%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/




STA

iz

o

| O Bl jas
= = 2

fics fﬂﬂé

22

n 122

123

= iz

| -
ek

I

LS

=

Jli2s

|

[\
n

[l e

it e

MICROCOPY RESOLUTION TEST CHARY MICROCOPY RESOLUTION TEST CHART
NATIOHAL BURLAL OF STANDARD: 1964 & NANONAL BUREAL [ STANDARDS 196 A



http:111111.25
http:111111.25

Technica! Bulletin No, 543 April 1937
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INTROGUCTION

For more than 2 decndes the Department of Agriculture has been
investigating methods for the production of fertilizer materials that
contain nitrogen, phosphorus, and potassium. An important object

! The experimental dutn of this report were abtained under the supervistonand direstion of B. I R oysler,
who wag L!irectly in chargo of the Bureaw's bisst-furnacs operations. T, W, Turrentine. in chureoe of the
Durenu's potnsh ivvestigntions, initinied the potash phase of this work and in eonhunttion with . 1,
TRoysier was respontstble for Its direction. K. G. Clark, who wns assistant in charge of the hlast-futnnee
projedl, is responsible for the enniniletion and eorrelation of fhe data and tho writing of Lhis hulletin.,  The
authors express to the Amerfean Agrieulturnl Chemlesl Co. their npprecintion for soveral tons of wasled
Flaridn lund-pebble phosphate supplied free of chirge ot Alexandrin, v (o the Atmur Fertillzer Works
for n earlond of ‘Tennesses blue-rock pliosphate sulpiﬂiet_t frem of charge nt Washingtor, D, C.: to the [nter-
niticnal Agrieulturnl Corporation far 2 earlands of Florida pebible phosphate matrix supplied freo of chirpre
st Mulberry, Fla.; to the Chiearo & North Western Heliwny Co, for the free triansporiation ofn enrload
of wyomingite from Counell Blufls, Iown, to Chicago, IL; to'Lhe Nntional Carbon € o, Ine., forn euvbon-

prcc:;:imlor tube siepplied iree of charga nt Washington, 1. 0. to the [esearch Corperniion for the gse of
4 high-lensipn transformer and machupical rectlfier; to the Cninn Pagific Conl Co. for & murlend of ock
Springs eonl suppiied frea of charge ot Rock Springs, Wyo,; to the Union Pacitte Ralirond Co, far perenls-
siont 16 Ming the wyomineite at Zirkel Mesa and for (e free trnnspactad ton of 2 earloads of wyoningity
from Superlor, Wya., and 1 enrlead of Rack Springs eoal from Ttoek Springs, Wi, ta Coureil D fTs,
lowa; 1o F, 5. Coltrell for his mmmy holpful suzeestions thronghaul tha eourse of tho fn vestigation; to Mrs.
¢, B Riist,tfar Lhe slag nnwlyses; and to'C, I, Kunsten, K, 3, Jacoh, nnd A, 14, Mers for oriticism af the
manuseript. i i N

? This investigation was cartied outl with funds supplicd In pard by the Winter Ack, T0uh Con,, 20 sess,,
P1i:plic, No. 781, sl In pare by funds mpproprinted to Lthe Department, of Agricalture for feriilizer investi-
galigns.
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of the investigations is to assist in the development of improved
methods for the commereial production of fertilizer materials. The
present bulletin describes a phase of this research concerned with an
investigation, by means of small-scale apparatus, of the technical
feasibility and commercial practicability of producing phosphatic and
potassic fertilizer materials hy blast-furnace progesses.

Extensive depesits of phosphate ores that contain sufficient phos-
phorus to be considered commercial sources of fertilizer occur in Florida
and Tennessee. As the phosphate occurs in the ground, from 5 to 12
tens of material must be mined for each ton of plicsphorus pentoxide
(P,0;) obtained. More extensive and in general higher grade deposits
occur in Idaho, Montana, Utah, and gVVyoming. These deposits
vield ores that contain approximaicly 25 to 35 percent 17,05 as mined.
The present market for fertilizer in this country, however, is so largely
centered in the Scouthern and in the Middle Atlantic States (48, 44a)°
that the cost of rail transportation from the western ficlds to the
presend eastern market has limited the development of these deposits,

Potash-bearing silicates in sufficient quantities to merit considern-
tion as sources of potash are widely distributed in the United States.
Notuble smong the deposits are the leucitic rovks of Wyoming, the
greensands of New Jersey, and the shales of Georgin. The potash
{(K.0) conteut of these rocks ranges from 3 to 7 percent in Georgis
shale, [rom 4 to 7 percent in New Jersey greensands, and from 8 to 12
percent in wyomingite {?2). The principal remaining constituents
are largely silicn, alumina, and iron, with smaller amounts of lime and
magnesia. Each ton of IGO0 is accompanied, therefore, by from 7 to
32 tons of materials that must be mined, handled, treated, and dis-
carded as waste or converted to marketable byproducts in any process
proposed Tor potash production.

In atiempting to develop an improved process [or the commercial
production of marketable phosphate or potash from tlie minerals
available, the large tonnage of raw materinls to be handied nssumes
primary importance. Thisis one of the reusons thas the biast furnace
was so early and su frequently suggested as an apparatus for the pos-
sible production of phosphntes and potash. The blast [urnace (83)
as sach bas been used for many centuries for the production of pig
tron, and more recently in a smaller way for the production of man-
rancse alloys. The modern biast furnace is chiefly characterized by
1ts ability to smelt enormous tonnages of raw materials at a low labor
cost and with & relatively inexpensive fuel. In such a smelting
process the volatile constituents of the charge are removed from the
larnace in the exhaust gas; the reducible oxides in the charge are
recduced to their respective chemical elements; and the irreducible
oxides are converted into molten slag and discharged from the bottom
of the furnace in the liquid state. The blast furnace thus provides
a gleperal furnace process adapted to volatilization, reduction, and
melfing.

Shortly after the Bureau of Chemistry and Soils was established in
1927, investigations of blast-furnace methods for the smelting of
phosphate rock and potash minerals were undertaken. These inves-
tigntions were continued until October 1833. From Qctober 1933 to
April 1934 the experiments on phosphate smelting were continuned
by the Tennessee Valley Authority, with use of the Burcau’s personnel

2 Itadie nimbers in porentheses refer to Litersture Cited, p 67,
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and cquipment. The blast-furnace experiments reported here cover
the results obtained prior to October 1933.

WORK OF OTHER INVESTIGATORS

PHOSPHATE SMELTING

The proposal to smelt phosphate rock in the blast furnace for the
production of elementary phosphorus was made as carly as 1868 by
Brison (5). From this date on, patents covering various furnace
processes for the production of phosphorus and phosphorie acid have
appeared with considerabie frequency (57, 74, 75).

In 1915 the Burcau of Soils mitiated an investigation of clectric-
furnace processes for the smelting of phosphate rock, and in 1916, in
cooperation with the R. B. Davis Co., ‘erected a semicomimercial
piant for the production of phosphoric actd (9, 76). Tn 1920-21 the
first commercial furnuce for the production of this acid was installed
by the Federal Phosphorus Clo. at Anniston, Ala. (37, 88, 69). So {ar
as the writers know, the first attempt netually to smelt phosphate
rock in & fuel furnace for the preduction of phosphorus or phosphoric
acid was undertuken experimentally by the Burcau of Soils nearly
hall a century after Brison's proposal.  The results of these experi-
ments were reported by Waggaman, Easterwood, and Turley in 1923
(76).  Although these results were not sufficiently conclusive to point
the way Immediately to the commercial adoption of [urnace smelting
as an economic process, sufficient progress was made to indicate the
desirability of continuing and extending the investigation.

Iasterwood (14, 15) reported that the experimental smelting of
phosphate rock in the blast furnace was undertuken by the Victor
Chemical Works at Chicago Heights, T, in 1924 and that & com-
mercial installation was puf in operation at Nashville, Tenn., in 1929,
This installation was later replaced by o Inrger and tmproved. plant.
The Coronet Phosphate Co. constructed z blast-furnace plant at
Pembroke, Fla., in 1931 (78}, which has not been in operation since
shortly after completion.

POTASH AND COMBINED POTASH-PHOSPHATE SMELTING

The recovery of potash from relatively low-grade potash-hearing
silicate rocks has aiso long been a subject of interest, Tilghman
(70, 71), Blackmore (4), Rhodin (55, 56}, McKee (40), and Cushmamm
(72} proposed producing water-soluble potash safts by fusion of
naturelly occurring potash rocks with lime and sodium or caleium
chloride. In these processes the potash salt was to be recovered by
leaching the cooled melt. Barclay and Simpson (2) propesed the
recovery of potash selts from the fume collected from cole-fed
furnaces.

In 1610-11 the Riverside Portland Cement Co., at Riverside, Calif.,
began the collection of [ume from ceinent-kiln stacks and the recovery
of 1ts potash content (62). In 1911 Herstein (27) suggested produc-
ing cement from feldspar, limestone, and caleium chloride, and re-
covering potassinm chloride from the fume collested. Later Brown
(6, 7, 8}, Spencer (B4, 63, 66, 67), Eillis (20), Huber and Reath (29),
Spackman and Conwell {63), Eckel and Spencer (78), and Spencer
and Ickel (68) obieined patents on processes for the simulfancous
production of cement and recovery of volatilized potash salts, These
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processes consisted of calcining mixtures of feldspar and limestone
with either calcium chloride or cal¢ium fluoride.

In 1917 Chance (f8, 11}, in experimenting with one of the furnuces
of the North Lincolnshire Iron Co., Ltd., reported data to show that
the addition of sodium chloride to the charge or burden of iron fur-
naces mcreased the volatilization of potash. In Canada, Grauel
(1, 23, 24) investigated the smelting of feldspar, coke, and limestone
with calcium chioride or enlcium sulphate in a blast furnace for the
volailization of the chloride or sulphate of potassium.

T}.e suggesilon to effect the simultaneous reduction of phosphates
and volatilizntion of potash by smelting mixtures of phosphatic and
potassic minerals was proposed in a patent issued to fechenbleikner
in 1929 (25). Data obtained from laboratory investigations of the
simultancous reduction of phosphate rock and the volatilization of
potash from Georgia shale were reported by Ross, Mehring, and
Jones (58) of the Burenu of Soils in 1824. In 1930 Pike (50, 51, 52)
reported an investigation of the combined potash-phosphate blast-
{urnace process. He obtained patents (53) on such a process that
used an oxygen-enriched eold blagt, and believed the process would
be economically attractive if oxygen could be obtained at $10 « ton,

GENERAL FEATURES OF A BLAST FURNACE
FURNACE STACK

The modern blast furnace as it is known today in the iron and stesl
industry is a vertical, gylindrieal stack from 85 to 95 feet in effective
height and Trom 20 to 30 feet in diameier. The shell is constructed
of steel and is lined with firebrick. Air preheated to 800° to 1,600° F
and under a pressure of from 10 to 20 pounds per square inch is blown
into the lower part of this shaft through from 10 to 16 water-cooled
nozzles or tuylres, The amount of blast varies with the size of the
furnace and ranges from 25,000 to 100,000 cubic feet per minuto.

When in operation the furnace is kept filled from top to bottom
with a charge of fuel, flux, and ore. These materials are charged into
the furnace at the top in separate layers at frequent intervals. The
fuel, almost invariably coke, is ignited at the blast entrance, where it
15 burned to produce a high temperature, The products of this com-
bustion consist essentinlly of 35 percent of earbon monoxide and 65
pereent of nitrogen diluted with from 1 to 2.5 percent of hydrogen,
resulting {rom the variable amount of moisture contained in the air.
When the fuel used is ‘run-of-the-oven” coke with a mean lump
diameter of & to 10 inches, combustion is complete within 28 to 34
inches of the blast entrance (35, 36, 48).

During normal operation of the blast furnace the solids charged
mto the Turnace descend continuously as the coke is burned by the
binst while the mineral couscituents of the charge are either reduced
or are fused into slag. The hot gases that result from the combustion
of the fuel flow continuously upward through the furnace and heat
the descending charge, These gases are removed frotmn the open space
above the charge level or stock line through an exhaust pipe which is
usually called the ‘‘downcomer.” This continual passage upward
of a stream of initially hot gas and the continual downward descent
of an initinlly cold charge of solid particles constitates one of the
enrliest examples of so-called countercurrent hent exchange.

10 Cenligrade equivelents of Falrenhelt teropwerolures are toabulated on g, 72.
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The upper and relatively cooler section of the furnace is termed the
shaft. 1t is here that calcination of the carbonates and vaporization
of the moisture in the charge ocour, and, in iron smelting, that a large
part of the ore is reduced by the carbon monoxide of the ase ending
gases,

Immediately below the shaft is & water-cooled section of an in-
verted cone, from 10 to 12 feet in height, called the “bosh”, at the
base of which the blast is admitted through the tuydres. In this
section the reduction of the iron exide is completocl largely by solid
earbon. The liquid metal formed flows downward to the bottom of
the furnace, where it is retained as a bath of molten pigiron. At the
snme time the irreducible oxide constituents of the furnace are con-
verted into a fluid slag which also flows downward, forming a slag
bath, which floats on. the metallic bath.

The portion of the furnace below the blast entrances, in whieh the
molten metal and slag are collected and from which they are removed
at regular intervals, is ealled vartously the “crucible’” or *“hearth.”
It 1s usually from 6 to § fect in vertical height.

MECHANISM OF COMDUSTION

The composition of the gas flowing through the intersiices between
the lumps of coke loeated nearest the blast entrance has been inves-
tignted by Perrott and Kinney (48), and Kinney, Royster, and
Jose h (36) of the United States Burenu of Mines.

The investigntions showed that as the oxygoen concentration of the
gns decreased “the carbon dioxide concentration increased and reached
a maxintum 2t a point about 18 Inches from the nose of the tuyére.
From this point both the earbon dioxide and the oxygen eoncentra-
tion of the gas decrensed with a corresponding increase in carbon
monoxide until the gas consisted of carbon monoxide and nitrogen
diluted with n small amount of hydrogen. The oxygen was found to
have vanished at about 30 inches and the carbon dioxide at about 40
inches from the tuyére. More recently Eichenberg and Eilender (19)
have found that the extent of the combustion zone increased slightly
with increnses of both the temperature and the rate of flow of the
blast. It is evident from these investigations that the combustion
process is completed in a relatively small nortion of the furnace and
that the blast furnace as a whole may be considered completely
reducing m character,

Perrott and Kinney (48) and Kinney, Royster, nnd Joseph (36)
lound that, other factors being constant, the rate of disappenrance of
oxygen is d ¢pendent upon the effcetive surface exposed. Thisin furn
depends largely on the size of the coke. Small coke not only presents
a greater surface area per unit of volume but has narrower interstices
between the lumps than Inrge coke. When using small coke the
combustion process is completed therefore, in a smaller volume.

Since commercinl furnaces operate on 5- to 10-inch diameter colce
it is estimated that the combustion zone in a furnace using 1-inch enke
would extend only 8 to 10 inches from the nose of the tuyére.

TEMPERATURE OF COMRBUSTION ZONE

It has not been found possible directly to measure the temperature
existing in the combustion zone of a blast furnace, 1t is, of course,
possible to sight an optical pyrometer down the hot-blast blowpipe and
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to read the black-body temperature of the outwardly directed hal
of the coke lump lying immediately adjacent to the blast entrance.
A very small area of the coke lump lying in the second layer from the
blast entrance can be seen. It iz not possible, however, to see further
into the combustion zone than this small portion of the second lump.
The temperatures observed in this zone are aboye the melting point
of a platinum:platinthodium thermocouple, and the gases are suffi-
ciently reducing to be destructive to platinum. No particular interest
attaches to the distribution ol temperature within the combustion
zone, since the restricted region whieh constitutes the combustion
zong is not a lunctional part of the blast furnace when the furnace is
used for eflecting reduction. However the temperature of the gas as
it leaves the combustion zone is of major engineering importance. Iv
is fortunate that this temperature can be determined with satisfactory
accuracy from available thermal quantities,

Tn the blast furnace, coke descends continuously into the combus-
tion zene to replace that which is burned. In approaching the com-
bustion zone each coke lump is heated by the countercurrent passage
of gas to approximately the temperature of the gas leaving the zone.
Since 1 pound of carbon requires 1.333 pounds of oxygen to produce
2.333 pounds of carbon monoxide, and since 4.418 pounds of nitrogen
accompanies 1,333 pounds of oxygen in air, the product of combustion
of 1 pound of colke carbon with dry air is 6.751 pounds of gas. The
constituents of this gas are carbon monoxide and nitrogen, which
being dintomic gases of the same molecular weight have the same
specific heat. If ¢ is the temperature of the gas leaving the combus-
tion zone; m, its weight (6.751 pounds per pound of carbon); Qa,
the heat of combustion of 1 pound of carbon to carbon monoxide
(4,014 B. t. 1.); @, the sensible heat of the 5.751 pounds of air
required to burn 1 pound of carbon, and @, the sensible heat of 1
pound ol carbon at the temperatire £, then

er+Qb+ Qc
m ¥,

where C, represents the mean. specific heat of the gas from ordinary
temperature to the temperature ¢, 1f the blast were not preheated,
1. would be 2,876° F. At the lowest blast temperature encountered in
present furnace practice, 800°, ¢, 1s 3,520°, and at the highest tempera-
ture, 1,600°, ¢ 1s 4,240°. For other blast temperatures the values
presented in the tabulation below have been computed. These tem-
peratures are subject to errors of probably not more than 100° to 150°,
which are due to uncertainties in the values of the thermal quantities
used,

1=

I'heoretlual Thevretical
mximum [t BN

Vinst Lempernture (*F) tempernture of Blust tempmrnture (°F.) lomperature of
Lhe gnscans the puseous
produels nroducts

ﬂ}.'. ﬂF.

2, 876 3, 890
T 2, 970 4,070
W00l 3, 145 4 240
T 3, 330 4 410
800 oo 3, 520 4 575
1,000 . LT L. 3, 710
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The wvalue of . in an actual {furnace operation is less than that cal-
culated, for two reasons: (1)} The absorption of hest in the reduction
by coke carbon of the moisture contained in the air, and (2) the loss
of heat from the combustion zone by conduction, convection, and
radigtion to its surroundings. The decrease in #, due to (1) may be
readily calculated for any given moisture content of the air. The
decrease in ¢, due to the heat losses, however, is not readily measured.
The total heat carried through the walls in the lower part of & blast
furnace may be mensured, but it has not been found possible sepa-
rately to measure the heat lost from the combustion zone itself,

THERMAL EFFICIENCY OF THE BLAST FURNACE

From the point of view of heating the charge, the temperature of
the gases lsaving the combustion xone is sufficiently high to melt any
mineral mixture that might be charged into & blast furnace.

