
7 

_O TTAWA 	July 25the  1942. 

REPORT 

of the 

ORE DRESSING AND METALLURGICAL LABORATORIES. 

Investivation No 1271  

Recovery of Vanadium from Dominion 
Steel and Coal (DOSGO) Pig Iron. 

(co)v NO.Ae.) 



V

TABLE A CONTENTS
4t^irZ"•Fa=St̂ sFS.«;^:c^,,:.t.,Pi,x:,^^irdx3:^'..:.::aTa7.tU'>?S^

1,10xxag^P^qact,ic-Qa ^ - I

R[,^w ^^^^^^^•3^^1„^^",^ r,^ . o n U n 6 3. a c n O o C 7 O ü 7 tO 0 O e e O C O(1 1

L_:.,5..ast F1.3rnacl,' •̂. Dt';,?pry•!'tmenlr a a c o a a o n e., u a e o 0 0 o a o 3

Handling of PQ Ir on O a 6 . • c U e e u a O e C e a O O n 4 l, 3

yen Hearth Division .. a e o ü e n a a e a>> e e e ^ a a a a i>

fL-i^gn^^^c ^rç''Y

Ladle Tests nr o r, a. o a n o o a a a a o 0 0 0 0 o a o o a^ a o a u e a o il

làxpextiments Ix1volv'inf:, Additions to
yen Hearth and Mixer a a ,+ c O e e O a O a e C e a a O D 19

Leaching Expûr7 tTeY7%; s on Î%a:CIadiïJ.i?'i-
(;oYita;j.,w1ing jl`a,gi 40.....00 ...0 ooono eou

cY
^

Part III. c^ssibK Mothods
o - - 20

,a." ...^ . . . .,. . ^.c,.f•.!.,v .

A. - Oxidation of .^ Blast Furnace Tips n.. o o a a a c 20

B. - O:eSic^atil7 n in Open l.if:apGh and Mixer a o o a. c 25

C. `•, Ox1. datiU YZ in New Mixer , o a. r a... o o n n p o 27

Do v Use of Basic Converter 28
E. We of Acid Converter C O O O O 0 0. c o O o 0 0 o O O 29

Part ^vVu ^jï,717l17ii^.7^ qnnr3yné3S v7q1.C7Y18 a



BUREAU OF MINES 
DIVISION OF METALLIC MINERALS 

— 
ORE DRESSING AND 

METALLURGICAL LABORATORIES 

CANADA 

DEPARTMENT 
OF 

MINES AND RESOURCES 
MINES AND GEOLOGY BRANCH 

OT TAWA 	 July 25th,, »42 ‘, 

REPORT 

of the 

ORE DRESSING  AND MFTAITURGIOAL IABORATORTES 

Investigation No. 1271. 

Recovery of Vanadium from Dominion 
Steel and Coal (DOSCO) Pig Iron. 

PART Ie 	NOTES ON LOSOO STEEL MAKING PRACTICE. 

Raw Materials - 

DOSCO smelt Wahana iron ores with Sydney coal. 

The iron ores are obtained from four mines. Ore shipped is 

generally a mixture from two mines. The mixture fram one 

pair of mines eenorally.containa about 2 per cent less silica 

than shipments of the mixed product of the other two mines. 

Because of thia natural variation from shipment to shipment e  and 
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(Raw Materlais e  contvd) - 

indeed ;  from hold to hold on one shir e  the blast furnace 

department is never positive of the silica content of the 

burden. This makes close control of pig iron analysis difficult. 

This situation.has been accentuated because of shipoing diffi-

culties, as recently the Sydney plant has been operating on 

about an 8-day iron ore supply basis. This means that bottom' 

is being scraped and extraneous matter may  ho  picked up in 

loading iron ore  en  early Jmprovement In the shipping situa-

tion is anticipated, however. 

The following is a typical  anal sis  for Wabana 

iron ore: 

iron, 	 Silica ; 	Phosphorus ; 	Vanadium ;  
per cent 	Der cenT, 	per cent 	Der cent 

51.5-52.0 	12.5-16.5 	 0995 	 0.05 

Cape  Breton coke used in Smelting this ore has the 

following composition 	( .Per cent.) - 

Fixed. carbon 	 Volatile 	Ash 	Sulphur 

91.50 	 1900 7.50 	1.80 

It may be seen ;  thon  e  that DOSOO are carrying out 

a very difficult metallurgical procedure ;  i.e. the ameiting of 

high phosphorus ore with high sulphur coke. As a rule the high 

silica content of the iron ore would be a disadvantage ;  as it 

necessitates the carrying of a very large volume of slaG and a 

consequent reduction of furnace capacity. It Is true that this 

factor is in operation at Sydney ;  their 500-ton blast furnace 

being much  :Laer  than a furnace of similar capacity designed 

to operate on normal ores. The heavy slag volume however ;  is 

an advantage as it reduces the problem of mulphur.reduction (the 

large volume of basic slag carrying more Oas In solution). This 
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(Raw Materials e  contvd) 

is needed as the low manLanese content of Wabana ore makes 

sulphur reduction more difficult (little 	nMnS" forming). 

Blast Furnace Department - 

- There are three blast furnaces in operation at 

Sydney and a fourth is being built, the old blast furnace 

shell at Oebway being used in this construction.  No 1 

Blast Furnace has a daily Iron capacity of 500 tons. Blast 

Furnaces Nos. 7 and 8  are 350-ton units. The new furnace, 

which will be called  No 3, will be somewhat larger than  No 1. 

In operating a it  furnace as abasic iron producer 

silicon  contre].  is Important, as the open hearth department 

prefers low silicon iron for the silicon must be oxidized in 

the basic open hearth unit before other essential reactions 

can proceed. Low silicon iron can only ,.;e, produced in a 

fairly cold furnace and furnace temperature cannot be kept too 

low or the sulphur content of the pig increases. In maintaining 

control, accurate knowledge of the burden composition is needed. 

When ore analyses fluctuate, as Is the case at Sydney, silicon 

must be run rather higher in order to maintain a factor of 

safety as a high sulphur Iron is useless. 

