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CONFIDENTIAL
I SUMMARY

A study has been made of possible processes for the production

of hafnium-free zirconium of a grade suitable to meet AEC specifications.

The purpose of the study has been to select the most suitable processes

and develop detailed estimations of investment for four different sized

plants to produce zirconium and the cost per pound of metal produced

from the plants.

Consideration of several possible process routes indicated

that only the separation process now used at Y-12, Oak Ridge, and the

reduction process used by the Bureau of Mines are sufficiently developed

to permit plant projections and estimation of costs. Our efforts have

therefore been centered on the development of detailed cost data for

plants utilizing those processes. The over-all costs which have been

calculated on this basis are as follows:

Plant Capacity Capital Cost/Lb. of
Lbs. of Zr. /Yr. Investment Zirconium Produced

100,000 $1,184,000 $14.68

150,000 1,318,000 11.79

300,000 1,835,000 8.70

450,000 2,352,000 7.66

Brief consideration has been given corollary matters such

as basic zirconium sources, patents and publications on the subject as

a whole, and the potential commercial applications of the metal. Such

matters do not affect the preparation of a bid under the current situa-

tion but would be of great interest to a successful bidder. A more

detailed study of these matters should therefore be made in the event

that Climax is a successful bidder.

CONFIDENTIAL
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II INTRODUCTION

This study has originated from the request of the AEC for

bids by commercial manufacturers on zirconium to be used in the

Naval Reactor Program. Climax has an interest in being one of the

bidders and has requested the assistance of Arthur D. Little, Inc.

in the preparation of data leading .i. to a bid.

Our initial assignment was to appraise the processes now

being used at Y-12, Oak Ridge, and the Bureau of Mines, Albany,

Oregon, to produce zirconium of adequate purity for its intended

use, and develop investment and production costs for a plant to pro-

duce 150,000 pounds of zirconium annually, utilizing those processes

which appear to offer the greatest possibility for minimum costs.

In addition, we were to give consideration to such factors as raw

materials, and potential commercial applications for zirconium with-

out particular reference to the quality required by the AEC.

By agreement with Climax representatives in the course of

interim meetings, greater emphasis has been placed on certain phases

of this study, others have been partly or entirely eliminated from

consideration. Most important from the standpoint of time require-

ments we have been requested to submit detailed cost data on four

different-sized plants. During our most recent meeting it was indica-

ted that figures for these plants should be further augmented by the

development of cost information for the associated production of

hafnium in amounts corresponding to the production of zirconium at

the rates of 150,000 and 450,000 pounds per year. Most of these

deviations from the original assignment have been made as a matter

of necessity as the AEC has changed its bases for bids and in some
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instances because of the need of devoting more time than had originally

been anticipated on certain phases of the study through lack of ade-

quate information from the existing Government operations.

All of the information contained in this report is premised

directly or indirectly on current practice at the Y-12 separation

plant and the Albany, Oregon reduction plant. While the basis for

possible deviation from these methods exists, in actuality insufficient

work has been done on any of the other processes to permit appraisal

of those processes as commercial operations within the time limitations

imposed for the construction of new facilities. While alternative

processes are described generally in an ensuing section of this report,

the above noted factors have mitigated against detailed consideration

and it is probable that such consideration should be given in the

future when time permits. Such alternative processes related both

to the separation of hafnium and zirconium and the reduction of zir-

conium. Since the hafnium separation is essential only to the produc-

tion of metal for AEC use and since all alternative separation proces-

ses appear to have costs of the same order of magnitude as the Y-12

process, we question the advisability of making major expenditures

for the further investigation of these processes either now or during

the operation of the Y-12 process, assuming Climax to be a successful

bidder. Experimental work on alternate separation processes con-

tinues at other AEC sites and should any marked advantages be developed

such information would be made available to the successful bidders.

On the other hand, it is entirely possible that by the end

of the five-year production contract, the Kroll reduction process may

be entirely obsolete. Active research work on the part of commercial

producers of titanium on other methods of producing titanium, if
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successful, would be directly applicable to zirconium production for

commercial uses. Since such research and development is not made

public it is therefore essential that a successful bidder on the AEC

zirconium contract devote research effort on alternative reduction

processes if an adequate position is to be maintained with respect

to production of commercial metal either during or after the comple-

tion of the AEC obligation. We believe it important to make this

point here since the remainder of this report is devoted in a major

proportion to consideration of the factors leading up to the making

of a successful bid on the AEC requirements.



-5-

III RAW MATERIAL CONSIDERATIONS

The primary raw materials for the manufacture of zirconium

are zirconium-bearing ores varying to some extent in composition

depending upon the source of the ore but being in the main composed

of zirconium silicate. Prior to 1948, most of the zirconium concen-

trates consumed in this country were imported from Australia princi-

pally in the form of mixed zircon-ilmenite-rutile-monazite concen-

trates. Because of the potential use of thorium contained in the

monazite in atomic energy work the Australian Government banned ex-

port of concentrates containing more than 0.5% monazite. This re-

sulted in a sharp decline of exports from Australia although minor

proportions of concentrates meeting with the government regulations

continue to be received in this country. Simultaneously with this

development, larger quantities of zirconium concentrates were being

recovered from titaniferrous black sands being worked for the titanium

values in this country. As a result of this activity, by the end of

1949 the United States was entirely self-sufficient with respect to

zirconium ores. These black sands are extensive through northeastern

Florida from northeast of Jacksonville to northwest of Lake Okeechobee.

Zirconium also occurs in the gold monazite gravels of central Idaho

and the gold gravels of central California. Minor amounts of zirconium-

bearing materials continue to be imported from Brazil in the form of

zircon (zirconium silicate) and baddeleyite (zirconium oxide).

Since the domestic deposits are being worked principally

because of the titanium content, the titanium producers have a pre-

ferred position with respect to zirconium concentrates. Detailed

consideration has not been given either to the technology or economics

of this operation but it is suspected that it probably would not be
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possible to produce zirconium concentrates at the present price if

the recovery was not coincidental with titanium recovery. Thus we

have National Lead and du Pont as the principal domestic producers

of zircon concentrates. The Titanium Alloy Manufacturing Division

of National Lead is upgrading the concentrates to crude zirconium

tetrachloride while du Pont, in conjunction with the Humphreys Gold

Corporation, which is operating the du Pont plant, thus far is not

offering any zirconium tetrachloride for sale.

For the purposes of this report it has been agreed with

representatives of Climax that zirconium tetrachloride should be

regarded as the starting raw material. This has been necessary in

order to provide the firmest possible foundation for subsequent cost

estimations, and also because time had not permitted a detailed assess-

ment of the desirability of an integrated plant starting with zircon

concentrates, nor the ownership situation with respect to zirconium-

containing properties. Very rough calculations, however, do indicate

that savings might be effected through the purchase of concentrates,

conversion to the carbide and subsequent chlorination to produce the

raw tetrachloride. It is believed that this subject should be

given much more detailed consideration in connection with any appraisal

of the prospects for production of zirconium for commercial uses.

The following quotations on zirconium tetrachloride have

been made by the Titanium Alloy Manufacturing Division, National Lead

Company: 340 per lb. in carload lots; 34 1/2 per lb., 5-ton lots;

35 per lb. in ton lots; 35 1/2$ per lb. in 500-lb. lots, and 38 per

lb. for less than 500-lb. quantities. All prices are f.o.b.

Suspension Bridge, Niagara Falls, New York. At the present time

Titanium Alloy Manufacturing's capacity is approximately 100,000 lbs.
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per month, which is equivalent to 39,000 lbs. per month of contained

zirconium on a theoretical basis and therefore represents just about

adequate capacity to supply a plant producing 450,000 pounds of

zirconium per year.

The other chemicals used in the separation process include

ammonium thiocyanate, hexone, sulfuric acid, hydrochloric acid, ammonium

hydroxide, phthalic anhydride and lime, all of which are commercial

chemicals produced by several firms and may be presumed to be readily

available under Defense Orders which would be applicable to this opera-

tion. For the re-chlorination and reduction are required channel

black (Binney & Smith's Raven 11), purified powdered sugar, chlorine

and either Pidgeon process or distilled magnesium. With the exception

of the last item the comments made above with respect to availability

apply equally here. With the planned reactivation of some standby

Pidgeon magnesium facilities, there should be no difficulty in pro-

curement of this material. The quantities of chemicals required for

the various plant sizes and their current unit prices are given in

subsequent sections.



