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__ IMPROVEMENT OF THE HYDROGEN FLUORIDE
CAS DELIVERY SYSTEM 18
THE 234-5 BUILDING : _

INTRODUCTION S e i S T T ‘ T
The dry chemistry operation of the RM Line in the 234-5 Building consists
basically of receiving plutonium oxalate in small platinum lined "filter

boats", placing these boats inside electrically heated resistance type
furnaces, and converting the oxalate powder into plutonium tetrafluoride

by drawing a mixture of hydrogen fiuoride gas and oxygen through the product.

The process requirés that the gas be supplied at a rate of 500 grams per hour

per furnace. If this amount of gas cannot be supplied continuously

to all furnaces simultaneous and under sufficient and steady pressuresg the result
will be incomplete or inadequate fluorination of the product. This necessitates
recycling of the product through the furnaces with a resulting decrease in the
overall capacity of process equipment equal to the amount of recycled material.
The dry chemistry equipment is referred toas "Task II® and presently consists

of six operating furnaces with the ‘seventh furnace currently being installed
under Project CG-551.

The hydrogen fiuoride gas delivery system does not, at all times, deliver sufficie:
gas to the furnaces. It is estimated that about six (6) psig is the minimum requii
ment for good gas control.  The existing system will not maintain this pressure
under certain conditions of high flow rate and low liquid level in the HF bottles.
The solution of this pioblem was made part of the Chemical Processing and Redustio
Design and Development Program and has been inciuded as part of Design Order
100991, Task II - Dry Chemistry Equipment « 234~5 Building,

POSE . ) S

The primary purpose of this report is to set forth the reasons why the Task II
hydrogen fluoride gas delivery system is unable to supply sufficient quantities
of the gas to the process at all times and to make recommendations on how to
correct this problem. Howsver, it is also a secondary purpose of this report
to make general recommendations on all phases of the gas delivery system where

it is felt that an improvement can be made in either the de31gn or operation of
the system.

SUMMARY AND CONCLUSIONS

The HF gas delivery is accompllshed by connecting four anhydrous hydrofluoric
acid cylinders to a common header, directly distilling off the gas, and routing

it through a steam heated line to the procecs area. The cylinders are enclosed
in a small shed behind the 234~5 Building. The Jenclosure is electrically heated
to maintain. a constant temperature of 50°C. (122 F.) to assist in the direct
distilliation of the HF gas. In the process area each furnace is supplied HF

gas through branch lines which connect 4o a common header routed along the

barrier. Each branch line contains equipmant for measuring and controliing the
flow of gas to the furnace. v

i

The direct distillation o. HF gas from the ecylinders is not suitable for supplying
the required quantities of gas to the process. The amount of gas that may be
supplled and the supply pressuré is a function of the rate of heat transfer from
the atmosphere of the HF enclosure to the oylinders. 4As the liguid level in thaw?

.,4‘_

4
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SUMMARY AND CONCLUSIONS (Cont'd) Iimlliu} g ":'Eﬂ

cylinders drop there is a corresponding drop in the rate of heat transfer which
results in a drop of pressure and quantity of eveporated HF.

If an adequate supply of HF gas can be assured at high and steady precsure, the
existing piping system is satisfactory amd can be used as is, however, some

simplification and improvement of control instruments in the supply line could
be made.

REC CMMENDATT ONS

The following recommendations are made as a means of providing an adeguote hydrogen
fluoride gas delivery system in regards to.capacity and maintenance,

1. Install an HF system in which the heat of vaporization of HF
is supplied at some point other than through the walls of the
storage cylinders., The recommended method of doing this is
shown on Engineers Sketch, Flow Diagra.m, at.tached as Figure I _
in the appendix. i Ea

2. Dv not replace the HF header that runs along the barrier in front
of Hood #9 as it is of sufficient size to handle the gas require-

ments under any reasonable amouni of positire pressure in the
supply system,

3. Remove the differential pressure contrcllers in the HF feed lines
to the furnaces and modify the motor operated flow control valves.

4. Use monel pipe and fittings thronghout the HF sSyshtem from inside
the HF enclosure to the processz area.

DISCUSSIN -
Description o 19 &
The Task IXI operation of the 234-5 Building is -ths operation in which é

plutonium oxalate is convertéd into plutonium tetrafluoride inside
electrically heated furnaces. Moderate quantities of hydrogen fluoride
gas are used in this operation. The HF gas is routed to the process srea
through a steam traced monel line originating in a small HF enclosure in
back of the 234-5 Buiiding. The HF enclosure is sc piped that two

banks of HF cylinders, four cylinders per bank, may be alternately
connected to the system. HF 1s supplied by direct distillation of the
gas from the bank of 4 cylinders. The temperature of the enclosure is
maintained at 50°C. (122°F.) in order to increase the gas pressure
inside the cylinders. The cylinders are constructed of steel and, when
full contain 200 1bs. of comitercial anhydrous hydrofluoric acid.

