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[57] ABSTRACT 

An improved gas distribution means which has utility 
in fluidized bed coaters for depositing pyrolytic car-
bon is described which consists of a plurality of gas-
permeable regions within a supporting matrix compris-
ing a relatively thick dimension for structural rigidity 
and relatively thin sections to inhibit clogging due to 
decomposition products of the fluidizing gas. A sec-
ond gas distribution means feeds gas into a plenum 
below said first gas distribution means to insure a uni-
form pressurized zone of gas which serves as feed to 
said gas-permeable regions. 

1 Claim, 9 Drawing Figures 
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MEANS FOR EFFECTING FLUIDIZATION IN Use of a porous plate to accommodate the scale-up 
PYROLYTIC CARBON COATING PROCESSES effect requires a plate of sufficient structural integrity 

~ . rt,;nnAi imt-\ nr- - rue a m r M T i n n to support the particle fuel charge in the quiescent state BACKGROUND OF THE INVENTION a n d s u f f l c i e n t t o w i t h s t a n d t£ e h i g h
 4

p r e s s u r e d r o p 

The present invention relates to an improved means 5 which is created in order to supply sufficient fluidizing 
for effecting fluidization in pyrolytic carbon coating velocity to the particles. However, experience has 
processes. The invention described herein was made in shown that a porous plate thick enough to meet these 
the course of, or under, a contract with the U.S. requirements has a limited useful life because pyrolytic 
Atomic Energy Commission. carbon becomes trapped in the pores to limit the flow 

As used herein, the process of forming pyrolytic car- 10 of fluidizing gas, reduce uniformity of flow, and ulti-
bon refers to a high-temperature-gas-phase dissociation mately resulting in a decrease in flow to a non-useable 
of low-molecular-weight saturated or unsaturated hy- rate. While the plate is not heated directly during the 
drocarbons which undergo polymerization and/or de- coating process, radiation from the zone of fluidization 
hydrogenation reactions to ultimately form a finely di- heats the plate to a temperature sufficient to pyrolyze 
vided form of carbon. When this occurs in a fluidized 15 the hydrocarbon within the plate volume, 
bed of particles in which the hydrocarbon itself, or It is becoming increasingly evident that 
combined with an inert diluent gas, serves as fluidizing multi-pyrolytic-carbon-coated spheroidal fuel particles 
medium, the particles will receive a pyrolytic carbon will serve as the fuel charge for many power-producing 
coating, the nature and quality of which depend on sev- nuclear reactors. A normal reactor fuel charge may re-
eral process parameters including such factors as the 20 quire tonnage quantities of such coated particles so 
nature of the pyrolysis gas, deposition temperature, de- that any pyrolytic carbon coating process large enough 
position rate, and uniformity of fluidization. For spe- to meet these requirements would encounter the afore-
cific details, reference is made to an article by R. J. mentioned scale-up effects. It is, accordingly, a major 
Bard et al., "Pyrolytic Carbons Deposited in Fluidized object of this invention to overcome the aforemen-
Beds at 1 100°-1400°C. from Various Hydrocarbons," 25 tioned problems associated with the scale-up effect in 
Carbon, 1968, pp. 603-616. Typically, such coating large-scale pyrolytic carbon coating apparatus, 
operations have been conducted in apparatus consist- A further object is to provide a fluidized bed coater 
ing essentially of a graphite or graphite-lined cylinder for coating nuclear fuel particles having a particle size 
or pipe from 1 up to about 3 inches in internal diameter or diameter in the range 100 to 1,000 microns at tem-
with a lower cone-shaped section which serves as an 3 0 peratures of 1100° to as high as 1700° C. 
inlet passage for a fluidizing gas containing a decom- Another object is to provide a fluidizing means capa-
posable hydrocarbon and an inert gas such as argon or ble of providing uniform fluidization of a levitated kilo-
helium. While this can be an effective way of uniformly gram-size charge of spheroidal fuel particles, 
coating small (gram-size) charges of particles, effec- In the drawings: 
tiveness decreases sharply as the amount of charge in- 3 5 FIGS. 1-6 are cross-sectional views of various vari-
creases. One must employ larger diameter chambers ants of improved gas distribution means with thinned 
for larger charges and, when this is done, non-uniform gas-permeable areas which permit uniform fluidization 
fluidization and non-uniform coating become a severe to occur. 
problem. This is sometimes referred to as the size or FIG. 7 is a partial sectional view of a pyrolytic coat-
scale-up effect. It is essential and is a principal object 4 0 ing apparatus incorporating the improved gas distribu-
of this invention to produce as high a degree of uniform tion means within an arrangement which insures that 
fluidization of the levitated particles as possible, since each thinned gas-permeable area is fed by a substan-
the degree of coating uniformity is a direct function of tially uniform front of fluidizing gas. 
the degree or uniformity of fluidization. At the same FIGS. 8 and 9 are views of FIG. 7 taken along lines 
time the equipment should remain as simple and func- 8—8 and 9—9 respectively. 
tional as possible t, , p n SUMMARY OF THE INVENTION 

