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ABSTRACT

Sintered metal filters have been used for off-gas particulate removal on
a pilot-scale fluidized bed calciner and spray calciner. The units calcined
simulated commercial HLW at rates equivalent to 1 to 3 MTU/day fuel repro-
cessed. Filters were cleaned by a periodic pulse of air in a reverse direc-
tion through the filters. Filter systems design and recommended operating
parameters are described.
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1.0 SUMMARY

Sintered metal filters were used to filter the particulate entrained in
the off-gas from both a spray calciner and fluidized bed calciner. Blowback
of air directed into venturi tubes in the end of each filter was used to peri-
odically knock the accumulated cake of powder from the filters. Significantly
reduced blowback frequency--hours rather than minutes--was found to be effec-
tive, and better at maintaining a suitable pressure drop, normally 5 to 15 in.
of HZO’ Sophisticated blowback nozzle and venturi designs were not necessary
although certain basic operating parameters were required, including the use
of venturis, high-pressure (>60 psig) blowback air and a timing system for

providing short pulses of air.

The use of in-bed combustion heating in the fluidized bed calciner showed
no effect on filter performance.

Filter designs were generally aimed at keeping the face velocity* as low
as possible (<3 ft/min) and allowing a cake of powder to accumulate on the
filter until pressure drop across the filter interfered with normal system
pressure. At this point blowback with air was used to clean the filter bank.

The filters were very efficient. Particulate Tosses less than 0.025 wt%
were noted with the fluidized bed. DFs, based on total solids loading in the
off-gas, ranged from 103 to 105. No problems are foreseen in using a properly
designed filter system for a remotely operated hot cell.

* Face Velocity: velocity of off-gas passing through the filters based on
actual conditions.

ft3/min gas flow
Ft

= ft/min
filter area

—



2.0 INTROBDUCTION

Sintered metal filters have been used for the primary filtration of the
off-gas from spray and fluidized bed calciners. This work has been aimed
specifically at gaining experience with these filters which would be directly
applicable to commercial design of calcination units. Simulated high-level
waste representative of that from a commercial fuel reprocessing plant has
been calcined.

General operation of a particulate filtering system using porous sintered
metal, whether for a fluidized bed or spray calciner or other similar process,
is basically the same. A gas stream containing entrained solids impinges on
the filter, which becomes increasingly coated with the material. The coating
eventually becomes thick enough or is so impervious that the pressure drop
across the cake and filter becomes higher than desired operations permit. A
blowback pulse of gas (air or steam) directed into venturi tubes located in
the top of each filter sends a reverse flow of gas through the filters. This
pulse knocks the powder coating off, reducing the pressure drop. It has been
postulated that the mechanism for removing the coating is the shock wave
created by the air introduced from a nozzle above each filter. Depending on
the operating conditions, nature of the material being handled, etc., blowback
can continue on a cycle varying from a minute to several hours. A typical

blowback system is shown in Figure 1.

Many investigators have reported similar operations. A summary report on
blowback experience with small sized calcining units is avai]ab]e.(]) Battelle
has published data on the performance of sintered metal filters used in spray

calciner hot cell testing at Batte]]e.(2’3)

During calcining of simulated nuclear wastes, the coating on the filters
is typically about 1/16 to 1/8 in. thick when operating with total pressure
drops across the filters of between 5 and 30 in. of water. Gas flows of



120 VAC

SOUENOIDVALVExQ J*”’K |i -« HIGH-PRESSURE

ﬁnﬂﬂk AIR

7 AIR HEATER
BLOWBACK Do OPTIONAL SEQUENCE
NOZZLE : \ \ TIMER
DP CELL STRIP CHART

VENTURI

\ RECORDER
FILTER

(ONE OF SEVERAL)

FIGURE 1. Typical Filter and Blowback System

2 to 5 acfm/ft2 of filter area are typical. Air either heated or unheated
has been used for blowback. Earlier work with spray calciners has shown
superheated steam to be as effective as air.(4) The steam is subsequently
condensed, hence reducing the off-gas to be handled downstream; however, the
amount of gas required for blowback is generally insignificant when compared
to the total volume processed. Pressure surges in the equipment have been
noted to be higher during air blowback than with steam.(s)



