Serendipity Systems, Inc.

Chemical Processes Division


Production of Acetone via 

Dehydrogenation of Isopropyl Alcohol
Project Motivation

Last year, our division for pharmaceutical products, Rice Universal Pharmaceuticals (Rice UP), contacted us to see if we could provide large quantities of FDA-approved acetone solvent.  This solvent is necessary for the production of their new product, Anphal.  Rice UP Anphal is a revolutionary new drug designed to help maintain balance for patients suffering from inner-ear infections.  Meanwhile, our business department was able to acquire a plant originally designed and built by the bankrupt firm Bozo Engineering. The Bozo facility was built, but never operated. Plans to operate the plant were scrapped during the bankruptcy proceedings. 

Based on their preliminary cost estimates, Bozo developed a design to produce FDA-approved acetone from isopropanol (IPA) at a competitive return on investment (ROI).  The preliminary design was accepted and work proceeded towards developing a detailed design from which all equipment was then purchased.  Our acquisition of the Bozo plant is complete, and we are preparing to start up the plant.
A major change in market opportunity prompted Rice UP to contact us again last week.  Last Monday, based on results from a broad clinical trial and growing public awareness, the FDA enforced a total recall of Audax, the incumbent balance drug produced by a competitor.  This has opened a supply vacuum in the market which Rice UP is well positioned to exploit with its nearly-completed Anphal commercial plant.  Their marketing department believes a much larger percentage of the market share can now be grabbed than was originally estimated, although estimates vary based on the tumultuous market conditions.  Firmer numbers will be available soon, but for an initial guess Rice UP needs to know whether acetone production can be increased by 30% given the current design (i.e. without further capital investments or flowsheet rearrangements).  Their alternative is to purchase the extra FDA-approved acetone on the open market.

Scope / Project Goals

The original design was modeled on the CHEMCAD process simulator by Bozo Engineering. However, Serendipity uses ASPEN Plus and HYSYS as standard for our process simulationss.  Your job is to recreate the plant model in either ASPEN or HYSYS, confirm the base-case feasibility for a reality-check, and afterwards optimize the existing design’s operating conditions only (i.e. do not switch utility stream types in exchangers or resize towers) to minimize operating costs while maximizing acetone production, ultimately aiming for a 30% increase in acetone rates.

Beaumont, TX is the location of the plant.  The site houses several other production units so all utility infrastructure already exists with sufficient capacity to handle any required demand (i.e. steam, electricity, wastewater capacity, etc).  The feedstock for the acetone unit is a slipstream from another on-site plant’s byproduct mix and therefore is not pure, although the flow and composition can be assumed steady.  Being a slipstream, it represents only a fraction of the total available flow; 3 times as much raw feed as initially designed is available, if necessary.  To maintain internal bookkeeping, this stream must be “paid for”, although at production cost, not market value.

Our well-engineered process reactor has sufficient capacity to accommodate this production increase and leaves little opportunity for further optimization.  The primary opportunity for cost optimization therefore appears to be the separations train.  Because the equipment has already been purchased and installation scheduled, consider the capital investment a sunk cost that cannot be changed, so all economic evaluations at this stage need only consider operating profit = operating income (value of goods sold) – operating expenses (cost of raw materials, utilities, and waste disposal).  

In order to meet Rice UP specs, the purity of acetone must be at least 99.9 mol% and be completely in the liquid phase.  Hydrogen is a valuable byproduct that will be used elsewhere on-site and thus must contain no more than 10 mol% acetone.  (Realize financial credit is not earned for producing acetone unless it is sold in the “acetone” stream.)  The site’s wastewater treatment facility is able to accommodate a limited amount of aqueous effluent from this process, provided the total organic content (TOC) is maintained below 50 ppmw.  Maximum allowable temperature of this aqueous effluent stream cannot exceed 45°C to protect biological microbes in the wastewater treatment tanks.  Cooling water utility must be returned at a temperature no greater than 115°F; refrigerated water no greater than 70°F.  

