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1. Introduction (This is a sample)
The Herbs medicine is one of the important science in which the plants are used for solving the health care problems. It is also called phyto-medicine or botanical medicine. People are using the allopathic drugs due to their fast therapeutic actions as compared to herbal drugs [1] but now- a- days there is a great interest in the herbs medicine, which can be called “Return to Nature”.  Since old ancients, plants have been considered as a source of medicinal agents which called nutraceuticals due to their considerable effects on the human health. In addition, many of the new drugs have been derived from natural sources [2]. This  became  possible  in the 19th  century  when  man started  to isolate  the active components  of medicinal   plants prior  to the second  world war. Number of natural products isolated from plants used as clinical agents and  they are still in use [3]. Recently, Supercritical fluid extraction is considered as the most advanced and green technology which employ to extract bioactive constituents. This novel technique provides a lot of unusual properties compared with the traditional solvents extraction techniques.  Supercritical fluids have the ability to penetrate into the pores of solid materials with more efficiency than liquid solvents so the rate of mass transfer increases considerably and consequently the extraction can be performed rapidly [4].  
2. Supercritical Fluid Extraction

2.1 Supercritical fluids Definition and properties

The carbon dioxide phase-diagram is shown in figure (1). As appear a substance becomes a supercritical fluid (SCF) when compressed to pressure and elevated to a temperature higher than of its critical point. The fluid shows properties of both a liquid and a gas.
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Figure 1 Phase diagram of carbon dioxide.
2.2 Extraction using CO2
Selection of a SCF in order to extract the natural constituents is very necessary for yield of the product and its selectivity, availability, polarity, safety and the critical temperature and pressure are always taking into account. Table (1) showed the critical properties of some common solvents.
Table 1 Critical properties of various solvents
	Solvent
	Tc  (°C)
	Pc (bar)

	Ethylene
	10
	50

	Carbon dioxide
	31
	74

	Ethane
	32
	49

	Propane
	97
	43

	Ammonia
	132
	114

	Methanol
	240
	81

	Ethanol
	241
	61

	Toluene
	319
	41

	Water
	374
	221


Additionally, thermally labile constituents can be extracted with supercritical CO2 as no high temperature separation steps are needed [17].
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Figure 2 (a) Viscosity of Carbon Dioxide in the Supercritical State [16] (b) Densityvs. pressure diagram for carbon dioxide [16].
2.3 Modifiers
Modifiers which also named as co-solvents and entertainers are needed to enhance the solubility of substances in the supercritical fluid mixture. The use of modifiers result in increasing the cost of operating process, in addition to increasing the difficulties related with the collecting of components as well as reducing the selectivity of extraction. Some examples of modifiers like methanol, ethanol and acetone. Methanol is the major modifier applied for supercritical fluid extraction applying carbon dioxide. However, it is slightly appropriate for extracting natural products for medicinal uses due to its toxicity, but when improving a process for extracting the natural products methanol has a benefit for exploring system dynamic [27]. Additionally, modifier lead to reduce the crossover pressure for a system. The crossover pressure is known as the boundary between density effects and vapour pressure effects on solubility [15]. Rising the temperature at a constant pressure result in reduce the solvent density, which lead to reduce the solubility of solute. In other hand the volatility of the solute will increase resulting in rise the solubility of solute. At a pressure more than the crossover pressure, rising the temperature cause rising the solubility because of dominating the effects of volatility. However, at a pressure less than the crossover pressure, rising temperature result in reduces solubility, because of density effects dominating [16].
2.4 Supercritical Fluid Extraction Process 

The system consists of a pump for CO2 , another pump if a modifier is used, a pressure cell to contain the sample, which help to maintain the pressure in the system and a vessel to collect the sample. The liquid is pumped to the area of heating in which it is converted to supercritical conditions, after that it passes into the vessel of extraction, and it quickly diffuses into the solid matrix and dissolves the plant sample to be extracted. The dissolved sample is pushed from the extraction cell into a separator at lower pressure, and the extracted sample set out. CO2 then cooled, compressed again and recycled, or discharged to atmosphere [30].