Prior attempts to overcome the scale-up ettect by en-
hancing fluidization involve substitution of the cone- According to our invention, improved gas distribu-
shaped gas feed inlet with a gas distributor containing tion means are provided which enable uniform fluidiza-
a plurality of jets or ports for feeding the fluidizing gas tion and hence uniform coating to occur over extended 
from a gas plenum to the fluidizing chamber. This is ex- periods of time. We have found that effective distribu-
emplified by the gas distributor means described in tion of a pyrolyzable gas can be effected through thin, 
U.S. Pat. No. 3,636,923. In another approach a porous porous, permeable discs of a material which is ther-
plate of substantially uniform thickness with no gas 5 g mally stable under the conditions of pyrolytic carbon 
ports is provided at the inlet to serve as the fluidizing coating, said discs being integral with a matrix of suffi-
m e d i u m . W h i l e both of these prior modes do overcome cient strength to support a given charge of particles 
the scaleup effect to some degree, they incur certain contained within pyrolytic carbon coating apparatus. In 
penalties. Thus, as the diameter of the coating chamber a preferred embodiment, because of ease of fabrication 
increases from, for example, three to nine inches, a 6Q of porous graphite block is used as the starting material 
larger number of jets or ports are required to provide from which the desired support matrix and gas distribu-
t e required levitational support for the particles in the tion means may be fashioned. Thus, to form the gas dis-
coating chamber. At the same time, it multiplies the tribution means, a porous graphite block is machined 
area and possibilities for blockage of the jets or ports to a disc of suitable radius and then drilled to form 
due to the buildup of pyrolytic carbon. Another block- ^ thinned regions having a thickness from 1/32 to Vt inch, 
age problem can occur because of particle trapping in It is these thinned areas which serve as the gas distribu-
t e jets or ports during quiescent and dynamic phases tion paths through which uniform fluidization occurs, 
of the coating process. The undrilled portion of the disc serves as supporting 
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matrix to provide sufficient strength for the particles to 
be coated. And, while the undrilled supporting matrix 
is porous, it soon becomes plugged during a coating run 
as the hydrocarbon gas pyrolyzes to fine carbon within 
the interstices of the porous matrix. On the other hand, 
the thinned portions have been found to provide an un-
obstructed gas flow path throughout the particle coat-
ing process without any visual or microscopic evidence 
of plugging. 

Because the gas distributor need not have any ori-
fices even approaching the size of the particle charge, 
the disc can conveniently serve as the bottom of a cru-
cible which contains the original charge of particles as 
well as serving as a removable container for the coated 
particles in the manner to be shown in connection with 
FIG. 7. 

Various modifications of the improved gas distribu-
tor are illustrated in FIGS. 1-6. 

Referring to FIG. 1, a disk of porous carbon or graph-
ite is provided with a flat top surface 11 and on the gas 
feed side 12 with a plurality of blind holes 13. Fluidized 
gas flow is channeled through the holes and diffuses in 
uninterrupted flow through porous regions 15 into a 
zone of fluidization shown in FIG. 7. The holes could 
also be drilled from the top rather than bottom of the 
disc. The disc may be from V2 to 2 inches thick with 
1/16- to 1-inch holes extending to within 1/32 to xk inch 
of the top face of the disc. The size, number, and con-
figuration of the holes 13 are arranged to provide a de-
sired feed gas pattern. The side wall 14 may be beveled 
from bottom to top to form a snug fit with the lower 
mating edge of a carbon or graphite tube, thus forming 
a container in which a fluidized charge of particles are 
coated with pyrolytic carbon. 

For some coating operations it is desirable to en-
hance movement of the fluidized particles. As shown in 
FIG. 2, this can be accomplished by providing a dished 
conical face 16 to the gas exit side of the disc. As be-
fore, a plurality of blind holes 13 extend from the bot-
tom face 12 up to within 1/32 inch of the top surface 
11. 

