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Summary :

Four flow sheets have been analyzed for the manufacture of
potassium metaphosphate at Green River, wyoming, and all ghow the
pPossibility of profitable operation. The principal results of
this analysis are summarized in Table #1 and the flow sheets are
illugtrated in accompanying flow gheets #1, 3, 3, and 3A., The
location of the resources tributary to Green River is shown on the
accompanying map.,

TABLE #1,

Summary of Economic Egtimateg
Covering Manufacture of 100,800 tong annually
Potassium wetaphosphate and By-Productg at
Green River, Wyoming.

Flow Net Profist Net Return on
Sheet Net before Investment after
No. - Inve gtment Sales Federal Taxes. All Oharges
1 $12,668, 700,00 $6,334,350.00 $1,862,200.00 14,74
2 14,316,000.00 7,158,000.00 2,078,940.00 14,59
3 14,157,600.00 7,078,800,00 1,718,200.00 12,249
3A 14,157,600.00 7,078,800.00 1,830, 200.00 12.94%

In all of the flow gheets a coke fired blast furnace is
utilized for the production of a potash bearing phosphoric acid,
and the additional potash required for making potassium metaphosphate
1s provided by base exchange between a sodium salt and wWwyomingite,

In all of the flow sheets except #1, ninety tons daily KCl
containing 63% K O is produced in addition to 305 tons 92% potas-
sium metaphosphafe, which latter production is common to all of the
flow sheets. -

In analyzing the markets for potassium metaphosphate, it

has been assumed that the following percentage of total sales will
be rcaptured in the states licteds

- -



Both the sunnyside coal from Utah and the Trinidad coal from Colo-.
rado are coking coals, and preliminary tests of the Parr process
carried out at the University of Il'inois, Urbana, Illinois, showed
thet o good metallurgical coke could be made from a mixture of 80%
Rock gprings non-coking coal and 40% Sunnyside coal,

(2) Pilot plant work should be done on the proposed process
described by XK. G. Clark in correspondence with the writer for the
direct combination of potassium chloride and phosphoric acid in
equi-molal quantities for the production of 4 potassium meta-
phosphate.

(3) The resources of the Green River soda brine ghould be
explored,

(4) As a final checs, a complete pilot plant operation
gshould be set up in which each step of the process would be carried
cout and in which the coke, which it would be proposed to use, would
be employed in the small blast furnace.
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This paper covers a preliminary economic survey to determine
the present day economic possibilities and competitive position of
the proposed industry for the manufacture of potassium metaphosphate
and by-products at Green River, wyoming, The paper i1s based upon
data of laboratory and pilot plant research by the writer in 1928~
1937. The results of this work are covered in an mnabridged
report by the writer and hig associates in four volumes containing
thirty-five subdivisions. References to this report in thig paper
will be given in the text by the letter "R followed by the number
of the subdivision. A copy of this unabridged report is in the
prossession of the writer and may be examined. In addition the
#riter has published abridged accounts of his work as follows:

"Volatilization of Phosphorous 1from Phosphate Rock," Robert
D. Pike, Industrial and Engineering Chemistry, v,22, 344 (1930),
Parts 3 and 3, Reference in text, p-1.

"Proposed Manufacture of lionopotassium Phosphate at Green
River, Wyoming," Robert D. Pike, Indugtrial and Engineering Chemisgtry,
v.35, 256 (1933) parts I and 2, Reference in text, P-2.

"Proposed Manufac: .- ... kionopotassium Phosphate at Green
River, gyoming," Robert . . .xe, Industrial and Engeineering Chemistry,
v.35, 374 (1933) parte 3 anc 4. Reference in text, P-3.

Reference has also been made to the following:

Blast Furnace Processes for the Production of Phosphatic
and Potageic Fertilizer Materials, P, H. Royster, K., D. Clark,
T, P. Hignett, L. E. Bowe, H. I, Landon, J, C. Southard, J. W.
Turrentine, Tech. Bull, 543, U. S. Department of Agriculture (1937).

This paper covers four alternative flow sheets for the
manufacture of potassium phogphates and by-products at Green River,
Wwyoming, viz: 1, 2, 3, and 3A, Flow gheets 1 to 3 inclusive may
be employed to manufacture either monopotassium phosphate or
potassium metaphosphate; flow sheet 3A produces only potassium
metaphosphate and ewploys a process proposed by K. G. Clark for
the direct combination of KCl and phosphoric acid in equi-molal
quantity. Clark reports that work on this process has not as yet
gone beyond the laboratory stage, but that it looks promising,



In the writer's earlier wsork (P-1) he used oxygen for enrich-
ing the blast in order to obtain a sufficient thermal head to
volatilize phosphorous with good economy of fuel, gince then
Royster developed hig stove which can deliver an air blast at
20009 F. and the writer has assumed the use of the Royster stove
in these estimates.

The writer originally proposed the manufacture of a crude
monopotzssium phosphate containing 80% total avallable and water
goluble plant food (P-3). This salt has good water solubility and
is non-hydroscopic. Potaseium metaphosphate ls easily prepared by
the moderate heating of monopotassium phogphate, water being driven
off thus

KHgPO4 — KPOz + Ho0

Potassium metaphosphate is water insoluble but otherwise
contains 100% plant food thus

2KPOz = K0 + P05

By heating the cru’- nnuopotassium phogphate, a crude meta-
ghosphate would be formec ...aining about 92% K,0+ P,0g, and _
hig ig the salt which is referred to in the estinate agtgcugh it

is likely that flow sheets 3 and 3A would produce a somewhat higher
grade salt,

Because potassium metaphosphate is insoluble in water, its
value as a plant food had to be demonstrated, This, we are informed,
has been successfully done by the Department of Agriculture, This
igs of great importance because of the extraordinarily high concen-
tration of plant food in thig salt and because the ratio of K50 to
P_Og which occurs in it is very close to that used in all of %he
Uni%ed states east of the Rocky kountains. Thig salt can there-
fore be employed directly in a very large proportion of the mixed
fertilizers used throughout the United states except in California.

The manufacture of potassium metaphosphate at Green River
would have great significance to the agricultural economy of the
Kiddle west and at the same time its great concentration would en-
able it to be shipped to all gections of the United States in
competition with the present supplies of phosphoric acid and potash.

The Flow cSheets, General Discussion:

All of the flow sheets which are illustrated in the accom—
panying diagrams include a blast furnace for the production of a
potash bearing phosphoric acid (P-1), and in all of them thisg acid
ig neutrzlized with potash salt made by base exchange with
wyomingite (P-2-3, R-10). The coke for the blagt furnace is made
in by-product coke ovens from a mixture of 60% Rock gprings coal
and 409 sunnyside coking coal (R-3). Thig mixture in accordance



7ith the Parr process is .7-ven a heat treatment prior to coking.
Tests made at the Parr laveratory, University of Illinois, Urbana,
Illinois, showed that this procedure produced a strong metallurgical
coke.

But this should be carried out on a larger scale and the
Trinidad coking coal should be included within the scope of
investigation.

The variations in the flow sheet arise from alternative
use of Green River soda water or common 'g¢alt from galt Lake in the
base exchange process; and from the alternative use of the writer'sg
process (P-3, R-18), or the Department of Agriculture's proposed
process for combining phosphoric acid with potessium chloride.

A considerable amount of potassium chloride may be advan-
tageously produced in the base exchange process as a sémi-by-
product because of the availability of steam heat at no additional
expense for fuel which is recovered as a by-product from the blagt
furnace operation, Algo in gome of the flow sheets there is a
congiderable amount of surplus gas available at no cost which
could be utilized for the production of very cheap electric power, .

In all of the flow sheets important by-products occur,
viz: ammonium sulphate, coal *ar and benzol fractions, and ferro-
pho sphorous. These by-produc’ s may be depended upon for an import-
ant source of income. Tr ~-Zition to them, flow gheets # 1 and 2
may produce soda ash in  :...cient quantity to supply the needs
of the Inter-Mountain re;ion amounting to about ten tons daily, .

The Markets and Probable Value of
Main and By-Products at the Plant:

In all of the flow sheets the production is placed at 175
tons P05 and 105 tons K, 0 daily in the form of the main product,
92% pogassium metaphogphate; 10 tons ammonium sulphate; 7 long tong
of 24% ferro-phosphorous; 300U gallons benzol; 11,500§ gallons coal
tar. Flow sheets #l and 2 produce ten tonsg daily of soda asgh.
Flow sheets #3, 3, and 3A produce 90 tons daily KOl containing 63%
K20.

The principal sources of publighed authorities on the mar—
kets for fertilizer which have been referred ‘to in the preparation
of thig paper are:

"A survey of Plant Food Consumption in the United States
for the year ending June 30, 1934," A, L. Mehring, H. R. gmnalley,
reprinted from Proc., 1llth Annual Convention of the National
Fertilizer Association, 1935,

Fertilizer Consumption of the United gtateg, Hubert wWillett,
National Fertilizer Association, 1937,
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0il, Paint and Drug Reporter ig depended upon for current
quotations, supplemented by private information from various sources,

Quotations on freight rates prepared by Union Pacific officialg
in 1937 have been used to provide normal present day ratesg. Where
thepe rateg do not ,, supply the required information the present
publighed rates on potassium chloride from loving, New Mexico, are
uged, '

It 1s possible that rail rates may be raised in the future,
but the principal markets for the product are in areas away from
the seaboard so that, as rates are raiged, so also will be the
quotations upon phosphoric acid and potash in the most available
markets., On this account any probable increase in freight rates
would not be expected to materially change the conclusions which
have been reached.

The freight rates referred to above which were quoted by
Union Pacific officials in 1927 follow: '

From

Green River on

Potassium Phosphate to Per Net Ton
Chicago p 7.80
st. louis 6.80
Kentucky points 950
kichigen pointsg 9,50
Indiana points ' 9.50
western New York and Pennsylvania 10.00
Ohio 10,00
Texas 8.90
Arkansas, Louisiana, and Qklahoma points 10.40
San Francisco, los Angeles, Portland, geattle 6.80
Portlaacd for export 4,00

Incoming Rates to Green River

wyomingite from guperior, Wyoming .50

Phosphate rock, Georgetown, Idaho, to Green River 1.75

8aelt from salt Lake producing points 4,00
(This rate probably can be bettered.)

