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INTRODUCTION WITH OUTLINE OF STUDIES.

Basic slag may be defined as & product obtained
in the manufacture of steel from pig-iron containing more
Phosphorus than is reguired,

The presence of phosphorus in steel, except in
very small amounts, renders it brittle and unsuvitable for
many mgnufacturing purposes. Highly phosphatic iron ores
are consequently unsﬁitable for the manufacture of pig-iron
for éteel making, unlass the phosphorus can be removed in
the smelting, Attempts to remove the phosphorus from the
iron ore in the blast furnace have beeﬁ.unsuccessfnl on
account of the highly reducing conditio%s which are necessary
ror the recovery of the iron rfrom tne ore, existing thnere,
Zxperiments by Snelus in 1872, and by Thomes and Gilchrist
in 1876 demonstrated the possibility of removing the
phosphorus from molten pig-iron by treatment in a
Bessemer converter, This consisted of blowing air through
& oharge of molten pig-iron with added 1lime, in s converter
lined with dolomite, A series of exothermic reasctions are
thus set up, resulting in the removal of silicon, phosphorus,

manganese, and other associated "metalloids" from the pigz-iron



and the formation of a slag containing a large percentage
of csalcium,

The basic Bessemer process suffered from certain
disadvantages which caused it to be replaced to a very great
extent in Great Britain by the basic open hearth process,

Essentially the difference between these refining
methods 1s in the method of oxidation of the materials
assoclated with the iron in the pig-iron, In the Bessemer
process direct oxidation is obtained by the passage of air
through the charge: whereas in the open hearth process,
about seventy per cent. of the oxidation results from the
action of oxide of iron on the "metalloids"™. The remainder
is due to the oxidising gases of the furnace.

In the basic open hearth process the operations
consist of charging lime, scrap and pig-iron on to a basic
hearth heated from gbove by superheated producer gas.
Initially there is surface oxidation. As the charge melts
the oxide comes Into contact with the oxidisable "metalloids"”,
and these are to some extent oxidised.

The order in which the "metalloids" are oxidised

in the open hearth process differs from that of the Bessemer
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in a manner which has an important influence on the
quality or grade (amount of phosphoric oxide present)

of the slag produced. In the basic Bessemer process
the phosphorus 1is oxidised and enters the slag at the

end of the‘process, being the last Qf the "metalloids”
to be removed from the iron into the slag. The richness
of the latter in phosphofic oxide depends on the original
content of phosphorus in the pig-iron. For the basic
Bessemer process the pig-iron should contain about 2 per
cent, phosphorus, for the basic open hearth treatment

5 = 1,5 per cent. phosphorus content is preferable: 1if
over 1,5 the steel refining process is prolonged.

In the besic open hearth process the silice and

i

phosphorus are removed together and it 1is possible to obtain
e high grade slag by interrupting the refining when the
phosphorus content of the metal buth is about .24, In
ordinary practice, however, due to other considerations,
this 18 not done, and the slag 1s run off when the steel
bath 18 ready to be tapped. If the pig~iron contains

much sulphur, a larger quantity of 1lime 1is required. As

lime is added the slag thickens and reaches a viscosity
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which slows the progress of the "boil"™, This may be
corrected by the addition of oxide of iron in the form
of mill scale, to give fluidity. Such treatment tends
to increase the phosphorus and sulphur in the bath. The
only treatment found to give the required result in such
a case is addition of fluorspar.

Thus Basic Slags obtained from steel mgnufacture
may be classified into two groups depending on the process
employed - (1) Basic Bessemer slags,

(2) Basic open hearth slags.
The former group generally containing 16 - 18 per cent,
phosphoric oxide (Péos) have been proved to be valuable
fertilisers when finely milled, and may be termed a
bye-product.

