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1.0 ABSTRACT

ey

Yolatlllty Pllot Plant Mark IIT Fluorinator will be a double-chambar
type vessel, each chember 2-1/2 £t. by 16 in. o.d. separated by & 5 in.
Pip= 15 in. long. ASBME flsnged and dished gead,s w1ll be used for the
chamber tope and conical eections with a #0° apex angle for the chamber
bottome. A pew furnsce designed to maintein the complete lower chamber
(molten salt + freebosrd) above melt tempersture will eliminate pest
experlenceys of salt solidification on the wall; hesds, and in or on the
internal process lines. External pipe runs will be sutorasistance heated
to allow melting and drain back of salt piugs. The upper chamder serves
88 & gas de-sntraimment and solids precipitation device to re'tgin moat
of the entrained salt and condensable fiuvorides in the 100=LO0TC tomper-

ature range.

HOTICE

This degumant coniwins informution of o preliminary natuce
and wan praparsd primarily for inkernal uss of the Oock Rldgs
Matienal Loberotory. It in subject ¥o ravimion or corrsction
and therefote dans net raprasent a final report, The information
iz not 1o be obatrocted, reprinted or ctherwine givan public
disaaminetian withoot the approval af tha ORNL parent branch, E‘LELE‘E _l??ﬂml th
Lugal and Information Comral Deportnaent,
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2,0 IRTRCDUCTION

Oxidation of 4F, to UF, snd subsequent volatilization accomplished by
bubkling fluorine ga=s t & ligquid mixture of wolten f&uoride palts of
zirconium, lithium, soditm snd fission products at 500-600"C requires 2 .
gpecial resction veesel. Design information for the Volatility Pilot Plant
Mark III Fluorinstor is furnished. Vessel Teplecement ie fequired becauge
of bottom demege deused while Jack hammering s waste salt charge from the
Mark T1I-B Fluorinator.. Thres pravious pilot plant models revesled the
following major needs: (1) a'method for melting end dralining umwanted
sclidified ealt from those procese lines extending into the molten salt, wt
{2) to weintein the entire reacticn chember tempersture above the salt .
melting point, aveiding salt erolidificaticon on the wall and in process
lines above the ealt level, (3) 2 solids settling chember for precipitation
of solides and sntrainment from the gas stream st temperatures lower than
thoge of the molten selt charber, =snd (4} e satisfactory method of agitatio

for sampling purposes. :

Preliminery atudies by G. I. Cathers ot al. indicaeted possible build
up of UF, in & lsrge gue chomber above the aalt resulting in an squilibrating
effect cgusing suppression of UF  evolution. from the melt. The double
¢hember medel evoids this conditfon by credting a slightly higher velocity
through the reduced pessage of the connecting section, thereby preventing
back flow. Laboratory work indicsted incressed particle settling rates as

the gas chomber epproached isothermal conditions, believed to be the vepult .
of turbulence reduction brought about by spproaching a streamlined gas flow .
pattorn.

The Marik ITT double chawber model will comsist of two 16 in, o.d. ¥

cylindrical sectione comnected By 2 © in. FF5 pipe with an oversll height
of about T £t. (gee Pig. 1). ASME heads will be used for the chamber tops.
The chamber bottoms will be conical to facilitete fupneling solids through
the § in. neek into the lower reaction chamber znd to Pecilitete liguid
sgitaticn in the lewer chamber., The ASME Boiler Code, Section 8, Unfired
Pressure Veszels, with a minmum corrosion ellowence of 0.110 in. will apply.
The bottom chamber is aized for a 55 liter cherge plus ebout 50% freeboard.
The upper chember iz about equal in volume. All proceas nozfles axeept the
gae atream exlt will enter the lower chewber top dished head in the heated
Zone. The product ges stream will exit through the nozzle via way of the
S in. ipspection nozzle located on top of the upper charber., See Figures
1, 2 apd 3 for genersl features.