The efficiency of the blast furnace itself, considered as an apparatus
for converting the chemical energy of the fuel consumed into useful
heat, is at present relatively low, A pound of coke carbon has a heat
of combustion of 14,157 B. t. u. when oxidized to carbon dioxide
(45, 2. 5, p. 181). Since the highest state of oxidation of earbon pro-
duced in the blast furnace is earbon monoxide, with the generation
of 4,014 B. ¢ u. per pound of carbon (45, ». 5, pp. 138, i181; 69, ».
330) the heat-generaung efficieney of & blust furnace cannot exceed
4,014 divided by 14,157, or 28.4 percent, when operating on a eold
blast. When coperating on & hot blass, this efficiency is increased.

The effect of the hot blast upon the furnnce procvess as o wholo is
twofold. Theclhemical energy thatleaves the furnace at the top in the
form of carbon monoxide is converfed in the stoves to sensible heat by
combustion to carbon dioxide. This sensible heat is Inter returned to
the furnace by the blast, 'This return to the {urnace of the chemical
energy of the fuel through the operation of the stove results in s direct
increase in the heat-generating efficiency of the furnace according to
the values presented in table 1. The introduction of the sensible heat
of the blast into the combustion zone nlso increases the temperature,
i, at which the produets of combustion leave the combustion zone.

Tasoi 1.—Relation botween bast lemperafure, Mast com position, eyuivelend nzida-
tion of curbon lo carbon diczide, and the heat-peneraiing efficiency of the byt
Jurnace

UxyvEen biastt Adr bluse, 7 Oxypoi Hiast T Ajr binsg 3
Rinst S - . Blast Aeneni . - lient-
_ | Egriva- Heal- | Fouiva- | Heat- o | Bruiva- ilent- Zguiva- |,
ter{::;;q;ru lont nx- | genemat- | lent ox- | generat- m’;:i:%m fent ox- | peneral- | lent ox- ["ﬁ'i‘:r,'
CF) klation § ingofl- | idation | ingedl- FF.) fdation | fugelli- 1 iintion cm-l'
¥ »y00: 3| cloney 1 | G=C 023 cieney 4 T |PC0 oniey b TGO fo oy

Pereent | Feregmt | Pereent | Percend

Fereewt | Prreent | Hercent | Pereent
. w35 .U U5 2o [ W Kiis] &b, 5t

13 461 ), 88 o3 A0 .06 HLIS

Ak 4. 45 T AR h] an M A,

1,52 .25 847 AL . A7 e 3%

21 0. 08 #o1a H. ) E KA 5, o

a7 12,494 U, 55 KEAE 1] 17,08 02,08

33 i5 A K, 5f 3, &40 04, 53

T 15,77 il.2 R K Il B3 &, 5

. 83 21,75 12K ML 05 ar. 46 [ E)

- - 518 2457 IR AT 48 1. &8 Ti.O7

2000, . . 5. 82 2782

FOxypen, X percent. * Diry nir; ox)‘%un, 2082 poreend,

A Poregntnpa of garbon that woild hava to be burned 1o earhon dioxide 13 order do obigin witha 779 F,

Ubnst e snznn Bosb-pencrating aMcieney my oldalined with hod Vasts ab tho tnheinted toriperatires wien
thacnrbon is complately burned to earhon manoxide. X i

# Pereontape af Lha 77° F. boat of combustlon of carbini Lo earbon dioxhdo that iy poserai ed by Lhe cumbus-
Hon of earbon Lo carbon monexide with blasts st the Lebulnted temperstures,
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This increase in ¢, is important to the economical operation of
furnace processes that involve reactions at elevated temperatures
with the ubsorption of o considerable amount of heat. If specific
heats of the combustion products are assumed constant, then the
fraction of the heat generated in the combustion zone which is effec-
tc‘_tr
t—77
temperature at which the reaction proceeds.

In & renction proceeding at 2,400° F., with the low blast tompera-
ture of 8009, ¢, is 3,520°, nnd the fractional portion of the total heat
generated that would be aveilable for carrying out the reaction is

tive in maintaining such a reaction is +where 1, represents the

Fuirhk L—ixperimental blost-furnaee plant, showing furnaee stugk, gns-clennlog equipinent, sl hot-
sy stovoes,

3,620 —2 4 .
approximately 22 ?—14—.3’«@ or 32,5 percent. 1 the blast tem-
perature were incrensed to the relatively high blast temperature of
U . 4,240—2 400
1,600° this fruction would hecome —1i63 ' OF 44.2 percent.

4,6756—-2,40
TFor o 2,000° blast temperature the value would be u%?_(], or
)
48.4 percent. o
1t 15 obvious, therefore, that high hot-blast temperatures are an
economic neeessity for blast-lurnace processes absorbing any con-
siderable amount of heat at elevated temperatures.

THE EXPERIMENTAL BLAST-FURNACE PLANT
FURNACE STACK

The blast-lurnace plant used in this investigntion iy shown in
figures 1 and 2, :
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The blast-furnace stack, {abricated by the Washington Navy Yard
according to the Bureau’s specifications, was welded and bolted us
shown in figure 3. 'The over-all diameter was 6 feet 8 inches, and the
height 19 feet 10 inches. The furnace was supported at the base of
the mantle ring by four extra-heavy 6-inch pipes imbedded in concrete.

The hearth {a) was

- 287 _1 constructed from Y-

¥ I} and ¥-inch steel plate.
n j 1t had a diameter of

-_— ¥
1—*—— ) "2 ta 47 inches and & height
Stock-Line ! Pf 32 11:1{‘31@3'. A.l:?}é‘
Y. Recorder-. L inch firebrick lining
5 reduced the internal
. diameter to 20 inches,

the depth to 18k-
inches, and the cross-
|} Downcomer  gectional area to 2.18
square feet, The ca-
7 preity of the lined
% hearth was 3.36 cubic
fect.
The bosh (b) was
Stock Line  [phricated from Y%-inch
| steel plate. The up-

/ Lol per and lower external
/ diameters were 62 and
/ o 38 inches, respective-
ly, and the height wis

/ 35 inches. The bosh
! " was lined with 3inches
Voo of firebrick, reducing
olye theinternal diameters

. to 44 and 20 inches,
W ;- respectively. The

@ g

7 _ bosh angle was 71°5°,
a1 The lined bosh had a
0" Tugere L capaeity of 17 cubie
£ cp) 2 feet and was external-
9 % ly cooled by a water

¢ GnderBolhg 1 goray.

5 The mantic {¢} of

1 the ful'(?nfe Wis COn-

- ,11: ; structed from Y-inch

. — afeel plate. It had

Fm URE S.—Netudls of t!lc iz.\‘j:erim‘cnm_l Bilast furomes: f licnrb!z;‘ b, upper ﬂn([ lower ex-
bashy ¢, wunntle o, gog senl and stoek onel; o exploston vaive, £, v

wyire brest. ternal diameters of 72

and 80 inches, respec-

tively, and a height of 85 inches. An i8-inch firebrick Jining reduced

the mternal diameters to 36 and 44 inches. The capacity of the

mantle was 62 cubic feet. The in-wall batfer was 1.13 inches per foot.

The furnace top was constructed of Y¥-inch steel plate. It was

cooled by a water bath 42 inches in dinmeter aund carried the lower bell

seat and gas seal as shown in figure 4.
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The gas seal and stock funnel {d) were constructed of 20-gage
sheet. The lower bell was 16 inches and the upper bell 13 inches 1n
dismeter. Each of the bells was manually operated from the skip
house by cable and counterweight.

The downcomer consisted of & horizontally placed standard 4-inch
iron pipe approximately 22 feet in length. An explosion valve {e),

Figunre 4.—The furouee top.

nutomatically operable at pressures in excess of 5 pounds gage, was
installed at the furnace end of the downeomer. This valve could be
opernted manually from the skip house when necessary to reduce the
top pressure in order to permit opening of the bells,

The height of the stock in the furnace was measured by » muanually
operated stock-line recorder.
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The tuyére brest (f) was constructed from Y4-inch steel plate. It
was welded to the hearth and had an external diameter of 31 inches
and a height of 9.5 inches. It was protected by %-inch copper cooling
coils installed between a 4}4-inch firebrick lining and the shell. The
outer shell was also cooled by sprays, the water from which was col-
lected in a gutter at the top of the hearth. The internal diameter
of the tuyére brest was 20 inches, and its eapacity was 1.73 cubic feet.

The hearth and tuydre-brest assembly (fig. &), supporied by jacks
and wedges, wag bolted to the bosh. This construction permitted
rendy removal of the hearth and tuydre-brest assembly foz reprirs
and alterntions to the furnace interior.

The blowpipe and tuyére was originally a standard 2%-inch iron
pipe protected at the nose by several tutns of #-inch copper tubing,

FiGrek 6.—-Furnace ceneible, noder construetion, showing copper witer-cooling tobes and a portlen of
the lned Llowpipe.

through which a flow of water wns maintained. In later runs the
blowpipe wns a standard B-inch iron pipe lined with 1% inches of
Armstrong insulnting brick,

The position of the cinder noich ranged from 14 to 19 inches below
the center line of the tuyére. The cinder notch was closed with a
1%-inch diameter bot bar,

BLOWING EQUIPMENT

Two single-stage compressors {fig. 6) were available for supplyin
the blast to the furnace. They were arranged either for individua.
or combined parallel operation and were equipped with adjustable
automatic unloading devices for limiting the maximum deliverable
pressure.  The usual setting of the unloaders was 7 to 8 pounds gage.

One compressor had a 9-inch bore, 8-inch stroke, and 0.58-cubic-foot
piston displacement per revolution. It was chain-driven at 325
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revolutions per minute by a 20-horsepower electric motor.  The other
compressor had a 14-inch bore, 8-inch stroke, and 1.42-cubic-loof pis-
ton displacement per revolution. It was belt-driven ab 275 revolu-
tions per minute by a 25-horsepower eleciric motor.

Three rotary positive-pressiure air blowers were available either
individually or in parallel for supplying the draft air required in the
stoves. Two of these blowers had & rotary displecement of 162
cubic feet and the other 338 cubic fect per minute at 200 revolutions
perminute. ‘Their normal operating pressure was 3 to 4 pounds gage.

Freune 8.—Iulorlor of the engineiouse, showing one iMower nmdd the compressors.

One of the small blowers was chain-driven by & 7M-horsepower
variable-speed electric motor, ‘The other blowers were genvwdriven
nb 200 revolutions per minute by 7}4- and 10-horsepower motors.

HOT-BLAAT STOYES

The two hot-blast stoves were construeted as shown in figure 7,
These were heated by burning cleaned blast-furnace gns with forced
drafb. Each stove had an over-ull height of 7 fect 10 inches und o
digmeter of 48 inches.

The combustion dome and body of the stoves, as originully installed,
had @ 4¥-inch firebrick lining. Later, to reduce heai losses, this
lining was changed to 4% inches of Armstrong insulating brick. The
hot-blasb outlet was o 4-inch port near the top of the stove. Two
4-inch ports near the buse served us cold-blast aund chimney-gas
inlot and outlet, respectively. A 10-foot length of 4-inch pipe served
as the chimney.

The burners of these stoves consistel of standard S-inch iron pipe
into which had been welded o header earrying 12 standard l-inch iron
pipes through which rir for combustion was introduced. The gus was
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led in around these pipes and mixed at the base of the burner with the
gir coming through them. The volume of the combustion zone wus
about 12 cubic feet.

The heat-transfer bed, supported by grate bars of Y¥.inch round
rods, wns 30 inches deep and 39 inches in diameter. The bed had &
cross-sectional area of 8.3 square feet and a volume of approximately
21 cubic feet. The filling initially econsisted of crushed firebrick
passing & %-iach and retained on a ¥%-inch mesh screen {runs of June
8-10, Aug. 2-5, and Aug. 16-17, 1932). Later fillings (runs of Aug.
29-8ept. 3, and Oct. 10-13, 1932) were washed river gravel of the same
size, or (runs of June 6-8, June 26-28, and June 20-30,1933) river gravel

- that passed a ¥-inch and
was held on a ¥-inch
mesh sereen. The gravel
weighed approximately
108 pounds per cubic foot
and averaged 36 percent
voids. Theweightofthe
gravel filling for each
stove ranged from 2,100
to 2,200 pounds. The
gurface of the pehble

; bed could be observed
2 2 through a 2-inch pors
provided with a glass
peep sight.

Standard 4-inch quick-
opening gate valves were
installed to control the
operation of the stoves
and gas-cleaning equip-
mené.  The hot-blasé
valves were cooled by
submersion in & water
trough. The hot-hiast
main was of rectangular
eross sechbion. It was
fabrieated from Y-inceh steel sheotl and, with a 25-inch firchrick lining,
provided a duck 4 by 4} inches.  The initial firehrick lining was later
replaced by one of Armsirong insulating brick of similur dimensions.

”

AR

13
Fravwe T Deinils of Che liol-llas) sioves,

GAS-CLEANING AND GAS-COOLING JYSTEM

The furnnce gases were first led through o Multiclone (fig. 8) to
remove & Jarge portion of the dirs and fume normally accompanying
such gases. The Multiclone, designed fo recover 80 to 98 percent of a
dust of which 90 to 95 percent would pass a 300-mesh sieve (0.0018
inch), consisted of two 6-inch tubes arranged for paraliel gas flow.
The rated capacity per tube ranged from 155 cubie fect per minute
a5 100° F. to 215 cubic feet per minute at 600° for & 2-inch water
draft loss, and from 220 cubic feet per minute at 100° to 300 cubic
feet per minute at 600° for a 4-inch dralt Joss.

The gases from the Multiclone were cooled in n spray tower prepara-
tory to o final clean-up by an electrostatic precipitator. The cooling
tower was 4 {ect in diameter and 7 feet in height. The hot gases were
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introduced near the base through a closed-end §-inch pipe which
was perforated with 1-inch drill holes on its lower side. The gases
passed upward through the tower countercurrenst to solid-cone waler
sprays produced either by several 2B and 4B Spraco nozzles, or by
one no. 10A. The cooled moist gases were withdrawn near the top
through a standard 4-inch pipe. The cooling water was discharged
from the base of the tower through a 2-inch pipe to the settling tank,
for sedimentation, cooling, and recirculation.

The clectrostatic precipitator (fic. 9) had an over-all height of
23 feet 6 inches, and a main shell diameter of 3 feet 8 inches. The
insulator compartments
were 28 inches in diameter and
55 inches in height. Each in-
sulator compartment and the
upper and lower portions of the
main shell were equipped with
hinged cast-iron doors that
closed entrance ports 20 by 31
inches, Numercus vents and
drains, in addition (o & 10-inch
diameter explosion door, werein-
corporated in the construction,

The collecting electrodes were
seven spiral-riveted steel tubes 8
inches in diameter and 12 feet
long. They terminated at the
topinagastightheaderard were
held in position ab the base by
steadyingbars. The total cross-
sectional area of the tubes was
2.44 square lect and the collect-
ing aren 170 square feet. The
discharge clectrodes, tied to-
gethor at the buse, were %-inch
square steel vwistrods ench sup-
porting a 15-pound welight.
Each tube was equipped with !
two nozzies for confinuouswater
washing and removal of the col- l____ ——
lected material, A large spray 4 2
nozzlepermitied periodiccleans- 34
ing of the high-tension bus bar Frovie 8.--beinils of tho Muiticlae,
and discharge electrodes.

The gas entered the precipitutor midway between the header and
tube steadying bars and passed downward cutside the tubes. [t then
passed upward {hrough the tubes, where it was subjected to the pre-
cipitating action of an hmpressed voltage of 40,000 to 55,000 volis.
The treated gases, discharging through a 10-inch port ab the top of
the precipitator, were led to the stoves or bled to the open air.

The gas-treating capacity of the precipitator, based on an average
linearvelocity of § feet per second, was 730 actual eubic feet per minute.

The substation for supplying the high-tension current required in
the operation ol the electrical precipitator was equipped with a high-
tension transformer, synchronous motor with mechanical reetifier,

2

—_—ge—

b5

_r_ s"_T_ B —J—— 15

16—

L




16  7TECHNICAL BULLETIN 543, U. 8. DEPT. OF AGRICYLTURE

and the necessary control switchboard and meters. The mechanical
rectifier had four 153-inch arms and was driven by a 750-revolutions-
per-minute synchronous motor. The 5-kilovolt-ampere oil-filled trans-
former was equipped with 45-, 5G-, 55-, 60-, and G65-kilovoit terminals,

| 9.4 |
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A settling tank was provided to remove the sediment earried by
Lhe water discharged [rom the spray tower and precipitetor. This
tank was of concrete construction and lined with 18-gage galvanized
sheet iron painted with asphalt. 1t Jiad an inside dinureter of 9 feet
7 inches, n depth of 36 inchies, and walls 4 inches thick., The capacity
of the tani was 1,600 gallons, A series of outlels nt suceessive 4-inch
levels permitted removal of the clarified water. Water from the
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upper levels of the settling tank was circulated through a heat inter-
changer to the spray tower and precipitator.

The heat interchanger was constructed in thiree sections arranged
for series flow. Hach section of the interchanger consisted of a 12-
foot length of 16-gage copper condenser tubing, %-inch outside diam-
eter, and held concentric within a l-inch galvanized-iron pipe by a
few drops of solder. It was capable of countercurrently cooling from
185° to 85% F. 43 gallons of contaminated water per minute with
the use of 14 gallons of cooling water initislly at 72°.

HANDLING OF MATERIALS

Materials as received were piled in open bins (fig. 10). Before use
they were transferred by a portable belt conveyor to working bins

“

L8 ’ ,

Fiapne - - Experintental blist-furnace plvot with stoek pilos and storuge bins.

with hopper bottoms. They were weighed in 2 hopper mounted on
n traveling platform seale car (fig. 11), and dumped directly from
this into a skip car. The skip hoist was provided with aufomatic
stops and dump and was driven by a 2-horsepower electric motor.

Siag was run from the cinder noteh divectly into cast-iron ladles
{fig. 12} which held about 100 pounds. Two sueh Indles were used,
each mounted on u rotating boom which allowed them to be swung
ground and emptied on a slag dump.

