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BAT For Production Audit:  Hexion, Barry – EPR/PP3238LX

This audit concerns an assessment of the current BAT for production processes. As such emissions from storage tanks is not include – refer to fugitive emission work – unless there is a known component in the raw materials or finished product, that is having a significant effect on emissions. Abatement equipment (scrubbers) and pressure relief devices will be considered in this assessment. The production processes assessed here are: resole resins and esterified resoles and styrenated phenol process.
Confirmation will need to be made on any other existing process: Novalacs, CNSL. 

BAT AT Permit Application – Waste liquid resins and the procedures for preventing or reducing those, was not BAT at the time of the application (2006). IC9 was put into the permit – the audit will need to consider the output from that IC. Particuate matter (mainly boilers and solids unit) was not BAT, so IC3 was put into the permit – this audit will consider that response in terms of PM from reactor R10 solids vent.
Other BAT Departures – Heat recovery on reactors; single STR batch production; process flow diagrams. These points will need to be assessed.

There will be overlap between the BAT Aspects below and these aspects are not necessarily specific, single BAT elements, rather various aspects, that overall would constitute application of BAT – ref. BRef and SGNs.
	BAT Aspect
	BAT Detail Examples
	Evidence From Operator

	Development of process chemistry – how documented.
	R&D, Hexion worldwide “recipes”; chemical literature; HAZOP.
	Hexion has a corporate standard (PF Resin Safety Standard – last revision 21st May 2018) that stipulates how phenolic resins must be developed and manufactured.
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	Process bench and pilot scale to production plant design.
	Any unforeseen barriers that limit or reduce production efficiency, emissions and safety.
	Section 6.1 of the PF Resin Safety Standard covers approval of resin formulations.
The ISO9001 quality manual states how the development process works.

QPRO-009 Product Development

QPRO-010 Product approval

The process is typically: Business approval, lab development, customer feedback, pre-manufacture review, recipe creation, recipe approval, supervised production, commercial production 

	Reaction chemistry -Thermodynamics.
	Equilibrium position, irreversible, heat input or removal, conditions of temperature and pressure that favour products.
	The reaction process is two-staged.  Methylolation (addition of formaldehyde to phenol to form a reactive phenol alcohol) There is a heat release of ~17kJ/mol.  Condensation (reaction of phenol alcohols to form methylene bridge and liberate water).  There is a heat release of ~17kJ/mol.
The formaldehyde charge is made to below 85°C to limit the rate of condensation.
The reaction is not reversible.

	Reaction chemistry – Kinetics.
	Speed of reaction, order of reaction, dependance of raw material concentrations, catalysts, mixing and contact time.
	The reaction rate of Resoles doubles every 10°C. The reaction is first-order with concentration, thus the reaction rate doubles as the concentration of the raw materials doubles.

	Reaction Chemistry - Safety
	Side reactions, gas evolution, pressure relief, heat removal, HAZOP deviations, start up, shut down, DCS surveillance and actions. 
	No gas is evolved by the reaction.  The reactor is equipped with a rupture disc that vents to a containment vessel.  It is a batch reaction carried out using semi-continuous addition of the reactive ingreadient (formaldehyde) to control the reaction rate.  The reaction is carried out using an automated recipe process, suppoted by operator monitoring and DCS interlocks.  There is also a SIL-rated instrument system that oversses the formaldehyde charge and deluge in the event of runaway reaction.  The reaction process is carried out under vacuum.  The temperature is controlled by reflux cooling using an overhead condenser.

	Overview of charging, workup and production.
	Order of raw material charging, dip pipes, baffles or bottom feed, additives, solvent, monitoring reaction, Control Room surveillance.
	Phenol is charged first, followed by the catalyst (sodium or potasssion hydroxide).  Then formaldehyde as described above.  The temperature may be allowed to increase to enable the condensation reaction to proceed.  The batch is then cooled to stop the reaction, excess water is removed by distillation and not reactive additives are charged to control properties, pH and monomer levels.  Most charges are through contained bulk systems.  Minor additions are made from drums or IBCs.  Solvents are charged sub-surface.

	Separation, recovery and purification.
	Phenol recovery, acetic acid recovery, condensation, stripping, distillation, vents, efficiency of separations, quality and impurities in raw materials, how are catalysts removed?
	Resole distillate contains ~2% formaldehyde and phenol.  Most of the resole distillilate is reworked into undistilled resins.  The excess is treated in the biological effluent plant.  

One grade involves an acetic acid distillate, which is transferred directly from the reactor to a road tanker for disposal.
The reactor vents through the vacuum system to the site vapour scrubber.  The scrubber is a two-stage, conter-current water scrubber using packed beds.
Catalysts are not removed, they may be neutralised by addition of acids if needed.

	Reactor design.
	Developments in moving from STR to CSTR, plug flow, ultrasonincs, suppercritical fluids, small high intensity designs.
	The batch process provides bespoke products to meet the specific demands and requirements of each customer application.  Resoles have a relatively short shelf life and are largely made to order.  Hexion has looked into continuous proccesses, but they are not yet commercially viable for resoles.

	Environmental performance. 
	Pressure relief, reactor clean outs, minimising waste, effluent, surface area of reactors and reduced baffles, coils etc. 
Reaction yields. 

VOC emissions, from cleaning, filling, delivery of raw material, pressure releif, via scrubbers, distillation carry over. 

Performance indicators – phenol in waste, ELVs, waste, re-work etc.
	Pressure relief vents to containment vessels.  There is a controlled cleanout matrix that limits cleaning to incompatible grade changes.  The reactors are cleaned using caustic and water.  The caustic is recycled back into resin products.  The water is treated in the biological effluent plant.  
The reaction yield is between 99 and 100%.  The majority is created during line flushes of finished product.  This is mostly reworked.  Disposal is limited to product with no rework route, or too old to rework.

VOC emissions are removed in the fume scrubber.  The waste water is treated in the effluent plant.  There is regular monitoring of the stack.

Performance measures include phenol in effluent, rework and off-site waste disposal.