3.0 EQUIPMENT DESCRIPTION AND BACKGROUND

3.1 FILTER TYPES

Most recent testing with the fluidized bed and spray calciner has been
with off-the-shelf commercial manufactured filters.* Various lengths from
18 to 36 in. and diameters from 2 to 2-3/4 in. have been used. Typically
coarse-grade filters (Grade D) were used. See Tables 1 and 2(6) for filter
properties and capacities. Grade D filters are rated 98% efficient at remov-
ing 8-u sized particles and 100% efficient on 20-u size. A reinforcing grid

has been added for strength. Figure 2 is a photo of some filters tested.

TABLE 1. Properties of Porous Stainless Steel

(a)

Grade Designation

<£££ggﬂ _Mggwlw ,“DEQﬁ Ezyﬁzﬂﬁ i@é&ﬂ@
Particle diameter of powder, um 150-300 75-150 75-150 35-75 20-60
Mean pore opening, um 65 35 20 10 5
Minimum tensile strength, lb/m.2 9000 15,000 15,000 15,000 15,000
Minsimum thickness, in. 1/16 1/32 1/32 1732 1732
Approximate modulus of elasticity 1.0 x 106 1.5 x 106 2.5 x ]06 2.7 x 106 3.0 x 106
Elongation (min), . 5 5 5 4 2

a. Grades coarser than D and finer than H are available in stainless steel and certain resistant alloys; sheets
outside of thickness limits can also be produced.

Earlier testing of filters on spray calcination equipment was done with
porous alumina, 304L stainless steel, 316L stainless steel porous metal, and

(7)

to perform as well as 304L filters. The porous alumina (ceramic) filters had

304L wire wound filters. Wire wound and 316L porous metal filters appeared

3/8 in. thick walls, were hard to clean by blowback, and were replaced by
sintered metal.

* No attempts have been made to compare vendors or seek out all suppliers.
Likewise there is no reason to believe that one brand differs significantly
from another.



TABLE 2. Flow Capacity--Air

Pressure Drop, Flow Capacity of 1/8-in. Thick Fi]ter(a)

1b/in.% Cu Ft Air/Min/ft?

D E F G R
0.01 13 - - - -
0.05 60 18 5 3 1.8
0.1 115 35 9 5 3.5
0.2 175 65 18 10 7
0.5 320 140 44 24 17
1.0 475 220 82 41 28
2.0 685 340 160 66 46
5.0 1045 580 320 140 90
10.0 - 900 460 250 160

a. For 1/16-in. thick filters, multiply results given by two.

3.2 VENTURI DESIGN

Venturi tubes are used in the throats of the filters to effectively
remove powder. Their use also entrains off-gas, thus conserving the total gas
input to the system. See Section 3.3. Schneider observed in spray calciner
work that no dust was removed without venturis and that an orifice in place of

(2)

turi, however, does not appear critical. Schneider also observed that increas-

a venturi was considerably less effective. The specific design of the ven-
ing the cone angle up to 60° and 30° for the upstream and downstream angles
(viewed from the nozzle) had little effect.

Kaser's work(8)

higher permeabilities (5 to 10 cfm/in. - H,0 ft

on venturi design for a spray calciner indicated that at
2) larger throated venturis
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FIGURE 2. Various Filter Types

(1.5 to 1.75 in. diam) performed better, but at Tower permeabilities (2 to 3

cfm/in. - H20 ftz) throat sizes of 0.75 to 1 in. were better.* An analogous

situation, the treatment of jet ejectors, shows the throat diameter decreasing

with increasing discharge pressure.(g) Narrow throated (<1 in.) venturis gave

superior performance in a spray calciner if the filter cake was wet or

sticky.(7)

* Permeability: acfm of gff—gas

filter AP « ft~ filter area




Several venturi designs were tried with the fluidized bed filters and
are shown in Figure 3a-d. Of those tested little difference could be seen
from visual observation of blowback. During operation, pen chart recordings
of the impulse from blowback (indication of overpressure*) showed that ven-
turis designed with a greater entrance angle to exit angle, i.e., 60° to 30°
and 30° to 15° (Figure 3a, 3b) gave greater impulses than either 50° to 40° or
30° to 45°. This was not obvious by inspection of filters after the run, how-
ever. Venturi design and blowback nozzie for the spray calciner filters are
as shown in Fiqure 4. This design works satisfactorily also. Additional ven-
turi designs can be found in Reference 1.