In some applications, it may be desirable to remove 
the coated particles by a bottom pour arrangement. A 
central hole 9 is provided in the gas distributor disc 10. 
As shown in FIG. 3, an upper conical surface 16' serves 
to slope the quiescent particles to the hole 9 to aid un-
loading. In addition to an upper conical surface 16', the 
gas distributor also has a conical lower surface 17 to 
provide a disc of uniform thickness. As in other em-
bodiments, blind holes 13 are provided which extend 
up from the bottom face 17 to just short of the upper 
surface 11'. 

FIG. 4 shows an embodiment utilizing an annular 
conical depression 18 used as an aid in creating a pat-
tern of particle movement in the fluidized bed in com-
bination with the gas thinned areas just above blind 
holes 13. 

In FIG. 5. a variation is shown in which thinned areas 
15 which permit gas permeation are created by ma-
chining a complex upper surface including an annular 
conical depression as in FIG. 4 and a plurality of gener-
ally conical depressions terminating in a flat circular 
area 19 so as to provide thin gas-permeable regions 15 
through which the gas flows at a velocity sufficient to 
minimize pore blockage. 

While there are clear advantages in fabricating the 
supporting and gas-permeation portions from a single 

10 

15 

porous material as illustrated in FIGS. 1-5, the scope 
of the invention extends to the use of separate materials 
having different physical properties than the gas per-
meation areas. A modification within the scope of the 
invention is shown in FIG. 6 in which the supported 
structure is made from a solid material such as alumina, 
zirconia, or other refractory material. The disc of solid 
material is drilled from one face to the other to form 
holes 13' which can then accommodate one or more 
thin porous gas-permeable discs 21 to serve as regions 
for virtually unimpeded gas flow with minimum pres-
sure drop. 

The improved gas distributor disc will now be de-
scribed in association with a gas feed means and pyro-
lytic carbon coating means. Referring to FIG. 7, there 
is shown a furnace wall 20 comprising an upper section 
22, an intermediate tapered section 24, and a lower 
section 26 which terminates in an outwardly extending 
flange 28. A centrally apertured bottom plate 30 is 

20 joined to the flange through bolts suitably positioned 
along the periphery of the flange. The bottom plate ap-
erture is enclosed by a bellows housing 32 having a cen-
tral aperture aligned with the aperture in the bottom 
plate 30 to allow passage for a gas feed system and gas 
cooling means for feeding a pyrolyzable hydrocarbon 
gas to a gas-solid contactor. 

A gas-solid contactor 34 consisting of a carbon or 
graphite cylinder is positioned within upper section 22 
of the furnace wall opposite a furnace heater 42. The 
bottom end of contactor 34 is internally threaded and 
adapted to engage, in sequence, a gas distributor disc 
38 of improved design as shown in FIGS. 1-6, a spacer 
ring 44 to provide bottom support for disc 38, and a 
centrally apertured cone-shaped block 46 in thermal 
contact with a cooling coil 48. The gas distribution disc 
38 fits snugly into a beveled section conforming to the 
outer diameter of the disc 38 and is secured laterally in 
place by set screws 5 extending through circumferen-
tial holes along cylinder 34. The cylinder 34 is thus 
adapted to contain a charge of particles which can be 
fluidized with a suitable feed gas entering through gas-
permeable areas 15 of disc 38 while the heater 42 pro-
vides sufficient heat to pyrolyze the hydrocarbon com-
ponent of the fluidizing gas and coat the particles. 

The distance separating cooling block 46 and gas dis-
tribution disc 38 defines a plenum 50 which receives a 
cooled fluidizing gas from a gas nozzle 51 positioned 
within the central aperture of block 46. In order to en-
sure uniform gas flow in the plenum 50 and hence uni-
form fluidizing flow through regions 15 of gas distribu-
tor disc 38, the top surface of block 46 is machined to 
provide a number of radial channels 49 radiating from 
nozzle 51. The channels 49, as shown in FIGS. 7 and 
8, are of diminishing depth as they extend radially from 
the nozzle feed. Just above the nozzle 51, the top sur-
face of block 46 is countersunk to allow for a baffle 52 
having a central opening 56. Thus, a portion of the gas 
fed from nozzle 51 passes through opening 56 and the 
remainder is diverted through radial channels 49 to en-
sure a uniform distribution of gas in plenum 50 and 
hence into contactor 34 through gas-permeable area 15 
of disc 38. Nozzle 51 receives gas through a double-
walled pipe which is joined to the nozzle and extends 
through the central aperture in bellows housing 32. The 
double-walled pipe arrangement consists of a central 
pipe 58 surrounded by and separated from a second 
pipe 60 thereby defining an annulus 62 through which 
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cooling water flows to cool the gas flowing through the 
central pipe from an external source. Fluidizing gas 
passes through the core 54 of pipe 58 to nozzle 51. In 
FIG. 9, a pair of struts 64 and 64' extend along a part 
of the pipe length in annulus 62 to maintain alignment 5 
between the pipes and allow a continuous coolant pas-
sage from an inlet 68 to outlet 70. A bellows 72 resting 
in bellows housing 32 is attached to the pipe 60 with set 
screws 74 so that the entire gas feed and distribution 
means as well as the fluidized bed coater floats to ab- 10 
sorb differential expansion between the furnace body 
and the internals. 

