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Abstract 

  The pharmacy handles a wide range of prescription drugs, medicines, capsules, syrups, and other healthcare-related 

products. The bulk of these industries employ Ethyl alcohol, basic biological fluid, during various treatment phases. The 

wastewater that results from this production of water and excess alcohol is discharged into the environment. There are numerous 

methods used to produce the extractant removal from discharged wastewater since alcohol is a useful liquid. The fractionated 

desalination process is the main insight idea since it is one of the greatest ways to extract the required product for its essence from 

an alcohol and moisture solution. The study's main goal is to find a suitable distillation column design to collect extra alcohol 

from the product stream for use in a solvent extraction facility. Tray type (plate) and packed type columns of distillation were the 

subjects of the investigation. A suitable economic approach is employed to solve for the equilibrium constant since it is essential 

to note that the alcoholic systems have defects. In order to identify the various design requirements for the sample preparation and 

the merchandise flow, which was built for a sewage reception of signals of 50000 kg/h, the suitable columns type for the 

extracting of alcohols were established. 
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1. Introduction 

 

The main contributors to subsurface water 

contamination are waste products, farm sewage, and city 

wastewater. This sewage frequently includes chemicals that 

are consumed in homes, such as cleansers, toxic substances, 

gasoline, perfumes, medications, insecticides, and nutrients. 

It is impossible to predict the impact of any chemical 

materials on the environment as wastewater contents are so 

varied and complicated. Nonetheless, studies have been 

carried out to ascertain the safety of a few specific 

compounds present in sewage and wastewater management 

plant outputs [1]. Notwithstanding this, a greater amount of 

discharge of wastewater is implied by the pharmaceutical 

firm's phenomenal growth. Ethyl alcohol and ethyl acetate 

are two frequent waste products from the manufacturing of 

penicillin salt. The importance of such substances stems 

from their extensive use as organic solvents in the 

pharmaceutical and chemical sectors. So, it is crucial to 

separate and collect these two components from sewage 

effluent to increase resource utilization and decrease 

contamination [2]. The development of the technology 

needed to create bio-energy has been accelerated by the  

 

 

 

growing demand for ethanol. Yet, a significant amount of 

increased effluent is frequently produced simultaneously 

with the manufacture of ethanol. Depending on the different 

production procedures, each shitload of ethanol produces 6 t 

to 80 t of effluent. In addition, the effluent has a high 

chemical oxygen demand because it contains a lot of 

chemical compounds, starches, glycerol, inhibits, mineral 

compounds, etc. Fiber alcohol effluent is a characteristic 

form of refinery wastewater that has pH values, high 

chrominance, higher proportion, and complex constituents 

[3].  

To identify appropriate sewage for microalgae 

culture, boost productivity, and alleviate water problems, it 

was carefully examined and recently appraised. While it is 

possible to grow microglia from wastewater, this can be 

challenging because it's unclear what materials are in the 

sewage water and they could contain substances that inhibit 

the growth of organisms. Moreover, the pH of wastewater 

and its poor light transmission harm cyanobacterial 

development [4]. Because of the solvent phenomena, it is 

challenging to extract the reduced ethanol found in 

manufacturing effluent, which necessitates the use of a pure, 

effective distillation method. It considerably lowers the 
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financial cost of wastewater treatment as well as the 

environmental effect of the process [5].  

Chemical synthesis extraction and management 

from wastewater is a popular issue. Raw sewage from the 

phenylpropane manufacturing method contains benzene and 

n-propanol, two typical chemical molecules that, when 

exposed to airflow, create a ternary binary azeotropic 

system. As a result, the ternary system of n-propanol, 

benzene, and alcohol cannot be efficiently separated using 

the conventional extraction approach [6]. Resource 

extraction distilling is often used to differentiate solutions 

with little variation in their melting point and offers the 

benefits of important systems, environmental regulation, 

eco-friendly apparatus, and broad applicability, 

tetrahydrofuran and ethyl alcohol combined effluent 

comprising different compounds were separated using 

dynamic extraction distilling [7]. 

