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PART T. o WOTES ON Lo

TR SRR Y

sCO STHEL MAKTING PRACTICE.,

RBaw Waterialsg -

DOSCO swelt Wabana iron ores with Sydney coml.
The irvon ores ave obtained from four mines. Ore shippsd is
generally a mizxtuwre from twoe mines., 7The mixture from one
palr of mines gonerally containg about & per cent less silica
than shipments of the mixed product of the other two mines.

Hecause of thig natural varlation from shipment to shipment, and,
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Meaw 1 jels, conbid) -
indeed; From hold to h0§1 on one ship, the blash furnace

o

deparitment is never pogitive of the silics content of the

¢

burden. This mekses closse control of pig iron analysis difficult..

./-v‘n

en

This situation hes been accentuvaited becauvse of ghipping ALLTL
culties, as reoahtly the Sydney plant has heen oparating on
aboult an 8«day lron ove supply Qaaiéo This moans that dbottom:
is beling seraped and extronecus metter may be plioked up in
loading iron ore. An 2arly lwmprovement in the shipping situa-
tion is antlcipsted, howsver,

’y o

The following 1z & typical analysis for Wabana

Tron, Silice, Phosphorus, Vam&diumq
rer cant ney i per cent per eent

on s Aceet nat it L e Lottt e gt umum.m

O‘? at.-*"cnuno !hcw_"“.l\."’ax.) O.:?:? Gr:OS
Ou a Prevon coke ussd in smelting this ore s the
&1

Az

followlng aompogmtmong (Per cent) ~

=

Tixed carhon Velatile Agh. Sulphury

91,50 L.00 780 1.8C

It may bse seen, thon, that DOICO arve GmPerIf out

8

o very difficult metalluvglcal procedure, i.2. the smeliing

)

of
high phosphorus ore with high sulphuar coke. As g rule the high

gilica content of the iron ore would be a disadvenbage, as it

necessltates the carevying ol a very large volume of slag and a

&

true that this

-
2]

sonsequent reduction of furnsce capacity. IH

ey

facter s in operation at Sydney, thelr 500-ton blast furnsce

£

beling mach lavger than s furnace of similar capacity desi

bo operate on normal oves. The heavy glag volune, however, 1s

e
-

ot
"~

advantage ag 1t reducss the problewm of sulphur reduction (Ghe

iarge volume of hasic eleg carrying more ¢ad in solutlion). Thls
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(Raw Materisls, cont'd) -

2

ig needed as the low mangonese content of Wabana ore mekes

gulphur reduction nore difficult (little fusible "MnsY forming) .

Blast Furnace Department -

There are three blast furnaces in operation at
Sydney and a fourth is being built, the old blast furneace
shell ét OJibway veling used in this consbruction. No. L
Blast Furnace has a daily iron capacity of 500 tons. Blast
Murnaces Nos., 7 and 8 ave 3580-ton units. The new furnace,
which will be called No. 3, will be somewhat lavger than Ho. 1.
Yo operating a blast furnace as a basgic iron producer
glilicon control is lmportant, ss vthe open hearth deparbment
preflers low sillcon irvon for the silicon must be oxidized in
the basic open hearth unlt before other sssentlal reactions
can proceed. Low silicon iron can only we produced in a
fairly cold furnasce and furnsce temperaturs canuot be kept Hoo
sow or the sulphur content of the pig incrsasea. In maintaihing
control, accurate knowledge of the burden composition 1s needed.
When oire analyses fluctuate, as is the case ot 3Sydney, silicon
sst ve run rather higher in order o meintain a factor of

saffety as a high sulphur iron is useless.

Py

Farnace design mdnsiaera:ions ney also avfect the

valve at which the silicon content of the pig iron wmust be

held, for the binder expands untill it gets bo 2100° P, whers
fusion brings sbout contraction and furnecs design must ba such
that the point of maximun expansion deoes nobt cceur ab a constrice
tlon. Such a conditlon cccurs when the heat ig too localized

in the tuyere area gs a vesult of using too high a blast

dging caxn ba prevented by adding more coke

Lo

temperaturs. Br

to the charge (a nrachice that increases the silicon in the
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(Blast Furnace Depariment, contfd)

iron) or by blowing steam in with the blast.

Conditions at Sydney are such thet the silicon content
of the plg must be held around 1.80 per cent, although it was
sald that Furnace No. 1 could make a glightly lower sillcon iron.
Before this latter furnsce was relined bridgiag trouble wan
experienced and 1t was found necessary to blow steam in with the
biast, The {furmace dperatad very well under these conditions
but after the furnace was relined this practice was abandoned, as
it was said to be ﬁasteful of coke. There 1s some evidenco,
however, thet the greater part of the hydrogen produced when the
steam was reduced by coke functioned as a reducer higher up in
the stack with the result that the coke used to reduce the
steam was not wasted. It is fairly certain, however, that
unless steanm 1s introduced into the blast the reductlion of the
present sllicon content of the iron ilg impraotioalq

When the new blast furnace is finishe& one of the small
furnaces will be blowm out for velining. It is doubtful whether
all Tour furnaces will operabe ab one time, as 1t was stated
that there was not enough coke avalleble for this.