The percentage phosphoric oxide content in basic
open hearth slags varies from about .54 to over 154. Those
under 8% are considered, by the manufacturers, not worth
grinding for use as fertilisers, but may be used for other
purposes, The others of this group, according to the
Citric Acid solubility test are sub-divided into two classes
(1) of high solubility, (2) of low solubility. Where

fluorspar has been added to the steel furnace the second



class of basic slags 1s usually produced. These are
commonly referred to as 'Fluorspar” Slags. Both of these
classes asre ground for use as fertilisers,

The importance of Basic Slags as fertilisers

may be judged from the quantities delivered for use in

Great Britain, 1912-32,

Tons,

Year ending September 30, 1912, 2§5j655
" " " " 1920, : 440,000
" " " " 1921, 248,000
" " " "o1922, 247,000
" . v " 1923, 278,000
" " " " 1924, 286,000
" " May 31, 1925. 243,540
" " " " 1926, 261,160
" " " " 1927, 162,480
" " " " 1928, 158,640
" " " " 1929, 321,800
" " " " 1930. 305,750
" " " " 1931, - 215,330
" " " " o1932, 152,940

For 1930, the consumption of Superphosphate in Great
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Britain and Ireland was 664,000 tons: the imports of
Minersl Rock Phosphate into the United XKingdom and Irish
Pree State were 496,000 toms,

An important distinetion between Basic Slag and
other fertilisers is that the amount available is dependent
on the demand for steel. (A point worthy of note in regard
to this is a statement, appearing in a Msemorandum by British
Basic Slag, Ltd. to 6th Report of the Basic Slag Committee
of the Ministry of Agriculture and Fisheries to the effect
that "sufficient slag can be produced by the British Steel
Makers to supply the whole requirements of the country”.)

Moreover, since Basic Slag 12 a product of relative
unimportance, when compared with steel, to the steel maker,
it does not "earry much weight®™ when changes in methods of

menufacture of steel are involved. These changes may,

however, make important differences in the slag produced,
Such was found to be 8o when during the Great War,1914-18,
the Bessemer process was superseded by the open hearth method
of dephosphorisation in steel manufacture. Veriations in
the working of the open hearth process, as already indicated,

produce further differences, so that in place of basic



Bessemer slag, which had been definitely established by
experiments such as the well known Cockle Park trials begun
by Sir Wm. Sommerville and continued by Sir Thomss Middleton
and D, A, Gilehrist, as s valuable fertiliser, there appeared
the open hearth slags whose value had to be assessed.

Following preliminary work on these, in 1920 the
Faraday Society held a discussion on™asic Slags - their
production and utilisation in Agriculture®™, This led to
the appointment by Lord Lee, Minister of Agriculture of a
Basic Slag Committee, whose terms of reference were "To
consider the development and improvement of the manufacture
of basic slag and the extension of its use”, Ten reports,
containing a large amount of valuable information about the
fertilising properties of basic slag have been issued.

About 1928 attempts were made to reduce the
fluorine content of low soluble slags, with a view to
inereasing the solubility,

The object of this research was to study the
chemical constitution and properties of basic slags as
produced after 1928, especially those to which fluorspar
hed been added in small quantities, and to compare the

fertilising value of a high citric acid soluble and a low
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citric acid soluble slag.

The results obtained are given in two sections.
Part 1 deals with the constitution and chemical properties.
Part 2 deals with the results obtained in field trials on
grass land and arable land, -

A summary of the previous literature relative to
each section 1s given at the beginning of each part,

PART 1,

Summary of previous Literature.

A. Carnot and A, Richard (Compt. Rend., 1883, 97, 316.
Bull. Soc. Fr. Min. 1883, 6, 237) examined some prismatic,
blue crystals from basic slag. They found them to consist
of a mixture of calcium phosphate and silic;te.

G. Hilgenstock (Stahl und Eisen 1883, 3, 498) isolated
brown orthorhombic plates and found them to have the
composition 4 Cao.Paos.