Entrainment

The amount of entrainment for various venturis was measured by Kaser and
(7)
venturi throat distance. Table 3 and Figure 5 show these data. These ven-

turis are all larger than those used in the fluidized bed or recent spray cal-
ciner tests, and the permeability range is higher. Also the throat to nozzle

Moore. They also included data on filter permeability and nozzle to

length (3 to 6 in.) is larger. It was estimated from Figure 5 that entrain-
ment ratios for venturis used in the fluidized bed and spray calciner were
about 0.5.

3.3 BLOWBACK NOZZLE

Blowback gas, whether air or steam, is directed into the venturi through

some type of nozzle to set up an overpressure in the filter. Dust removal

(9)

on filtering spray calciner off-gas through 2-in. diam x 24-in.

increases with overpressure induced by blowback gas.

(2)

long filters indicate:

Studies by
Schneider

1. Overpressure attains a steady state 0.2 sec after the blowback valve is
opened.

2. Overpressure is evenly distributed over the filter face except near the
venturi end, where it is less.

* Qverpressure: difference in pressure between the upstream and downstream
filter faces during blowback.



60— 30—

\ / \ /

[ —\ [ — T
0.675
0.220 — u e e 1.3

2.245

30 TK‘T— TYP DlA—"‘ ?% Typ 50
YA 'v/ | -
ya—

T N\ YA N T

] | AmEne
. 0.440

1.870 TYP -{— _ +

~<—1.245 —

TYPDIA
b. d.

FIGURE 3. Venturi Designs Tested in Fluidized Bed



ﬁr r

] ’ 31/
—
-
1A SCHAOS— L4 )
SST PIPE 2 50
113 L /
n |l 3 ||/
my o\ LY v
==

5 4 \\A ¢ '/[ j

F——

FIGURE 4. Venturi Design Used in Spray Calciner

10



TABLE 3. Venturi Dimensions for Entrainment Tests

Venturi Designation A B C D E
Entrance cone angle, degrees 60 30 60 60 30
Side length of entrance cone, in. 2.65 3.85 1.85 2.45 3.38
Throat diameter, in. 0.75 1.5 1.75 1.0 0.75
Throat Tength, in. 1.0 0 1.0 1.0 1.0
Diffuser, in. 30 60 15 30 14
Side length of diffuser, in. 5.0 1.75 6.1 4.6 10.25
Optimum distance from blowback

nozzle to throat, in.(a) 3-4 6 6 4 4

a. Largest entrainment ratio.

20 |- VENTURI
| o A
AB}
1.6 [~ v C
| a D
x E
1.2 -

ENTRATNMENT RATIO (ENTRAINED / PRIMARY)

| SPRAY CALCINER
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T RANGE

PRIMARY AIR RATE: 24.5 scfm
NOZZLE DIAM: 0.166 in,

LARGER
THROATS

0 2

PERMEABILITY, cfm/in. H,0-ft

2

FIGURE 5. Effect of Filter Permeability on Blowback
Venturi Performance
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3. Optimum spacing between the venturi throat and nozzle are in the range of
2 to 6 in.

4. Increasing the same flowrate to sonic velocity increases overpressure.
5. Overpressure increases with blowback gas flowrate.
6. Increasing filter plus cake permeability reduces overpressure attainable.