A wyplcal lron meds in the No. L furnace has the

following analysis:

Caxlion, Silicon, Manganose, Phosphorus, Sulphur, Vana-
poer cent per cent por cont per cont per eeatb dium,

ver cent

e T A A

4,0 1.2 e L7 0,08 Q.1

Practically all of the sulphur in the coke has been
slagged off but all of the phosphorus in the burden and all
of the vanadium enter the iron. The titaniun in the iron is

usually 1/10 of the silicon content.
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Handling of Pie Tron -
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h ocoke and sil:

sand into ladles vhich held 40,000 to 45,000 howws of ilron.

1

Ugually, congldering &ll three Tamuoces, thore 1g o tap@ing
every 1.5 hours bub sometires Celay may increase this psriod

to & hours., ALl of %the iroa for lelting Bhop Moo 1 (which
contains the old smallegieoed unite) is talren bo a S00,000-pound
baaic Llined mixer. Only a small amount of Leab, In the fomnm

of two falrly weak coke oven gag flames, 1o added te this unit.

There i1s 1itHle in the way of nhondlilng Toacilities in the mixer

bullding. fron ls taken Ffrom this unit as roquired in Ghe

Mo. 1 shop. Materials hordling in this shoon La quite o protiem

as it only has ope track and as & consequaence charging of colad

maberials, chavging of iron, snd topping ars ofton in conflich.
Ag o regult, metal often carmot be added to thoe furnace at the

exact time i€ is reguired.

T™e No., 2 shop {(widichk g provided wlith the rore

modern larga )QGH heorth wnits: zebs its ivon dAlrvectly {rom

EER

the bhlast fumace, =g the mixer has capecity only for the

Noo 1 shop. Baterlals handling in the No. 2 shop is much

better than in the No. 1 shog.
At the present time vome additional pig iron lg

being made. This is [olng Lo the pic machine, as it will be

reguired ag soon ag o new large onan hearth Is coupleted.

Open Hearth Division -

There are L0 old #ilting-type basic open hesrihs
(rated at 55 tons) and one onagie lined eleotric furnace (ratec
at 10 tonsg; in the . L osnop.

The following melting practice is usedg

Sivwatona s oharg@d to tha bottom of the furmacs.

This is covered with highe-grade iron ore waich is in turn covered
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(Open Hearth Division, cont'd)

with another layer of limestone. These materials are covered
with scréps heavy meltling scrap bheing charged on the bottom.
During a period of approximately 3 hours this scrap is melted
down. When the bath becomes nearly level it is desirable to
charge the pig irvon. Sométimes pig iron is charged earlier
owing to materials handling difficulties.

When handling permits, pig iron can be charged in
R0 to 30 minutes. It was sald that the pig irom - scrap
ratbio in the furnace was 70 to 30, which is unusvally high.
It han&ling conditlons permit this to be chargéd 8.t optimum
time, 1.6. when bath has just melted, the Wrun offf siag imne-
diately forms., The furnace ig tilted te allow this slag to run
offfs The slag can contain in the neighbourhodd of B0 per cont
silica and 10 per cent Pp0sz, the oxidation of the phosphorus and
silicon in the pig being effected by the FeO in the heat, the
Fe® coming from rusht, etc., in the scrap. In spite of the
high silieca content of this slag, phosphorus enters it owing
to the high phosphorus concentration. When iron addition is
made at the right time, it does not take long to get over this
run=0f{ alag period. If iron is sdded before the both is
melted flat, ag seemed to e usﬁally the case, this run-off
peviod may last 1.5 to 2 hours. The run-off slag, which is
high in available phosphorus and incidentally containsg 0.6
poer cent vanadium, is run down into a box on the tapping side
of the furnace. "goon after the "pun-off" period the iime
comes up from the bottom. The heat is then worked Wiﬁh addl-
tions of iron cre and fluonrgpar and from this point on the
usual open hearth prachtice is followed.

The No. 2 shop contains four 185-ton basic open
hearth furnaces and a fifth 125-ton unit is near completion.

All furnaces are tilting. Practice ia the same 28 in the
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(Open Hearth Division, cont'd)
the Sydnes for plg suitable for basic converter work
.9

should be low in 311100n and high in phosphorusg. Low silicon
is required because for every part of S10s in the slag, four

parts of lime must be added o neubtralize: consequently, high
X

Yo

9,

silicon means a hesavy slag volxme‘and loss of heat. High
phosphorus is required because phosphorus 1is a fuel for the
bagic converter. It 1s not surprising, then, that the basic
bessemer operation at Sydney was not too successful. Past
experience has bullt up a strong opposition in the company

to the use of any form of converter,.

PART TT. = VANADIUM RECOVERY N PERIIENTS .

At present the vanadiwn in DOSCO pig iron isg heling
[ &

3

oxidized into the open hearth slag. Any method of vanadium
raecovery must necessarily Lnvolve an oxidation of vanadium
in prefsrence, to a large extent, to the oxidation of other
constituents of the pig iron.