Desmodesmus, a microorganism belonging to the 

Chlorophyceae family, has been developed in a variety of 

ways, including heterotrophic growth in wastewater, and 

some of its varieties are thought to be possible sources of 

triglycerides [8]. The study [9] demonstrates that the 

gaseous basis to improve aided distillation process with feed 

preheating may decrease energy duty and carbon emission, 

increase energy efficiency, and enhance economic growth. 

As a result, sewage including gasoline and n-propanol may 

be efficiently treated using the gaseous co-movements-aided 

distilling method combined feed heat exchanger. The 

suggested improvement of a technique enables a thorough 

extraction of the raw resources, such as chloroform and 

ethyl alcohol from wastewater, as well as a much lower 

consumption of the fresh extracting solvent. They 

presumptively lowered alcohol usage while maintaining the 

same energy consumption in comparison to the conventional 

technique. This resulted in a nine-fold reduction in 

biological oxygen consumption and total organic loading 

(TOL) of the effluent [10]. Research [11] that more water-

ethanol-specific separators are required for the broad use of 

the ethanol draw solution for the treatment of extremely 

salty wastewater. While distilling may be succeeded by the 

renowned resource technique of extracting, the proper 

solvents have not been produced for ethyl acetate recovery. 

methoxy public resource, branched long-chain ethanol, is 

suggested as an extractant [12]. The study [13], a 

compressed pervaporation method using organic solvents 

and a heat exchanger distilling method were suggested for 

recovering ethanol and isopropyl alcohol from wastewater. 

 

1.1. Boiling point 

 

The specific heat of a clear substance, which rises 

with volume and conversely, is the degree that it will either 

boils or evaporate when warmed for any saturation strain. 

Substances have quite varied melting points at certain 

pressures. At one pressure environment, the heating value of 

freshwater (373 K), benzene (383.6 K), and alcohol (351) 

are as follows. In binaries mixes, the ingredient with a 

smaller boiling point is referred to as a less volatile or 

lightest element, while the part with a higher boiling point is 

referred to as a noncombustible or heavy element. 

 

 

 

1.2. Vapor-Liquid Equilibrium 

 

The software set's balance between liquid and 

vapour phases acts as the key piece of information for 

distillation computations. The phasing rule may be used to 

obtain this VLE data. According to the control program, the 

freedom level will be two for the two-component mixture 

since there are two components and two phases, 

respectively. This means that 2 intense factors may be 

changed separately. Dilution involves many different 

factors, such as heat, warmth, and the contents of the liquid 

and vapor. Hence, only one parameter may be modified 

separately if the method's pressure remains the same.  

 

2. Materials and methods 

2.1. Types of distillation column 

 

Condensers have an array of designs that can be 

made specifically for a certain liquid combination. The two 

categories of distillation columns that are being considered 

are listed here. 

• Distillation column made of plates 

• Distillation column with a packed bed. 

 

2.1.1. Distillation column made of plates 

 

A spherical pillar made up of several trays (plates) 

fitted by uniform panel space is known as a panel distillation 

process [14]. Under the requirements, plates can be of 

various sorts, including multiphase flow platters, filter 

cartons, valve tubs, etc. The feed liquid may enter the stream 

at one or even more points. Because there are many panels, 

when the liquid passes down to the column, the mist gets 

into touch with the water repeatedly.  

Separate parts for correcting and reducing are 

located inside the structure of the column. About the middle 

of the columns, the product stream a predetermined plate 

count based on the calculation. Retrograde is the process of 

liquid that flows back into the columns from the top of the 

rectification segment, which is located under the input plates 

and where the least combustible portion of the air is 

removed. The liquid is stripped of its most volatile 

components by rising air in the supercritical fluid portion, 

which is located beneath the input panels.This heaters is 

connected to the rows; it is commonly water-heated and 

used to replace the initial supply. Additional volatility 

chemicals that are created in the heaters are released into the 

air and carried to the bottom of the column as vapors. The 

bottom outcome is the liquid that's also withdrawn from the 

separation and includes a significant amount of the less 

volatile substances. 