PHOSPHATE SMELTING

APPLICABILITY OF THE BLAST-FURNACE PROCESS

The principal constituent of American continental phosphate rock
is fluorapatite (9CaO-31,0,-CaF,) (26).  Attempts Lo volatilize phos-
phorus pentoxide dircetly from phosphaie rock have met with little

D1T40°—37—3
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suceess, although phosphorus pentoxide botls below 1,112° F. (45).
Displacement of the phosphorus pentoxide constituent by fusion
with silica was investigated by Nieﬂon (46), who found no such dis-
placement with melts of tricaleium phosphate and silica up to 3,002°.
Ross, Mehring, and Jones (58) calculated the decomposition temiper-
atures of such volatilization reactions to be above 4,172°,

Since the thermal dissociation of phosphate rock to yield gaseous
phosphorus pentoxide appears to take place at temperatures higher
than those attained in present {urnace practice, recourse must be had
to the destruction ol the phosphate molecule by reduction of the phos-
phorus pentoxide constituent to gaseous clementary phosphorus. Re-
duction of the phosphiorus pentoxide constituent by carbon monoxide

Figure 11—8i0rage bins, shewing seale car and skip oie,

was not detected by Nielsen at temperatures up to 2,282° F. Un-
published investigations carried out in the Bureau’s laboratories con-
firm this result. Reduction of the phosphorus pentoxide constituent
by solid earbon, however, has long been known and is the hasis of
all commereial processes for the manuflacture of phosphorus. Mix-
tures of phosphate rock, sund, and coke have been smelted in electric
furnaces for the production of phosphiorus since about 1890 (47, 54).
Ross, Mehring, and Jones (58) and Jucob, Reynolds, and Hill (32)
have shown that almost complete reduction of the phosphate is ob-
tained when such mixtures ure heated to 2,372° for 1 hour. This
reduction reaction may be represented by the equation:

Ca,y (PCy):4-5C 3810, =3CaSi0,+ 5C0O+1/2P,

The hent of this endothermic reaction at rcom temperature is
4,144 B. t. u. per pound of phosphorus pentoxide reduced (45, ». 5,
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pp- 181, 182, 196, 197; 58, p. 330). Similarly postulated reactions
mvolving either more silica or noue at all give values of the same
order of magnitude (55).

The blast furnnce is well ndepted for carrying out such a reaction.
Carbon at elevated temperntures is necessarily present, and the heat
required for reduction is produced by combustion of colke rather than
from relatively more expensive electric encrgy. Inatiempting to smelt
phosphate rock in the blast furnace, combustion of coke and forma-
tion of slag occur as in iron smelting, but since the reducible oxide
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m the phosphate furnace charge is PaQ;, the product is elomentary
phosphorus, a chemicnl element boiling at 536° F. (4, ». 1, p. 102).
At the temperatures prevailing in the bottom of the phosphiate blast
furnace, phosphorus, of course, is a highly superheated gas which is
carrted upward through the furnace shalt to emerge from the stock
line as a constituent of the furnace gas, though seldom amounting to
more than 1 percent by volume.

EXPERIMENTAL PROCEDURE

In earrying out the phosphate smelting experiments, the cold blast
furnace was filled with coke from the bottom of the hearth to the
tuydre level. A layer of wood charcoal was added, and additional
coke was charged to fill the bosh. Above this, alternate layers of
coke and of iron blast-furnace slag were charged. The charcoal at
the tuyires was ignited with an acetylene lance. The blowers were
ftarted, and cold air was blown through the tuydres for about an
YOUr,
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Molten slag was removed from the hearth, usually from 20 to 40
minutes after the furnuce was started.  As rapidly as possible there-
after the gas from the furnace top was brought down through the
gas-cleaning system and ignited in one of the stoves. This stove,
after sbout an hour’s heating, was used to heat the blast, while the
other stove was placed “on gas.” During normal operation the
“on-gas” and ““on-wind’’ periods of the stoves were 40 to 45 and 55
to 60 minutes, respectively. As soon s a hot blust was obtained the
f urél%ce was charged with the desired burden of phosphate rock, coke,
and flux.

Before they were charged to the furnace the materials were weighed
in the scale car with an accuracy of about 3 percent. All charges
were based on 100 pounds of coke. Stock-line measurements were
made before and aflter each charge in order to determine the intervals
between charges mecessary to maintain as nearly as possible acon-
stant height of material in the furnace. Slag was removed from the
furnace at intervals which were determined by the slag volume of the
burden and the rate at which the furnace was being driven. These
intervals usually ranged from 40 minutes to 1 hour. The tempera-
ture ol the slag, as determined by an optical pyrometer and after an
allowance of 101° F. as an emussivity correction, averaged about
2,532°.  Samples ol the liquid slag, taken as it ran from the furnace
into thie ladles, were reserved for analysis.

The rates at which the blast was delivered to the furnace and at
which the gas and dralt were supplied to the stoves were determined
from mecasurements of their pressures, temperatures, and pressure
differentinls as they passed through a nozzle or an orifice installed in
the delivery lines.  The nozzle for measuring the blast was constructed
according to the specifications of nozzle D—1 described by Bean,
Buchingham, and Muorphy 3, p. 568). The discharge coefficient of
this nozzie was taken to be from 0.986 to 0.988 under normal operating
pressures.  The gas and draft orifices, 2 inehes in diameter in a
Y-inch brass plate, were calibrated in terms of the blast nozzle.

The hot-blast temperature was measured with a platinum:platin-
thedium thermocouple in a silica protecting tube inserted into the
hot-blast main as near the blast entrance to the blowpipe as possible.
The electromotive force of this, as well as of all other thermocouples,
was nieasured with o potentiometer. The cold-junction tempers-
ture was determined with o mercury thermometer., Temperatures
of the cold bisst, gas, snd dralt entering the stoves were measured
with copper:constantan thermocouples. Chromel:alumel  thermo-
couples were used to measure the temperature of the gas as it left the
furnace top and as 1t left the stoves alter combustion. Mereury
thermometers were used to measure the temperatures of the gas that
entered and left the spray tower.

Measurements of the pressures at the stove inlets, in the hot-blast
main, and at the gas outles from the furnace were made with water
and mercury manomaeters.

At intervals sainples of the gases leaving the blast furnace were
taken over mercury in burcties mounted in & carrying rack. These
samples were analyzed in 8 modified Orsat apparatus in which carbon
dioxide, carbon monoxide, and oxygen were determined directly,
hydrogen by combustion, and nitrogen by difference. Any oxygen
present was assumed to have leaked in as air during the sampling,
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and the analyses were corrected acenrdingly to an air-lrec basis,
The losses of heat by conduetion through the bosh walls and to the
tuyére-nose, -sent, and -brest coolers were detennined by means of
the rise in temperature and the rate of Aow of the water used in the
respective cooling circuits.

DESCRIPTION OF EXPERIMENTS AND "RESENTATION OF DATA

Three series of experiments were made on the reduction ol phosphate
rock: (1) June 8-10, 1932; (2) October 10-13, 1932; and (3) June 29-
30, 1933. 'Fhe sct-up of the apparatus was changed between caeh of
these series of experiments or runs.  The changes were largely con-
fined to the gns-cooling and the phosphorus-collecting systems,
although some improvements were effected in the stove construction
and in the hot-blast delivery system.

TIRST EXIERIMENT

In this run (June 8-10, 1932), the gas-treating svstem consisted of
(1} a Multiclone, {2) a spray tower, and (3) an electrostatic precipita-
tor connected in series.  Water to the spray tower was supplied by o
no. 4B 8praco solid-cone spray nozzle.  Exhaust water from the spray
tower, discharged as waste, contained sufficient phosphorus in suspen-
siont to ereate o health hazard. The preeipitator was operated with-
ous wash water. Qceasional flushing was sufficient to remove the
phosphorus and furnace fume from the tubes and rods.  The insula-
tor compartments of the precipitator were not steam-heated. The
hot-ast stoves were lined with firebrick, and o hed of erushied and
screened firebriek was used as the heat-exchange medium.

Condensation and recovery of phosphorus in this series of experi-
ments were unsatisfactory in spite of the somewhat elaborate gns-
cooling and gas-cleaning equipment provided. Dust was earried
through the Multiclone, spray tower, and precipitator so that the gus
supplied to the hot-blast stoves carried in suspension o considerable
amount of dust. The cooling of the gas was inadeguate, and a con-
siderable amount of uncondensed phosphorus remained in the gas as
vapor, Also, some phosphorus “fog” or “fume’” was earvied to the
stoves, The introduction of this inadequately cleaned gas into the
stoves lnter{ered seriously with, their operation since the interstices of
the granular ficebrick filling beeame elogged with entrapped dust anc
the resulting mass was subjected to some incipient fusion.

This deterioration of the firebrick bed interfered with the passage
of both gas nnd air through the bed and lowered the elliciency of heat
transfer.  As a result, the blast temperature was rather low throngh-
put the whole run. By reference to fable 2 it is seen that the three
tests exhibit the deereasing blast temperatures of 1,153°, 1,090°, and
831° ¥, Concurrent with this rapidly decreasing blast temperature,
the coke consumption (column 31) increased from 4.11 to $.71 tons
per ton of P.0; reduced. Considerable mechanieal difliculty was
experienced in operating the furnace in the Iatter part of this run
when the stove passages had hecome clogged. The pressure required
to force the gas throvgh the stove inereased. This, of course,
increased the pressure at the top of the blast Turnace ttsell, making
the opening of the bells difficult and interfering with the introduetion
of the charge into the furnace. 'This run was terminated at the end
of 64 hours.
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Test no.

O

o

1932
June .8

Cidune 9

June 10
Oct,
Qct.
1933
June 29

Burden

Dura-
tion
Coke

! Washed

Florida
Innd-
pebhle

phosphate!

Florida -
pebble
phios-
phate

matrix

Tennes-
see blue-
rock
phos-
phate

Lime-
stone

3 4

8

6

7

5

Tire-
hrick

neigm. of

|
i
i
llaur§ %
{
!
i
|
'
|

Lb. per
rowmd
4.0 100
.3
.0
]
. 4

21
.0
-0

Lb. per
round

100 4

Lb. per ‘

round
0
125

125
30
30

L. per
round
00

L. per
round.
0

125

{

stock
line

ahove

tuyére

Wind
bhlown !

i
§
Blast 4

iempera-
ture

10

Inches
N9

f hu

Blast

. earth-
midity #;

heat loss

¢ Furnace-
top tem-
perature

mnst, pressure at-—

Tuyére

H

Bt u. per
min.

1,645

1,334
1,200
1,431
1,471

3,338
2, 394
2,370

Test no.

Pressure |
drop
ACTOSS
stave on
wind

18

Top-gas composition

COa

a2

20

21

Ca0

24

L0
$i0:

26

P:05

Charged

Redhiced

Reduc-
tion

25

29

SRR R R

Inches |
u'ule:r
1.9

Pereent
i 1.30

6,05

Percent
3597
33.85

TSI

3768

3732

Percent
2.60
10

122
1.83
2.71
oo

2.7

2,00

Percent

60,73
5. 10

(i-. 2
60, 10
58, 66
&7, U

60. 33

Percent
3112

i
t Percent
.ﬂ) .19

2

'13. 44

42,48 |
44
4067 |
3870

42,42

31

Whight
ratio
0. 551
1.250
"Oh

Lb. per
round
123.5

Lb.per
rml nd

Lb. per
round
21,27

36.25 |

Pereent

78.75

HUAIAIUDY J0 LdId 'S "0 ‘§F¢ NILETINE TVIINHOMLL

1 Measured a6.32° F. and 20.92 inches of 1lg,
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SECOND EXPERIMENT

The gas-cooling and gas~cleaning equipment in this experiment
(Qct. 10-13, 1932) consisted of (1) a baffled, water-cooled exhaust
pipe or downcomer and (2) a continuously water-flushed electrostatic
precipitator. [Exhaust water from the precipitator was collected in
the settling tank, and allowed to settle, and the supernatant water
was recireulated. At frequent intervals additional water was intro-
duced to the precipilater to remove accretions on the discharge
electrodes, The water-cooled and baflled downcomer proved to be
an efficient cooler of the furnace gases, but was subject to such frequent
stoppage thatit was abandoned on subsequent runs.

The sediment that collected in the settling tank was finely gran-
ulated and dark gray, and contnined about 20 percent of phosphorus.
After 78 hours of operation one of the high-tension insulators in the
precipitator failed, and, because of the hazard of making repairs in
the phosphorus-fouled gas line, the run was discontinued.

During this and succeeding runs a single bell wus used, and the
erushed firebrick filling of the stoves was replaced by washed and
gereened river gravel (p, 14),

THIND EXPERIMENT

For the run of June 20-30, 1933, the lirebrick lining of the stoves,
hot-blast main, and blowpipe was replaced by Armstrong insuluting
brick with a thermal conductivity about one-fifth that of firebrick.
The gus-treating equipment consisted of (1) the spra'fr tower and (2)

HA

the precipitator. To reduce the condensation of volatile matter on
the precipitator insulators, the insulator compartments were steani-
heated,  Water from the settling tank was cooled by the counter-
current heat interchanger (p. 17) belfore circulation to the spray
tower amd precipitator.

Throughout this run, smooth operation ol the enfire plant was
marred only by the stoppage of the spray-towerinlet.

Noexperimental work was dene after June 30, 1933,

For ¢onvenience in reporting and interpreting the data, each of
these runs has been broken into test periods, of varying length, during
which operating conditions were more or less uniform.  The operating
data loreneh of these periods are reported in table 2,

Tuble 3 shows the compositions of the dry raw materinls,  The
coke, washed Flordn land-pebble phosplute, Tennessee biue-rock
phosphate, Florida pebble phosphate matrix, and limestone were
charged to the furnace “as received.” Beoth the coke and limestone
were approximately inch in mean diameter. The firebrick chargod
was crushed to pass o 4-mesh screen.  The average motsture content;
of the materials charged into the furnuce was: Coke, 5 percent; washed
Tlorida land-pebble phosphate, 4! percent; Tennessce blue-rock
phosphate, 2 percent; Florida pebble phosphate matrix, 28 percent;
hmesione, 2 pereent; erushed firebrick, 5 percent.  From these data, the
total slag-forming constituents, orslog volume, charged perround were
cijculated.  The slag volume per round was also caleulated from the
number of pounds of CaQ charged per round and the percentage of
lime found by analysis of the slng.  The value reported in table 2 is
the mean of those obtained by these two methods, The maximum
variation from the mesn value reported was about 4 percent.
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Tanue 3.—Composttion af melerials

[13ry basls)

Materind Bz | AlOy | CaQ | MgO | FouQy | WO | NmaO) | Patds l‘lﬁ'llr'{éﬁr

Frereemt| Perconty Percent| Percent ) Pererutt Perceut | Pereent| Pereent| Pergent
L1 7 O 8.5 3.5 0.3 0. g b R R P, 4. 7h
Washed  TFlorida land-

nohble phosphnlad. . | 6. 00 213 | 4650 |—oooeaes 1.43 0. 20 0L72 | 3JLA3 341
Flarldn |:chh1e |1I|mp]1nlc

mntrix? 50,00 247 | m. 22 .48 1.01 LB L 1LTS 705
Tennessn e
pte s . . . LS andt oL, L. I P SR ER g0l
\\)ominﬁilul [ Al 4 1L (s A B2 4,40 1L 1.2 197 1. 40
Limestone®. . . . ... . . e - 572 LT PO A . 8,12
Fireorlek. .00 0D T e | Cmvee | Tleel T TRas . 214
H 1

§Figed-varbion, 5008 pereent,

* 00, 5N pereents Held, 0050 percent.

0y, 013 percent; frO: Q.55 pereent; 504, 056 percent; COy, 0,48 pereent,
1 Fedy, 10,18 pereent; S0, .20 pereent; 1120, 1.30 percent.

A0, 212 pereents 1120, 1.3 percent.

8 C 0Oy, 1040 pereetl (enleilutedy,

Tables 4 and § show the amounts of earbon used in the several
furnace reactions. Column 2 of table 4 gives the pounds of fixed
carbon charged per round, and column 3 thc pounds of carbon charged
in the formof curbonates.  The sums of these w cights, or the total
weight of carbon charged, are shown in column 4. Column 5 shows
the amounts of the curbon burned at the tuyére, that is, the fixed
carbon in the coke that is burned to carbon’ monoxide by the free
oxvgen of the blast.  These quantities were caleulated in the following
manner [rom the corrected top-gns analyses and the total weights of
enrbon charged.  Each volume of earbon monoxide formed Ey the
79.08 .
2%20.92"
1.89, volumes of nitrogen, where 79.08 and 20.92 are the volume per-
c'nl‘llr("% ol nitrogen and oxygenin the air.  Hence, the volume per-
(-(-nl.wc, of nitrogen in the top gas divided by 1.89 gives the volume
pere onlwo ol enrbon monoxide in the top gas that came from carbon
hurned by the hlast.  The Intter quantity divided by the sums of the
volume pereentages ol earbon monoxide and carbon dioxide in the
top gas gives the Tractional part of the totel earbon charged (table 5,
column 2) that wi as heing burned at the tuyeres at the time the smnplc
was taken.  That is:

combustion of carbon with dry air is nccompanted by

Carbon burned at tuydre =
Porcent N
1.88 » {(pereent CO--pereent CO,

) X totul carbon charged
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Tanue 4—FPhosphate last-furnace carbon bolance

[Ponnds of carbon per round]

Tnput Qutput i
i
B Ure-
Ured for | 41, Darlves) N
Test no. Pixed | Corhion | qugyey | Burned | decom- }D:’l";;:n’:’, tromt eat- ‘3"}“1';‘;-"
varhon | as car- enthon by Os posing oS F ¥ atnation | Totad
i coke | honates In Winst ] “blast I;mtlu: of var-
mnfstare | P T bangies
1 K H 4 f 4 7 s k! in
Jsendds | Pownds | Posrgde | Pounds | Pounds | Pounds | Powsds | Fonssls | Ponnds
| .45 it Tk o6, 47 . 9% 8499 #,0 J. =1 &y
- 08 1, 62 it ant] 4. 47 L& i 1362 LS -8
F: SE 76,08 14 a2 B [UJN RS R S8 [T 30 SO S
4 - L8 |13 m 04, 35 L= .08 Bk e i)
-/ 7008 i [£1] G4, i3 T3 i a7
i 181 15 13 62, 30 A 62 fAEA 1.6 -
7 THGE 1.5 i1} . 8 37 4,03 1A% 2,04
. o ! L84 fi2 6, &3 £ AR {94 ; =430
 Bhte G errors of aoniysis sod uadeterindned redoction resctlons (caluinn 4 mbnus voluien 9).
Tanit 5.~ {'Hlizution of fixed vorben in the phosphute blast furnnce
P Percond of kel carbon charged)
i e | -
n " fl void fop | U si&*d irnr . I {"he-
. uraed by bodeesinpog- | rodueing b copinie . N
Fest o, Ozt binst | ing binst 1k for m}:}?”f’d
meskiire phinies
i 2 3 1 5 3 a
Prreeut Foreenil Prereent
Y e e . P hi. ki 1. G, ihvd
2 . L] , % 100, 5l iyt
LR ——— P T,
4... 91, b i, 6k 0215 A
S... R 54 1,43 fha, 1 g W7
B... SLL97 4. 85 1, 37 30
7oL G 522 o ! e R —3. 28
8 .o ERH g 91! 108, 87 . 8.67

¥ e Lo erroes of nonlysis and wndetermined reduction renetlons,

Thie accurney of this quantity is subject to the errors of gas sampling
and analysis. Tt s truly representagive when (1) all blast oxygen is
converted to carbon monoxide, (2} the only source of nitrogen is the
blast, (3) all the fixed earbon charged nppears in the top gas, and
{4} the carbonates are being calcined at the same average rate at
wlhich they are being charged. The tuyére-plane gus analysis inves-
tigations of Kinney, Rovyster, and Joseph (56) have shown that all
the blast oxygen is converted to earbon monoxide.