DOSCO have been attempting to oxidize vanadium by
adding mill scale to the ladle and van some Lests of this type
a8 early as 1936. This year, about the first of July, a Plant‘

Vanadium Committee was gppointed. The personuel of this com-

mititee e as follows:

\

Mr. I. Co NMacwie, enginser of tests,
L. Bower, As8t. G6n. Supt.,
Mr., L. Fulton, blast furnace department,

Mr. Mo Gumpbelkg open hearth deparviment,
Mr. Theuerhaul'; enginesring department, and
Dr. N. Parlse, laboratory.
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{Part 11, continued) -

R e S o]

Tadlie Teshs -

This committee decided that all the scaie

in the plant should be used in the vanadium experiments.
Results of experiments involving mill scale additions to
the ladle follow. In so far as analyses of products are
concerned, these resulte are none too complete.

Although tests hsve bheen carried out since
June 24th; the regults of this‘work heve not heen too
closely controlled, the work being conducted mainly to
davelop a satlisfactory tesmwork and techuigue for the addi-
tion of secale to the ladle. No atbtention, then, haa been

paid to post-June 24th results.

{Table T now follows,

on Pages 10, 11l and 12.)

¢

&

(Text is conbinued on
Page 13)
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{Continued on next page)
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(Ladle Tests, contld) «

It is evident that the alag recovery has nobt bsen
too good, and s better conCop tion of the reactions would ‘have
been gained had more anslyses been taken. Apparently, full
analyses were only made on the products obtained in the tesbts

of Pebruary 24, 1936. Analyses of these products follows

1)'}6 L:‘g’l)

hbubiie

Annlysis of Products (in per cent)

§ Fo il MV oTi P 1c |8 ¢80 | Mg Si0q
oI Cwirandy i + esmrarat ruel . !‘ _ :;s_f:::;““.n“'* e wuny A=Y ‘ ) .
. 1100 G.85 O, 3cv 0,108 1L.71 13,46 10,070
. }
- ! ' }
A e 0.90. 0,23 OsJW6 0.084 1 1.6415,49{0.064
; i
. . “ N\ { o . - -
3= 35,98 -4°71@‘LM. ;l JO4 1 0,31 0.11 | 1.30] 0.08{ 38,30
: : ' i '
@& .
" This value seems erroneons Tn view of the

1low MJH“”ﬂuhe gcontent of fhc purden it should
be urder 1 per cenh.

The first test, then, showed bthab Janad¢uu could be
conecentrated in the élag but sufficlent data were not collscted
to make possible a recovery caleulation. Subssquent teshs
confirmed the findings of this first test and indicated that an
eddition of 4.5 pounds of alo to 100 pounds of iron regulted

in a gllicon reduction of approximately 0.40 per cent. Oxidetion

in the ladle apparently canuot he increasged much by addlng more

ot

wlll scale, as the tests of June 1Vih, with larger additions, did

not produce very much greater silicon oxidation. Apparently,
then, the aves of de& metal Interface and the time allowable

limit the amount of oxidation that can be obtained. Indeed, it

is posalbles that oxidation equlvalent to an C.4 per cent silicon
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{Ladle Tests, -cont’d)

reduction could be effected with a smaller scale addition.
If this should be the case it would be bebter to add less
mill scale as this would involve less dilution of the vanadium.
(It might be argued that slag equilibrium is established and
that any excess Fe0 added would be reduced to iron and conge=
quently be an effective oxidizer. The fact that silicon does
not appear to drop with the increased addition of scale would
appear to conbradict this assumption.)e This does not rule
éut the possibility that an approximaﬁe eguilibrivm may be
egtablished with additions ol scale ol the order of 4.5 pounds
of scale per 100 pounds of ifon and for scale additions of
less than this amount.

Vanadium content of the slag fluctuates considerably.
It is thought that this indicates variatlion in slag dilution
rather than variation in vanedium vecovery. PFor instance,

congider the test of June 2, 1942, when slag collection was

1}

apparently beatter th&h usual. Silicon reduction in thls
insténce was 0,44 per cent. On the basis of 40,000 pounds of

pig iron in the ladle, this represents a =silica formation of

383 pounds. If the silics content of the slag were nearly similar
to that in the slag produced in February 1936, the 1600 pounds

of slag would contain appreximately 600 pounds of silica, Even

1f slag recovery had been 1U0 per cent, which certalaly was not
the case, the silica pickup for this test would be in the order

of 200 pounds. This gilica could come from the binder material
and the one«ésh in the rumer and ronner dams, from {looy

gand, {rom blast furnace slag, and from refwractories, and

there is no reason to suppose that this dilution would be

constant.
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(Ladle Tests, cont!'d) =

‘Again referring to the test of June Znd, 1t may be
seen that the slag containsd 37.85 per cent iron (48,7 per
cent FFe0). On basis of sleg analysis made in 1836, it may
be conciuded that the slag Irom tap 816% would approximately

contain the Tollowing:

