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1. Abstract 

In this study, the drying kinetics of granular nylon-6 has been investigated. Single 
particle drying experiments were carried out in a magnetic suspension balance (MSB) 
using dry air as drying agent. The comparison of measured and simulated data using 
Vrentas-Duda diffusion model shows a satisfactory prediction of mean particle 
moisture content and drying rates. The Flory-Huggins model predicts well the 
measured sorption equilibrium. The simulation on the influence of air inlet humidity 
predicts well the residual moisture content and drying time. 
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2. Introduction 

The moisture content, X, in nylon 6 is an extremely important variable affecting both 
processing and end use properties due to nylon 6 is a very hygroscopic polymer. For 
example, in 50% RH and 23°C (= normal condition), nylon can absorb moisture about 
3%.[1-2] Therefore, drying process is needed to decrease the moisture content below 
0.1% for product quality. On the other hand, the big problems in drying of nylon are 
low temperature limits (70-80°C) and the oxidative deterioration and discoloration at 
low moisture content. Usually nylon is dried in vacuum condition or in recirculating 
dehumidified air (dew point lower than -18 °C). For these conditions, the drying time 
ranges from 10 to 24 h.[1]  
 
Many investigations on determination the diffusion and sorption equilibrium of water 
on nylon 6 have been done. The water vapour in nylon 6 is immobile at the lower 
water content, and considerably mobile at higher water contents.[3-4] The mechanism 
of water sorption in nylon is firmly bounded water, loosely bound water, and sites for 
capillary condensed water.[5] Indeed, this sorption phenomenon is important aspect in 
the prediction of residual moisture content, especially in terminal drying kinetics. 
Meanwhile, the previous experimental results show that the sorption and drying 
process of nylon is a diffusion controlled process. The diffusion of water vapour in 
nylon is dependent on temperature and moisture content.[3,5-7] The activation energy 
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of water diffusion is function of water content and temperature.[5] However, those 
investigations still not discuss tail drying phenomenon in terminal drying process.[8]  
 
Therefore, this paper present a detailed investigation both experiment and simulation 
drying kinetics of nylon 6.  

3. Experimental 

A magnetic suspension balance (MSB) produced by Rubotherm (Bochum, Germany) 
has been used for determination of drying kinetics and sorption equilibrium. Dry 
nitrogen from the flask has been used to determine the dry sample mass with 
temperature 80°C. Single particle measurements are performed in drying process, 
while six particles measurements are conducted in sorption process. In addition, the 
stationary concept in time series analysis has been used to determine the constant 
mass of dry mass and equilibrium mass.[8] The material properties are 2.9 mm of 
particle diameter and 1150 kg/m3 of solid density. 

4. Results and Discussion 

4.1. Sorption equilibrium 
Fig. 1 shows a good agreement between 
the experimental results of sorption 
equilibrium and prediction uses Flory-
Huggins model[9-10] 

( ) ( ) ( )211lnln φ−χ+φ−+φ=ϕ ,            (1) 

where ϕ is the water activity, φ is the 
volume fraction of dissolved water and χ 
is the F-H interaction parameter. The 
constant χ = 1.75 is fitted value to 
experimental data. The influence of 
temperature is low, which is typical for 
polymeric materials.[10] 

 
4.2. Drying kinetics 
Fig. 2. shows the comparison between experimental and simulation data for different 
gas temperatures. Both the temporal change of moisture content (Fig. 2a.) and the 
drying rates (Fig. 2b.) are predicted well. The model has developed on the assumption 
that the drying process is mainly controlled by diffusion of moisture within the 
particle and mass transfer kinetics at the phase boundary. The diffusion coefficient is 
predicted by means of Vrentas-Duda diffusion model.[11] The free volume parameters 
in Vrentas and Duda diffusion model are determined from thermodynamics,[13-14] 
except D0 (constant pre exponential factor) and ξ (ratio of solvent and polymer 
jumping unit), which are estimated from experimental data by fitting. The fitting 
procedure is performed by solving the diffusion equation and fitting value of 
parameters of D0 and ξ simultaneously which giving minimum value of the sum 
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Fig. 1. Sorption equilibrium of water on 
Nylon 6
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square of error (SSE) between mean particle moisture obtained from measurement 
and simulation. 
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Fig. 2. Comparison between measurement and simulation of single particle drying 

process; (a) mean particle moisture content, and (b) drying rates 
 
It should be pointed out that the initial 
drying rates were an order of magnitude 
smaller than the theoretical first period 
drying rate for the given process 
conditions. For example at 60°C, the 
measured drying rate is 0.1 kg/m2h where 
the calculated first period drying rate using 
Sh=2 is 1.31 kg/m2h. Consequently, the 
entire drying process of nylon 6 is mainly 
controlled by the internal diffusion of 
moisture. This conclusion is in agreement 
with previous investigation.[3-4,6-7,15] 
 
In addition, after residual moisture content 
achieves 0.01, the drying curve shows tail 
drying or plateau diffusion phenomenon. 
It is caused by the diffusion coefficient 
decreases tremendously close to zero (see 
Fig. 3). Comparison value of diffusion 
coefficient with literature data[3,6,15] does 
not give a good agreement. 

