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 The research is conducted to evaluate the thermodynamic parameters of 

adsorption processes and to predict the phase equilibria for carbon produced from a 

mixture of waste grease and raw sulfur. Phenol and p-nitrophenol were used for 

adsorption isotherm at different concentrations and temperatures. Thermodynamic 

functions such as Gibbs function (∆G), enthalpy (∆H) and entropy (∆S) changes 

during adsorption were calculated. The melting point measurements of waste grease 

and raw sulfur mixtures were obtained for different ratios. The lever rule is used to 

represent a quantitative determination in the two-phase region of a phase diagram 

using a certain equation.The phenol adsorption was mostly an endothermic process 

while the p-nitrophenol adsorption was an endothermic process for all samples as 

indicated by positive values of the enthalpy. Generally the adsorption processes were 

spontaneous as pointed out by entropy and free energy values. Various phases and 

boundaries were occurred at three regions with 2-phase while 1-phase is exist in the 

system especially at high temperatures. The ratio of lliquid/lsolid was increased with 

reducing temperature and the amounts of liquid were reduced.  
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Introduction 

Solid phase and mesophase (a phase 

intermediate between solid and liquid) equilibria data 

were of great role in thermodynamics. This 

importance arises from a testing and extension of fluid 

mixtures theories. Atkins stated that (( The mesophase 

may arise when molecules have highly anisotropic 

shape, such as being long and thin, or disk-like))(1). 

Meanwhile, the mesophase can be classified as a 

smectic phase, nematic phase or cholesteric phase.  

In the last few decays, a great progress has 

been achieved in the field of predictive 

thermodynamic models. Whereas a powerful group 

contribution of state can be applied to predict the 

required pure component properties such as densities, 

enthalpies, heat capacities for different phases at given 

conditions, the various phase equilibria and excess 

properties for nonpolar, polar and supercritical 

compounds and strong electrolytes (2). Since a lot of 

results for pure component properties, phase equilibria 

and excess properties have already presented in 

different publications (3-5). 

As already demonstrated for poly-functional 

molecules (6-8), the proximity of two identical or 

different groups has a strong influence on interaction 

parameters. These parameters have been measured 
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 and successfully interpreted in terms of group  

contribution theory in the approximation (9,10). 

The addition of grease plays a great role in 

decreasing a friction coefficient and increases the 

load-bearing capacity of the friction part in 

mechanical systems (11,12). However, the waste-oil 

products such as grease can be used as a source of raw 

materials in activated carbon synthesis. Active carbon 

in its broadest sense is a term that includes a wide 

range of amorphous carbonaceous materials that 

exhibit a high degree of porosity and an extended 

inter-particulate surface area (13), large adsorption 

capacities, fast adsorption kinetics, and relative ease 

of regeneration (14).  

Activated carbon is produced from nearly all 

carbon-containing organic materials, mainly wood, 

sawdust, nutshells, fruit stones, peat, lignite, coal, 

petroleum coke, etc.(15,16). Activated carbon, also 

known as porous carbon, has been widely used as an 

adsorbent in the separation and purification of gases 

or liquids. The application of these carbons has been 

considered a major unit operation in the chemical and 

petrochemical industries (17).  

Following up the thermodynamic functions is 

consider in concern due to energy transfer of 

adsorption processes, besides the existence of phases 

in the mixture of grease and sulfur that used in 

synthesis of activated carbon.  
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Materials and Methods 

Activated-carbon characteristics 

The synthesis and characteristics of activated 

carbon synthesized from wasted grease and raw sulfur 

were determined as mentioned previously (18) and 

shown in Table (1).   

 

Adsorption thermodynamics  

Phenol and p-nitrophenol were used for 

adsorption isotherm at different concentrations and 

temperatures as mentioned previously (18). 

Thermodynamic functions such as Gibbs function 

(∆G), enthalpy (∆H) and entropy (∆S) changes during 

adsorption can be calculated from following 

equations: 

Kc = CAe/Ce 

∆G = -RT ln Kc 

log Kc = ∆S/2.303R - ∆H/2.303RT 

Where Kc = equilibrium constant 

           Ce = equilibrium concentration, mg/L 

           CAe =  equilibrium concentration at solid phase, 

mg/L 

The values of ∆H and ∆S were evaluated from 

the slope and the intercept of plots of log Kc versus 

1/T.  

