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PILOT-PLANT STUDIES OF MERCUR_Y-GATALYZED

-_" _ _1 , iii, i i i .... _ i lr _

i

Io INTRODUCTION

. . In the present Hanford process, .irradiatedfuel slugs are dissolved
in a two-step procedure, first, the aluminum jackets and bonding material
are dissolved in sodium hydroxide - sodium nitrate solution, then the

.... uranium and its products are dissolved in nitric acid•

With the aid of a mercury catalyst, aluminum may be dissoltvedin
dilute nitric acid, A report by Bradford, Cur.tis,and Harmon _)
describes experience gained at other sites as well as bench-scale work
done by the Process Chemistry group of the ChezmicalDevelopment Unit
in developing a technique for simultaneous dissolving of alumlnnm and
uranium by nitric acid with a mercury catalyst. The bench-scale work
indicated that catalytic dissolving is feasible and potentially offers
the following advantages over the present two-step method:

.. Elimination of the Ammonium Nitrate Problem. _hen the Jacket removal
with 'sodiumhydroxid_- S_dium nitrate solution-(which step releases NH3

_ gas) is proceeding in one plant dissolver simultaneously with uranium
•: dissolution (which step releases oxides of nitrogen) in another dissolver,

ammonium nitrate is formed in the plant main ventilation stack which
discharges to the atmosphere. As a result, crystals of ammonium nitrate,
severely contaminated wlth fission products, have on a few occasions
been spread over a wide area surrounding the Redox Plant• This potential
radioactivity hazard might be reduced by eliminating the caustic dissolu-
tion step.

Reduction of D_issolverT_ime..Cz_cle,_.The present Redox dissolver
cycle, consisting of the coating-removal step and two uranium-dissolution
cuts, requires 32 hours. It is expected that it will be possible to
complete a two-cut cata_l.yticdissolving cycle in 24 hours.

Reduction in Al__uminn__ At present, the aluminum from
the s'lugjackets _s---di-_rdedas waste. In catalytic dissolving, however,

• the jacket aluminum is retained .inthe dissolver solution, and the amount
"' of aluminum nitrate which is used subsequently as a salting agent for

solvent extraction is thus reduced.

_in Solvent Extraction. When the irradiated uranium
_. fuel elements are_-t_ent two-step prScedure employing
. first, caustic to remove the aluminum jacket% followed by acid to

dissolve the uranium metal, gelatinou.ssolids are produced and suspended
in the uranium dissolver solutio_o These solids, principally silicon
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and t:h_compounds from the slug jacket bon_Ing layer, are :Inco_letely
• removed by the Redox Plant feed centrifugation step and contribute to

emulsification (and hence impaired capacity and performance) in the
solvent-extraction columzs, .Bycontrast, acid dissolution of the aluminum
Jackets results in granular, easily centri_Aged sflica and is expected to :

, minimize emulsification in the extraction columns°

° Eli___na_tio__BnofCoa_C_oa_tin_gWast__e_Di@_osal___..Catalytic dissolving also
. opens the way for flowsheet changes in-the-Redox Plant which would result
.. in a reduction in the ultimate volume of Redox wastG stored..inunderground

tanks, assuming that the present requirement for underground storage of
. the caustic coating waste is not relaxed°

I

IIo OBJECTIVES

The objective of the axperimental studies reported herein was to
demonstrate the laboratory_developed mercury®catalyzed dissolving
procedure on a pilot.-plantscale by conducting a series of test dissolu-
tions of alumlnum_jacketed, unlrradiated uranium slugs in the ]50_gallon

_?,!i i,_"_,s__t _14 plant scale on a volume basis) II downdraft type sem!works
.....dissoiver_'_~_2_'_'__g, ........Itwas desired to establish: 1. the effect

' of the larger_scale operation .on time cycle, 2. dissolution rates of
• aluminum and urar_lum, 3@ controllability of the reactlo_, and 4. the

, concentration of mercury catalyst req_tredo

It has been demonstrated on a pilot®plant scale that two-cut
mercury-catalyzed dissolving of alu_irmum®Jacketeduranium fuel elements
is feasible and that the dissolution process may be readily controlled.
However, results of these semi.worksdissolving runs, supplemented by
later laboratory studies, indicate a potential explosion hazard due
to hydrogen and oxygen concentrations in the dissolver off-gas. The
mercury-catalyzed _issol_ing procedu_e is not considered ready for a
Redox Plant trial until f_rther laboratory and seJ_lworksstudies have
succeeded in eliminating this potential hazard or proving that it does

• not exist.