3.0 GAS ENTRATIMENT STUDIES USING ay
THE MARK II FLUORINATOR :

3.1 METHODS

A berren molten salt charge wes used (equi-molar NaF-ZiF, ) in the Mark
II vessel to saturate nitrogen ges with Zx¥F, at process flew conditions of
22.5 slm. Thenurmlgasexitthraughtheamuapmsealeﬂaﬂanﬂthe
extire.stream forced through a glaes wool £ilter cartridge etteched to a
corrosion specimen nozzle. Cartiidge welght incresse over a specific time
was used for determination of gas stream eptrainment rate. Studles were
attempted under temperature condltions listed in Tekle 1.
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FIG. | FLUORINATOR FV-100 MARK III
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Nozzle Bize Service

A 5" NPS Inspection

B F UFg Outlet

C 3?5" Salt Qutlet

D 1/2" Fs Inlet

E 3/8" TEﬂrmﬂcouule Well
i 1/8" LL HP and SG HP
G 1/8" BG LP

H 1?8" 1L LP

J 3/u" Sampler

K 3/8" Salt Inlef

L 1/2" Corrosivu Study
M 1/2" Corrosion Study
N 1/2" Corrosion Study
0 1je" Corrosion Study
P 1/2" Corrosion Study
R 1/en Corrosion Study
8 1/4"-T Leak Detector

FIG {22NOZZLE ORIENTATION . MARK TI_ FV-100
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FIG. 3 DRAFT TUBE FV-IO0 MA&%K
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TABLE I

TEMFERATURE CONDITIONS FOR GAS PHASE ENTRAINMENT STUDIES

FV-100
Corndition Molten Eg.l‘h Mantle Gas Phﬂge 55 Gal
Number TEE. C Heaterflj Temp . c Dyum .
1 600 off zlho—%o]
2 650 Off 190-L00)
3 600 On (245-500)
in 650 On (260-530)
2 % on 650
7 600 On 600 100 (2)
8 650 On 600 100 (2)

(1) For Conditions 1 through 4 the flucrinator mantle was uninsulated
except Tor a 4 mil sheet of aluminum foil wrapped around both the side and
top flange. For all remaining conditions the mantle was heated with tubular
heeters and insulsted with 2 inches of distomececuz silica-ssbestos fiber
insulation using the VFP standard method.

(2) Por conditions 7 and 8 a 55-gallon drum was comnected to the gas
discharge line and the glass wool filter cartridge was moved to the far
end of the drum. No heat or insulation was used on the drum.
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3.2 DISCUSEICH OF TEST RESULTS

_Besults of nine test runa using temperature conditions 1-4 abhove are
shown in Table 2. Calculations using Z1F, vapor pressure data show that
entraimment reates incresse sharply with mclten salt temperature., Experiwental
rates were higher for higher molten selt temperaturss, but the ratic of
actual sclids discharge rate to the calculated EZrF)y entralnment rate dea-
creased rapldly with Increased molien salt temperature, indicatlng = greater
ZrF vepor condensstion rate ot higher liberation rates or/and entreinment
of angther material such as the molten salt at a rate independent of temper-
ature, and most likely a function of gas flow rate. Further proof of
molten salt entreinment as indicated above was evidenced by the presence of
congiderable quantities of crystals of scdiumezirconium fluoride compounds
determined by X=ray Aiffractlion analysis of the ¢ollected solids from two
runs. Approximately 70% of the material was sodium-zircontum fluoride crystals
during periods of low Zth vApOr generation (salids eollection rate of Q.80
z/hr-Run 3) and only 10-30% during periods of high ZrF|, vapor generation
(zolids collection rate of 2.3 g/h Run &),

Inoa geries of runs with an uninsulated mantle and & melt tgmperatur
of 600°C, the gas phese exit temperature was lnereased from 1407C to Ehﬁ
this increased the solids discharge rate by about 10%. In another serles
of rune where the molten salt temperature WAB he%ﬂ 8t 550 T the gaa phasea
exit temperature was incressed frem 200°C to 260 C and the solids digcharga
rate wag loereased by about 30%, This may Indlicate better golids retention
conditions exist with lower melt and/or lower exit temperaturass.

