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NEW PYROMETALLURGICAL LABORATORY
FCR TEST AND RESEARCH ON IRON AWD STEEL

by W. B. Timm® and T. W. Hardy™*

In view of tke growing importance of the iron and steel industry
in Canada, the Department of Xines is providing laboratory facilities for
test and research thereby extending to that industry the same degree of
co-operation that has proved so advantageous to the non-ferrous mining
industry. The Department has erected in Ottawa as 2n zddition to its
present Ore Testing Laboratories, & new pyrometallurgical laboratory, which
is being ecquipped with laboratofy scale and semi-commercicl foasting,
calcining, sintering, mectallizing, melting, heat-trcating, and staonderd
laboratory testing and metallographic equipment for conducting cxtensive
test and reseerch on ferrous and non-ferrous ores, metals and their alloys,

espceially iron and steecl.’

* Chicf Engincer, Division of Orc Dressing and Metnllurgy, liines Branch,
Department of lMines

** Motollurgicel Engineer, Division of Ore Dressing and letzllurgy,
Mines Branch, Depertment of Mines
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Lt the time the Mines Branch was erganized into its various

Divisions in 1907, the most pressing problem confronting the pivision of Ore

Dressing and Metallurgy was the beneficiation of Canadian iron ores and
conseguently the first laboratory to be built was equipped for beneficiation
tests. Twenty-ene ares from Nova Scetia, New Brunswick, Quebec, Ontario,
and British Columbia were tested, the results showing that in many cases

marketable products could be obtained, suitable for use in the iron blast

furnzces.  However, the work was not pnroductive of establishing an iron ore
industry as primary ores of foreign origin could be bought and laid down at
Canadian furnaces c@eaper than Canadian beneficiated ores.

During thé war and post-war years, very little investigative work
was done by the Mines Branch én iron ores er on any phase of ferrous

metallurgy. This lack of attention may be attributed to two reasons: First

there appeared to be no hope for the immediate utilization of Canadian iron
ores due to the ready availability of cheap foreign orés; and second, to the
demands for orc treatment test and research by the rapidly growing non-
ferrous industry, stirmlated by the urgency for the production of war metals.

The investigative work of the Division of Ore Dressing and Metallurgy was

therefore direccted to the treatment of non-ferrous ores. Neverthcless the
latoratory equipmént for the beneficiation of iron ores has bcen kept up-to-

date by the purchase from tire to time of new equipment as prbgress has bcen

‘lm ~
mede in other countries. Developments»have been closely watched for their "

»

application to Canadian ores.

No large dcposits of primary iron ores available for usc in blast
furnaces arc knowvn in Canada, hencc, she has to rely on foreign ores to
supply her requirements. The two chief sources are the United States for

Ontario, and Newfoundland for Nova Scotia furnaces. However, located within

reasonehle distanccs .of her furnaces are large deposits of the following types, i
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21l of Thich ?cquirc benceficiction or some snceicl method of treotment for
their utilization:-

1. Siderites or iron corbon-tes

2. Low-grnde, lor-sulphur mrgnotites

5. High-sulphur nagnctitcs

4. mgactite-henctite nixtures

5. Titrnifcrous nag:gtitcs

It is folt that the tinc is approaching ~hen it 1111 be ceonomicclly
possiblc to utilizc Concdian orcs to supply Coacndicn furncce rcguircments
cnd the iron ond stecl industry with products of Conadicn origin. The
cnmuclly inercesing perscentoge of orcs being bencficiated in other countrics
togecther with the developrents 1 the teehnique of bcﬁcficiation Proccsscs
cnd the vest anmount of cxperizental wrork being donc on dircet rcduction
proccsscs i the past for yeors hove brought closcr the Firg tvhen Canadicn
ercs con bte utilized. It is belicved that nixturcs of Concdicn bencficisted
orcs in the proper proportions 1vill give grades of pig iren rore cdmpichlce
to the production of diversificd iron cnd stecl produets. It is thoreforc
thc purposc of the Division of Orc Dressing and ittallurgy to investigote
the tencficicticon of Cancdicn oros.of the forcgoing types cnd clso their
adoptcbility to dircet rcduction or sponge iron proccsscs.