As stated earlier, our R&D and marketing departments have begun to gather the data necessary for you to complete the design.  These departments will be available as resources throughout the project and will provide scope refinement as information becomes available.  

Process Description

The preliminary design for a 30 MM lb/year (nameplate capacity) plant uses a single-step reaction to synthesize acetone from isopropyl alcohol (IPA): 

(CH3)2CHOH   (   (CH3)2CO   +   H2


Isopropyl Alcohol
Acetone

A binary mixture of IPA and water (67 mol% IPA) from an upstream process, Stream 1 (refer to PFD), is mixed with the recycled unreacted IPA/water mixture, Stream 14.  This combined material is then pumped and vaporized prior to entering the reactor, R-401.  Heat is provided for the endothermic reaction using a heat transfer fluid which in turn is heated by the combustion of natural gas.  The reactor, maintained at 350°C (outlet temperature), operates at 92% single-pass conversion.  Based on its over-designed nature, reactor conversion is insensitive to feed flow variation.  Stream 3, the reactor effluent containing acetone, hydrogen, water, and unreacted IPA, is cooled in two exchangers prior to entering the phase separator, V-402.  The vapor leaving the separator, Stream 5, is scrubbed with water, Stream 8, in the T-401 packed column to recover additional acetone, and then this liquid (Stream 6) is combined with liquid from V-402 and sent to the separations section as Stream 9.  The overheads vapor from the scrubber, Stream 7, is sent downstream (i.e. to another plant on-site) as fuel gas.  T-402 is a 66-stage distillation column used to separate the acetone product from the heavies.  The T-402 overheads passes through a condenser, E-404, into the reflux tank, V-403, which serves as a pressure-controlled flash drum to bleed off noncondensable hydrogen.  The distillate product from V-403 serves as the final acetone product stream.  T-402 bottoms (Stream 12), containing mainly water but also minor amounts IPA and traces of acetone, is fed to the 19-stage T-403 column to remove excess water from the unused IPA.  The purity spec of the T-403 bottoms stream, Stream 15, is set by the site’s wastewater treatment plant, and all remaining product is fully condensed and pumped either as T-403 reflux, Stream 13, or distillate back to the front end of the process as recycle, Stream 14.  

Project Schedule

Rice UP has to make a quick decision whether to obtain the extra acetone from this plant or on the open market.  The following milestones have been set to ensure the project progresses on schedule.

	DATE
	ACTION

	Mon, 12-Sep-05
	· Project Submittal

	Wed, 28-Sep-05
	· Oral progress reports from teams
· Project scope reevaluation

	Thur, 20-Oct-05
	· Formal oral reports from teams

	Thur, 20-Oct-05
	· Written reports due


Depending upon the conclusions you draw and changing market conditions, project scope changes should be expected throughout.

Process Data

Preliminary equipment summaries and stream information are given in Tables 1-3.

The original CHEMCAD design used the UNIFAC VLE thermodynamics package with the latent heat enthalpy option.  Recent consultation with Serendipity's R&D department suggests other thermodynamics packages may be preferable.  To obtain the most realistic cost estimate, the best-suited physical property package should always be used.  As with any computer model, the true test of a simulator's predictive ability is by comparison to experimental data (often available in the literature). 
Simulator blocks are available for the reactor in both ASPEN and HYSYS format.  The purpose of the block is to 1) calculate the energy required to pump this stream to T-402 inlet, 2) determine the energy requirement to heat the feed to the reactor temperature of 350°C and maintain the endothermic reaction at 92 mol% IPA conversion, and 3) calculate the reactor outlet composition.  Using these “black boxes” keeps the simulation realistic while not revealing too many of the (unnecessary) details, regardless of feed flow or composition.  These reactor blocks are available from Serendipity's R&D department.  All other process details (streams and equipment) must be created manually.

Rapidly rising utility costs have lead to reevaluation of utility costs. You will have to estimate these as part of the project. 
The final reports should be addressed to Dr. Cox, Vice-President of Engineering for Serendipity Systems.
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