Furnace design considerations may also affect the 

value at which the silicon content of the pi  iron must be 

held, for the binder expands until it gets to 2100 0 Ji  where 

fusion brins about contraction and:furnace design must be such 

that the point of maximum expansion does not occur at a constric-

tion. Such a condition occurs when the heat is too localized 

In the tuyero area as a result of using too high a blast 

tomperatUre. Bridging can be provented,by adding more coke 

to the charge (a practice that inereases the silicon in the 
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(Blast Furnace Department, cent ?d)  - 

iron) or by blowing steam in with the blast. 

Conditions at Sydney are such that the silicon content 

of the pig must be held around 1.20 per cent s  albhough it was 

said that Furnace No. I could mako a slightly lower silloon iron. 

Before this latter furnace was relined bridging trouble was 

experienced and it was found necessary to blow steam in with the 

blast. The furnace operated very well under these conditions 

but after the furnace was relined this practice was abandoned e  as 

it was said to be wasteful of coke. There is some evidence e 

 however, that the greeter part of the hydrogen produced when the 

steam was reduced by coke functioned as a reducer higher up in 

the ntack with the result that the coke used to reduce the 

steam was not wasbed. Ib is fairly certain ;  however e  that 

unless steam Is introduced into the blest the reduction of the 

present silicon content of the iron is Impractical. 

When the new blast furnace is fini shed one of the small 

furnaces will be . blown out for relining. It is doubtful whether 

all four furnaces will operate at one time  as It was stated 

that there was'not enough coke available for this 

A typical iron made in the No 1 furnace has the 

following analysis? 

Carbon e 	Silicon, 	Manganese, 	Phosphorus, Sulphur e  Vane- 
2er,cent per 	_per cont. 	1Pq; 	P.En? 	dium» 

4 er C L■ 

4.0 	1,2 	0.2 	 1.7 	0.03 	0.1 

Practically  ail of the sulphur in the coke has been 

slagged off but •all of the phosphorus in the burden and a.11 

of the vanadium enter the iron. The titanium  in the iron is 

usually 1/10 of the silicon content. 
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Handlin 'of Pi;  Iron - 

, 	 ?ig iron runs ('- oun runni,ws 	wth lined i 	coke and silica  . 

sand into ladles which hold 40,000 to 45,00C' pouryle of Iron. 

Usually, considering all nree f.»,..irnaces, there is a tappinG ' 

every 1.5 hours but soluotir:en alay may increase this period 

to 2 hourso All e..' the irpfi for Ueltine, Shop Eno 1 (whîch 

contains the old small-sized units) Is talœn to a 500 9 000-pound 

basic lined mixer. Only a srlia .2..:1 amount of hcut,in the form 

of two fairly weak coke oven ç2;as flames, is a&led to this unfit. 

There is little ln the way of 	„ridl -ir, .'2acIllties in  the m.:17r.or 

buildino Iron,is taken frel -: , tuJ.s unIt as reclured in the 

boo 1 hop. L:aterials '!anji ..in :In this ;ihop Ls qui te ::). problem 

a $  it only has one track and as a consequence charGin of cold 

materials, charei)u o£ iron, And tappinz arc often in conflict. 

As a result, metal often cannot be added to tho furnace at the 

exact tlme it is requfred‘ 

The No. 2 shoD (wiJ.01 .,  s  provided  w! th the more 

modern lare open hearth unIts 	ets i te  :Iron directly from 

the blast furnace, as th , r: 1 ,,il.x.or has cabacity only for the 

No  I shop. Materials handlin!,., in the No :2 shop is much 

better than in the  No  1 shor„ 	 . . 

At the present tlrie fol::e additional pic iron is-

being made. This is , - ,onE, to 'f.:110 pir machine, as it will be 

required as soon as a now laro open heartb is completed. 

9pen Hearth DIvisIoyi, - 

There 51re 10 old tiltInë!;-type basic open hearths 

(rated at 55 tons)  an c7 one :Jas'ic lined electrIc furnace (rateo 

gt 10 tons in the - . 1 shop. 

1..Phe following molt:Ulu, practice is used 

:,Imestono is charGed to the bottom of the furnace. 

ThIs'is covered laith hiëh-grade iron ore w- lich is in turn covered 
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(Open Hearth Division,. contld) 

with another layer of limestone. These materials are covered 

with scrap e  heavy melting scrap being 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 iron. Sometimes pig iron is charged earlier 

owing to materials handling difficulties, 

When handling pormits e  pi  g iron can be charged in 

20 to 30 minutes. Ib was said that the pig iron - scrap 

ratio 1 13  the furnace was '70 to  2 0, which is unusually high. 

If handling conditions permit this to be charged at optimum 

tiffie, 1.e, when bath haa jumt meltod e  the nrun off" slag imme-

diately forms. The furnace is tilted to allow this slag to run 

off, The slag can contain in the neighbourhood of 30 per conb 

silica and 10 per cent P205, the oxidation of the phosphorus and 

silicon in the pig being effected by the FeO in the heat e  the 

FeO coming from ruat e  etc.„ In the scrap. In spite of the 

high silica content of this sjag e  phosphorus enters it owing 

to the high phosphorus concentration. Vihon iron addition is 

made at the right time, it does not take long to get over this 

run-off slag period. 12 iron is added before the bath is 

melted flat, am seomed to be usually the case  e  this run-off 

period may last 1.5 to 2 hours. The run-off slag e  which is 

high in available phosphorus and incidentally conbains 0.6 

per cent vanadium, is run down into a box on the tapping side 

of the furnace. Soon after the nrun-off" per1od the Iimc 

comes up from the bottom. The haat is then worked with addi-

tions of Iron ore and fluorspar and from this point on the 

usual open hearth practice in followed 

The No, 2 shop contains four 125-ton basic open 

hearth furnaces and a fifth 125-ton unit is near completion. 

All furnaces are tilting. Practice is the same as in the 
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(Open Heartie Divis'eon, cen 

No. I shop, save that it ie less compticated by di2ficulty 

In materiale handlinG. In  this shop (No 2) the run-off slag 

is collected  in a  box on the charging side of  the furnace. 