Dircet rcduction procosscs arc under investigotioa in forway,
Sweden, Gcrm;ny, Jepon, cnd the Unitcdwstatcs cné lorge sums of noney erc
being spent to put them én c. comerceinl basis. In the Buropcon couuntrics,
where high-grode serop is scarce, processcs hove been develoncd on & pre-
sunably ccononic tesis cnd production plants have been crected. It is cleimed
thot spenge iren is ¢ supc;iqr prcduct for the manufceturce of high grode.irons
and stecls. The mct:llurgists of the ifincs Bronch hove been ond arc wetching
closcly the developrients of these processcs, in vicew of their spnlicction to

Conadian orcs r£nd conditions. The plan of investization oo eutlincd is to
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deterzdne, first the qQuality of the irons ond stecls produccd froo: sponyoc
ironr rrdc from Conacdinn orcs in comprrison itk accepted grades modce ty

~]

present Coy methods ond sceond, if surcrior nrofducts arc obtcined, which

of thc sponge iron rroecsscs roﬁld be zore cleptoble to Cancdicn orosland
conditions. Dircet rcfucticn proccsses 2ay‘prc"idc & Tere suitoble bose
for thc -mnufocturs of high srede irons ond steols and, vhilce therc ié patel
irreficte likclihood of such proccsscs caerocching $o ooy orpreeioble
c¢xtont upon prescat blest furnaec orcrctions, it is possitle theot in timc
steel-nalking proetice may te modificd to pormit of ot lecst o perticl sub-
stitution of spcﬁéo iron for rig iron in the monufrceture of the nore carmon
credes of stecl.

Cenadicn titanifcerous :ngnctitcs.cro o sourcc of iron, upon Thich
little investigative vork heos boen Conc. Thesc orcs contcin stell coounts
6f veaodiun, used extensively in the momufreturc of allor stecls. The
pbssibility of rceovering the vonadium conteat lenls intcrost to the probler:
of their commereicl utilization, ond will be investigotead,

‘ The mxking of olloy stcels in Cannda is in its ianfeoner tut in
other countrics this bronch of the stecl industry hos had o rerericble
cxpansion in the lost ton veors. Eoeh yernr secs the fiéld for clloy steel
viden and stotisties show thot ﬁrogrcss iz thc 2lloy stecl industry hos been
eightcen $ies ns ropid aos iz the generel stecl industry during the past
Tifteen yeors. The development of compmositions of alloy stccls cnd the
proper treatment of such stccls to‘moct spceial roguircmeats ure constantly
rceurring preblems. In thesc developments Concdo coanoet offord to leog
bekind, porticularly in viué of the foet that tihc clloy stecl incCustry
providcs thc most importoat market for our nickel ond mey provide importont

-~

outlcts for cur ceppcr, molybdcnum and othcr non-furrous metcls. ¢ should
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be s well-informed s crc the produccrs in other countrics in the technique

ef making ond trcoting olloy stcels.

The clectric melting furncce is porticulorly twell cdeopted to the
making of clloy stccls but sinee checon cloetric poter is aot generclly
cveilable, the bulk of the production hes been mede by the opcn hecarth
proccss. In spitc of thc lock of cheop porer, the cloetrie furnace has
nede ond is moking rapid strides, an? certziﬁ gradcs‘bf clloy stcel ore
being procduced in large cloetric melting furncces ot o cost thot enables
them to compete sucecssfully tmith opon heorth stecols oo o pricc basis. It
sccms cleor that writh our cheon hydro cleetric porer w¢ have cne cdventoge
that shiould offsct to ¢ considerzble cxtent that of mass production held
ty the precucers in other countrics =ond it would cpnecr logicszl that our

devclopment in the ficld of spoeinl steels should be with the eleetric

furncec. Tith the foeilities aveilable on camplction of the new leoboratories,

the ilines Broxzch can he of comsiderable service to the stecl inlustry, in
the working out of clcetric stecl making tcchnique, in the development of
new uscful ceompositions, in the rorking out of mcthods of hcat trcotment

<

and. in co-opcroting with steel nrofduccrs in overcoming ¢ifficulties en-
countercd in prcetical oporatiouns.
It is anticinctcd that the investigotive work will follow three
distinet but closcly rcloted lines:-
1. Broad problems conzcctced with the bencficiction
enfd utilizotion of Canadian iron orcs, cnd the
investigotion of both nor cnd cstoblished proccsses
of iron cnd steel production and their applicobility
to Canadicn orcs and concitions.
2. The develonment of ncw stccls ond other illoys and
the Torking out of the vroper methods of melting,

vorking, and treating such alloys for spccific uscs.
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S« Co-opcration with produccrs ond consumers of iron
onl stccel products in solving snecific prpblcms.
The new pyrometellurgical loboratory vhich hos boen creeted is
105 fcct long by 56 fect wide and 7ill housc the fcllcring furnnce equipment:

iiclting Equipment

1. /n Ljex=orthrup high frequency induction melting
~unit, consisting of the follovring mein items:-

ta) otor-generctor sct, induction typc motor
reted ot 260 h.p., 3 phosc, 60 cyclc, 550 volt,
1800 r.p.m. Gencrotor roted at 150 kilowatts,
output ot 0.9 nover fretor; 200 volt, 9GO0 cycle,
single phesc.  Completc with siwitchboord, con-
denscrs, ctc.

(b) . 500-poun mclting furrnacc, (nosc-tilt)
complcte with hoist for tilting.

(¢) . 50-poun mclting furancc, orronged to
opercte from the 150 kilowott motor-genercter

sct but rot simmltancously with the 500-pound
furnacs.