Pal, MnQ, Vs L, ¢ao,
per gent. per gent per ¢ent per cent per cent

48,7 1.0 , 0,87 0.6%7 L.30

the silica content of thig slag were around 40 per

cent, this would account for 94 per cent of the slag. The
additicnal & per cent can ve accounted for by reasonable
variations, such as additional blast furnace slag, additional
oxygen for metals present, efc. Consequently, it can reasonably
be supposed that a silica content of approximatel ly 40 per cent
cén be agssumed for the ladle slag,

Unfortunately, lack of accurate data on slag weight
and slag and metal composition wmakes &t lwpossible to caleulate

recovery. However, an approximatlon of recovery may be gained

by the use of the following formulas

O
o]
i
5
&
Q_‘;
s
1y
el
+
w0
fuc
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e
o
0

Total slag welght = scale added + silis
plckup + oxides other thaen those of iron and silicon
- 1lron reduced to slag.
Putting slag weight eguals X, knowing scale chavye
o be 1800 pounds, silicon reduction tc bs 0.44 per cenb
o1 QO 000 pounds of irvon, assuming the silica content of the
slag to be 40 per cent (which makes silica plckup @qﬁal to
40X = silica formed from silicon oxidized), knowing bthe iron

in the slag to be 38 per cent and the iron content of the scals

]
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to be 70 per cent, and assuming extraneous oxides equal to
5 per cent (a falvrly logical figure, in view of the 0.8¢ per

cent of vanadium present), the formula would equate as follows:

X = 1800 + 176 4+ (.40X = 380) + 08X - (1LB60 = .38X),
from which, X = 1980 poundas.

This flgure is merely an indication of the weight
of the slag that would bs recovered as it is considerabiy
affected by the silice content of the slag and the amount of
oxides other than those of iron and siliéon that may be
pregent. The [igure, however, must be rsasonably near the
correct one, although It is probable that the actual slag
weight was somewbat less, as the non-silicon iron oxldes
would probvably be more than 5 psr cent.

As the significance is only to two figures, and the
probability is that the value of X was lower, it will be’
agssumed that the slag weight was 1200 pounds. In this eavent,
silicé plckup equals 380 pounds, lron reduced to the slag
equals 576 pounds, and the pser cent of vanadiuvm oxidized to
the slag would be 41 per cent (.0087 x 1900 divided by 40).
Actual vanadium recéveryg because of difficulty in slag col=
lectlion, was 35 per cent (0087 x 1600 divided by 40).

The calculation iudicates that about 45 per cent of
the iron in the mill scale ig reduced. This would mesn that in

caloulating the oxidizing power of Fex®, 1t should not be

regarded as releasing only one oxygen but, ingtead, ong plus
4D x 3, or 2,30 oxygens,

The ebove calculations arve, of course, quite

artificlal; because they sreo based on only one test and many
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(Ladle Tests, contid)

assumptions. They have been mareiy recomled in an efford

to obLain some rough approxlimation of the vanadlum oxidized

to the slag, the silics plckup, and the efficlency of the

oxididing addition. A slag analysis would make possible an
exact caloculatlon, as then no assmmptioﬁs naed be made.

It would seem advisable, thea, to analyse glags
on hand as 1t would thus be possible td get gome exact data
on the relative oxidizing powers of oxides thé%.are avallable
for this work. For instance, if 46 per cent reduction of’ the
iron in iron oxides can be asgumed, this would mean that FesOy
and FeoOx would respectivaely releass 2,35 and 1..90 oxygeng per

gram molecule, Were MnOg to be used as sn oxidizer only one

oxXyaen would be released per gram molecule as thers would be

[

ium nitrate, one of the most
violent oxidizers, would release 2 oxygens per gram molecule.
On the above assumptions the relative weight of oxygen

reloased per 100 pounds of oxide would be:

NaNOg - S7  pounds
Fea03 - 19 i
MO - 18.4 "

Par04 - 16,2 ®

Sodiam mitrate probably could not be used, as it would

be too hard on the refrachories. There is nobt much differencs
in the oxidizing powers of the other three oxides, but very
high groade irvon ore Should_be the beéﬁ addition agent {on the
Pasls of 45 per cent reduction of it3~irpn contenty). It
should be remembered, also, that the slag must establish an
vq1 ibriuan; or sn-approximabion to én @quilibriumg'with the
iron. This means;that the slag must carry a falr amount of Fe

If this Pe0 is not supplied in the addition agent, it must be

Qe
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mEperiments Involving Additlions To Opoan Hearth snd Mizer -

No attempt has beosn made t o concentrate vanadlum
in mix»ur or open hearth slags, though this may well be possible,
as tho present "run-off" slag from the open hearth contains
0.6 per cent vanadiuvm. It is noped that the oper hearth
depsrtment will give permission to make the following tests:

THST Lo =  Melt scrap to level and charge ivon as Tast
a8 possible., To this pig lron add high-grede ore
in the ratio of & pounds ore to 100 pounds iron,
A this addition would eventually overoxidise the
bath, the weight of the materlal added must be sube
tracted from the weight of the ore originally charged
to the bottom of the bath.