The amount of nitrogen derived {rom the charge is small in com-
parison with that supplied by the blast and may be neglected.  Some
fixed carbon is cwrried out of the furnace by the top gas and by the
ferrophiosphorus formed, busg its amount is small and usually within
the limits of accuracy with which the total fixed carbon-charged is
known and may, therefore, be neglected. The variation of the
instentaneous calcinntion rate from the time nverage is of little
consequence in most phosphate smelting since the carbonates are

BLT40°—3T———d
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present only as minor impurities in the ores. FHowever, whon car-
bonates are present in appreciable quantities, as in tests 2 and 3
(table 4), it 1s only necessary to base the above calculation of the
carbon burned at the tuydre on a time-average gas analysis obtaned
by averaging & number of individual analyses in order to obtain o
representative value.

Since the heat generated in the furnace depends entirely on the
carbon burned by the hlast, it is convenient to express other quan tities
in terms of the carbon burned. In order to convert heat losses
mensured in ordinary time units to this unit carbon basis, the rite
at which the blast iz supplied and its composition must be known.
Where the basis is the rarbon burned by the blast the unit of time
involved in the calculations is the time required to burn a unit weight
of carbon,

The carbon used to veduce the moisture in the blust muy be cal-
culated from (1) the dircctly measured humidity of the blast or (2)
the hydrogen content of the top gas, on the assumption that all the
hydrogen therein is derived from the moisture of the blast. The
Initer method is obviously less aceurnte than the former, since some
hydrogen certainly is derived from the volatile matter of the coke anel”
since any water lenking into the furnsce from the bosh and. tuydre
coolers would appear as hydrogen in the top gns. The carbon used
Lo reduce the blast moisture was, therefore, caleulated from the blast
humidity. On the average, however, there was not much, diflerence
between the hydrogen content of the top gas and that cnleulated {rom
the blast humidity, indicating that only negligible smounts of water
leaked into the furnace from the bosh and tuyére coolers.

The carbon used in reducing phosphates was calculated from
the equation P,0,+5C=4%P,+5C0 and the amount of pliosphorus
pentoxide reduced per round (table 2, column 29). The c¢arbon
unaceounted for is considered to have been mostly consumed in
reducing other oxides present, such as the oxides of iron or carbon
(ioxide, though due in part to that removed in the ferrophosphorus
formed 2nd in the fume enrried by the top gas, and to errors of analysis.

Table § gives o total lheat balance for these tests. 1% is bused on
the burning of 1 pound of carbon by the free oxygen of the blast.
This basis is more convenient for caleulations, and the results ara
more essily interpreted than when the amount ol earbon burned per
unit of time is used as the basis. For the same reasons the heat
balance is presented in terms of the carbon burned rather than on
the basis oiP reduction of a unit weight of phosphorus pentoxide.
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TanLE 6.—Heal balance of the phosphale blast furnace?

|1 peund of earbon burped by Oy ln blast]

Heat input Heal putput
. N Vaporl-
Test | Com-| g Re- ‘Rﬁ:_ g:;}l: matfon | Sen- | g Hunt unne-
no. | bus- | o due- |00l don of| W0 re-| sible | SRS Hearth- counted for ®
tion ol ot Talal | Lo of blnst | car- | eyl tend of Ttk o hest | Total
;:nr- Blnst ]:}hns- mmis- | bon- uhrm.ur I dry shig lnsges
Wan thates, " n T (RLELT
ture | oales chrge
1 2 3 4 il n i & i 10 11 12 13 14
Per
At Bl Bdn Bt Byt B | Bl Bhu| By L] B eent
oo ko4 1,548 | &.502 | 1,330 [ 78 (R 155 453 | 1,265 QU7 | 4,080 [ L0t L
2oL 014 | 1,400 | 5,183 720 12201l 247 B | 226 B | 0,088 | —580 (—10.0
.. 404 oD 4,023 | 4,000 B4 322 | I, 197 TR i | 4, 287 ] 1.0
... 4004 3,688 ) BATR T, W 57 W | 1, uE 7ha V7 | 4,282 1,300 ] 207
Gooo LAtd | 2w | 6,258 | 1,062 h 128 128 | 1,285 11| 6,088 1,184 15.0
Tomw AL | AOTF L G001 | 1,487 a0k 128 a7 618 | 1,308 1,041 | 5005 | 1,020 10. 8
5... 4,004 ; 2,080 | 6,058 | 1,87 kil il a0y 57| 1354 B42 1 5,432 T2 1.0
I Meferonee temperature, 77° 1. tColumn 13 equals colutnn 4 minus column 12,

INTERPRETATION OF RESULTS

It hos been explained that the major objective in the conduct of
the furnace experiments described here was to determine the amount
of fuel necessary to reduce the phosphatic constituents of phosphate
rocks te elementity phosphorus by the blast-furnace process. Other
factors are of econoniie importance, but as stated above, the major
item of cost in this process is the fuel used. It is not possible to dupli-
cale in a furnace npparatus as small as that used in these experiments
the exact thermal conditions which will prevail in a furnace of com-
mereinl size. It is necessary, therefore, to subject these experimental
results to o detailed analysis in order that » proper fizure may be
derived for use for forecasting the coke consumption in a comnmercinl
unit.

In attempting to interpret the thermal phenomena taking place in
the phosphate blast furnace, it shoyld be realized that the progress of
the reduction reaction is controlled largely by the heat available for
carrying out therenction, The heat supplied to the furnuce is derived
from (1) combustion of the fixed carbon of the coke with the free
oxygen of the hlast, and (2) the sensible lLient carried by the blast.
The totel hent supplied must be corrected for the leat lost to the
cooling water and for that used in the decomposition of blust moisture
in order to obtain the net heat available for smelting purposes. The
net hent supplied per pound of carbon burned at the tuyéres may be
computed dircetly from quantities shown in table 6 (column 24
column 3—column 6 —cohunn 11).

The amount of P,0; reduced when this amount of heat is available
is obtained by dividing the weight of P,0; reduced per round (table 2,
eolumn 29) by the weipght of carbon burmed at the tuydres per round
(table 4, column 5). The net heat supplied and the corresponding
amount of ;05 reduced for ecach of the test periods are presented in
table 7. These guantities have also been ealeulated for the series of
_experiments reported by Royster and Turrentine (67, p. 225) on the
Bureau’s small furnace, and they are included in this table.
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TanLe 7.—Nel heal supplied and P20 geduced per pound of carbon burned ol the
fuyére

LARGE EXPERIMENTAL FURNACE

Net Jwat jirlary Nol heat, a0y

L
Test no. sapplled 1 | reduced supplied ! | reduged

Bt Ponads Mlu, Hiwenls
o, 445 0. 419 i 4,867 . 3D
A, F32 LATB Y- 4,787 L340
3. 478 M| S 4, 807 LA53
4, 307 i

AMALL EXPERIMENTAL FURNACE?

4, 160
4245
4, 302
4,324

'Palad Beal stpplied per pound af gebon burned by Os minus Lhe site of (the beat 1056 Lo the cooling
witler nngd 1he heat, nsed for decomposing tha blust moigidre.
T Calenliged from tha resnlts of Hayster and Turrentine (61, p. 2240,

The data contained in table 7 are plotted in figure 13.

A straight line was fitted to ench set of data by the method of least
squares, Test 2 on the large furnace was omitied from the least
squares solution because its heat balance (p. 27) shows considernbly
more heat used than was supplied. Lines ¢ and b represent the data
for the Jarge and small furnaces, respectively. The failure of these
Jines to colncide may be attributed to general experimental error and
to the lact that the hent losses of the smaller furnace were measured
less completely. Line ¢ represents the arithmetical mean of lines o
and &, Its intercept with the ordinate at zero reduction shows the
amount ol heat that must be supplied over and above the cooling-
water lieat losses and the Lent used in blast-moisture reduction before
any heat is available for phosphate reduction. This is 3,355 B. t. .
per pound of carbon burned at the tuyére. Its slope represents the
heat absorbed in the reduction of phosphates, which is 4,167 B3, t. u,
per pound ol P.0; reduced, as compared with the theoretical value of
4,144 I3, t. u. given on page 18, This is the heat of reduction at 77° K.,
sinee the value used [or the heat of combustion was that at 77°.

1n the above considerations the effect of operating varinbles, such
ns the aumount, composition, and discharge temperature of the shg,
height of stock line, and rate of driving, have been completely ignored.
No correlation between these variables and the manner in which the
individual points deviated from the values obtained by the least
squares sohution could be found. This simply means that the range
of variation of any particular variable was insufficient to permit its
detection.  ¥or this yeason the intercept value of 3,355 B. t. u. per
pound of earbon hurned at the tuyére is taken as applicable to the
mean ol these operating conditions. :

This threshold value of 3,355 B. t. u. per pound of carbon burned at
the tuyéres that must be present before any pliosphate reduction can
take place must have some f{undamental significance. This large
quantity of heat must escape from the phosphate-reduction zone un-
used. It can escape ouly as sensible heat of the slag and bosh gas
leaving the zone, since the cooling-water heat losses have already been
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taken into account. (Bosh ges is the mixture of carbon monoxide,
pitrogen, and hydrogen resulting from the reaction of the blast with
earben,) The 3,355 B. t. u. unavilable for phosphate reduction is not
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the total sensible heat of the slag and hosh gas leaving the reduction
zone but is the diflerence hetween the heat carvried out of the sone by
them and the heat brought into it by the descending slag or slag-form-
ing materials and by the carbon from which the bosh gas was derived.
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The net heat carried out by the slag is the product of the amount
of the slag, its mean specific hent, and the difference between the tom-
Ii‘emtme at which it enters and at which it leaves the reduction zone.

he observed slag temperatures were about 2,552° F., from which it
15 estimated that the slag lefé the reduction zone at’ approximutely

2,687°. Onlarger .furnn('cs, where the heut lost from the crucible and
in the process of flushing would be relatively smaller, the ohserved
slag temperature should be higher and more nearly approach the tem-
perature at which the siag lenves the reduction zone. The aver HH
slag volume for the p:esent work was 1.65, for the previously repor ted
tests on the small furnace, 1.30 (61), and for the mean ol both series,
1.48 pounds of slag per pound ol carbon burned at the tuyéres. I
the mean specific heat oll slag at high temperatures is taken as 0.275,
the net heat removed by the slug is 1.48X0.275X {2,687}, where
¥, is the temperature at which the descending stock enters the reduc-
tion zone.

The net heal carried awny by the bosh gas is the difference between
the sensible heat of fhe bosh gus ot the temperature £, at which it
leaves the zone, and the sensible hieat of the earbon ub the temperature
., ot which it enters the zone. Beeause of the intimate contact be-
tween the desconding stock and the aseending gases, itis not unresson-
uble to assume for p}‘.l('{lt“]l purposes that the temperatures ¢ and ¢,
are the same. On this assumption, f, has been conputed from the
exprassions for the net heat of the slag, the sensible heats of the bosh
gas and carbor, and the experimentally determined value of 3,355
B. 1. u. to be 2,255° . It may be interpreted as the temperature
helow which no phosphate reduction oceurs, and accordingly it is
ealled the “effective critical tempernture.” Tt wus unnecessary to
take account of the sensibie heats of the earbon, Pally, carbon monox-
ide, and phosphorus involved in the phosphate reduction because the
heat ol reduction ok 77° was used rather than that at 2.

The nvernge net heat earried out by the slug, that is the superheat,
in these tests was, therefore, 148402755 (2,687 —2,253), or 175
B. t. u.  Thesubtraction of this lrom the total of 3,355 B, t. w. leaves
3,180 B, t. u. ns the heat carried out of the reduction zone by the bosh
gas fora IJIn'-‘,hIm:mdlty $of 0.01. Fora dry air-blast this value would.
2.80.73,180 2‘9; 180, or 3,005 B. t.y

Although & number of npproximations were involved in determin-
ing this superheat of the slag, its actual magnitude is small compared
to that of the total heat leaving {he reaction zone unused, and little
error will be introduced il the experimentally observed heat unavaii-
able for phosphute reduction is corrected in this way for varintions in
slng volume. Corrections may likewise be made for variations in the
volunie of bosh gas as 2 result of changes in air humidity.

The ussumptions made in ealeulating the net heut carried away by
the bosh gas were that (1) use may be made of the result of the extra-
polation to zero reduction of straight line ¢, figure 13, {2) the slag was
superheated to 2,687° 1", and (3) the sensible heat of the bosh gas was
sufficient at all times to heat up the charge, caleine the carbonates,
and evaporate the moisture. Subsequent caleulations will show that
this last assumption is justified in almost all practical phosphate
stelting.

hecome

# Blast humidity (H)=weight of water per unil weight of dry blust,
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The determinntion of the net heat carried away by the bosh gas
makes possibic the calculation of the coke consumption to be expected
in smelting nny given phosphate rock.  The superheat of the slag and
the heat involved in the actusl reduction of phosphate rock are most
conveniently caleulated on the busis of the amount of PaQ); reduced.
On the other hand the amount of hent supplied, hearth-heat losses,
blast-moisture reduction, and the heat carried off by the bosh gas
depend on the amount of carbon burned by the {ree axygen ol the
blast and are, therelore, more easily computed on the basis of the
carbon burned at the tuvére. Hence, heat requirements are based on
the reduction of 1 pound of P»0;, while the net heat available for this
reduction is based on the combustion of { pound of carbon to carbon
monexide. The following tabulation shows a typical ealeulation in
which test 7 on the Iarge furnace is used as an example.

Henrth head required per pound of PyO; reduced: B.tou
@, For reducing phosphates. . oo i ams 4, W7
2 or stperheating 810g. .. o C o min e o e cdmr— e s 662
s Fotal bearth hend reguired. ... e e . 829

Hearth heat available per pound of earbon borned at the tnyére:
Heat supplied:

. Byeombustion of Cto CO_.. _ . .. ... .o o . ... 4014
(s By sensible heat of biast inciuding woisture, 1,467 F _ .. 2,077
s Tota! ieat supplicd. .. oot ione e e iannae . .. 6,001
Hesl nat availuble in hearth: - T
f};  Lost by radialion and conduction:
i) From hearih to eooling water... _. . o . ....- 1,031
s Usoed Tor redueing blast moisture, H 0.0171 .. .o ... 306
s Carrigd oul of reduction zone: !
(n} Bg the products of combustion ... . .. ... 3, 095
(03 Ny the products of moisture decomposition. ... 45
(G Toilal heal unavailableo. ... ... R e 4, 77
Qu Net available hearth Weat, ffa—Quoe e cee e vecon oo IEIE
Carbon required per pound of PoO; reduced: Pounids
¢; For generating heal, QaQu.. . . ciciiicaoasaa o . 30190
Cy For redueing biast moisture, .0657 ¢y _ Lo L. L2005
*y  For redueing phospliates. . . . L4225
o, Total carbon reguired. S S .41
Coke ? required per pound of P.0Qy reduccd:
—_— N L AT - 1 .
' Coke consumption =Eus=mm oo . oo. . eeeiaoeoas 1. 30

1 Bensilde heat of the mieets products of combastion and meistizee decomposilion it the sesibils
heal of the carbon from which they were derivel,
« §r-percent ixed-carbon cake.

The coke consumption calculated in this manner includes the
total carbon required for supplying the heat, decompaosing the blast
moisture, and reductng the phosphates.

Q) 1s the hieat of reduction of 1 pound of .0, as preseut in phosphate
rock. The value taken, 4,167 B. t. u. per poundl, is that represented
by the slope of line ¢ in figure 13.

Q. is the heat required to heat the slag from the critieal temperature
of 2,255° 1. to 2,687°. 1t is equal to the amount of slag formed per
pound of P.Osreduced, 5.57 pounds in test 7, multiplied by the mean
specific heat of 0.275 at these temperatures and by the temperature
difference of 432°,
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@, is the total hearth heat required per pound of P,0O; reduced.

¢, is the heat evolved on burning 1 pound of carbon to carbon
monoxide.

)5 is the sensible heat of the meist air required to burn 1 pound of
carbon. ¥For convenience the sensible heat of the dry air required
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to burn this muci: earbon and the corrections to be added for various
humidities in order to obtain @; at any blast temperature are shown
in figure 14.

@ 1s the total heat fost by radiation and conduction, ¢, is the heat
lost to the cooling water. In these tests the entire surface of the fur-
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nace from the bottom of the tuyére brest to the top of the bosh was
water-cooled. _ _
Qs 15 the heat used to reduce the blast moisture according to the

reaction: _
HO4+C=CO+MH,

1t is equal to 4,662)¢3.843, or 17,915 B. t. u. (45, v. 3, p. 181 ; 889, p.
330) multiplied by the humidity, in this case 0.0171 pound of water
per pound of air,

2 1s the differencein the sensible heat of the bosh gas leaving and
that ol the carbon from which it wus derived entering the reduction
zone. For convenience this quantity has been separated into (1) the
difference between the sensible heats of both the carbon monexide
and accompanying nitrogen resuiting from the combustion of earbon
with a dry blast and the sensible heat of the carbon consumed in the
combustion reaction and (2) the difference between the sensible heats
of both the carbon monoxide and hydrogen resulting from the reduction
of the blast moisture and the sensible lieas of the carbon consumed
in the reduction. g, hns a constant value of - 280X3,180

: © et o SO : 2,891 (2% 0.03843Y
or 3,095 B. t. u., for dry air per pound of carbon burned at the tuyere,
3,180— 3,005

b 15 cqual to ety or 8, 500 B, £, u., times the blast humidity.
‘ 0.0t ¥

In test 7, Qu is 8,500%0.0171, or 145 B. t. u. Q,, therefore, is
3,005+4145, or 3,240 B. t. u.

Qi 1s the net hearth heat available for supplying the hearth-heat
reqiiirements,

Cy is the amount of carbon which must be bumeod by the free
oxygen of the blast in order to generate the heat required.” In phos-
phate smelting it is the larger of the values obtained by dividing (1)
the hearth heat required for reducing 1 pound of PoQ; by the net hearth
heat available from 1 pound of carbon hurned at the tuyere or (2) the
total heat required for reducing 1 pound of PO, by the net total heat
avnilable rom 1 pound of carbon burned at the tuyére. 1In this case,
as in most phosphate smelting, it is the former.

(" is the carbon required by the moisture-reduction reaction given
above under ifem Q. Tt equals 3.843 times the humidity expressed
in pounds of water per pound ol dry air.

Cy is the carbon required for the phosphate-reductien reaction.
Regardiess of the composition of the phosphate rock the carboun ve-
quired for recduetion is determined by the equation:

P05 +5C=14P+4-5 ('O

Thus (% is constant and equals 0.4225 pound of carbon per pound of
.0, reduced.

