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Deposition of LTI pyrolytic carbon by a nozzle without

water cooling

Toru OGAWA and Katsuichi IKAWA
Division of Nuclear Fuel Research,

Tokai Research Establishment, JAERI

(Received June 19, 1981;

A method for pyrolytic carbon (PyC) ccating has been developed,
in which the inlet is prevented from clogging without employing a
water-cooled gas injector. In the method, an appropriate temper-
ature distribution is.given around the inlet in order to dispense
with the water-cooled gas injector . The method minimizes the endo-
thermic effect of propene within a spouted bed tco facilitate a con-
trol of the coating temperature; the PyC character is easily
controlled. The PyC layer having proper density, isotropy, homo-
geneity and Young's modulus has been obtained. Also the PyC depo-
sition behavior in the spouted bed has been investigated to compare
with a similar study on a conventional spouted bed having a water-
cooled gas injector. The results were discussed resorting to the

agglomerate models by Lefevre and Linke et al.

Keywords: LTI Pyrolytic Carbon, 2rC, Coated Fuel Particle,

Spouted Bed, Microhardness, Microstructure, Density, Deposition
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Table 1 Functions of respective coating layers of Triso-coated
fuel particles

Layer Material - Function

ist low-density PyC Free volume to accomodate pressure of fission-
product gases and CO.
Protection of 2nd layer from fission fragment,
2nd high-density PyC Protection of 3rd layer from chemical attack by
kernel material and fission products.
Forcing 3rd layer into a stable compression mode.
3rd SiC or ZxC Diffusion barrier to metallic fission products.
Dimensional stability.
4th high-density PyC Diffusion barrier to fission-product gases.
Protection of 3rd layer during fuel element fabrica-
tion.

Forcing 3rd layer into a stable compression mode.

Table 2 Present specification of Triso-coated UQO2

particles in JAERI.

Kernel
Type Uoz.ooig:gé
Diameter (Mm) 60030 (6-=30)
Density (Mg/m>) 96.0+1.5 % T.D.
Buffer
Thickness {am) 60+£7 (0%9.0)
Density (Mg/m>) 1.10£0.10
Inner PyC
Thickness (xm} 305 (0<3.8)
- ‘Density (Mg/m>) | 1.85+0.05
OPTAF <1.03
sic
Thickness (xm) 255 {(Og=3.2)
Density (Mg/m>) =3.20
Outer PyC
Thickness (rm) 4545 (G<5.4)
Density(Mg/mB) 1.85+£0.05
QPTAF <1.03
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Table 3 Thermal properties of typical coating gases (26)
{(R. L. Beatty et al., ORNL-4531(1970))

1500
Gas ~S298 CpdT AHE ,1500K Net Heat Generated
{kcal/molie) {kcal/mole) {kcal/mole) (kW at 1 mole/min)
CH4 -19 ~22 -41 -2.9
C2Hz -19 53 +34 +2.4
C3Hs -45 =31 ~76 -5.3
C3He -38 0 ~38 -2.6
Table 4 Coating gas composition of present study.
Gas Flow rate (cc/min}
C3H6 730
Ar(in)” 1700
Ar (out)*™ 1450
He 630
total 4510
* Flowing through alumina inlet pipe.
**Flowing outside alumina inlet pipe-
Table 5 Parameters of feed particles.

Type Diameter {(Mm) Density(Mg/m3)
Al203/ZrC 734 3.99
0o0z2/PyC/2rC 827 5.96
Uo2/PyC/2xC - 733 5.10
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Fig. 3 Microstruéfures of PyC obtained in a fluidized bed (14)

Photo (d) was taken under polarized light.
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Fig. 4 A 60° nozzle for deposition of ZrC (left); a 40° nozzle

for deposition of PyC and ZrC (right).
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Fig. 5 Relation between particle charge volume and initial bed
depth.
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Left

Fig. 11 Microstructures of deposits on probes II and IIT.

photos were taken from the center; right photos from the

end.
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Fig. 12 Microstructural variation of deposit within a spouted bed.
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{b)

Fig. 13 SEM observation of fracture surfaces of deposits on (a}
probe ITT , (b) probe II , and (c) nozzle wall at the height

of probe T.
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Fig. 168 Microhardness vs. density of PyC. Open circles are results

on PyC obtained with temperature profile A.
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and triangle are results on PyC from coaters with water-
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SEM observation of fracture surfaces of PyC coating layers;
{a) PyC from a coater with water—-cooled gas inijector

(f= 1.85Mg/m3), (b)- (d) PyC's obtained with temperature
profile A, having densities 1.87, 1.93 and 1.33 Mg/m3,
respectively. Arrow indicate the growth direction of

the  layer.
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Fig. 17 Comparison between relative elastic moduli by microhard-
ness measurements and that by MacKenzie's equation. The
ratio of bulk density to sink-float density is assumed to

be 0.95.

3

Fig., 18 Generalized etch patterns of PyC by plsma oxidation (30).
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(a)

(b}

(c)

Fig. 19 Etch patterns of PyC by plasma oxidation. {a) PyC from
a coater with water-cooled gas injector (fP= 1,85Mg/m3).
(b) PyC obtained with temperature profile A (f = 1.87Mg/

m). (c) PyC obtained with temperature profile B (f =

1.87Mg/m3). Inner (second-layer) PyC's were deposited

in a pilot-scale coater with water-cooled gas injector.
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Fig. 20 (a) Shape factor of coated alumina particles before and

after coating of ZrC and PyC.

{b) Shape factor of ZrC-

Triso UO2 before and after coating of ZrC and outer PyC.

Numbers in the figures are the antilog meanvalues.
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STRUCTURE

1 "] columnar
2
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Fig. 21 Typical result by Penkalla et al. (13) about PyC
distribution within a spouted bed employing water-cooled
gas injector. Shaded profile represents linear coating
rate at respective height. The left half shows
distribution of microstructure. Lines on the right

half zre equidensity contours.

() T

Fig.2?2 Construction from Figs. §, 11 .
and 12 for comparison Fig. 23  Gemeral gas flow pattern
with Fig.21 within a spouted bed (34}