IV GENERAL PROCESS CONSIDERATIONS

The over-all process to be used for the production of zir-

conium metal depends upon whether the metal is to be used in con-

nection with atomic energy or for commercial processes. In either case

for most applications it is necessary that the oxygen and nitrogen

content be held low in order to obtain ductility. For atomic energy

uses a principal requirement is that the hafnium content be below

100 parts per million. Since this requirement adds appreciably to

the cost and the complexity of the operation, discussion of potential

processes is divided according to the anticipated end use.

A. Zirconium for AEC Requirements

Three basic processes are required to produce zirconium

metal which will meet AEC standards. These are (1) the extraction

of zirconium in a useable form from zirconium concentrates; (2) the

processing of the zirconium salt to reduce the hafnium content and

the concentration of other elements to levels acceptable by the AEC

and, (3) the reduction of a zirconium salt to produce metallic zir-

conium. The AEC specifications for zirconium are as follows:

Limit for Contents Limit for Weighted
Group I of Any Container Average of any Lot

Aluminum 300 ppm 75 ppm
Boron 1 1
Chlorine 800 600
Chromium 400 100
Cobalt 40 20
Hafnium 400 100
Iron 4000 1000
Lead 200 100
Magnesium 800 600
Manganese 200 50
Nickel 280 70
Nitrogen 400 100
Titanium 200 50
Vanadium 200 50
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Limit for Contents Limit for Weighted
Group II of Any Container Average of Any Lot

Cadmium 0.5 ppm
Calcium 30
Carbon 600
Lithium 1
Oxygen 1000
Phosphorus 100
Rare Earths (Total) 15
Wolfram 50
Zinc 100

The principal form in which zirconium exists in the con-

centrates is as the silicate. Since for AEC purposes the hafnium

separation and zirconium purification is carried out in a wet process,

wet extraction methods could therefore be applied to the zirconium

silicate. The reason for this is that since any zirconium salt placed

in water will hydrolize to the zirconyl state, there are no real bene-

fits to be derived from the primary production of a zirconium compound

from the concentrates. Technically such a wet process has not yet

been developed for the extraction of zirconium from the silicate. The

present process involves the reduction of the silicate with carbon to

the carbide with subsequent chlorination to produce zirconium tetra-

chloride. This process is carried out at elevated temperatures and

requires the use of chlorine which is not recoverable as such in sub-

sequent operations. A wet extraction process may be applied to

baddeleyite to produce zirconyl chloride but not economically inas-

much as baddeleyite sells for approximately twice the cost of zirconia.

No information has been available on the extent of research which may

have been done on wet extraction processes on zirconia. It would appear

that an opportunity for substantial savings exist if a satisfactory

process could be developed since zirconium tetrachloride comprises one

of the major cost items in the operation, while zirconia is relatively
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inexpensive.

Since the separation of hafnium is of interest only tb the

AEC, research on such processes has been confined totally to AEC

sites and information on such processes is therefore available only

from those sites. The principal difficulty involved in the separa-

tion of hafnium from zirconium is the very high degree of similarity

in the chemical properties of compounds of the two elements. While

it may be presumed that consideration was given to chemical methods

of separation, the processes which have been described to us are

basically physico-chemical.

Two basic principles have been applied to three processes

for the separation of hafnium and zirconium. The first principle

depends upon the differential solubility of complexes of hafnium and

zirconium in organic and aqueous phases. It is on this principle that

the process utilized at Y-12 is based. Detailed description of the

Y-12 process is contained in a subsequent section of this report.

Another process based on this principle is under investiga-

tion at the Ames Institute for Atomic Research. The Amee process is

still undergoing development and there is little point in detailing

the experimental conditions which existed at the time of our visit.

Basically the process depends upon the formation of a complex zir-

conium compound utilizing tributyl phosphate as the complexing agent.

Separation of the hafnium and zirconium is effected in a column to

which the zirconium is supplied in the form of zirconyl chloride while

the tributyl phosphate is added in an organic solvent. The zirconium

is removed in the organic phase in which the hafnium has a compara-

tively low solubility and therefore preferentially remains and is re-

moved in the aqueous phase. At the time of our visit the recovery of
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the zirconium values from the organic phase had not been worked out

in detail. Experimentally it has been determined that it is possible

to recover the zirconium from the organic solvent with a sulfuric acid

or a straight water wash. It has been found that the efficiency of

zirconium recovery in the organic phase could be as high as 99.2% with

a 60 parts per million content of hafnium on the basis of 100% zir-

conium. 75% of the entering hafnium was recovered in the aqueous

raffinate. No detailed process has been worked out for the further

refinement of the zirconium stream to elimate such elements as titanium,

nickel, or chromium. Although the process appears interesting tech-

nically it is difficult to see how it would be possible to show any

substantial economic advantage over the process in operation at Oak

Ridge.

The second basic principle which has been applied to the

separation of hafnium from zirconium was similarly developed at Ames

and depends upon the differential adsorption of hafnium compounds on

silica gel. A methanol solution of raw zirconium tetrachloride is

filtered and flowed upward through a column containing silica gel

which has been previously activated by heating. When operating at

a rate to reduce the hafnium content below 100 parts per million,

approximately 92% of the zirconium is recovered in the outgoing stream

from the column. The major portion of the methanol may be recovered

by distillation and the zirconium values recovered in the form of

zirconyl chloride by crystallization with strong hydrochloric acid.

The silica gel may be regenerated by a dilute sulfuric acid wash

followed by heat reactivation. As in the case of the other processes,

details of the conversion of zirconyl chloride into the oxide have

not been completely worked out. Making certain assumptions, a plant
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to produce 1,000 pounds per month of contained zirconium has been

estimated by Ames personnel and a process cost of $7 per pound of

contained zirconium derived. This compares unfavorably with both

the operating and our estimated costs of hafnium separation by the

Y-12 process.

For the reduction of a zirconium salt to produce zirconium

metal suitable for AEC use, no special requirements exist except that

the process shall not reintroduce impurities which have been eliminated

by the prior purification steps. The Kroll process involving the

reduction of zirconium tetrachloride with magnesium which is presently

used is described in detail in a subsequent section. From purely

theoretical concepts and the reports of research on both titanium and

zirconium several other metals could be used as reductants. Such

metals are the alkalies, of which sodium is the cheapest and most

plentiful, and other alkaline earth metals such as calcium and barium,

and aluminum; all of which will reduce zirconium from the tetrachloride.

However, organizations which have carried out exploratory research on

the use of other metals for reducing agents have in most instances

found that the equilibrium conditions were not as favorable or that

the zirconium produced was in a less desirable form than that result-

ing when magnesium is used. The major exception to this is Dominion

Magnesium, Ltd. which is reputed to be placing considerable emphasis

on the use of calcium as the reducing agent in titanium production.

Information about this process has been extremely meager but it has

been reported that Dominion has successfully reduced titanium dioxide

with metallic calcium, subsequently soaking the produced titanium in

molten calcium to further reduce the oxygen content and thereby pro-

duce a ductile titanium. Such a process could conceivably offer some
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economic advantages in the elimination of chlorination steps and cost

of chlorine itself. However, our limited knowledge of the process

presently precludes any realistic appraisal. So long as the process

for producing zirconium is thermochemical with its concurrent high

labor cost and involves the reduction of the tetrachloride which is

basically a costly zirconium salt there would appear to be little

possibility of obtaining a major economic advantage through the utiliza-

tion of other reducing metals.

An alternative route for the *production of titanium which is

receiving considerable attention at the present time is the electroly-

sis of a suitable fused salt mixture containing titanium in the form of

a mixed salt. Similar research on zirconium has been done by the

Bureau of Mines and the approach abandoned, and is now being conducted

by Horizons Incorporated under an AEC contract. Several technical prob-

lems have existed. First the tetrachloride of both titanium and zir-

conium are nonconductors. This problem has been overcome by the develop-

ment of satisfactory electrolytes from which zirconium metal may be

deposited. The other problems which remain are the production of the

metal in a suitable form, the development of operating conditions to

give economic cell efficiency and the complete elimination of oxygen

and nitrogen from the bath. Certainly the electrolytic approach is

one deserving of further research and exploration. Any results which

have been obtained to date and made public do not preclude the pos-

sibility that a satisfactory ,electrolytic process may be developed.

B. Ductile Zirconium for Commercial Use

In the production of zirconium for commercial application

the hafnium separation step may be entirely eliminated. Further, if

the Kroll process is to be used for the reduction, sublimed raw
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zirconium tetrachloride may be used as a raw material without the

necessity of added purification. In this case where there is no

intervening wet processing, wet extraction of the zirconium from

the ore cannot be considered unless such a process showed some

unusual economic advantages since it would utlimately be necessary

to perform a chlorination in any event. One possibility which may

be worthy of research investigation and which, if successful, would

materially lower the cost of producing zirconium metal, is the

direct thermochemical reduction of a refined zirconium concentrate.