To obtain complete deJacketing plus rapid uranium dissolution, it ,
was necessary to use _n 'thefirst cut a concentration of the mercuric

; nitrate c_ta]yst, Hg(NO_)2.H20 _ equal to 5 percent of the weight of
• the aluminum _approxima_e_y 0.OD25 M Hg(NO_)2 .in'the2 M ura_l nitrate ,

dissolver sol'atlon_.Complete alum_Hum rem_al could no_ be achieved,

, . under the test conditions, _ith catalyst concentrations of 2 percent or
less.

• .Theshot.best time cycle was achieved when nearly a]llthe aluminum
was dissolved _n the first cut° The second c_t was then made with
60 percent _itric acid. In thi.s_m_.nner,advantage was taken of the
fact that ura._um @i.ssolvesfaster in concent'ra't_edacid, but aluminum
dissolves more rapidly in dil.uteac:ido
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The total required dissolving time for a two-cut charge in the pilot-
plant dissolver was about 18 hours.

.......... An acid efficiency* Of about 80 percent for the first cut and
65 percent for the second out was achieved in a catalytic dissolving
cycle employing a downdraft condenser under optimnm conditions

" (i00 percent bare-uranium heel, 5 percent catalyst in the first cutj

" 60 percent acid in the second 'cut)._c_._._)

IV.

A. Downdraft Dissolver. The 321._B_ildingdissolver with downdraft
condenser-is _ust_ted-._-F_igure 1. The purpose of the downdraft
condenser is to recover nitrogen oxides by absorbing them in the condensate.
The disBolver diameter is 2.5 ft. .Thedowndraft condenser is a 6-1nch

diameter pipe, 18=feet long, with a water-tube bundle consisting of seven
1/2 inch, schedule _ 40 pipes. The lower 13=ft. portion of the condenser
is packe@ with 1/2-inch Raschig rings°

.. A coil in the dissolver and a jacket around the '_.n.k may be used for
circulating either water or steam. In this program, the coil was used
only for heating and the jacket was used for coo]_ng after completion of

Low-pressure compressed air was metered into the top of the dissolver
tank, permitting controlled air addition for oxidation of NO to NO2, only
the latter being absorbed in the downdraft condenser.

. i00 percent efficiency = 3 moles of HN03 consumed per mole of A1
dissolved + 2 tool.esof HNO3 consumed per mole of U dissoived. This

• representa ideal downdraft-disso_ving conditions in which all nitrogen
.-" oxides are recovered and oxidized by air. The overall reaction for

uranium dissolving being: U t 2HNO3 d- 1.5 02 -* UO2(N03)2 -_ H20.
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B. Instrmnentation° _he dissolver is equipped with instrumentation
for the fo-__es:

Temperatures:
' Dissolver pot

Vapor llne
Reflux
Off-gas

.... Condenser water inlet
Condenser water outlet

Pressures _.
Pot coil steam

Dissolver pot
Off-gas stack

Flow rates_
Air addition
Off-gas
Reflux
Condenser water

Specific gravity of solution

' Dissolver weight factor

Heat duty (from measurement of steam condensate)

C. Samp.lda3_Devices. Samples of dissolver solution were withdrawn
through a vented outlet near the bottom of the dis._olver. Off-gas samples
were collected by.connecting a gas sample bottle between a water aspirator
and a sampler on the off-gas stack.

V. OPERATION

MeTal was charged to the dissolver by hand through the charging chute.
The bare uranium heel in all the runs consisted primarily of partially dis-
solved uranium slugs, b_t when the available amount of partially dissolved
slugs was insufficient, new 8_inch uranium slugs were used to complete the
heelo

• The charge consisted of 8_inch almninum-jacketed reject slugs
(Al_Si-bonded) which contained an average of 7.8 lb, of uranium and
O. 24 lb. of aluminum, The weights of uranium and aluminum are not known
accurately since no effort was made to select only those slugs wklch
were of the correct weight.

