Thesis by R. Schertlen, Univ. of Karlsruhe, Germany

Chap. 1.

Zeolites investigated: 

(Plus NaX)
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The thesis uses three different reactors:
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1) Reference reactor in which the E-field can be both homogeneous and have a gradient; this reactor came about as part of a European project, and may be related the one we know from the paper by Stenzel (actually, Schertlen is a co-author!) (read on!). (Chap. 3)
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2) A reactor with continuous flow of the material through it (Chap. 4)

3) A reactor with homogeneous E-field, and a static magnetic filed, that produces some new structures in zeolites. (Chap. 5)

Chap. 2 has lots of measurements of dielectric permittivities, similar to what we have done. Briefly, wavelength in dielectric and skin depth are: 
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The expression used for skin depth is the same one we use in the upcoming review article.  It’s in App. B1 of the thesis.

The dielectric measurements include use of a stainless steel autoclave, for high temperatures and pressures. Basically, this must mean that zeolites are formed by conventional heating (an oil bath around the autoclave) and the permittivity can be measured while this is going on. 

Chap. 3.

Here is the reference reactor. It’s the one described by Stenzel. 
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Abbildung 3.1: Prinsipskizze des Koaxialapplikators.




The electric fields go from the outer conductor to the inner conductor of a coax. The region with zeolite gel  is matched by some rods that form a lambda/4 transformer (“anpass-stift”). 
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Abbildung 3.2: A/4 - Transformationsstifte (Anpassstifie) zur Erzougung ci-
ner geeigneten offcktiven Permittivitit zur Verbesserung der

Anpass





HFSS and thermal simulations were done, and related to each other. 

The results are generally good crystals (they may be sating that the crystal quality is better than in conventional heating), and not many by-products. However, the total processing time is the same or sometimes twice as long as for conventional heating!! They conclude that microwaves don’t produce any “magic microwave effect”. This goes for either the homogeneous temperature case or the case with a linear temperature gradient. Disappointing after all that work!!

Chap.4.

The principle here seems to be: Use initial microwave heating since this is fast; I assume this starts “nucleation”, then maintain the temperature by conventional heating while the crystals grow. 

Here is the cavity:
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Abbildung 4.1: Links: Modell des 7ylindrischen Applikators mit bikonischer
Einspeisung, rechts: Draigittermodell des Applikators mit
finf Durchlcitungen.




It consists of two cones that form a conical coaxial line, fed at the gap between the cones in the center of the picture. Five tubes are shown going through it through which the gel flows. The yellow filling of the cavity is Teflon. There is thermal insulation between the cavity walls and the Teflon. The red thing on top is a type-N connector to feed the microwaves. The dimension h is restricted to less than 50 mm in order to prevent the excitation of higher order modes. 

Simulation of fields in the “gel tubes”:
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Abbildung 4.2 Verlustleistungsdichte pa fir Zeolith A und Zeolith VP15 in
Abhiingigkeit vom Querschnitt der Zeolithdurchleitung,




Different diameters of the inside dia of the tubes were assumed (dzeo). We see tendencies similar to what we have seen in our simulations. Compare the skin depths in the table above (Ch. 2). I will also dig out the ε’ and ε” values from Chap. 2. Zeolite A has small skin depth, 1.5 to 2.5 mm, and that shows up mainly in the larger diameter tubes. VPI-5 seems to show something like a dielectric waveguide mode with a max. in the middle. 

Next, the whole cavity:
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Abbildung 4.4: Schnitt durch das Applikatormodul mit bikonischer Einspei-
sung (Zeolith A). Links: Verteilung der effektiven clektri.
schen Feldstiirke Fer; rechts: Verteilung der Verlustleistungs-

dichte p.





To the right, dissipated power density. 

Thermal analysis was done with a program called FIMP, that I will look for more details on. There is a reference in English, though:
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A self-consistent simulation (i.e. microwaves/thermal simulation):
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Abbildung 4.5: Aufheizvorgang in einer Durchleitungsréhre des Applikators
mit bikonischer Finspeisung.




Presumably for increasing powers. It is mentioned that one can reach the process temperature in 10 sec. with 200 W dissipated in the tube. NaA was used.
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Abbildung 4.12: Messung der Heizrate. Links: Tanperatursimulation mit Po-
sition des Temperatursensors; rechts: Messkurvemit Tangen-
te im Ursprung,




For measurements, they were restricted to 58 W and that gave the temp. rise shown above. That would give an initial rate of 1.16 K/s, vs measured 0.76 K/s. Not too bad!

Here’s how a whole system would look:
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Abbildung 4.14: Tustration cines modularen Mikrowellenheizsystems 7ur
Zeolithsynthese.




This system has not been constructed.

Chap. 5. 

A different reactor design was used:
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Abbildung 5.2: Prinzipbild des Mikrowellenapplikators.




A variation is
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Abbildung 5.5: Eingebrachte Teilleiterstrukturen im Hohlleiter.




They seem to insert Teflon sheets with aluminum foil in between, to divide up the waveguide cross-section. And they claim it works to make the e-filed distribution more uniform. There are simulations etc, and this reactor was used with a static magnetic filed to produce all sorts of crystals (see SEM pictures). 

That’s as far as I got so far! 
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