For example, should the rumored Dominion magnesium process for

titanium prove to be commercially feasible it might well be directly

applicable to refine baddeleyite. While such a process like the

Kroll process would still require considerable labor in handling and

comparatively expensive reducing agents, the elimination of the

chlorination steps might more than offset these high-cost items in

a comparison with an electrolytic process. Basically it should be

kept in mind that any developments resulting from the substantial

research investigations now being made on titanium processes will in

all probability be directly applicable to the production of zirconium

for commercial uses. In order to adequately safeguard its position in

the commercial field, any successful bidder on the AEC contract should

conduct research on other possible processes for the recovery of zir-

conium values from the concentrates and the production of zirconium

metal.
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V PRESENT PROCESSES

A. Hafnium-Free Zirconium

1. Operations

The starting material for these operations is zirconium

tetrachloride the average analysis of which for 15 batches received

by Y-12 is as follows:

Silver less than 1 part/million
Aluminum 170 parts/million
Boron .8 parts/million
Barium .6 parts/million
Beryllium .08 parts/million
Calcium 80 parts/million
Cadmium .8 parts/million
Cobalt less than 1 part/million
Chromium 20 ,art s/million
Copper 16 parts/million
Iron 900 parts/million
Potassium 20 parts/million
Lithium less than .4 parts/million
Magnesium 15 parts/million
Manganese 4 parts/million
Molybdenum less than 10 parts/million
Sodium 20 parts/million
Nickel 5 parts/million
Phosphorous 150 parts/million
Lead 4 parts/million
Silicon 150 parts/million
Tin less than 2 parts/million
Titanium 500 parts/million
Vanadium less than 2 parts/million
Zinc less than 40 parts/million

Titanium and Silicon most erratic; Cadmium and Boron
especially objectionable; Hafnium content 1.5-2.0%
based on metal content.

The following process descriptions may be used to follow

the process flow sheet Drawing No. 58468-100. The crude zirconium

tetrachloride as received is dissolved in water to which is added

subsequently ammonium hydroxide and ammonium thiocyanate in stoichio-

metric quantities. The solution as fed to the extraction column

should be from 2.2-2.3 molar with respect to the thiocyanate and
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contain one pound per gallon of zirconium. The solution from the

makeup tank is passed through a polishing filter press to remove

solids which are principally zirconium oxide. The filtered solution

is then passed to a feed storage tank. From the feed storage tank

the solution is pumped to the top of the extraction column by means

of a proportioning pump while a hexone thiocyanic acid solution is

pumped to the bottom of the column. The extraction column consists

of three columns in series, each 60 feet long. During the passage

of the hexone up through the column, hafnium in the form of a thio-

cyanate complex is preferentially extracted by the hexone from the

aqueous solution. The aqueous zirconium-containing stream from the

bottom of the column is pumped to the top of a thiocyanate recovery

column 55 feet long to the bottom of which is introduced a stream

of raw hexone. From the bottom of the thiocyanate recovery column

flows the hafnium-free aqueous stream containing zirconyl chloride.

The thiocyanate-containing hexone flows from the top of the column

where with additional makeup of hexone thiocyanate solution it is

returned to the extraction column. The zirconyl chloride solution

is passed through a polishing filter to an agitated tank to which an

ammonium phthalate solution is added. The solutions react to pre-

cipitate zirconyl phthalate as well as any other quadravelent cations

present. The resultant slurry is filtered on a continuous filter

whereby the solution containing other ions such as those of iron, copper

and cadmium is separated from the zirconyl phthalate. The filter

cake is passed to a re-slurry tank to which is added ammonium hy-

droxide solution, thereby forming zirconyl hydroxide and regenerating

the ammonium phthalate. The slurry from this tank is filtered on a

rotary filter permitting recovery of ammonium phthalate in the solution



while the wet cake of zirconyl hydroxide passes to a gas-fired drier

and thence to a gas-fired calciner which converts the hydroxide to

the oxide. The further processing of the hafnium-containing hexone

stream for recovery of the hafnium will be described separately

below.

The zirconium oxide is ground in a micro-pulverizer mixed

with sugar and carbon in a ribbon mixer briquetted on Belgian rolls

and the briquettes dried in a batch drier. The dry briquettes are

charged batch-wise to a chlorinator which is heated by passing an

electric current through the charge itself by means of contact graphite

electrodes. Chlorine is fed continuously to the chlorinator during

the batch run and the resultant zirconium tetrachloride is volatilized

and condensed in external condensers. The resultant zirconium tetra-

chloride is further purified by subliming in an hydrogen atmosphere

onto a coil. This coil is transported, placed in the top of the reduc-

tion furnace in the bottom of which is a pot containing redistilled

magnesium in ingot form which has been pickled and the casting pipes

removed by drilling. The reduction furnace has separate heating

zones which permits first heating the lower zone to 820*C to melt the

magnesium. The upper zone is then heated to sublime the zirconium

tetrachloride which reacts with the molten magnesium at the gas-liquid

interface. The reduction is carried out under a helium atmosphere.

Following the reduction, the coils on which the zirconium tetrachloride

has been retained are removed and cleaned preparatory to return to the

purification furnace.

The vessel containing the products of reaction is removed

from the reduction furnace, carefully cleaned from all loose material

and placed in an inverted position in the distillation retort for



sublimation of the magnesium chloride. The retort is evacuated to

0.01 microns pressure and the temperature of the retort raised to

825-925*C for ten hours. Under these temperature-pressure conditions

magnesium chloride distills off and is collected in a water-cooled

condenser. Following the distillation period the retort is cooled

from 920 to 400 C by blowing air through tubes built into the re-

fractory of the heating furnace. The period of time required to

accomplish this reduction in temperature is 12 hours. After cooling

to 4000C air is admitted to the outside vacuum chamber of the furnace,

the furnace lifted off and cooling of the retort proper is continued

with a fan. About 24 hours is required to lower the temperature from

400 to 350C whereby the retort may be opened, first admitting air in

small increments over a period of three hours. Before opening the

retort completely it is once more evacuated and refilled with helium.

The condensed magnesium chloride is retained in a stainless steel

condenser shield while the zirconium remains in the reduction pot.

The pot is removed from the retort placed in a special container

which is flooded with argon and removed to the packing room where the

mass of zirconium is removed with the aid of an iron chisel operated

by a hydraulic press. The sponge is hand cleaned with pliers, screw-

driver and motor-driven wire brush, following which it is reduced in

size by grinders and crushers.

2. Costs

In developing operating costs for the zirconium process

described above it is necessary to consider both the fixed investment

costs as well as the direct operating cost of labor, materials, utili-

ties, etc. The cost figures which will be discussed below are for the

four different plant sizes requested, i.e. 100,000, 150,000, 300,000
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and 450,000 pounds per year of clean sponge producing zirconium by the

methods presently used and described above. Thus, the figures presented

are for a "Chinese copy" of the facilities presently operating at Oak

Ridge, Tennessee and Albany, Oregon. Because of this the usual contingency

factors have not been applied to investment costs and Climax should insert

its usual factor if this latitude is desired.

a. Building Costs
Table I shows a breakdown of the buildings requirements

for the three major operations in the processing of zirconium to the sponge.

Drawings 5846$-101,-102,-103 show tentative plant and building layouts

for four different size plants.

These building costs were checked by a local building contractor

and were figured for steel framework, cinder block exterior walls, 25-

year Barrett specification roof and masonry inside walls including normal

building utilities such as lighting, heating and ventilation, but not to

include the steam generator itself which is included in equipment costs.

Neither do they include the cost of land. About five acres of land would

be required for the plant regardless of size. The cost of land varies

so widely with each specific location that it would be difficult to make

an accurate estimate of the cost of the site. A reasonable cost would

appear to be of the order of $2,500 per acre. This, therefore, does not

materially effect either the investment or operating cost.

The following figures were used in developing the building

costs:

1. Hafnium separation $8.50 per square ft., or 55 per cubic

ft. for hafnium separation and laboratories part of the building. Tower

of hafnium separation building was figured at 500 per cubic ft.

2. Chlorination, briquetting and utilities part of building

at $8.50 per square ft., adding the mezzanine for the chlorinators at



TABLE I

BUILDING COSTS

Annual Production Sponge -
Lbs/Year 100,000

Hafnium Separation and Laboratories 151,000

Chlorination and Utilities 69,000

Sponge Production and Office 198,000

$418, 000

150,000

151,000

69,000

198,000

$418, 000

-20-

300,000

151,000

69,000

274,000

$494,000

450,000

151,000

69,000

388,000

$608,000
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$8.50 per square ft. mezzaine area.