In operation, a charge of particles is fed into gas-solid 
contactor 34. Fluidizing gas is fed into the contactor 
through the described gas feed and distribution means. 15 
In order to prevent premature pyrolysis of the coating 
gas, coolant is supplied to annulus 62. As the gas passes 
through nozzle 51 and into plenum 50, additional cool-
ing is provided by block 46 which is cooled by coil, 48. 
Although block 46 is not heated directly, the radiation 20 
from the fluidizing chamber is so great that, without the 
cooling action provided by the cooling block, the gas 
in the plenum may be pyrolyzed even before it tra-
verses the then gas-permeable areas of disc 38. When 
the particles are fluidized and the hydrocarbon compo- 25 
nent of the fluidizing gas reaches a pyrolyzing tempera-
ture, coating occurs. The quality of the coating in terms 
of uniformity will be a direct function of the uniformity 
of the fluidization which, in turn, is a function of the 
flow uniformity obtained through the thinned gas- 30 
permeable regions of the disc 38. 

The following example is a representative embodi-
ment which illustrates the advantages achievable with 
the hereindescribed improved gas-distribution means. 

EXAMPLE 3 5 

A 1200 gram charge of thoria (Th02 ) microspheres 
having a diameter in the range 350-420 jum (average 
385 ju.m) with a surface area of about 18,700 cm2 was 
pyrolytically coated in the apparatus shown in FIG. 7 40 
using a porous frit according to the design shown in 
FIG. 5. This frit was made from a grade 25 carbon, was 
5 inches in diameter, and had 48 percent porosity with 
a minimum thickness of Vs inch (regions 15). Two py-
rolytic carbon coatings were applied to the fluidized 45 
microspheres at a temperature of 1375° C. The first 
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coating was a so-called "buffer" coating applied with 
a fluidizing gas consisting of 57 percent acetylene and 
43 percent helium in which fluidizing gas contacted the 
fluidized microspheres for about 5 minutes. The fluidiz-
ing gas was then changed to 100 percent propylene 
which contacted the buffer coated particles for a pe-
riod of 15 minutes to deposit a so-called " low tempera-
ture" isotropic coating. 

For purposes of comparison, the same procedure was 
used in the same apparatus except that the porous frit 
of FIG. 5 was replaced with a 5-inch uniformly flat po-
rous frit %-inch uniform thickness. Significant differ-
ences were noted in the character of the coated parti-
cles made from the two runs and in the condition of the 
porous frits. It was noted that variation in coating thick-
ness from one particle to another was much wider in 
the particles coated using the uniformly flat porous disc 
in comparison to that achieved with the porous frit of 
the FIG. 5 design. Macro and micro examination of the 
uniformly flat frit showed extensive carbon deposition 
on its top surface (facing the fluidized particles). Flow 
tests after the buffer coating run showed that the frit 
was extensively plugged with only a small central por-
tion open enough to allow gas flow. The usefulness of 
the flat plate for any further runs was seriously im-
paired while the plate containing thinned porous areas 
was reuseable to obtain highly uniform coatings. 

What is claimed is: 
1. A fluidized bed coater comprising: 
a coating chamber and heating means therewith; 
a porous plate defining the chamber bottom wall and 

the upper wall of a plenum chamber; 
means feeding and distributing a fluidizing gaseous 

stream into said plenum chamber, said gas then 
passing through said porous plate to effect fluidiza-
tion of particulate material supported on said plate; 

said porous plate being relatively thick, whereby to 
adequately support the particulate material in a 
quiessent state, and having a plurality of uniformly 
spaced apertures therein; 

a relatively thin replaceable porous plate supported 
in each said aperture; and 

said thin plate of a dimension whereby the passage-
ways thereof will not clog due to decomposition 
products of said gaseous stream. 

* * * * * 
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