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ABSTRACT:  

Solvent recovery refers to the recovery and recycling of solvents that have been used in the Pharmaceutical 

extraction process. The recovery of solvents from effluent can be achieved with a variety of technologies. A common 

recovery method is solvent distillation systems, but liquid-liquid extraction, absorption systems, film evaporation, 

crystallization, and membrane separation can also be used, depending on the application. Chemical solvents, 

especially in the Pharmaceutical industry, are expensive. The high cost of solvents makes solvent recovery an ideal 

way to save money. Solvents such as butane, hexane, ethanol, propane, and isopropyl alcohol that are used in 

Pharmaceutical extraction processes can be recovered for recycling and later use. In this work, solvent recovery in 

pharmaceutical industries has been studied. Solvents play a crucial role in the Active Pharmaceutical Ingredient 

(API) manufacturing and are used in large quantities. Solvent recycling not only reduces your solvent purchases 

and waste, it also reduces your environmental impact. Solvent recycling and recovery minimizes disposal costs, 

fresh chemical purchases and storage costs.  When you’re finished with your solvent, it is categorized as hazardous 

waste. Hazardous waste is difficult to dispose – recycling and recovering your hazardous waste eliminates the need 

for disposal.  In addition, recycling reduces emissions and reduces the impact on surrounding communities. 

KEYWORDS: (API) Active Pharmaceutical Ingredient, effluent, hazardous waste, membrane separation, Solvent 

recovery. 

1.   INTRODUCTION 

Due to global industrialization, the demand for chemicals and solvents is increasing rapidly. In 

response to this, societies, organization and companies are trying to be more sustainable. They are finding 

ways to recycle recover and reduce by-products and waste by e.g. process integration and process 

intensification such as to eventually become energy self-sufficient. The focus of this project is on 

pharmaceutical industries. Their biggest concern is to produce high purity, consistent quality and high 

yields APIs. This requires a reliable, robust and very effective system of manufacturing in order to fulfill 

such demands. The other concerns such as safety, operations and environmental impacts related to the 

manufacturing of such chemicals are also very important. In any typical API manufacturing process, the 

amount of solvent used is almost 80-90% of the total mass utilized [1]. Generally, the manufacturing 

process of APIs is complex and contains multiple mixed solvent waste streams. It is mainly a mixture of 

organic and aqueous phases. Separation and recovering solvent from the waste is a very tedious process 

since many of them form azeotropes. Due to such problems, instead of separating them, the other option 

practiced is incineration and destruction. This however comes at a cost, as best described by: “We pay for 

the solvent, we pay for the capital to manage it and we pay to burn it“[1]. This waste arises primarily from 

the pharma sector, with much smaller quantities of solvent wastes arising from paint manufacture, 

electronics and medical devices. 
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2.    OBJECTIVE 

Since solvents are relied upon in a great variety of processes, a cost-effective and efficient solvent 

recovery system can bring both economical and environmental benefits. Solvents are widely used in 

process industries such as chemical, petrochemical, pharmaceutical, food, biotechnology and 

microelectronics. The recovery of spent solvents containing all types of impurities presents a vast market, 

targeting thousands of small to medium sized companies in Europe that are generating highly as well as 

marginally polluted solvent streams. Many current solvent purification and manufacturing practices 

utilize a traditional, energy-intensive distillation-based technology in the production and/or recovery of 

liquid chemicals. 

3.    THEORY 

3.1   SOLVENT RECOVERY SYSTEMS 

        Solvent recovery, also known as solvent recycling or solvent reclamation is often a critical 

economic factor in determining the feasibility of a new project or plant expansion. Environmental 

regulations, new solvent costs and waste disposal costs can easily exceed the cost of solvent recovery 

equipment and operation. 

        Solvent recovery systems are used extensively in recycling applications and to reduce 

manufacturing waste. A solvent recovery system, or solvent recover system, usually includes the use of a 

heating component and a condensation component to distill the liquid and separate the solvent from 

water. Solvent recovery equipment may also include a vacuum unit that enables the system to operate at 

temperatures that are typically lower than the solvent’s boiling point. Solvent recycling is accomplished 

by a distillation process that includes the following steps: 

1. A distillation vessel processes waste solvent solution on either a batch or continuous basis. 

2. A heated jacket injects heat into the waste solvent by conductive thermal transfer. 

3. The vessel may be operated under vacuum, which lowers the boiling temperature of the solvent. 

4. When the waste solvent reaches its boiling point, the solvent changes phase from liquid to a    

vapor. 

5. The clean solvent vapor passes over a condenser containing both a condensing and a sub-cooling 

section. In the condenser, the solvent changes back to a liquid and is cooled back to ambient 

temperature. 

6. The contaminants do not undergo a vapor phase, but stay behind to be discharged out of the drain 

port. 