3. Because of the additional height requirements in the

center of the building for the distillation furnaces, $10.50 per

square ft. floor area of purification, reduction, distillation build-

ing and office for the 100,000 and 150,000 lbs./yr. plants. Add

$10.00 per square ft. basement area.

4. For larger 300,000 lbs./yr. plant use $9.00 per square

ft. floor area, plus $9.00 per square ft. of basement area.

5. For largest 450,000 lbs./yr. plant use $8.50 per square

ft. floor area, plus $8.50 per square ft. of basement area.

The building required for the hafnium separation and

briquetting and chlorination would not change with plant capacity.

This is due to the fact that although the equipment would change in

size the same number of pieces of equipment would be involved and the

floor area requirement would change only very slightly for the range

of plant sizes considered.

On the other hand, the building requirement for the sponge

production operation changes directly in proportion with plant size

except for the 100,000 and 150,000 lbs./yr. plant size. In the case

of the smallest size plant the area required for shops controls the

size of the building. The figures presented are believed to be realistic

in view of today's building costs and assume- normal grading and founda-

tion conditions.

b. Process Equipment Costs

In sizing the equipment for the four different plant

sizes the present Oak Ridge facility was taken as being capable of

producing 266,000 pounds zirconium clean sponge equivalent per year on



24-hour day, seven-day week basis, allowing 5 hours per week down

time. The chlorinators were sized from the present installation at

Albany, which is capable of handling 200,000 pounds clean sponge

equivalent on a continuous process basis with one unit down one-half

of the time. The chlorination units were sized up and down from this

basis allowing one chlorinator 50% down time. The sponge production

facility was sized directly from the present Albany plant which pro-

duces 4,000 pounds clean sponge per week.

In calculating plant sizes on the clean sponge basis the

following efficiencies were taken into account starting from the

crude zirconium tetrachloride:

Hafnium Separation 90%

Briquetting 98%

Chlorination 91%

Purification, Reduction
and Distillation 89%

Cleaning, Crushing and
Packing 97%

Over-all Efficiency 69%

Table II shows a breakdown of the equipment required in

the three different phases of the operation. In the first phase,

the hafnium separation plant, the equipment designed for the new

Albany plant was resized according to the four different capacities

requested and the installed equipment cost estimated. The costs

presented include hafnium processing up to precipitation as the

hafnium hydroxide as indicated in flow sheet 58468-100. Installed

equipment includes bare equipment cost, shipping freight, trucking,

rigging, bolting down in place, and painting. It does not include



TABLE II

INSTALLED EQUIPMENT CC6TS

HAFNIUM SEPARATION

QUANTITY Bases: Thousands of Lbs/Year
REQUIRED 100,000 150,000 300,000 450,000

Tankage 25 36,000 45,000 61,500 77,500
Agit ators 9 12,600 12,600 12,600 12,600

Centrifugal Pumps 33 18,200 19,500 21,700 24,500
Proportioning Pumps 17 21,000 23,000 27,700 31,900

Columns 9 15,600 20,900 47,600 51,000
Aqua Ammonia Cooler 1 500 500 500 700
Dilute Sulfuric Acid Cooler 1 1,100 1,100 1,200 1,400
Ammonium Sulfate Cooler 1 1,100 1,100 1,200 1,400
Ammonia Nixing Chamber 1 300 300 300 300
Air Washer 1 500 500 500 500

Rotary Filter (phthalate) 1 4,100 5,500 8,900 11,000

Rotary Filter (hydroxide) 1 3,000 3,000 6,100 7,500

Plate and Frame Filters 8 9,800 12,000 18,500 24,000
Cooling Tower 1 3,000 3,500 4,000 4,500

Instruments 2,900 2,900 3,000 3,000
Ventilating Fans 4 900 900 900 900

Exhaust Blowers 2 900 900 900 900

Dryer, Bartlett & Snow 1 25,000 25,000 28,000 31,000
Calcirger, Bartlett & Snow 1 23,500 23,500

2 47,000 47,000

Vacuum Pump 1 1,600 1,600 2,200 2,600

Vacuum Pump 1 1,000 1,000 1,300 1,600

Blower 1 1,300 1,300 1,300 1,300
Vacuum Receivers 2 500 500 500 500

Phthalate Evaporator 1 4,700 5,200 6,100 12,300
Boiler 1 11,000 13,000 13,000 17,000

Water Treating Unit 1 21,000 25,000 45,000 85,000

Laboratory Equipment 79,000 79,000 79,000 79,000

300,100 328,300 440,500 530,900
Electricals - 12% 36,000 39,400 52,900 63,700 N

Piping - 20% 60,000 65,700 88,100 106,200 y

$396,000 $433,000 $582,000 $701,000



TABLE II

INSTALLED EQUIPMENT COSTS

bRIQUETTING AND CHLORINATION

EQUIPMENT FOR
BRIQUETTING AND CHLQRINATION

Grinder, inc. 5 HP motor
Ribbon Mixer, inc. 2 HP motor
I3riquetting Machine
Drying Oven
Lift Truck
Transfer Containers

Chlorine Vaporizer
Chlorinators
Condensers
Transformers
Cyclone Separators
Scrubbing Towers (off gas)

UNIT
PRICE

$13250
1,683

10,000
2,000
3,000
1,000

QUANTITY Annual Production SpongE
REQUIRED 100,000

A I C D (A)

1
1
1
1
1
1

1
1
1
1
1
1

2,000-2,h00
3,000-4,000
2,600-3,400
2,000-3,400

900-1,400
1,000

1
1
1
1
1
1

1
2
2
1
2
2

1
1
1
1
1
1

1
2
2
1
2
2

1
1
1
1
1
1

1
2
2
1
2
2

Total Equipment Cost

Electricals at 25% Installed Equipment Cost

1,250
1,680

10,000
2,000
3,000
1,000

2,000
3,000
2,600
2,000

900
1,000

$30,h30

7,610

$38 ,040

150,000
(B)

1,250
1,680

10,000
2,000
3,000
1,000

2,100
6,000
5,200
2,170
1,800
2,000

e - Lbs/Year
300,000 45O,000

(C) (D)

1,250
1,680

10,000
2,000
3,000
1,000

2,200
7,000
6,000
2,930
2,400
2,000

1,250
1,680

10,000
2,000
3,000
1,000

2,350
8,000
6,800
3,b00
2,800
2,000

$38,500 $41,460 $44,280

9,600 10,00 11,000

$48,000 $51,860 $55,280Total Installed Equipment Cost



TABLE II

INSTALLED EQUIPMENT COSTS

PURIFICATION REDUCTION AND DISTILLATION

EQUIPMENT FOR
PURIFICATION REDUCTION AND DISTILLATION

Distillation Furnace (Bell Type)
inc. transformer, 1 magnetic
controller, 1 controlling
pyrometer

UNIT
PRICE

QUANTITY
REQUIRED

A B CD

$6,000 3 4 8 12 18,000

Annual Production Sponge - Lbs/Year
100,000 150,000 300,000

(A) (B) (C)

24.,000 48,000

Pump Installation:
1 pump VSD556 with motor
1 pump VSD778 with motor
1 pump DVD8810 with motor
1 valve DPIVTSVG
1 diffusion pump DPIMC500
3 drying towers
2 valves, 1-1/2" vac.
1 valve 2" vac .
2 flex. couplings
2 flex. couplings
piping
frame
Assembly and Installation

@ $185
@ 39

@ 97
@ 74

l
613

1,263
395
230
555
78
!8

194
1148

20
100
100

4,155 4 6 12 18

Distribution Retort Assembly

Spare Retort Parts

16,630

3,600 4 6 12 18 14,400

1,800 1 1 2 2 1,800

450, 000
(D)

72,000

24,950

21,600

1,800

49,900
1i3 ,200

3,600

6L,800

3,600

N)



TA ULD EQUIPMT COSTS

PURIFICATiO i t' ACTION N AND IJISTILLATION (Cont'd.)

