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Depolymerisation of nylon-6,6 waste was carried out by acid hydrolysis. The products 
obtained were characterized by melting point and FTIR spectra. The values obtained 
for dibenzoyl derivative of Hexamethylene diamine (DBHMD) agreed with those of 
pure substance. Kinetics of this reaction shows that it is a pseudo first order reaction 
with respect to Hexamethylene diamine (HMD) concentration with average velocity 
constant 7.32 x 10-3 min-1.Various methods are used to verify and confirm the pseudo-
first order nature of the depolymerization of nylon-6,6 waste by acid hydrolysis. 

KEYWORDS: Depolymerization, Acid Hydrolysis, HMD, DBHMD, pseudo-first 
order reaction. 

INTRODUCTION: 

Among the various polymeric waste nylon-6,6 is important because of its non-
biodegradable nature. The interest in depolymerisation of nylon -6,6 waste is 
continuously increasing because of environmental, economic and as a process for 
generating valuable products1,2.Nylon waste can be depolymerised by hydrolysing 
aminolysis and pyrolysis to corresponding oligomers and monomers3, while nylon-6 
in presence of phosphoric acid to ethylene glycol derivative, ε-caprolactum and 
oligomers4.  

Dutch and Allgeier5 shows that nylon-6,6 can be prominently depolymerised to 
Hexamethylene diamine(HMD), by combination of aminolysis, dehydration and 
nitrate hydrogenation with Raney catalyst. The findings of Gotto and coworkers6-9 
with the depolymerization of nylon-6,6 were consistent with nylon-6.They found 
amino caproic acid as first product which further underwent cyclodehydration to ε-
caprolactum. Compared to other polymers less work has been done on 
depolymerization of nylon-6,6 waste. In our earliar work10, kinetics and 
thermodynamics of depolymerization of nylon-6,6 waste was reported. In this work 
we found the first order kinetics. As a part of this work efforts has been made to 
verify and confirm the pseudo-first order nature of depolymerization of nylon-6,6 
waste by acid hydrolysis. The study is of great technological importance to design the 
recycling process of nylon-6,6 waste. 

EXPERIMENTAL 

All chemicals used in the study were of analytical grade. The solutions were prepared 
by using highly purified double distilled water. Hydrochloric acid (5N) was obtained 
by diluting A.R. grade HCl from E-Merck. It was standardized with sodium carbonate 
as well as borax. Nylon-6,6 waste was obtained from local corporation area, Nagpur, 
Maharashtra, India. It was chilled to increase brittleness and then crushed, grounded, 
and sieved into desired particle size of 200µm to increase the surface area for heat and 
mass transfer in the reaction system. 

Abstract 
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The viscosity average molecular weight of nylon -6,6 waste was determined by using 
Ostwald’s Viscometer. Various concentrations of nylon-6,6 were prepared  by 
dissolving it in  m-cresol. The concentrations were ranging from 0.25 % to 2.00 %. 
The time of flow of nylon-6,6 waste concentrations were recorded. The intercept of 
viscosity plotted against concentration was 1.2. The viscosity average molecular 

weight was calculated by using formula, 
[���]

�
= KM
 where K and α  value for the 

solvent are 2.4 x 10-3 and 0.61 respectively. 

Gravimetric method was used to determine the optimum parameters of 
depolymerization of nylon-6,6 waste. Nylon-6,6 waste ( 1g to 6g) was added to 50 ml 
of 5N HCl. The reaction mixture was refluxed at 400C to 1000C for 30 to 150 minutes 
in 0.5L three vertical neck round bottom flask equipped with a reflux water 
condensor, micro-controller based stirrer, and internal digital temperature 
measurement probe. After refluxing for various time intervals (30-150 minutes) 
reaction mixture was removed and cooled suddenly. The reaction product was 
filtered. The filtrate was then neutralized by adding required volume of 5N NaOH to 
make it slightly alkaline. It was then treated with benzoyl chloride with vigorous 
shaking to ensure disappearance of acid chloride odor. The dissolved HMD gets 
converted into DBHMD. It was weighed and recrystallized with ethanol. The crystals 
were grounded to fine powder. The melting point of DBHMD was determined and 
found to be 1590C. The DBHMD was further characterized by FTIR spectra on hyper-
IR of shimadzu make. The FTIR of derivative of product (DBHMD) were compared 
to spectra of standard DBHMD. The optimum parameters determined were further 
used for evaluation pseudo-first order nature of the depolymerization. 