Lime rock, Rawling, wyoming, to Green River 1.40

Coal, Sunnyside, Utah, to Green River 3«75

(Utah Fuel advise rate to Pocatello, Idaho,

about the same distance, is now $2.90 and

we uge this lower figure in the estimates.)
Sulphuric acid in tank ccrs, Garfield, Utah,

to Green River ' 4,00

(we are advised thii z..c present rate from

Garfield to Parco is $7.70 per ton, and

based upon this we have used a figure of 55.00

in our estimates.)
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Current Freight Rates
Muriate of Potash c/1 Rail

Fertilizer or Other than Fertilizer

To

Chicago

st. Louis
Cleveland
Atlznta

New York
Boston
Portland, ne.

iiuriate of Potash ¢/1 Rail

From Loving, New Mexico

Rates per ton,

minimum
230 tons

$ 9.80

9,00
11.20
10.40
12.40
13.60
13,60

Import Rates

Domegtic Rates

From New Fertilizer Non-Fertilizer ©Fertilizer Non-Fertilizer
York to Rate Min. Rate Min, ‘Rate Min, Rate Min,
Chicago  $6.80 20 T $8.40 20 T $6.80 20 T $8.40 20 T
st. Iouls 7.40 20 T 9,00 20 T 7.60 .20 T 9.20 20 T
Atlenta 8.60 0 7T 8.60 20U T 8.60 20 T 8.0 30 T
From New

Orleans to

Chicago 7,80 20 T same 9.60 20 T - same

st. louis 7.80 20 T pame 8,60 20 T game
Atlante 7 .00 20T same 7,00 20 T same



Potagsiun chloride
kiniman 40 Tons
Rail from Trona, California, to:

Snlcago » 13.40
3t Touts 11.90
Atlanva 13.90
New Yo% 14,40

Current liarket Quotations

Ammonium sulphate,f.o.b. ports or ovens, per ton §28.00

Ammonium phoesphate, f.o.b, works, 11% N

4’:8% ons, bulk unitc ------------------ ‘$10201and 070
Caustic potash, flake 88-92

Drums Cfl, Works. ® & % & 2 0 8 0 & S F S P DS TR 8B B 4 = 82 0 8 0 8 LN I07

LiquDI‘ 45% ---------------- LR B S T R I IR I TR R R 003‘-1/8
Chlorate of potash, crystals, kegsee:evenennn ciwn ® .09%

Granulated, kegs8e,..... SRR PR «18

PONHSTERamws w5 24 0 4 Ty P e ee e e e anaa 4§ .08k
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muricte, domestic, all strengths, minimum 50% K;0,
in bulk ot porte, BRIY FOM. cor v svmvnvmsss 5 ieendl  #DOD
In bagse add »,2.00 per ton

Super phosphzate, Bgltimore, {8.50 per ton run of
pile, $9.00 per ton guaranteed 164 material

Super phosphate, Atlanta, interior producing points 9.60

super phosphate, 20%, f.0.b. cars Chicagoe...... .vs 20.50
Sulphuric acid, 66%, f.o.b, tank cars, Garfield,
Utzh, per ton,...ocvvvvvnns e e e eceenas IRRONI— | W i

Coal tar f.o.b. tank cars plant per gallon......... .0475
(Estimeted quotation received from the Barrett Co.)
Benzol, fo.b. tank cars plant, per gallon........ “ .16
Zylol and toluol f.o.b. tank cars plant, per gallon ,30
(The crude benzol will yield about 85% refined _
benzol and about 15% zylol and toluol.) ‘
Coking coal, quctation by Colorado Fuel & Iron (o.,
f.0.b. cers Trinidad, Colorzdo, per tons..s«es 2.00
(The freight rate is edimated at $5.50, making
the cost f.o.b. cars Green River, wyoming.... 7.50
Coal, 3* mine run, f.o.b. cars Sunnyside, Utal, ton 2.10
(Estimated freight to Green River, $2.90, 80
estimated cost, f.0.b. cars Green River...... 5.00
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Analysis of liarkets

East North Central and west North Central States:

Thig group includes the states of Ohio, Indiana, Illinoisg,
Michigan, Wiisconsin, Minnegota, Iowa, Missouri, Kansas, Nebraska,
South Deakota, and North Dakota. These gtates consumed 893,967
tonsg of fertilizer in 1936. Statistics of 1934 ghowed the leading
grade to be 2-123-6 (N, P305, K§0) and it has been assumed that thisg

grading applies to 19386. TheTefore—-
P305 consumed, tons anniaoily..... § 5 SR W ..107,300
Kao COnSU.mt}d, 'tOnFS Eln’ q_l“‘-:-‘arrr @ 9 8 5 8 8 e PP BT F S P DR LR 533650
: o Pa0
Ratlo——g——é-". ........ ® 9 & @ B & &% & 2 pog & S S 8 0 8 s e B e ® B 5 0 & & 2 81
K30 /
Ratio £205 in crude potassium metaphosphate, approx. 1.87/1
K20
Tons of X0 which can be supplied as crude potas—
ium metaphospha.tetv-o.--oo -------- 29 o8 6 b s e s a0 B 53,650
Tons of P.Og which can be supplied as crude potas-
im metaphosphate.loo.ilt.oo-l.ioovltl.-ccao;doolt 89,400
Tons of 92% potassium metaphosphate to supply the
entire rna.rkett-lano ooooo a & e &9 9 & e e 0 0w 0.-*-!'!“0*155,500

The daily production of potassium metaphosphate in the
proposed plant ig 305 tong and its operation has been agsumed
for 330 deys annually, the annual production, tons.......100.500
Assume that 30% of the market of the states in this group can
be captured, giving rise to annual sales of potassium
metaphOSphate, tOI’lB.....-...-..-....'.'..-'--..o-a-.co.-'.-.. 46,700
Percentage of total output sold in these statese.eesee.s 46 .4

.

The greater part of the fertilizer in these states is con-
sumed in the Eastern section, principally in the states of Ohilo,
Indiana, and Michigan. Cleveland or Cincinnati should therefore
be congidered as the principal receiving point rather than Chicago
or St. Louis. gSixteen percent esuper phosphate is worth about
$14,50 per ton at this point or .90 per unit, and muriate in bulk
is worth about %.65 per unit. (i, course, some fertilizer from
Green River would be sold at Chicago and points west at higher
unit prices and with less freight to charge from Green River, but
by basing calculation upon Cleveland and Cincinnati delivery, the
resultg will be conservative. The vast area of the weptern tier
of these states still consumes but little fertilizer, although
there has been evidenced a rather large percentage increase in
consumption in recent years. Any increasge in the use of fertil-
izer in this vast agricultural region including the sgtates of
Missouri, Kansas, Nebraska, Iowa, North Dakota, and gouth _Dakota,
would greatly benefit the proppsed Green River fertilizer
industry.
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Using the above values:

Value of P,05 in one ton 92% potassium metaphosphate
at .90 pér 1 VRIT v » 3 5 swmwwvims o ¢ vowawawesas s o D180
Value of XK, 0O in one ton 92% potassium metapho sphate
ak BB PEX ML iieuini s ssmameiine s sepaianstiing od  ODAD
Total value per ton of 2000 1lbg8ecoeeee 7T4.35
Estimated freight per ton to Cleveland and
Cincinnati..................-..o.............a-... 9.?5
Value 93% potassium metaphoephate at plant..........3 64,50

gouth Central states:

This region comprises the states of Kentucky, Tennessee,
Alabama, Mississippi, Arkansas, louisiana, ~ Oklahoma, and Texas.
Their total congumption of fertilizer in 1938 was 1,151,085 tons
and the leading grade of 1934 shows a retio of PBOS/KBO of about
8/5 or epproximately that occur “ng in the crude potassium meta—
pho sphate. Therefore—-

P.,0_ consumed annually, tons.......... ¢ wemswmresn s vy B0y U
Kgo congumed annually, tONBeeseeeeceeoeeees S . 55,300
Tons of 923% potassium metaphosphate corresponding...180,000

Assume that 20% of the market is ceptured, or tons
annually potassium metaphosphatCeeesvecerveeeeenns .s 32,800
bPercentage of total output sold in these marketse... 33.6
At present market value the unit P05 is worth in

this territory approximately,...i.cceiveeceeeeened s 75
Approximate value unit KoDeveveeervovoesooennnnnanens .85
Vzlue P_Og in one ton potassium metaphosphate......a§¥43.20

Value k50 in one ton potassium metaphosphate....... &3.40
Total value per ton potassium metaphosphate....,.... 65.60
Estimated average freight........ § ¥R sssssssssvieee 31,00
Value 92% potassium metaphosphate at plant..........y 5%.60

North Atlantic steates:

This group includes the states of hiaine, New Hampshire,

- Vermont, kassachusestts, Rhode Island, Connecticut, New York, New
Jersey, and Pennsgylvania. Their total consumption of fertilizer
in 1936 was 1,010,097 tons and the leading grade in 1934 was 4-8-7.

P305 congumed gnnually, LORB.ceeas s svsinesi i s sseuis 80,800
Ko0 congumed annually, tone-...ccevecsvcenncans eeee+.70,800
REVAG PHOSTKAD « + sowmsompras » cugay 3 ¢ BameEE s & § § & peamdeddl1
Ratio Po05/K,0 crude potassium metaphosphate......1.67/1
Tons P385 which can be supplied as crude 92%

potassium metaphosphate...c... beeasessessncoas esse..80,800
Tons K50 which can be supplied as crude 92%

potassium metaphosphateesseeesevreseecosccsceoneesesdB,500

Tons potassium metaphosphate to supply entie market,l140,500
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hAssume that percentage of market captured is 15%, or

tons entiallyc s i 4 s vamawsn § DORGEELE RS Faesveaness BE; 00D
Percentage of total output sold in thege markets 20,9

At present market value unit P-0g 1s worth in thisg
territory spproxXimately.s ceeViescensene oo vsanwnnyi 0D
K50, epproximately......ocevueeeiniennenenan S .60
velue of P,05 in one ton 92% potasslum metaphosphate 43,20
Value of K,0 in one ton 92%‘p0ta551um metaphosphate _20.70
Total valué PET 00 veawam i vEsmas Gadb & yoeREsEEes § B3.90
Estimated average freight rate 13,00
. Velue of 92% potassium metaphosphate at plant, ton § 50.90

South Atlantic Stetes:

This group comprises the states of Deleware, Maryland,
Virginia, sest Virginia, North Carolina, sSouth Czrolina, Georgia,
and Floride. Their total consumption in 1936 wae 3,507,756 tons
and the 1934 Tetic Pg0 /Kdo was about 8/5, or approximately that
occuring in the rrude potasslum metapho sphate.,

EP505 coniguried, PONB: v s v § iR B e ++0 880,500
conanmBd; $olin: i ¢ wisiio s iR W RIS § RAeRETERSR 168,000

Tgns 92% potaesium metaphosphate to supply the
entlre MaTKEte oo voviionannrsesssennncsonsns es00+422,000

At present market values the unit P505 18 worth

in this territory apnrox-mately................ $ + 75
Ko0 is worth approximately...........iccauun.s GYesheR .60
value Pg0s in one ton 92% potassium metaphosphate.. 43,20
Value ndo in one ton 92% potassium metaphosphate... 20.70
Total velue pexr tO0. .. iwennnse S ——— SN —— - T W e

Lstlmated average freight.......vcovveveenae ceesees 12,00
Value 92% potassium metaphosphate at plant per ton § 51,90

For the purpose of this estimate it will be assumed that
no sales of fertilizer from (Green River are made in the South
Atlantic states.