EQUIPMENT FOR UNIT
PURIFICATION REDUCTION AND DISTILLATION PRICE

Purification and Reduction Furnace
inc. transformer, 3 magnetic
controllers, 2 controlling pyrometers,
o point recorder panel $8,hho

Purification Retort Assembly
inc. spares 1,500

Reduction Retort Assembly
inc. spares 1,040

Lift Trucks 3,500

STon Trav. Crane

2 Ton Trav. Crane

Hydraulic Lifts 2,500

Hoods 300

Duct Work

Blower, 50 HP

QUANTITY
REQUIRED

A B C D

Annual Production Sponge - Lbs/Year
100,000 150,000 300,000

(A) (B) (C)

6 9 18 27 50,600

3 4 7 11 4,500

5

2

1

1

1t

7

7

2,000

7

2

1

1

6

11

11

14

2

1

1

12

21

21

20

2

1

1

18

31

31

5,200

7,000

2,140

2,610

10,000

2,100

2,800

1 1 1 1 2,000

75,900

6,000

7,280

7,000

2,140

2,610

15,000

3,300

3,300

2,000

152,000

10,500

14,560

7,000

2,720

3,220

30,000

6,300

4,200

2 ,000

450,000
(D)

228,000

16,500

20,800

7,000

3,500

4,190

x,5,000

9,300

L,650

2,000

i

N



TABLE II

INSTALLED EQUIPMENT COSTS

PURIFICATION REDUCTION AND DISTILLATION (Cont'd.)

EQUIPMENT FOR UNIT
PURIFICATION REDUCTION AND DISTILLATION PRICE

Magnesium Pickling Tank 600

Heater Rack 500

Transformer 8,000-10,200

Sandblasting Equipment 1,500

Machine Shop and Equipment 17,500

Finishing Room

Hydraulic press 200 tons 3,000
Hydraulic arbor press 1,500
Quartering equipment 500
Robinson Grinder, size 9

(saw tooth with motor) 1,200
Allis Chalmers Steel

Reduction Crusher #332 6,000
Drill Press 100

Total Equipment Cost

Electricals at 25% of Equipment Cost

TOTAL INSTALLED EQUIPMENT COST

QUANTITY
REQUIRED

A

1

1

1

1

1

1
1
1

1

1
1

B

1

1

1

1

1

1
1
1

1

1
1

C

1

1

2

1

1

1
1
1

1

1
1

D

1

1

3

1

1

1
1
1

1

1
1

Annual Production Sponge - Lbs/Year
100,000 150,000 300,000

(A) (B) (C)

600 600 600

500 500 500

8,000 10,200 23,400

1,500 1,500 1,500

17,500 17,500 17,500

3,000
1,500

500

1,200

6,000
100

180,180

45,045

3,000
1,500

500

1,200

6,000
100

239,480

59,870

3,000
1,500

500

1,200

6,000
100

433 ,000

108,250

$225,225 $299,350 $541,250 $774,050
I~)

50, 000
(D)

600

500

30,600

1,500

17,500

3,000
1,500
500

1,200

6,000
100

619,240

154,810
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wiring or piping. The wiring and piping are taken separately as a

percentage based on experience of the so-called installed equipment

cost. Besides the direct processing equipment the boiler, water treat-

ing, and laboratory equipment are included with the hafnium separation

equipment. The final estimated equipment costs check favorably with

the figure of $593,000 developed at Oak Ridge by the AEC for that

facility and an estimate of $700,000 obtained from Mr. Robinson of

the AEC for the new 200,000 lb./yr. Navy separation plant being built

at Albany, Oregon.

The second part of Table II shows a breakdown of the equipment

required for the briquetting and chlorination phase of the operation.

There is virtually no piping involved in setting up this equipment but

the wiring expense would be substantial and is taken at 25% of the in-

stalled equipment costs. The mixing and briquetting equipment remains

unchanged through the four different plant sizes because the smallest

convenient equipment is adequate for all cases.

The third and final part of Table II shows a breakdown of

the equipment required for the purification, reduction, distillation

and sponge handling. Here the equipment varies nearly directly with

plant capacity since the operation is batch and additional units are

required for an increase in capacity.

The sum of the briquetting and chlorination equipment and

purification, reduction, distillation and sponge handling equipment

for a 200,000 lb./yr. plant size checks favorably with the figure of

$350,000 for the same equipment installed at Albany, Oregon.

Table III shows a summary of the total investment required

for the various plant sizes. The engineering cost for both design
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TABLE III

SUMMARY INVESTMENT COST

Annual Production Sponge -
Lbs/Year 100,000 150,000 300,000 450,000

Hafnium Separation

Buildings
Equipment

151,000 151,000 151,000 151,000
396,000 433,000 582,000 701,000

Briquetting and Chlorination

Buildings
Equipment

69,000
37,000

Sponge Production

69,000
48,000

69,000
52,000

69,000
55,000

198,000
225,000

1,076,000

108,000Engineering at 10%

Total Investment

198,000
299,000

1,198,000

120,000

$1,184,000 $1,318,000 $1,835,000 $2,352,000

Buildings
Equipment

274,000
540,000

1,668,000

167,000

388,000
774,000

2,138,000

214,000
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and construction has been taken at 10% of the plant cost. This is

lower than average for a new plant, but is believed to be realistic

in this case since a great deal of the design engineering has already

been done on the hafnium separation plant, and the experience on the

sponge production unit would be made available by the Bureau of Mines.

c. Labor

In computing the direct operating costs it was

necessary to detail the operations carefully considering labor, mate-

rials, utilities and maintenance required since these represent the

major direct operating cost items.

Table IV shows a detailed breakdown of the personnel or-

ganization required, along with salaries, labor rates and number of

personnel for each size plant. This table was developed after careful

consideration of the operations and the personnel presently involved

in both the Oak Ridge and Albany, Oregon plants.

d. Materials and Utilities

The materials required per 1000 lbs. clean sponge

in each step of the process, along with unit prices for each material,

is shown in Table V. The quantities of materials required check closely

with the figures given at Oak Ridge on the hafnium separation except

in the case of the thiocyanate. The high figures for thiocyanate re-

ported in AEC Report No. Y-817 can only be justified by assuming a

100% loss. This could be simply a mistake in accounting and does not

check with other information made available on the separation process.

The thiocyanate figure used in Table V assumes a realistic 70% thio-

cyanate recovery in the process. The quantities of materials used in

briquetting, chlorination, purification, reduction, distillation and

sponge handling are taken directly from the Bureau of Mines data and,
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TABLE IV

ORGANIZATION AND LABOR BREAKDOWN

Annual Production Clean Sponge - Lbs/Year 100,000 150,000 300, 2450,000

Plant Manager - Ch. E. $12,000/yr 1 1 1 1
A. Superintendent Separation

& Chlorination - Ch. E. 10,000/yr 1 1 1 1
1. Assistant Superintendent

Sep. & Chlor. - Ch. E. 8,000/yr 1 1 1 1
a. Area Supervisor 550/month 1 1 1 1

Extraction & Purification Crew
Foreman 2.60/hr 4 4 4 4
Operators 1.90/hr 16 16 16 16
Helpers 1.50/hr 2 4 4 8

Chlorination & Briquetting
Foreman 2.60/hr 4 4 4 4
Operators 1.90/hr 4 4 4 4
Helpers 1.50/hr 4 8 8 8
Laborers 1.20/hr 3 4 4 6

B. Superintendent Purification Reduction
Distillation Sponge Handling
Ch. E or Met. E. $10,000/yr 1 1 1 1

1. Assistant Superintendent
E. E. 8,000/yr 1 1 1 1

a. Area Supervisor 550/month 1 1 1 1
Purification Reduction & Distillation Crew

Shift Foreman 2.60/hr 4 4 4 4
Still Foreman 2.60/hr 4 4 4 4
Operators 1.90/hr 6 9 12 28
Helpers 1.50/hr 8 12 24 36
Laborers 1.20/hr 6 9 18 28

Sponge Grading Handling Crew
Foreman 2.60/hr 1 1 1 1
Operators 1.90/hr 4 4 4 4
Laborers 1.20/hr 2 3 5 7

C. Chemist Control Laboratory $ 8,000/yr 1 1 1 1
1. Laboratory Crew

Spectroscopist 4,500/yr 4 4 4 4
Laboratory Assistants 3,000/yr 8 8 8 8
Sampler 2,500/yr 2 2 2 2

D. Maintenance Engineer 7,000/yr 1 1 1 1
1. Pipe Fitting Crew

Foreman 2.60/hr 1 1 1 1
Pipe Fitters 2.50/hr 4 4 4 4
Glass Mechanic 2.50/hr 1 1 1 1
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TABLE IV

ORGANIZATION AND LABOR BREAKDOWN (Cont 'd.)