It i3 hoped that the iron ore addition will
oxidize the silicon and vanadium and that the slapg
preoduced will be sufficiently high In sillca to
prevent too much PglOg conceutration. It is planned
to withdraw this slag In about 30 minutes.

Test 2. = As in Test 1, save to add additlonal silica to
reduce phosphorus concentration in slag. This high
geld slag would, of course, atbtack the dolomite backs,
30 that the time it could be le&l't in the furnace
would be limited.

Tests in the present mixer appeer to be out ol the
question, as the mixeris shop has very Llittle facilities fow
togt work and the besting might interfere with the steel
production of No. 1 Shop. In any event, only half the iron can
be treated, as the capaclty of the mixer is only sufficient to
handle metal for the Wo. 1 ghop {(in the month of June, 15,741
tons were treated in No. 1 8hep snd 12,650 boas in No. 2 Shop,
additional lron produced being plgeed).

It might be possible to convert sither the A or tho B
furnace of No. 2 Shop to a 500«ton acid llned mixer and bo
reduce the silicon and venadium in the pig by carrying a high

.

oxidizing charge in thig mixer. It is doubitful 1L the company
would allow such a change, ad it would involve the loss of one

off their large open heartlh furnaces,
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Leaching Experimonts on Vansdivm-Gontalniug 3lags -

S De. N. Parlee hag been vunning some smallegcale
leaching tests on slags. e fivst roasted a mixture of
15 per cent sodivm chlorido, 5 rer cent sodiam carbonate
aand 80 per cent slag and thon lvached the reasted product.,
Mr. Lathe reports recovery of vanadiuvm by thls method
have been 7O per cent. Un cne test, however, 0.73 per
cont vanadium out of 0,93 vanadium in the slag wes recovéradq
This represents a wegovary of sbout 20 per cent, which .
is of the order that the litersture cn the subject would
lead one to expect would he achleved. Dr. Parlee has
found that the best roasting teupsratuore is 800% C. and
that best extractlon is cbtained whern the products are

ground tc minus 200 meshe.
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(o = %EVTLW AND AHALYSTS OF POSSIBLE METHODS

\NADI UM RBGOVERY »

Ao

In this method the iron can be oxidigzed elther
in the lszdle or ia-a‘separate reaction box, Various
oxidizing sgeunts mey be uvssd., The following havse besn
suggeated: mill scale, hlghygr&de iron ore, high-grade
mangansse ore, sodd ash, sodiuve nitrate, and ailr. The
experimental work, while nobd 3u£?1019nu17 axtensive Lo permit

of any definite conclusions, would indicate that mill scale

or high~grade iron is the Dest oxidizer (see Part I, pages

K

1718} and that 1f the oxlde is added to the ladle ard
not to a sepsrate reaction box zboub a third of the vanadium

can be recovered by this wmethod (Part II, psge 16).

;—-q

Blowing air into the ladle has interestin

5]
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(Oxidation of Blast Furnace Taps, contid) -

possibilities. Ab first sight it might be thought that if
this method were used a ulgher grade of slag would be
produced, as the vanadium would not be diluted by the oxide
addition. This conclusion, of course, is.highly guperficlal,
as the slag will take up sn iron oxide content in accordance
with the equilibrium, or spproximation to eguilibrium,
existing at the time. As polnted out in Part IT, it would
not be good practice to get this i1ron oxide for the slag from
the fairly expensive pig iron. |

Howe, in the Journal of the Iron and Steel
Institute, 1890, vol. 1L, page 1L02, gives the folléwing
values for converter operation, starbtin. with an iron of

the following composition: . . .
& '

Carbon, Silicon, Manganeses Phoaphorus, Sulphur,
per _cent per cent per cent per cent per cent
3.10 0,98 0,40 0,101 0,06
Time of Silicon content 3ilica content FeQ content
blow, in - of metal, of slag, of slag,
minutes pay cent per cent -per cent
2,0 0.63 ‘ 42,20 40.29
Do 0.33 50,26 34 .24
6.3 0.03 62.54 2l1.26
8.6 0.03 63.56 _ 21.39

At a stage in the blow when the silica content
of the slag reaches 40 per cent, therefore, the FeO content
on the straight blow is also 40 per cent.

Slags produced by adding an oxide to the blast
furnace ladle contain about 40 per cent silica but glightly

higher Pe0 content (around 49 per cent). The difference,

however, in converter and ladle conditions is not marked and
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{(Oxldation of Blast Furnace Tapa, conbtd) -

probably indicates a depariture from equillbrium conditions
in the ladle as & result of restriction of rsactlon aurfaces.

Insreaso In grade produced by straight blowing,
thens would be slight. The blowing method would involve the
difficulty of maintaining blowing plpes and the possibility
of some attack on the ladle lining if oxidation in the ladle
should be sufficlently marked to cause a high temperature
rise. On the other hand, it might (providing the iron oxide
for the slag were satlsfied with mill scale additviona) offer
a cheap and convenient mothod of oxidation.