Nitric acid for dissolving was weighed in through chemical addition
tanks° The f:irstcut of each run was started with h5 percent nitric acid,
enough of Which was used to cover the slugs completely. Sixty percent

L,_____
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nitric acid was added gradually after the aluminum-dissolving reaction
had started. The lengths of time for acid addition and the relative amounts
of _5 and 60 percent acid were varied from run to run.

In ali runs but one, the acid for the second cut was added at the
beginning of the cut. Second cuts were made with either _5 or 60 percent
nitric acid•

Mercury "_atalyst,in the form of a I.OoM Hg(NO3)2.H20 solution, was
added to the initial acid charge in the addition tank. datalyst was used
in the first cut of every run and in the second cuts of two runs.

Air was metered into the top of the dissolver at a rate of 4.5 cu.ft./min.
(STP).

A steam jet in the off-gas line was used to maintain a _acuum of
1 to 3 inches of water in the dissolver pot. The vacuum in the off-gas
llne was between 3 and 7 inches of water.

The dissolver contents were not sparged during the first two runs,
but in all subsequent runs, a 5-minute air sparge was used every 30 minutes•

The dissolver heating coll was connected to the 321 Building high

pressure steam supply (approximately 120 lb. per sq.in, gage) through a
• pressure-reducing valve. The steam was maintained at the highest pressure

which could be used without causing the condenser column to flood.

Samples of dissolver solution were taken every 30 minutes for the
first two hours of each cut and hourly thereafter. Gas samples were
taken at irregular intervals•

The end point of a cut was established by a decrease in a rate of
change of specific gravity and vapor temperature• It was generally
attempted to conti_e the run to a point of nearly completeacid consump-
tion, After completion of a cut, the dissolver Solution was diluted with
water to approximately 2 M UNH and jetted to a storage tank. Following
each cut, the dissolver 1Td was opened and the remaining metal was
inspected.

• VI, DISCUSSION AND RESULTS

This program of six runs established that a catalytic dissolving
technique for aluminum®jacketed uranium slugs is feasible on a large
scale• However, a greater concentration of catalyst was required than
had been anticipated on the basis of laboratory studies.

A. Effect of Cata st Concentration. The amount of aluminum
dissolved during _he first cut increased with the catalyst concentration.
In Run l, for which the amount of Hg(NO_)_.H_O was 1 percent by weight of
the aluminum, 80 percent of the alum_nu_ was-dissolved in the first cut.

:'.:i:''.:i ....'"".....• • , : . • • , . _
@ @. _e • /

:.":.,"..:..: : ..-..": : : %. :.'
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In Runs 2 and 3 in which 2 percent catalyst was used the percentages
of the aluminum dissolved '.Luthe first cuts were 88 and 90, respectively.
In Runs 5 and 6, with 5 percent catalyst, the percentages of alumin_l_

• dissolution were 93 and 96, respectively, in the first cut.

In Run 2, 1 percent of catalyst (based on total aluminum in charge)
, wa_sadded in both the first _nd._secondcuts, but _a total of only 71 per-

cent of the aluminum was dissolved in both cuts. Considerable flooding
of the condenser column occurred during this ,runwhich made it necessary

• to red_ce the steam pressure. It is believed that the poor performance
in Run 4 was a result of foaming and flooding caused by the larger batch
size and decreased freeboard.

Figure 2 shows 'theprogress of alumlnnm diasolution for the six runs.

B. Effect of Uranium Heel. .Thedissolution rate of uranium in
nitri_cacid of a glve_ concentration is directly proportional to the surface
area of the metal; a conclusion which _s borne out by the results of this
program,

In Rtu_l, 'theuza_lum heel was 50 percent. (Heel is expressed in
percent of charged uranium. Thus, a 1OO percent heel would equal 50 per-
cent of the total uranium in the dissolver at the start of a run. ) _In
9 hours of operation, only 40 _percent of the charged uranium was dissolved.
In Runs 2 and 6 with 1OO percent heel, 60 percent ofthe uranium charge was
dissolved in 7 to 7°5 hours. In Rtu_3 with 200 percent heel, 67 percent
of the uranium charge was dissolved in 6 hours.