Annual Production Clean Sponge - Lbs/Year 100,000 150,000 300,000 450,000

2. Machine Shop Crew
Foreman (master

machinist)
Machinist
Mechanics
1felder

3. Electrical Crew
Foreman
Electricians

E. Office Manager
1. Office Staff

Secretary for Plant
Manager

General Secretary
Receptionist & Telephone

Operator
Clerk for Purchasing
Clerk for Payroll etc.
Clerk for Shipping &
Receiving

$3. 00/hr
2.25/hr
2.25/hr
2.50/hr

2.60/hr
2.35/hr

6000/yr

60/wk
45/wk

55/wk
300/month
300/month

1 1 1

1
1
1
1

1
4

1

1
2

1
1
1

1
2
2
1

1
6

1

1
2

1
1
1

1
3
3
1

1
1

1

1

2

1
1
1

1
4
4
1

1
1

1

1
2

1
1
1

300/month 1
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TABLE V

MATERIALS

Basis 1000# Clean Sponge

EXTRACTION AND PRECIPITATION

Ammonia
Lime
Hydrochloric Acid
Sulfuric Acid
Ammonium Thiocyanate
Zirconium Tetrachloride
Hexone
Phthalic Anhydride

BRIQUETTING AND CHLORINATION

Quantity

1939#
811#

1949#
2290#

792#
4090#
801#
720#

Price

$80/ton
$0.0075/#

$36/ton - 36%
$20/ton -77.7%

$0.018/#
$O,37/#
$0.13/#
$0.235/#

Cost/# Sponge

.078

.006

.097

.030

.143
1.513
.101
.169

Carbon
Sugar, ion exchange
Chlorine
Helium

3 59#
117#
2900#

1512 c.f.

$O.1425/#

$0.03/#
$3. 0O/100#$0.015/c.f.

PURIFICATION, REDUCTION & DISTILLATION

Magnesium
Helium
Hydrogen
Hydrochloric Acid
Argon

1017#
1390 c.f.
1122 c.f.

338 #
348 c.f.

$0.245/#
$0.015/c.f.
$0.0225/c.f.
$36/ton-36%
$0.11/c.f.

CREDIT ON RECOVERY OF MgCl 2

.051

.004
.087
.023

.260

.021

.025
.017
.038

.1283180# $80/ton



therefore, are in exact agreement.

The utility requirements detailed in Table VI were taken

directly from the data presented in the AEC reports on the hafnium

separation and from the Bureau of Mines reports on sponge production.

The rates used in calculating the costs of utilities are also presented.

Steam does not show directly in the utility costs since a steam boiler

would be required for heating the buildings as well as to satisfy the

process requirements. The steam cost, therefore, shows up as fuel

costs and additional plant investment for the boiler.

e. Operating Costs

The operating costs detailed in Table VII are

broken down into the three major steps in the operation. The direct

and supervisory labor up to the plant manager is allocated directly to

the phase of the operation with which it is concerned. In some cases

the cost of the supervisory help is split between two or more phases

of the operation as near as possible in porportion to the amount of

time spent therein. The maintenance crews had to be split arbitrarily.

Pipe fitters, glass and pump mechanics crew were allocated to the haf-

nium separation. The electrical crew was charged ore-quarter against

briquetting and chlorination, and three-quarters against sponge produc-

tion. The machine and welding shop crews are charged directly to

maintenance of the sponge production facility. Cost of maintenance

materials was arrived at after carefully considering the individual

maintenance requirements in each phase of the process. Operating

supplies are normally taken at 13% of maintenance costs.

The cost of operating the central laboratory as well as

the investment in laboratory equipment was charged against hafnium

separation since the bulk of the analytical work results from AEC

-34r-
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TABLE VI

UTILITIES

Basis 1000# Clean Sponge

Hafnium Separation

Power kwh

Natural Gas mcf

Treated Water

Briquetting and Chlorination

Power kwh

Quantity

1290 kwh

330 mcf

251 M Gal.

5050 kwh

Unit Price

$.ooe/kwh

$0. 50/mcf

$.098/M Gal.

$.008/kwh

Cost/# Sponge

$.0103

.1650

.02.57

.0404

Purification, Reduction, Distillation

Power kwh 31,200 kwh $.008/kwh .2496



TABLE VII

OPERATING COSTS

Annual Production Sponge -
Lbs/Year 100,000

HAFNIUM SEPARATION

Fixed Costs

Taxes
Property (at 2-1/2% of investment) 15,000
Insurance (at 3% of investment) 18,000
Amortization (5 yr payoff) 120,000

153,000

Total Fixed Cost $/Lb Product

Direct Operating Costs

Materials
Zirconium Tetrachloride
Chemicals

Direct Operating Labor

Supervisory Labor

Payroll Overhead 25% Labor

Plant Maintenance and Repairs
Labor
Materials

Operating Supplies
13% Repair Costs

Utilities
Power
Fuel
Water

Analytical Costs
Labor
Materials

Allocated General Plant Overhead

40% Direct Labor and Supervision

Direct Operating Costs

1.53

1.51
.66

.91

.12

.25

.33

.42

.10

.01

.17

.03

.55

.06

.45

7.10

150,000 300,000 450,000
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16,000
19,300

128,000

166,300

1.09

1.51
.66

.65

.08

.18

.22

.28

.07

.01

.17

.03

.37

.04

.29

5.65

20,120
24,100

160,000

204,200

0.68

1.51
.66

.32

.04

.09

.11

.14

.03

.01

.17

.03

.18

.02

.14

4.13

24,300
26,800

186,000

237,100

0.53

1.51
.66

.24

.03

.07

.07

.09

.02

.01

.17

.03

.12

.01

.1i

3.67



-37-

TABLE VII

OPERATING COSTS (Cont'd.)

Annual Production Sponge -
Lbs/Year

BRIQUETTING AND CHLORINATION

Allocated Fixed Costs

Property Taxes
(at 2-1/2% of investment)

Insurance
(at 3% of investment)

Amortization

(5 yr payoff)

Total Fixed Cost $/Lb Product

Direct Operating Costs

Materials

Direct Operating Labor

Supervisory Labor

Payroll Overhead (25% of Labor
and supervision)

Plant Maintenance and Repairs
Labor
Materials

Operating Supplies
13% Repair Costs

Utilities
Power

Analytical Costs

Allocated General Plant Overhead

40% Direct Labor and Supervision

Direct Operating Costs

100,000 150,000 300,000 450,000

2,800

3,500

23,500

.30

.17

.50

.12

,16

.08

.00

.01

.04

.00

.25

1.63

3,200

3,900

25,800

.22

.17

.42

.07

.12

.07
.00

.01

.04

.00

.20

1.32

3,300

4,000

26, 600

.11

.17

.21

.04

.06

.04

.00

3,400

4,100

27,200

.08

.17

.14

.03

.04

.03

.00

.00

.04

.00

.10

.77

.00

.04

.00

.07

.60
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TABLE VII

OPERATING COSTS (Cont'd.)

Annual Production Sponge -
Lbs/Year

PURIFICATION, REDUCTION, DISTILLATION

Fixed Costs

Property Taxes
(at 2-1/2% of investment)

Insurance
(at 3% of investment)

Amortization
(5 yr payoff)

Total Fixed Costs $/Lb Product

Direct Operating Costs

Materials

Salable By-products

Direct Operating Labor

Supervisory Labor

Payroll Overhead (25% of direct
labor and supervision)

Plant Maintenance and Repairs
Labor
Materials 6-1/2% of equipment

Operating Supplies (13% repair cos

Utilities
Power

Analytical Costs

Allocated General Plant Overhead

40% Direct Labor and Supervision

Direct Operating Costs

100,000 150,000 300,000 450,000

11,600 13,600 22,300 31,900

14,000 16,400 26,800 38,300

93,000 109,000 179,000 255,000

118,600 139,000 228,100 325,200

1.19 .93 .76 .72

.36

-. 13

1.09

.16

.31

..41

.13

.07

.25

.15

4.23

.36

-. 13

.91

.08

.25

.26

.12

.05

.25

.15

.40

3.46

.36

- .13

.83

.05

.22

.19

.10

.04

.25

.15

.35

3.13
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TABLE VII

OPERATING COSTS (Cont'd.)

150,000 300,000 450,000
Annual Production Sponge -

Lbs/Year 100,000

ADMINISTRATIVE AND GENERAL OVERHEAD

Administrative Salaries .1g

Office Labor .21

Maintenance of Office Facilities .05
and Supplies

General Administrative Overhead
at 12% Direct Labor and Supervision .3

Total Administrative and General
Overhead .83

.06

.07

.02

.04

.05

.01

.12

.14

.03

.30

.59

5.65

1.32

4.23

.59

.16

.26

3.67

.60

3.13

.26

.34

4.13

.77

3.46

.34

OPERATING COSTS SUMMARY

Operating Costs

Hafnium Separation

Briquetting and Chlorination

Sponge Production

Administrative and General Overhead

Total Operating Cost.
per Lb Clean Sponge

7.10

1.63

5.12

L2

14.6$ 11.79 $. 70 7.66
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requirements. Personnel and supplies required to accomplish the

analytical work in the sponge production step was charged directly

to that phase of the operation as an incremental cost.

