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EXTRACTION

extraction selvent flow rate (= extract flow
raie when solvents are immiscible and solute
concentrations are low) (liter b ™)

rate of reciprocation of plates (strokes min’ N
time (h)

concentration of solute in raffinate phase or
heavy phase (M, or g liter ™)

concentration of solute in cxtract phase or
Jight phase (M. or g liter 1)

net surface charge of protein

Greek Letters

A

¢

6.1

6.2

6.3

lumped parameter in equation [or partition
coefficient K [Equation (6.2.2)]
eleetrical potential (mV)

Two-Stage Countercurrent Extraction Inatwo-
stage coumlercurrent extraction of a pharmaceutical
product, what is the relationship between the feed
concentration and the final raffinate coneentration in

terms of the extraction factor F if both stages arc at
equilibrium? For a partition coefficient K of 5.0 and
a solvent-to-feed ratio (S/ ) of 0.5, what will be
the ratio of the raffinate concentration to the feed
concentration?

Purification Factor for Exiraction of an Enzyme
You are preparing an industrial enzyme, alcohol de-
hydrogenase, from yeast using two-phase aqueous
exlraction. The crude, clarified extract contains only
proteins and has a specific activity of 200 units/g pro-
tein. After a singte stage of atfinity extraction using a
Cibucron dye—PEG complex. the extract contains
400,000 units of enzyme activily and 20 g of protein.
Wh is the purification (actor for this siep?
Extraction Conditions for Various Bioproducts
For the following bioproducts, outlinehow extraction
can be used in the purification process using informa-
tion obtained from work reported in the literature:
(x) Magnamycin, a macrolide  aniibiolic  [rom
Streptomyces halstedii
(b} Glumamycin, a peptide antibiotic from Strepfo-
myees gaontyceticus
(¢} B-Galaciosidasc, an enzyme from Evcherichia
coli
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(d) Pullulanase, ar enzyme from Klebsiella
preumonide

Give as much information as possible about what
the process conditions should be {solvents, pH,
conceniration, ete.).

Required Solvent-to-Feed Ratio in Counter-
current Extraction In a countercurrent, equilib-
rium staged cxtracior with four equilibrium stages.
determine the nccessary ratio of extract to feed
(S/F) to purify bioproduct A to 90% purity from
dontaminant B. The feed contains two components,
60% A und 40% B, and the partition coefficients are

* K,\_’_:_,}.Qand K|; = 1.0
Purification of an Antibiotic by Countercurrent

Extraction A countcrcurrent extraction unit with
three equilibrium stages is used’ for the scparation
of a desired antibiotic (pattilion coetficient = 6.0}
from a major contaminant (partition coefficient =
1.0} in an aqueous feed stream. The {eed (or ralfi-
nate) and extract phase flow rates are equal. What
fraction of each is discarded from the raffinate?
Assuming that the feed containg only these two
componettsat an antibiotic-to-contaminant ratio of
3:1. what js the purity of the aniibiolic in the exit
extract from stuge 37 What do you conclude about
the eifectiveness of this extruction as i mcuns of
purification of the antibiotic?

Mixer—Settler Extraction System You are as-
signed the task of extraciing zithramycin with a yield
of at least 905 from a clarificd fungal fermentation
broth, using a four-stage mixer—settler extraction
wnit in the pilot plant. {Ome mi xer—settler constitutes
one equilibrium stage in the countercurrent extrac-
tion cascade shown in Figure 6.7.) The n-butanod
extraction solvent flows at 20 liters/h, while Lhe clar-
ified broth flaws at 30 litersfh. The partition coefii-
cient of zithramycin is adjustable by changing the
pH. What minimum value of the partition coefficient
should you use for the successful completion of your
assigned task?

Graphical Equilibrium Stage Calculations for
Extraction of a Peptide The equilibrium parti-
tioning of a peptide between an agqueous feed phase
and an organic solvent extract phase has been found
{0 be nonlinear and can be represented by the fol-
lowing cquation:

v = 1.47Inx 4 3.96
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where ¥ und x are concenlrations of the peptide in
the extract and aqucous lecd (or raffinate) phases,
respectively, in grams per titer. ) is desired to ex-
tract 95% of the peptide from a feed stream having
a peptide concentration of 4.0 gfliter. For a fecd
stream at a Now rate of 5.0 liters/min and an exiract
stream at a flow rate of 3.3 liters/min, graphically
estimatc how many equilibrium srages will be re-
quired for countercurrent flow of the phascs. What

is the concentration of the peplide in the exit extract

stream? As the concentration of the peptide in the
raffinate decreases, does the partitivning of the pep-
tide into the extract become more or less favorable?

Scaleup of a Podbiclniuk Centrifugal Extractor
Filol plant tests with a Podbielniak ceniritugal ex-
tractor indicated that excellent recovery (=95%) of
a desired bieproduct could be obtained from filtered
fermentation broth by extraction with an immiscible
organic solvent. The flow rates were the following:

Filtercd broth (aqueous) flow rate = 500 mlmin
{continuous phase)

Organic solvent flow ratc = 125 mlmin
{(dispersed phase)

The pilot plant extractor delivers a centrifugal force
ot 11.400 x g, and the rotating cylinder inside the
extractor has a diameter of 20 cm and is 2.5 cm
wide.

You have been asked (o scale up this extraction
by using & larger Podbielniak cxtractor, which deliv-
ers 2300 x g and has a rotating cylinder with a
diameter ot 91 cm and a width of 91 cm, What How
rates should be wsed in the larger extracior to
achieve the same recovery of bioproduct?
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TABLE P6.9 .
Flow rates iml/min}

Run ————— Antibigtic concentration
number  Broth  Chloroform in raffinale (mg/iler

1 43 135 2

2 67.5 135 3

3 125 135 a0

4 80 120 5

5 100 150 7

6 120} 180 9

7 150 125 25
5.9  Scaleup of Pilot Plant Tests of a Reci procating-

Plate Extraction Column  The pilot piant data in
Table P6.9 arc for the extraction of an antibiotic from
whole fermengation broth using the solvent chloro-
form in a reciprocating-plate extraction columm.
The concentration of the antibiotic was 1.4 gliter in
the broth. The column had a diameter of 2.54 cm,
and the height of the plates was 3.05 m. The parti-
tion cocfficient X for the antibiotic is known to be
2.68.

For cach pilot run, determine ihe diameter and
height of the plales for the plant column that would
be required for processing 50,000 liters of broth in
12 h to give an exit raffinate concentration of anti-
biotic ol 10 mg/liter, assuming a concentration of
antibiotic in the feed broth of 1.0 g/lier (a spread-
shect is gonvenient (or these calculations), Without
doing a complete economic analysis, in your judg-
ment which scaled-up pilol run appears to he
optimum? {Data from A. E. Kar, W. Gebert, and
M. Wang, Can. J. Chem. Eng., vol. 58, p. 249, 1980.)
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