Runs using conditions from Fo. 5 on in Table 1 failed because of
plugging in the gas-dlzsharge line at the fluorinator top flange. Attempts
10 heat this line and flange above the ZrF| condensation temperature were
unsuccessful hecause of equipment heatlng limitations, and since time econsuming
gxtensive modifications would have been required to correct this situation,
these tesgts were dizecontinued in foaver of testing in the Mark IIT medal
Prior to radicactive runs. Hovever, before plugging oncured in the last
series of runa, indications were that only about 10 to 20% of the solids
entering the drmum were discharged to the glase wool collector. Flugging of
the exit line was not experienced during the ccoler mantle temperature runs
probebly beeausze ZrF)y sclids {or ﬂnaw} were formed in the gaa phase and
earried through the cool line {EGD '} sz entrained particles rather than

8 Vapor,

3+3 CORCLUSIONS

1. All fluoripstor operstlons showld be carried out at the lowest possi-
kle melten salt temperature,

2. The upper 2gne end prefersbly su. upper chamber.should operate at
temperatures of 400°C or lower to minimize entrainment, .

3. A serles of sipilar runs should be carried cut in the Mark ITI
Flugrinator prior to any cold run testing. Experimentel data of this nature
vould be extremely valuable during future process runs.
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TABLE 2

ZIFII_ ENTRAINMMENT RESULTS FROM PILOT FPLANT STUDIES

Molten Salt o
Temperature, C

W =] A Lo R =

£50
670 ave.
630 ave,
&00

B0
650
600
600
600

(1) BMI - 1084k p 13
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Meantle
Hegters

off
orf
OFL
off
off
On
n
On
an

Calculeted
Entrainment Experis
Gaes Phase of Z1F, From mental
Tem;pem‘léure Vapor ?reasure Rate,
Bange, C Data (1) grams/hr TEMS
{200-425) k.12 1.1
(150-%00) 6.13 1.5
{175=-360) 11.25 2.3
(1‘!0-300} ﬂ-gh G-m
(lhﬂ-ﬂm} 0-911- Oo'ﬁé
(%-530] 1"112 1-1}1|'
(245=500) 0.9k 0.60
EEhﬁ-ll-QEJ 0.9k 0.72
2h0-490) o.94 0.70




-G
4.0 VESSEL BEQUIREMENTS

4,1 PHYSTCAL FEATURES

General size and shape requirement of the Mark III Flucrinator dcoukle
chamber unit is shown in Fig. 1. Both chambers have a nominal 16 in. dia,
are 2-1/2 £t. high and are connected by a 5-3/L in. dia x 15 in. cylindricsl
section, ABME flanged and dieshed 3/B in. standard heeds will be used for
the chamber tops. The chamber shell wall, conical sections snd ¢ylindrical
connecting section will be fabricated from 3/8 in. nickel plate, The in-
spection nozzle located on top of the vessel will be S in. sch L) pipe sealed
with a2 blind flange. Flanges will be S in. 150 1h. ASA ring Jolnt with an
octagonal soft copper No. R-40 ring and VPP leak test device.

4,2 HOZZLES

h.2.1 Orientation
Nozzle oriantation for the lower chamber top head is shown ia Fig.
2. The lnspection, UFg outlet, and leak detection nozzles, A, B and & in the
Mg, 2 nozzle list, are located on the upper chamber top sectlon showo In
Fig. 2. All nozzles ars sch 40 plpe except Nozzle 5 which i5 a standard tube
slze.
k.2.2 Interpal Process Lines !
A1l internal lines will be 1/2 in, NP8 sch 80 "A" Nickel pipe.
The waste salt outlet, fluorine inlet, snd ilnstrument lines will be rigidly
supported by the dAraft tube, The high-preasure liguid level and specifiic
gravity lines will have gpubbkerz on thelr ontlets almilar to those of the
previous design. An inverted funncl-shaped gulde will be located beneath the
sample nozzle. '
A draft tube fabricated from 2 in. sch 30 pipe will be attached
to the internal pipes as shown in Fig. 3. Its function will be to provide
adequete miving during sempling operations.