The sales on the Pacific Coast are relatively small, and
the amount 0f potash consumed ig g0 small that it is not worth
while counting upon any sales on the Pacific coast.

Summarizing, 46,5% of the sales of 93% potassiunm metaphos-
phate according to the above estimates will yield at the plant
64 .50 per ton; 32.6%, $54.60 per ton; 20.9%, @50 90 per ton, or
an average of q58 45 per ton at the plant.
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Value of Annuzl Sales.

100,500 tons 93% potassiun metaphosphate at the

plant annually... . cieieeernsenaneacens was s s 5 o B388U, 000,00
10 tong ammonium sulphate daily correspounding to

35 1lbs. per ton of coal at ¢43.230 per ton...... 76,500.00
3,070 gellons per day ternzoli ot overcge net return

of .18 per gallon for refinca fractions....... 182, 500,00
11,500 gzllons per day cozl tar at $.0475.......... . 180, 262.00

7 long tons per day 24% ferro-phos. at 485.00 per to 196,500.,00
90 tons per dzy potassium chloride containing 62%

ko0 at 228.90 per ton at DEERE vcanivaimm wmeomnn w2 858,000,00
goda agh, 10 tons per day at $35.00..... x5 EEEAORT B 82,500.00

The development of several of the guantities used in
the above estimate will be found below.

Each of the four flow sgheets described herewith will be
congidered separztely as to sales, and after the summation of
the several items 4% is deducted to cover general overhead and
seles expense. Thig gives the following values for net annual
sales:

Flow gheet #l.......,$5,334,350,00
Flow Sheet #3....... 7,158,000.00
Flow Sheet #3....... 7,078,000.00
Flow sheey #34...... 7,078,000.00
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Investment in Plant and Amortization Charge

No attenpt will be made at this tine to prepare a detailed
estimate of the capital required, but reliance will be placed
upon an approximation of $2.00 capital investment per annual
dollar of net sazles. Therefore——

The capital required in the several flow sgheets is as
follows:

Flow gheet No.l.....$12,668,700,.00
Flow gheet No.3..... 14,316,000.00
Flox gsheet No.3..... 14,157,800.00
Flow gheet No.3A.... 14,157,600.00

The fertilizer business is relatively stable and the trend
in consumption is upward. Quoting from Fertilizer Consumption
in the United gtates, 1837, page 5:

"The slight rise which has taken place in the toml fertil-
izer tonnage in the period subseguent to 1910 has been due
entirely to the increased use in the uMiddle west and west. As
the soils in these newer farming regions become more depleted
it seems likely that the use of plant food will increase more
rapidly in the future than it has increased in the past.!

Under the circunistances it geems advisable to use a long
period of amortization, say twenty-five years, in which to return
the investment.

$100,00 set out at interest of 41% compounded annually

is worth in 25 yeargi.snsveviosscians e R AR B .........ﬁ 300,00
The annuity which 1if set aside each year with

interest compounded annually will produce $300.00 in

28 VEARYE 1Bus s s vawniven s wue sessesessesesnasTestesase TR en e e B.73
Therefore—- _
The required sinking fund to take care of interest and
amortization under the assumed condition iBeceseecescereess - B6.73%
Add for taxes and iNBUTANCE...coevecsssascsssacsonns 2 %

Total cepital charges.....c.eoecesoseenoveeonse 8,737
Annual capital ocharges:

Flos gheet No. l.......31,105,000,00(C
Floa Sheet No. 2...... . 1,260,000,00
Flow sheet No. 3....c... 1,325,000,00
Flow sheet No. 3Ae..... 1,225,000,00
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ESTIMATED OPERATING COSTS

Flow gheet No.l:

gtations Nos.l to 4 incl.
1230 tons wWyomingite, mining, primary crushing
and tramming to trackside bins, loading f.o.b,
carg Juaperior, Wyoming, @ $.60 per ton.........% 738,00
Royalty to Union Pacific Railroad & .05 ton... 61.50

gtation No. 5
Freight on wWyomingite, Superior to Green River,
gyonming, & .50 per toNecccssvsvovsss Y 615.00

gtation No. 6 . S
In and out of Green River storage 6 .05 ton... 61,50

station No. 7
According to Allis-Chalmers Mfg.Co., grinding
of wyomingite such as was found suitable for
base exchange (R-10) can be accomplished with
the expenditure of 4.5 kw#h per ton. This
power would be consumed continuously during
the entire 24 hours and it would be supplied
from a turbo-generator in the blast furnace
plant. The operation of this turbo-generator
would come under direct labor and maintenance
charges covered elsewhere, Capital charges
are grouped for the plant as a whole, there-
fore no charge is entered under thig item or
any subsequent items for continuous electrical
energy. In this case:
- Kah required per day continuous power........... 3350
2% 1bs. gteel Halle &t $.08:: voweumsss v s o ....§ 55.80
Direct operating labor, six meNicesievicosseeses 31,20

Maintenance cost is covered under géneral plant
maintenance,

station No. 8
Direct 1ab01‘, 3 rﬂen@ @5.80.-:.-1-0--.-o.aot.u.i? 15.60
Kwh continuous pOWETr Per dayeeccseesenasccoscsss 900

Stations Nos. 9 and 10
Direct la,bor, 3men@95.20....-................‘ﬁ 15'60
Ccontinuous power required for turning autoclaves
kdh per dayesescovssssa R R ¥ R AR § 300
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The autoclave batch to make 54.8 tons k-0 daily is made
as follows:

Congtituent of Batch Pounds Sp. H.
soda well water 1,330,000 .912
anyomingite 1,488,000 6
water 660,000 1,00
Return Na. 003H 0

(R-10) 305,000 . 356

Total 5,783,000

Y. sp. h, of batch .603

Before an autoclave is discharged it is blown down and the
exhaust steam used to beat up a new ¢igcharge. The exhaust steam
should heat the new ﬁiﬁoharge to 190° F. and live gteam must be
applied from 1900 F. to 3923 Therefore:

B.t.u. per hr, live satean,
3783000 x 2302 x .602
24
Estimated losses to outside, b.t.u. per hr......_ 1,260,000
Total requirements for live steam at
autoclaves,; Db e PO BYuiwu o s s & svmnni s cnmmswnne 80,560,000

= - 18,200,000

Heating starts at 190° F. and goes to 392° F.
logarithmic mean temperature, 392 - 190 - 280° F
3.3 Tog,, 392 ’
180

Steam will be provided at 350 1lbs. gauge and
200° superheat.
Total heat per 1b. of steam “above 380° F.
Liguidesesses .129
Latent........ 821.6
Superheat.....113.3
Total heat of stean, .
b.tu. per 1b-o-a--oc-0001063 9
Ibs. of steam required per hr. by autoclaves,
20460000 - 19, 230
1063.9 ’

gstations Nos, 11 to 13 incl.
Direct operating 1labor, 6 meNis.ieeceareesreasd 31,20
water going forward to the evaporators dally
ig estimated as follows:

Fror soda well water, 1,330,000 x .8824 1,176,000 1b

Added Water..oeeereieceetanvosasascscacas : 860,000 1b

water for washing 17 tons KC1 crystals.. 34,000 1b.

#ater for washing 12 tons NA3003H30 crystals 24,000 1b,
Total.l"....lll.l‘l.l.’..'. 1,894’0001‘)’

Deduct water reroved with potassiun

carbonate brine (R-10)...cciseesesscccscs 155,000 1b.

dater evaporated....eeas S § 3 L RS 1,739,000 It
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Assune that 52.5% of this total ig to be evaporated from
150° F, at 212° F. by the condensation of saturated steam at
40 lbs. gauge.
Heat to be imparted to accomplish thieg:
B.t.u. per hour

Heat of liquid, 1799000 x .535 x 63 .
_ A o = 2,440,000
Heat of solids, 11428 x 54.8 x 62 x .535 x .35 . 405.000
o4& ’
Latent heat, 1739000 x .535 x 970.4 _
’ = 36,900, 000

Total.eeesvensnnas 39,745,000
Heat in steam at 40 lbs. gauge above 263°:
=2

Liguid.eeeeas PRI 3
hent. s vavmanns : 4919
Potalewvass s 944 b.t.u. per lb,

Lbs. of steam at 40 lbs. gauge required per hour,
39745000 _

944

A egmall amount of continuous power will be required by
the evaporators but this ig not a large item.

43,100

station No. 14

~ Both the NA;CO;H,O crystals and KC1 crystals
will be hanﬁle at this station, Because of
emall tonnage only one man will be required.
Dil‘ect labor......;-..-..........'.... ----- tonlo:} 5-80
60 hp will be required on one shift to spin
the centrifugals. . -
Cost of one shift power at $.0l per kwh..veveee 3,60

Stationg Nos. 15 to 18 incl.
Direct labor, 2 operators on one ghift at $5.20 10,40

Slack coal, 5 tons at §2.B0..c.viereeernnnanns . 12,50
66° sulphuric acid at $15.00 per ton f.o.b.
tank cars Green RiVETee.eeoseovons cerescsessaesl30.00

Coke oven gas used in the conversion furnace

is estimated at 5,500,000 b.t.u. per ton of

monopotassium phogphate and approximately

37 tons monopotassium phosphate will be pro-

duced daily as a result of the operation of

this furnace;

Heat required in coke over gas per day, b.t.u..204,000,000,

gtations Nos. 19 and 20,
It has been previouely estimated (R-Tech. nical
and Economic gummary) that the cost of production
of phosgphate rock in Georgetown Canyon at the rate
of 743 tons daily is as follows:
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Itenm Per Day

guperintendent..:icswswoini i seey 80:00
Foreman.'...ll.I....'..1..'.... 8.00

& ghift DOLBEBewrsswnvennss bum ® S0:00
& blackeniths. . cvews v few s vew  1geU0
4 Helpere. svsvscons saxnaes s ves ok 00
1l pipe man...... Gesesersnsaa . 8.00
1l electricien..... e o .o 8.00
3 COMPTEBSOT MENseeces. beas wa | B0
& HLPPETE o v  » u pwwssiewinns s v wu ! L8000
60 miners, shovelers, and tlm—

ber men in stope€secseeccs.. 300,00
60 miners, shovelers,end tim-
ber men for development work300,00
23 tramners....., ¢ o alwmmemes e hi el
Totalloiio.l.IOOOO QQQSoCD
Total direct labor per ton 1.136