3.2   VARIOUS TYPES OF SOLVENT RECOVERY SYSTEMS 

 Distillation 

 Liquid-liquid extraction 

 Chemical extraction 

 Absorption systems 

 Film evaporation 

 Crystallization 

 Membrane separation 

https://www.epicmodularprocess.com/systems/distillation-systems
https://www.epicmodularprocess.com/unit-operations/separation
https://www.epicmodularprocess.com/unit-operations/separation
https://www.epicmodularprocess.com/unit-operations/separation
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3.3   DISTILLATION 

   Distillation is the processing of a liquid mixture to separate the components by alternating 

evaporation and condensation. Distillation may result in fundamentally complete separation, producing 

almost pure components, or it may be a partial separation that increases concentrations of certain 

components of the mixture. The distillation process leverages differences in the volatility of the mixture's 

components. 

3.4   SPECIFICATIONS 

   Distillation can be done at laboratory scale through large industrial processing. The prime 

difference between laboratory and industrial is laboratory scale distillation is often performed in batches. 

During batch distillation, the composition of the materials in process change during the distillation. In 

batch distillation, a still is supplied with a batch of feed mixture. The distillation process separates it into 

component fractions that are collected consecutively from most volatile to least volatile, with the 

“bottoms” removed at the end. The still can then be re-filled and the process repeated. Industrial 

distillation quite often happens continuously. In continuous distillation, the source materials and the 

products are kept at a constant composition. This is accomplished by carefully replenishing the source 

material and removing both vapor and liquid from the system. Continuous distillation results in a better 

control of the separation process. 

3.4   LIQUID – LIQUID EXTRACTION (LLE) 

   Liquid-Liquid extraction also known as solvent extraction, is a method to separate compounds 

based on their relative solubility in two different immiscible liquids, usually water and an organic solvent. 

Liquid-Liquid extraction is a method by which a compound is pulled from solvent A to solvent B 

where solvents A and B are not miscible.  The most common method of liquid-liquid extraction is 

performed using a separatory funnel. 

Extraction methods differ depending upon the density of the solvent being used.  Solvents more 

dense than water will require different glassware (or supplemental glassware) vs. solvents that are less 

dense than water.  There are presently a number of setups that can do both. By adding a removable fritted 

glass tube, and closing the solvent return tap, the setup below can be used to extract water continuously 

with a solvent less dense than water (such as diethyl ether). 

Type of liquid-liquid extraction methods: 

Settler, Centrifugal Extractor, Flotation, Liquid-Phase Adsorption, Column Extractor 

 

3.5   CHEMICAL EXTRACTION 

   Chemical extraction is a process that separates contaminants from soils and thereby reduces the 

volume of the hazardous waste that must be treated. The process differs from soil washing, which 

generally uses water, and varies with contaminant and soil type. Often, physical separation is used before 

chemical extraction on the assumption that smaller particles contain most of the contamination. The two 

major chemical extraction processes are described below. 
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 3.6   ACID EXTRACTION 

   Acid extraction uses hydrochloric acid to extract heavy metal contaminants from soils. In this 

process, hydrochloric acid is mixed with soil in a closed extraction unit. The residence time in the 

extraction unit generally ranges between 10 and 40 minutes. When extraction is complete, the soils are 

rinsed with water to remove entrained acid and metals. The extraction solution and rinse waters are 

regenerated using precipitation. The heavy metals are potentially suitable for recovery. The clean soils are 

dewatered and mixed with lime and fertilizer to neutralize any residual acid. 

3.7   SOLVENT EXTRACTION 

     Solvent extraction uses an organic solvent, to remove metals and mixtures of metal and 

organic compounds. It is commonly used in combination with other technologies, such as 

solidification/stabilization, incineration, or soil washing. Soil is removed and treated. 

3.8   ABSORPTION SYSTEMS 
 

     Gas absorption is a process in which one or more soluble components (solutes) are removed 

from a gas phase by contact with a liquid phase (solvent) into which the components of interest dissolve. 

In general the absorbed gas is then removed from the solvent, and the solvent liquid stream is 

subsequently returned to the system. 

3.9   STRIPPING 

     The solvent-recovery process is called stripping. Stripping is also employed when volatile 

components have to be removed from a liquid mixture. The stripping agent is either a gas (e.g., air) or a 

superheated vapor (e.g., superheated steam). Absorption and stripping employ special contactors for 

bringing gas and liquid phases into intimate contact. In most common units the solvent enters the top of 

the absorber/stripper and flows downwards, countercurrent to the rising gas stream. The two phases mix 

and contact one another, either on plates or packing, and the solute is transferred from the gas phase to the 

solvent. 

 

3.10   FILM EVAPORATION 
 

       In a falling film evaporator, the liquid is fed at the top of the tubes in a vertical tube bundle. 

The liquid is allowed to flow down through the inner wall of the tubes as a film. As the liquid travels 

down the tubes the solvent vaporizes and the concentration gradually increases. Vapor and liquid are 

usually separated at the bottom of the tubes and the thick liquor is taken out. Evaporator liquid is 

recirculated through the tubes by a pump below the vapor-liquid separator. 

The falling film evaporator is largely used for concentration of fruit juices and heat sensitive 

materials because of the low holdup time. The device is suitable for scale-forming solutions as boiling 

occur on the surface of the film. 

