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The ECF waste is 5. The trituration step also uses petroleum ether, but the amount of this is much smaller than
the amounts of solvents used. Allow 1 kg per kg product as an initial estimate. Water Benzene Chloroform
Ethyl chloroformate 0. We have no information on the volume of mixing, so as a first approximation we can
assume the mixed volume is ml. The lab recipe makes a ml batch, that ultimately yields If ml gives Estimated
times for the other processing steps might be: If only the reaction step is carried out in the reactor then we still
need to allow some time for filling, emptying and cleaning, say 3 hours, giving a batch time of 21 hours and a
maximum production rate of More detail could be added, but the summaries below are adequate to sketch a
block flow diagram of the process. The calcium sulphate is filtered from the acid. If higher purity phosphoric
acid is needed then it can be purified by countercurrent extraction with an organic solvent. The highest purity
phosphoric acid is made by the dry process, in which elemental phosphorus is burned in excess air. The first
step produces a mixture of cyclohexanol and cyclohexanone known as KA oil ketone and alcohol oil. There
are several variations on the cyclohexane oxidation process using different catalysts, but all operate at
relatively low CH conversion and require a large recycle of unconverted feed. The product is washed with
water to remove acids which can be recycled or used as fuel , then distilled to recover unconverted
cyclohexane for recycle to the reactor. The KA oil is then sent to a stripper and re-run column sequence to
remove light impurities and recover the KA oil as overhead product of the re-run column. The heavies from
the re-run column are usually incinerated. The reaction is highly exothermic and the reactors use
pump-arounds through heat exchangers to provide the necessary surface area for cooling. The reactor product
is sent to crystallizers for adipic acid recovery. The crystals are washed, then redissolved in hot water and
recrystallized to purify the adipic acid. Byproduct water is removed by evaporation. EG is added to each
reactor, and the final reactor is operated under vacuum. Polymer from the last reactor is pumped direct to
spinnarets for producing fiber, or is pelletized. It is manufactured by fermentation in genetically modified E.
At the end of the fermentation the cells are homogenized, and the broth is filtered to remove debris. In the
most common route, the cells produce an insulin precursor called proinsulin, which can be converted to insulin
by adding an enzyme to splice away the connecting sequence between insulin proteins. The resulting insulin
can be precipitated by pH adjustment, but is more commonly purified by ion exchange and gel
chromatography. The catalyst is recovered by filtration for reuse, and the solution is purified by ion exchange
followed by activated carbon adsorption to remove organic impurities. Starting with the steam heater, E Since
the heat capacity is the same on both sides of this exchanger For the plate heat exchanger E, we now have:
This is quite a large increase relative to the initial area of m2 and it is not clear that the plate and frame
exchanger would have been sized large enough to accommodate such a large increase in area. We could
reduce the additional area required if we allowed an increase in plate velocities and hence the overall heat
transfer coefficient of the plate exchanger.

Page 1