"Fo obtain the coke consumption the total carbon requirement, a,
must be divided by the percentige of fixed carbon in the coke used.,

An examination of the above tabulation indicates five ways lor
decreasing the coke requirements of the phosphate blast furnace:

(1) The slag-superheat requirement ean be lowered by decreasing
the slag volume, This ean be accomplished by uging a richer ore
or by Teducing a larger percentage of the P20; in the charge.  Tn test 7

9THO —AT——5
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only 70 percent of the total P.O; was reduced. Here asin most other
tests the furnace was purposely overburdened. A reduction percentage
of 90 should be a conservative estimate on a properly burdened furnace.
In fact, one of the tests on the small experimental furnace shows 30.6
pereent reduction (61, p. 225), ‘The sing-superheat requirement is
approximately 13 to 14 percent of the total hearth-heat requirements
so that a drastic reduction in slag volume would be necessary before
any material change in coke consumption could be expected.

(2} Coke consumption may he deereased by drying the blast.
The coke consumpiion for u dry blast may be reudily defern:ined by
making the proper changes in items s, @s, @, and Ghof the tabulation.
On changing these items to correspond to o dry blast, a coke consump-
tion ¢l 3.39 is lound, ascompared with 4.39 fora blast humidity of 0.0171.
For a biast humidity of 0.01 a value of 3.94 is obtained. At higher
blast temperntures, however, the mapnitude of thissoving would be less
beeause of the smaller amount of wind blown per unit of heat supplied.
The advisability of drying the blast depends upon the relative value
of the coke saved amd the cost of producing the dry blnst.

(3} In these tests the heat fosses 1o the cooling water amounted to
more than 16 percent of the total heat suppiied.  Most of this heat is
lost from those portions of the furnace where phosphate reduction is
taking place. Consequently nny decrease in this loss would result in
increasing the available hearth heat by the snme amount. In the
iHlustrative caleulution sbove, this heat loss (@) was 68.1 percent as
large as the available hearth heat (@,). If the heat loss could be re-
duced by a hall, the carbon burned at the tuyore would be reduced by
1—;%%6; or 25.4 pereent, and the coke consumption weuld become
3.46, or a saving ol 21.2 percent in the coke required. At higher
blast temperatures this saving would decrease in relative importance,
since @ larger portion oi the hieaf input would come from the sensible
hent of the Blast,  Decreasing the hearth-heat loss offers un important
means for reducing the coke consumiption.  An increase in furnace
size should decrease the bosh-hent losses considerably because of the
deerease in the ratio ol bosh wall arvea to bosh volume., Tuyére hent
losses, however, depend more on hot-blast temperature, combustion-
rone tempersture, and velocity of the blast.  The blowpipe and tuyére
were lined with Armstrong insulating brick prior to the experiments
of June 1933, in order to reduce the loss of heat from the blass.  Buch
insulation would be particularly advantageous when extremely high
blast temperatures are used.

In actual commercial practice, these heat losses from the bosh are
considerably less than in a small experimental furnuce. Recently
Marshall (43, 44) mensured the cooling-water losses on some British
iron blast furnaces. They ringe [rom 150 to over 400 B. t. u. per
pound of carbon burned by the biast, which is much lower than the
average of 940 B. t. u. found in this work. The higher blast temperas-
ture in use here would aceount for some, but by no means the msjor
portien, of this difference. The estimated bosh-lieat loss of 750 B. ¢. .
used for calcnlating the coke requirements for a commereial phes-
phate furnace {p. 42) may scemn unreasonably high in view of this,
but it must be remembered that hot blusts runging from 2,000° to
3,000° F. are anticipated, and it scems advisable in general {o use a
conservative value.
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{4) Coke requirements can be lowered by increasing the sensible
heat of the blust. Theoretically the carbon monoxide in the top gns
will supply more than two and one-half times as much heat as does
the carbon from which it is formed. Mence, potentially there are over
10,000 B. t. u. per pound of exrbon burned that ean be converted into
sensible heat of the blast.  In actual practice this quantity is limited
by the tempernture to which the blast can be heated conveniently.
Blast temperatures in excess of 2,000° F. have already been used.

In figure 14 the sensible heat of the air blast required to burn t
pound of enrbon is plotted agninst the blast temperature.

It 1s at once evident, therelore, that the principal opportunity Tor
reducing the coke requirement lies in an increase ol the blast tempera-
ture. Blast temperntures of 2,000 to 3,000 F. should lower coke
requirements per ton of P.0; reduced to 2) and 1% tons, respectively,
Tt must be emphasized that approximately one-hall ton of eoke is
required chemienlly for the reduction of 1 ton of P.Q;, regardless of
the use of higher temperatures or other means for incrensing the ther-
mal efficiency. Thus the coke from whiceh the required heat is ob-
tained is roughly 2 and 1Y tons, respectively.

(8) An additional way for lowering coke consumption in some
instances woukd be to use an oxygennted binst.  This would decreaso
the volume of nitrogen passing through the furnace and thus lower
tie neb heat earried up the shaft by the bosh gas (@ of the tabulation
on p. 31).  Tigure 15 shows the variation in the available shaft heat
with variation tn composition of the blast.

For example, s pure oxygen blast would reduce this hent {from
3,180 to ‘%']-{%9: or 1,071 B. t. v, It is important, however, that the
net available shaft heat equal or exceed the heat required Tor pre-
heating the stock, evaporating the moisture, and caleining the car-
bonates; otherwise, high-temperature heat available for phosphate
veduction will be diverted to this use. With an oxygen-enriched
blast less heat is carried into the furnace ns sensible hent of the blast,
and this must be taken into account in obtaining the net hearth heat
available, This becomes inereasingly important at high blast tempera-
tures, as do also the shalt-heat requirements, In fact, when ]l)lnst,
temperntures ahove the eritienl temperature are used, oxyeenation
would be a detriment regardiess of whethier or not the shalihent
requirements were being met, beenuse the sensible heat of the blast
above this temperature would be used in phosphate reduction.
Theoretically, it would be advantageous to add nitrogen to the blast
i this case.  Consequently, lower coke consumption will be obtained.
with # high-temperature air blast than could be attained with an
oxygennted blast.

From the above considerafions, it is ovident that the hot-blast
stoves wre of considerable importance. In the iron blast-furmace
plant the stoves are both larger ind more expensive than the furnace
stack itself.  In good practice they may give blast temperntures
between 1,400 and 1,608° I, The high cost of the stoves is due largely
to the specially shaped firebrick checkers used as the heat-transfer
medium.  Tn an experimental installation the greatly increased heat
losses would seriously lower the blast temperature attainable from
this type of stove. Furthermore, funds were not available for install-
mg such sn elaborate stove assembly.  From necessity, a better and
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cheaper type stove was devised. The stoves used, described on
page 13, gave during test 6 an average blast, temperature of 1,580°
in spite of the high heat losses due to their small size and to the malke-
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shilt liot-blast valves. The initial drop in blast pressure amounted
to less than 1 ineh of water. Cleaning was effected by removing the
inexpensive river gravel and replacing with new gravel. 'Fhese stoves
had the further advantage of supplying a blast of fairly uniform
temperature. Figure 16 shows the record of a test period during which
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blast-temperature readings were taken at l-minute intervals, This
period immediately followed the completion of test 7.

Caleulations of redueed heat losses that may be reasonably antiei-
pated on a lnrger installation indicate that blast temperatures in excess
of 2,000° F. should be easily attained with this type of stove filling,
In fact, temperatures of 2,400° appear to be possible without resort
to & more refractory heat-transfer medium than ordinary river gravel,

In the early development of the phosphate blast furtince, consicder-
able interest attached to the question of the degree of mechanical
contact hetween the phosphate rock to be reduced and the carbo-
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naceous redueing agent. In the Depurtment’s earlier work (75),
experiments were made only with briquetted charges. These briquels
were muie of finely ground phosphate rock and coke and were formed
under high pressure by the use of various binders. The use of briguets
in actunl commercint operation has been reported by Easterwood
(14, 13). In fact, it has generally heen accepted by those interested
in the development of the phosphate furnace that some preliminary
treatment of the phosphate rock was necessary. Any operation in-
volving the preliminary treatment of the rock before’its charge into
the funuce wdds to thie cost, wlhich is reflected in the ultimate price
of the [ertilizer material to the consumer. Preliminary rock treat-
ment, thereiore, to be justified must result in an equal or greater
reduction in some other item in the cost of operation,

In thiese experiments the phosphate, whether Tennessee blue-rock
phosphate, wushed Florida lund-pebble phosphate, or Florida pebble
phosphate matrix, was charged “as received.” These phosphutes
diffiered greatly in mechanical condition, sereen size, and moisture
content. 1t was not found necessary to use any particular care in the
menner in which the charge was put into the furnwce. The experi-
ments reported here when compared with the laboratory experiments
cited (31, 58) regarding the temperature at which phosphate is

e
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reduced by earbon and the amount of heat required by the reduction
(45, 58) do not indicute that a compensating rectuction in fuel cost
would result from any such prelimingry trentiment of the rock.

In actual operntion the relative proportions of the irreducible oxides
must be such that a slag of suitably low viscosity is formed. In the
ternary system lime-alumina-silies, however, the relative proportions
of these oxide consiituents may be varied over rather wide ranges
without the production of slags that exhibit & viscosity sufficiently
high to cause difficulty in furnace operntion (271). In these experi-
ments the ratio of lime plus magnesia to silica plus aluming in the
charge ranged from 0.82 to 1.12.° No effort was made to determine
the maximum or minimum limits of this base-acid ratie, but in the
range employed no effect upon furnace operation was discovered.

This investigntion of the smelting of phosphate rock in the blast
furnace has resulted in three conclusions of considerable engineering
importance: {1) That the fuel consumption may be greatly reduced
by incressing the temperature to which the blast is I‘flisedy; (2) that
run-of~-mine phosphate rock may be suceessfully charged into a phos-
phate blast furnace without preliminary freatment and that the
mechanical condition or grade of the roclc as charged is not particularly
impertant from the standpoint of fuel consumption or of furnace
operation; and (3) that the base-neid ratio of the charge may be varied
widely without any sacrifice in the thermnl efficiency of the process,

DETERMINATION GOF MATERIAL REQUIREMENTS

A careful study of the operation of the experimental furnace
described in this bulletin indicates that the phosphate blast furnace
has commercial possibilities in the fertilizer field. Although the
primary purpose of this investigntion was the study of the funda-
mentals of phosphnte smelting rather than the making of a detailed
cost analysis, certain lmportant items in such o cost annlysis can be
estimated from the data obtained. For exumple, the percentage of
phosphate reduced, the colke and [lux requirements, and the blowing
pressure have been determined,

The invesiigation has aiso developed an improved and cheaper hot-
blast stove. 1t has shown that the phosphate furnace may be con-
siderably shorter than the conventional iron furnnee. The shaft of
the phosphite fiirnnce need only be sufficiently high to provide for the
required heas interchange between the descending stock and ascending
enses, The mostsuitable type of phosphorus-recovery system, however,
1s still in doubt beenuse the limited time and money available restricted
the investigation of phosphorus recovery to one particular method.

Phosphorus recovery may be accomplished by two general methods:
Elementury phospliorus may be collected and subsequently oxidized
and hydrated to phosphoric acid, or phosphoric ncid may be recovered
directly without separating the elementary phosphorus from the
furnace top gas.

In the first method o large part of the dirt und fuine carried by the
top gas is removed by dust catchers, electrostatic precipitators, or
other suitable devices while the gas is kept hot enough (about 250° F.)
to prevens condensation of phosphorus, The gas 1s then cooled in a
spray tower to a tempersture sufliciently below its phosphorus dew
point {47} to condense most of the phosphorus. Under suitable

3 "Pha Hire-skilen ratio ronged from 112 1o 144,
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conditions most of this condensed phosphorus may be collected in
the spray tower, from which it may bhe withdrawn either as molten
elementary phosphorus or as solid particles suspended in the effluent,
water. The condensed phosphorus that is not retained hy the spray
tower may be removed from the gas stream by an clecirostatic
precipitator. If the gas is not well cleaned prior to cooling, a con-
siderable amount of dirt is caught with the phosphorus both in the
spray tower and the precipitator. If the gas is not well cleaned the
phosphorus is not so readily converted to phosphoric reid, but the
studge is much Jess hazardous to handle. '

The second method of recovery may be carried out in several ways,
The cleaned phosphorus-bearing top gas may be burned in the hot-
blast stoves. This procedure has the apparent advantage of returning
to the furnace both the heat of combustion of the phosphorus and the
sensible heat of the top gas. Actually, however, the fuel value of the
top gns by reason of its cerbon monoxside content is far more than
sufficient to produce the hot blast. The burning of the phosphorus
in the stoves has the disadvaniage that the amount of gas that must
be treated for recovery of the product is larger. With o top gas that
contains 40 percent of total carbon monoxide and hydrogen the volume
of gas is approximately 75 percent greater after combustion than
before. The burning of the gas in the stoves before removal of the
phosphorus has the further disadvantage that P.0; reacts with sili-
en'tes at high temperctures, causing deterioration of the stove lining
and heat-transfer mediuni.  This, In stoves capable of producing the
required high blast temperatures, would prove to he a serious handi-
cap to economical phosphate smelting.

The most promising method for recovery of the phosphorus di-
rectly ns phosphoric ncid from the top gas seems to be that of preferen-
tially burning the phosphoras, In this case, the dirt and fume are
removed from the gas, and then sufficient air Is admitted into the gas
stream to burn the phosphorus. The P;0; formed is removed as
phosphoric acid by scrubbing towers and an electrostatic precipitator.
The principal disndvantage of this method is that the gus line must be
acid proof from the point at whieh air is admitted to beyvond the
collecting devices. It also introduces the hazard that sudden failure
of the wind on the furnace might result in explosive mixtures of gas
and airin the gns lines. However, this is not a hew hazard since sinch
irregulurities are a source of explosions anyway,

In this investigation, only the collection of clementury phosphorus
mixed with furnace fume and water us a sludge was studied. The
results indicated that some other method might be better.

The amonnt of P05 actually recovered depends on the efficiency of
the various parts of the recovery sysiem as well as on the percentage
of the phosphate teduced. Some phosphorus wiil combine with the
iron present as an impurity to form ferrophosphorus, which may be
tapped from the bottom of the hearth and used as such or converted
into other useful products. A sample of ferrophosphorus made in
these tests contained 23 percent of phosphorus, indicating that from
5 to 8 percent of the phosphorus reduced may leave the furnace in
this form. With proper gas-cleaning and recovery equipment at
least 65 percent of the phosphorus in the top gas should be recovered.

The estimation of the actusl cost of constructing the furnace plant
and recovery system is left to the blast-furnace construction engineer.




40 TECHNICAL BULLEPIN 143, U. 8. DEPT, OF AGRICULI'URE

On the other hand, the material requirements can be presented here
with a fair degree of accuracy. In order to simplify the presentation
it was neccessary to fix several variables as follows: The lime-silica
ratio of the slag was assuimed as 1.25, & figure which had been found
satisfnctory in the experimental tests. The temperature of the top
gas was assumed to be 275° F, for the calculations based on total heat
requirements. For culeulations based on hearth-heat requirements it
was unnecessary to assume a value for the top-gas temperature
hecause the actual top-gns temperature will exceed that assumed for
the calculation of the total heat balance over the range of blast tem-
peratures for which the hearth-lieat requirements are the controlling
factors. In praclice small ercors made in estimating the total heat
requirements will be reflected in variations of the top-gas tempera-
ture from the assumed value.  Hearth-hent losses were fixed at 750
BB. t. u. per pound of carbon burned nt the tuyére in accordance with
the discussion on page 34.  Mantle-heat Josses were assumed to be
10 pereent additional, This is to be compared with shaft-heat losses
amounting to 3.7 to 15.0 percent of the total heat losses on iron
furnaces (48, 44). Slag was assumed to leave the reduction zone ab
2,687°.  The mean specific heat of slag was taken as 0.262 between
77% and 2,687°. The humidity was fixed at 0.01 pound of water per
poutdl of dry air, a value differing but slightly from the nverage
observed during these tests. Ninety percent of the phosphate
charged was considered to be reduced, which although higher than
reported in the present exveriments (table 2), is a reasonable value
to expect on o properly burdencd commereial furnace.

Coke consumption was caleulated in two ways: (1) On total heat
requirements and (2) on heorth-heat requirements.  As demonstrated
on page 35, the hearth-heat requirement determines the coke con-
sumpiion until the shaft-heat requirement exeeeds the heat available
in the bosh gas. Tor a given case the method that gives the higher
coke consumption is the one that is applicable. %‘ornmlly, coke
consumption may be cxpressed as a function of the sensible heat of
the blast and thus indireetly as o function ol the blast temperature
for each of the ahove methods of caleulation. Simultaneous solution
of these equations gives a sensible heat of the blast and consequently
& blast temperature above which total hent requirements and below
which hearth-heat requirements are controlling. This “eritical blast
temperature” dopends on the relutive amount of slag produced per
unit of P.O; reduced. Two examples are given, one for o washed
Floride land-pebble phosphate and the other for & low-grade Florida
hard-rock waste-pond phosphate. The analyses given in table 8
have been taken as representative of the materials.

TanLe 8.—Chemical analyses of materials *

Caom-
Muterind BiOp | AlOs | Cad | Fus | KO | N0 | P05 g Iiliniét
¥

Washed Florkhn tand-peb- | Fereend | Pereent | Pereant | Pereent | Percent | Percent | Pereent | Percent | Pereent
hlo zahospimto L 1N ] 2131 4850 |11 (%] 072 aned 583 G, 78

Florlin  hard-rock  waste-

powd pliospimted | 105 JEATT I L 3. 04 .48 L300 ] 22t 133 5.2

t Dbl nf 10 O,

? Free molsture us charped, 4.5 poreant.

rotal witer, orpante earlion, wmi abirogen, 657 pervent; moistlura us chimrged, 3.07 pereent. A vorage
aoalysis of 4 Floridn hurd-rock waste-poud pliosphates.  Ineol, 1, Marshal, and Hoyoolds (50, 51, 28).
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The washed Florida land-pebble phosphate, which is high in lime
with respect to silica, will require & siliceous flux, such as sond or
gravel, if a lime-silica ratio in the slag of 1.25 is to be attnined. The
siliceous flux was assumed to contain 95 percent SiQ.. Since the
waste-pond phosphate had a ime-silica ratio of 1.42 it was assumed
to be self-fluxing within the limits of reasonable coke consumptions.

