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Introduction

  Bromotrifluoromethane (Halon-1301) and bromochlorodifluoromethane (Halon-1211) have been used as a clean, non-toxic and effective fire extinguishing agents for a long time.  However, these compounds are being phased out because of their ozone-depletion potential. HFC-227ea (1,1,1,2,3,3,3-heptafluoropropane, CF3CFHCF3) is known to be one of the promising replacements of Halon-1301 and Halon-1211. It has been proposed to synthesis HFC-227ea by a procedure involving vapor phase or liquid phase reaction between hexafluoropropene and hydrogen fluoride. Therefore, it is necessary to separate products from unreacted raw materials after they leave a reactor. In order to ensure to meet its specification of HFC-227ea, an adsorption operation is employed for separating out hexafluoropropene.
  To design an adsorption process, thermodynamic data on adsorption equilibria must be known over wide range of temperatures. Until quite recently, however, there is no reliable information concerning adsorption of hexafluoropropene and HFC-227ea on activated carbon at various temperatures. In this regard, the present study has been devoted to the measurement of adsorption isotherms of hexafluoropropene and HFC-227ea on activated carbon at 283, 303, 333, and 363 K. 

Experimental
  Materials.  The activated carbon pellet, Xtrusorb-600 produced by Calgon Co., was chosen 
as the adsorbent. Samples were crushed into 20(30mesh in order to attain the equilibrium 

quickly. Prior to measurement, the sample was kept in a drying vacuum oven at 423 K for 
more than 24 h to remove impurities. The physical properties of the activated carbon can be 
found in elsewhere[6].  The hexafluoropropene and HFC-227ea were supplied from Daikin Industry and Great La kes Chemical Co.
  Apparatus and Procedure.  The experimental apparatus used was a static volumetric type. 
Total quantity of gas admitted to the system and the amount of gas in the vapor remaining 
after adsorption equilibrium established were determined by appropriate P-V-T 
measurements. The system pressure measurements were made using a Baratron absolute 
pressure transducer (MKS type 690A13TRA) with a high-accuracy signal conditioner (MKS 
type 270D). During the adsorption, the adsorption cell was placed in a water bath and the 
temperature was maintained constant within ( 0.02 K by the refrigerating circulator (Haake 
type F3). The experimental temperature was measured with a T-type thermocouple converter.

  The mass of carbon sample was determined with an accuracy of (10(g and introduced into 
the adsorption cell. Prior to each isotherm measurement, the charged activated carbon was 
regenerated at 523 K under a high vacuum for 12 h. An oil diffusion pump and a mechanical 
vacuum pump in combination (Edward type Diffstak 63/150M) provided a vacuum down to 
10-3 Pa and the evacuation was monitored by both ion gauge and convectron gauge with 
vacuum gauge controller (Granville-Phillips type 307). The volume of the adsorption cell is 
determined by expansion of helium gas at the experimental temperature. 

Results and Discussion

    In this study, the adsorption isotherm data for hexafluoropropene and HFC-227ea on 
activated carbon at 283, 303, 333 and 363 K were obtained at pressures up to 100 kPa. The 

measurement technique employed was the static volumetric method  For practical uses, the 

experimental isotherm data should be represented by a  mathematical isotherm equation that 

includes the adjustable parameters as a function of temperature. The choice of isotherm 

equation for a specific adsorption system has been a topic of great interest for many decades 

to researchers working in the adsorption area. As results, a number of theories and empirical

methods have been presented ranging from the traditional kinetic approach to molecular 

simulations. In any cases, however, it still may not easy to determine a set of isotherm 

parameters that can represent all of the experimental data at various temperatures with good 

accuracy. 

  Concerning the prediction of pure adsorption equilibria, a simple, however very powerful.

This plain method is based on the assumption  that the value of the isosteric heat of 

adsorption does not depend on the temperature for a certain surface loading.  Such an approach can be successfully used even for very complicated adsorption systems[6].  In order to calculate the isosteric heat of adsorption, the Clausius-Clapeyron equation has been generally applied and the mathematical form is as follows:



                                    (1)
In this equation, qst is the isosteric heat of adsorption and sometimes denoted as ((H. 