Allocated general plant overhead was taken at 40% of the

direct labor and supervision. This is normally taken at 100% of

direct labor, but many of the costs normally included in general

plant overhead such as maintenance, operating supplies and shipping

containers have been detailed in the direct operating costs to im-

prove the accuracy of the estimate. Moreover, the process has a

high direct and supervisory labor expense so that 40% is believed to

be fairly reasonable in this case. General plant overhead should

include the following: general plant and grounds maintenance,

hospital, first-aid and medical services, safety, fire, security

services, intra-plant transportation, sanitation and janitor services,

travel and living expenses, utilities for non-operating purposes,

insurance (workingmen's compensation, property damage and public

liability) shipping and distribution costs. Administrative and

general plant overhead includes the salaries of strictly administra-

tive personnel such as the plant manager and office manager as well

as the office help, secretaries, receptionist and clerks and main-

tenance of office facilities and supplies. In addition general ad-

ministrative overhead including administration from the main office

of the parent company is taken at 12% direct labor and supervision.

f. Research and Development

We have already noted the need for research on

reduction processes if a satisfactory position is to be maintained

with respect to ultimate production of commercial grade metal. Whether

the cost of such process research as well as application research on
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the metal should be allocated to this operation or considered a part

of Climax' general research expenditures is a policy matter. We have

therefore not included such costs in our estimations but would suggest

that some reasonable figure on an equitabo.e basis be included. Common

practice is to take from 3 to 5% of gross sales as an average alloca-

tion for research.

B. Hafnium

1. Operations

Referring back to the separation portion of the zirconium

operations, the hafnium-containing hexone stream from the top of the

extraction column is fed to the bottom of the first of two stripping

columns in series having an over-all length of 125 feet. To the top

of the stripping column is fed a 3.5 molar hydrochloride acid solu-

tion. The aqueous acid-containing phase from the bottom bf the strip-

ping column is passed through a polishing filter and combined with

the makeup feed to the extraction column. The hafnium-containing hexone

is taken from the top of the stripping column and passed to the bottom

of the scrubbing column 70 feet high, to the top of which is fed a 5

molar sulfuric acid solution. From the top of the scrubbing column

the scrubbed hexone-containing thiocyanic acid is passed through

storage and thence to a thiocyanate recovery system for recirculation

to the operation. From the bottom of the scrubbing column the hafnium

sulfate-containing aqueous phase is removed and passed to storage tanks.

Because of the comparatively small volume of hafnium involved,

these materials are only worked up periodically but, however, continu-

ously in smaller size equipment. As in the case of zirconium the hafnium

is precipitated from the sulfate solution with ammonium phthalate fil-

tered to remove foreign ions in the solution, reslurried and precipitated
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as the zirconyl hydroxide with ammonium hydroxide, refiltered and the

hydroxide dried and calcined in a small rotary drier and calciner.

The resultant hafnium oxide is then worked up periodically in the

same fashion as the zirconium oxides to produce the tetrachloride and

subsequently reduced to the metal.

2. Costs of Hafnium Purification and Sponge Production

In estimating the cost of the zirconium process both the

investment and operating costs carry the hafnium through to the

hafnium hydroxide precipitate. All the equipment and operations

shown on flow sheet Drawing No. 58468-100 are charged to zirconium

production. All equipment and operations described above after the

hafnium hydroxide recovery are charged to hafnium. This is the most

logical place to split the costs because the hafnium must be stripped

from the hexone and the resulting hafnium sulfate solution could not

be discharged without neutralization. Therefore, the costs prior to

and including the filtration of the hafnium hydroxide should logically

be charged to zirconium.

a. Building Costs

Hafnium processing after precipitation as the

phthalate would have to be handled in a separate building to minimize

the danger of contaminating the zirconium. This building, 22 ft. x

60 ft. with mezzanine, would house the hafnium phthalate dryer and

calciner, hafnium briquetting and chlorination equipment, as well as

one purification, reduction furnace and one distillation retort and

furnace set up. This building should be located near the chlorination

building so that the same chlorine storage and vaporizing facilities

can be used. This building was figured at $8.50 per square foot floor

area, plus $8.50 per square foot mezzanine area.
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b. Processing Equipment Costs

The process equipment has been estimated from the

zirconium process equipment but has not been sized down on the basis

of 2% of the zirconium produced since the equipment size would be im-

practical. The equipment involved is therefore, the smallest con-

venient size applicable. The equipment and building are the same

for all four plant sizes. Therefore, the investment cost is constant

for all cases. Only the equipment required directly for hafnium

processing is charged. For example, no separate chlorine vaporizer,

or separate electrical transformer is required.

c. Operating Costs

The detailed operating cost for hafnium purifica-

tion and sponge production is shown in Table IX. The material and

utilities have been detailed on a per mole basis and are believed to

beeexact. The labor and supervision have been taken as the same per

pound of hafnium as per pound of zirconium with the exception of the

hafnium purification step. Here the labor and supervision per pound

of hafnium were taken at one-half that per pound of zirconium. The

same is true for plant maintenance and repairs.

Analytical costs for hafnium were developed as follows: A

grating spectrograph at $11,000 plus standard analytical laboratory

equipment at $15,000 would be required for the hafnium laboratory.

The amortization of this equipment on a 5-year payoff per pound of

hafnium is detailed in table IX. It is difficult to allocate labor

and materials for the analysis of hafnium. The incremental analytical

labor and materials cost per pound of zirconium in the sponge produc-

tion phase should be directly applicable to hafnium. The general plant

overhead was figured in the same manner as with the zirconium plant.

The administrative and general office overhead should be the same per
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The administrative and general office overhead should be the same per

pound of hafnium as per pound of zirconium.
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TABLE VIII

HAFNIUM PURIFICATION AND SPONGE PRODUCTION

Capital Costs

PHTHALATE PRECIPITATION

Tanks (2) 1,500
Filters (2) 1,500
Agitator (1) 1,300

Total Wet Process Equipment (4,300
Electrical-. 12% 500
Piping 900

BRIQUETTING AND CHLORINATION

Grinder (1) 1,250
Ribbon Mixer (1) 1,680
Tableting Machine (2) 3,500
Drying Oven 500
Chlorinator x, 000
Condenser 520
Cyclone Separator 600

PURIFICATION, REDUCTION AND DISTILLATION

Purification and Reduction Furnace (1) 5,440
Purification Retort Assembly 1,500
Reduction Retort Assembly 1,040
Distillation Furnace (1) 6,000
Pump Installation 4,260
Distillation Retort Assembly 3,600
Hydraulic Lift 2,500
Hood 300
Duct 400

Total Dry Processing Equipment 38,100
Electricals - 25% 9, 500

TOTAL EQUIPMENT $53,300

Building 22 ft.x 60 ft. with mezzanine 16,600

TOTAL INVESTMENT $70,000
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TABLE IX

HAFNIUM. PURIFICATION AND SPONGE PRODUCTION

Operating Cost Breakdown

Annual Production Sponge - Lbs/Year
(2% of Zirconium)

Fixed Costs 2,000 3,000 6,000 9,000

Taxes, @ 2-1/2% of Investment 1,750 1,750 1,750 1,750
Insurance, @ 3% of Investment 2,100 2,100 2,100 2,100
Amortization, @ 5 Years 14,000 14,000 14,000 14,000

Total Fixed Costs 17,850 17,850 17,850 17,850

Total Fixed Costs per Lb. Product 8.92 5.95 2.98 1.98

Direct Operating Costs

Raw Materials (Chemicals) .28 .28 .28 .28
Direct Operating Labor 2.29 1.84 1.28 1.09
Supervisory .43 .27 .14 .09
Payroll Overhead - 25% Direct Labor .57 .46 .32 .27
Plant Maintenance & Repairs

Labor .68 .59 .35 .25
Materials .36 .27 .19 .14

Operating Supplies -
(13% Repair Costs) .14 .11 .07 .05

Utilities
Fuel .17 .17 .17 .17
Electric Power .29 .29 .29 .29
Water .02 .02 .02 .02

Analytical Costs
Incremental Labor Cost .15 .15 .15 .15
Equipment 2.60 1.73 .87 .58

Shipping Containers .17 .17 .17 .17

General Plant Overhead
@ 40% Direct Labor & Supervision 1.10 .84 .57 .47

Administrative & General Office
Overhead . .59 .34 .26

Total Cost per Lb. Sponge 8.54 6.5419.74 14.29
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VI COMMERCIAL PROSPECTS FOR ZIRCONIUM

Most of our information on possible commercial uses for zir-

conium metal has been derived from our conversations with Bureau of

Mines personnel and a small amount of published material. Time has

not permitted checking this information with potential users as should

be done in order to obtain a confirmation that the metal is being given

serious consideration.