Two types of crystals similar to the above-mentioned were
noted by A. von Groddeck and K. Broockmann (Stahl und Eisen,
1884, 4, 141), but railing to detect silica in the blue
crystals they reported them both as tetrgcalcium phosphate,
E. Jensch (Ber. 1886, 19, 3093) stated that the most

important compounds in basic slag were calcium 8silico phosphate,
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tetrscaleium phosphate, and caleium ferrite,

J. T. Stead, C. H, Ridsdale, and H, A, Miers (Journ. Iron
and Steel Inst, 1887, 1, 2223 J. Chem, Soec. 1887, 52, 601)
isolated several types of crystals from a basic Bessemer
Slag. These were examined microscopically and chemically,
The minerals separated were (1) Tetracalciumphosphate. This
occurred in fairly large rectangular crystals; which were
transparent, of faint yellow colour, slightly pleochroic,
and epparently belonging to the orthorhombic system.

(2) caleium silico phosphate., This formed blue well

developed crystals belonging to the orthorhombic system.

They were markedly pleochroie,

(3) The third type, on chemical anslysis, appeared to be
tetracalcium phosphate, containing about 104 impurity,

mainly ferric silicate. These crystals apparently belonged
to the hexagonal system, They gave a hexagonal cross-section
showing pyramidel cleavage, and Were markedly dichroic, the
colour varying from light to dark brown,

(4) "Peather§ crystals, which on analysis proved to be
composéd of ferrous and ferric oxides, lime, and magnesisa,

(5) Two varieties of "black spear shaped crystals which
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resembled flakes of graphite", one of which was attracted
by & megnet, FEach consisted chiefly of lime, ferric oxide,
and alumina, with about 8% ferrous oxide present in the
magnetic material, |
E. Bucking and G. Linck (Stahl und Eisen 1887, 7, 557) made
an examinagtion of similar material. They verified the
orthorhombic nature of tetra calcium phosphate. The blue
g2i1lico phosphate, approximately of composition 4 °§5Fé°B’
3 083 8105 (with ferrous iron replacing part of the celcium)
was found to belong to the monoclinic system, A third type
of crystal of composition approximetely 4 053 3208’ 0a3 8105.
belonging to the hexagonal system was found. The opticel
properties were similar to those of the hexagonal compound

described by Stead and Ridsdale, In cooling from high

‘temperatures, the rhombic tabular crystals separate first,
then the hexagonal type, and finally the blue monoclinic
material,

The conclusions of Bucking and Linck were combatted by

G. Hilgenstock (Stehl und Eisen, 1887, 7, 557: 1889, 9, 498)
who maintained that the various crystals were different forms
of tetracalcium phosphate, with the silica present as an

impurity.
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G. Forster (Zeit, angew. Chem, 1892, 5, 13) prepared an
analogue of fluorapatite with the formule 3 Ca3 P208 Ca0

and stated that this is found in the residue when basic slag
is treated with citric acid.

Further crystallogfaphic details of tetracalcium vhosphate
wers given in 1895 by Termier and Richard (Bull. Soc. Min,
1895, 18, 391),

The sume year, A, Carnot (Ann, Mines. 1895, 8, 300) reviewed
the whole question of the nature of the compounds found in
basic slag, and maintained the individuality of the silico
phosphates described by Stead and himself,

C. G. T. Morison (J. Agr. Sci. 1909, 3, 161) suggested that
the phosphorus compound in basic slag was & silico phosphate
having approximate composition Feo., S QaO. 220 . 8102. He
conéludee that free lime and calcium present as carbonate
does not exceed 7%% and discusses the aétion of calcium
compounds on the solubility of phosphorus compounds present
in a solution of carbon dioxide,

J. Hendrick (J, Soc. Chem. Ind, 1909, 28, 775: 1911, 30, 520)
showed by chemical tests that & considerable amount of the

"lime" present in basic slags 18 capable of acting as a base,.