Spray calciner work by Kaser and Moore(7) indicated the optimum ratio of
blowback nozzle diameter to venturi throat diameter was 0.22 and suggested
further improvement by using convergent-divergent nozzles to produce super-
sonic exit velocities. The nozzle has little effect on overpressure if the
flowrate is constant and the velocity sonic.(8)

Blowback tubes on the spray calciner moved from 2 in. above to 1/2 in,
above the support plate showed no difference in dust remova].(]o)

Fluidized bed blowback tubes are Tocated ~3/8 in. above the venturi.
Changes in height have not been investigated.

Pulse Duration

The amount of air pulsed into the filters is not clearly defined. Argonne
National Laboratory (ANL) data with 80 to 100 psig blowback air through
1/32 to 1/16-in. nozzles showed no difference in blowback performance when

(1)

reported by Spaeth indicated that pulse lengths less than 0.5 sec allowed the
(5)

of 0.18 to 0.75 sec with no noticeable difference. Recent spray calciner work

the pulse duration varied from 0.2 to 1.4 sec. Spray calciner work at BNWL

filters to plug. Work with the fluidized bed has been done with pulse time
has had satisfactory blowback with a 0.25 sec pulse. It appears that pulse
duration less than 1 sec is sufficient. The volume of air in a pulse has not
been measured at Battelle. ANL reported a 1-sec pulse through a 1/8 in.
solenoid and 1/16 in. nozzle passed 0.1 ft3. Sonic velocity is reached at

a gas rate of 0.1 ft3/sec through a 1/8 in. tube. This has been the assumed
rate for calculations in this report. At pulse lengths less than 1 sec, a

directly proportional reduction in air volume has been assumed.

12



To minimize plugging the optimum ratio of blowback gas rate to filtering

(4)

gas rate was given by a filter manufacturer as 0.5. The volume of pulse to

(1)

internal filter volume of 0.5 to 8.0 was recommended by ANL work.

The fluidized bed has 36 and 18-in. length filters with internal volumes
of 0.72 and 0.06 ft3, respectively. Assuming that a 0.25-sec pulse would
release 0.025 ft3 of gas plus an additional 0.012 ft3 of entrained air, the
ratio of pulse volume to filter volume would be 0.31 and 0.62 for 36 and 18-in.
filters, on the low end of the ANL data. The blowback gas rate to filtering
gas rate ratio for a single 36-in. filter would be 2.96. This is higher than
the recommended rate; however, this data is questionable because of the uncer-
tainty in the blowback gas flow through the filter. Experience at Battelle
has not shown plugging to be a problem, and ANL work with rate ratios of

(1)

1.3 to 10 was all considered satisfactory.

3.4 SIMULATED HLW CALCINE

The sintered metal filters have been used to filter the off-gas from the
calcination of a range of commercial waste types. These representative wastes
processed in either the fluidized bed or spray calciner are listed in Table 4.
For reasons as listed in Table 5, some chemical substitutions are made for the
pilot plant tests.

13



TABLE 4. Compositions of Representative High-Level Radioactive
Wastes after Conversion to Calcine

Inerts Na20

Fe203

Cr203

NiD

P20g

A1203

Gd203

Subtotal

Fission RbZO
Products
Same sro
for all Y203
wastes)
ZrOz

MoO3
TC207
Rqu
Rh203
Pd0

AgZO
Cdo

TeO2
CSZO
Ba0

La203
CeO2
Pr 0

6 11

Nd203

Pm203

Sm203

Eu203

Gd203

Subtotal
U30g
NpO,
PuOZ
An, 05
Cm,03
Subtotal

Actinides

Total

a. Seed particles used as starting bed in fluidized bed calciner.