Incidentally, ',II: two-slag pract e is used because 

it is believed eveey effcrt sleould be  made tc  cet rid of the 

phosphorus  as soon as pops ble. This certainly seems to be 

sound logic  as the phospo-us content In the  pic  is so high 

that P205 in the slag woelc prooably ouild up to  the point 

where mass action uould prevent 7hosphorus removal if no slag 

were drawn early LI the 

-awo  or the furnaces  in the 	I shop were originally 

built as 300,000-pound aeld-lined mixers. This was eurine, the 

period when  the company wao operatinG basic eonvorters  and 

attempts were made to desriconize in these eixers. Apparently 

tue  practice was never very suecessful,  and  it was said  that 

the sulphur built up In ;he  metal thrDuGh ïho action of the high 

sulphur flare oe the e,cid ilag, ieformati)n  Given by Mr. p.  E. 

Lathe (National Relearch Council, :ttema) with  regarC to past 

operations indLcatas  theL 	did occur. In any event,  the 

com,any  decided that  the beic cenvereer  was uneconomic. 

However, in the comparisen 'Detve3en the  basic o)en hearth and the 

'basic bessemer the latter practice was given  an unfair advantage 

ae  the  cost accountant cLare:  the scree  le  used  aL a  very low 

fli.,ure. It le known that  basic  open 'learth practice compares 

favourably with besseiner practice when scran is low priced, but 

the latter practice usuail hes un adeantae vhen scrap is  high, 

all other thince "esing equal. 

All other things apparently were not equal at Sydney, 

hey/ever,  for the  company strongly holds that the converter 

is net more economic even -uen raw maeeriaes are fairly priced. 

This  might be because of  tie) hiah silicon, low phesphorus in 

) 
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the Sydney pi-g, for pi,; suit;?.b1.o for basic converter ^•ror4^^

sl?ozld be low in silicon and hâ.(.°h in phosphoru;so Low silicon

is requi_.red bOcausF: for. E."Y part o.i' S1O2 in the slag, four

parts of lime must be added to nc:.utrali.zej consequGn1.,1f, ME61111

sil3.cora mea,a â a heaV slag volume and loss of heai, o II:igh

pho sphos us i s required because phosphorus is a fuel for the

basic coI1vE)7.'t G':P e „i. t.: 1s not 8i;!!'° j.)S'.l. sin gy t!lell g that the basic

bessE3l',7e:1." operation at Sydney was not too sl'ioces4fU..L o Past

experience has built i;,p a strong opposition in the company

to the use of any f or°in of wotzverta.r o

UY:.^.,v3_SSSY_..̂^Y._l!tY.:1-^^z1Yn51L•-

PART II. •^ ir.fx.âk:l^^^:^ 'Ü!',ï RECt)Ü= EMM;LMLNTSti
C'/.'.43l6.tTFL.'TCLT+'S%S'15^4!_.3f:liR3'S:.C^^Mi :ti^ t•:^^:.35^ w:.^.l.̂ .^a^i'JfUt la:Y+'Y^4Cdy^".^:^ ^^21.PS.i:3['ri,.^.^.A11'1.:?_:C:3;R:F.°!^T

At ZpvesF3nt the van^Ld:i1°ar? in DOSCO pi g iron is 1aeia,L,

oxidized into the open hearth sla,a Any method of vanadium

recovery must nece,zsa.r_i.1i.y i..nvoJ.ve an oxidation of vanadium

in prer". erence9'Go alarge e.r:i,en+t, ; to the oxidFtt3.on of other

con, ti tue?•lt s of the pig iro.ca,.

DOSCO have been o,t,cmap'uing to oxid.ize vanadium by

adding mill scale to the lad:x.e and ran some tests of this type

as early as 1936. This year, about the i'i,rst of Ju1;y'', a Plant

Vanadim Comittee was appointe?. The personnel of this com-

trzâ. t i e e â_ s as follows z

Mr0 1. Ca l;Ia C;l:i_ (3 yei"i 47 in3 e r of 'L es1., sg

T.,Ire BotNer, As s'U O Ger_a,o SL1pt. q

P;,r oLd F'ulton, •b:1.ast furnace drpG rtment ,
Mri, T'I. Caxs ►pbe>:d.:x.,q open hearth raepo.rtinerat,s
MT'. Thaue2°hal.a$',s engineering depaltmentg and

Dr. N. PLU.vlcnSi:` ,Q ac.̂ bOra't; oï'7o
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(Part IT oontjnPed) 

Ladle Tests - 

This committee decided that all the scale , 

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 results are none too complete. 

Although tests have been carried out since 

June 24th e  the results of this work have not been too 

closely controlled, the work being conducted mainly to 

develop a satisfactory teamwork and technique for the addi-

tion of scale to the ladle. No attention, then e  has been 

paid to post-June 24th results. 

(Table I'now follows, 

on Pages .  10, 11 and l2.) 

(Test Is continued on 
Page 13) 
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(Ladle Tests, contîd) - 

It Is evident that the slag recovery has not been 

too good, and a botter  conception of the reactions would have 

been gained had more analyses been taken.. Apparently, full 

analyses were only made on the products obtained in the tests 

of February 24, 1956. Analyses of these products follow 

Table II  

Anaysis ofi->rodues_ila_mer_cent; ) 

Pig 	 ; 	 • 
B - 	11.1010.25 0.107'0.108 1.71 

I 	
1 
; 

Pig 	I . 
A - : 	i0.90. 0.23 0.076,0.084, 1.64 

; 
-.Slag -; $5.98 	• 4.7e 1.26  1 .04: 	0.31 

i 

ee 
This value seems erroneous. In view of the 
low manganese content of the burden it should 
be under 1 per cent. 

The first test, then, showed that vanadium could be 

concentrated in the Slag but sufficient data were not collected 

to make possible a recovery calculation. Subsequent tests 

confirmed the findings of this first test and indicated that an 

addition of 4.5 pounds of scale to 100 pounds of iron resulted 

in a silicen reduction of approximately 0.40 per cent. Oxidation 

in the ladle Apparently cannot be increased much bi adding more 

mill scale, as the tests of June 17th, with larger additions, did 

not produce very much greater  • silicon oxidation. Apparently, 

then, the area of slag metal interface and the time allowable 

limit the amount of oxidation that can be obtained 0  indeed, it 

is 'possible thnt oxidation equivalent to an 0.4 per cent silicon 

IIT I  0 0a0 I  8:102 I Si 	r.,•111 • v Ti t Fe  
i 
i 	. 	 . 
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(Ladle Testsp-conttd) - 

reduction could be effected with a smaller scale addition. 