 
4.3. Simulation: the influence of air inlet 
humidity 
Fig. 4 shows that the product quality 
(X<0.1%) can be achieved only when dew 
point of air inlet is lower than -3°C. In 
industrial experience, drying of nylon 6 is 
conducted at 80°C, DP < -18°C, and 
drying time is around 24 hours.[1] This condition agrees with the predicted results for 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
10-16

10-14

10-12

10-10

X (kg water / kg polymer)

D
 (m

2  s
-1

)

This work 80°C
This work 70°C
This work 60°C
Kawasaki, 25°C
Rudobashta, 80°C
Sano, 80°C

Fig. 3. Dependency of diffusion 
coefficient on particle moisture content 

and temperature 

0 10 20 30 40
10-4

10-3

10-2

10-1

time (hour) 

X
m

ea
n (k

g 
w

at
er

 / 
kg

 p
ol

ym
er

)

-18
-3
27

80°C, X0 = 0.13

DP, oC

Fig. 4. The prediction of residual 
moisture content on the influence of air 

inlet humidity 



                                                                                                             Suherman et al.                            

 4

DP -18°C. The simulation is working well due to consideration mass transfer kinetics 
at the phase boundary. 

5. Conclusion 

The Flory-Huggins model predicts successfully the sorption equilibrium data. Drying 
process is mainly controlled by internal diffusion of moisture inside the particle. The 
Vrentas-Duda diffusion model gives satisfactory prediction of mean particle moisture 
content and drying rates. At the end of drying shows tail of drying or plateau diffusion 
phenomena, due to the diffusion coefficient decrease tremendously when moisture 
content is close to zero. The simulation also works well to predict the drying time and 
the residual moisture content on the influence of air inlet humidity. 

Acknowledgement 

Suherman would like to thank the Technological and Professional Skills Development 
Sector Project (TPSDP) Indonesia for the PhD scholarship. 

References 

[1]  Melvin I., and Kohan, Nylon Plastics Handbook, Hanser Gardner Publications, 
Munich (1995). 

[2] Krischer, O. and Kast, W., Die Wissenschaftlichen Grundlagen der 
Trocknungstechnik, Springer, Berlin (1992). 

[3]  Kawasaki K. and Sekita, Y., (1964) Journal of Polymer Science Part A, 2, 2437-
2443. 

[4]  Auerbach, I. and Carnicom, M.L., (1991) Journal of Applied Polymer Science, 
42, 2417-2427. 

[5]  Lim, L.T., Britt, I.J. and Tung M.A., (1999) Journal of Applied Polymer Science, 
71, 197-206. 

[6]  Sano, Y., Yamamoto S., Kobuchi S. and Hiranaka, H., (1992) Drying’92 Part A, 
482-492. 

[7]  Rudobashta, S.P. and Dmitriev, V.M., (2005) Journal of Engineering Physics 
and Thermophysics, 78, 463-473. 

[8]  Suherman, Peglow, M. and Tsotsas, E., (2006) Proceeding of 15th International 
Drying Symposium, 1867-1874  

[9]  van der Wel, G.K., and Adan, O.C.G., (1999) Progress in Organic Coatings, 37, 
1-14. 

[10]  Sauare, R., Dampf-Flüssigkeit-Gleichgewicht von Polymerlösungen. in VDI-
Wärmeatlas, Springer Verlag, Berlin (1997) 

[11]  Vrentas, J.S. and Duda, J.L., (1977) Journal of Polymer Science Polymer 
Physics E, 15, 403-416. 

[12]  Masaro, L., and Zhu, X. X., (1999) Progress in Polymer Science, 24, 731-775. 
[13]  Zielinski J.M., and Duda, J.L., (1992) AIChE Journal, 38, 405-415. 
[14] Hong SU, (1995) Industrial and Engineering Chemistry Research, 34, 2536-

2544. 
[15] Rudobashta, S.P., Dmitriev, V.M. and Planovskii, A.N. (1979) Chemical and 

Petroleum Engineering, 15, 277-282.  


