, represent 17.5 % and MHET 33.21 and DMT 31.79 % and 

small amount not detected (neglected to detect) from BHET dimer and oligomers. 

 

After 40 kGy BHET dimer was detected by HPLC with conc. 99.4 and at 60 kGy with conc. 

97.95 may be due to increase of dose, the separated moles from the surface of PET increase, 

while at 20 kGy separated to MHET, BHET and DMT, this lasts product DMT separated 

moles at 20 kGy. Figures 3-6 shows the HPLC spectrum at different doses. 
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From the above mentioned data the structure of products after irradiation by γ-rays, may be 

represented as follows by Scheme (II); 
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Scheme (II) 

 

 

 



 

 

It is clear that the hydrolysis by gamma radiation at 10 kGy produces MHET as main products 

which detected with concentration of 91.2% and after 20 kGy decomposed to DMT with 

about 31.8% and the other products may be oligomer which is detected with a small amount 

in bands 6-8 [9]. BHET is polymerized after 20 kGy to 1.5 % BHET dimer by increasing the 

exposure dose. Increasing the dose absorbed leads to increase oligomers concentration from 

0.53 to 2.05%. The PET degradation and the secondary reaction can be described in the 

following equations [25];  
             Kr  
 Random Scission  P(x) → P(x) + P(x– xi)  

Where; P(x) = polymer, P(x – xi); i = 1, 2 .MW Ds of reaction mixture based on molecular 

function,  

Kr = the reaction rate.  
             K1  

 Specific Scission  P(x) → Q1(x1) + P(x– x1) production of MHET 
 
             K2  

    P(x) → Q2(x2) + P(x– x2) production of DMT 

Where  K1, K2 the rate of formation  

 

The following scheme shows the different steps during hydrolysis occurred 
(25)

  

PET + MeOH → Oligomer 

Oligomer + MeOH → MHET 

Oligomer + MeOH → DMT + EG 

Oligomer + H2O → TAMME + EG 

MHET + MeOH → DMT + EG 

EG + MeOH → ME + H2O 

2 EG → DEG + H2O. 

2. PET alkaline Hydrolysis (NaOH/CH3OH) by reflux  

2.1. Weight decrease in PET Flakes  

The weight of PET reduced from 0.5 g to 0.39 g after 6 h with the particle size 0.6 mm, while 

for particle size, 0.3 mm PET the weight is reduced from 0.5 g to 0.0128 g after 6 h. As 

shown in Figures (7,8) unremarkable changes for the two particles sizes investigated by 

HPLC. The retention time (Rt) for the two spectra detected by HPLC is very enclose or equal 

to 4.13 min and 4.18 min. The yield of DMT which formed during the experiments also is 

similar agree to
 (9) 

and small amounts were detected by HPLC for oligomer with retention 

time (Rt) 7.34, Figure 7, undetected Oligomer shows in Figure 8. 

 

DMT concentration after 3 h hydrolysis was found to be 98.6% and obtained after retention 

time of 4.42, Figure 9. After hydrolysis for 9 hours dimerization occurred to bring BHET 

dimer at Rt. 3.0  and undetected amount of DMT at Rt 4. 38 and oligomer at Rt. 7.05; Figure 

10.  

 

The products obtained from the solid PET hydrolysis using (NaOH/CH3OH) by reflux mainly 

DMT and small amount of byproducts like MHET, BHET, dimer and oligmers. It can be 

assumed that alkaline methanolysis and methanolysis process have the same reaction 

mechanism in liquid NaOH and methanol 
(25)

. 



 

 

4. Conclusion  
Gamma-rays can occurred hydrolysis for PET easily using NaOH/MeOH and DMSO without 

exposure to any harmful emission comparing to reflux technique. Gamma-rays can be used 

for obtaining DMT with very low energy and time comparing to reflux method except that the 

yield of DMT by γ-rays is less than 50% while the time in gamma is half of reflux process. 

Alcoholysis also seems successful. Methanolysis and ethylene glycolysis are of particular 

interest because they can afford dimethyl terephthalate and di(hydroxyethyl) terephthalate 

which can also be used as starting monomers, respectively.  
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Fig.(1): Variation of PET weight decrease with increasing

              absorbed dose (kGy) by gamma radiation. 
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Fig.(2): Variation of RPET separated moles with increasing 

              dose of gamma irradiation. 
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Figure 3:  HPLC spectrum of the alkali-decomposition of PET by γ-

irradiation dose of 10 kGy, Rt (3.5 min.) BHET dimer. 

 

 
 

 

 

Figure 4: HPLC  spectrum for  the alkali-decomposition of PET  by γ-irradiation 

dose of 20 kGy, Rt = (1.9 min) BHET, (2.28 min) MHET, (4.06 min) 

DMT. 

 

 
 

Figure 5:  HPLC spectrum obtained from the alkali-decomposition of PET by γ-

irradiation dose of 40 kGy, (Rt =3.54 min) BHET dimer. 

 

 



 

 

 
Figure 6: HPLC spectrum of the alkali-decomposition of PET by γ-irradiation dose of 60 

kGy, (Rt = 3.4 min) HBET dimer. 

 

 
 

Figure 7: HPLC spectrum obtained from the alkali-decomposition of PET of 

particle size 0.3 mm by reflux (Rt = 4.18  min) DMT. 

 

 
 

 

Figure 8: HPLC spectrum obtained from the alkali-decomposition of PET of 

particle size 0.6 mm by reflux (Rt = 4.13 min) DMT. 

 

 

 



 

 
 

Figure 9: HPLC spectrum obtained from the alkali-decomposition of PET of 

particle size 0.6 mm by reflux after 3 h (Rt = 4.42 min) DMT. 

 

 
 

 

Figure 10: HPLC spectrum obtained from the alkali-decomposition of PET of 

particle size 0.6 mm by reflux after 9 h (Rt = 3.86 min) BHET dimer. 

 

 

Table 1: The solubility parameter for certain solvents. 

 

Materials Material solubility parameter, δ(Jm
-3

)
1/2

 

PET 21.6 

DMSO 24.6 

Ethylene glycol 29.9 

Ethanol 26 

Water 41.9 

 

 

 

 

 

 

 

 

 

 



 

Table 2: Products and byproducts evaluated by HPLC after PET irradiated its structure and 

molecular weight for each component.
(9)
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Table 3: Shows the product and byproduct after irradiation doses for PET evaluated by 

HPLC; the structure and molecular weight (MW) for each evaluated component.  

 

retention time 

Rt (min)  

Byproducts Product Concentration, 

% 

Dose rate 

kGy/h 

3.5 BHET  99.47 10 

4.06  DMT 31.796 20 

2.28 MHET  33.21 20 

1.9 BHET  17.5 20 

3.54 BHET dimer   99.46 40 

3.4 BHET dimer   97.95 60 
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