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Nation Ford Chemical manufactures a product
that produces an aqueous waste stream of 2

Equipment Specifications

Process Flow Diagram

million gallons per year that contains 1% P-101A/B P-102A/B E-101 T-101 T-102
weight of product Wastewater Solvent Feed  Feed Cooler  Extraction Distillation Tower T-101 Pump P-101 Pump P-102
Feed pump Pump Column Column Stainless Steel Sieve | Centrifugal/electric Centrifugal/electric
Objective @—* Trays drive drive
: U T Height =2.0 m Stainless Steel Stainless Steel
Recove_r the product using liquid-liquid Diameter = 0.8 m Power = 1.0 kW Power = 1.0 kW
extraction to: Tra0z 8 theoretical stages 80% efficient 80% efficient

\ﬂ Improve salable product yield

Stream Table

L’; Lower water COD, less discharge costs

Stream Number

1%PRODUCT
TECHNICAL BACKG ROUND Q0% WATER OM Temperature (°C) 10.20 |18.3 138.5 |152.2
P-101A/B Pressure (atm) 1 1 1 1 1 1
ey v . . . Flow Rate (gal/h)|228.3 |331.1 |324.5 [229.2 |377.0 |4.8
Liquid-liquid extraction mixes a solvent with a = (tgﬂ )
. “y . omponen ow
feed solution and separates it into a solute-rich : e (kmol/h)
extract phase and a raffinate phase. Product{0.074 [0.0  [0.036 [0.037 [0.00040.036
Solvent|0.0 739 |7.39 |00 [7.32 |0.074
Dispersen Water|48.39 0.0 0.075 |48.32 |0.075 |0.0
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* The solvent is considered flammable & an irritant

« The product is harmful if inhaled or swallowed
O 0.05%PRODUCT
99 S%WATER °

High flow = implement pressure relief and program
pump shutdown
ECONOM'C ANALYS'S * Low flow = verify instrumentation functionality
* No flow = check with pump or level sensor if supply
tanks are empty

Feed solution
(heavy phase) with

mixture of solutes/7 e

Extract
(with solutes)

Liquid-Liquid Extraction Diagram

Separation Schematic, http://www.separationprocesses.com/Extraction/SE_001.htm.

Main economic constraint = cost of
solvent recovery. The solvent is
expensive and must be recycled, but the
distillation to separate it from the product
has high energy costs.

Process Profit vs. Solvent-to-Feed Ratio
$750,000

CONCLUSIONS

$500,000

To increase yield of
extraction:

1. This process should not be implanted unless a cheaper

solvent recovery method becomes possible
2. Economic constraints are just as important as physical

constraints when designing a process

$250,000

Aspen simulations revealed 1.45 to be the
most economical solvent-to-feed ratio,
even though it recovered less product.

Annual Value ($/yr)

$0

I Increase the number of
column stages

1 Decrease the column amn However, other operating costs—cooling $250.000 , \ . 3. Key parameterls for c;ptlmlzmtg a Iqu|d—tI)|qU|df e;dractlon 4
temperature - 5 water in E-101, pump electricity, and the o process are column temperature, number of stages, an
Increase the fee d rate o f organicm»jj " jmterface labor—must be included == Annual BTA Revenue == Annual Solvent Recovery Cost Annual Profit solvent-to-feed ratio
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TCI $4,282,500
Return on Investment = -13.5%

was estimated to be $850,000.
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