For the purgose of this estimate the labor cost is placed
at 60% of the total, making total cost per ton at mine.....$ 1.90

The ore will be trammed from the mine to the main line
of the Union Pacific at Georgetown, Idaho, a distance of 8
miles at an estimated cost for labor and material, per ton.§ 13
Cost of ore in cars f.0.b. Geortown, Idaho, per ton.. 3.03
Freight to Greem River, wyoming, per tON.ceevevrccase 175
Cost laid down Green Hlver, Wyoming, per ton,....... 3.78
Per day for 609 tons at ¢3.78....veiiieiiereiaivd 3,300.00

stations Nos. JGEmdcos @i
Direct 1labor, 2 MOM s selnisnbios s aesioanesssimensssip 10240
Estimated one shift poweT....vecescetcresesensss 6,00

gtations hos. 33 and 23. -
Assume that all of the phosphate rock ig sintered
to improve its physical condition and to drive
off fluorine. Assuue that 6% of its weight of
fine coke is used for this puUrpose. Thig coke
would be provided by screening the coke from
the by-product coke ovens and its cost will be
covered under the next item.
Direct labor, 6 men....;........................& 31,20 -
About 400 continuous hp will be required,
Kwh per day continuous POWET evevevssssanssssassssa?l?0
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gtations Nos. 24 to 26 incl., 39, ggé, 40,
A study was made of the manufacture of coke at Green
River (R-2) in which Parr!'s laboratory, University
of Illinoig, Urbana, Illinolis, and Koppers Co.
assisted. It was found that the Parr process would
provide a sound metallur%ical coke of a mixture of
409, sunnyside coal and 60% Rock gprings coal. A
plant to produce 453 tons of blast furnace coke daily
plus 36.5 tons of fine coke required for sintering
would cost about 2,500,000, and the cost of the coke
would be made up as follows:

Cost per Ton of Coal

.6 tong of Rock Springs coal €& y2.50 1,50
.4 tons of gunnygide coal € $5.00... 2.00
conversion COBb..cviesescccrcccccncoe 1,85

Total operating debit per ton coal 5 35

Cost per ton of coke based upon a yield
Of 65%cuveeerscscsscsanconsacssoness 8.34
In addition to the coke there will be produced per
ton of coal approximately 13,000 cu.ft. of surplus
gas having a gross heating value of 500 b.t.u.
Cost of coke daily, 8.34 x 489.5 = ¢ 4,090,00
cu.ft. of surplus gas per hour.... 383,000
B.t.u. per hour of surplus gas.,... 191,500,000
Ammonium sulphate at 35 lbs. per ton
of coal daily, tonBeecscscccccscsccas 10
66° sulphuric acid required daily, tong 7.5

For cost of this tem see station No.35.

gtations Nos. 27, 39 to 31 incl., 3la, 41, 41a, 41b, 43.
Ferro—-Phosphorous!

The wyoningite containg 1.6% FeQ and 4.1% Fe 0z.

Thig corresponds to 4.13% Fe. Therefore: i

Amount of iron deily in wyomingite,486 x ,0413 = 20 tong

Amount of iron daily in coke, 453 x .0077 = S50

The Fe content of the phosphate rock is very

low and will not average over .35%.

Amount of iron dgily in phosphate rock,

609x .0035 B R "o e s s s 8 s s e BB E B EORORSE 811 "
Total iron added daily,to furnac€..cecscese. . 25,6

According to the recorded experiments an egquivalent
of 1,85% Fe of the charge except coke ig lost in
the slag. Therefore:

Iron lost in slag deily, 1062 x .0185 = 19.7.8
Net iron Iecovered‘ 35 FeI‘I‘D-—phOB ooooo R R 6.9 ]
24% Ferro-phos. corresponding tODBe..coccrcocs 7.76

Pho sphoroug with iron as FErTo-phoBescsccccece . 1,86
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The present consumption of ferro-phos. on the Pacific
Cozst is 300 to 400 long tons anmually used in wire stock and
the prise is $93.0U per long ton f.0.b. San Francigeo for the
24% gr:de with .n adjustment of £3.00 per unit of P. About
85,00 per ton could be realized zt Green River for ferro-phos.
on this busis and the value of the daily production would be
?.76x85x600()_ -o.--a'ncuaua;not-pnql. 8 ®
S50 © » 589.00
Direct Lgbor: ‘
Direct labor is taken at 31.93 per ton P.Og (p-1),
oT pel' day....--n‘.0lcol-ol--;u.‘...-.;;..-n.-n..it- 338-00

Bower:
The principzl power required is of course the
continuous blowing power to supply the alr blast to
the furnace and the air for combustion to the stoves.
Agsume——
" Blast pressure ot DlOWET...ceoeeenseescsses 16 1b, ga.
Stove alr pressure at blower.......cecueeee g # "

Blast Blower:
CaTbon contzined in coke per day, .8861 x 453 = 402 tons
Ibs. of carbon per min.ieeececeses . wnlbonsen g ¥ o0 n gor ¢ BOT
ibs. of air per min., required for combustion to CO 3200

It is required to deliver this alfr at 16 lbs.

gauge =t 8000 ft zbove see level. Ingersoll-Rand have

submitted a det=iled proposal to supply this air from a

direct connected turbo-blower set. This proposzl has been

figured two Wways, namely: with a condensing turbine opera-

ting at 39" vacuum and a non-condenging turbine operating

at 40 lbs. back pressure.
stezn reqguired by turbine per hr. condensing......30,800 1b,
Steam Trequired by turbine per hr., non-condensing,.89,800
BHP at b%ower COUPYANZ s s & s sogwvawa s « Sabmwen e es 5,600,
The steam at 40 1lb. gauge required by the
evaporator  Be o soe o b § s AR § s veekoy 100
The indicsted arrangement is therefore to use two

turbo-blower sc¢ts for the blast, one non-condensing using

1700 BHPF znd the other condenging using 1900 BHP.

Therefore:
Steam Tregquired by non-condensing unit per hout....43,500 1b.
Steam reguired by condensing unit per O pusescan 2ndDy oo B

Blower for Combustion Air to gtoves:
Heat required to heat 3200 lbss of air per min from
80° F. to 2000° F., 3200 x 1940 X 25 = ees.es..4.1,650,000 1b
1f the stoves hazve an efficiency of 60%, b.tu. o
required in top gas to heat ther f8.ives i ¢ iansaensspb20yC00
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According to former calculations there are available in
the blgest furnace top gas 17,700 b.t.u. as heat of combustion
of CO per lb. P Og and 3,000 b.t.u. as gengible heat.
Therefore:

B.t.u. avoilable per min, from the combugtion of

00, 175 x 3000 x 17700 = ,..,..... cessssssssessess 4,300,000
1440

As sensible heat.....ccccaene mee e b R A BB RS R 728,000
Totaliwesees § s pi i ;55 & 55,088,000

surplus top gas b.t.u. per min.,

5028000 — 2590000 = .vveerevarorneccnanennanocces . 2,438,000

ibs. CO burned per min. in stoves, 8590000 - 593

4370

Air required for combustion....... R B R e T— 1460

Add. 100..-..' ...... S s s e b e s mE s ET P E S ETEae s PR e 146

Total air required by stoves, lbs. per min.....e.e 1606

It is required to deliever this zir at 8 lb. gauge
at 60L0 ft above sea level, ‘

According to the Ingersoll-Rand proposal, a condensing
turbo-blower with steau at 250 lbg, pressure and 200° super

heat @#ill require at the turbine, lbs. per hT....... b b e 9900
BHP at power cOUpPling....ccecoeconracecncere SN K 8 e 1050
Llewe~—

continuous H.F. Rﬂquired in Pl=ant at
Green River Other than for the Blast Furnace.

The total which is given below ig only spproximate.

gtation Continuous H.P.
- e R F R T 200
B sias f wons a8 ¢ ceseesseneens 50
By o corocemivi T TRe——— 50
1), . ivenannaanes P . 50
‘82,'23.; -------- ] 0.00-030.400
34 to 26 incl., 39, .39a, 40, 5 swwobl
27, 239 to 31 incl., Blaeanas 5 vas 200
DBy vumas v e wsses 8 & b5 ERGER i i BD
33, 33a, B33Dsccscasrvoocans TR
BBas geime Wi wox s wwmese w mom w Sndse o a 200
438._; 44, 45, 4:6..-.--. _— s s 9 --250
Misc. =nd unaccounted for...... +750
7% oS PR —— . 23350

Ibs. of stesm required per hour in condensing turbine
: to provide continuous plant POWET 4 o s vavensssesdd,000
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SummaTy Requirements of steam at
250 1bs. Fregsure end 3000 super He:t:

Lbs, per hr.

Non-condensing blgst unitescevcssocccsccscccne 42,400
condensing blast uniteceeceroveocnoncoscocenne 16,250
Condensing stove unit....... sesewsanesbaséissoe 95900
Condensing plont WALt cocoveeeeaanacceeeees coeeas 83,000
4dd 15% foT auxiliaTi€B.eecssecsconmrorvonnones 13,800
AULOCLAVE . cseerssaonssnossosognssssacssavocess 19,230

Totol.eeees : 5 8RR g s wes v hB0, 80
Deduct ste-m from phosphorous boiler 29, ,
(gee DElowW)ewasesesnsonssnenns cewan v ek e e v, 405640
jet live steam required per hr, from ' :
burning Of ZaBesssssescocsccaocsene SR .. 82,740
B.t.u. per hr., 1143.9 x 83740 = .L.ieeeces «» 94,600,000
B.t.u. per hr, required in gas at a o
boiler efficiency of 85%...................111,500,000

Phogphorous Boiler:
In boiler 39 the phosphorous is burned to PBOS'

ibss P per min., 175 x 3000 _ 623.06
1440 143,08

Heat of combustion 1 1b. P to Py0s, beteleoe.... 10,570

B.t.u, per min from combugtion 0f Pescrecoes 1,120,000

Ibs. of stesm per hr, with a boiler ' R

efficiency of 80%, 1130000 x .80 x 60 - ' 47 .000
3

= e+ v = a8 # 106

1143.9 e

all of the P Oy from the boiler passes to the Cottrell
precipitstor where It 1s hydrolyzed with steam. Each 1lb, of
P requires gbout one lb. of steam to make a fairly liguid acid.
Therefore:

ibs. of steam required per nr. for this purpose..6,360

suprlus steam from phosphorous boiler per hr....40,640

The degign of the phosphorous boiler 29, while seemingly
entirely fegsible, requires some gtudy because of the presence of
" Pg0g fume in the gas. Probzbly the P.Og is not corrosive if water
ig absent, and on thig account 1it woulﬁ probably be advisable to
uge a dry blost. It may also be necessary to make thig boiler
from stainless steel. ' '

station No, 28.
The continuous production of 5 cods wellg will be reguired.
Dil'ect 1abOI................o....-............-5 15»60
CONtimious hePececcccsseccvrssevorossancorccs? .- a5

stotiong Nos. 33, 33, 33a, 33Db.
These stations are concerned with preparing and ghipping
10 tons soda ash daily. A lump cost of #5.00 per ton
#ill be estimated to cover direct cost o operation.