Reaction rate constant were determined at optimum parameters. 3g nylon-6,6 waste 
(200 µm) and 50 ml HCl (5N) were added to reaction flask placed in a thermostat. 
Temperature measurement probe was so adjusted that it is not struck by vertical stirrer 
bar. The reaction mixture was refluxed at 800C; simultaneously stop-watch was 
started. The mixture was refluxed for 120 minutes. After refluxing, it was cooled 
suddenly and DBHMD obtained as explained earlier. From the weight of DBHMD, 
the amount of nylon-6,6 waste reacted and un-reacted at various times interval were 
calculated. From the results, the reaction rate constants were evaluated at various 
times and average rate constant was determined. From the data of reacted and 
unreacted nylon-6,6 waste, at various time intervals, and average reaction rate 
constant, the pseudo first order nature of depolymerization was verified and 
confirmed by various methods. 

RESULTS AND DISCUSSION  

The viscosity average molecular weight of nylon-6,6 waste was determined by 
plotting graph of  viscosity against concentration. The intercept at ordinate was 1.2. 

Using the formula, 
[���]

�
= KM
, average molecular weight was calculated where K 

and α value of the solvent are 2.4 x 10-3 and 0.61 respectively. The average molecular 
weight of nylon-6,6 waste was 26582. 

Depolymerization of nylon-6,6 waste was studied using various amount of nylon-6,6 
(1g to 6g) in 50ml hydrochloric acid (5N). Results of Table-1 show on increase in the 
depolymerization to 99.8% with increase in amount of nylon-6,6 waste upto 3g. There 
after a depolymerization decreases with increase in amount of nylon-6,6 waste. Use of 
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4g to 6g of nylon-6,6 waste shows decrease of 73% to 38% depolymerization. Thus 
3g of nylon-6,6 waste is an optimum amount. Depolymerization was carried out at 3g 
nylon-6,6, 50ml HCl (5N), and temperature of 800C by varying reflux time from 30 
minutes to 150 minutes. It was found that the percentage product increases from 
13.71% to 72.20% upto 120 minutes. After it decreases to 65.24% at 150 minutes. It 
indicates 120 minutes as optimum reflux time. 

The reaction temperature was varied from 400C to 1000C. The maximum yield of the 
product was obtained at 800C. Above 800C the percentage yield decreases. 

Similarly the depolymerization was carried out at various concentrations and volume 
of hydrochloric acid. It is observed that 5N HCl is the highest concentration for the 
depolymerization while 50 ml volume of HCl is the maximum volume for the 
depolymerization (Table 1) 

The kinetics of depolymerization was carried out at optimum parameters set 
previously. The study was undertaken on the basis of benzoyl derivative of product. 
From the weight of dibenzoyl derivative of hexamethylene diamine (DBHMD) the 
amount of nylon-6,6 reacted and unreacted were evaluated. As for the order of 
depolymerization of nylon-6,6  the data is tabulated at various time intervals. It is 
observed that the differences in the consecutive values of concentration of initial 
concentration [A] of the reactants are not constant and therefore the reaction is not 
following a zero order kinetics (Table 2). The difference in consecutive values of ln 
[A] is similar and hence the reaction is of first order nature (Table 3). On the other 
hand, the differences in the consecutive values of  l /[A] are not similar which 
indicates that the reaction is not following a second order kinetics (Table 4). 

In order to verify the first order nature of depolymerization of nylon-6,6 waste, the 
depolymerization were carried out at optimum conditions. The values of amount of 
nylon-6,6 waste reacted and remain unreacted at various time intervals were evaluated 

(Table 5). The rate equation for the first order reaction is  k =
�.���

�
log

�

���
;  where ‘a’ 

is initial amount of nylon-6,6 waste, x is the amount depolymerized at given time,  t 
and (a − x) is the amount of nylon-6,6 waste remained unreacted. If this equation is 

rearranged as log  �a − x� = −
��

�.���
+ log a, it is an equation of the type y = mx + c. 

When the graph is plotted between log  �a − x� and time in minute a straight line of 
negative slope is obtained which verifies the first order nature of reaction (Figure1). 