One attractive featurs of the blowing method, which
ig in reality an atbtempt o apply the bessemer procedure, is
that its use mipght make possible (in the e vent that abdve-
mentioned difficulties dAld not interfere) a betbter recovery
of vanadium. Apparently, vanadium recovery is limited in the
ladle addition method, as heavisr scale additions do not pro-
duce more severe oxidation because of the limitation in
reaction surfacesn (Part II, page 14). The plowing mebthod could
be carried on until all vanadium wasg oxidized. Whether or not
1t would be necessary to cxidize all the silicon to achieve
this is not known. The literature indicates this to be the
cass but results obtained at Sydney show that substantial
vanadium osidation cceurs with only & percantage of the
gilicon oxidized. It may be that the relative oxidation of
the two elements 1g effected by temperature. IL vanaedium
oxidizesa better at a lower temperature the largest effective
ampount of mill scals could he added. If high temperature
promotes preferential vanadium oxidation (which seems unlikely),

only the amount of ferrous cxids required for slag equilibrium
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(Oxidation of Rlast Furnace Taps, cont'd) -
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should be added as scals.

It has been suggested that all blowing could be
done on one silte, that the blowing ¢ quzoment could consisth
of a cover through which blowing pipgs would protrude, and
that air could be obbalned by tapping the No. 1 Blast Furnace
air lins,

The NWo. 1 Blast Furnace bhlower furnishes slr at
18 to 20 pounds pressaure and has a capacity of 80,000 cu. {t.
At present this unlt is only delivering 45,000 to 506,000
cu, ft., of air, so ast furnsce conditions could be maintained
cn a tapped line by stepping up alr delivery. A spare turbow
blqwer capasie of delivering 35,000 cu. ft. at 18 poundé pProge.
auﬁe is available for experimental work,.

The above mebhod loocks fine on paper but maintanaﬁce
and waterials handling problems would be gveano’ In additliong
considerable construction would be involved, and the number
of ladies would have (o bs increaged by 50 per cent, as the
ladles covld only be two-thirds filled owing to the aplashing
which would occur on blowing. An arrangement involving both
blowing and mill scale additions would seem to have possibLilie
ties, as it would pive a2 greater reaction surface than the
straight scale addltion methiod and conseguently inecrease the
vanadium recoversy

According to caleulations made in Part IT (pagesibandls),
about 400 pouwnds of silica ia introduced with the swaTO &9
a result of sttack on runners and ladle and extraneous addi-
tiong of co §e and blast furnace slag. This materlel not only
dilutes the slap but slso ocuts down the efficiency of the
oxidizing agent, for Fel .aust establish an eguilibrium, or

near eguilibrium, with the silica. ihen additional asilica 1

ko




« Pago 24 -

(Oxidation of Blast Furnace Taps, cont'td) -
o

sdded, the amount of Fe0 reguirsd for equilibfium is
therefore increased, with the result that it is lost as an
oxidizing agent. Reduction of the silics in the slag, then,
would not caly improve the zrads of slag butb £lso incresse
the efficiency of the oxidizing agentb.

Tramp silica additions to the alayg could be largely
prevented 17 the iron wevre nob oxidié@d in the ladle but in a
reaction boxs The iron could be poured into this box Lrom
one ladle, oxidized, and then charged to another ladls for
delivery to the open nearth department. Heat produced in the
oxidation would prevent the iron from geiting cold. The
method would have one further sdventage ln that the oxidizing
agenf could Dbe added more 2asiliy than it could to the blast
furnace tap. In addition, the prezent method of ladle
additioﬁs involves iron lesg, a8 the open hearth operator does
not like to pour the ladle clsan owing to the presence of 8o
much slag.

_Am@rican Rolling Mills are said to be using a reac-
tion box for desiliconizing their pig iron., It mlght he that
this type of box would be ideal for the vanadium oxicablon.

It is hoped that this unit will he seen shorily. Kjelling
(Engineering and Nining Journal, 123, pp. 581-R8, 1937)

also mentions a box-type wnit in which he produced a very

high grade of vanadium slag fPcm vanadiummcontéining pilg Liron.
The desiliconiging of the plg should not only lead to vanadium
regovery but should also improve steel production, as the

open hearth furnaces should opefatévnwre rapidly on the
lower=-gilicon iron. |

Prevention of dilution of slag might be expected to

raise the venadium grade from 0.87 per cent Lo 1.l per cent (on






(Ozidatlon in Opsn Hesy'th and Mixer, conkt'd) -

could be supplied To ald iv the oxidabion. Little additional
equipment wo' 1d be needed shouid this method prove successiul.
It would also involve practicaliy no'ixte?farence with present
practice as two slags au@ now being drawn from the open hearth
furnace.