If this should be the case it would be better 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 FeO added would be reduced to Iron and conse-

quently be an effective oxidizer. The fact that silicon does 

not appear to drop with the increased addition of scale would 

appear to contradict this assumption.). This does not rule 

out the possibility that an approximate equilibrium may be 

established with additions of scale of the order of 4.5 pounds 

of scale per 100 pounds of iron and for scale additions of 

less than this amount, 

Vanadium content of the slag fluctuates considerably. 

It is thousht that this indicates variation in slag dilution 

rather than variation In vanadium recovery. For Instance, 

consider the test of June 29 1942, when slag collection was 

apparently better than usual. Silicon reduction in this 

instance was 0.44 per cent. On the basis of 40 0 000 pounds of 

pig iron in the ladle e  this represents a silica formation of 

383 pounds. If the silica content of the slag were nearly similar 

to that in the slag produced in February 1936 0  the 1600 pounds 

of slag would contain approximately 600 pounds of silica, Jven 

if slag recovery had been 100 per cent, which cortainly was not 

the case, the silica pickup for this test would be in the order 

of 200 pounds. This silica could come from the binder material 

and the coke-ash in the runner and runner dams, from floor 

sand, from blast furnace slag e  and from refractories, 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 2nd, it may be 

seen that the slag contained 37.85 per cent iron (48.7 per 

cent FeO). On basis of slag analysis made ln 1936 9  it may 

be concluded that the slag from tap 8167 would approximately 

contain the followingg 

FeO, 	MnO, 	Vo 	Ti e 	CaO  
er 	 per_c2nt 	2DL991.1. 	29.P 2ele 	con,I 

1.0 	 0.87 0.67 	1.30 

If the silica content of this slag were around 40 per 

cent, this would account for 94 nor cent of the slag. The 

additional 6 per cent can be accounted for by reasonable 

variations, such as additional blast furnace slag, additional 

oxygen for metals present, etc. Oc)i15ecuontl3 it can reasonably 

be supposed that a silica content Of approximately 40 per cent 

can be assumed for the ladle slag. 

Unfortunately, lack of accurate data on slag weight 

and slag and metal composition ualw.s £t  Impossible  to calculate 

recovery. However, an approximation of recovery  may  be gained 

by  the use of the following Cormulag 

Total slag weight = scale added + silicon reduced + silica 

pickup + oxides other  than  those of Iron and silicon 

- iron reduced to slag. 

,Putting slag weight equals Xp knowing scale charge 

to be 1600 pounds, silicon reduction to be 0.44 per cent 

on 40,000 pounds of  irons,  assuming the silica content of the 

slag to be 40 per cent (which makes silica pickup equal to 

40X - silica formed from silicon oxidized), knowing the Iron 

In the slag to be 38 per cent and the iron content of the scale 
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(Ladle Tests, contld) 

to be 70  per  cent, and assuming extraneous oxides equal.to  

5 per cent (a fairly logical figure, in view of the 0.89 per 

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

X = 1800 + 176 + ( 0 40X - 380) + .05X - (1260 - 0 38X)e,  

from which, X = 1980 poUnds. 

This figure is merely  an indication  of the weight 

of the slag that would be recovered as it is considerabiy 

affected by the silica content of the slag and the amount of 

oxides other than those of iron and silicon that may be 

present. The figure, however, must be reasonably near the 

correct one, althouh it is probable that the actual slag 

weight was somewhat less, as the non-silicon iron oxides 

would probably be more than 5  per cent  

As the significance is only to two figures, and the 

probability is that the value of X was lower, it will be" 

assumed that the slag weight was 1900 pounds. In this event, 

silica Pickup equals 380 pounds, Iron reduced to  the  slag 

equals 576 pounds, and the per cent of vanadium oxidized to 

the slag would be 41 per cent (.0087 x 1900 divided by 40 ). 

Actual vanadium recovery, because of difficulty in slag col-

lection, was 35 per cent (.0087 x 1600 divided by 40). 

Tho calculation indicates that about 45 per cent of 

the iron in the mill scale is reduced. This would mean that In 

calculating the oxidizing power of FeAl it shoul d  not be 

regarded as releasing only one oxygen  but  instead, one plus 

.45 x 3, or 2,35 oxygens. 

The above calculations are, of.coUrse, quite 

artificial, because they are based on only one test and many 
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(Ladle Tests, contfd) 

assumptions. They have been merel y  recorded in an effort 

to obtain sonie rough approximation of the vanadium oxidized . 

to the slag e  the silica pickup e  and the efficiency of the 

oxidiling'addition. A slag analysis woUld make possible an 

exact calculation, as thon no assumptions need be made. 

It would seem advisable, then, to analyse slags 

on hand as It. would thus be possible to get some exact data 

on the relative oxidizing powers of oxides that are available 

for this work. For 'instance, if 45 per cent reduction of the 

iron'in iron oxides can be assumed e  this would mean that  FeO 

and Fe20$  would resbectively releaSe 2.35 and 190 oxYgens per 

gram .  molecule. Were Mn02 to be used as an oxidizer only one  

oxygen.would be released per gram Molecule as there:would be 

.little reduction of MnO. Sodium nitrate,  one  of the  most 

 violent oxidizers, would release 2 oxygens per gram. molecule. 

On the above assumptions the relative weight of oxygen 

released per 100 pounds of oxide would be 

NaNO3 
Fe203 
Mr102 
Fe304 

• 37 pounds 
- 19 	ye 

- 18.4 " 
- 16.2 " 

Sodium nitrate probably could not be  used  as it would 

be too hard on the refractories. There Is not . much difference 

in the oxidizing powers of the other three oxides, but very 

bigh grade Iron ore should  be the best addition agent (on the 

hast s of 45 per cent reduction of its.iron contents). It 

should be remembored .e  also, that the slag must establish an 

equilibrium, or an -approximation . to an eqUilibriume ' with the 

iron.' ThIS means,that the slag must carry a fair amount of Pe°. 

If this FeO is not supplied in the addition agent, it must be 
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(Ladle Tests, contld) 

oxidized from the iron. OxLeat_ei of t.lis iron frori the 

valuable piL by air blovtinL -eu:u not be economic. TAkini2, 

everything :nto considotatin,  thon, a very 111J ,rae, e iron  or  

or mill scale appears to be tie bast ,ossiblo oxidizinu aent, 

In view of the dif:ficulty of obtaininG the former oroduct and 

the avallabllity of the latter, it wo Ill appear probable that 

mill scc.le will prove to be the lost satisfactory oxidiz - néi: 

aLent. 