The nsture of the caloipm compounds was however not
determined,

V. A. Eroll (Stahl und Eisen, 1908, 28, 675: Journ. Iron
Steel Inst. 1911, 11, 126) published s discussion on previous
work with an accouﬁt of his own investigations, He stated
that aunother silico phosphate approximately & Cul P04

2 Cal 8102 was the chief couusLiluent of Thowas slag and

thal the two sillcou phusphetes previously deseribed had been
formed from this during 3low cciling, This silico phosphate

18 descrided as orcurring in the form of greenish blue
hexagonal crystals, Further optical data 1is however not
gliven, He also mentions the occurrence of compounds of
the spinel group, and of free oxides,

G. Hilgenstock (Stahl und Eisen, 1909, 29, 1478) however
st111 mainteained that the silico phosphate should be
separated into a phosphate and a silicate, tetrabasicity
of the former being maintained.

About this time H. Blome (Stahl und Eisen, 1910, 30, 2161

Méiallurgic 1910, 7, 659 and 698) examined the system
calcium phosphate (4 Cal F,Q) caloium silicate (2 Ca0 8102)

and found two maximm on the melting point curve‘oorresponding
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to (1) 4 ca0 P205 2 Cal 8102

(11) 4 Ca0 P205 4 (ca0 8102)

This work was critieised by Hartleb (Zeit., off Chem. 1911,
17, 381l: 1912, 18, 221) who stated that the occurrence of
tetracalcium phosphate in basic slag was rare,

E. Steinweg (Zeit. Geo. Hutt, 1912, 9, 28) investigated
the influence of cooling on the relative proportions of
the phosphate and silico phosphate, and confirmed Kroll's
observation that slow cooling favoured the formstion of
silico phosphates,.

0. Nielsen (Ferrum. 1913, 10, 97) bas investigated in part
the system Ca0 S10, 3205. He found maxime at points
represented by Cas P,0g and Ca3'Pé08 3 810,. No optical
data wes given,

M., Popp and co~workers (J. Lendw., Ver. Stat. 1913, 79, 229)
agreed with the conclusions of Stead and Carnot,

S. H., Collins and A. A, Hall (J, Soc. Chem, Ind. 1915, 34)
concluded that the citric solubility of slags 1s correlated
with the constituents of slags in such a manner that it may
form a useful test provided that its arbitrary and
conventional character is recognised.

G. S. Robertson (J. Soc. Chem, Ind. 1916, 35, 216) showed




that the properties of basic slag are modified by the
addition of fluorspar to the melt; "the phosphate or
phosphates which such a slag contains do not appear to be

in combination with silica and they seem to bear a very
close resemblance to those contained in mineral phosphate"”,
The official citriec acid test showed low solubility of the
phosphete which was completely soluble if the extraction
was repested sufficiently.

H, Bassett (J. Chem, Soc. 1917, 111, 620) in a study of the
phosphates of calcium found no evidence of the existence of
tetracalcium phosphate but he obtained what he regarded as
hydroxy apatite with a fairly extehsive region of stability,
He states that of all the calcium phosphates this is the
only one not decomposed by water, and it can dissolve
unchanged but the saturated solution is extremely dilute,
A, A, Ramsay (J. Agr. Sei. 1917, 8, 277) found that addition
of calcium carbonate to tricalcium phosphate reduced the

- percentage solubility figure of the phosphoriec oxide. He
stated that "2% citric acid is more correctly e solvent for
lime than for phosphoric acid", and from his experiments
concluded that the manurial value of phosphates cannot be

determined by a 2% citric acid solvent,
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7. Bainbridge (Trans. Fareday Soc. 1921, 16, 302) identified
fluorapatite, in slags to which fluorspar had been added, both
by analysis and micro-examination, The composition of the
magnetic material in the slag was similar to that of the
"feathery" crystals described by Stead and Ridsdale.