 

2.1.2. Distillation column with a packed bed 

 

The packed distillation columns are often used 

when distilling must be done under low pressure and in 

materials with exceptionally high temperatures [15]. Often, 

packing pillars are less expensive than plates columnar. The 

solid is made up of a cylindrical column filled with inert 

padded envelopes, often circles or flats, to provide a tried-

to-overcome surface for molecular diffusion. Figure 1 

demonstrates a typical crowded simple distillation. In 

crowded columns, added and stirred respective flow 
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downhill and air flows upwards and maintain regular 

contact. The phrase width equal to theoretical plate is often 

given in the context of an experimental version. The 

continuous flow situation calls for the identical air removal 

to occur at a thickness of packing layers that is stated as the 

equivalent to one hypothetical plate. One stabilization phase 

in stacked fractional distillation is depicted by a specific 

elevation of the solid, and the necessary level could be 

determined using HETP employing the necessary number of 

fictitious boards. 

 

2.2. Design consideration 

2.2.1. A choice between the plate and packed column 

 

There isn't one unique variable that regulates the 

choice of columns. On the parameters of the column, a 

multitude of factors must be taken into account, including 

the fluid velocity of two fluids, the manufacturing process, 

and the physical features of liquid and vapour. Sometimes, 

but not usually, it may also be discovered using simulators. 

The ultimate choice of column type for a larger fraction is 

dependent on design requirements, price, productivity, and 

qualitative analysis of relative benefits and drawbacks, 

therefore a thorough cost factor is not necessary. 

 

2.2.2. Designing the procedures for a standard distillation 

process 

 

• The minimal number of phases is calculated, Nmin. 

• Computation of the minimum reflux ratio, Rm. 

• The real Reflux Ratio is calculated and Calculating the 

theoretically necessary quantity of stages. 

• Determining the exact number of phases. 

• Determine the column's width 

• Look for any sobbing. 

• Analyze the resonance. 

• Calculating the water reduction. 

• Computation of both the column's lengths. 

• Calculating the column's effectiveness. 

• Electricity needed to generate warmth is calculated. 

The reference model formula and several charts for 

various parameters are used to build the simple distillation 

for a certain fluid velocity of the wastewater treatment 

system. 

 

3. Results and Discussions 

 

Ethanol serves as a solution for the first production 

process in a biopharmaceutical manufacturing facility.  A 

wastewater flow is produced that contains extra ethanol and 

water. A chemical recovery facility will be used to extract 

the ethyl alcohol from the influent wastewater. According to 

the below wastewater stream conditions, the distillation 

column is constructed. For any further magnitude needs, the 

design parameters may be changed. The two different types 

of separation processes are developed using accepted 

development practices and reasonable estimates for the 

below feed conditions. 

 

 

The pace at which waste streams are produced in flow, 

E = 50 tons/h 

Pressure (P) = 2 kg/cm2g 

Temperature (T) = 40o C 

Compostion 

YF   = Ethanol makes up about 40% of the wastewater. 

= Water makes up about 60% of the wastewater. 

YD = Condensed ethyl alcohol (required composition) 

The distillate must contain at least 80 moles % of 

ethyl alcohol (YD) for the extraction to be successful. The 

wastewater's alcohol content should be as low as feasible. 

Physical properties           

3.1. Design analysis 

3.1.1.Mole ratio speed and depth to the columns 

Molecular formula on median 

Mavg= (0.6 x 18.016) + (0.4 x 46.07) 

Mavg = 29.2376 kg/kmol 

E = 50000/ Mavg 

E = 50000/29.2376  

E = 1710.126 kmol/h 

3.1.2. Materials in balancing in the distillate 

Overall material balance 

𝐸     = 𝐹 +  𝐺  
1710.126   =F + G 

Component material balance for ethanol, 

𝐸 ×  𝑌𝐹            =  (𝐹 ×  𝑌𝐷) + (𝐺 ×  𝑌𝑊) 
1710.126 × 0.4 = (D × 0.8) + (1710.126 – F) YW 

684.0504          = 0.8 D + YW (1710.126 – F) 

Assume that there are 2 moles of ethanol in the residual 

YW = 0.02 

The material balance equation should be solved for F 

F= 823.138 kmol/h 

G= 833.138– 1710.126 

G = 876.988 kmol/h 

3.1.3. Using source temperatures, determine the feed line's 

"r" value. 