4.2.3 Corrosion Specimens
Corrosion speclmen nozzles wlll be equipped with Swagelok butt

weld connectors as previously uzed. Proper alignment is essentiel to pera
mit Iree passege of the rod into the lower chamber., 5Six npzzles will be

provided.

4.2,k Auntoregistance Heatj

Frocess lines cxtending into the molten salt mixture will be auto-
reglstance heated for a digtance of about 10 f't. from the vessel, Line=s
involved are: the wmste zalt, fluorine inlet, liguid level high pressure,
and gpeelfic gravity high pressure, The split cirecuit method will be usad
to heat the lines from the veszzel head to a high point in the c¢ell. Heated
pectiong will require high temperature insulaticn for utilization of exist-
ing end new electrical transformers of reascnable size and capacity.

S80
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4,3 VESSEL SUFFORT

Veszel supports attached to the vpper chamber will earry the sntire
vessal welght plus charge at proesss conditions. The bottom chamber will
be suspended freely in the FV-500 Furnsce.

b4 MATERIALS OF CONSTRUCTION

The wvessel shell and heads will be Fabrieated from 3/8 in. "L" Nickel
plate. All external nozzles will be Fabricsated from "L" Rickel pipe except
vhere autorsglstance heating requires Inconel. All internals will be fabri-
cated from "L" Nickel materiels but "A" Nickel pipe will be substituted
where "L" Figke] cannot be procured in reasgmable time, Whare sdvissble
Inconsl pipe and flahges will be substituted for "L" Nickel to avoid pro-
curement delays. Vessel supports may be fabrisated from Inconel or other
satisfactory mwetals. Bwagelok eonnectors for corresicn specims=n nozzles
showld be Inconel,

4.5 CORROSION ALLOWANCE

A minimun corrosion allowsnge of 0,lLl0 in, will be used for design
PUrposes.

5.0 PROCESE REQUIREMENTS
.1l PRESESURE

During normal fluorinator operaticos the wvessel will be at atmospheric
pressure, except 5 pal My is required to start aiphoning of the waste salt
tranafer. A plug in the gas atream, or wvaste zalt line, could result in &
pressure lucrease equal to thet of the maximam regulated niiregen or fluorine
supply in use. In past pllot plant opersticns the maximmm pressure of
regulsted supplies was 12 psi. The 20 psl vessel desigm preassure gelacted
includes & reasonsble safety factor.

5.2 TEMPERATURE

The normel operating rangs will be 450-6000¢ for both fluorination and
waste salt transfer operations. The desired exit gas temperature range ia
100-400°C. The lower chamber and intermediate connecting section between
chambers will require a 750°9C maximum operating temperature to melt off-
specification salt aixturs:s and material splatiersd up on the walla duering
procesasing.

%+3 CORROSION
Pasat VPP operationa produced & corrosion rate of 0,055 in. per month

under the meost severe conditlons, henece the 0.110 in, allowance should allow
continious operation for a mintwm of two months.
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5.4 SAMPLING

Feed and waste samples for S. T. aiaountahility and procese control are
necessary. In pilot plent experiments™ waste samples were taken by three
methode: the standard copper ladle (top ssmpling), flowing stream, end
gclid pections from the waste container, The aversge urernium corcentration
wae sbout o factor of 10 higher for the flowing stream over the standard
nethod and about & factor of 20 lower than the s01id sempling method, This
indication of inadequate mixing led to a serles of draft tube experiments
that showed 2 conlcel botton with center speced draft tube should produce
sdegquate agitation.,

6.0 HEATING REQUIREMENTS

6.1 FLUCRINATOR FURNACE

A pot & furnace capsble of heating and msintaining the lower chomber
ghell at TS0YC is required, An elevator device similar to the previous one
will be required to lower the fwrnace for Vidigage measurements, end ree
movel for maintelnance purposes. The power requirsment will be 35 kw.
Specifications are glven in Section *f. The furnsce will contain a 3/16 in,
Inconel liner.