N. Sheldon (Trans. Faraday Soc. 1921, 16, 310) examined
fluorspar slags, He found the two above-mentioned types

of crystals present, together with yellow-brown hexagonal
and small angular fragments of another substance. Bainbridge
suggested that the former is the phosphate and the latter
calecium orthosilicate,

A, Seott and D.N. MecArthur (J, West Scotland Iron and Steel
Inst. 1922, 29, 79) published detailed results of microscopic
examination of basic open hearth and basic Bessemer slags.
Polished and etched specimens were examined by reflected
light, and thin sections in transmitted light. Chemical
analyses of the slags and their molecular formulae are
given, Non-fluorspar slags were found to consist essentially
of three types of compounds - silico phosphates, spinelloid
compounds and free oxides, Three silico phosphates were
found present in the slags examined, although never more

than two co-existing in one slag.
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(1) The brown crystals described by Stead and Ridsdale
With ratio 510, : Péos’ 1: 4,

(2) The pleochroic crystals described by Stead and
Ridsdale, the S10, : P,05 ratio being unity.

(3) A new silico phosphate first described by the
authors whose 510, : P205 ratio 18 3 : 1., This compound
occurs a8 colourless or practically colourless non pleochroic
ecrystals with optical properties approximsting to the blue
silico phosphate,

With fluorspar slags a decidedly different
equilibrium was noted, The calcium fluoride had combined
with the phosphate to give fluorapatite. The silica Was
present as dicalcium silicate.

No evidence was obtained to show that the
introduction of fluorspar caused the equilibrium between
the spinelloid material and the free oxides to differ from
that obtained in the non-fluorspar slags.

J. F. Tocher (J. Agr. Sei., 1922, 12, 125) in a study of the
citric acid solubility of mineral phosphates concluded that
"ecitric solubility, if applied to fertilisers, may in a

certain degree be a measure (1) of fineness of grinding as
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already pointed out by bther workers, but it seems necessary
elso to postulate similarity of composition in comparing
degrees of fineness'iﬂbpractice; (2) of the presence or
absence of alkaline substances in fertilisers approximately
of the same composition and ground to the same degree of
fineness; (3) of the presence or absenoe of fluorides as
well as alkaline substances in slags; and (4) of the
differences in the constitution of the phosphatic compounds
in finely ground fertilisers containing approximately the
same proportions of extraneous substances"”,

G. S, Robertson and F. Dickinson (J. Soc. Chem, Ind. 1923,

42, 59, 1) while realising the empirical nature of citric

acid solubility suggested a modified citriec acid test as

a means of obtaining a rough value of insoluble phosphatic
fertilisers,

H. F, L. Bischoff and B, de C. Marchand (J. S. African Chem,
Inst., 1923, 6, 53) in determining citric soluble 2205 in
basic slag found that variations in time of shaking, type

of shaker, and volume of solution can be made without much

influence on the result, Fine grinding of the sample

previous to determining the solubility, of bone and rock
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phosphates, in citric acid had s marked effect on the
amount of phosphoric oxide dissolved,

E. Vanstone (J._ Agr. Sei, 1925, 15, 36) investigated the
relationship between phosphate soluble in 2% citric acid
and total phosphate in the case of phosphates of known
composition, basic slags and mineral phosphates. He
concluded that in the case of three slags of different
citric solubility that the citric solubility is constant
independent of the sample weight used in the test, "when
allowance is made for a small constant error in the
determination” and stated that "the Wagner test 1s not so
empirical as usually supposed",

Vanstone's figures for the citric solubility of the three

basic slags with percentage citric solubility calculated

are given below,

"Table 111 p.39.
Citrioc solubility of basic slags.

No. 1 No, 2. No .
Welght  P5 P.0 P.0
taken. pres§nt.soluble. ﬁ%egent.soluble. dgegent.soluble
(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) (gm.)