The Task II process equipment presently consists of six horizontal
furnaces all connecting to a single large hood (Hood #9). A seventh
furnace is currently being installed under Project CG-551. HF is
supplied to each furnace from a commen header that runs along a steel
contamination barrier in front of the hood. Each furnace is fed from
an individual branch line between the furnace and ‘the header. Tach
of the branch lines contain a remctely operated shub~off valve, a flow
m:’;:ar, & differential presaure contro:tl,er, and 2 m@!mr opara*t.ec}, re at:
VaLve, R - . A . 1
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This system as now constituted does not, in all cases, deliver sufficient
gas to the furnaces to permit completely satisfactory service, HF is
metered through the flow meters at a desired rate of 500 grams per hour
per furnace. At times all furnaces must operate simultaneousiy. The
principle effect of insufficient flow of HF to the furnace is a sharp
inerease in the number of batches that must be recycled for refluorination,

This of course materially affects the total capacity of the Task II equip-
ment. - : :

Hydrogop Fluoride Evaporation

Under the present method of distilling HF directly from the cylinders, all
“he heat of vaporization must be supplied from the heated atmosphere of .
the HF enclosure and transferred through the walls of the cylinders into
the fluid, The heat of vaporization of anhydrous HF is plotted in Figure
III of the appendix and for present opsrating conditions is about 200 Btu
per 1b, As the demand for HF may at times reach the rate of 10 lbs, of

HF per hour, the heat that must be transferred from the room to the bottles

may reach 2,000 Btu/hr, U e e

Calculations show that, when the liquid level inside the cylinders drops
and thus decreases the heat transfer surface, a point is soon reached
that sufficient heat will not transfer into the cylinder to maintain
adequate operating pressures.

S e
R e SNCE SN

The following sample caleulation iz given to illustrate how this heat
transfer rate can affect the available pressure:

NI
LA

Problem: Calculate pressuré'in HF cylinder when using HF at rate of ten
lbs/hr, with HF enclosure temperature of 120°F. and bottles only 50%
full, I ' -

il e v
B

Q= UA (ty-tn) P : L

vhere Q = 200 Btu/lb. x 10 1b/hr, = 2000 Btu/hr. )
U = estimated under these conditions to be 2 Btu/hr/sq. ft./degree F. ST

A= .5x51.2 = 25.6 ft% on basisof four cylindrical botties
403" high x 144" 0.U. .

ty = 120°F. = Temperature of HF enclosure
t, = temperature in bottle °F,
then 2000 = 2 x 25.6 x (120=f5)

tp = 120 = 2000 . = 120 - 39 = 81°F,
2 x 25,6 K e

With a bottle temperature of 81°F, the vapor pressure inside the bottle

may be read from the vapor pressure curve, Figure II in the appendix,
as 4.4 psig. '

S

Beforns o
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droge ride Evaporation (Cont'd)

With the same flow rate, tlis pressure will become even smaller as the
liquid level in the cylinders lowers. The flow rate cf HF is plotted
against the cylinder pressure in Figure IV. TFigure V shows the amount .
of flow that can be attained at different liquid levels in the cylinders
under various pressure conditions. These two graphs show clearly why

the available pressure drops rapidly as the level in the cylinder decreases.
These two graphs also indicate that a rather large percentage of the liquid
HF will have to be thrown away if adequate pressure ic to be maintained.

It 1s felt the only reliable and the most practical system that would be
capable under all conditions to maintain adequate pressures and permit use
of all the HF in the cylinder is to provide a means whereby the heat of
vaporization can be suppliec in u mannero her than through the walls of
the gas oylinders. The recommended method of doing this is shown on
Figure I, Englneers Sketch, Flow Diagram, Proposed HF Evaporization System.
A copy of this sketch is in the appendix.