Durinc; the visit to 7;:;(;.ney, audit. onal w_perimerts 

were made with ladle additions. 	adl' slat', fro a previeus 

run (prosumr_bly centainin irourd 1 per  con  ; vanadium;  was 

used as an oxiCtizin, ajent for a second ta), the object beine 

to ebtaln a slag Illher ça vanaCium. Results of tills lest àre 

not yet available, but iz is  not  exi;ected that they will be to.) 

uoLd, as the ladle slag lacks oxidiziné, power. A 500-pound tvidi-

tion, consistinG  of equal ±)arts of soda ash and saltpetre, W*13 

charged to the la,11e. .esults obtained were very )ocr, thé 

rescltin,, slag belna low In vanadium (0.03 our cent) and high 

in carbon (14 per cent). Li addit ion, the nadle lininc, was 

badly attacked and the mixture ,_,we off objectionable fumes 

when added to the iron. An atterut was  made  tc aid oxiC.ation 

by blowin air into the netal. -.12ficulty was  execrienced in 

deve1op:1rib a satisfactory  air piee z  u refractory-cased  Iran  

pipe broke off  i test. Ind.;.cati)ns were, 1 covor e  that the 

small volume of  air  introdud  acted well,  fer thc lactle used 

contained a skull prior to receiv:ng a test ta)  and t:le skull 

was melted away in the vicinity of the air !ire. 12 no luck 

is  nad  with refractory•cased ,2ipe, a L;raohite-cased pipe  will 

be tried. 
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EuAEirees_jnvolvinkL,Additions_To_Open . Hearth 	 - 

No attempt  ha  s boon made to concentrate vanadium 

in 	or open hearth slags e  though this  ma  y well be possible, 

as th )rosent  "run-off" slag from the open hearth contains 

0.6 per cent vanadium. It is hoped that the °per hearth 

department will give permission to make the following  tests g 

TLST1O - yolt scrap to lovel and charge iron as fast 
as possible. To this pig iron add high-grade ore 
in the ratio of 5 pounds ore to 100 pounds iron. 
As this addition would eventually overoxidize the 
bath e  the weight of the material added must be sub-
tracted from the weight of the ore originally charged 
to the bottom of the bath. 

It is hoped that the iron ore addition will 
oxidize the silicon and vanadium and that the slag 
produced will be sufficiently high in silica to 
prevent too much P205 concentration. It is planned 

• to withdraw this sing in about 30 minutes. 

Test 2. - As in Test l e  save to add additional silica to _ _ _ 
reduce phosphorus concentration in slag. This high 
acid slag would, of course, attack the dolomite backs e  
so that the time it could be left in the furnace 
would be limited. 

Tests in the present mixer appear to be out of the 

question, as the mixerIS shoo has very little facilities for 

test work and the testing might interfere with the steel 

production of No. 1 Shop. In any event e  only half the iron can 

be treated, as the capacity of the mixer is only sufficient to 

handle metal for the  No  I uhop (in the month of June, 15 e 741 

tons were treated in No. 1 Shop and 12,650 tons in ) O, 2 Shop e  

additional iron produced being pigged). 

It might be possible to convert either the A or the B 

furnace of Mo. 2 Shop to a 500-ton acid lined mixer and to 

reduce the silicon and vanadium in the pig by carrying a high 

oxidizing charge in this mixer. It is doubtful if the company 

would allow such a change, aà it would involve the loss of one 

of their large open hearth furnaces. 
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In t.ïai.-t metZlod the iro:c•, can be oxidized either

in ti3î:, 1c.d1t3 or in a s:3?âarv1.téJ reaction box. Various

oxidizing agents may be 'Llsd:°rd o. Me following have been

suggesi ec. g a'rai:ll Sca_l.r, ,h 'DAh.-grade iron ore, high-grade

manganese ore, :il.)dd C.iJhz n.Ltrr_i.l..ce9 wd air. The

ex^ sr.:ï.^z)^ ^ ^:,t,'t.`2 ^1 ^^x,^;;:^ ^..̂ . ^ not Ç ^ j' "^,^:._:e'a.^ "c_.iF. extensive permitto

o^.' any de fAns.•F,e conc:lu;;:i.unü. would indicate that W11 scale

or h i-ghyrr.do x. oon i s the bu ;,i o;;.pic:li ze:° (see Part II, page m

117-10) and that ;i..i' the oxide is added to the ladle and

not] ^. ^ ,^̂̂ a2^i..,i;1.C:T?. box about ^i U a aatia.r.^^^.:C'.,•:G^ "t: a third. of the S3'a3'1Ll .:Lt1Ti'I

can be rE;Co w:i''ed by th7.,J 121aL}:7.od (Part II, page 16)o

Blowing air :int,o i,hc.^ ladlc; has interesting
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(Oxidation of Blast Furnace Taps, contvd) - 

possibilities. At first sight it might be thought that if 

this methodwere used a higher radei of slag would be 

produced, as the vanadium would not be diluted by the oxide 

addition. This conclusion, of course, is highly superficial, 

as the slag will take up an iron oxide content in accordance 

with the equilibrium, or approximation to equilibrium, 

existing at the time. As pointed out in Part  IT it would 

not be good practice to  jet  this iron oxide for the slag from 

the fairly expensive pig Iron. 

Howe, in the journal of the Iron and Steel 

Institute s  1890, vol. 11 3  page 102, gives the following 

values for converter operation, startin,..; with an iron of 

the following composition: 

Carbon • 	Silicon, 
2.tr_ cent per cee 

3.10 	0.98  

Manganese, , 
_per 

0.40  

Phosphorus, 
_per cent .  

0.101 

Sulphur, 
1,91_9ent 

0.06 

,Time of 
blow, in 
Minutes 

Silicon content 
Of  metal, 

• per cent 

Silica content 
of slag, 
per cent  

Fe0 content 
of slag, 

...115Y cent 

t ■Ugt,  

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 addinu an oxide to the blast 

furnace ladle contain about 40 per cent silica but slightly 

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

however, in converter and ladle conditions is not marked and 
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probably indicates a departure ft,om equilibrium conditions 

in the ladle as a result of restriction or reaction surfaces. 