PBT dayoal.'.oo_uo_..l‘lvlooio_otoc-ID'I—tlon-t'-‘.l if‘: 50'
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Station No. 35.
The requirements for sulpburic acld for gtztion No. 15
have clready been covered. 1In addition there will be
required for the menufacture of ammonium sulphate
7.% tong 668° acid daily at $15.00........,......,.§ 112.50
st-~tions Nos. 36, 38a, 3Bb, 37.
The cost of limestone f.o.b. cars Green River is
tsken at ;3.90 per ton (R-Technical and Economic
summary). The steps involved in these ptations
can be carried out in connection with other parts
of the plant and a lump sum of $5.00 per ton will
be provided to cover | direct operating cost,
PET AoYeeeccssnoocee ¥ REEE e . b AV § G L, SO0

Station No. 43.
In this neutrzlizing tcnk there will be daily
350 tons KH, POy as a 25% solution requiring
700 tons of Na%er.

icter added in tank'16..,...............20 tons

water in potassium carbonate bring...... g0 o
ﬂater a,dded. Nith a,Cid.-., ...... .-0...0..105 #
TO'ta,l-._._....-. ------ ..305 n
“ater tO be a,dded iIl ta,nk 43-..0»0!.-o.qn_vpoa-o.oo495 tons
Dil‘ect la‘bor, 5 men ----- ‘I.l..l.ll_‘l..)_..l'l".l!.;i’ 15-60
stztions Nos. 43a, 44 to 46 incl,
o 3 700 Q00 _
soter to be evaporated per hr.,7 248 < . 58,400 lbs.
Total heat of steam per lb. at 5 lbs. »
asbeolute pPressuT€e.ccesss e v w0 § & AGEE Ry Ot

B.t.u., per hr. to be supplied in fuél at a
drying efficiency of 50%, 58400 x 1130.5 - 133 500,000
_ «5

Direct labor:
3 ATLOT O « byesns b sos ¢ sswmpsd, 2560
35t01‘age I’nen..,.........-.... 15.60
6 packing meN..ccseessssoccoves 31.20
6 shipping men.....e.-. kd 5 R A B 31.20

Total.......',......f;p' 93.60
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Heat Balance of Flow gheet No.l
showing Total Heat Available in surplus
Top Gas and Coke Oven Gas and Ite Utilization

Debit Credit
item B.t.u. per hr, B.t.u. per hr.
gurplus coke oven gas . 192,000,000
gurplus blagt furnzce top gas 146,300,000
Required for the generation of steam 111,500,000
Required in XCl conversion furnace 8,500,000
Required for evapcrating solution
of monopotassium phosphate 132,500,000
surplus , ' 85,800,000
338,300,000 338,300,000

pounds of steam per hour at 350 lbs. gauge and
350° superheat which can be generated by
Bllrplus gas..-..OI-.Il.......‘..l.l..............63’800

gize of continuous power plant which can be
operated’ k‘v. .......... e 5 e 8 % 9 .......-‘.....’.-.'. 4,570
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Ectimated Annual Expense

Flow gheet No.l:
330 days annual direct operation. -

gtation

Annual Expenge

Nos.l to 7 incl. wyomingite. A4ll

charges except indirect...cccevescccecee 3 516,000
No.8. Direct operating labor.........ccee 55350
Nos.9 and 10. Direct operating labor..... 5,150
No.ll. Direct operating labor............ 10,300
No.l4. Direct labor and one shift power.. 3,900
Nos.1l5 to 18 incl. Direct operating labor 3,435

coal.-lit.ﬂotol-unubtp 4,185

gulphuric acidescesoce. - 39,600
Nog.19 and 20. Phosphate TOCKeeeooescerane 758,000
No.2l. Direct operation and one ghift

POWET s o vonosavestnrnaccrcosons i & RPN . - 5,410
Nos.2s and 33. Direct opecrating 1aboTesso 10,300
NOB.34, 25, &6, 39, 39a, 40, All charges

except 1ndirect..c.ceveeccccrenrorenanns 1,350,000
No8.37, <3, 30, 31, 3la, 41, 4la, 41b, 42,

Direct operating labOT.c.eseecesasccsace 111,500
N0.28. Direct operating labor..ccceccecce 5,150
Nos.33, 33a, 33b. All charges except

iNGATECt e o sereesosasonsreacccossansssecs 16,500
No.35. sSulphuric acid...cececccens s - . . 37,100
NOg.36, 36a, 37, 36b. All charges except

3nAiTECt e s sewmeaney sun e B 8§ B s @ 19,800
No.43. Direct operating labOTe.c.sececces 5,150
Nos.43%a, 44, 45, 46. Direct operating

18bOT s ovrccnsnvs S § Eae . B—— 30,900
Plant maintenance, 1,000 per day.ececenone 365,000
Factory overhead:

General superintendent...§87.50 per day
6 fOTEMEN,svevsecssasssss 60,00 ¥ L
0ffice and clerical
EXPENBE.vccn oo wewves w0000 ¥ "
¢hief chemigbeeeaaseosess 20.00 v
12 asst.chemistseeeoons w080 M "
Tota.lD.OG.'0..‘..‘&3‘#8?3.50 " .t‘

Annual Charg€e.cecsssssasssccscsacoracne 99,700
Capital ChaTgeB..cecscseseoesorscncnsscsns 1,105,000
Total annual EXDPENBE :eoesacsasssnvsssroosey 4,506,170
Deduct credit for surplus gas at ¢ «0B '

per million b.belseeceveccocncnvenercnee 34,000
Net annual expens€...... becsssessaarsaens o 44,478,170
Net value annual saleBaec.icoees ceseasansue 6,334,350
Net profit before Federal taX€Beseecsvasce 1,862,180

Per cent net return on investment after
all charges, before Federal taxes...c...

14.7%
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Estimated Operating Costs
Flow gheet No.2

stations Nos. 1 to 4 incl.
2011 tong wyomingite, mining and primary
crushing, tramming to trackgide bin and
loading f.o.b. cars guperior @ weB0ceacee ve s sal yaliT.00
Royalty to Union PacCifiCecresvesasocncscasccne 100,00

station No. 5. Freight guperior to Green RiveT....... 1,005.00
Station No. 6. In and out of Creen River storag€..-... 100.00
gtation No. 7. Grinding 1525 tons daily for
base exchange:
gtee 21lBes 0 ees5114.50
Direct 1abore......_ 63.40

Total.......... ..... .....----o.;a..' 176.90
Continuous power required in grinding, Dpeceee 383
gtation No. 8. game as Flow gheet NO edloesasonoassss 5o 9 15.60
stations Nos. 9 and 10, Continous POWET, NPecasaosse 100
B.t.u. per hr., steam to autoclaves, 39,300,000
IDEERE. & sawesse ... 2,530,000
Total,.isesicoaves ST .. ... 41,830,000
Ibs. of steam required per hr. by autoclaves.. 39,600
gtations Nos.11l, 13, 13. Direct LabOT s ¢ § ssmvemm 31.20

jater going forward to evaporators daily:
In soda ~line which handles 68.5 tons
K50 daily instead of 54.8 tons as '
j-_n FlOW S‘nebt NO.l.......'.'....-.......3,175,000 1.
steam required per hr. at 40 lbs.gauge.. 53,600 1,
in salt line which handles 42.3 tons
Kao daily:
feter added, 1084+ ..1,415.000
water for washin§
K¢l crybbals, lbs.. 136,000

Tot&lo-.-.---...-.-e.---ual,esl,ooo 1bq

Assume the same general conditions in the salt line as
in Flow gheet No.l with backward flow triple effect evaporation
ond nosume that 35% of the evaporation takes place in the first
effect.

Heat to be imparted in first effect:

Heat of ligquid, 1651000 x .35 x 63 -

24
Heat of solids, approximate......iceececcecaoncce 250,000
La‘bent heat’ 1651000 x '35 x 970.4 = .0.‘.-.00»23,4003000

24 TOtal...'.'-‘.....--..35,145,000
Ibg. of steam at 40 lb. gauge required per
hr., 25145000 -

944 ..lII..l-I.; ......... ® 8 & 8 & 0 8 L}
Total steam required per hr. by gvaporators. ... 79, 350

a9 @ »c'o..-.1’495,000

26,650
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station No. 14.
The centrifugals will handle 12 tons
NA.,COzH. 0 and 90 tons KCl deily. One man
cafl han&le two 60" machines taking 1000
1bs.. each every 10 min, ' _
Capacity each machine in 24 hrs......73 tons
Therefore two machines are more than ample.