PW-4Db

1.511
0.345
0.141
0.672

2.669

1.169

0.865
0.010
0.181

0.040
2.265

40.8

Kilograms Oxide /MTU

PW-4c

1.126
1,511

0. 345
0.141
0.672
83.937(2)

87.732

1.169

0.865
0.010
0.181

0.040
2.265

125.9

PW-6 PW-7

23.459
15.112
1.295
0.566
0.672

- 10.
41.104 6.
.354
.059
.598
.944

[as)

—n OO OO0 b= W = =N OO

—_—

5.738
0.865
0.051
0.181

0.040
6.875
83.9

A —

14

N O O W O

o - o~ o b o~

T O O O

117

022
345

147
.686

360
671

176

.291
.972
.480
.483
.088
.097
.125
.880
.567
.480
.323
.482
.522
.123
.924
.200
137
.505
.689
. 865
.103

181
040

.878
.5

PW-7a  PW-7b  PW-B PW-8a
6.872  6.872 - 14.057
3.022  17.711  39.895 27.225
0.385  0.345  1.151 1.1351
0.141 0.141 0.566 .566
6.339  6.339  1.340 1.340

10.360  10.360 - -

27.079  41.768 42.952  44.339

11.689  11.689 5.526 11.68¢9
0.865  0.865 0.865 .865
0.103  0.103 0.051 174
0.181 0.181 0.181 .181
0.040  0.040 0.040 .040
12.878  12.878 6.66% 12.949
75.9 90.6 85.5 93.2



TABLE 5. Chemical Standins Used to Simulate
Nonradioactive High-Level Waste(a)

Waste Constituent

to be Reason for Subst1€g§e
Substituted Substitution Used
Rb Expense K
Y and RE Expensive to simulate Commercially available
fission product rare earth mixtures
spectrum
Tc , No nonradioactive Mo
isotopes
Ru Expense Fe
Rh Expense Co
Pd Expense Ni
Cs(c) Expense K
U, Np, Pu, Am and Cm No nonradioactive Rare earths
isotopes

a. Inexpensive nonradioactive isotopes are available for all of the
fission products not shown.

b. Substitutes shown are those which have been used in the Waste
Fixation Program at PNL.

c. Substituted in engineering-scale tests only.

15



4.0 TESTING RESULTS

4.1 FLUIDIZED BED

Work at PNL has been primarily oriented toward unconventional calcination
techniques such as inert bed operation, attrition/elutriation, etc. This
development work has produced operating conditions in which the product char-
acteristics are in ranges wider than normally experienced when a fixed oper-
ating concept is used or conventional calcination is done. Typical character-

istics of calcine are shown in Table 6.

The amount of characteristics of fines that reach the sintered metal
filters in the fluidized bed calciner can vary over a wide range, depending
on how the calciner is operated. Unlike a spray calciner, which generates
typically similar sized particles, fluidized bed calcination is a coating
process that generates fines by abrasion of bed particles, by external attri-
ting forces such as jet grinders, and by some spray drying. The amount and
nature of these fines can be varied, depending on the needs of the operation.

TABLE 6. Characteristics of Ca]cine(a)

Size, mm Bed 0.15 - 0.50
Fines 0.04 - 0.15
Density, g/cc 1.5 - 2.5
Nitrate, wt?% 0.02 - 10
HZO’ wt? 0.06 - 1.2

a. Characteristics of fluidized bed calcine will
vary greatly, depending on operating tempera-
ture, type of feed, operating conditions, etc.

The initial configuration of the fluidized bed calciner process had the
filters adjacent to the calcining vessel (Figure 6). Over 250 hr of operation
were completed with this arrangement. At this point modifications to the
system were made to increase the filtering area (discussed in Section 3).

17
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Seven 36-in. x 2-3/4-in. filters were housed in a 12-in. diam Sch 10S type
304L SST pipe used as the filter vessel. Venturi tubes as shown in Figure 3a
were used with 3/8-in. diam x 0.12 wall tubing as blowback nozzle. Each

nozzle was 3/8 in. above the venturi.

During typical operation all material elutriated from the bed and carried
to the filtering vessel was <149 u. A typical distribution is shown in Table 7.

TABLE 7. Size Distribution of Material Elutriated
to Filters in the Fluidized Bed

Size, u Wtk
210 0.85
149 0.70

74 13.57
37 59.06
20 14.84
10 10.22
<10 0.76

With intentional attrition (by means of jet grinder or high air flow
through a nozzle) the size distribution is changed as shown in Table 8.
The significant increase is in the -44 y (325 mesh) range.