The liquid HF flows from the inverted HF bottles, through a control valve B
into the monel evaporator vessel, Liquid level in the evaporator is held '
constant by means of a liquid level controller and alarm controlling

the flow control valve in the feed line. A separate high liquid level

alarm is provided as an added safety feature. The HF is heated and

eveporated by warm water flowing in the heater coils. The warm water is
obteined by mixing cold water and steam and is kepi at constant temperature,
not to exceed 130°F., by controlling the quantity of steam with a temperature
controller and flow control valve. The evaporator is maintained at a constani
pressure by means of a pressure controller controlling the quantity of warm
weter supplied to the colls, /lthough there are several satisfactory methods

of adapting this scheme to the present instaliation, the following is
probably the most satisfactory method: . . -
1. Modify the existing HF enclosure manifold and cylinder racks to provide

means for inverting and securely fastening the cylinders before connecting
them to the manifold. ' - e e -

2, TInstall evaporator and controld in 4 séparate enclosure constructed
behind the 234~5 Building adjacent to the existing enclosure,

3. Use the existing 11" monel line to transfer the gas from the evaporator
" to the process area. ' : P .

The estimated cost for revising the HF gas delivery system in accordance
with this scheme is $12,000; including approximately $1,400 for contingency.
A copy of this cost estimate is included in the appendix.

HEF Piping and Control Systenm

Each of the HF branch lines that connect the furnace to the header along
the barrier iec equipped with valves and instruments for measuring and
controliing the flow of HF to the furnace, A {inerntheve, air operated,
diasphragavalve is used for a shut-off valve. A motor operated valve is
used to set the desired amoint of flow to the furnace. A differential

o CUSFED
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Piping and Coptrol System (Cont'd)

pressure regulator is installed in this line to maintain this flow regard-
less of pressure fluctuations on either side of the motor operated valve.
Maintenance work on this section of the HF line is difficuit because of
the limited amount of working space between the barrier and Hood #9.

Any simplification in the meke~up of the line will resuit in a reduction
in the amount and cost of the required maintenance.

There have been several changes in valving and piping of this line since
it was originally installed.: Mathematical analysis confirms operating
experience in that it appears good fiow control with the present system
would be impossible. The differential pressure regwlators are designed
to meintein a 3 psi differential pressure across the motor operated control
valve., This flow control valve is a 4" AVECO Series #10¥C valve constructed
of monel and provided with a standard AVECO characterized needle., Manufacturers
flow data on this valve indicate that; to maintain a flow of 500 grams per
hour at a 3 pei differential pressure the valve must operate at considerably
less than 10% opening. The differential pressure regulator is a Conoflow
Corporation, Model H-11~T. It is probable that under normal conditions
this regulator is operating so near the fully closed position that it is

¢ considerably beyond its designed cperating range.

In order to correct these conditions and at the same time simplify this sectiog*
of the HF line the following method of control is recommended: :

1. Remove the differential pressure controllers from the HF line.

2, Provide a gas delivery system and instrumentation as owtlined previously
plus an accurate pressure regulating valve in the HF header to maintain
a constant header pressure under all operating conditioms.

3. Provide the motor operated vaives with new special designed plugs to
replace the standard characterized needles.

With a constant header pressure and a properly designed motor control valve,
the relatively small variations in the furnace pressures, which are in the
order of a few inches of water, wiil not materially affect the flow of
gaeges ints the furnace, : ‘ s : ) .

In regards to the special designed plugs to replace the existing teflon
needles, attention is directed to Doocument HW-25955, The work performed

by the Separations Technology Unit, Technical Section, in development of
valve stem cones for this same AVECO valve is described in this document,
The development of valve plugs as recommended herein could be done reliably
only by repeating this type of work with the newly defined flow conditions.
It is suggested, however, that better flow control and valve characteristics
can be obtained if the valve Steém plugs are designed to be cylindrical to

give a close fit inside the cylindrical bore of the AVECO valve. Control 7
is attained by maching a small "V shaped groove longitudinally along the: #
surface of the cylindrical plug. )

Because of the lack of suffiéient data and the many variables invoived,
all instrumentation should be designed flexible enough so that optimum
operating pressures may be determined under actusl oparating conditions.
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HE Piping and Control Svster (Cont'd)

Also present plans for improvements and modifications to the basic
fluorination equipment dictate that this flexibility be provided.

It _is believed the following recommendations will provide the necessary
flexibility, AR )

1. The gas generator should be provided with instrumentation so that
the operating pressure may be readily varied between 5 and 20 psig.

2. The pressure regulating valve in the HF header has a regulated pressure
output range of from 2 ¢ 15 psig.

There has been much discussion regarding the size of the HF header running
along the barrier in front of Hood #9, This header is constructed of 4"
monel pipe. Each of the branch lines are 3/8" monel tubes. The question
has thus arisen whether this header is of sufficient size to adsyuately
supply each of these branch lines. Calculations show that the pressure
dnop through this line is very small for even the maximum flow rates.

For example, the pressure drop through 50 feet of this line wiih HF at
140°F. and 12 psig flowing at the rate of 10 1bs. per hour is only .0535
pel or 1.49 inches of water, This calculation is included in the appendix.