Similarly when the above equation is rearranged as  log
�

���
=

��

�.���
, it is an equation 

of type y = mx. Therefore when the graph is plotted between log
�

���
 and time in 

minute, a straight line passing through origin is obtained. This also verifies the first 
order nature of depolymerization of nylon-6,6 waste reaction (Table 6 and Figure 2). 

De-polymerization of nylon-6,6 waste by acid hydrolysis can be represented as:- 
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--[--HN(CH2)6NHCO(CH2)4CO--]n--   +   H2O   +   HCl 

Nylon-6,6    

 

          H2N(CH2)6NH2             +       HOOC(CH2)4COOH 

                             Hexamethylene diamine                        Adipic Acid 

 

Thus the equation of kinetics can be expressed as follows: 

   
$[%&'(%�),)]

$�
= k[nylon − 6,6][HCl][H�O] 

The amount of water and HCl are in excess as compared to nylon-6,6 waste, hence the 
equation can be simplified as follows :- 

   
$[%&'(%�),)]

$�
= k′[nylon − 6,6] 

The amount of nylon-6,6 waste was varied in the reaction system by maintaining the 
other optimum parameter constant. The amount of nylon-6,6 reacted and unreacted 
were evaluated at various time intervals. The reaction rate constants at each time 
interval were calculated using the first order rate equation. From this data average rate 
constant was determined (Table 7). It is observed that the reaction rate constant 
changes from 5.46 x 10-3 min-1 to1.94 x 10-3 min-1 by varying the amount of nylon-6,6 
waste from 1g to 6g (Table 8). The average reaction rate constant depends on the 
concentration of nylon-6,6 waste. 

 It confirms that the de-polymerization of nylon-6.6 waste by acid hydrolysis is 
first order reaction. 

 Similarly the amount of hydrochloric acid was varied from 40 ml to 100 ml.  
The reaction rate constant was determined at each time interval from these values the 
average rate constant was determined. It is found that the average rate constant does 
not change and almost remains constant (Table 9). It indicates that the average rate 
constant does not depend on the amount of hydrochloric acid. It also shows that the 
concentration of hydrochloric acid does not change appreciably in the course of 
depolymerization. It verifies, confirms and proves that the depolymerization of nylon-
6,6 waste by acid hydrolysis is not truly a first order reaction but a pseudo first order 
reaction. 

CONCLUSION 

 The optimum parameters for depolymerization of nylon-6,6 are 3g  Nylon-6,6 
waste, 50 ml HCl (5N), 800C temperature and 120 minutes reflux time. 

 The FTIR spectra of control DBHMD and DBHMD obtained by 
depolymerization of nylon-6,6 waste are identical. The average reaction rate constant 
varies with amount of nylon-6,6 and indicates first order kinetics. 

 The average reaction rate constant does not changes with amount of 
hydrochloric acid and proves the pseudo first order kinetics.
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Table 1: Depolymerization of nylon-6,6 waste: Optimum parameters 

 
 

S.N. Parameters 
Optimum 

Value 

1 Amount of Nylon-6,6 waste powder 3 g 

2 Reflux Time 120 minutes 

3 Concentration of HCl 5N 

4 Volume of HCl 50.0 ml 

5 Temperature 80.00C 
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Table 2:  Zero order nature of Depolymerisation of Nylon-6,6  Waste 

  Weight of Nylon Waste  : 3 g 

  Temperature    : 800C 

  Volume of HCl   : 50 ml  

  Concentration of HCl   : 5 N 

 

Heating 
time/minute DBHMD/g 

Amount of 
Reacted 
Nylon 

waste/g 

Amount of 
unreacted 

Nylon 
waste/g [A] 

Difference 
in successive 

[A] 

0 - - 3 
 

30 0.589 0.4114 2.5886 0.4114 

60 1.562 1.0911 1.9089 0.679 

90 1.901 1.3279 1.6721 0.2368 

120 2.405 1.6803 1.3197 0.3524 

 Difference in successive unreacted nylon-6,6,[A], is not constant  

 

Table 3:  First order nature of Depolymerisation of Nylon-6,6  Waste 

   Weight of Nylon Waste  : 3 g 

   Temperature    : 800C 

   Volume of HCl   : 50 ml  

   Concentration of HCl   : 5 N 

 

Heating 
time/ 

minute 
DBHMD/g 

Amount of 
Reacted 
Nylon 

waste/g 

Amount of 
unreacted 

Nylon 
waste/g 

[A] 

ln[A] 