1 1749 1674 1032 ,0703 .0849  ,0520
3 5247  .4674 3096  .1633 2547 .0970
5 8745 ,7642 516  .2645 = .4245 1493
8 ¥1,0494 .9126  .8256 4073  .6792 .2247 ,

2 £ e 1 A 9% A




Fercentage citric solubility of P205.
No. 1. No. 2. No. 3.
1 95.7 68.1 61.2
3 89,1 52,7 38,1
5 87.4 51.3 35.2
8 87.0 49.2 33.1

In another paper (J, Agr. Sei. 1925, 15, 491) Vanstone
proposed the use of 2% oxalic acld solution to eliminate

the effect of soluble calcium in evaluating basic slags

and mineral phosphates,

The chemistry of basic slags formed the subject matter of
another paper by the same author (J. Agr. Sei, 1927, 17, 143).
He treatsd two slags, differing in solubility and phosphate
content, for long periods with a boiling solution of ammonium
chlcride, ard found that the low grade slag lost about 704

of the total 1lime and very little phosphoric acid., The

slag residue was thus considerably enriched in phosphate
content, The high soluble high grade slag also lost a

large percentage of the total lime but large amounts of
phosphoric acid were also found in solution., He concluded

from solubility experiments that a silico phosphate wes



present in the high soluble slag but not in the low grade
low soluble slag. The citric acid solubility of the
residues after treatment with ammonium chloride was
determined. The view that fluorspar slags contain the
pPhosphate as fluorapatite was confirmed.

T. Dunkel (Stahl und Eisen 1927, 47, 1205) found that the
rate of cooling of converter slag, i.e. Thomasslag,
without influence on the citric acid solubility, which

could be increased by addition of certain quantities of

silica to give a fixed 8102 : Péos ratio,

A, Sullwald (Stahl und Eisen 1928, 48, 547) found that under
ordinary conditions the rate of cooling had neo influence. on
the citric solubility of slags. Rapid quenching or
granulation in water however decreased the solubility, When
basic slag was cooled in large blocks the total and citrie
soluble phosphoriec acid increased regularly from the outside
to the middle.

S. Smeja (Przemysl. Chem, 1928, 12, 137) indicated that the
final equilibrium of reaction between citric acid and
tricalcium phosphate depends on fineness, temperature, time
of action and quantity of water present.

H. Weiss (Archw., Fisenhuttenw, 1928, 2, 81) investigated
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factors influencing solubility of Thomes slags., He found
that the influence of cooling on solubility was slight and
that the unfavourable influence of hardness of some s8lags
on solubility was largely mechaniecal.

H. Schneiderhohn (Mitt. Kaiser Wilhelm Inst. Eisen forsch
Dusseldorf, 1928, 10, 213 - Cf,C.A. 1929, p. 2679) dealing
with Thomas slags examined three different states of cooling
with and without additions of siliecs. The microscopic
recognisable constituents were ascertained and noted,

and the structure and texture of the individual samples

described and explained. Tempering experiments showed
that no decomposition occurred, and that the existing parts

of the mixture were conceived as states of equilibrium

depending on the concentration of the substances concerned.
Only the grain size was increased by the tempering, To
establish the nature of the constituents of the mixture
s0lubility experiments were conducted and the soluble
constituents anglysed. Silico carnotite, S5 Cal 3205 8102,
crystallised oxide of calcium, magnesium, iron, and aluminium,
and in samples without added silica hilgenstockite 4 Ca0 P'ao5
were indicated. As the cause of the unequal citrie

solubility of the slags with and without silicic acid added



was recognised first of all the soluble caleium compounds,
which repress the solubility of the silico carnotite, while
the dissimilar ions going into solution in the sample with
addition incressed the solubility of the silico earnotite,

Attention is directed to the neutralising value of slags

and to the estimation of effective lime content,

From the change in reaction of an acid soil by the admixture
of basic slag - C. Brioux and E, Jouis (Compt. Rend. 1929,
189, 117) estimated the active "1ime" content to be more than
30%.