Figure 3 shows the progress of uranium dissolution for the _ix runs
and illustrates the effect of heel size.

C. Effect of Nitric Acid Concentration. An initial charge of 45 per-
cent nit____--_ount of 60 percent acid was
used for the first cut of each run. Except for Run 3, equal volumes of
_5 percent and 60 percent acid were used. The total amount of acid in
the first cut was 2.8 moles of nitric acid per mole of uranium charged.
In Run 3, a larger portion of the acid was added as 45 percent nitric acid
in order to cover the metal completely, but the _ac_,d_to_uraniumratio was
held at 2.8 _oles per mole.

The aim of contir_ous acid addition was to take advantage of the fact
that aluminum dissolution is most rapid in falr_ dilute acid while uranium
reacts more rapidly in concentrated nitric acid. In the absence of o'$_er
nitrates, aluminum dissolution reaches a peak rate at a nitric acid con-
centration of 23 percent.

While the contirm.ousacid addition periods for the six runs ranged
from 35 to 75 mir_tes, it is not possible to isolate the effect of
addition rate from the effects of other variables. Yn general, it appears
desirable to start contirm.ousacid addition as soon as the aluminum
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dissolution rate reaches its peak (as indicated by a maximum in the off-
gas flow) and to add /2%eacid at such a rate _s to maintain a constant
nitric acid coneentraoion in the dissolver. The second cut_ of Runs
1 and 2 were made with _5 percent acld_ second cuts of runs 3, 5, and 6
were made with 60 percent acid. In each of these runs, all the acid
was added at the beginning of the cut and amounted to 2.3 moles of nitric
acid per mole of ura_iu_ (as charged).

The effect of going from 45 percent to 60 percent acid for the second
cut may be illustrated by a comparison of R_ns 2 and 6. In Run 2, 45 per-
cent nitric acid was used. During 10.5 hours of dissolving, only .36percent
of the uranium charge was _Issolved and the f_mal acid concentration was

2.3 moles of HNO 3 per mole of UINH. Ln R_n 6, @9 _ercent acid was used.
During l0 hours Bf dissolving, 72 percent of the uranium charge was dissolved
and the final acid concentration was _0.1 mole of HNOB per mole of UNH

(i.e., this much deficient in HN03 with respect to stBichiometrlc neutrality)•

The change of _Itric acid concentration during dissolving is plotted
for all six runs in Figure h•

Do Effect of Air _ The dissolver contents w_re net sparged
at any t_ Run----_1 and 2. D_ring all subsequent runs, the dis-'
solver solution was sparged with air for five minutes every half hour.

Air sparging was found to be effective in removing the bondin_ layer
material from dejacketed fuel elements, since at the conc_slon of unsparged
runs, lt was_found that mar%yof the slugs were coated with reddish-brown
bonding layer material, but at the end of sparged ru_s, the surface of
dejacketed slugs consisted of bare uranium metal. By removing the bonding
material and exposing the bare metal, air spargdng is effective in increas-
ing the uranium dissolution rate.

E. Effect of__Free__boa__. The amount of freeboard (free space between
the surface of the solution and the top of the tank) m_st be fairly large
in order £o permit dissolving to proceed at a maximmm rate, since both
aluminum dissolution and uranium dissolution are accompanied by foaming.

As a result, an increase in the roll,meof metal and solution in the
dissolver may :requirea decrease in the heat input to the dissolver in
order to slow the reaction rate s_.fficlentlyto prevent overflowing the
tank and flooding the condenser.

• .

Since the dimensions and proportions of the 321 Bail_ing d[issolver
are quite different from hhose of a Redox Plant _issolver, it was felt
that an attempt to determine optlm_m freeboard in these p£1ot-.plant
tests would be unprofitable• The 321-_Bu.ildingdissolver has a total
capacity of _50 gallo_s (including charging chute). The cylindrical
section of the pot (see Figure I)holds about 70 gallons. The volume
of solution plus metal for the runs in the program ranged approximately
from 27 to 48 gallons, correspon&ing to freeboards of .38to 30 inches.
The 2000_ga_ion Redox dlssol_ers are filled to a maximum of I150 ga,llons,

• o• '_ i
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• (about 2 hours before the end of a cut) leaving a minimum freeboard of
33 inches.

