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Micro channel devises have realized highly efficient reactions owing to the excellent mass and heat transfer
properties and large surface to volume ratio. Micro tubular reactors have been applied to various organic re-
actions and continuous material processing, particularly by the combination with heterogeneous catalysts. The
objective of this study is to fabricate micro tubular reactors with thin catalytic inner layer and their application
to rapid and efficient reaction processes.

In chapter 1, general aspects and histories of the micro reactor processes are overviewed and then the



objective of the thesis is described.

In chapter 2, coating of thin catalytic layer (Pd, Pt) over the inner wall of silica capillary by electroless
plating was described. Uniform coating of the catalytic metal layer was confirmed by the SEM observation
that agreed with the calculated thickness. I applied Pd and Pt coated silica glass micro reactors to the continu-
ous decomposition of H.Q,. The capillary provides a remarkably high surface area and volume ratio (1.25
X 10°m’m®). As the result, efficient decomposition of H:O. (15 g L") was achieved simply by passing the
solution into the reactor. I found, Pd(Il)oxide and Pt(0) were responsible for catalytic decomposition. Complete
decomposition of H,O, was achieved by Pt coated micro reactor at 20°C within 10 s residence time.

In chapter 3, I attempted to fabricate the metallic reactors with thin catalytic layer of Pd, Pt, Rh, Au and
Pd-Cu alloy in order to gain mechanical, thermal and chemical stability. The tubular reactor (i.d.:0.5 mm,
length: 100 cm) composed of Ni base alloy (Inconel 625) tube as the support, TiO,/Ti intermediate layer and
thin catalytic film layer was obtained. TiO. layer acts as a barrier that prevents inter-metallic diffusion be-
tween Ti and metal catalyst. By sequential electroless plating of Pd and Cu followed by thermal treatment,
Pd-Cu alloy layer was coated. These metallic reactors with catalytic layer could withstand high pressure and
high temperature water in basic and acidic media without significant loss of metals.

In chapter 4, the metallic reactors were applied to the continuous decomposition of Orange II (azo-dye).
Steady decomposition of the azo-dye was observed by continuous feed of the solution with H,O.. Presence of
Pd layer enhanced the dye decomposition greatly. By use of Pd-coated reactor, COD was completely dimin-
ished at 300°C, which is in accord with disappearance of UV/Vis peaks of dye within 4 s residence. In con-
trast, in the absence of Pd layer, orange color and the peaks of UV/Vis absorption still remained to a great
degree. Catalytic wet oxidation is very efficient due to the generation of *OH and -OOH radicals acting as
strong oxidants.

There has been significant interest for use of water as a replacement for organic solvents particularly at
high pressure and high temperature conditions. In chapter S, I applied Pd, Pd— Cu alloy reactors to
Sonogashira (C—C) coupling with ethynylbenzene and iodobenzene under flow process in an aqueous me-
dium. Rapid mixing and high pressure and high temperature condition generated the micro emulsion that en-
abled rapid organic reaction in water media. Most of the cases, single C—C coupling product was selectively
yielded at 250°C and 16 MPa (optimized conditions) but a number of by-products were found in supercritical
water conditions (above 374 °C, 22 Mpa), due to oxidative nature of supercritical water. It should be empha-
sized, that the reaction conversion was remarkably enhanced by alloying with Cu. In Pd—Cu alloy reactor,
Cu may work coupled with Pd as a co-catalyst. These micro reactors with catalytic layer did not cause con-
tamination of product with metal catalysts.

In chapter 6, I summarized the content of my thesis. Thin catalytic layers (1—3 tm) of various metals
alloys were uniformly coated over the inner surface of tubular reactor by electroless plating. Mechanically,
thermally and chemically stable metallic reactors were developed that withstood at high pressure and tempera-
ture, including supercritical water conditions. The high performance of these catalytic reactors was demon-
strated by the reactions in water, i.e., decomposition of H:O, and wet oxidation of azo-dye. The active oxi
dants *OH and *OOH generated as reaction intermediates effectively decomposed the stable aromatic rings of
azo-dye compound. In addition, catalytic micro tubular reactors were applied to Sonogashira (C—C) coupling

as an example for organic synthesis in water.



Because of their high tolerance to high pressure and high temperature and the wide choice of metal cata-
lysts, these metallic reactors are applicable to a broad scope of catalytic reactions in continuous flow proc-
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