Increase in grade produced by straight blowing, 

then, would be slight. The blowing method would Involve the 

difficulty of maintaining blowing pipes and the possibility 

of some attack on the ladle lintng if oxidation in the ladle 

should be sufficiently markod to cause a high temperature 

rise. On the other hand, it might (providing the iron oxide 

for the slag were satisfied with mill scale additions) offer 

a cheap and convenient method  of  oxidation. 

One attractive feature of the blowing method, which 

is in reality an attempt te apply the bessemer procedure, is 

that its use might make poesible (in the event that abeve-

mentioned difficulties did not Luterfere) a better recovery 

of vanadium. Apparently, vanadium recovery is limited in the 

ladle addition method, as heavier scale additions do not  pro 

duce more severe oxidation because of the limitation In 

reaction surfaces (Part Ii »  Page 14). The blowing method could 

becetted. on until all vanadium as oxidized. Whether or not 

it  would be necessary to oAldize all the silicon to achieve 

this Is not known. The literature indicatee this to be the 

case but results obtained at Sydney show that substantial 

vanadium oxidation occura uith enly a percentage of the 

silicon oxidized. It may DO that the relative oxidation of 

the two elements Is effected by temperature. If vanadium 

oxidizes better at a lower temperature the largest effective 

amount  of mIll scale could be aeded. If high temperature 

promotes preferential vanadium exidation (which seems unlikely), 

only the amount of ferrous eKide required for slag equilibrium 
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should be added as saale. 

It  lias  been suggested that all blowing could be - 

• done on one site »  that the blowing equipment could consist 

of a cover through  which blowing pipes would protrude s  and 

that air could be obtained by tapping the No. 1 Blast Furnace 

air line. 

The No  1 Blast Furnace blower furnishes air at 

16 to 20 pounds pressure and has a capacity of 60 9000 cu. ft. 

At present this unit is on17 delivering 45 9 000 to 50 e 000 

cu 0  ft 0  of air e  so blast furnace conditions could be maintained 

on a tapped line by steppinï„; up air delivery. A spare turbo-

blower capable of delivering 35 9 000 cu 0  ft. at IS pounds pres-

sure is available for experimental work. 

The above method looks fine on paper but maintenance . 

and materdals handling problems would  be great. In addition »  

considerable construction would be involved e  and the number 

of  ladies  would havé to be incoased by 50 per cent s  as the 

ladles could - only be two-thirds filled  owing to the splashing 

which would occur on blowing, . An arrangement involving both 

blowing and mill scale additions would seem to have possibill- 

ties s  as it would give a greater reaction surface than the 

straight scale addition method and consequently increase the 

vanadium  recovery. 

According to calculations made in Part II  (pagesle=UM, 

about 400 pounds of silica Is introduced  with  the scale as 

a result of attack on runners and ladle and extraneous addl.- 

tions of coke and blast furnace slag. This material not only 

dilutes the slag but also cuts down the efficiency of the 

oxidizing agent »  for Fe0,uust establish an equilibrium, or 

near equilibrium »  with the s •lica. When  additional silica is 
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added, the amount of Fe0 required for equilibrium Is 

therefore increased, with the result that it is lost as an 

oxidizing agent. Reduction of the silica in the slag, then, 

would not only Improve the grade of slag but also increase 

the efficienciy of the oxidizing agent. 

Tramp silica additions to the slag could be largely 

prevented if the iron were not oxidized in the ladle but in a 

reaction box. The iron ceuld be poured into this box from 

one ladle, oxidized, and thon charged to another ladle for 

delivery to the open hearth department. Heat Produced in the 

oxidation would prevent the iron from getting cold. The 

method —nould have one further advantage in that the oxidizing 

agent could be added more easi,ly than it could to the blast 

furnace tap. In addition, the present method of ladle 

additions involves iron loss, as the open hearth operator does 

not like to pour the ladle clean owing to the presence of so 

much slag. 

American Rolling Mills are said to be using a reac-

tion box for deslliconizing their pig  iron0 It might be that 

this type of box would be ideal for the vanadium oxidation. 

It is hoped that this unit will be seen shortly. Kjelling 

(Engineering and Mining journal, 123 9  pp. 521-22, 1927) 

also mentions a boxetypo  unit in  which he produced a very 

high grade of vanadium slag fàf, em vanadlum-contalning pig iron. 

The dosiliconizing of the pig ihould not only lead to vanadium 

recovery but should also improve steel production, as the 

open hearth furnaces should operate more rapidly on the 

lower-silicon iron. 

Prevention of dilution of slag might be expected  to 

 raise the vanadium grade from 0.87 per cent to 1.1 per cent (on 
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0.xidation of Blast  utna. Taç 	eoattd) - 

the assumpton that te(Y.; po , inds 	silica  wc,id T;e 

of the  3la -Par;  II, 2ago 16). It should be emphasized, 

;:lowever, thLt so lon 	 chicon in the pl  c iron lo 

hic,h 	seeme; inovitab 	I,pe.:.goe, 	the  L,”ade or 

slat,  pt,oduced in el the: tL, 1.Ê.,-,L0 or the renctin  Le> wi..D.1 

be  comparat'.vel -, lori,  ,ts 	 cortair 

• e diluted br tdo 	2e 'tier  ,f to si'Avon present  in the 

iron. Tt would seem tp oe 	.7, 3 8 t -9rocedurc to treat this 

lov-iLrade nqteriell, bat:: 	- ;Le ,ent that this  shoul-: prove 

uneconomic a tet 4 .er 	i,uterDt1 o')uld bc obtained by 

recirculatin[ -,  th: s1a thrbl ,  -ne tlast f'1,:nace or  bj redacirL; 

the slaG  in  the 0-ton 	 'urnacc0 in the latter  ret -v: , c1 

tho iren  ad vanadiun 2D 	be  l'duced and - : Le  silica  :31ad 

off, after  .1);lier, the pic.  p  oducu, 1  could bo ,iven an  oxf.tlizinG 

treatment. Ttis proco1u2e wol -:lo  not appear ,o be practical, 

as thore wer:id 	difflcul,,es 	relucir 	xides in  a mon. ini, 

unit and  as the : , roced.,re 	uic t.livo2ve the  loss of a  f'arnace 

vi,dch is nr .--; 	spsciay st • els en a , , 1-110'.1r basis. 