With the same mass flow rate except with a pressure of 2 psig this pressure
drop approximately doubles.: ’ '

In either case the amount of pressure drop is very small and can be
neglected provided the total pressure in the header can be maintained

at any level in excess of 2 psig. However, under present conditions of
operation with several furnaces connccted to this header and each furnace
held at least td 10" HaO Vac. it is possible for the header pressure to
decrease to zerd lbs. gage or acturlly have a negative gage pressure. Under
such circumstances the very amall pressure dropa can have aa appreciable
effect. As the flow rata Into each furnace is inversely proportional

to the square root of the length of line, the first furnaces will then
“rob" the other furnaces and equal flows uan not be maintained. This
leads to the conclusion that the refluorination rate will increase as

length of the HF line increases. Operating data confirm this conclusion
to be generally true.

78 installation of an HF evaporator and the attalnmeht of higher pressures

will eliminate any need for replacing this header with a larger line. These
calculations and conclusions are made, of tourse, neglecting any possibility
of plugging in the header, . In the event of any future evidence of plugging,
it may then be decided to replace the header with a Jarger diameter pipe.

No justification for this, however, is indicated at this time.

Materials of Gonstruction

Carbon steel is the most widely used construction material for equipment
in which anhydrous hydrofluoric acid is conveyed or processed. It has
been widely used in the 234-5 Building HF system with some degree of
guccess but the present trend is toward replacement of steel with monel.
Recently the steel transfer line between the HF enclosure anpd the process
area was replaced with a monel line., It is recommended that this trend
toward monel continmue, if not be actuaily incremsed.’ Below is a list of
reasons which indicatesthat all steel gomponents in the system showld
eventually be replaced”with monel. ‘ ,

B

s, = i 1 e o
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1. The corrosion rates of stesl are measurably higher at room temperature.
than monel and show a 8ignificant increase with an increase in tempera-
ture. Steel is not considered a satisfactory materid) for service
above a temperature of 150°F, Many parts of the JTzsi, II HF supply
system exceed this temperature, The corrosion rate 4f monel also
increases with temperature but not nearly so rapidly as steel,

: 4
2. The HF corrosion process, in most cases, seeme to iz accompanied by
the evolution of hydrogen, while the flucrine combtines with the metal
to form metallic fluworideas, The resulting fire amd explosion hazards
created by the presence of hydrogen gas make it imperative in the Task
II process that hydrogen formation be minimized. ¥inimum corrosion T
rates thus will minimize hydrogen formation, and the use of monel wiil
minimize these corrosion rates. "It should be poinied ocut that hydrogen
gas may be formed in spite of passivation of the steel,

3. By necessity, all welded construction on HF piping is used insofar
as practical, When welding steel pipe,great cars mist be used to
eliminate slag since slag pockets are attacked very rapidly by the

HF acid. Monel piping with inert-gas welding will minimize this
potential danger spot.

4. When using steel pipe and fittings in an HF systemgreat care must be
exercised to insure use of satisfactory materials, For example, lap
and butt welded steel pipes are subject to attack st the seams, thus
necessitating the use of only seamless steel pipe. #&iso materials
that are brittle or notch-gensitive must be avoided, This inciudes
free~-machining steel, high phosphorous steel and other materials
of similar properties. On a very small HF system of the type used
in the 23/~5 Building, the savings would be too smeii to justify
setting up a reliable system that will positively siiminate the use
of any of these unsatisfactory materials in the HF iines.

-

Wi U/, Wl
Separations Lzaign & Development
Design Sectiom

ENGINEERING LEPARTMENT
EO Swain/baj - _ S

DECLISSIFIED
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SAMPLE CAJCULATION OF DETERMINATIOH
OFF_PRESSURE DROP IN HF PIPING

Erobiem: Determine the pressure drop in 50 feet of #" schedule 40 pipe
with HF gas at 2409F. and a pressure of 12 psig flowing at the
rate of 10#/hr. ‘

Formula: This problem may be solved by use of the general flow equation
shown below and developed in most elementary t,ext.s on Fluid
Mechanics. " — o

P. .
M2 - 2282 |2 0 4P
gJ;ZQ . .
£L

%sz%

in vhich M = muss flow ra{:é*,wl‘bs/ sec :' B

= 32.2 ftfsec,® - ,_ : -
= inside diameler of pipe

A = pipe cross sectional area, sq. ft.

g
D

L = pipe length, ft. *g
. f = friction factor , %
Q = £fluid density, lbs/cu. ft. 2

Two approximstions sre m...dﬁ to greatly simplify the above equation.
The second term in the denominator is the correction for kinetic
energy change and is so small compared with fL/D it will be neglected.