TABLE 8. Size Distribution of Fluidized Bed Calcine
Fines with Intentional Attrition
Size, u(a) Wt%
+105 10.7
-105 +88 8.4
-88 +74 7.7
-74  +53 9.6
-63  +44 22.6
=44  47.7

a. Sieve opening in p for equivalent Tyler mesh.

19



During early operation with all new filters it was noted that some mate-
rial passed through the porous media. After a few hours of operation this was
no longer noticed. The material which did pass through was analyzed, and the
size distribution is shown in Table 9.

TABLE 9. Particles Passing Through New 65-Micron Filter

Screen Size,

um Wt%
+210 5.4

=210  +149 1.7
-149 +74 2.1
-74 +37 15.3
-37 +20 41.4
-20 +10 23.8
-10 45 10.1
-5 0.2

Isokinetic sampling using a cascade impactor during typical runs was used
to determine the particulate concentration and size in the off-gas passing
through the filters. Results are shown in Table 10. The off-gas composition
and typical filter operating conditions are shown in Table 11.

TABLE 10. Fluidized Bed Calciner 0ff-Gas Sampling!®)

Mass Aerodynamic
Concentratijon, Median Diameter,
Wt% Lost DF mg/scfib) Microns

0.008-0.024 103-10° 0.004-0.35 2.5-3.8

a. Average Conditions
Pressure Drop, in. HZO 20 - 40
Total acfm 80 - 90
Temperature, °C 300 - 400
Face velocity, ft/min 3.97 + 0.66
Permeability, ft/min--in. HZO 0.14 = 0,03
Pressure, in. H20 -2 to -10

b. Noncondensable off-gas.

20



TABLE 11. Fluidized Bed Calciner 0ff-Gas Composition(a’b)

Component Mole %

o, ) 10.4

Ar 0.8

02 22.5

N2 65.5

Co <0.1

He <0.01

H2 0.05

CH4 <0.01

NZO 0.5

NO, 0.8

a. Average Conditions

Pressure Drop, in. HZO 20 - 40
Total acfm 80 - 90
Temperature, °C 300 - 400
Face velocity, ft/min 3.97 0.66
Permeabjlity, ft/min--in. HQO 0.14 = 0.03
Pressure, in. HZO -2 to -10

b. Noncondensable off-gas.
c. Unit heated by combustion of kerosene.

The permeability of the filters for the 300 hr of accumulated operation
is shown in Figure 7. The filter permeability was lower initially than
expected and is quite a bit lower than that of identical replacement filters.
This has not been fully explained; however, some postulations have been made.

Schneider reported in earlier work done at Battelle that the spraying of
raw water onto new filters frequently blinds them with a coating that cannot
be blown off.(z) This was sometimes done during early shakedown runs. Also
the off-gas impinged at high velocity on one filter as it entered the vessel.
This filter was noted to respond less to blowback, hence indicating some
plugging. To avoid blinding with water, the filters in the modified vessel
were precoated with 5102 dust prior to introducing any Tiquids into the system.
This was done by fluidizing and attriting a 5102 bed without introducing feed.

21



0.5
NEW FILTER VESSEL INSTALLED
[ ]
% \/ ‘\ . ,.

0.4 ® |
gm \./ \.
£
c L
tE: 0.3
o
=
;T: 0.2 —
SJ o-eo. il N 'y ,"\
= -~ =T N s \
ﬁ T~ ~e., T A \'\ ’4.
R Tt~ T o0~

0 | [ _ _ i [ _ | | J
30 60 90 120 150 180 210 240 270 300

CUMULATIVE HOURS OF CALCINER OPERATION

FIGURE 7. Permeability Data for Fluidized Bed Calciner

General operation with the initial set of filters was quite good. It
soon became evident that the calciner capacity had increased significantly
over its designed rate of 15 liter/hr with the new operating techniques. In
operation at increased capacities, problems such as vacuum availability with
existing plant off-gas equipment was a concern. Many runs were made with
pressure drops of 30 to 40 in. of water, and freguent blowback (5 to 10 min
cycle) was required. Although the filters performed satisfactorily, it was
thought that lower differential pressure (AP) and much less blowback would be
desirable and achievable. The useful 1ife of the filters has been reported
by many manufacturers to be lengthened by reducing blowback frequency.