In a qualitative way, the adverse effect of reduced freeboard may
be gathered from a comparison of Runs I and 4. In Run 4, the amount of

. metal was 73 percent greater and the volume of solution 30 percent
greater than in Run l° Only 50 percent of the aluminum was dissolved
in the first cut of Run 4 as compared with 80 percent in F_n 1. Figure 8

'. is a photograph of the slugs in the dissolver after the first cut of
Rnn 4° lt can be seen that while some are completely deJacketed others
are hardly touched.

F. Off-Gas Composition. Since some hydrogen is liberated in the
reaction be_e_--r_t_._c_ and alumira_u_there is concern about the,
potential explosion hazard created by hydrogen in the stack gases° _hei?e-
fore off-gas samples were taken during several runs and analyzed for
hydrogen.

The lower explosive limit for hydrogen in air is 4.1 percent by
volume (2). Table II shows that only one of the dissolver off-gas samples
(the first sample for Run No° 6) had a hydrogen concentration close to this
limit° However, in the light of subsequent laboratory studies, it now
appears likely that in the other runs the point of maximum hydrogen evolution
was missed on the sampling schedule. This sample taken at "zero" time in

' the first cut of Run 6, was collected at the time of maximum aluminum
reaction, as indicated by high off-gas rate, The analysis of the gas
sample shows that the amount of air added was barely enough for oxidation
of the nitric oxide, since there was only 1°9 percent oxygen in the off-gas,
The differentia],pressure across the condenser at the time of ssm_llng
was 1.2 inches of water, co_firming that the air leakage rate was fairly low.

The mercury-catalyzed dissolving process is not considered r_dy to be
recommended for a trial in the Redox Plant until this potential explosion
]_zard from hydrogen has been ,furtherstudied, and either eliminated or
proved not hazardous.

G. Ammonium Concentration. The maximmm concentration of _mmonium
ion _n the__ the end of a cut was 4 x lO-_ mole
per mole of UNH. Ammonium ion concentrations for all runs are listed in
Table III. Mass spectrometer analyses of the off-gas did not show the
presence of ar_yammonia.

H. Determination of End Point of Reaction. As the nitric acid in
the dissolver Is depleted, a decrease occurs in the rate at which the _apor
temperature and the so],utionspecific gravity _ange. It has been sug-
gBsted that one of these two variables would offer a good index for deter-
mining the reaction end,point.

_LJ

J

(

:,.:............., :, ..
: .:'. . : ".,,. ". : _: : .. :" ::" . :,, ........... : : : ",..°



°°.

Page l0

The specific gravity of lthe dissolver solution and vapor temperature
ar@ shown plol bed against time in Figures 5 and 6. lt was found that the
vapor temperature reading did not give a very good index of reaction end
point in the pilot-p_ant st,_iy,due to the location of the temperature-
sensing element which was su_ that a true equilibrium vapor temperature
was not recorded. For example, it was found that a change in steam pressure
to the coils produced a change in the vapor temperature.

-' The rate of increase in specific gravity decreases as the reaction
end point is approached, and in order to establish what rate of change of
specific gravity could be used for the end point determination, it would
be necessary to have the data for several identical runs. Such data
were net obtained in the pilot plant.

For actual plant operation, either vapor temperature or specific
gravity would probably be a satisfactory index of completeness of reaction.
The variables, such as steam pressure acid concentration, and percent
heel, which affected vapor temperature and Specific gravity in the p_lot-
plant operation would presumably be constants in the plant. It will be
necesssary to develop an end point index in a full_scale test.

I. Corrosion. Corrosion coupons of stainless steel types 304L,
309 SCb and_e_e suspended in the dissolver during the last five of
the six catalytic dissolving runs. The total exposure time of 95 hours

' was insufficient to obtain me_nlngful data as to the relative merits of
the three alloys. No intergranular attack occurred on ar_vof the coupons.
Corrosion rates in inches per month ranged from O.0003 to 0.0006 Sn the
vapor phase and from O.OOO1 to O.0002 in the liquid phase.