 

https://www.epicmodularprocess.com/unit-operations/separation
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3.11   RISING OR CLIMBING FILM EVAPORATORS 

       The LTV evaporator is frequently called a rising or climbing film evaporator. The liquid 

starts boiling at the lower part of the tube and the liquid and vapor flow upward through the tube. If the 

heat transfer rate is significantly higher, the ascending flows generated due to higher specific volume of 

the vapor-liquid mixture, causes liquid and vapor to flow upwards in parallel flow. T he liquid flows as a 

thin film along the tube wall. This cocurrent upward movement against gravity has the advantageous 

effect of creating a high degree of turbulence in the liquid. This is useful during evaporation of highly 

viscous and fouling solutions. 

3.12   FORCED CIRCULATION EVAPORATORS 

       Forced circulation evaporators are usually more costly than natural circulation evaporators. 

However the natural circulation evaporators are not suitable under some situations such as: 

• Highly viscous solutions due to low heat transfer coefficient 

• Solution containing suspended particles 

• For heat sensitive materials 

3.13   CRYSTALLIZATION 

       Crystallization is defined as a process by which a chemical is converted from a liquid 

solution into a solid crystalline state. The widespread use of crystallization within industry is in part due 

to the fact that crystallization acts as both a separation and purification step; almost all chemical processes 

utilize at least one crystallization step (either as key separation mechanism or final product engineering). 

The crystallization process consists of two major events: 

 

   3.13.1   NUCLEATION 

   Molecules gather together in clusters in a defined manner. Clusters need to be stable 

under current experimental conditions to reach the “critical cluster size” or they will redissolve. It is this 

point in the crystallization process that defines the crystal structure. 

3.13.2   CRYSTAL GROWTH  
 

                 Nuclei that have successfully achieved the “critical cluster size” begin to increase in size. 

Crystal growth is a dynamic process, with atoms precipitating from solution and becoming redissolved. 

Super saturation and super cooling are two of the most common driving forces behind crystal formation. 

 

3.14   MEMBRANE SEPARATION 

      Membrane separation is a technology which selectively separates (fractionates) materials via 

pores and/or minute gaps in the molecular arrangement of a continuous structure. Membrane separations 

are classified by pore size and by the separation driving force. These classifications are: Microfiltration 

(MF), Ultra filtration (UF), Ion-Exchange (IE), and Reverse Osmosis (RO). 
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3.15   MEMBRANE TYPES 

      Membranes come in two basic sizes: (a) Microfiltration, rated at 0.1 to 1.0 micron and (b) 

Ultra filtration, rated from 0.001 to 0.1 micron, the most typical membrane size rate at 0.005 micron. 

Membranes can be configured in various ways and have varying life spans : (a) Round tubes with 

approximately 0.5" or 1" internal diameter, which can last from 3 to 8 years, (b) Hollow fibers with an 

approximate internal diameter of 0.030", which can last from 1 to 2 years, (c) Flat sheets wrapped in a 

spiral configuration, lasting from 3 to 8 years and (d) Flat sheets that are vibrated or tabulated with 

mechanical "wipers," lasting from 3 to 8 years. 

4.    SEPARATION DIFFICULTIES 

  A common way to separate azeotropic mixtures is to add an azeotropic entrainer to break the 

azeotropic condition of the original mixture. However, separation of acetonitrile from water still remains 

a difficult 80 separation task even if an azeotropic entrainer is brought in. One of the features of 

acetonitrile is that it forms low boiling-temperature azeotropes with many organic chemicals that can be 

possible azeotropic entrainers. In addition, water composes azeotropes with many of these organic 

chemicals. 

5.    POLLUTION PREVENTION 

  Increasingly aggressive legislation and growing concern over environmental impacts are 

motivating the chemical manufacturing industry to reassess their current operations.  The traditional 

approach has been to employ ever more sophisticated end of pipe treatment technologies. 

Pollution prevention ranks at the top of the national waste management hierarchy.  Source 

reduction and on site closed loop recycling are the recommended methods with less desirable strategies 

ranked in order of decreasing preference. 

So far research activities have been successful only to a limited extent in addressing the problems of 

waste generation in chemical processes.  It is our opinion that much of this deficiency has arisen from a 

failure to recognize that the environmental problems faced by the chemical industries require new 

approaches as opposed to adapting current design technologies. Systematic methods developed 

specifically to address the needs of the industry and the legislators are essential to successfully resolve the 

problems at hand.  The recognition that the real opportunities lie in how the environmental debate should 

change the way design is performed rather than vice versa inspired formulation of the following 

procedure: 

 

 study particular industries and specific environmental problems 

 employ the insight and understanding gained to conceive one or more concrete innovative 

approaches to address these problems 

 define a series of genuine technical problems that need to be resolved 
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6.    CONCLUSION 

The successful application of the integrated-system obtained with evolutionary steps allows 

significant simplification and improves economic features of the separation of non-ideal mixtures typical 

for solvent recovery. Solvent recovery / reduction systems can be designed to target the most common 

and environmentally unfriendly solvents. Solvent manufacture and incineration play a significant role in 

the life cycle emissions of an API. These emissions can be reduced by implementing a solvent recovery / 

reduction system. The environmental potential of implementing the solvent recovery system is 

significantly increased by examining all possible applications. 
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