The above logle is sound, although additional heat
may probably not favour preferential vanadium oxidation, but

the inability to handle materiaels satisfactorily in the

No. L Melting Shop (Part T, page 5 ) and the problem of phosg-
3 E Ji [ / E:

lphOPLS make quesiticonabls the merit oif the method., As pig
iron cannot be deliwvered exactliy as requived in the No. 1
Melting Shop, fast socurabe slag veactions are out of the
question. The open hearth method, then, caanot be used for
the smaller open hearth wiits.,

Vanadium contend Qf oven . hearth slag produced by
this method would te fairly low. Consequently, recirculation
throupgh the blast furnace would probebly be necessary. It
hag been suggested that lejncn sles in applyiang the method
in the No. 1 Shop cculd be overcome by the following pfoéedureg
Use the method doscribed atove In the No., & Maltiné shono
Recirculate the slag produced tiwough one blast furnace and
meke sure thel all the plg produced during this recirculatilon

Xy

period ig fed ©

o

the mixsr bhat gerves the No., 1 Shop. The
vanadium content of the mizer meval could taen be oxidized
to slag by oxide additiong or by alr-blowing.

Chjections to this metiod fairly crowd on one another.
Vanadiom recovery in the mixer ¥io 4L probably e little vetter
than in the ladle ox reacition boux method as it prebably would
be difficult bto cxidize very eiffsctively. Iven granting that

2.

the wvanadium recovery might be hetter, owiang to the larger
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(Oxidaetion in Open Hearth and Mizer, contfd) -

reaction surfaces involved, the method would still be difficuli
to operate as it would invelve much additional equipment in

the mixer room and carefully ccentrolled circulation of materials,
The paramount objectlon, however, is that the vanadium slag
from the open hesrth furnace would probably be high in phose
phorus and the recirveculation of phosphorus in the blast furnace
would aggravate The already ALFILoult phosphorus problem

of the company. Suppression of phosphorus by early silica
additions to the open hearth may be possibls, but this would
lower the grade of the slag and also probably result in severe
attack of the basic lining of the open hearth. In any events
the final vanadium product obtained would probably be high

in phosphorus and conseguently pregent a difficult purification

problem.

Ce Oxidation in New Mixer -

The A or b furnace of No. £ shop covld be relined
acid and used as 2 500-ton mizer., All iron could be circulated
through this mixer and by ruuning the iron bhrough a highly
oxidizing slag, a falr amount of silicon and vanadium couvld
be removed from the Jron., IT reaction éalculations indicate
that preferential oxliation of vanadium csn he secured at high
temperatures (which seems unlikely, as vanadium will probably
function in the same mammer as does phosphorus which oxidizes
better at low temperatures), the desirable reaction can be
furthered by supplying bhealt to the mixer. The heating would
also increase the SioégFeo gquilivriun retls> in the slap and
consequently improve the grade. The main ohjeotion.to this
procedure ia that it would necesaltate the loss of & badly

needed open hearth furnace., There is also danger of sulphur
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(Oxidation in New Mixer, coabtd) -

pickup from the high-sulphur Llawe through the acid slag.

According to report bthe sulphur builde-up did nov occur when
this procedure was followed during a period in 1914 when the
company ﬁas desiliconizing in a mixer, but sulphur bulld-up
did oecur when the iron was desiliconized by pertial blowing
in a converter and then deph@spmorizing in a mixer. The

pfobability 1s, vhen, that 1if a good recovery of vanadium is

to be obtained by this mebhoad it will involve sulphur builld-up

Al

in the steel. This would, of course, rule the method out.
If', however, this bulld-upn would not occur, the method might
be practical as the loss of an open hearth might te moere than
compensated for by the Incrsase in production of othsr open
hearth units which would coour as a result of the lowering

of the silicon content of the iron. In view of the company's
previous experience with this method, and considering the

&

ossibility that 5t might involve a drop in steel production,
(]

it would probably ke difficult € Oﬁtﬂlﬁ support for this

G

method of vanadium recovery.

Do, TUsoe of Basic Converter

fhvasi FROTAN

Ag mentioned in Purt I, high-silicon pig centaining
less than 2 per ceab phosphorus csurot be so satisfectorily
treated in the basic bessemer converter as the silica produced
in the oxidation ¢f the slliicon mmét be neutralized by heéavy

gl

lime additlons and the phesphorus (roquired as a fuel in the

orocess) is teo low. I6 is not surprising, then, that the
company fa experience with this msthod of steel manufacture

wag not teo good and 1t weuld not, consequently, seem to be

covering vanadium from the pig. Such

{D

a sultable nmethod of =
a unlt could, of course, he operated =o that practically only

silicon and venadium ave oxidized. The vesulbant slag, however,
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(Tse of Basic Converber, contid) -

would be high in phospborus, which would involve puprificetlon

difficulties.

