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August 24, 2015 

Preface Notes: 

The aim of this document is to funnel down an extreme amount of information and data that has been given to me and captured by me, during my 2 day visit at the Velocys research center in Columbus, Ohio in late July.  

While I will include all of the information provided to me in a separate folder of information, the following visuals, video and explanation have been condensed by me to allow for a clearer understanding of the points that are relevant toward us finding a solution set to Velocys’ discharging problem. 

The first note of difference that I want to point out, is that we are looking to develop an off-line, catalyst, discharging solution set. Originally, it was thought that we were looking to have a system that was to be working online. This is not the case. 

We would ultimately be developing an equipment set that would be added to the final design of the reactor, or possibly one that would be provided to the selected cleaning contractor (Mourik) and used when discharge of the Velocys reactor is necessary. 

At this point, who knows what a final solution set is.  I’m in talks with them about a services agreement that would allow us some funding to create the trials toward a solution set. This of course would require travel, equipment, time and expenses to be covered on your behalf.  



1.0)  Background/Overview
Velocys is commercializing a microchannel catalyst reactor, and the associated processes that will allow smaller-scale Fischer-Tropsch gas-to-liquids (FT GTL) processes to be operated economically.  Velocys will be deploying its’ first commercial plant in early 2016 and, as part of readiness for this, needs to establish, validate and document a commercial process for discharge of spent FT catalyst.  This work needs to be completed by the end of 2015.  Velocys has developed post-operative treatment protocols for the catalyst that maximize ease of discharge and is, at present, engaged in efforts to develop methods suitable for discharging catalyst from the microchannel reactors.  
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This is commercial scale reactor. Ultimately, we would be developing a solution for discharging each of the 4 core reactor sections.  In the Velocys research lab they have a complete ¼ reactor section of this commercial scale reactor for testing purposes. (Figure 2)
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Fig.2

As Velocys has partnered with Mourik to provide catalyst reactor turn-around (charging and discharging). For the testing dates in July I was able to see how different methods for discharging catalyst from pilot-sized reactors would work. The desired result was that the joint effort would prove to accelerate the creation for a discharge method, as well as provided a starting point for planning a solution for the commercial process.  Problem: the various methods of air and vacuum proved only somewhat effective at discharging the fine catalyst from these micro-channels.  

As ORANGE Ultrasonics [basically me] have worked as an advisor to Mourik on various ultrasonic cleaning projects in Europe in the past, they contacted me for my opinion on whether ultrasound could play a part in a solution set for discharging catalyst from these microchannels. So I was there in OHIO to see and witness the entire testing process.

As Velocys is already using ultrasound(US) for loading and densifying the catalyst into the channels, the obvious question is: can US be used to help in the discharge task, once the catalyst is spent?

Ok, let me take you through the process: 
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This commercial single core reactor 
which was designated to be used as
a catalyst loading and unloading validation
test bed only. It is not intended to be operated. It is currently on site at Velocys’ Plain City, OH office.






Looking directly into the flange port [A] (which is the process inlet header) on the top of this reactor, this is what you’d see. These are a series of micro-channels with excess blackish/grey catalyst scattered on top.  They use an ultrasonic densifying unit (UDU) that is applied directly to the face of these copper channels to “shake” the catalyst down into these channels. (I have a short video that shows this) 
These copper channels extend down ~24” to the process outlet header at port [B]
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Copper waveforms are ~6.5 inches by ~0.25 inches and extend ~24 inches through reactor.
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These copper channels look very similar to the outside of radiator in a car.




PILOT PLANT TEST REACTOR:  	
This is the scale-size unit we performed the various discharge testing on, as it actually had ‘spent’ catalyst inside, so it resembled a reactor in the field. 

Note 1:This pilot reactor show in fig.3&4 was lifted onto these blue saw horses to allow us the clearance to get underneath the unit to manipulate the catalyst out.

Note 2: Observation- This Pilot reactor had the natural sound resonance properties of a “brick”.  The commercial unit shown in the pages above in Fig.1 were much better for sound transfer.  






Fig.3

Fig.4













Discharging the Catalyst:We worked with the pilot unit in figure 4 to try and discharge the catalyst from these micro-channels.  The inlet and outlet of the channels looked much the same.  See Fig.5
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Methods used: 
· Air from top/ Vacuum from bottom Compressed air over the top of the micro-channels
Vacuum at the bottom to suck catalyst from the micro-channels

· 
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