In caleulating the coke consumptions on the basis of both the total
or hearth-heat requirements it was necessary to know the relative
amount of slag produced per unit of ,0; reduced, In order to osti-
mate this quentity the slag volume of ench material and its relative
proportion in the charge must be known or assumed.  The expresston,
slag volume, is used to represent the weight fraction of the material
charged that Joaves the furnace as slag.  On the basis of the analyses
of table 8 the slzg volumes of the materials were computed s 0.6391
and 0.7043 pound per pound of washed Florida land-pebble phosphate
and Florida hard-roelk waste-pond phosphate, respectively, a 90-por-
cent reduction of the P05 being assumed in ench case. The slag
volumes of the siliceous flux and the coke were taken as 1.0 and 0.115
pound per pound, respectively. The following tabulation gives the
slag volume calzulated for the smelting of n washed Flortda land-

pebble phosphate under the conditions assumed:

Stay roluine, poNmds I[m
pownd 1205 reducer

Washed Florida innd-pebble phosphnle

Siliceons fing Lo 1.120— 0.0GG i_C z
A15 €O

e B .. 3.3854-0.049°CC

t 81Qq, U5 percent,

1 £, coke consamplion.
¥ Fixed earbon, 87 percent.

In this easc ench pound of the washed Florids land-pebble phosphate
contains 0.3163 pound of P50; of which 0.9 X 0.3163, or 0.2847 pound,
undergocs reduction. The slag formed from this rock, therefore,

amounts 0 %ggg—;: ov 2.245, pounds per pound of P.0Q; reduced.
The siliceous flux required per pound of PO, may be culeulated as
follows: The ratio of lime charped to P.Os reduced for this rock is

h )
09__;323’ or 1.633. The silion requirenents are —]—1'%35, or 1.308, pound

where 1.25 is the lime-silica rutio desired in the slag. The rock itself

supplies %; or 0.242 pound, and each pound of coke charged sup-

plies 0.063 pound. Flence flux must be added in some form to provide
{1.306—0.242—0.063 £C) pound of silica per pound of P.0; reduced,
where CC is the pounds of coke charged per pound of P»O; reduced.
1.306—0.242—0.068 OC
0.95 » O {1120—'
0.066 CO), pound of flux must be added per pound of P,0; reduced.
The calculations of the coke required in smelting washed Florida
land-pebble phosphate are illustrated in the following tabulations.
In the first tabulation each item has the same significance as in the

If the flux is 95 percent silica,
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tabulation on page 31. The coke consumption is based on hearth-
heat requirements. The total slag volume, tabulated on page 41,
multiplied by the meon specific heat of the slag, 0.275, and the

degree of superheat, 432° F., gives 4004-5.8 {0, listed as Q,.

Hearih heat required per pound of P.0; reduced: 1 Bt u.
&: TFor reducing phosphates 4, 167

Q. For superheating slag 5.8 00+ 400
: Total hearth heat required 5.8 CC-F4, 507

Hearth heat available per pound of earbon burned ot the tuydre:
Hoeat supplied:
@y By combustion of G to CO
: By sensible hest of blast, including moisture

n  Total Lieat supplied

Heatl not available in hearth:
: Lost by radiation and eonduection:
(¢} From hearth to cooling water
Qs Used for redncing blast moisture, H=0.01
{4 Carried oub of reduction gong; 2
(4) By the produets of combustion
(b} By the products of moisture decamposition

the Total heat unavailable
@ Net available hearth heat, Qs

Cnarhon required per pound of Pu(k reduced: Poundy

€y For generating heat, Q./Q)y )_S_C;C;_+9;1@Z

C» Tor reducing blast moisture 0.0384 ©,
3 For reducing phosphates . 0.4225

¢y Total sarbon required 0.422541.0384 [L§_C’C'_;r4_~16_7
==

Coke ® required per pound of P04 reducsd:
G Coke consumplion, €087 oo %ﬁﬂg
0.87z—89
o I Bllnset} l;)}l;! Lho assampiion of g W-pereand reduetion of e phiospbedes aond o line-silivg ratlo of the ehorgs
l3§ert§l!>‘laailcnt of the gnzeous produels of conbuston and maliure decompositian minus the sensible
hent of the earbon from which they wore derivet),
3 §7-percent Axed-carbon coke.

The caleulation of the coke consumption on the basis of the total
heat requirement is given in the second tabulation and was made
principally to demonstrate that until blast temperatures in excess
of 3,000° F. arc reached the total heat requirement need not be
considered. In the range where coke consumption depends on total
heat vequirements these calculations become less accurate. The
many secondary reactions oceurring in the shafi must be considered
in detail. To include all of them is difficult and to determine to
what extent they are occurring is frequently impossible, In the
blast-temperature range where coke consumptions depend on hearth-
heat requirements all shaft-heat requirements are satisfied by the
lieat carried up the shaft by the bosh gas. 1t is only with the heavy
burdens made possible by high blast temperatures that the shaft
heat required exceeds that available and that totul heat calculations
become necessary.
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Total heat required per pound of P.0Os reduced: ! B4
, For redusing phosphates_ ... - __. 4
@ For produeing slag_ .. oo 33.5 CE+42, 301
Qs TFor vaporizing and removing water__._.____. 2.25 CC4+ 216
&y For caleining earbonates and removing CQq-_ - 360
@,s For removing CO and P resulting from redue-
tion of phosphates__ . oo oo 160
0y Total heat reguired . ..o o oo 35.75 CC4-7, 213

Hent nvailable for smelting purpeses per pound of sarbon
burned at the tuyére;
Heat supplicd:
Qs Total heat supplied (as in tabulation on page 42)_._ -4, 014
Heat not available for smelting purposes: rmmm—e
€: Lost by radiation and eonduetion:

{e) From hearth. __ e 730
(b} From mantle, 0.1X730 _ . .o 75
@: Used for reducing blast moisture, H=0.01_._._____ 179
&7 Carricd out in top gas:® .
fn) By the produets of combustion . ... 332
. (4) By the products of moisture decomposition___ 10
Qs Total hent unavailable. o o 1, 346
G  Not available heat, Q@yia-c cac v oo oo 42, 668
Carbion required por pound of Py, redueed: Founds
€ For generating beat, Qaf@uecae - o ceea o2 ﬁ%gﬂ
C:  Tor reducing blast moisbure__ oo ool 0.0384 C,
O3 TFor reducing phosphates_ oo ocvee ool 0.4225
= Fort
¢ Total carbon required. .. ._._ 0.4225 4 1.0384[35'7:'34_0,};&;'213
Coke? required per pound of PaOy reduced: !
0.42255 48,617

¢ Coke consumption, Cyf0.87 o oo oL 0872 12080

1 Rased on the agsuimyption of a 00-percent reduetion of the phasphales ang o lime-sitlea ratio of the charge
equnl Lo 1,25, i

1 Sensibile bert of Lhe gases derlvid from Lhe reaction of corhon wilh tho hlast. The sensihle hoats of
Lhe molsture removerl from the charge, of the C 0Oz derived from calcitnllon of Lhe earbonales, and of tha
€0 und Py produeed by phosphate reduelion have alrewtly heen sllowed far in Qu, Q. and Q).

187-poreent xed-carbon guke.

The items appearing for the [irst time in this tabulation are €, and
Q12 to @, inclusive.

Q;, is the hent lost, by radiation and conduction, from the mantie.

1o, the total hent required to produce the slag, is equal to the stag
volume tabulated on page 41, 3.365-0.049 CC, multiplied by the
mean specific heat of the slag, 0.262, and by the temperature interval,
2,687°—77° F,

Q,; represents the heat required to vaporize all the water in the bur-
den at the charging temperature, 77° ¥, and fo heat 1t to the tempera-
ture at which it 1s assumed to leave the furnace, 275° This was
found from steam tables (49) to be 1,127 B. t. u. per pound of water.

Q.; is the heat required to calcine the carbouates at the charging
temperature and to heat the carbon dioxide lormed to the top-gas
temperature. Fhe heat of calcination (45) was adopted as 1,739 B. t. u.
per pound of carbon dioxide lormed and the sensible heat (16, 34,
39) of this amount ol carbon dioxide between 77° and 275° F. was
taken as 43 B. t. u. Thus, @i equals the weight of carbon dioxide
produced by calcination per pound of P:0; reduced multiplied by
(1,7394+43), or 1,782 B. ¢t. 1.
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Q15 is the difference in heut content between 77° and 275° F. of the
phosphorus and carbon monoxide produced by the phosphate-reduc-
tion reaction. This correction is necessary since tﬁese products do
not leave the furnace at the temperature at which they were charged.
The value of 160 B. t. u. per pound of PyOs reduced was taken for this
quantity.

¢}; is the sensible heat of the products of combustion and moisture
decomposition that lenve the furance in the top gus.

s 1s the total hieat supplied less such heat losses nnd consumptions
as are more conveniently computed on thie basis of curbon burned at
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Fravie 17— EifecL of the sirdilest tonpemture on the esiimated nmonat of 8e-percemy Axed-carhon eoke
requived per potad of P20y reduged in a phosphate blast fraace simelting washal Florkis lnnd-pelible
phesplite witl s stifeasts s, Humidivy, 0.0,  Ment lasses por potndd of eartina burned ae the Diver
Froma besrth Lo confing wirker, 750 B .o aned from wimatle, 75 BoLone Coeve w is besed an hiph-tem-
perniitre ot requirements; ciarve § is based on potal hieap requiseiments,

the tuyére.  Itis the net heat per pound of earbon burned at the tu-
yéres that is available to meet the heat requirements of the items con-
stituting Q.

The relation between the weight of 87-pereent fixed-carbun coke
required for smelting washed Florida land-pebble phosphate and the
air-blast temperature is given in figure 17.

The solid curve (2) of this figure represents the coke consumption
based on hearth-heat requirements and was detived from the coke
consumption equation of the tabulation on page 42. The brolken
curve (b) was sinularly derived from the tabulation for the total heat
requirements. Simultaneous solution ol these two equations as de-
scribed on page 40 gives a point ol intersection equivalend to an air-
blast temperature of 3,152° F_, above which the total hent require-
ment becomes the controlling lactor.  This figure clearly demonstrates
the necessity for high blast temperatures if low coke consumptions
are to be attained.
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In order to compare probable coke consumptions in smelting rela-
tively low-grade phosphatic rocks with those for the above washed
rock, the hearth and total heat requirements for a Florida hard-rock
waste-pond phosphate were caleulated. Since in this case no flux is

0.7043 ,
09 0.0051 +0-063CC,

to be ndded the slag volume of the charge is
or 3.4164-0.063 (',

The ecalculation of coke consumption in the smelting of & sell-
fluxing Florida hard-roclk waste-pond phosphate on the basis of hearth:-
heat requirements, using the same assumptions as for the washed
Florida Iand-pebble phosphate, is given in the tabulation below.
Hearth hent required per pound of P,0; reduced: ! B.tu

€4 For reducing phosphates 67

41
¢: For superheating slag 13.7 U4 406

@5 Totul hearth heat required

Hearth heat available per pound of earbon burned al the tuyeére;
; Netavailable hearth heat{asintabulationon o423 z—895

Carbon required per pound of Py redduced: Pounds

13.7 OC 4 4,57
7 For generating heat, GyfQy Lf’_c%i!i”—s

{» For reducing blast woisture 0.0384
(3 For reducing phosphates 0.4225

(. Total carbon required 0.4225-;-1.0384[1--3‘2—%%;;;'—"&]
Coke? reguired per pound of P05 reduced:
TT Coke consumplion, C1/0.87

! Rased oo the assumption of n 90-percent reduction of tha phosphates,
! av-wercent fixed-cartron coke,

0.4225z 54,799

Similariy, the coke consumption ealculated on the basis of total
heat requirements is:
Total heat required per pound of #.0; reduced: ! At
{,  Tor reducing phosphates . 4167
th: For producing slag 78.6 ('C-+2,336
For vaporizing and remeving water.__________ 225 CC+ 513
Fer caleining carbonates rad removing C0.___ 115
Forremoving CO and P, resniting from reduction
of phosphates 164

Total heat vequired. ... _______________ 80.85 CC+ 7,261

Heant nvailabie for smelling purposes per pound of carbon burned nt
the tuyére:
Qs Net available heat (as in tabulation on page 43) 42,668

Carbon required per pound of PO, reducid: Pounds
+ o tres e 80.85 C'C+ 7,201
¢t For generating heat Q16fCQse =+ 2,608
(> For reducing biast moisture.. . __________ 0.0384 ¢,
Ci For reducing phosphates 0.4225

. 80.85 CC+7,291
0.4225+1.0384 W]

0.4225z -4 8,698
0.B72 1+ 2 237

¢ Fotal earbon required
Coke? required per pound of PaOs reduced:
C Coke consumption, C,/0.87

Nased on Lhe nssumption of ¢ @-percent. reduetion of the phosphates.
TE-percant fixed-carbon voke.
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The relotion between the coke consumption and the blast tempera-
tures, as derived from the coke-consumption equations of these
tabulations, is shown in figure 18.

Simultancous solution of these cquations shows that the blast
temperature above which the total heat requirement is the controlling
factor is 3,142° F., as compured with 3,152° for the washed land-
pebble phosphiate. A comparison of figures 17 and 18 shows that the
grade of reck used had little effect on the coke consumption for a
given blast temperature.  The reason for this is thabin each case there

1

25 E T LIS 5

COKE CONSUMPTION

COKE CONSUMPTION

|
2000 3000
L]
BLAST TEMPERATURE (°F)
Fraeus 15, Eifecl of (he air-blast lemperature on the estimated ntnounl of 85-pereent fved-corbon coke
required per onnd of PeQq reduved in n phosphate Dinst furneee sneelting & selftuxing Florido lard-rock
wasto-pand phiospimte.  Tlemidity, 000, Heat fosses per poumd of carhon herned ot tie tayee: From

Lionrtdy 16 cooliog water, V50 B, Lo awd frons mmaptle, 6 B. 1w, Curve & i5 bised on high-temisys-
Luere fond renuiceinents; curve b s based on {olnd heat refquiretnenis,

was an excess of shalb heat so that coke consumption was determined
by the hearth-heat requirement. The only factor i the hearth-heat
requirement that differed in these cases was the slag volume.

Table 9 gives & concrete example of the estimated coke and material
requirements for the smelting of Florida phosphates. Inspection of
this tuble shows that, with air-blast temperatures of 1,000° ¥. or
over, only 0.01 to 0.04 ton, or not over 1 percent, more total 87-
percent fixed-carbon coke should be required to reduce 1 ton of P:0;
in the Florida hard-rock wasie-pond phosphate than in the washed
Flovida land-pebble phosphate. The washed Florida land-pebble
phogphate, however, also requires from 0.8 to 1 ton of a siliceous flux,
whereas the Florida hard-rock waste-porul phosphute is setf-fluxing.
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Tasrue 9.—stimated maleriel requirements in phosphale smeliing per fon of Pally
reditced

Wiashed Floritda Iand-pehbic Finrida bard-reck

pligsphira 3 Dwagte-pond phnsph-uo 1
Binst tempernture 7 17F ) SR ST
§ +
oke ! I Phasphate | Gravely ;. "okes Phosphate
i R (S
. Tons | Tonmx H
... e .45 ¢ 308 0
5000 . - e A 3 5.
150 3.9, 3.685
2000 - 345 3, 6%
o S LK 3. A

1 Nased on Wnhalations of pp. 42 ool 43, 'msumim ﬂu-m-rcﬂm reduction nf the phosph'ue
1 Blast huanidity, 0.0 prund of water per pound of air.

* Aqnniysisas given in table 8.

1 Fixed carbon, A7 percent.

2 2i0);, 95 pereent.

From the above tables, tabulations, and figures, obtained in the
determination of tbe material requirements for ;)haqphato smelting
and based on the interpretation of the resnits obtained from operation
of the experimental furnace, 1t is at once evidens that, with a satis-
factory method for converting the phosphorus of the top gas to phos-
phorie acid before recovery or with a move satisfactory “method for
I{‘C‘{)\ ering 1..e elementary phosphorus than was used in these investi-

gations, Plast-furnace methods for the production of phosphatie
Tertilizer materials offer attractive commercial possibilities.  Air-
blast temperatures of 2,000° F. and above, which should be readily
and cconomiecally nttainable by means of i ungnm ed stoves of the type
deseribed, are particularly advantageous because with them the total
coke requirement should be reduced to less than 2.5 tons per ton of
Po0; reduced.  The preclenning of the top gas for the removal of dirg
and fume followed either by preferential oxidation of the phosphorus
with h\'(h.ttlon to phospharic neid, or by coundensation and direct
recovery of the phosphorus for %ubsequent oxidation and hydration,
appears to offer the best solution to the problem of recovering the
product.

POTASH SMELTING

APPLICABILITY OF THE BLAST-FURNACE PROCESS

Potash smelting i= a volatilization process that occurs without
reduction. This i3 in contrast to phosphate smeliing, which is a
reduction process.  In both cases the desired products leave the
furnace in the top gas; in potash smelting as o fume and in phosphnte
smelting as a gas.

The o:}lv potaah ore used in this investigation was wyomingite, an
igneous rock containing several potash-berring minerals, chief of
which is leucite (i\ok} ‘\I-,Oa 4310 (72). W 'ommcrltc is found In
extensive deposits in the Leucite Hills of Sweetw ater County, Wyo,,
and as mined contains from 8 to 12 yercent of potash (ho(_)) It
cannot be readily concentrated, since its constituent erystals are
microscopic in size.

Laborstory studies carried out in a small electric Itnnn(‘c have
shown that the volatilization of petash from wyomingite is increased
by the addition of such substances as calcium chloride, caleium car-
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bonate, calcium fluoride, and sodium chloride (42). Prectically com-
plete volatilization of the potash was observed when mixtures of
wyomingite, caleium carbonate, and caleium chloride were heated at
2.750° F. for 1 hour. It is supposed that urider these conditions the
potash escapes as the chloride and carbonate.

Thermal date on the various possible volatilization reactions are
meager, but secem to indicate that the heat of resction s small, T
may be either exothermic or endothermic, depending on the reaction
considered. The principal heat requirement for potash volatiliza-
tion, therefore, is that for raising the furnace charge to temperatures
at which the pofash will volatilize. Since the blast Turnace is well
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adapted to the heating and slagging of mnterials it should be readily
applicuble to potash-volatilization processes.

DESCRIPTION OF EXFPERIMENTS AND PRESENTATION OF DATA

The experimental procedurce and observation of Turnpee-operating
variables were almost identically the same in the potash as in the
phosphite smelting tests on page 19, Opera ting conditions, however,
were different. The amount of slag produced per unit of Tuel was

reater. At the same driving rate and with approximately the same

ushing intervals larger volumes of slag were retained in the hearth
between flushes. Collection of the potash fume could be made from
the top gas at higher temperatures. The downcomer and gas lines
were subject to more {requent stoppage, and the furnace was inclined
to “hang.” Figure 19 shows typieal top-temperature and stock-line
records during normal operation.

Three series of experimentswere made on the smelting of wyoming-
ite as follows: (1) August 2 to 5, 1032; (2) August 16 and 17, 1932;
(3) August 29 to September 3, 1932, inclusive. The plant was
altered slightly between each run.

(1) Run of August 2 to 5, 1932. In this run the gas-treating sys-
tem, furnace, and stoves were the same a8 during the phosphate run
of June & to 10, 1932 (p. 21). This run was characterized by hi gh
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furnace top pressures because dust and fume clogged the 4-inch down-
comer and the spray-tower inlet. This run was terminated because of
fﬂ.}.llty precipitation and the frequent stoppage of the spray-tower
inlet.