Table 2 Supercritical Fluid Extraction Process (SFE)
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Figure 3  Schematic diagram of SFE apparatus

3. Advantage and Disadvantages of SFE

      3.1. Advantages
Near liquid densities increase the probability of interactions between the carbon dioxide and the substrate as occur in liquid solvent. The gas like diffusivity of supercritical fluids is typically one to two orders of magnitude greater than liquids, which lead to exceptional mass transfer properties. Furthermore, near zero surface tension and low viscosities like gases, enable supercritical fluids to penetrate simply through a micro porous matrix material to extract the preferred constituents. 
    3.2. Disadvantage of SFE  
The need for high pressures increases the cost compared to conventional liquid extraction. Therefore SFE will be only applied where there will be significant advantages. Carbon dioxide is non-polar, and has somewhat limited dissolving power, so it cannot always be applied as a solvent on its own, especially for polar solutes. The use of modifiers enhances the range of materials which can be extracted. Food grade modifier like ethanol can often be applied and can further be helpful for the collection of the extracted material, but decrease some of the benefits of using a solvent which is gaseous at room temperature.
4. Employment of SFE in herbal medicines extraction

Plants denoted as a considerable source of chemical ingredients that are used as natural medication for some diseases for periods of times. Bioactive compounds are natural non nutrient components of plant food biosynthesized as secondary metabolites [53].
 Bioactive plants are usually specified in plant foods like vegetables, grains, fruits, coffee, tea and non-food plants like herbs, aromatics, spices and sometimes in plant waste materials from factories [51]. 
4.1. Phenolic Compounds

Phenolic compounds or phenols are secondary natural metabolites which present in the plant kingdom [64]. About 8000 classes of phenols are known such as flavonoids, stilbenes, lignans, resveratrol, and gallic acid [62]. Many researchers have confirmed that consuming of phenols can play a definite role in human health by controlling metabolism, weight, inveterate diseases, and cell reproduction due to their anti-oxidant effect and free radical scavenging properties [61]. 
4.2.Alkaloids
Alkaloids are secondary plant metabolites consist in their structure of carbon, hydrogen, nitrogen, and at times oxygen. They are alkaline in nature due to the presence of nitrogen atom. Every plant species involve a few alkaloids, but the most familiar alkaloids are morphine, codeine, caffeine, nicotine, cocaine, and vinblastine [61]. 
4.3 Terpenes or Terpenoids

Terpenoids are the most notable groups of secondary metabolites. Their chemical structure formed by head to tail rearrangement of two or more isoprene molecules. Isoprene is a basic structure of the terpenoids, made of a branched five-carbon unit synthesized from acetyl-CoA or 3-phosphoglycerate [66]. Many terpenoids have been extracted using SC- CO2 and they exhibit wide applications in different fields. According to many studies on terpenoids extraction with SC- CO2 , it was emphasized that the temperature around 40◦C and the pressure of 250 bar are  the suitable parameters for achieving the highest yield, but using of different co-solvents was not considered [51]. 

5. Novel applications of supercritical fluid extraction 

    5.1. Reactions in Supercritical media 

Polymerizing of supercritical ethylene leads to the formation of polyethylene. The process of radical polymerization required 1200-3000 bars of ethylene pressure and (150-300)ºC in order to form an enough high molecular weight of polyethylene organic peroxide or oxygen were applied as initiators [35]. The salvation power of a supercritical fluid can be modified by the changes in its pressure and this feature was used in the fractionation purpose of polymers like ethylene-based co-polymers, poly-siloxane and poly-ethylene [36]. Furthermore, the features of supercritical fluids can be applied in the separation of the product from the catalyst or the reactants by minimize the reaction mixture pressure. The enzymes were reported as active compounds in supercritical Carbon dioxide in 1980 [37], [38]. 
 5.2. Application in environmental field
Supercritical carbon dioxide extraction has play important role in the remediation of contaminated soil since ten years. The  researchers [39-45] , have extracted on a bench scale PAHs like benzo[a]- anthracene, benzo [a]- pyrene, naphthalene, fluoranthene, perylene, diesel oil containing C13- C22 hydrocarbons, PCBs, Chlorophenols like 2- Chlorophenol, 2,4,6 – trichlorophenol, dioxins and furans from spiked and real  by several factors such as the type of soil, conditions of extraction and contaminant type sand is considered to be the best matrix of extraction but mud is considered to be a difficult matrix. 
5.3. Application in production of particles

Supercritical fluids can be applied as particle formation media [46], [47]. Supercritical fluids were used to make particles by two techniques. 
5.4. Application in Food Processing 

Supercritical fluid method has many applications in industry. The most familiar and widely applied in food processing in which carbon dioxide is the preferred and convenient solvent due to its critical temperature is relatively not high which allows thermally labile food constituents to extract without degradation
5.5. Separation in continuously operated columns

Relatively non-polar compounds which dissolve in toluene, freons, hexane and chlorinated solvents can be separated by applying supercritical fluid chromatography (SFC) with pure carbon dioxide eluent.
6. Conclusion 

Supercritical fluids and especially supercritical carbon dioxide have considered as green solvents for majority of naturally occurring components regarding the manufacture of food and other pharmaceutical products. Furthermore, supercritical fluid extraction technology possesses evident features compared to traditional solvent extraction processes. 
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