— ‘:, :."
ol

The second approximation is in the evaluastion of QdP It can be "::4 -
safely assumed in these calcula tions that: 3

o TR

f? . Q= A/ BP vhere A & B are)constants
dP = P, - P
Applying these appro.ximations and substituting constants toc convert

the terms of the equations into more useable units, the flow equstion
can be written as follous' ‘ ‘ -

=D (R =Bl (Q 1-4:-’2-)—

where M = mass flow rate - J.bs/sec. o

-

£ = friction i‘actor )
= diameter -~ inches

©= density, 1bs/cu. £t.

P = pressure, psi. . .

L =lengthof Xine - £t, -~~~ -~~~ =~ ’

olving for D t Q°F, & ig:
) &
' i
igure VII shows the variation of molecular weight of the polymerized ié
HF gas at vsrious temperaturs and pressure conditions. By use of this §

" graph the densiiy of HF gas ah* 140°F. and 12 psig is ca.lculated as
follows:

)
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Trom Figure II the bawration pressure @ lAOoF 38 psig =
52.7 psia, -
Line pressure = 12 psig = 28,7 psia.

Line pressure represents 28,7 or .545 x saturation pressure.
52.7

Eb(trapo.l.aung srom Figure VII the molecular waight is read as 25,

Figuwre VI, molscular weight of HF vs. teaperature, is shown for -

1nformat10n purposes only. :

Density may then be calculated as follow3°

Jair = wm
HP Mol., Wt. of HF

Cxr . 20 rens/mle = 104 1bs/rt
15 moles/liter x 035 x 454

Solving for friction factor: ' N

Reynolds No., = %I‘_Ig

where D =~ diameter in ft. = .0518 ft.

v

velocity - ft/sec. = @ = ,0267 = 12.65
A ,00211

Q= density = .104#/‘&.‘3
ﬂ: .00000672 1bs/ft. - ssc.

M = 10150 #

With Reynolds Number = 10.150 tixen £ = .031 %
: E
Solving for Pressure Drop g

-t
2
() Ly Lan

31 x50

Pl-P

, = -0535 pet.

.ll

1. 49’ in. of water
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Septembar 29, 1954
E. 0 Swain _ N . ) H

Separations Design & Development '

CUST ESTIMATE
MODIFIGATION TO HF ENCLOSURE 234~5 BLDG,
PROJEGT D, 0, 100991

Please refer to your request of September 10, 1954. You ask that we prepare
an estimate of cost for revising the HF gas delivery system in the 234-5 B
Bpidding., Work to incliude the following: ‘ ' T

1. Revise the manifold and bottle racks in the existing HF shack .
to conform with the arrangement shown on SK-2-943 and piped
in accordance with Engineers Sketch Flow Diagram.

2. Construct snother enclosure similar to the existing one shown
on H-2-16227 for housing a new HF evaporator.

3. Provide an HF pvaporator in the new enclosure compiete with
plping and instrumentation as shown on attached Engineers
Sketch. No changses to piping inside the butlding will be
roquired. ,

The estimate is based on all work performance by Flant Forces. Drawings
SK-2-943 apd H-2-16221 along with a sketch and flow disgram which you have
furnished were used in preparing the estimate,

Attached is the cost summary totaliﬁg $12,000 including approximately $21,400
for contingency. P .. L oo k

Returned herewith are the above-mentioned drawings, sketch, etc, furnished by

you.
1+ - W. F, Garetson, Head
Egtimating & Unit Costs Unit
PROJECT AUXILIARIES SUB-SECTIQN
WFG :dsm _ |
Attschment - -~ e

ce: JW Brands ) ) )
File . S -

57

- ’ e, - L 5
i M i

K
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MODIFICATION TO HF ENCLOSTRE 234-5 BLDG,
PROJECT D, Q. 10099],

G811 BUMNMARI

Earthwork ' § 150
Concrete Work ' 350
Carpentry | S o 1,000 :
Insulation ' 100
Roofing & Flashing ‘ 100
Painting S - 200 -
Electrical Work e .. 150 _ r
" Mechanical Work {Incl. Piping) o ' 4,750
Special Tonditions | 400 :
Sub-Total Direct Dost TN e CTELE L Tl m$ 7 ,2_00 %
IME (110% of Labor) : . . 2,400 e
Total Direct Cost : & 9,600 .
Design & Administrative Expen:se . I ,000
Contingency 15% . - ._ - . . l.gO"O

Total Project Cost $ 12,000
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