VII.

Full_scale Redox Plant trials of catalytic dissolving cannot be
recommended until the possibility of potentially explosive hydrogen
concentrations in the off-gas has been eliminated. A laboratory program
attacking this problem is now in progress.

Possibilities to be explored include methods for removing the
hydrogen from the off-gas and techniques for smoothing out and lo_er-
ing the peak evolution in the aluminum dissolving reaction, thas main-
taining the hydrogen at a'non-hazardous concentration. When satisfactory

• conditions are demonstrated in the laboratory for eliminating this
ootential hazard, it is planned to confirm the optlm_Ammercury-catalyzed
dissolving conditions in the 321_Building semiworks®scale &issolver

" be£ore recommending a trla_ :Lhthe Redox P_ut.

SECRET
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TABLE II

I ANALYB_8 OF OFF-GAS SAMPLES TAKEN DURING 321 BUILDING CATALYTIC
DISSOLTER STUDIES

• '

(See Table I for Run details and Figure I for equipment details. )

Hours from Volume Per Cent
Start of - ........ .............

Run _t Cut _ A _._O2_ _ _ _),,nam,,,,,_-_ ,M_ -_---- _ _'

l(i) . . .2 1 0.12 1.02 i0 38 88 47 o Ol

3t ! o3 o.o 2.8
5_ ; 0,3 1 0 11,3 85.6 0 O1 1,8

3 1 3(1) 0.08 1.13 5.30 93.49 0.O1

" 3 2 3°5(1) 0.ii 1.04 13..87 86.98 0.01

..' 4 1 o(1) 1.93 o.92 15.1o 8o.33 1.39 o.33
0(2), 5.01 0.90 ]1$,64 77.1,8 1.07 1,2
1.5(I) 0.33 1.09 8.27 90.31 0.01

5 1 3(2) 0.7 1.0 92 88.2 o.i o.7

5 2 2.5(2) 0.7 1.1 3.2 93.4 0.i 1.5

6 1 0!_! 8.6 0.9 1,9 82,5 4.0 1.7
2_; 0.I 1.1 2.9 95.6 0.2
5(1) o.1 1.1 lO.8 87.4 o2 o.2

(i) Sample analyzed after liquid-nitrogen freeze-out, i.e., sample is
immersed in liquid nitrogen which reduces temp. to _196°C.

(2) Sample analyzed without liquid nitrogen freeze-out. _

" (3) An m/e, i.e., molecular mass divided by the charge,equal to
could be C02 or N20.

(4) An m/e equal to 30 could be NO or N202.
, CHEMICAL DEVELOPMENT UNIT

HANFORD ATOMIC PRODUCTS OPERATION

GENERAL ELECTRIC COMPANY
June 29, 1954

ee ° ooo eOo • oOo oo. 00 oo _ooo •e OOOO ooo ° #" ( .... " •

: : .'": ." ...:". ..• ...• ....
:.":..'.":..:' .....": : : "..1."
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__ ION CONCENTRATION SOLUTION DURING 321 BUILD_ING

. " (See Table I for Run details and Figure I for equipment details. )

Run Cut _ per Mole UNH at End of Cut

i i 9 x lO-5
2 3 x lO-4

2 i 2 x 10-4
2 2 x 10-4

3_ i 7 x 1o-5
2 3 x lO-4

" 4 i 8 x lO-5
2 i x 10-4

" 5 i i x 10-4
2 2 x 10-4

6 i i x i0-4
2 4 x 10-4

' CHEMICAL DEVELOPM_ UNIT
HANFORD ATOMIC PRODUCTS OPERA_UDN

' GENERAL EleCTRIC COMPANY

June 29, 1954
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Photograph Secret HP-1084
FIGURE 8: APPEARANCE OF METAL AFTER COMPLETION OF FIRST

CUT IN 321 BUILDING CATALYTIC DISSOLVER RUN NO. 4

(Wires are hangers for corrosion samples) ,,.-.---.• _
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