E. J, Janitzsky (iron Age 1929, 124, 1235) gave report of
chemical analyses, colour, conformation and texture of spoon
samples of slag from twenty basic open hearth steel heats,

J. Kuusk (Acta, Commentationes Univ, Tartuensis 1930, 204, 1)
studied the optimum conditions for formation of e¢itric soluble
phosphate by heating natural phospyates, of fluorapatite
structure, with silica., The presence of more than 10% of ferric
oxide and alumina lowered the eitriec solubility of the phosphete,
Kuusk thought that the citric soluble phosphoric oxide is
present as a silico phosphate. 3 Ca3(P0 4)209.8103 which
resulted from the replacement by Sio2 of the fluorine

in the fluorapatite compound: the fluorine
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being volatilised as silicon tetrafluoride,

A. Wilhelwtj (2. Pflan 2 Dfing 1931, 194, 129) gave a
detailed account of the solubilities and fertiliser values

of a large series of typical German basic slags. They are
all'of the high soluble type by the citric acid test, and no
ment ion is made of the low soluble type which until the last
few years formed about half of the British production (in
1931-32 the low 8oluble total was 41,243 tons). As much as
70-80% of the total phosphoric oxide in the German slags
tested by Wilhelmij was soluble provided the extractions

were repeated sufficiently. The rate of dissolution varied
considerably but was greatest in slags with much soluble
silica, as determined by extraction with a 5% solution of
sodium carbonate. The essential component is believed by
Wilhelwij to be a double sal of tetracalcium phosphste and
calcium metasilicate, which breaks up in water and undergoes
further decomposition to give dicalcium phosphate and calcium
hydroxide. The solubility and avallability of the phosphoriec
acid in slag is considered to depend on tha.amount of lime and
silica present and on the rate of decomposition of tne double
salt, and this in turn on %he rate of cooling of the slag.

Modern slags are reckoned to be cooled more quieckly and are
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more readily soluble than the old ones in most of the
recorded experiments,

Different views from those of WilhelmiJ are put forward

by H. Schneiderhohn (Arch. Eisenhuttenw. 1931, 5, 9) who
states that tetracalcium phosphate is a less common and less
soluble compound than s8ilico carnotite and is formed only
when the silica content is less than 5 Ca0 : 1 3205 : 1 8102.
He also showed that addition of fluorspar to give 1% F, in
the slag mey reduce the citric solubility from more than 90%

to about 4%.



EXAMINATION OF TWO BASIC OPEN HEARTH SLAGS AS SUPPLIED

FOR FERTILISER. (Nov. 1930),

No. 1. No fluorspsr had been added to the steel bath,

No., 2. Fluorspar had been added during the dephosphorisation
Process,

Ot her details of manufacture, and lump samples of the
ball slag, i.e. before grinding, for preparation of sections
for microscopic examination were not obtainsble,

Table No. 1. Chemical compbsitions.

Slag 1. Slag 2.
% Ca0 43,99 49.18
% P,0. 12,55 10.71
£ 510, 11,00 14,30
% Mgo 7.00 5.90
% Fe0 9.20 3.70
% F‘3203 4.70 5.28
% Mno 7.10 : 6.60
4 A1,0, 1.10 2,70

% S 0.20 0.26
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Table No, 2 Molecular Concentretions,

Slag 1. Slag 2.
Ca0 . 785 .877
P2°s .0883 0754
3102 .182 237
Mgo . 174 .146
Fe0 .128 0515
F3203 .0294 0331
Mno . 100 .093%1
Alao3 .0108 .0265

The molecular formulae expressed according to the method

of Scott and McArthur (1):-

Slag 1.
Ca0 .785 )
Mgo .174 ; Fey0z .0294 ) si0, .182
)
Mno .100 ; A1203 .0108 ) P,05 .088
)
Fe0 .128 S .
) 1.e. RO : .0339 R,0, PIQ2 195
505 0748
Slag 2.
Ca0 .877 ;
Mgo .146 ) Fe,05 .0331 ) 810, .237
Mn0o .093 ; Al,05 .0265 ; P,05 .0754
Fe0 ,0515)