6,2 INTER=-CHAMPER HEATER = FV=S004

The Inter-cherber Heater will cover the Iotermedinte eylindricel sectlion
hatweenr chambers and the conical boltom section of the upper chamber uwsing
a single control device. It will have the capacity to heat the inside
vessel wall to a 7S0OC meximam temperature. A deslgn power Input of 2 kw
per 2q 't of surface arce was adeguate on prevlious units. Tubular heaters
with alloy sheath for recommended maxinmm serfivee of 1500°F will be used
as the basic heating units. They will be wrapped with stalnless steal shim
stock Bnd 2 in. of dAiatcmaceous silica-agbestog fiber inenlation vhere nesded.
Techniques applied in bullding previous heaters will be used,

lC. L. Whitmarsh, “Reliability of the 3alt Sampling Procedure in ¥R, "
CF=59-1-131.

EJ. B. Ruch and 5. H. Stalnker, "VFP - Flucrinator Design, Effeet of & Conieal
Bottom on the Selids (iremlation Rate,™ CF-50-5-15,

280 11
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6.3 UFFER CHAMEER HFATER, FV-S5005

The upper chember heater covers the surface sbhove the conical bottom.
The product gas outlet nozzle will be heated by 11ne heaters rather than
this heater., A maxilmim service tempereture of EDG £ will be required for
thiz zone. A minimm power input of 2-kw per ag ft. of surface ares will
e used., Mubulay heating units will be used In Lhe .Aame manner g desa
eribed in Seeticn 6.2 abova.

T.0 APFENDIX
T.1l DRAWING LIST
D=33393 F¥-100 Merk IITI Fluorinstor
D1=33354 Fluorinator Detalls Sheet No. T
N-33395 Fluorinator Details Sheet Ho, IX
D-35410 Fluorinator Deteiles Shaet No. III
D-S6592 Featers, FV-500A and FV-500B
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T.2 SFECTIPICATIONS FOR FY-S00 MARE II

CAK RIDGE RATTONAT LABORATORY
Operated by
. Union Cerbide Nuclear Company
Chemical Technology Division
Process Deslign Sectlion

Issued: March 2%, 1959

SFECIFICATIORES FOR ELECTRIC FURNACE, I[TEM FV.500
VPF_HYDROFLUORINATION ADDITIOR, BUILDING 3019

I. SCOFE

This specification covers the requirementz for one electric furnace,
for use in melting selt contained in & wertical, cylindrical vessel. The
furnace 15 to be rated at 30 kw minimum, This specificetion includes the
furnishing of the furnece complete with internel wiring, but with no elsctrical
v equipment bevond the incoming power terminal box unless = transformer 1s
 regquired for furnace operation. Heo cover lis required.

The Tollowing drawing ie 2 component pert of this specification:
} D=-33393 FV-100 Mark IIT Flucrinator.

I1I. TYPE OF SERVICE

The furnece 1s required to heat a wvessel 1o which & radicactive salt 1s
processed at a tempersture of L4OOSF meximum, The vessel to contain the
redicective s2lt will be supplied by the buyer. This vessel will be supported
independently of the furmace.

III. SPECIFICATIONS

A. Mechaniesl

1. The portion of the vessel thet the furnsee 1z to heat is 16 d4n.
a.4. ® 30 in, high, The inside diameter of the furnace will bhawve to be 19 in,
diameter to receive thie vepzel with edeguate cleerance. The heated height of
the furnsce shell be 42 in. The cutside diameter of the furnnce shall be held
to & minimum with & 32 in. -saxbon o.d. if feasible.