In contrast to titanium the strength weight characteristics

of zirconium are not favorable and for that reason the metal will

probably not show a great deal of promise as a structural metal. One

of the outstanding characteristics of zirconium is its corrosion resis-

tance. It is almost as resistant to acids as tantalum and is a great

deal more resistant to alkalies being resistant to molten caustic. Some

of the other physical characteristics of zirconium make it competitive

with tantalum in several respects. It has therefore received considera-

tion for use in the manufacture of corrosion resistant chemical equip-

ment, as an element in wet rectifiers, and as a surgical material for

bone replacement and repair. It has been found that zirconium has ex-

cellent getter properties and would therefore be useful in vacuum and

fluorescent tubes. In addition, its low work factor, combined with a

high melting point, indicates that it would be useful as an emitting

element in vacuum tubes. Both with regard to price and ultimate supply

zirconium should be in a very favorable competitive position with tanta-

lum. Tantalum in sheet form sells for approximately $65 per pound and

up, while zirconium produced at the rate of 450,000 pounds per year would

have a cost of around $4 per pound. Thus after taking the cost of sales

into consideration plus a substantial markup, commercial zirconium could

be sold at a price well under tantalum.
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In addition to these uses where the metal may be said to be

competitive in characteristics with other metals, experimental work

with alloys has demonstrated that zirconium has a greater grain refining

effect on magnesium than any other metal and in addition confers

better workability, strength, and toughness. While the proportions of

zirconium going into these alloys are minor, the favorable growth pros-

pects for magnesium both during the present emergency and in commercial

markets should provide a steadily increasing outlet for commercial zir-

conium. When it is considered that a few years ago the metal was almost

unknown except as a laboratory curiosity and that substantially all of

the research on the metal has been done in government facilities, it is

somewhat surprising to find the number of potential applications which

already exist. We were told by Bureau of Mine representatives that the

present output of the Bureau could be sold some four times over at the

present time for commercial use were the metal available. This estimate

should be checked by a detailed investigation before reliance can be

placed on it, but the comment is at least indicative of the commercial

interest in the metal.
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VII PATENTS AND REFERENCES

The following list of patent abstracts and literature

references was obtained by a brief search of the literature and

does not purport to be complete. It is provided as a nucleus for

a more detailed literature survey which should be made if Climax

is one of the successful bidders.

W. J. Kroll and A. W. Schlechten. Bureau of Mines Information

Circular No. 7341, February, 1946. Survey of Literature on the

Metallurgy of Zirconium.

W. J. Kroll, W. W. Stephens, and H. P. Holmes. Trans. AIME,

Vol. 188, December, 1950, 1445-1454. Production of Malleable

Zirconium on a Pilot-Plant Scale.

Brit. 628,147--W. J. Kroll, August 23, 1949. Anhydrous ZrCl4

treated with molten Mg at a temperature below its b.p. in an atm..

of He.

U. S. Patent Application (Aband.) Published in Official Gazette

628, 1531 (1949) #688,870--A. W. Schlechten and W. J. Kroll to

U. S. 4. Apparatus for the production of zirconium by the reaction

of zirconium chloride with molten magnesium under an inert atmos-

phere of noble gas.

2,482,127--A. W. Schlechten and W. J. Kroll to U.S.A. September 20, 1949.

This is an apparatus patent for recovering molten metal from a reac-

tion mixture.

2,537,068--Manufacture of zirconium. W. C. Lilliendahl to Westing-

house Electric Corp. January 9, 1951. Recovery of zirconium

powder of an exceedingly high degree of purity.

2,541,764--Electric Apparatus for Melting Refractory Metals. Battelle
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Development Corp. February 13, 1951. An apparatus for producing

ingots from powdered refractory metal, such as titanium and

zirconium

2,546,953--Zirconium-Hafnium Separation. K. Street to U. S. Atomic

Energy Commission. March 27, 1951. Contacting an aqueous solu-

tion of these elements with a cation exchange resin and selectively

eluting the separate elements from the resin with hydrogen chloride.

2,548,897--Process of Melting Hafnium, Zirconium and Titanium

Metals. W. J. Kroll to the U.S.A. April 17, 1951.

2,556,763--Production of Refractory Metals. P. J. Maddex to

Battelle Development Corporation. June 12, 1951. This has to do

with the production of titanium and zirconium under pressure by

introduction of a gaseous halide of the metal into a confined space

of air, introduction of a reducing metal, such as Mg, Na, Ca, or K,

and supplying external heat to cause reaction to produce the re-

fractory metal and a salt of the reducing metal.

2,564,337--Production of Refractory Metals. P. J. Maddex to Bat-

telle Development Corp. August 14, 1951. Production of ingots of

the metals titanium and zirconium.

French 847,196--Metallic Zirconium. I. G. Farbenind. October 4, 1939.

The metal is obtained by decomposing zirconium tetrahalide by Mg

or other alkaline earth metal under a pressure below atmospheric.

2,204,454--Process for Decomposing Zirconium Ore. L. Teichmann to

I. G. Farbenind. June 11, 1940. Comprises chlorinating the ore at

400-1000 C. to transform the ore into zirconium chloride, decom-

posing the zirconium chloride with water, subjecting the ore residue

to an alkaline treatment, and acidifying the suspension obtained

with hydrochloric acid.
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2,214,211--Production of Zirconium Metal. H. von Zeppelin to W. H.

Duisberg. September 10, 1940. Heating a mixture of ZrCl4 , a quantity

of an alkali metal chloride equal to half the charge of ZrCl4 , and

further a quantity of Mg metal, to cause reduction of the ZrCl4 and

separating the saline melt from the Zr metal product.

Rus. 52,382--Apparatus for the Production of Zirconium, Tantalum and

Similar Metals. S. N. Ignatchenko, December 31, 1937. Compounds of

the metals are reduced with sodium in an electrically heated apparatus.

2,411,524--L. W. Davis to Metal Hydrides, Inc. November 26, 1946.

Dried zirconium oxide is mixed with freshly cut chips of magnesium

metal. The mix is placed in a retort and then filled with H2 gas and

slowly heated to 9000. During this process the Mg vaporizes onto the

Zr0 2 which is reduced first to the metal, then to the hydride.

2,566,665--Zirconium and Hafnium Separatin Process. E. H. Huffman,

to the U.S.A. September 4, 1951. In a method for separating zir-

conium and hafnium values from each other, the steps comprising con-

tacting an acidulated aqueous phase containing zirconium and hafnium

ions with a water-immiscible phase containing thenoyltrifluoracetone,

whereupon the zirconium is preferentially chelated and extracted into

the water-immiscible phase and finally recovering the separated haf-

nium and zirconium values from said aqueous and water-immiscible

phases respectively.

2,567,661--Zirconium and Hafnium Recovery and Purification Process.

J. A. Ayres, to the U.S.A. September 11, 1951. A process for the

purification of an aqueous colloidal solution of a hydrous oxide of

a metal of the group consisting of zirconium, and hafnium, and mix-

tures thereof, which comprises contacting said colloidal solution of

said hydrous oxide present in greater than a tracer concentration
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and containing a relatively smaller concentration of a soluble metal

nitrate with a synthetic organic cation exchange resin, and separating

an aqueous solution containing a major amount of said hydrous metal

oxide and a reduced amount of said metal nitrate.

2,567,838--Metallurgical Apparatus. R. D. Blue, to The Dow Chemical Co.

September 11, 1951. In an apparatus in which to conduct the reducing

reaction of metallic magnesium upon titanium tetrachloride vapor at

elevated temperature, a first metering means associated with the ves-

sel adapted to introduce solid magnesium into the vessel at a controlla-

ble rate, a second metering means associated with the vessel adapted

to regulate the rate of introduction of liquid titanium tetrachloride

into the vessel, a graphite crucible disposed in the vessel beneath

the point of introduction of the magnesium adapted to collect the

metallic titanium reduced by the magnesium, and turning means connected

with the crucible adapted to invert the crucible.

CONFIDENTIAL
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