1.e. RO : Ry05.051 : >02 203

| P,0 0646
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Attempts to separate some of the important constituents

of these slags, by making use of differences in the

physical properties such as density, magnetic attraction,
end hardness as exnibited in power of resistance to grinding,
of the component compounds were tried out on small samples,
A heavy liquid separation using bromoform, as in common
geological practice, proved unsstisfaetory in both cases

due to the formation of aggregates, This unfavourable
effect due to particle sizewas further demonstrated in an
attempted separation with the eleectro magnet. No separation
was obtained with the samples used.

Separation of the slags into five fractions, according to
particle size, by sieving was carried out,

Fractions,

(1) refusing to pass sieve with 100 meshes to the linear
inch (official sieve for testing fineness of basic

slags).

(2) passing 100 mesh sieve, but refusing sieve of 120 meshes
to the linear inch,

(3) passing 100 and 120 sieves, but refusing 150 mesh sieve.
(4) passing 100, 120, and 150 sieves, but refusing 200.
(5) passing through all four sieves,

The amount of each fraction obtained from a given sample
was noted, and determination of "CaO" and 'Péog content was

carried out on each fraction, to find if concentretion of
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the components of high resistance power to grinding in the
coarser fractions, and vice-versa,concentration of these
of low resistance power to the finer fractions, with
consequent differences in chemical composition had been
obtained,

Teble No., 3.

Slag 1.

Fraction % % Ca0 % P,0
1 13.9 42,60 11.70
2 8.8 42,81 12,12
3 35,2 . 42,54 12.50
4 27.0 46,00 12,64
5 15.1 45,92 13.55

Slag 2.
1 23,5 49.40 10.90
2 40,2 48.67 10.80
3 24,1 50.12 10.54
4 6.8 48.88 - 110.43
5 5.4 48,53 10.30

The molecular ratios Cal : Péos from these results for

each fraction are given in the following table.



Table No, 4 Cal :

Slag 1.

Fraction

O & W N

Slag 2.

[N | N

5

Discussion of Results,

-29-

P>0g

Cal

-~

. 760
. 764
. 159
.821
.819

retios.

o

P05

L 1]

.0823
.0853

e

.0880

008%
0954

L L)

L 2]

: 0767
: 0760
: 0742
: 0734
: .0725

4

it

]

9.2

8,95 :

8.63
9,22
8.59

11.49
11.42
12.05
11.88

11.94

ae

Slag 1. The fineness of this sample according to the

official method is 86%.

Slight variations in composition

of the various fractions are noted, with increasing content

of phosphoric oxide as particle size diminishes.

The "Cal"

figures do not 1increase consistently with diminution of

Particle size and consequently slight variations in the
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molecular ratio Ca0 : P505 for the different fractions are
obtained,
The increased concentration of P,0g in the finer fractions
probably indicates that the phosphorus compound or compounds

present in the slag have less resistant power to grinding

then some of the other components of the slag. The Cal : P'205
ratio figures show slight variation buﬁ give no definite
evidence as o whether one or more vhosphorus compounds are
present,

Slag 2. The fineness of this sample 76.5% 1s not up to

the official requirement, The Ca0" and "P,05" content figures
for the varicus fractions show very little variation and

consequently no distinct concentration has been obtained,

Solubility Tests with fractions separated,

Stead (é) has shown that citric acid solubility of basic
Sslags was assoclated with the fineness. Increased fineness
with low soluble slags gave higher phosphate solubility in
citriec acid. In a study of solubility of mineral phosphsates
Tocher (3)’.38 already noted (p. 16) has remarked on the
effect of fineness on citrio acid solubility: Bischoff and
Marchand have also noted increased solubility of bone and

rock phosphates with fine grinding.

















































































































































































































































































































































