2, The exterior surface of the furnace shall be covered with at

L lesst & No., 10 U5S gasuge (0.137 in.) sheet steel Jacket to protect the in- .
sulation from damage. #A21 exterior metal swfaces are to be finished with
twe coats of aluminum peint. '
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3. All metal parts which are axnnsed to the heai of the furnece
ghall be of s suiltable stabilized sustenitic stalnlese steel.

E. Thermal Insuletion

The furnase shall have sufficient insulation to limit the ocut-
side surfecs temperature to 150°F maximum with an ambiient 2iy temperature of
T0°F when the temperature inside the furnace is 1U00°F.

C. Electricsl Regquirements

1. Available Power
The characteristics of availsble power are 230 volte, three
phasze, 60 cyelez A, (. :

2, Power Rating
The total power imput to the furnece shall be 35 Iw minimum.
Thres zaparate hesting zlements ghall be dalta connectad into a singls cohtrel
gone, The delta conhection is required to allow continued operation in the
event that a gingle element fails.

3. Control
T™e opersting temperature ingide the furnace will be meipteined
by centrol equipment to be furniszhed by the Buyer, The Seller shall supply =
aultuble thermotouple protecting tube lngerted through the wall of the furnace.

h, Heating Elements
The heating elements shall he sutiable for exposure to furmace
stmosphers and contlmious operation at 16000F with meximm 1ife expectancy;
they shall be round cross section {rod-type element); and the watt denaity
rer squers inch of exposed surface shall not sxceed 13. Heating elements
shall have a nominal chemicel composition of 80% nickel and 20% chromium.

Elements shall bhe supported iec a manner which allows even and
free slliding of the element with sufficeient provisicn for expansion and
contraction throughout the sntire length without shorting out or grounding apy
portion. BSufflclent slectrical insulaticn shall be provlded to permlt groung-
free operatlon at LA600°F when connected to the required voltage. Heating
elements shall be supported &t sufficient intervals so that when thermal
expansion and contraction occur, the elements do not coobmEet any object other
than =lement insulator-gupports. All materials used in contact with the
heating elasments shall be of such ccmposition that essentlially no oxidation
or bigh temperature corrosion will cccur at normal operating temperature in
air. The heating elements themselves shall remain essentially oxidation and
corrosion-free at 1600°F in air.

No copper shall be used vhere the temperature exceeds 350°F.
The terminals shall be so arrsnged that the buyer can make power supply
connections without disturbing the heating element leads., If splipes ars to
be made to the glements to bring out the leads, such splipes shall be hrazed
or welded to the elements.. All leads which run through the insulatiom shall
be of adequate size and current capaci.y to avola excessive temperature rise
at these polnts at full load.

580 1k
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IV. GENERAL CORSIDERATICONS

A, Information RBequired .

1. The Seller shall submit with his gquotation approximete outline
and interns] furnsce dimensicons. In eddition, he shall gubmit complete data
an the elements he proposes to use, Including gecmetries of eleme=nt arrange-
ment, watt density, and element brand designatlon.

2. Pricr to the start of construction the Seller shall submit for
approval nine copies of detalled drewings coverlog dimensions, assembly, non-
standard details, welghts, materials, and wiring diagrams.

3. Within 15 days after written approval, the Seller shall furniash
nine certified copies of sach drawing. Only after the Buyer grarts approval
in writing shall the Seller proceed with fabrication.

L, The Seller shall furnish the Buyer efght complete sets of ine
stallatieon, operation, and meintenance mannals of ipstruections, Including
parts lists and a recommended 1ist of spare parts, within 30 days after
notification of the contract award.

5. The Buyer's purchase crder number shall be shown fn the title
block of each drawiog.

Specificaticons prepared by

W, A. Bush, Eng'g Dept.
Engineering and Mechanical Divisicn

J. BE. Fuch
Procaga Dealign Section
Chemical Technology Diviasion
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