Equation (1), when integrated, allows one to calculate qst from adsorption isotherms obtained experimentally at two or more temperatures. If experimental isotherms are available at two temperatures only, the value of qst is given by [4];
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where P1 and P2 are the equilibrium pressures at temperatures T1 and T2, respectively, when 

the amount adsorbed is N. As mentioned in earlier, the estimation is based on the approach 

that the isosteric heat of adsorption is independent of temperature, and therefore one can 

obtain the following useful relation:
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where P is the equilibrium pressure at a specific temperature T of interest and finally one gets the following equation for a given N.

     
[image: image4.wmf]ú

û

ù

ê

ë

é

+

÷

÷

ø

ö

ç

ç

è

æ

-

-

-

=

2

2

1

2

2

1

ln

1

1

/

1

/

1

ln

ln

exp

P

T

T

T

T

P

P

P



(5)

Equation(5) enables one to estimate the adsorption equilibrium relation of P and N at T  using two sets of equilibrium isotherms of 
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obtained by fitting the experimental data at two different temperatures. In this study, the Toth equation was employed to fit the experimental isotherm data at 283 and 363 K..
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To find the Toth equation parameters (m, b, and t), we used the Nelder-Mead simplex pattern 

search algorithm. The Toth parameters for HFP and HCFC-227ea at 283 and 363 K are 

summarized in Table 1 along with the average absolute deviation parameter D.
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By using the Toth parameters obtained at two temperatures of 283 and 363 K, the isosteric  heat of adsorption for each adsorption system was calculated by Eq.(2) and the resulting heat curves are plotted in Figure 1. The isosteric heat of adsorption, which is a measure of the interactions between adsorbate molecules and adsorbent lattice atoms, may be used as a measure of energetic heterogeneity of a surface. As shown in Figure 1, the isosteric heat values varies with the surface loading for both adsorbates, suggesting that adsorption occurs on an energetically heterogeneous surface. At the limit of zero coverage, the values of isosteric heats of adsorption are 55 J mmol-1 for HFP and 52 J mmol-1 for HFC-227ea, respectively.

  In this study, the adsorption equilibria of HFP and HFC-227ea on activated carbon has been predicted by applying Eq.(5) rather than using an isotherm equation that includes the parameters as a function of temperature. With two sets of data at 283 K (T1) and 363 K (T2), the adsorption equilibria of HFP and HFC-227ea on activated carbon were predicted and the results are presented in Figures 2 and 3.  As shown in these figures, the results by the isosteric heat of adsorption were found to be in excellent agreement with the experimental isotherm data. Although there are some deviations in the results of HFC-227ea at 333 K, the overall accuracy of prediction is favorable. 

  The proceeding results can give reliable result with a good accuracy for predicting the adsorption equilibria of HFP and HFC-227ea on activated carbon. Moreover, this method is simple enough for using in dynamic simulations of adsorber. 

Table 1. Toth Isotherm Parameters of HFP and HFC-227ea on Activated Carbon (Xtrusorb-600) at 283 and 363 K

	Adsorbate
	T / K
	m / mmol g-1
	b / [kPa]t
	t / (
	100 D

	HFP
	283.15
	5.8279
	0.3722
	0.2306
	0.645

	
	363.15
	9.3805
	1.2908
	0.2357
	3.002

	HFC-227ea
	283.15
	5.0663
	0.2770
	0.2328
	0.523

	
	363.15
	5.6947
	0.9644
	0.2591
	1.775
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Figure 1. Isosteric heat curves for HFP and         Figure 2. Adsorption isotherms for HFP on
                HFC-227ea on  activated carbon                         activated carbon (Xtrusorb-600) at 
                (Xtrusorb-600).                                                    283, 303, 333 and 363 K
: (, 283 K ; (, 303 K; ▼, 333 K;

▽, 363 K; ; —, Calculated by Eq.(5). 
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Figure 3. Adsorption isotherms for HFC-227ea

on activated carbon (Xtrusorb-600) at
283, 303, 333 and 363 K: (, 283 K;

(, 303 K; ▼, 333 K; ▽, 363 K; —,
Calculated by Eq.(5).
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