Direct 1abor.....................;............é 15.60

continuous hpe.ecee.- R E R R R 100
gtations Hos. 19 and 20. Phosphate rock same a8

FlOH Sheet No-lbitl-.I.0!00|ato ........... ....@3,300.00
station 81. Direct labor same as Flow gheel No«dleoios 10.40

One shift power, hp 100 . cccossanssssseevssnccse 6,00
gtations Nos. 88 and 23. Direct labOT.c.eeceeemceecs 31.30

Continuous pPoOWET, DD esoasonososnosassstsosnase 400
stations Nos. 34, &5 26, 26a, g6b, 36¢C, 26d, 26e, 39,

39%a, 40. Sames as Flow gheet No.l.....f......$4,090.00
Stations NHos. &7, 29, 30, 31, 3la, 41, 4la, 41b, 43,

Direct labor same€ a8 Flow Sheet Ho. leecseacene 338,00

gtation No. 28, Direct 1laboTe.....-. T e s 15.60

Gontiﬂuous hp.---o-.cao-on-.-oo----ot-pgaq--o. }85

gtations Nos. 33, 33a, 33h, sameg as Flow Sheet No.l.$ 50.00

gtation No. 35. Same as Flow Sheet NO.leceoec.. T 112.50

gtation No. 43. Direct labor.........................' - 15,60
ilater to be added dailyecesass e, A veesese 495 tons

atations Nos. 43a, 44, 45, 46. fiater to be evapoTra-
ted same as Flow gheet No.l, 1lbs. per hT..cacee 58,400
Babtai. per b, required in gas same as Flow

Sheet NO- l, e s o w BB oo sres s ........-.......g;}sz,SO0,000

Direct labor, same as Flow Sheet No.lecoooeoaed 93,60
Stations Hos. 48’ 49, 50. Direct 1a.b01'¢ e B O B B O 0 PP TR a9 31-30
gtation No. 53. 5alt, 54 tons @ 5 B0.caseriocccnvan . 358,00

¢
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Esctimzte of Continuous BHP Required at Green River Plant:

gtation HP
7.--.";.‘-Il;lol.‘oolItl'!.l....;oaas
8'..“._...Ul'..'.'.!‘.l'.l".lll. 50
O and 10.ccecoesarvensvccannven . 100
11......‘.‘0.-..0'.-..0 ....... l.loo
B wcwmsnnd B L .. 100
22 and 23 c.ieorecsssarnsssaans 400
24, 25, 26, 39, 39a, 40 .00se0..350
27, 29, 30, 31, 3la..... e ¥ W B
08 i e e e %GR §EEeE e B0
B9, B3Hy B8B. s o s s id spwmeva 2D

4’33., 44, 45,.4‘6..000.0..“0‘...850
Misc. and unaccounted'for......SEO

PokELs i o ¢ ewmessssBODS

Thig total is quite approxim

ate and does not include the

power required for the blast furnace blast, nor the air for

combustion at the stoves.

Ibs. of steam required per hr. in condensing turbine, 33,700

summary of Requirements of Steam at
350 lbs.Pressure and 2009 super Heat

in Flow gheet No.3 the multiple effect evaporators require
Ag the steam used by the blast
turbo-blower opeTrating non-condensing (see Flow gh
89,800 lbs. per hour, it will be close enough for this estim
to assume that all of the blast power will be provided by &

79,250 lb. of steam per hour.

non-condenging turbine., The summary follows:

Item

Ibg.per Hr.

Nonﬁcondensing bla&‘;‘t unitot.ocot ------- s ®
condensing stove unit....cocevecccncrvacce

Condensing plant UNit.seaccsacsvacrsscsse

A,dd- 15% fOI' auxiliarieS-'l.Iot-oo.d.lo'ﬁcot
AutOC]-a.VGS..--c.--..p ------ !Iltq!to..c.'.

Totaln_ou IIIII ..-.-lbl.‘.o
pDeduct steam generated by phosphorous -
boiler, 1bs.peT Nrevesaservevacecccncos
Net Rive steam required, lbs.per NXeseans
B.t.u. per hr. required in gas at a
voiler efficiency of 85%......

181, 500

40,640
140, 880

ss s ascsepPeOy

get No.l) is

ate

cos e 189,500,000
B.t.u. per hr. in live steam, 1143.9 x 140860 = 161,000,000



- 30 -

Heat Balance of Flow Sheet No.2
ghowing Total Heat Avallable in Surplus
Top Gas and Coke Oven Gas and Its Utilization

Debit Credit
Item B.t.u. per hr. B.t.u. per h¥,

surplus coke oven gas 192,000,000
Surplus blast furnace top gas 146,300,000
Required for generating steanm 189,500,000
Required for evaporating solution

of monopotassium phosphate 133,500,000
Surplus 16,300,000

338,300,000 338,300,000
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Estimated annual Expense

Flow gheet No.a:
330 daye annual direct operation.

gstation Annual Expense
Nos.l to 7 incl. wyomingite. All
charges except indirect.....i.seccecaces § 854,000
Nos.8 to 14 incl, gee Flow Sheet No.,l.... 23,500
Nos. 19 and 20. Phosphate rock. All
charges except indirect.....ceveesnavase 758,000

gtations Nos. 21 to 26 incl., 39, 3%a, 40,

27, 29, 30, 31, 3la, 41,41a, 41b, 42,

28, 33, 33a, 33b, 35, 43 to 46 incl.,

4%a., Same ag Flow gheet Noeleiceovevosone 1,572,010
Stations Nos.48, 49, 50, Direct operating

1ab0Y . veesssasisaane s T T — 10,300
gtation No.53. Salticecsececscsscocoscsne 118,000
Maintenance for 365 days @ 31,070.00 daily 390,000
Factory overhead, 365 daye 6 $300.00 daily 102. 700

Capital CharTgeB.csssecccecsonecoonscncncns 1,260,000
Total annual EXPENBE.sesesssecssccccccevss @ -E50295060

5,085, 510
Deduct credit for surplus gas € §.05
per million DetiUeeecsesccessrsccavcocsas 6,450
Net annual EXPENBE....cseavscasccasncsssss $ 5,079,080
Net value annual s5al€Be.sseesacsccsccsccas 7,158,000

Net profit before Federal taXeg8esscoescsss 3,078,940
Per cent net return on investment after
all charges except Federal taX€Sesseosess 14,5%

Production of KCl annually containing 62%

Kdo’ tONBsesecsccsssssssacevsssansssossvss 29,700
ixtTa cogt of Flow Sheet No.2 as compared

to Flow Sheet No,l in which no KCl is

PIOAUCEA.caroasasososssocacsasonsacsesss % 606,000
Additional cost per ton KCl produced in

Flow Sheet NO. Becceceserssasocsoncssnose 20,40
Cost per unit K Oc.oveorcccnnsorcnacarocees . 329
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Estimated Operating Costs
Flow gheet No. 3

gtations Nos. 1 to 7 incl. Wyomingite. Same aB

Flow gheet Moo Bacosissnmasinissssemn p ....$ 2,588.90
gtations Nos. 8 to 10 incl. Same as Flow shee No.2 31.20
gtations Nos.ll to 13 incl. Same as Flow gheet No. 3 31,20

water going forward daily in salt line:

water added.ceecsvecnconvscsensann crenevey 97105000 lbhg,
water for washing 179 KCl crystalse....... 358,000 lbs.
PokaTees a6 s & § seeeneuny 43008;000 1bg,
Heat to be imparted in first effect of triple
effect evaporatore: s
Heat of liquid, 4068000 x 825 x 68 | _ 3,670,000 b.t.u.
per hr,
Heat of solids, approximate...... S 650,000 n
latent heat, 4088000 x .35 x 970. 4 _
o4 = 57,600,000 "
Totaliveisnuessos 81,820,000 "
Station No.l4. The centrifugals w#ill handle 180 tons

KCl crystals daily.

Direct YaboTess swwweswis evvwnae G 31.20

continuous power, hp......,..............;.,_ 200
stations Nos. 15 to 18 incl.

Direct labor, 2 operators, 3 shiftgec.ves-..§ 31.20

Coal, 35 tong @ $23.50..ccecsstasesccocnssvaa 63.50

40 tong of 66° sulphuric acid is Tequired

altogether, of which it will be assumed that

4 tons is purchased & §$15. 004 ueaws I 60
And 36 tons is made from by-product 80, at

a manufacturing cost of $5.50 per toNecsieees | 0,00
Stations Nos.18 and 30. Phosphate rock. Same as '

Flow sheet NO.ZBieiecssnccecsveasne W S Y . 2,300,00
gtation No.2l. game as Flow. sheet N i Bigescpwesiiy oo ¥ 16,40
gtations Nos. 22 and 33. Same as Flow Sheet No.2

Dlrect labor.l..lll.ll..'!!..ﬂﬁﬂl.’ﬁﬂliﬂil... ; 31.20

continuous POWET, NPee-csccoan T 400
Stations Nos. 24, 25, 26, 26a, 38b, 26d, 26e, 39,

40, 39a. Bameras Flow Sheet Wouds swnwsns ...3 4,090.00
gtations Nos. 27, 29, 30, 31, 3la, 41, 4la, 41b,

42, Same as F10w Sheet No. 8............... _ 338,00
station No. 35. Same as Flow Sheet NOe Beeeeeecsnes 112.50
Station No. 36. limestone, 61.5 tong @ $3.40....... 209.00
Station No, 43. Same as Flow Bheet NOo.Z.e.oee. I—— 15.60
Stations Nos. 48 to 50 incl. Same as Flow gheet No.3 31,30

Station No.53. 8alt, 144 tons €@ $5.50.cccveevccccnn 793.

.00

00
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Estimate of Continuous HP Required at Green River Plant:

gtation HP
?Dl. e a & 9 @ - - & @ !.‘0..'..383
Eq 9y TWuseswss s5n & cRmmeaswy 150
i I e §% A R e 100
) NI 7= < -~ W 200
2 and 83 .ce .0 i e ddaERR . 400
24, 25, 26, 39, 39a, 40.....850
87y 89; 30, 31, 3la..cevesses 200
DBcwn v g # o B ¥ e . I — wiwi: OO
33, 33a; 33Deciearscccrrsnes 25

43&., 4‘4.', 45, 460-0-...-000-0850
misc. and unaccounted for...650 -

Totel,coensisseadBid

This total is quite approximate and does not include the
power required for the blast furnace blast, nor air for
combusgtion for the stoves.

Ibs. of eteam required per hr. in condensing turbine, 24,600,

summary of Requirements of Steam at
250 lbs. Pressure and 300° guper Heat:

Although it has been estimated that the multiple effect
evaporators in Flow ghecet No, 3 will take only 65,600 1lbs. of steam
per hour at 40 lbe gauge, it will be sufficiently accurate for the
purpose of this estimate to aésume that the blapt turbo-blower will
operate non-condensing and that all of the 89,800 lbs. of steam per
hour which it will provide at 40 lbes. gauge will be used in the
evaporators. The summary fodlows: -

Item Ibs. per Hr.