Probably, however, it  2eulL  be operated to effect separation 

of any phosphorJs that may : -Ifwe 'oilDwod 	vanadiuyi. 

B-  Oxidation 	01.;en 

In pre!3ent -nraetl:,o al:L  vanadium 	beinc oxf.dized 

in  the open hearth  but  in 	t..abie forn (low-Grade vanadium, 

hi:Lh-ohospborus slag), It Las be en  suweetcd tIlat the  .Dpen 

hearth 1..)roc,duro could 	con .,rolled tlit vanadiu,71 anû 
. 	. 

silicor co.. - ld  be  •  fairl ,: 	 exidizoé: to tho sla c; 

im_odlately  after the t 	or  additons c  the open  'n(,arth, 

the oxidation beng efCsotd ip,; iron  ore  adt::.itions. 

It Is  claimed.  ti1J.  the  ruAnod ros.b.  allow for nor , :: 

effective oxidation  tIi 1.1e  0 ...?  reaction ':,ox nethods.,  as jset 
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(Oxidation in Open Hearth and lexer e  contd) - 

could be supplied to aid ir the oxidation. Little additional 

eqUipment wold be needed should this method prove successful. 

It would. also involve practically no interference with present 

practice as two slags are POW being drawn from the open hearth 

furnace. 

The above loi4C is sound e  although additional heat 

may probably not favour preferential vanadium oxidation, but 

the inability to handle  matera s satisfactorily in the 

No 1 Melting Shop (Part I, page 5 ) and the problem of phos-

phorus make quest;lonable ne merit of the method. As pig 

iron cannot be delivered eactl,r as require-5 in the No. 1 

Meltin Shop e  fast accurate slag reactions are out of the 

question. The open hearth method, them e  cannot be used for 

the smaller open hearth units. 

Vanadium content of open.hearth slag produced by 

this method would te,fairly low, Consequently e  recirculation 

through the blast furnace would probably be necessary. It 

has been suggested that dlificu:tles in applying the method 

in the  No 1 Shop could be overc:xue by the following procedureg 

Use the method described alcove f.n the  No 2 Melting Shop. 

Recirculate the slag produced through one blast furnace and 

make sure that  ail  the pig produced during this recirculation 

period is fed to tbe mixer tha:t: serves the  No 1 Shop. The 

vanadium content of the 	er m)ta1 could tfnen be oxidized 

to slag by o:Kide additions or by air-blowiaz. 

Objections to this meti:od fairly crowd on one another. 

Vanadium recovery in the mixer weild probably be little better 

than in the ladle or reaction bo;( methed as it probably would 

be difficult to oxidize very effectively. Even granting that 

the vanadium recovery might be better e  owin to the larger 
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reaction surfaces involved e  the method would still be difficult 

to operate as it would involve much additonal equipment in 

the mixer room and carefully controlled circulation of materials. 

The paramount objection e  however e  is that the vanadium slag 

from the open hearth furnace would probably be high in phos-

phorus and the recirculation of phosphorus in the blast furnace 

would aggravate the already difficult phosphorus problem 

of the company. Suppression of phosphorus by early silica 

additions to the open hearth may be  possible e  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 event e  

the final vanadium product obtained would probably be high 

in phosphorus and consequently present a difficult purification 

problem. 

C. 	Oxidation in New Mixer - 

The A or 13 furnace of No 2 Shop co7ild be relined 

• acid and used as a 500-ton mixer. All  Iran could.be circulated 

through this mixer and by running the iron through a highly 

oxidizing slàg e  a fair amount of silicon and vanadium could 

be removed from the Iron.  If  reaction calculations indicate 

that preferential oxiation of vanadium can be secured at high. 

temperatures (which seems unlikely e  as vanadium will probably 

function in the same manner as .à..oes phosphorus which oxidizes 

better at low temperatures) e  the desirable reaction can be 

furthered by supplying heat to the mixer. The heating would 

also increase the SiO2zFe0 

consequently improve the grade. The main objection to this 

procedure is that It would necessitate•the loss of a badly 

needed open hearth furnace. There is also danger of sulphur 

equilibrium ratio in the slag and 
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pickup  :[roi the high-sulphur flame through the acid slag. 

According to report the sulphur build-up did not occur when 

this procedure was followed during a period in 1914 when the 

company was desiliconizinï, in a mixer, but sulphur build-up 

did occur when the iron ..lras desiliconized by partial blowing 

in a converter and then dephospborizing in a mixer. The 

probabllity is e  then, that if a good recovery of vanadium is 

to be,obtained by this method it will involve sulphur build-up 

in the steel. This would, or course e  rule the method out. 

If, however e  this build-up lvould not occur e  the method might 

be practical as the loss of an open hearth might be more than 

compensated for by the increase in production of other open 

hearth units Which would OCGUX as a result of the lowering 

of the silicon content of bta iron. In view of the company 9 s 

previous •  experience with this mothod e  and considering the 

possibility that It might Involve a drop in steel production e  

it would probably be df_fficult to obtain support for this 

method of vanadium recovery. 

D. 	Use of Basic Converter 

As mentioned in PtÀrt I, high-sillcon pig containing 

less than 2 per cent phosphorus canitot be so satisfactorily 

treated in the basic  bessemer cc-2vortor as the silica  pi  oduced 

in the oxidation cf the sleon ,nust be neutrnlized by heavy 

lime additions an(f, the phosphorus (required as a fuel ln the 

process) is too :Low. It is not si. n2prising e  then, that the 

company's experiEmco with Ills method of steel manufacture 

was not boo Good 	it word  not a  consequenLiy e  seem to be 

a suitable mothod of recovering vmqadium Crom the pig. Such 

a unit could e  of course be operated so that practically only 

silicon and vanadium are oxldtzed. The resultant slag e  however, 
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would be bigh in phosnl,.orus, which wc}-ui.ld invo:l.ve p^,^rif"zc.;+tion

difi.'1cul'i îes ,,

B„ Use of Acid Convertev -
6_!.tt]4.`SCS'ù^.^.!x.41t_x2e.tYsslltxecl^t.L'uxlta:u.l.H.l• :u.^axn^^JV1M1PnY;.x^patMS4'.C.^tax^r:^