(2) Run of August 16 and 17, 1932, The potash-recovery system
consisted only of the Multiclone and preeipitator during this run.
The stoppage of the gus lines was less serious than in the previous
run as a result of removing the spray tower from the gas-cleaning
circuit. Stock-line measurements showed rather frregular descent
ol stock in the furnace, and some difficulty was experienced in obtain-
ing proper seating of the bells after a charge hiad been made.

(3) Run of August 29 to September 3, 1932. Before this run was
started the double-bell assembly was replaced by o single bell. The
crushed firebrick filling of the stoves was also removed and replaced
by washed and screcned river gravel (p. 14). The gos-cleaning equip-
ment was left unchanged. As in previous runs some trouble was
encountered with downcomer stoppage and low precipitation
efficiency.

The ‘hiree series of experiments have been broken down into test
periods during which operating conditions wero substantinily uniform.
The operating duta for these periods are reported in table 18,
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The compositions of the materials are given in fable 3 {p. 24).
The wyomingite charged was crushed to pass o I-mesh and be retained
on a 4-mesh screen. It contnined 2 percent of water as charged to
the furnace.  The caleium chloride, which was charged in flake form,
contanined 76.53 percent of CaCl, and 23.5 percent of water. The
slag volumes per round reported in table 9 were obtained in the
manner described on page 23,

Tables 1t and 12 show the amounis of earbon used tn the various
furnace renctions. The ifems of table 11 were calculated as deseribed
on page 24,

Tapne 11.—Polush Mast-furnace carbon balance

[Pounds of earbon per roomd]

Frpmt (ST ELLES
Tt i Useed for | Deriverd | 1‘nnc-i
s A, . - A 3
e Figiul- | Carbng Burned | ddecom- Irom cal- m;:,’;!f.(
eartion A% CRT- Total | by Osin 710SIDE cinating Totad
it roke | hopates binst | blast mois-|  of cur-
ture boiites
i 3 ) 1 + i v & W

Pawnids | Poands | Pewnds Poundy Fournds Poomds | Potinds
r b

i T 1 S S 3L 10,50 e 7. 55
2 TS O 5588 4, o .80 8,50
3 T s LAl NE B Rt 8.1 542
fi i Fi, w0 S0, 5n 2,34 it 58 415
h Th. U 1, Sip ML R o3 10, &6 U,57
X Eh 13,42 3,38 1242 7.8
i Fib i LR 3.0 =11 Lo
i} ThoHh LI 2,8% 14, &0 V.
i1 LI 3, Mih 3. 84 0. 50 0. 70
12 THAN 1242 4. 40 122 —i.67
©ime t errors of apaiysed and ondetermined reduction reastions feolumn & minns colutig b,
Tawnn V21 tlization of fized carbon in the polush bloal furnace
H . L {';m fur . ! 11594 fr
3o Burned | deentins |, _1 Unag- Burned | decom- Tnae-
Tost i | by Oein | posine '\;fj"}f,';l enitied |} Teskno. | By Gsin | posing "\Zfﬁ;’:t‘ connied
' hiust hilust for: kst hrlsk ford
FECsLre pleistire
— e !
: 2 1o « 1o 1 4 3 3 5

Ii’errm.' Pereent | Pereend Percent | Pereeni | Pereent | Percent
i B 4, &

1 [} ENL] i, bR 42 W, 16 . 54
4 [ ] 5,55 91,11 4234 5. ig Pe. 40 o 5t
E [ 5.3 ) St 3,4 9. U i, 0%
[ CONABY 2,97 Byl sl 2y 4.74 B5. 03 07
h poo et EN LT

i, 41 578 WLy =1y

e Do de eveors of mdysis and ondetermined reduetion reactions,

In the phosphate runs practieally oll the carbon vharged could be
accounted for. In the potash runs, however, an average of 0.38
percent was used in some unaceounted-for manner.

Table 13 gives the total heat balances for each of these tests on
the basis of 1 pound of curbon burned at the tuydre,
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A comparison of table 13 with table 12 shows that, in gencral, the
amount of heat unaccounted for is roughly proportional to the
amount of carbon unnceounted for, This is discussed lurther on
page 54.

[INFTERFPRETATION OF RESULTS

In potush smelting there seems to be no relntion between the ned
heat supplied and the amount of potash volatilized. When these
quantitivs were plotted in a manner similar te that shown for phos-
phate smelting (fig. 13) they Iailed to show any corrclation. This
can only be interpreted to mean that the nmount of heat involved in
the volatilization reaction was too small to be detected, which sub-
stantiates the theoretical considerations on page 48 with regard to
the magnitude of this quantity.

Since the amount of heat required for the volatilization renction
is too small to be detected, the hent used to supply the hearth-heat
losses and to reduce the blust moisture is the major high-tempera-
ture heat requirement for potash smelting.  Molten slag is removed
from the hearth at high temperatures, but only & small part of the
sensible heat involved is high-temperature lieat because of the
countercurrent exchange of heat between the slag-forming materials
and the bosh gas in the lurnace stack.

In potash smelting, therefore, the coke consumption 1s determined
by the totel heat requirements of the process and not by the henrth-
hewt requirements as in most phosphate smelting, As in all blast-
furnace processes where coke-consumption ecalculations nre per-
missible on the basis of total heat requirements, the only restriction
is, that, alter allowanee has been maede for the heat lost by radintion
and conduction and used to decompose the blast moisture, the
temperature and the hent content of the combustion products shall
be sufficiently high to slag the charge.

The follewing tabulation, showing the estimated coke consump-
tion for test 2, 1s an example. The method of culeulation is roughly
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analogous to that used to obtain the total heat requirements of the
phosphate furnace (p. 43).

Total heat reguired per pound of K.0 volatilized: B.tow
G2 For produeing slag- ... .. ___ ... 11, 590
&3 For vaporizing and removing water

Qlﬁ

Heat available for smelting purposes per pounel of enrbon buraed at
the tuyvere:
Heat supplied:
@, By combustion of Cto CO____..__ ... _._._.__. ..
25 By scensible heat of blast including moisture, 934° I

@ Total heat supplied

Heat not available for smelting purposes:
&: Lost by radiation and conduction:
(o) From hearth to cooling wafer
@ From mantle, estimated as 0.1 806
Qs Used for reducing blast moisture, H=0.0168._..____. ... .
@ Carried out in top gas: !
(e} By the products of combustion.._._._. . _
(0) By the prodiuets of moisture decomposition .
Qu Used for direet reduction

Qi Total unavailahle heat
the  Wotavailable heat, Qe— Qs oo oo

Carbon required per pound of K,0 velatilized:
i For generating heat, Gt o . __
€y For reducing blast meisture, 0.0646 )
€3 For unexplained direct reduetion, 0.0004 C,__ . ____ .-

;. Tolal earhon required
Coke * required per pound of K,0 volatilized:

C'C Coke consumption, C,/0.87

3 Sensible heal af (he goses derive] fram reaction of earbon with the blast. The sensible heat of Ehe
moisture remived from the eharge nnd of the COzderived from ealekation of the curhnnates has already
Loon glinwed foar in @ adl gy,

Thv-percent flxed-earbon cake.,

The ealeulated value of 10.18 pounds of coke consumed per pound
of N.0 volatilized differs from the gqbserved value of 10.8 by only
5.7 percent, which is well within the limits of error.

The items contnined in this tabulation were evalunted as follows:

Q7 1s the measured heat loss to the bosh and tuyére coolers, to which
an acditional 10 percent hes been added for shaft-heat losses. This
estimate is justified by the ohservations of Marshall (43, 44) oun iron
blast Turnnces where he found that the shaft-heat losses averaged
about 11 pereent of the cooling-water losses.

(J5 1s cnleulated in the same manner us on page 33.

@2, the heat required to produce the slag, is equal to the amount
of slag formed per pound of K.O volatilized multiplied by the mean
specific heat, 0.262, and by the difference between the temperatures
at which the siag-forming materials entered, 77° F., and at which the
slag wus assumed to leave the furnace, 2,687°.

iy is the heat used to evaporate the water in the charge and to
heat it to the top-gas temperature. 1t was culeulated in the manner
described on page 43.

Qu, the heat used to ealcine the earbonates and to curry the result-
g earbon dioxide out of the furnace, was culculated in"the manner
described on page 43.
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Q)7 is the sensible heat of the bosh gases leaving the furnace. In
these tests this value is too low because the thermocouple was placed
in the downcomer instead of directly above the surface of the stock.
This may have caused a considerable error beenuse tho whole cross
section of the mantle was exposed to an uninsulated water-cooled
top and most of the heat lost to this cooler came from the sensible
heat of the top gns and was not measured.

Qx Represents the heat used in_uninown reduction reactions
(see C; below) and is equal to 6,000 B. . u. muliiplied by the value
for C:. A plot of unaccounted-Tor carbon per pound of carbon burned
at the tuyeres (table 12, column 5) against unaccounted-for heat on
the same basis {tuble 13, column 12) showed that they were roughly
proportional and that 6,000 B. t. u. was n reasonable assumption for
the heat of these reactions.

C, and Cs are explained on pnge 33.

(, is difficult to account for. The top-gas analyses showed that
moro cnrbon-containing gases were present than were gencrated by
combustion, caleination, and blast-moisture reduction. In test 2 the
excess was equivnlent to 0.0994 pound of carbon for each pound of
earbon burned by the blast, This excess could only rosult [rom reduc-
tion renctions. Two such reactions ave:

1‘102034_30:01}‘0'{_300
C0,+C=20C0

The wyomingite contained 4.87 percent of Fe.Oy, which, if completely
reduced to metallic iron by solid carbon, would have required 1n test
9 only 0.0265 pound of earbon per pound of carbon burned at the
tuyare.

Carbon would be used by the second reaction il any calcination
were to take piace at temperntures exceeding about 1,850° F. At this
temperature, this renction is supposed to proceed at a sufliciently
high rate to result in a noticeable carbon consumption. Although
this temperature is above the normal dissocistion temperature (about
1,650°) (45) of calcium earbonate, the rate of stoek descent and the
rate of caleinntion were such that some caleination may possibly have
oceurred ab temperatures where the carbon dioxide would have been
reduced by earbon. This would decrease the carbon dioxide concen-
tration in the top gas below that required by the earbonates charged.
On the average, sufficient earbon dioxide was present in the top gas
in these tests to account for all the limestone charged. No definite
conclusion can be reached, therefore, as to how this excess carbon was
nsed. 1t is reasonably certain, however, that the carbon was con-
sumed in direct reduetion and that a corresponding amount of hent
was absorbed {p. 52).

Any decrease in the heab requirements or increase in the net heat
supplicd would permib the charging of » heavier burden and pre-
<umably result in a decrease in the coke consumption per unit of
K,O volatilized. The most obvious method for decreasing the coke
consumption, aside [rom increasing the blast temperature, would be
that of replacing the limestone flux by burned lime and thereby
climinating @, which amounted to about 38 percent of the total
hent requirements, This can be accomplished at o low cost by burn-
ing the limestone with waste blast-furnace top gas as fuel. The
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replacement of limestone by burned lime would also remove the
possibility of the consumption of carbon in the reduction of earbon
dioxide and thus, perhaps, eliminate the heat used in the unknown
reduction reactions. The coke consumption would also be decreased
by drying the blast, decreasing the heat losses, and increasing the
blast temperature, but not nearly so much as in phosphate smelting,

Since the amount of available hieat determines only the amounts of
materials that can be slagged and not the amount of potash volatil-
ized, the question arises as to the factors responsible for the wide
variations in the volatilization percentnges. The base-acid ratio of
the slag, the mol ratio ol the caleium chloride to, the potash charged,
the length of time the slag is held at volatilization temperatures, and
the actual temperitures prevailing in the hearth are possible factors.

L2
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In figure 20 the percentage volatilizations are plotted against the
'“]'cight. ratios of lime plus magnesia to alumina plus siliea in the
chnrges.

There is some uncertalnty in the netual value of these ratios due
to the fact that a part of the calcium chloride charged left the furnace
s o fume instead of as lime in the slag. The length of the vertical
line for ench test shows the extent ol this uncertainty. It is evident
that the volatilization approximated 90 percent only when the base-
acid ratio approached 0.9 (tests 1, 2, 5, and 6). Conversely, the tests
in which more acid slogs were produged (tests 3, 4, 8, 9, and 12) shawed
poor volatilization. Not all the tests with the higher base-acid ratios
showed good volatilizntion, indicating the existence ol other influen-
tinl fuctors. The use of ealcium chloride seemed to be beneficial under
some circumstances. In tests 2 and 5 the burdens were identical
except that more than three and ene-half times as much caleium chlo-
ride was charged in the former as in the latter. Volatilization was
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roughly the same in each case. On the other hand, when relatively
more acid slags were used, caleium chloride seemed to incrense volatil-
ization. In tests 3 and 4 twice as much caleinm chloride was charged
a2 in tests 8 and 9, and definitely higher volatilizations were obtained.
It seems advisable to charge some calcium chloride since at least 0.43
mol of CaCl, was charged per mol of X,0 in all the tests that showed
good volatilization. It is best to keep the amount of calcium chloride
s low as is consistent with good volatilization because the charging
of large amounts of calcium chloride was observed to cause hanging
of the stock in the furnace.

Comparison of the results of tests 10 and 11 indicates that & bene-
ficial eiffect on volatilization is obtained by holding the slag in the
hearth for longer periods. Test 10 (table 10) shows an abnormally
low volutilizntion percentage, 55.69, in spite of a relatively basic slag
and o 0.57 mol ratio of ealcium chloride to potash, whereas test 11
shows o volatilization percentage of 64.26, which may be considered
high in view of the fact that ne calcium chloride was charged and
that the slag was relatively low in limme. The mean time between
flushes wns 40 minutes in test 10 and 68 minutes in test 11.

Although only general conclusions regarding the elicet of each of
these variables could be drawn from the available data, these con-
clusions will be considered as working liypotheses for the estimation
of the coke consumption to be anticipated in commercial practice.
They are summarized as follows: (1) Coke consumption depends on
Ca0--MgO
1\120;1 + SiOz
be as high as about 0.9 to obtain 90 pereent volatilization, (3) the
addition of small amounts of caleium chloride appears to be bene-
ficial, and (4) volatilization may possibly be improved by prolonging
the time of holding the slag in the hearth, :

the total heat requirements, (2) the weight ratio, » must

DETERMINATION OF MATERIAL REQUIREMENTS

The econcmic feasibility of potash smelting depends to a large ex-
tent on the relative location of the raw materials, the furnace plant,
and the market for the potash produced. Potash minerals do not
ordinarily contain more than 8 to 12 percent of potash. They usually
contuin nearly equal quantities of potash and alumina and from 50
to 60 percent ol silica. Because of their acidic character such ores
require relatively large amounts of basic flux for smelting operations.
As 1 result, about 12 to 15 tons ol slag must be produced in the fur-
nace for every ton of potash volatilized, which makes it imperative
that the Turnace plant be located close to the sources of both the
potash-bearing rock and the limestone flux in order that transporta-
tion costs may be kept within practicable limits. The same is true
of the [uel to only a slightly less extent.

The cquipment required is not unusunlly eluborate. A dust
cateher and an electrostatic precipitator or other fume-collecting
device are needed in addition to the furnace stack, stoves, and blow-
ing equipment. Particular attention should be paid to the design of
the downcomerandl the gas lines inorder to prevent their clogging by the
dirt and fume carried by thetopgas.  Ifthe potashisnotto be marketed
in the form collecterd butis to be converted to the sulphate, phosphate,
or nitrate, suitable auxiliary equipment must be provided for the
transformation and for the regeneration of calcium chloride.
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The purpose of this investigation, as stated elsewhere, was not a
study of costs but of smelting principles. From the operating data
it 1s possible to estimate tho relative amounts of ore, flux, and fuel
required in commercial operation. On the basis of the results it was
concluded that potash volatilization depends on the composition of
the charge and on the amount of heat required for slag production
rather than on any thermal requirement of the volatilization renctions
and that the fuel consumption, therefore, depends upon the total
heat requirement for producing slug from a suitable charge. It was
also concluded that 90 percent or more of the potash could be volatil-
C_____aO—|—M_gO of 0.9 and
AIQO3+SIO'_’
ahout 0.75 mol ol ealeium cliloride per mol of K.0. This amount of
ealcium chloride is probably in excess of the actual requirements and
might be somewhat reduced in practice without seriously affecting
the volatilization efficiency. The effect of the blast temperature on
the coke consumption has been ealeulated for such conditions. The
following tabulation gives these caleulations for the smelting of potask
from wyomingite with the use of a limestone flux. This tabulation
is exactly similar to that deseribed in detail on page 53.

Total heat required per pound of 0 volatilized:! Bin,
G For producing stag 140. 2 £C+-9, 428
Qi For vaporizing and removing watler 5.6 CC+ 968
i For ealeining earbonates and removing GO, 115. 7 CO-+5, 353

. Qe Total heat required oo oo i ___ 261, 3CC+ 16, 750

Heal available for sinelting purposes per pound of earbon burned at
Lhe tuy ére:
Heak supplied:
Qs Total henb supplied {as in tabulation on page 42)

ized from charges having a weight ratio of

Heat not available for smelling purposes:
7 Lost by eadiation and conduetion:
{u} Trom hearih to cooling water
(6} From mantle, 0.1 X750
Qs Used for reducing binst moisture, H =001
Qi: Carvied ouk in top gas: 2
{7} By the produets of combusiion
{in By the produets of moisture decomposition. o __
(Jza Usedd for direet roduoetion

ths  Totui anavailable heat

e Neb availuble heat

Carbon required per pound of K0 volalilized: Pogendy

259 O 5
Cr Tor generating heat, Q,¢/Qu 262 CC+ 16, 750

Gy For reducing iMnst misture
1

% For unexplnined reduction 0. 0938 ¢,

262 CC'+ 16, 7.-':0]

{ Total carl squire
s ofal carbon required =.£9 0%

Coke ® vequired per pound of K0 volatilized:

TC Coke constinption, (/0.87 21, 798

z+1, 684

' Rased oo tho assumption of o 90-percent volntitizasion of Lthe petash, o {ime-plus-magnesia to siica-
plus-aingine ratio in Lhe charpoe of 0.0 and 8 ol rde of CaCly to K0 clhiarpad ¢l (.75,

# Senrsible hent of the gases derived from the ronction of carbon with the blast,  ‘The sensible leat of the
meisture remved from Lhe clinrpe and the sensible heat of the €Oy derbved froin ealeingt o of the cartos-
utes bavealrepdy been allowedl for [n Gy end Gy,

F8F-percent xed-carbion coke.
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Beeause the coke requirement for potash smelting is determined by
the total heat requirement, it is possible to elfect n considersble saving
in this item il surplus top gas is used to burn the limestone before it is
charged into the Turnnce.  The following tabulation shows the caleu-
Intion of the coke consumption when this is done.