The temperature at which ethanol will scald    = 

351.4°K =78.4°C 

The temperature at which water evaporates   = 

373°K = 100°C 

The typical boiling point of feed, Va  = 

364.36 K 

Feeding temperatures, Vs    = 313 

K  

The feed's molecular heat content,   = 

60040 kJ/mol 

The temperature of feed measured in moles  = 

3.5434 kJ/mol K and  

 

𝑟 = [𝐶𝑝(𝑉𝑎 − 𝑉𝑠) + 𝜆]/𝜆 
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    r =  [3.5434(364.36 –  313)  +  60040] / 60040 

     r = 1, 

 As a result, the feed is a liquid at saturated at the vapour 

pressure. 

 

3.1.4. Data at Stability 

A statistical model for the less-than-ideal outcome, 

𝑥 = [𝑏𝑦 (1 + (𝑏 − 1)𝑦)⁄ ] + 𝑎𝑦(1 − 𝑦) 

Standardized related variability,𝛼𝑎𝑣𝑔 = 2.57 

Equilibrium 𝑦 − 𝑥using the relative volatility, 

𝑥 = 𝑏𝑦/(1 + (𝑏 − 1)𝑦) 

3.1.5. Reflux ratio 

 

Rmin is c = 0.48 and was determined to be 0.66. 

Based on the three different reflux ratios, they determined 

that R = 3.94 is the best reflux ratio for development. They 

can only obtain a limited number of effective phases.The y-

axis point at which the rectification segment's operational x-

axis intersects it. Figure 2 illustrates the  K1 vs FLV chart. 

𝑅 = 3.94 

𝑐 = 𝑥𝐷/(𝑅 + 1) 

𝑐 = 0.162 

 

3.2. Calculations for a tray distillation process 

3.2.1. Total number of platters in theory 

 

The McCabe-Thiele visual approach was used to 

find the least number of theoretical plates necessary, which 

has been discovered to be 6. 

𝑁𝑚+1 = 7 

𝑁𝑚 = 6 

 

3.2.2 Frequency of vapor flow 

 

𝐵 = 𝐵′ + (1 − 𝑞)𝐸 

B = The detecting segment's vapor stream 

B' = movement of vapour in the stripped portion 

r = 1, 

B = B' 

The column's header features 

𝐵 =  𝐿 +  𝐷 

𝐵/𝐷 =  𝐿/𝐷 +  1  
𝐵 =  (𝑅 +  1) 𝐷 

R = 3.94 and D = 833.138 kmol/h 

B = 4125.42 kmol/h 

B = 4125.42 kmol/h = B' 

 

3.2.3. Thermoelectric regulation of the distillation column 

 

𝑆𝐽 + 𝑍𝐾 = 𝑆𝐿 + 𝑍𝐼 + 𝑍𝑉 

ZV = Thermodynamic properties of the bottom product in 

kcal/h and Figure 4 illustrates the Weep point correlation, 

 

SJ = Thermal provided by the steam in kcal/h 

ZK = Thermodynamic properties in kcal/h of the feeding  

ZI = Steam temperature expressed in kcal/h 

SL = Warmth absorbed by seawater freezing in kcal/h 

ZI  & ZK as both are at minimum temperature, it may be 

disregarded. 

𝑍𝑉    = 𝑚 × 𝐶𝑝 × ∆𝑇 

         = 4115.42 × 4.179 × 373 

         =6414980.887 x 18.58 

         =119.16 x 106 kJ/h 

Z  = 106 kcal/h x 28.48 

𝑆𝐿     = (𝑚 × 𝐶𝑝 × ∆𝑇) + (𝑚 × 𝜆 

         = (4115.42 × 80362) + (4115.42 × 2.59 × 351.4 × 

40.46) 

         = 482.26 kJ/h 

𝑆𝐿= 106 kcal/h ×115.26 

𝑆𝐿                     = 𝑆𝐿 + 𝑍𝑉 

𝑆𝐽                      = 106𝑘𝑐𝑎𝑙/ℎ × 143.75          

 

3.2.4. Tray effectiveness overall 

 

F = 51 – 32.7 [log (α x μ)]  