Non-gondensing blast unit....ceceveses 89,800
Condensing stove unit.,........ ST—— 9,900
condenging plant unit...vvecececeanencne 24,600
Allowance for auxiliarieseisisscscseecosssselB,650
AutoclaveB. cvevsoesssrevasernscsane wes + 909 600

'Total......;...-...183,550

Deduct steam generated by phosphorous

boiler, lbB. PET NT.sveesssssssssssas 40,640
Net live steam requirements from

burning fuel....ceeeveoscscsesasscsaseldl, 910
B.t.u. per hr., 1143.9 x 141,910 =.......¢.......163,000,000
B.t.u. per hr, required in gas at a

boiler efficiency Of 85%....caecns wrmese « 0 .. ..0.180,500,000

*
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Heat Balance of Flow gheet No. &
showing Total Heat Available in gurplus
Top Gas and Coke Qven Gas and Its Utilization

Debit Credit
Item B.t.u. per hr, B.t.u., per hr,

surplus coke oven gas 193,000,000
gurplus blast furnace top gas 146,300,000
Required for generating steam 190,500,000
Required in furnaces for

converting KCl to phoephate 43,500,000
Required for evaporating solution

of monopotassium phosphate 133,500,000
Deficiency of fuel 27,200,000

365,000,000 365,000,000

Thig deficiency of heat can be made up by purchase of
natural gas at approximately $.05 per million b,t.u., OT
peI‘ day. ----- F ) a s 8 8 v w8 * * s B B 8 ¢ 8 .a-.o... ------------------ ..$ 38.60
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Estimated Annual Expense

Flow Sheet No. 3¢

330 days annual direct operation.

gtation Annual Expenge
nos.l to 7 incl. wyomingite., All '

charges except indirect........... samemy, 9 854,000
Nos.8, 9, 10. birect operating labor..... g 10,300
Nos.1l, 13, 13. Direct operating labor.... 10,300
No. l4a.Direct operating labOTe.seeccoccsses 10,300
wos. 19 and 0. Phosphate rock. All

charges ezcept indirect......c...c.. ceas 759,000
Nos. 15 to 18 incl. Direct operating labor 10,300

C081lececoocnaccanossce 20,750
gulphuric acideccceeces 49,500
No.21l. Direct operating labor and one

ghift pPOWET.ovevseccacsees AR 5,410
Nog.22 and 33. Direct operating labOT..... 10,500
Nos.<4, 25, 26, 6a, 26b, 26c, 36d, 26e, |

39a, 40, Same as Flow gheet No.Be.eesse 1,350,000
Nos. 27 to 31 incl., 3la, 41, 4la, 41D,

Direct operating labOT.....cccevecccccsne 111,500
HOB5 4 & & & cawa®d b swwanee cieeessessesesuns 37,100
RO B35 5 s s ssms s 03 RS K e v wmm . 69,000
No.43. Direct operating 1abOT....ccessecee 5,150
Nos.43a to 46 incl. Direct operating labor 30,900
Nos.48, 49, 50. Direct operating labor.e.s 10,300
NO.B3. Salteeeseecsaans ol T 261,000
Fuel deficiency.....e.«-« SGaRLE R TNy 10,750
Maintenance. geme as Flow Sheet No.Zeos..o 390,000
Factory overhead. Same as Flow gheet No.Z2. 109,700
Capital chargeB...ssess PR - S — vitad %0 1,225,000
Total annual EXPENEE..cccsivcasscoassscsssdh 5,360,560
Net profit before Federal taxeB.iececeesseo 1,718,240
Net value of annual sale€B.iecesccccsecsseesdh 7,078,800

Per cent return on investment after all
charges except Federal taXeBe.ocsoeoe-- P 13.15%



T | €Xcept
that Stat N8 Nog, 54 to 60, inecl re substituted f Statiop
Nog, to 18, ip 1, 0 detai} d co Parison ggp yet be made
but jir all othep Clarges are the s there yij3 € saveq
annually ¢ folloyi temg by th use of Fioy Sheet o 3A ag
COmparegd ¥1th Flow Sh

See below.)........ e ] T 41,700
otal annual‘aaving €ffecteq by Flow Bheet
No.34 a4 Coipared ity Flow gheet No.3.... ¢
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Heat Balance of Flow Sheet No.3A
ghowing Total Heat Available in surplus
Top Gas and Coke Qven Gas and Its Utilization

Debit Credit
Item B.t.u., per hrs B.t.u.per hr.
surplus coke oven gas 192,000,000
gurplus Hast furnace top gas 146,300,000
Required in furnace for converting

K¢l to potassium metaphosphate -

Assume same as in Flow Sheet No.3 42,500,000
Required for generating gteanm 190,500,000
Ssurplus 105,300, 000

338,300,000 338,300,000

The surplus fuel at a value of .05 per million

bgtiu'o iB WOI‘th, per d-a.»y.a-oﬁo-toa-la.cl----oooo'$ 136050
Annua.l Va.lue.i...i.'..'.. ..... 4B @ e m e e P e pedas e e e a9 141,700000
Thig fuel would be capable of generating

continuous power amounting to, KWeseeissooccccee 7,500

Ann\lal expen Ee FlON ShBEt Iqo e ZAQ a s 9P s " PO R e S S e b e o v e e '$ 5,248’610.00
Net Va.lue &nnual Sa,leSo e ® & § &% 2 w9 8B &S a2 e @B e & e P e8P B BB S 7,078’800‘0(
Net profit before FedeTal taXE€B8eecesssssssccscsscesoarva 1,830, 180,00

per cent of net return on investment after all charges
exoept Fe@.er&] taxea.o..o-tov ..... noqoattii.-ctcvcnil 13.9%

Flow Sheet No. 3A possesses advantages not shown by this
approximate comparison in that the cost of establishing a by-product
sulphuric acid plant is eliminated. '
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Other By-Products or

Correlated Industrieg

potassium chloride can be elsctrolyzed with cheaply
available electric power to produce caustic potash and chlorine,
and the latter may be utilized in the Liebig process to make
potassium chlorate; or the latter salt may be produced directly
from potassium chloride in gpecial electrolytic cells. BSufficient
potassium chloride would be produced in Flow gheets Nos. 2, 3,
and 34 to make all of the cautic potash and chlorate of potash
now used in the United States, worth approximately $3,000,000
annually. Thus the money value of the potassium chloride which

would be utilized would be increased by processing almost four
to one.

In Flow gheet No.3A there would be produced dally about
twenty tons chlorine as hydrochloric acid., The latter can be
readily oxidized to chlorine with nitric acid by modern processes.
The electrolysis of all of the XCl produced would yield about
forty-two tone of chlorine and about twenty-five tons of this
would probably be commercially available. Thug about forty-five
tons daily chlorine would be available and it would be interesting
to consider the possibilities of this as the basis of an industry
for the production of synthetic chemicals from the available
hydro-carbon resources; for example, coke oven gas, top gas,

cheap natural gas as well as the liquid by-products of the coke
ovens. .
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FURTHLR COMMENT ON FIOW SHEET NO. 1

Net annual expenee (see page BB )4 i mmmsmmnsncrn s pasnnl 4478, 000,00

Annual net value of by-products;

Ammonium sulphate..........$ 73,500.00

BONZO X« v « v « wwwwn 575 5 5 & § v e« 175,000,00
Qoad PETS ¢ s cammwite & tesessss 173,000,00
FePTO-pHOE v wwnss 5 5 & veessess 188,700.00
Botdd BaBa & peeins § 8 6 8§ pee .o 79, 300,00

Total..-...-...a...-...-...-... 689,500.00

Net annual expense, after deducting sales value

of by-products other than potash..... ceeersses 3,782,500,00
Same per ton 92% potassium metaphosphate, f.o.b,plant 37.65
Average cost per unit plant food, 0.0, platibee.:.q .4090

Taking the value of ko0 at §.329 per unit, itsg
approximate COB% of production (gee page 31.): ;
Total annual value of 34,650 tonsg Kao......... 1,140,000.00

Cost of producing 57,700 tonsg P,O5 at the plant,
after deducting sules valfle®of all by-products
except potash, and cost value of 1atters vavin : 458
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FLOW SHEET NO. 4

Flow gheet No. 4 is yFlow gheet No. 1 after being stripped
of all steps except those required to produce potash bearing

phosphoric acid.

Referring to Page 26, the following items would be deducted

from the annual expenses epplicable to Flow gheet No. 1:

Items 1 t0 7 seevvcvcsncenns ¢ engaes ofp 918,000
1tem8 --o.ac-o-..o--.‘-ooacotau ooooo 8 5,150
Items S and 10..c0iceieerronoconcnns 5,150
Item ll ® 8 & @ % 8 3 8 8 & 2 s % 00 08B $ & & ¢ v 0 & 8 @ 10,300
Item 14 2 8 8 4 4 % 8 &8 ® ® 8 8 T U B S P 8P S 4 A O TE P - t BJBUO
Items 15 to 18 S 8% 9 8 8 U B 8 8 "8 P S e E s te O 3,4:35
ItemB 15 tO 18 R T T 4,185
Itema 33, 33&3 33b et e * o 8 b 0 o 800 s 39,600
Items 36, 36a, 36b, 37¢cc.... ceseree 19,800
Iteﬂl 4’3 P oo e @B e s ea e Pe 9o oRP N R OERNEE 5,150
Ttems 438, 44, 45, 4Bucvrcnvennnnns . 30,900

15% of maintenance charges.......... - 54,700

154 df plant overheaG.......cceeeeee 15,000

15% of capital chaTges....s.evsessas 165,700
TotELeu ¢ & wue ..;...:..............
Annual expenses applicable to Flow Sheet No., 4%

$ 4,472,170
-~ 690,410 =

Annual value of by-products, other than potash:

Aiamonium sulphate, benzol, coal tar, ferro-phos.,
Sa.me aB above ........ 00‘-.....0.‘:.' oooooo ® s e P s e aBe g R

Net annual expense, after deducting sales value of
byﬂproducts Other than pOtaSh. " s @ 9 e B E e e BN TR A B W

Plant food produced:

POg eocevnnss acsn v wwmsenan: 0 3 T BODE
gy-product XK 0..... s wpnn. 18 58U

Tons annuallyl...'...ll.......liﬁ.‘........'"

iverage cost of production at the plant, per unit

.4 690,410

3,781,760

610, 200

3,171,560

74,2350

Of plant foodct.nouo.luolntnc.h-oo‘--.‘a.’v‘--o.o:vot‘tt.$ 048?5

Value of by-product K.0 taken as above at estimated

cost for produBtion of § .339 per unit...cocoacosed 533,000

Annual expense after deduction of all by-products,

including potash, the latter being taken at cost..$ 2,638,000

COSt per unit PBOB at the plantlo.-‘QO‘l'_ll.l...'.....ll.'$ '457



S

Both Flow sheets Nos. 1 and 4 show a net cost of production
of P05 at the plant of about $ .46 per unlt, This is calculated
on a congervative basis by deducting in each case only § . 3290
per unit K-0, which is estimated to be ite actual cost of
production”(gee page 21.). 1t was estimated (gee pege 14.) that
the sales velue of the unit X.0 at the plant is § 4680, If this
value hzd been deducted instefd of the cost value, the cost of
_ the unit P0g atb the plant would have come out § .416.
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FLOW SHEET NO. 44

Thig flow sheet covers the combination of the potash bearing

phosghoric acid with phoephate rock to produce a pobtagh bearing
treble superphosphate.