Total heal required per pound of 150 volatilized: !
Qe For producing slag_ . ...

Qi For vaporizing aod removing watoer

Qi Total heat reguired 5 (€ R 10, 198

Teat availuble for smelting purposes per peund of earbon
Lened af the Lyyire:
Gy Net nvaflable heat {as in tabulation un page 37) r+92, 024

Curbson required per ponnd of KQ volatilized: Lf';'.'"f-"
13 T+ 10, 193
£ 2024
€% For reducing blast moisture . s (Y
Cs o For upespluined refduetion - 0. 0438 (Y

7 For gencrsting head, QofChe

(8 Total earhon reguired

Coke 2 required per pound of K0 volatitized:

13, 272
r+ 1,834
! Bnsed on 1w assompien of i Wkpereent volutilization of potash, s lie-plos-iagnesia to silled-plus-

sl ratie i the charge of 000 o med mgdooof U0l (0 KU edurged of 0075,
& NP-pereent flxed-carbon coke.

L]
The relations between the coke consumption and the blast tempera-

0 Coke consuwmption, {4 0L87 ..

ture, as obtained from the two preceding tabulations, are shown in
firure 21,

The analysts of the wyomingite used for making these enleulations
15 wiven m {uble 3. This wyomingite was mined near Rock Springs,
Wyao,, and used for the blast-Turnace tests,  I'he limestone analysis ®
given in the following tabulation is that of imestone from a bed that
runs through a part of eastern Idnbo and southwestern Wyoming,
An oulerop oceurs near Sage, Wyo,, about 4 miles Trom the railron.
Analyses of other Wyoming limestones are given by Eeleel (17).

Constituents: Frecent
Hi0), . A £
AlLQ); e e .
I"(‘_'()_;. .- . o4
MpO. L. 4
Culo... . ..., 520
O
Tgnition loss .. . ... L.§

The coke analysis assumed in these caleulations was the same as
that lor the phosphate-furnace caleulations.  Such a coke presumably
would be replueed by fuel produced by low-temperature earbonization
of the coal mined in the vieinity of Roek Springs, Wyo.  Analyses of
this and other Wyoming conls are given by Fieldner, Cooper, and Os-
good (22, p. T2)

On the basis of these caleulations the volatilization of 1 ton of 10
when a blast tempernture of 2,000° F. s used would require 10,03 tons
of wyomingite, 9.30 tons of limestone, 1.29 tons ol 76.5-percent ealeium
chioride, aud 4.78 tons of §7-percent fixed-enrbon coke. I the lime-

4 Private conmnnien{ion Irotm W, W, luby, U8 Cielagion! Sievey.
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[
o

COKE CONSUMPTION
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1 Fixedd carlon, 57 percent.

£ Analvsis s given ta tobla 3.

B0y, 76.5 percent.
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stone were burned with waste top gas the amounts of wyomingite and
calcium chloride would not be changed, hut the limestone would be
replaced by 5.21 tons of burned lime and the amount of coke would he
reduced to 2.82 tons. The estimated material requirements lor other
blast temperatures are given in table 14,

The conclusion is drawn from table 14 that commercial potash
smelting appears feasible only when low-cost limestone and fuel are
svailable. The information given in this bulletin in regard to the
operating conditions involved in the blast-furnaee process 1s, however,
of fundamental importance because the existence of @ technically
fensible potash-furnace process should operate to set an upper limt
to any future rise in the market price of potash.

POTASH-PHOSPHATE SMELTING

APPLICARBILITY OF THE ELAST-FURNACE I"ROCESS

Combined potash-phosphate smeliing appears to be attractive for
three reasons: (1) The products can be converted to concentrated
fertilizers that contain both potassinm and phosphorus in an easily
transportable form, (2} the furnace heat requirements would he
better balanced between hearth and shafs, and (3) the ores are to n
certain extent mutually fluxing. A produet such as petassivimn phos-
phate would be less hazardous to ship and would, therefore, enjoy
lower freight rates than elementary phosphorus or phosphorie acid.
It would also be an advantage to ship potash combined with phosphoric
acid as & phosphate rather than with hydrochloric acid as the chloride,
The selling price of the usual commercial fertilizer would not, of course,
warrant the cost of transportation from such arens as ldaho and
Wryoming to the present southern and eastern markets.

The principai hicat requirements for phosphate smelling oceur in the
hearth while for potash smelting they oceur in the shalt., A combined
smelting process, therefore, should use the heat genernted in the blast
furnace to better advantage although the actual extent of this advan-
tage is not so great as might be supposed. With the low coke con-
sumptions predicted for phosphate smelting with high blast tempern-
tures a large excess of shals heat is not available. For this reason as
little potash should he produced as possible. The least that it would
be convenient to ship would be that required to form menopotassium
phosphate from the P,O; produced. In this compound the weight
ratio of KO to P.0; is 0.663, which is in axcess of that which can be
made with either the available shaft heat or by the vse of a mutually
fluxing mixture. The combined production of K.O and P.0;, however,
requires less total lieat and less flux than their production separantely.

DESCRIFTION OF EXPERIMENTS AND PRESENTATION OF DATA

One experiment was made on combined potash-phosphate smelting
in the larger experimental furnace. This was made on September 2,
1932, as a part of the potash run of August 2% to September 3,
1932. The plant was not changed 111 any way [or the tests on combined
smelting. Burned lime, however, rather than limestone was used as
a flux in order to reduce the shaft-heat requirements.
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The run was divided into two short tests, one with the use of 1 Tow
blast temperature of 448° F. and the other, of & medium blast tom-
perature of 975°.  The operating data, carbon balance, and heat bal-
ance are shown in fables 15, 16, and 17, which are similar o tables
2, 4, and 6 under phosphate smelting.

‘PapLe 15.-~Putash-phosphate Mast-furace operating duly, 1932
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The utilization of fixed carbon for test 2 is given in the following
tabulation, and the composition of the matertals charged is given in
Eable 3 (]} 24) Percemt

Burned hy Oz in blast_ . ... - ¥ M ¥ |

Used Tor Geeomposing blast moislure, . . 5. 03
Used for redicing phmphwlcs e n e e 7. 70
Accounled Tor. .o ... R, .. --. 100, 30
Uianecounted for 1., . - . cvnee =.30

3130 Lo errars af unalysls and wsed Ja wmdetermited redoetion reselions,
INTERFPRETATION OF RESULTS

The data rom the two eombined smelting tests are rather meager
for deflinite conclusions.  When, however, the net heat supplied and
the amount of PoQ); reduced in these tests are correlated it is lound that
the data are well [L‘})I(‘H(‘llt(‘[l by line b of figure 13, which was obtained
for independent phosphate smelting. This indicates that the high-
temperature restrictions of phosphate smelting also apply to combined
smelting processes.

Tables 16 and 17 show that the heat and carbon requircments are
similar to those for phosphate smelting.  They also show, in contrast
to what was found i potash smelting, that neither carbon nor heat
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was required for carrying out unexplained reduction reactions. This
difference may possibly be attributed to the use of burned lime instead
of limestone as the flux.

The weight ratio of the lime plus magnesia to the alumina plus silica,
charged was 0.82, the lime equivalent of the 0.76 mol of caletum
chloride per mol of K. in the charge being inchided. Potash-
volatilization percentages of 2546 and §7.47 were observed. The
corresponding phosphate-reduction percentages were 32.81 and 78.32
with biast temperatures of 448° and 975° I¥, respectively.

Hignett and Royster (28), working with the Buresu's small furnace,
obtained 90-percent volatilization of the potash by using stags of 0.9
base-acid ratio and relatively high caleium ehloride to potash ratios.

From these considerations it is tentatively concluded that the heat
reuirements of the combined furance may be computed in the same
maenner as in phosphate smelting.  Furthermore, good potash-valu-
tilization percentages mny be obtained with slags having a base-ncid
ratio of (1.9 with the addition of .75 mol of ealcium eblovide per mol
of potash charged.

DETERMINATION COF MATERIAL REQUIREMENTS

The equipment required for combined potash-phosphate smelting
is essentinily the same as for the individual processes. Since the
potash leaves the furnace as a {fume, 1t may be collected from the top
gas by means of a dust collector and preeipitator before the gns is
cooled sufliciently to condense the phosphorus. The phosphorus
may then be colleeted by one of the methods deseribed on pages
38 and 349.

Additional equipment would be required to convert the potash
sialts inlo phosphates.  The hvdrochloric neid recovered from this
operation would be reconverted to caleium ehloride and returned to
the furnace.

The Tollowing tabulation shows the caleulation of eoke consumption
hased on the hearth-heat requirements for smelting o burden of
wyomingile, ldaho phosphatle rock, nnd burned lime:

Hearth heal required per pound of P04 redueed: 1 .4 0
) Tor reduciag phosphates .. .. oL . 4,167
2. For supecheatiog slag . 0 L ..o . . QLA LTSN
2y Totu! bearth heaf reepeivedd . oL L0 Lo REITL RS 0,317
Hesrih heat availablo per pound of earbon buroed ot the tuyire; i
g Net availuble bearth head (as in (abulation v p 40 r—Q5
Carbon reguired per pound of PaOy redneed: Lotnde
. - . . 2400 53,317
Yy For generating heat, Q0'¢n. . . ... e
€ For redacing binst moisture. | . 0.0381 ¢
My For reducing phosplhntes. - ... .. . L 0.4225
_ Sy AT A At
O Potel carbon regeired (Lo ooL. 34225+ i-USS-iI: - l'4i{- g_f’-&-["]
=83

Coke 2 reguired per pound of Po0s reduced:

- . v ca 042255 - 5,451
¢ Coke consumption, CF/OST_.. . . - A T
{3 CORSHMPDLION ] ) 0870 108

F Rytseed ol Lhie nssampiion of o fktoreent reduetion of phosplustes, i liee-stivn el uf 1 elaree FITITRY
o LB anol roto of OnCly o K20 charged of 073, and (he vointidtzation of $1.2 112, or 8.663, puund of Kl
1 potied af Palds rodoced.

PE-pereent fxeilvarbon coke,
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Similarly, the coke consumption esleuiated on the basis of total

hevt requirements is:
Total hent required per pound of Po0s reduced: ! -
{3 For reducing phosphates oo ..o 0 4,167

t1y: For producing siag . 14UC-+ 6,621
G For vaporizing and removing water..o__. . 200"+ a7
£, For ealeining earbonades and removing GO, Gey
(hs For removing GO and Prresulting from reduelion of

phosphales ... .. .. . .

(e Todnd heat requived oL 0 . . 1120°C" 4 11,618

ool syailnble for stelting purposes per powd of earbon burted T
nt fhe tnyire;
G Not nvailuble hoat (as in abulation on po 43y .o oo b 2,668

Carbion reguired per potind of POy redaced; _jjﬂ“i'fs
420 1 11,618
Trd2,668
% For reduetng blasl moisture .. . . 00884 ¢
3 Forpeducing phasphades. oo o0 L o 0.4225

¢ For geseraling beat, Guiths

, . 12004 11,618
VoTotad enr e 4095 el Jh 1R
O Total enrbon reguired Coo. DRI I.U.ihl[ 42668
Colie 2 reguired per pound of Polds redueed; .49
T Cate consmption, (/0.8 0.42%5¢ § 13,191
€' Coke consumption, (087 ... 0.5Te 2178

© Pasad np e sinption of o S-pereent volatflization of ponsh, Hpereent rerduetion of phosplsies,
a Tmsesilien ratw it fhe eharge ogumt (s b jao! rato of Ol be B0 charged of 075, nod e volatilis
b of #13 F52, o 06688, potiped of 10 per peoutesd of P20y redueed.

saspereent fowed-enrhon cokie

The items 1 these tabulations are calecufated in the same manner
as in the tabulations on pages 42 and 43 for phosphate smelting.
They differ in magnitude beeause more slag is produced per pound of
P05 reduced in combined smelting than in separate phosphate
~mielting.

The composition of the wyomingite used in these calculntions is
that given in table 3. The burned lime was nssumed to hiave been
made from limestone of the analysis given on page 58. The Tdaho
phosphate rock composition used, given in the following tahulation,
is Lhe smean of three analyses reparted by Jacob, Hill, Marshall, and
Revnolds (30, p. 22):

Consliinonds: Fereent { Constituents—Continued, Pereent
h‘l()‘! i 8. (3? CI';O3_ - - e s Q. 13

AL Os ) S L34 VeOi.. . ... ... 30
Cal} . : SO . . L. o . 51
Ag() o GO... LT

. I e .. 329

Cloo. .. .. .. .03
Polds. . .. .. 32, 33
0 . Combined water__. L 1g
Moy . . Moisture. .. .. ... ...... B9

Figure 22 shows the elfeet of blast temperature on the caleulated
eolee consumplion for both the hearth and total heut requirements.

It tHustrates the condilions under which the hearth-heat require-
ments fnil to yield proper coke-consumption values. The blast
tempernture {1,840° I.) at which total heat requirements become the
limiling factor 1s much lower in this case beeause of the considerably
grenter slug volume.
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According to these calculations with a 2,000° F. hot blast, | ton
of P:O; would be redueed and 0.663 ton of KO would be volatilized
from o charge consisting of 3.08 tons of 87-percent fixed-carbon coke,
3.05 tous of Idabo phosphate rock, 6.53 tons of wyamingite, 2.24 fons
of burned lime, and 0.85 ton of 76.3~pereent exleinm chloride.  The
amount of coke required is about 0.63 ton more than requirel in

30 ! - g
PR TN I PR ‘..?.-.__.-.,1_.4.
G4 P ‘1
R N T R . ,i
PHE 4 e P T
20
= =
Q L, Q
215 e
2 =
2 2
8| 8
C
= b
G 3
SpeF
R AT L iy
0 100G 200G 3000

BLAST TEMPERATURE (°F.)

Figre 22, Etlect of the pir-hlust lempernture on the estiminied amonnt of ST-paceent sed-carbon vake
required per paund of P20s redyecd Tna potash-phasphaze blost tirnaee smeliing weomingite snd i
phogphatie with buarasd ime and caleivin chlaride; D663 poamd of KO voluitlized per prongnel af ['atds
retaeeds bumidicy, 0L Heat Iosses per popaed of earhon barened sl the tnyvire: From fearth o ranling
WOk, THEL Lk from tantie, Th B tou. Corve g s tnsed on igh-temperhture heat requirements;
curve b Es bvsid on bl heat reguireniengs,

stroight phogphate smelting.  With this additional coke, 0.663 ton
of IO 1 volatilized. This'is equivaient to 0.95 ton of coke per ton
of potash, and is to be compared with 2.82 tons required for separnte
potash smelting.  Comparison of the materials required lor combined
and independent smelting of 1 ton of P:0; and 0.663 ton of K,O shows
that the combined smelting may be earried out with the use of
approximately 1.24 tons less of coke, 1.22 tons less of burncd lime,
and 0.96 ton less of gravel. The estimated material requirements
for other blast temperntures are given in table 18.
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TanLe 18— Estimoted waterial requirements ¥n polash-phosphate smelling per ton
af 1)y redueed V2

e el f F 2 walgs  VEnming- Teialin Hurnwl Calcium
Iiast temprerttiars £ F Fake e phosphutes  iime chloride ¥
Tane Fans Tons Tanx
500 13 w5 5 a3 300 0.85
1.00¢) K- fohd N[ 85
1,500 3 i 5 305 5]
2N s LRk I ) .85
2,500 | o 405 B

s ooty salatibieed, 60 e por ton of P00 zoddniee)

3 e on tabulatons an ppe B3l el wanming Wepercent neduckion sofl volabilization of the plins-
plate wnel ptitsh.

2 Blagl ol s, G870 potsud of woater per ponnsd of ur.

! Fixedl earlirn, 87 jereent

L Apalvstinsgeven i table d

£ Apdysis as myen on fr ol

T Ay of Tigpestone gien or i 5

s utalth, T0 0 porcont.

(tombined potash-phosphaie smelting thus would be economieally
more atteactive (han the separate processes, and the produet would
he cheaper to =hip.

SUMBMARY AND CONCLUSIONS

The following conelusions may be drawn [rom the expertments on
phosphate smelting:

Phosphate smelting 1= o redoetion process that requires carhon
for the reduetion,

The heat required to earey aul phosphate reduetion in the bisst
Birnaee elosely npproxtmates that ealeulated for the reaction:

Cog PO = 50 - 35310, 3CaSi0, « 300 =11,

Only heat at or above 22537 Fois available for carrying ont the
phosphate-reduetion resetion.  The amonnt of phosphate redueed
15 limited by the heat availuble above this temperatare,

Within the limits 052 to 1,12, the base-ncul ratio of the charge,

Y . ¢
(Ul_[()) \:l‘;()f wax not found to atfeet appreciably either the heat
required by or the eflicieney of the reduetion process.

Phosphate smelting is technienlly feasible with low or medium
blast temperatores bur is commereially practicable for fertilizer
produetion only H high biast temperatures are availuble.

The results of the potash-smelting experiments showed that:

The heat involved in potash-volatilization reactions oceurring in
the blast Turnnee was too small to be detected. The prineipal heat
requirements of potash smelting are, therefore. the heat required to
slag the charge. to decompose the blast moisture, and to satisfy the
heut losses,

Volatilization to the estent of 40 percent wag not realized from
(a0 Negd
.\I_l()‘; - :'.‘i()_-.

The adidition of ealeium chloride Inereased the volatilization of
potash from eharges having low hase-ucid ratios.  This elfect was less
pronounced for chnrges having base-acid ratios as great as 0.9,

chareges havime n base-neid ratio, lesa than 0.9,
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Potash smelting is a technically leasible process, but is cotumereielly
practieable only 1if low-cost limestone and fuel are obtainable.

The results of the combiiizd potash-phosphate smelting experiments
showed that:

The combined smelting of potash and phosphate offers no technical
difficulties not met in the two separate processes.

Combined smelting is commercially more attractive than the
smielting of the same amounts of potash and phosphate independently
becnuse it requires less fuel and Hux und vields a more ensily trans-
ported product.

Tt must be emphasized that methods for recovering the products in
nll three processes require further investigntion. 1t should also be
pointed out that the indieated possibilities in these processes, espeei-
ally 1n the phosphate and potash-phosphate processes, depend largely
upon the development and application of stoves cumible of econom-
ically producing blast temperatures several hundred degrees higher
than in present iron blast-furnace practice. [t is expected that the
stoves used In this investigation will point the way to such a develop-
ment (60).

In potash smelting the exact amount of calcium ehloride required
is uncertain, the consumption of earbon by some unknown reduction
reaction is unexplained, and the full benefit of using burned lime ag o -
flux is undetermined. These factors, as well as the applieability of
carbonized Wyoming conl ns a blast-furnace fuel, remain to be in-
vestigoted.,

The investigation of the combined potush-phosphate Turnace must
be extended before final conclusions can be drawn.
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