Temperatures of the stream is typically 40 C, and the figures 

for the viscosity are form 

𝜇𝒂𝒗𝒈  = (0.4 × 0.834) + (0.6 × 0.6529) 

  = 0.73534 cP 

= 0.73534 mN/m2 

F  = 52 – 33.5 [log (2.67× 0.72534)] 

F   = 42.36% 

 

3.2.5. Real quantity of trays 

 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑡𝑟𝑎𝑦𝑠 =
𝑛𝑜 𝑜𝑓 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑡𝑟𝑎𝑦𝑠

𝑝𝑙𝑎𝑡𝑒 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
× 100 

  =
6

41.67
× 100 

= 14.398 

Actual trays = 14 trays 

 

3.2.6. Costs of C and U 

 

Use the following relation to determine the C,Figure 3 

represents the length of the weir and the pipe region, 

              𝑆          =
𝐶

𝐹
 

As anticipated, R=3.94 

C  = 833.138×3.94 

= 3282.56 kmol/h  

=29.2376 ×3282.56 

 = 95974.28 kg/h  

U  =29.2376 × 4115.42 

= 120325.00 kg/h 

 

3.2.7. Flow variable 

𝐹𝐿𝑉 =
𝐿𝑚𝑎𝑠𝑠

𝑉𝑚𝑎𝑠𝑠

√
𝜌𝑉

𝜌𝐿
 

  =0.0692 

Considering tray spacing to be 0.5 m 

𝑉𝑛𝑓 = 𝐶𝐹𝑎𝑖𝑟 [
𝜎

20
] √

𝜌𝐿 − 𝜌𝑉

𝜌𝑉
 

To determine the C Fair or K 1, use the following chart. 

𝐾1 = 𝐶𝐹𝑎𝑖𝑟  =0.12 from the chart. 
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𝑉𝑛𝑓    =1.65 m/s 

3.2.8. Accurate speed 

Presumptions 

 Speed of flooding= 61 % - 80 % 

 (Assumed as 80%) 

 Downstairs area = 12 % (usually) 

𝑉𝑛  =𝑉𝑛𝑓  x 0.7 

  =1.28 m/s 

𝐴𝑛  =𝑚𝑣 / 𝑉𝑛 

  =0.935 m2 

𝐴𝑐  =𝐴𝑣 / 𝐴𝑑 

12% is the down comer area value 

𝐴𝑑  =12.5% of 𝐴𝑐  

  = 0.14𝐴𝑐 

3.2.9. Columns width 

𝐴𝑐  =𝐴𝑛+0.12𝐴𝑐 

𝐴𝑐  =1.0625m2 

𝐷                         = √
𝐴×4

𝜋
  

𝐷   =1.163 m 

3.2.10. Column height 

Z   = [(𝑀 − 1) + 2] ×  𝑝𝑙𝑎𝑡𝑒 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 [9] 

For spacing  =0.6 m 

 = 0.6 × [(14 − 1)+] 

Z  = 9 m 

3.2.11.Additional design criteria 

Fluid flow rates in m3 /s          = 0.0411 m3 /s 

             𝐴𝑑 = 0.11 × 𝐴𝑐 =0.1375 m2 

              𝐴𝑎 =   𝐴𝑐 − 2𝐴𝑑 =0.8175 m2 

              𝐴𝑛 = 𝐴𝐶 − 𝐴𝑑 =0.9360 m2. 

• Length of the weir(𝒍𝒐𝒘) 

(𝐴𝑑/ 𝐴𝐶) × 100 = 12%, using the below chart, find 

𝑙𝑤/𝐷𝑐 = 0.76 

• Size of the holes= 100/ plate spacing 

 = 6 mm 

• Size of one hole =(𝜋 × 𝐷2)/4  

 = 2.827 × 10−5𝑚2 

• Dynamic sector =𝐴𝐶 − 2𝐴𝑑 

  =0.8075 m2 

• Area of the holes =10% of 𝐴𝑎 

   = 0.08075 

• Diameter of holes =Single hole area / Total hole 

area 

=2856 

• Examine for sobbing: A crucial step in the process is to 

inspect the steam distillation for leakage. 