Bo Use of Acid Convertenr .-

‘
a

If an s6id converiter ware operatod so as to

oxldizs only silicon and venadiwn 1t should be possible 1o

<o

concentrate practically ail of the vanadium in the converter
slag'with 1ittle interférenca with present steslemaking
procedure. Leaving economlcs and equipment requirements outb
of consideration, this Wobld certainly seem Lo be the best
method for recovering the vanadium, for the slag obtained
should ve falrly low in phosphorus and the vecovery should

be good. The concentration of vanadium in the slag would be
as high as the silicon-vanadium fatic in the pilg would allow.
This concentration could be Increased by recirculating the
glap through the blast furmace. The objectiom_to this method
is, of course, that 1t would take a fairly long time to hulld
the numessary*aquipment‘ahd the cost for the redactdion of
vanadium and silicon would be qulte high., The lower silicon
iron produced,; however, is more suited té onen hearth operation
than is the high sillcon iron heing produced at the present
time. In view of thelr previcus sxperience with converters,

howaver, it 1

o

1 doubtful whether the company would be interested

in this method of trvsatment.

R ST IS 08




= Page 30 =

PART IV, = E&SUMN“RY AP CONGLUBIONS

TEBSTNG I 2 DT

Wabane iron ore smelbted by Dominion Steel and Coal

ner cent vanadivm and 0.85 per cent phosphorus.

-

containsg Q.08
Practically all of the Qan:dtum and phoophorus ig reduced Lo
Pilg iron in the blast fvrnace, whleh uses a ooke containing
1.80 per cent- sulphur. BRlast furnacs and open hearth procedures
are discussed 1n Part I of this re_ orbt. Part IT reviews the
varadium vecovery experiments mwade to date, while part TII
reviews and analysez the pcssibilitles of various rscovery
methods. |

The foliowing, poesible methods of vanadium recovery
'afe avallable:s
L. Oxidatlion of the vanadium in the pig iron by adding

an oxidizing agent to the blast Tuvrnace ladls cr hy

oxidiziog, prior to open nearth trsatment, in a

reaction hox,
B, Oxidation of vanadium in a mixer.

Co Oxidutimn of vanadium in the TGH hearth fumace.

Do Oxidatlon of vensdium in a basic Dessamer unite

Be Oxidation of wvanadivm in an acld bessemer unlt.

was

The low manganesge content of the 1ron is an advan=

tage, ag 1t nakeg easier the oxiaation of wvanadium.

L

The high gllicon in the plg iron, however, makes
rec oveﬂv rove difficults as a svbstantial amcunt of silicon must
be ozidized befors o good vanadiwn recovery can be effected.
Fluctuations in ore compesgition and furnace design, hovoever,
prevent the regular production of a low slilcon iroﬁ {sae
Part I,pagesd-4 ). There is a possibility that the silicon
content of the iron could be reduced should abteam be introduced
with the blagh. This practice, while open to certaln objlections

(see Part I, page 4 )}, has been used succesafully before atb

£
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Sydney. Certainly, the regular production of low sillicon
iron would greatly facilitabte vanadium recovery; so i1t would
seem that consideraticn might be given to the reintroduction
of this progedure.

Soluticen B would probably not be satisfactory, as

there is a danger that gulrvhur build-up in the iron will oceur
as the yesult of the action of the high sulphur products of
combustion through the acld slsg. Furthermore, the present
mixer 18 not supplied with good nandiing facilities and the
convarsion of oné of the large wasic open Learths to an acld
mixer would involve the loss of a large open hearth furnace
and a consequent logs in badly nseded steel making capaclty,
although this may be compensated for by the fact that the
remaining open hearth furnaces should operate more efficlently
on the lower silicon iron.

Solution ¢ is opsn to the cbjsction that vanadium-

containing olag produced in sarly oxidation in the open hearth
would probably be go low in grade thet recirculation through
the blast furnace would be necessary. IF the‘phosphorus
content of the slag should be high, as would probably be the
case even i1f it were kept fairly higlh in silicon, a practlce
which would involve attaék of the basic furnace lining, ths
compary might not tolerate this recivculation as it would
agpgravate thelir sclieady dilfficult phosphorus problem. (See
Part III; pagas 7). In additiloa, this method would probably
make necessary the tresatment of a vanadium product containing
a falr amount of phosphorus.

nome too sabisfactory, as the high

silicon, intermediate phosphorus pig iron is not very well

&

sulted to the basic bessemer process (see Fart III, page 281,



(Part TV, Summary and (onciusions, conttd) -

golution B, that used by Bethlehem in their treat-

went of Tofo ore, would probably be satlsfactory. However,

if present steel making practice must not be disturbed 1%

would be necesczary to stop the blow immediately after the
silicon .and vanadium have bheen oxidized., faguipment required

for this operation would be expensive and would requirs the

best part of & year to bullid. In addition, the company 1s
definitely prejudiced against a converter installation because
their previous experience Witb this method of treatwment was

not good. Ths converter method, however, should work and should
allow for a good vanadium vecovery (Part IIL, page 2¢ ).

golution 4 appears to be the best in view of the

necessity of obtaining vanadium immediately with as Llittle
interiference ag possibla with steel making operations.

It should bg possible to cbtain an overall vanadium recovery
of at least €5 per cent by this method (based on 32 per cent
recovery in slag and 80 per cent recovery in the leach) and
this reeoﬁery could probably be raised if the oxidation were
done in a reaction box, 1f a combined air blowing - scale
addition method were used, or if the silicon 5ontent off the

pig were lowered by introdusing steam with the blast.
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