A new filter chamber was designed and installed as described below.

4.2 IMPROVED FILTER VESSEL

The improved filter vessel installation was to accomplish several goals:

®* increase filter area to obtain higher calciner feed rates

e run with lower pressure drop, <10 to 20 in. H20, and infrequent blowback

22



e see if precoated filters would behave differently than those initially
installed
e use different venturi designs and note any differences in blowback results

e Uuse a cyclone prior to the filters.

The most efficient way of installing an enlarged filter section was to
have the housing fabricated and then install it atop the housing from which
the previous filters had been removed. See Figure 8. This left the original
vessel serving no purpose except as a disengaging space. It was decided to
modify the vessel to achieve a cyclone effect. This was done by installing a
tangential gas inlet and modifying the gas outlet. It was evident that oper-
ating conditions would vary so much that the modified design would not result
in optimum efficiency. Use of a cyclone with a spray calciner upstream of
sintered metal filters had interfered with blowback efficiency.(7) This
experience led to some concern; the assumption was that with the cyclone in
place only the finest particles reached the filters and formed an especially
adherent filter cake. However, it was felt that this would not happen with
the fluidized bed since the particles are much larger. Cyclones have also
been used as the major particulate removal system on fluidized beds such as
at the waste calcination facility operated by Allied Chemical at the Idaho
National Engineering Laboratory, Idaho Falls.

Eighteen sintered metal filters were used in the new vessel. Ten were
18 x 2-3/4~in. diam, and seven were 36 x 2-3/4-in. diam. They were arranged
as shown in Figure 9. The blowback nozzles were piped so that two 18-in.
filters would operate simultaneously and one 36-in. filter blown at a time.
Frequency, cycle and duration of blowback were controlled from a specially
designed timer panel. Several venturi designs such as are shown in Figure 3
were used. Blowback nozzles were the same as previously used. |

Runs with the new filter vessel have far exceeded expectations. Although
more hours are needed to verify operation, the following data has been

accumulated:

e The precoat appeared effective in that the permeability of the filter
is much higher than previous permeabilities (see Figure 7).
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New Filter Vessel

FIGURE 8.
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e Higher calciner feed rates were achieved.

e Pressure drop has been low, and it appears that very infrequent blowback
will be required.

e The venturi dimensions tried have little if any noticeable effect on
blowback.

e Quantified data on the cyclone efficiency have not been taken.
observations of the solids loadings on the filters when no blowback is

However,

used indicate that the cyclone is removing most of the particles.

4.3 SPRAY CALCINER

Although feed solutions to the spray and fluidized bed calciners are
jdentical, the nature of the particulates formed is not. Typical spray cal-
cine properties are listed in Table 12. Operating ranges the filters have

been subjected to are shown in Table 13.

TABLE 12. Properties of Spray Calcine
Particle size, um 3-20
Average bulk density, g/cc 1.1
Nitrate, wt% 1-18
Moisture, wt% 0.5
Angle of repose, degree 42

TABLE 13. Operating Ranges
Pressure drop, in. H20 10 - 20
Total acfm 30 - 90
Temperature, °C 300 - 460
Face velocity, ft/min 1.6 - 5.6, (3.6 + 1.44 avg)
Permeability, ft/min-in. H20 0.28 + 0.05

Pressure, 1in. H20

-10

Over 800 hr of operation have been accumulated on the spray calciner.

The spray calciner has 15 filters 24 in. long x 2 in. diam.

They are blown
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back in sets of three. Vessel design is as shown in Figure 10. The filters
were designed to handle off-gas flows for calcining waste at 15 liter/hr. The
most intensive use of the filters was in a 500-hr continuous run.(]]) Fig-
ure 11 shows the differential pressure (AP) during the run. The AP increased
with increases in vapor velocity or solids loading but returned to a normal
10-in. H20 when design feed rates of 15 Titer/hr were resumed.