  

Phase Equilibria  

Samples of waste oil (used grease) and sulfur 

were collected from local industrial factories. The 

melting point measurements of mixtures were 

obtained for different ratios by using melting point 

apparatus (SMP30 Stuart Bibby Scientific). 

  The lever rule is used to represent a 

quantitative determination in the two-phase region of 

a phase diagram. The following equation is normally 

used as lever rule; 

nα lα = nβ lβ   

nα  = The amount of phase α     

nβ  = The amount of phase β 

lα and lβ = Distance along the horizontal tie line through 

the phases. 

 

Results and Discussion 

Adsorption thermodynamics  

Adsorption of phenol and p-nitrophenol on 

activated-carbon produced from waste grease 

decreased with temperature. The phenol adsorption 

was mostly an endothermic process while the p-

nitrophenol adsorption was an endothermic process 

for all samples (Tables 2 and 3 ) as indicated by 

positive values of the enthalpy. In general, the phenol 

adsorption is increased by increasing temperature 

which is dependent highly on the raw materials and 

adsorbate (19).    

The positive values of entropy and negative 

values of Gibbs function indicated a spontaneous 

adsorption process. It has been known that ∆G values 

up to -20 kJ/mol are highly related to the electrostatic 

interaction between sorption sites and the adsorbate 

(physical adsorption), while ∆G values of more 

negative than -40 kJ/mol consistent a charge sharing 

or transfer from the adsorbent surface to the metal ion 

to form coordinate bond (chemical adsorption) (20). 

The ∆G values obtained in this study for phenol and 

p- nitrophenol are mostly less than -20 kJ/mol, which 

indicates that physical adsorption is the predominant 

mechanism in the sorption process except few cases 

which showed a chemical adsorption (21). 

 

Phase Equilibria  

Table (4) shows the mole fraction of sulfur 

(Xs) at different amounts of sulfur and grease 

mixtures with experimental melting point 

temperatures (T). Meanwhile, the relation between Xs 

and T is presented in Fig.1 which showed various 

phases and boundaries. There are three regions with 2-

phase while 1-phase is exist in the system especially at 

high temperatures. The point a1 is representing a 

liquid cooling while a2 is on the line between a1 and 

a3. At the same time, the point a3 showed a sulfur 

precipitating while a4 and a5 indicated an eutectic 

freezing (e) and solid cooling respectively. However, 

the lines in Fig.1are representing boundaries between 

different phases at various temperatures. The line of   

a1→ a2 clarified that some solid sulfur is deposited 

and the remaining liquid is richer in grease, 

meanwhile, the line of a3 → just below a3 indicated 

that a sample is entirely solid and consisting of solid 

sulfur and solid mixture of sulfur and grease. 

  At another investigated regions, the line     

b1→ b2 showed no change until at b2 when solid 

sulfur begins to deposit whereas a line of     b2→ b3 

indicated that a solid sulfur deposits but at b3 a 

reaction occurs to form sulfur and grease. At this 

stage, the liquid sulfur/grease mixture is in 

equilibrium with a little solid sulfur and grease but 

there is still no liquid compound. The line of b3→ b4 

showed that as cooling continues, the amount of solid 

compound increases until b4, the liquid reaches its 

eutectic composition. It then solidifies to give a two-

phase solid consisting of solid grease and solid 

mixture of sulfur and grease. 

Taking region2 in consideration practically at 

point T1in Fig.1, the ratio of lsolid/lliquid  is almost 

infinite for this tie line, so nliquid/nsolid is also almost 

infinite and there is only a trace of solid present. 

When the temperature is reduced to T2, the value of 

lsolid/lliquid  is about 0.12 so nliquid/nsolid = 0.12 

and the amount of liquid is about 0.12 times the 

amount of solid. When the temperature has been 

reduced to T3, the value of lsolid/lliquid  is about 0.22 

so nliquid/nsolid = 0.22 and the amount of liquid is about 

0.22 times the amount of solid. When the 

temperatures have been reduced more and more until 
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reaching a completely solid due to lsolid/lliquid value 

of almost zero which conclude that there is only a 

very small amounts of liquid present.        