If an a3â_d converter "s"`. 'e osJ,erat(.îd so as to

ox:id:T ze• only silicon and vanadium it should be possible to

concentrate practically all of the vanadium in the converter

slag with little 3nVer,^ferc;r.:tce with y esnn'U steel-mal:zinla

)J1'oC3ed'i1r€J c Leav_i.TlC ecÔ.t?C)ti1ic 3 and E'.q1:i.ipT11enL` :.1CiC].UI.rPW11en'i s out

of con'r3ide3'at].orl, this wo ca.G'_ certainly seem to be the best

method 1'o:.r recovering the -c-^^.nadiuni,, for the slag obtained

should be fairly low in phosphorus and the recovery should

be good. The cone•en°ixrRtâ.on of vanadium in the sla;, would be

as 71ip as the silxcon-vanadi»xr., ratio in the pig would a1:Lovo

This concentration could be increased by recirculating the

slag through the blast i.yurnace. The objection to this method

isn of courses -Gha:c it wo"tltd t=1.kc, a fairly long time to build

the necessary e quîpTi,.c;):1t and the cost for the x°edaciion of

vi3.1i:6tdLla.?l1 k.i.11d silicon ë'JCzt;ld be quite }Agho The lower silicon

iron produceù.9 howeve:r, is more suited to open hemth operation

than is the high ;,il l.con iron being produced at the present

•^ime o In vie w of their previ oua with cor.i verters 9

howeTie:'y, it is doubtful whether the company would be interested

in this _m.etho(l, of treatment.



- Page 30 - 

PART IV  etts 	 inWeARY AND  CONCLUSIONS 
rer,mn.,-.):=.:,-..anu,:eveerawevzgm 3.,zr*,=•en-.n,m,,eesnlesozenztzi-4•4exer... ,-,-ce=iczee.,:goteizetztteeen -41 

Wabana iron ore. smelted by Dominion Steel and Coal 

contains 0.05 per cent vanadium and 0.',X5 per cent phosphorus. 

Practically all of the vanadium and phophorus is reduced to 

pie; Iron in the blast furnace e 	uses  a coke containing 

1.80 per cent-sulphur. Blast furnace and open hearth procedures 

are discussed in Part I of this re .,.ort. Part II reviews the 

vanadium recovery experiments made to  date  e  while part III 

reviews and analyses the possibilities of various recovery 

methods. 

Tho followinL possible methods of vanadium recovery 

are availablog 

A. Oxidation of the vanadium in the pig iron by adding 

an oxidizing agent to the blast furnace ladle or by 

oxidizing e  prior to open hearth tr(,:atment, in a 

reaction box. 

B. Oxidation. of vanadium in a mixer. 

Oxir::_ation of vanadium in the open hearth furnace. 

Oxidation of vanadium in a basic bessemer unit. 

Oxidation of vanadium in an acid .bessemer unit. 

The 'low manGanese content of the Iran  is an advan-

tage e  as it makes easier the oxldation of vanadium. 

The high silicon in the  1g iron e  however e  makes 

recovery more difficult as a substantial amount of silicon must 

be oxidized before a i;ood vanadium'reeovery can be effected. 

Fluctuations in ore composition and furnace  design  e  1).ov;over,9  

prevent the regular production of a low silicon iron (see 

Part I e pao-3-4). There is a poEsibillty that the silicon 

content of tbo iron could be reduced should steam be introduced 

with the blast. This practice e  while open to certain objections 

(see Part i page 4 ) e  has been used successfully before at 

J0 
 

D. 

E. 
evsl 
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Sydney. Certain2y, the re, -,ular production  of low silicon 

iron would Greatly facilitate vanadium recovery; so it would 

seem that consideration miht be given to the reintroduction 

of this procedure. 

Solution B wo'ad probably not be satisfactory, as 

there is a dangc2:. that sulphur build-up in the iron will occur 

as the resul.t of the action of the high sulphur products of 

combustion throuËh the acid sinG: Furthermore, the present 

mixer Is not supplied with good hand3ing facilities and the 

conversion of one of the 'Argo asic open learths to an acid 

mixer would involve the lods of a large open hearth furnace 

and a consequent loss in budly . ineded steel .11akinc, capacity, 

although this  1na1 be compensated for by the fact that the 

remaining open hearth furnaces 3hould operate more efficiently 

on the lower silJcon Iron. 

Solution C is open to the objection that vanadium- _ . 	. . 

containing slag produced In eariv oxidation in the open hearth 

would probably be so low 1.) grade  that recirculation through 

the blast furnace would be necessary. If the  phosphorus 

content of the slag should be 	vs would probably be the 

case even if it were kopt  f air1 high in silicon e  a practice 

which »would Involve attack of no basic fuxnace lining, the 

Company might not tolerate this recirculation as it would 

aigravate their ciready difficult phosphorus problem. (See 

Part 111 9  nag:» 27). In addition, this method would probably 

make necessary  the  treatment of a vanadium product containing 

a fair amount of phosphorus. 

qolution D is none top satisfactory e  as the high 

silicon e .intermediate phosphorus pig Iron is not very well 

suited to the basicbesseMer process (see Part  III e  page 28). 
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Solution E e  that used by Bethlehem in their treat-

ment of Tofo ore, would prcbably be satisfactory. However, 

if present steel maklng practice must not be disturbed it 

would be necessary to stop the blow immediately after the 

silicon and vanadium have been oxidized. 2,quipment required 

for this operation would rb,:s expensive and would require the 

best part of a year to build. In adition e  the company is 

definitely prejudiced againsb a converter installation because 

their previous enporience witb this method of treatment was 

not  good. The converter method, however e  should work and should 

allow for a good  vanadium -ecovery (Part IIi page 29 ). 

solution e, apoea,>s to be the best in view of the 

necessity of obtalninu vanadium :Immediately with as :Little 

interference as possible wi.th  steel makin eL, operations. 

It should be possible to obtain'an overall vanadium recovery 

of at least 25 per cent by this method (baed on 32 per cent 

recovery In slag and 80 per cent, recovery In the leach) and 

this recovery coula probably be raised if the oxidation were 

done ln a reaction  box. if D combined air blowing - scale 

addition method e/ere used e  or if the silicon content of the 

pig were lowered by introdudnv, sbeam with the blast. 
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