The volatile flow rate of vapour     =4115.52 

kmol/h 

The vapor flow rate in m3/s                =1.249 m3/s 

     Considering the rude customer rate    = 90% 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑣𝑎𝑝𝑜𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦            =
0.9 × 1.239

0.08075(𝐴ℎ)
 

        =13.80 m/s 

  Assuming the weir's height (hw)                 = 50 mm 

  Height above weir (ℎ𝑜𝑤)                 

=750 [
𝑙𝑤

𝜌𝑣×𝑙𝑤
] 2 3⁄  

     = 9.604 m 

  Minimal Heights above Weir (ℎ𝑜𝑤)   =9.654 x 0.9 

       = 8.68mm 

ℎ𝑤 + ℎ𝑜𝑤       

=58.54 mm 

𝐾2  based on the graph  below           

=30.3 

Lowest design vapour velocities uh 

=
[𝑘2 − 0.9(25.4 − 𝑑ℎ)

𝜌 1 2⁄
=

[30.3 − 0.9(25.4 − 6)

3.1 1 2⁄
= 7.29 𝑚/𝑠 

Minimum vapour velocities > Minimal observed vapour 

velocity (uh) as shown in Table (1-5) 

The fractional distillation should therefore rarely weep, if at 

all possible. 
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Figure1: Typically packed distillation column 
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Figure 2: K1 vs FLV chart 

 

Figure 3: The length of the weir and the pipe region 
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Figure 4: Weep point correlation 

 

 

 

 

 

 

 

Table 1: Ethyl alcohol and water's physical features 

Property Ethanol Water 

Molecular weight, kg/km 46.07 18.016 

Latent  90523 39718 

Specific  2.59 4.179 

Boiling point, oC(K) 78.4(351.4) 100(373) 

 

 

 

Table 2: The experimental equation's results 

Less Volatile 

Component 

More Volatile Component a b 

Water (100.0°C) Ethanol(78.4°C) 9.50 -1.00 

. 
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Table 3: Comparative instability 

x1 y1 K1 K2 α=K1/K2 

1.0 1.0 1.0 - - 

0.9 0.8984 0.9982 1.016 0.983 

0.8 0.8144 1.018 0.928 1.097 

0.7 0.7468 1.0669 0.844 1.264 

0.6 0.6944 1.1573 0.764 1.515 

0.5 0.6548 1.3096 0.6904 1.897 

0.4 0.6236 1.559 0.6273 2.485 

0.3 0.5928 1.976 0.5817 3.397 

0.2 0.5437 2.7185 0.5704 4.766 

0.1 0.4235 4.235 0.6406 6.612 

0 0 0 1 0 

 

 

 

 

 

Table 4: Data for the Vapour Fluid Equilibria (X-Y) 

x y 

1.0 1.0 

0.9 0.960 

0.8 0.915 

0.7 0.863 

0.6 0.802 

0.5 0.730 

0.4 0.643 

0.3 0.536 

0.2 0.430 

0.1 0.230 

 

 

 

 

 

Table 5: Values of different reflux ratio (R)  

S.No R Cintercept 

1 2.07 0.26 

2 3.94 0.162 

3 1.22 0.36 
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4.Conclusions 

The essential principles governing the two kinds of 

distillations, plate type and packed type, have previously 

undergone a short investigation. Medicines, injections, pills, 

cordials, and other medically similar things are all processed 

in the pharmaceutical facility. At a medical facility, alcohol 

is one of the often-used different chemicals. The recovery of 

alcohol from the wastewater stream including ethyl alcohol 

is the main goal of this investigation. Both kinds of 

distillation processes were planned for a 50000 kg/h 

wastewater output. To boost the effectiveness of the packed 

column, which stands at around 45%, a very large number 

of trays must be manufactured, which can be quite costly. 

Comparing the layout values on both sides, the packing 

appears nearly identical to or even superior. The packing is 

less costly than the Plate heat exchanger columns since we 

used 2-inch (50 mm) ceramics conditions caused by bands, 

are inexpensive, and may even be recycled after use. 

Comparatively to the fractionating column, the packing 

requires fewer section insides. It is advised to use a partial 

vacuum to collect the alcohol from the medicinal facility 
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