 

Conclusion  

-Adsorption of phenol and p-nitrophenol on 

activated-carbon decreased with temperature. 

-The phenol and p-nitrophenol adsorption was 

mostly an endothermic and spontaneous process. 

- Physical adsorption was dominant process for 

phenol and p-nitrophenol. 

- Various phases and boundaries were occurred at 

three regions with 2-phase and 1-phase exist. 

- The ratio of nliquid/nsolid was increased with 

reducing temperature and the amounts of liquid 

were reduced .  
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Fig.1: Relation between sulfur- mole fraction (Xs) and 

temperature. 

 

Table 1: Characteristics of activated carbon synthesized 

from wasted grease and sulfur 
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Table 2: Thermodynamic parameters of phenol adsorption 

on activated carbon. 
∆G,kJmol-1 
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Table3: Thermodynamic parameters of p-nitrophenol 

adsorption on activated carbon. 
∆G,kJmol-1 
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Table 4:Values of sulfur mole fraction and boiling points of 

grease-sulfur mixtures. 
Xs M.P., oc Sample  No. 

0.10 104 1 

0.11 107 2 

0.13 111 3 

0.14 117 4 

0.17 114 5 

0.17 112 6 

0.20 110 7 

0.25 108 8 

0.29 113 9 

0.33 106 10 

0.38 116 11 

0.44 118 12 

0.50 122 13 

0.67 120 14 

0.75 119 15 

0.80 118 16 

0.83 117 17 

0.86 115 18 

0.88 113 19 

0.89 116 20 

0.90 118 21 

0.91 119 22 
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 الخلاصة

بح  يتترلليهتت البحث تت لقتتملودرتتةاللدوبلتتللبحتتيلبملبحة لعدييالةاةتتللح معةتتابلب ل تتربتللتت لل ار تتللودتتيي لوتتعبتملبح تتعولحع تتاو عملبحمي تت لبحميتت  للتت ل عتتة 
رتترلل  عاتتلسلوتتالن تتا لقريتتعملحيوبلتتللب ل تتربتلبحم مارتت لن بويتتالحيتتيلدوختتابلن بويتت لل  عاتتلللو ب لبح تتاحولللبح ي يتتخلبح تتااسلوتتالبلتت  ماملبحاريتتعمللبحثاوب تتاي  ل

 صتتهاولح عتتة لبح  يتترلبحيلبملبحة لعدييالةاةللكاح غر ببلقملبح اقللبح تت وللب  ةاحيةتتلللب    ل ةتتلللبح التتعلل تتاملحمعةتتابلب ل تتربتسلكمتتالوتتال ةتتا لدوختتابلب 
بح مملحميتتا الب  تتعبوسلو تتر لبحي تتان لبحتتزلبملبل تتربتلبح احوللبح ي يخلبح االحييل  بل ع لل  عاللحيوبلللوعبتملبح عولقملنر لومة لقاحيولبح  عللبح ديي ل

للب ل تتربتل تتملبحاريعملحعزلبح او عملبحمي  لي صولراع  لحمعةلللالللحع  بوولقملل ظتتالبح تتا بلقتتملنتتر لوجكتتيل  تتان لبل تتربتلبحثاوب تتاي  لقريعملبحتتزلحمعةتتل
ملحمعةتتابلب ل تتربتلر تتا لحتتاال تتملحمعةتتابلوعدانةتتللكمتتالو تتيد البح تتةاللالتتللحع تت بووللح مةتت لبحيمتتادالللبحم تتالابلبحم تت  يلللقتتملبحث تت سلقتتملنتتر لب

بختتيلر تتا لبحم   صتتعللحع اقتتللبح تت وللب    ل تتمسلب  تتعبوللبح تتيلدلبحم  عاتتللوتتالو ييتتي القتتملليتتا الرتتاقلل  تتعوي لقتتملنتتر لبملليتتا البح تتعولبحعبنتتيلو عل
بحزل عملدوبعلبحصعبلبحم   صعللل لقاحيولبح  عللل لب   ااضلبيوخابلبح  بووللبح ملللبضحلل لبووااعلدوخللبح  بوولبريمالوردبدل  ثلل عملدوبعلبح ان 

 وجديلبحزلتيادولبح مةابلبحصعثلسل
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