FIGURE 10. Spray Calciner Filters and Blowback Apparatus
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FIGURE 11. Spray Calciner Filter Differential Pressure

Figure 12, a photograph taken at the conclusion of the 500-hr run, shows
the typical 1/16-in. layer of calcine which coats the filter.

Particulates passing through the off-gas filters were 0.05 to 0.5% of
those contained in the calciner feed. As usual, higher decontamination was
achieved after a steady-state, 1/16 in. coating of calcine accumulated on the
filters.

Figure 13 summarizes permeability data from about 800 hr of spray cal-
cination operation. Early runs were at Tow feed rates because the unit was
being broken in. The new figures gradually approach a steady-state per-
meability near 0.25 ft/min-in. HZO‘ This value was maintained over the

500-hy run at ~0.27 ft/min-in. HZO'

In nearly all runs a typical cycle was maintained: blowback of 0.25-sec
pulses to three filters at a time every 2 min. This kept pressure drops near
10-1in. HZO' This frequent blowback cycle was inherited from operating previ-

ous calciner units. Those had Timited off-gas vacuum available, necessitating
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FILTER PERMEABILITY, ft/(min)(inch of water)

FIGURE 12.

O0ff-Gas Filters Following 500-Hr Run
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FIGURE 13. Spray Calciner Permeability Data
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frequent blowback to keep AP Tow and to avoid vessel pressurization. More
recent experience with the fluidized bed and spray calciner has shown this
frequent blowback to be unnecessary and potentially harmful as long-term fil-
ter plugging may result. Blowback at hourly or greater intervals has been
sufficient.

Pressure drop is allowed to build to higher values; then the filters are
blown back to a low value. The cycle is spread then over a wider range for a
longer duration. Of course, this requires sufficient off-gas handling facili-
ties. A steam jet to boost low vacuum systems has proven quite useful.

Remote Solenoid Valve Placement

Full size calcination equipment for commercial operation would require
up to a hundred or more sintered metal filters. The blowback piping, sole-
noids, etc., become cumbersome for remote maintenance. To avoid having this
equipment in the cell, tests were tried with the spray calciner filter vessel.
The solenoid valves were located 15 ft from the venturi tubes; normally the
solenoid is as close as practical to the vessel. Although the impulse for
short pulses is weaker with the solenoids placed remotely, it appears suffi-
cient for effective blowback. Further tests are planned.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Sintered metal filters are a very effective means of particulate off-gas
cleanup in either a spray calciner or fluidized bed.

Properly designed systems can operate with low pressure drop and require
very infrequent blowback.

Blowback is an effective way of periodically cleaning sintered metal
filters.

Use of a compbustion heating system had no apparent effect on filter

performance.

Sophisticated blowback design is not required for most operating condi-
tions. High-pressure air through typical venturi nozzles is almost
always sufficient.

Filters should be precoated prior to introducing vapors to the system,
and the filters should never be operated below the vapor dew point. Fil-
ter temperatures for tests described in this report were 300 to 500°C.

Inclusion of more filtering area than calculated is encouraged; i.e., low
face velocity <3 ft/min is recommended.

Avoid repetitive blowback; use as infrequent a blowback cycle as conve-
nient. Allowing a cake to build on the filters improves their efficiency.

Small pore size filters are recommended by manufactures; however, no

problems were encountered using 65-u material.

Reinforcing grids are encouraged for filters if structural integrity is
important.

Feed additives such as cabosil, used to aid filter performance, were
tried on a Timited basis. Results were inconclusive.

The most serious problems in using sintered metal filters would be
breaching the filter media or caking and plugging the filter media with
a substance which could not be blown off.
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Filtration of off-gas from the melters in which calcine and glass addi-
tives are melted showed no ill effects over the short-term runs.

Further testing to specifically trace volatile species such as ruthenium
and cesium is recommended.
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