In order to arrive at a preliminary estimate of the amount
of phosphate rock required to neutralize the acid, it will be
assumed that the Wwestern phogphate rock which will be utilized
for this purpose will have the following analysisg:

POgecerrcnnensea30.2
CaB.cvvennenennn.. 48,3
MEQ e s s swnwunnsssive 98
ALOgs vegunnssnss o Tald
B0 v ¢ cwwmwns » & & s vwn Buld
HegOu v avawsnsssssns oBD
Kl vu smnnn ViddEsis 38
: O—— cas v v ey ‘BeD
COnevevncncenesneae 3.7

when thig rock is combined with the phosphoric acid it will

be assumed that all of the P305 in the rock will be combined ag
followg:

(1) Mono calcium phosgphate, Caly PEOBHZO’ containing 22.2%
Ca0 and 56.3% P30s. :

The g0 will be figured as its equivalent CaQ.
(2) AlPO, containing 41.7% Al-0; and 58.4% P505.
(3) NaH3PO4 containing 35.8% Nas0 and 59,2% P50s.

KHpPO4 containing 34.6% K30 and 53.2% P,0,.

In 100 1bs, of phosphate rock after treatment the following
amounts of P,05 are accounted for by bases other than CaQ:

B}I’ Alaoa------oo-a.--...l.54 lbs.
By NaBO----...-----..-..1.49 “

K‘ LI T T T R O T T P S L
By Kz0 S Metdl) ) TE 55w
This leaves 86.67 1lbs., which combines with 10.5 lbg, Cad as
mono calcium phosphate, leaving 37,7 lbs. Ca0 as such, plusg
1.37 equivalent of kg0, or 39,1 lbs. total to combine with
. 99 1bs. PBO5 to form mono calcium phosphate.
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Total PBOS combined asg CaH4P308H80 SRRORU————— o N - TR
AB N&H2P04 @ ® 0 % 8 0D S P EEE S UBEE B eSS g PV eSS EBEE PN 1.4:9 n

ASKH3P04.'O.|’lll.l_..l.l......l" ------- s 89 0 0 |.5 "

Total available PZOS""" ....... .es137.,866 M

Thig will be contained in the following material:

CaH P 0gH 0 ¢ovunrrnereeienumneneenemncnnees ..323 lbs.
NaH3P04 LR E LR TR RR RS THE:
£H3P04.... ..... R - R
Alpo4 Tt E ) LT ooy =
BLO, ceeecanns AR 6, R T INTY e . 4.2

Tobalivwwwin s s enemwe % % § § PR s nEOyd 8

Theoretical maximum percentage available P0g

147.66
238.1 XlOO :-OIQIOOIOCIUOGOQQ... 53.7

But, the actual percentage available is only about 45,
The above amount of P,0. must therefore occur in 284 1lbs. of
material, or 46 lbs. fio®e than have just been estimated,

For the purpose of thig calculation it will be assumed,
although this is not strictly true, that the extra 46 lbs. is
added as surplus phosphate rock in which the P.0. content does
not become available, Therefore there are com iged 146 tons of
phosphate rock with 99 tons POg, a8 acid to form 284 tons of treble
superphosphate containing 45% available P-0g.

1f 16,550 tons by-product K-.0 produced with the blast furnace
acid is assumed to be combined with P,0. as KH.,PO,, it will account
for 25,100 tons P.0O-, leaving 33,600 éoﬁs whic w%ll be combined with
48,100 tons phOBpﬁa%e rock. The final product #ill be as follows:

47,900 tons KH;PO, containing 16,550 tons KBO and 35,100 tons PBOS'
93,500 tons treble superphosphate containing 43,100 tons ons‘
Total productaeesss«e cevessldl, 400 tons

Total P805. ® o 9 & 2 & & ¥ 4 " & ¢ 0@ . 6_7, 200 ll
Total KS0Veeetenacsscasaas 16,550 ®
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Approximate analysis of product:
K,ao pltill.ncio.io.’loaoll.'?%
Available PBOS..........47.5%

Total available and water
soln:ble..llll..I‘...l'l'l.!.l..59.8%

An estimate of the cost per unit PO at the plant can

ngw be made,

Annual expense Flow gheet No. 4 given above, after deducting

the sales value of by-products other than K50 and the cosgt

vallueof K30.Dt.“......'...lll’....l..C. ..... .I..l..l.l'.$ 3’638,000

Coet of 48,100 tons phosphate rock, delivered at plant

a-t %3I78........I'I...Ol.-'llo..'."..l.l'....l.._l.ﬁ.!....i

Total estimate for operating and maintenance for combining
acid and phosphate rock, storing and shipping same in

bulk a,t $1.50 pel‘ ton...-.... ----- ¢ s 9 = 9 8 e >80 e 0evsae 0 @ e s 0 abw
Fixed charges based upon estimate of the investment in the
miXing pla,n‘t Of &51,000’000... oooooooo *a s 80 00 s e e e e e e pehees
Net annua,l expenSE...-.. ........ lt.t.t.v.o.lh.v'tl.l'to.-.

Cost per unit PO at the ST Sy 5  pp & ok e . Ceeeened

183,000

213,00C

87,00C
3,119,000

. 464
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CONCLUSIONS AS TO THE COST OF THE UNIT P205
AT THE PLANT

The sbove analysis shows that whether the product is shipped

as potassium metaphosphate or as potash bearing treble super-
pho sphate, the estimated cost for producing the unit P50, at

the plant is about the same, namely approximately $.46 p@r unit,

But the concentration of potassium metaphosphate is a
minimum of 92% againet about 59% for the potash bearing treble
superphogphcte., There may be good reasons for producing at
least some of the latter to meet the demands of the trade;
therefore in what follows, analysis will be made of the net
sales return to be derived at the plant on shipments into the
severzl distficte already analyzed on Pages 11 to 13,

Eaat lorhth Gentral and west Norih Ceatral dtates:

Volue of P05 at $+90 per unit ton of product,
.4?5390 ® ® 2 % B 3 20 on-tlu.$43l80

Value of K.,0 at 4 .65 per unit, .117 x 65 «...0n 7.60

TOt&l Value.oo--'-||-.00ltutc ‘Zﬁ 50040

Deduct freight....... ceemonas .75

Volue at plant after deducting freight......... $ 40,65

south Central Staotes:

Value of P305 per ton product, 475 X 75 ....e0 § 35,70
value KBO’ .117x65 ..OI..-'.l"l."_‘.l...'... 7.60

— et )

Total v&lue-.ﬂiiltl-'...l."‘. %43.30

Daduct £reighitiseewss vemwees s 1,60

“Value at plant after deducting £Teightesesssess § 33430

Worth Atlantic States:

Vzlue of P505'per ton Of PTOAUCEecceeranscscses § 35.76
Value of KBO per ton of product....ccocave — B8
Total Va,lue.............-....$43.78-

Deduct freight.l......llll.-. 13.00

value at plant after deducting freighteeoesases § 39.78

per
ton



gouth Atlantic gtates:

Value at plaﬂt.-. -------- e % % 48 6 % & 63 % 00 eV TS e s e el $3O.78

It will be assumed, to parallel the former calculgtions,
that all of the product will be =0ld as followg:

west North Centrgl and East North Central,
46.5% at &40.65IUIUD_OIOIQIOODI.OI.D.OQ.....II..II$18‘90

gouth Central, 32.6% at $§38.30..ccecccvccreniccccanen .. 10,53
North Atlantic, 20.9% at $29.78..... b e medRiNE 7 B B 6 8 R 6.232
Average rate at the plant, per ToN.c...veecvencocccccene $ 35.65
. is before, it is assumed that none of the product will

be sold in the South Atlantic States, although a congiderable
amount could be. Also, some of this product could be sold on
the Pacific Coast becguse of the low content of potash. Pacific
Coast sales would bring a relatively high return at the plant.
Annual return from sales:

141,400 tons potash bearing treble guperpho sphate

containing 11,7% k,0 and 47.5% available P05,

a.t @35.65-tooo-.o-coocncollotc-o-—.o...-claooaoo$ 5,030,000

Aonium BUlphat€..eeesesosey 76,500

BenzZo0l.sceeeaoscressacaccs .o 182,500
008l tATeesaascaassosvase vess 180,262
FeIIOﬂphOS.. ----- s e c Bt B e e ad _1963500
Total ooooooooooooo oocotqtcon..no-ocon.‘s:ﬁ 635,?63
TOtal TEHUTIeosvoesensscvoacsnnsonasnns teeeseeed 5,665,763

Deduct 4% for general overhead and sales
expense, giving het value of annual sales
a.t plant.-..ao..-.o-a-oo ooooooo " 2 5 OO F 08 & 899 g$ 5,44‘0,000



R

Estimated Annual Expense

Flow gheet No. 44
330 days annual direct operation.

This follows the estimate for Flow gheet No.l(page 26),
with appropriate deductions becausge of the omission of the
bage exchange and potassium metaphosphate plants and
appropriate additions on account of the manufacture of the
treble superphosphate.

Iten Annual Expensge
Wyomingite used as fluX.......... ceesseae $ 304,000
Phosphate TOCK..veeersaannns ceeens S p— 940,000
Item 2leceevescranse S — sasseeans O— 5,410
Items 22 and 23...... N T 10,300
GOke.... oooooooooo PR e U Y e e ¥ LR B B B B R 13350,000
Direct labor at blast furnac€....sseecscee 111,500
Sulphul‘ic aCid....--.-..-u.--.-.a.-......' 37,1‘00
Cost of making treble superphosphate..... 212,000
Plant maintenance.....cveeeecsecnvsronces 335,000
Plant overhead..... v & % sy a n R G 85,000
Capital chargeB..cseceons R SR O 1,027,000
Total annual EXPENE6....sesesesnsrssrccse § 4,307,310
Deduct gas credit.ceececccenns o nne e B ‘e 34,000
Net annual operating expeng€....... cuisnws B 43878,310
He‘b value a.nnua,l Bales...-.......-.ooo.-. 5,4’40,000
Net profit.ceceaccasecvacnaces R g . 1,166,690

: 1f the criteria of §$3.00 per dollar of net sales had
been adhered to to cover the total investment, this latter would
have been {10,880,000, but it has been taken someiwhat higher
than this, namely $11,750,000 becauge of the greater bulk of
material to be handled, due to the lower concentration of the
product; therefore net return on investment, before Federal
taxes, iB ._gotooq.-lo’o-ootccl‘nicl....o!....-.i. 9.92%

This is somewhat less than any of the estimates for
potassium metaphosphate, in spite of the approximately same
cogt per unit Pg0g at the plant, and this is due largely to
higher freight rates per unit of plant food on the potash
bearing treble superphosphate. The result would be improved
if a practical and inexpengive W=y could be found for converting
the potash bearing treble superrzeephate into a mixture of
potassiun and calcium metaphosphate.
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