Difference 
in 

successive         
ln[A] 

0 - - 3 1.0986 
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30 0.589 0.4114 2.5886 0.9511 0.1475 

60 1.562 1.0911 1.9089 0.6465 0.2946 

90 1.901 1.3279 1.6721 0.5141 0.1325 

120 2.405 1.6803 1.3197 0.1205 0.3936 

150 2.802 1.9572 1.0428 0.0419 0.1397 

 Difference in successive ln[A] is  almost constant  

 

Table 4: Second order nature of Depolymerisation of Nylon-6,6  Waste 

   Weight of Nylon Waste  : 3 g 

   Temperature    : 800C 

   Volume of HCl   : 50 ml  

   Concentration of HCl   : 5 N 

Heating 
time/minute 

DBHMD/g 

Amount of 
Reacted 
Nylon 

waste/g 

Amount of 
unreacted 

Nylon 
waste/g [A] 

 
1 

[A] 

Difference 
in 

successive  
1 

[A] 

0 - - 3 0.33 - 

30 0.589 0.4114 2.5886 0.386 -0.56 

60 1.562 1.0911 1.9089 0.524 -0.138 

90 1.901 1.3279 1.6721 0.598 -0.74 

120 2.405  1.6803 1.3197 0.757   -0.159 

Difference in successive 1/[A] is not constant  
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Table 5:   Depolymerization of Nylon-6,6 Waste: Verification of First Order  

  Weight of Nylon Waste  : 3 g 

  Temperature    : 800C 

  Volume of HCl   : 50 ml  

  Concentration of HCl   : 5 N 

 

Time/min (a-x) log(a-x) 

0 a=3 0.4771 

30 2.5886 0.4131 

60 1.9089 0.2808 

90 1.6721 0.2233 

120 1.3197 0.1205 

150 1.0468 0.0199 
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Figure 1:  Depolymerization of Nylon-6,6 Waste: Verification of First Order 
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Table 6:  Depolymerization of Nylon-6,6 Waste: Verification of First Order 

  Weight of Nylon Waste  : 3 g 

  Temperature    : 800C 

  Volume of HCl   : 50 ml  

  Concentration of HCl   : 5 N 

 

Time/min a-x a/(a-x) log(a/a-x) 

0 a=3 1 0 

30 2.5886 1.1589 0.0641 

60 1.9089 1.5716 0.1963 

90 1.6721 1.7942 0.2539 

120 1.3197 2.2732 0.3566 

150 1.0468 2.8659 0.4573 
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Figure 2:  Depolymerization of Nylon-6,6 Waste: Verification of First Order 
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Table 7:  Depolymerization of Nylon waste: Rate Constant at various optimum 
conditions  

  Weight of Nylon Waste  : 3 g 

  Temperature    : 800C 

  Volume of HCl   : 50 ml  

  Concentration of HCl   : 5 N 

 

S.N. Time/minute 
Unreacted 

Nylon/ 
(a-x) g 

a/(a-x) log a/(a-x) k x 10-3 

1. 0 a=3 1 0  

2. 30 2.5886 1.1589 0.0641 4.91 

3. 60 1.9089 1.5715 0.1963 7.53 

4. 90 1.6721 1.7941 0.2539 6.49 

5. 120 0.8339 3.5975 0.5560 10.67 

6. 150 1.0428 2.8770 0.4589 7.04 

 Average Rate Constant = 7.320 x 10-3 min-1 
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Table 8:  Depolymerization of Nylon waste: Variation of Rate Constant with 
amount of Nylon Waste 

  Temperature   : 800C 

  Volume of HCl  : 50 ml  

  Concentration of HCl  : 5 N 

 

S.N 
Amount of Nylon 

Waste/g 

Average Rate 
Constant, 

k x 10-3 

1 1 5.46 

2 2 6.42 

3 3 7.32 

4 4 4.44 

5 5 2.89 

6. 6 1.94 
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Table 9: Depolymerization of Nylon waste:Variation of Rate Constant with 
Volume of HCl 

 Weight of Nylon waste  : 3 g 

 Temperature    :  800C 

 Concentration of HCl   :  5 N 

 

 

 
S.N. Vol. of HCl/ml Average Rate 

Constant,10-3 

1 40 7.31 

2 50 7.32 

3 60 7.32 

4 80 7.31 

5 100 7.32 