2, 5L onc-ton Hercult type arc melting furnaocc complcete
with tronsformers ond cleetrical cquipmcnt.‘ Tronsformer
cquipment Till con$1st of thrcc single phose 250 K.V..A.
units with speeicl provisions to permit a selection of
voltages over a wide range. This is to provide for
the use of these transformers for additional electric
furnaces.

3. . gas-fired crucible brass melting furnace.

4, /. small cupola furnace for cast iron.

The melting equipment will be served by a 3-ton overhead crane.

Facilities for the pouring of ingots and for other purposes will be pro-

vided.
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Roasting, Sintering &nd iletallizing Furnaces

1. .. 36-inch inside diemeter, 6-Learth, mechanically
ratbled, Fereshoff roasting furnace, with top
drying hearth. This furnzce has ﬁeen in uss for
same years cn non-ferrous ores.
2. . Twight-FEloyd sintering unit, consisting of two
rens. This unit has been in use feor some years
for melzing sintering tests cn iron cre concentrates,
flue dust, and non-ferrcus or eonceﬁtrétes.
3. . rotary kiln'type, oil-fired, retzllizing furnece,
22 feet long, large diameter 42 inches for 6 feet
at the discharge end, tspered secticn 4 feet leong,
sm=ll diemeter 21 inches for 12 feet 2t the feed
end. This furnace has teer in use for metzllizing
the iron cortent in ilmenite ores.
4. /. 60-kilowatt rotuting retort electric furnace,
bateh type, especizlly designed for moking sponge
irecn by gaseous or solid fuel reduction of the ore.
Capacity =bout 250 pcunds of sponge iron.
Space is provided for sﬁpplementing the atove equinrment as required.
~dditional metaliizing eguipnment will be installed to investigaté the process

ar processes adaptable to Canadian iren ores and conditions.

ieet Treating Furnaces
.. separste laboratory 54 feet lonz by 14 feet wide is provided for
the heat treating furnaces. "It is lozzted con a mezzanine floor at one end
of the building extending for its full width. The equipment will consist of:
.. box-type electrically heated furnace, inside

¢imensions approximately 12 inches wide by 24
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inches deép by 9 inches high.

A box-type electrically heated furnace, inside
dimensions approximately 20 inches wide by 36
inches deep by 18 inches high.

A pct-type electric furnace, inside dimensions
of pot 12 inches diameter by 18 inches deep.

an electrically heated tempering oven. Apprcximate
dimensicns 24 inches wide by 21 inches deep by 12
inches high. |

An electrically heated oil tempering bath, approxi-

maté dimensions 30 inthes long by 16 inches wide by

12 inches deep. o
Quenching tanks and:é¢ther miscellanecus equipment.

Additicnal furnaces and cther equipment will be in-

gy

stalled &s required.

Pyrcmeter Equipment

s

A separsate labcratdry 21 ?eet lcng by_14 feet wide is
provided fcr the pyrometer equipment, It is located
above the rhom hrusihg the motor generator»sef and

ether electrical equipment for the high fregquency

furnace, and is adjacent to the heat-treating labor-

s

atory, In addition to hcusing the temperature
recerding controller for the heat treating furnaces,
it will also serve as a lsboratory for the calibration
and checking of pyrometer equipment. Each furnage is

equipped with a Leeds and Northrup recording ccentroller

and there is provided for checking and calitrating purposes an
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electric furnace specially designed for checking thermo-
couples, a ncrtable double-scale potenticmeter indicator
for rare and base metal therrmocouples, and a triple .

range optical pyrometer.

Mechanical and Physical Testing Equipment

A laberatery 21% feet long ty 183 feet wide is teing provided for mechenical
and physical testing equivment ihich will consist of the folloving:-
an Amsler tensile testing mochine of 100 tons capacity,
comnlete with errangements for compression, transverse, znd
tending tests.
4An Amsler single blow impact testing mechine, capacity 240
ft-1bs. constructed for toth Izod and Charpy tests.
in Clsen combination.toughness and torsion testing machine
An Olsen bend testing machine.
An Alpha Brineil herdness testing machine.
A Rockell hardness tester - Model 3H.
A Shore sclercscope - licdel D.
A Viekers hardness testing machine,

Other testing machines 1rill be added as the occasion demands.

Metallographic Equipment.

A laboratory 21% fcet long by lS%—feet wide is being provided for metallon-
graphic equipment tvhich will consist of the followring:-

A Zeiss 8-inch by 10-inch horizontal metallographic

unit; complete with all necessafy accessories.

A Bausch and Lomb binoczular microscope

A camera for macrophotography.

& Leeds and Northrup transformation point abpanxus.

A Rockzell dilatometer, laboratory model.
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Sample preparation machines, including cu£ting wheel, 57*‘
griﬁding wheels, and polishing mechines, fer vhich
a separzte laborztory is being provided.

.. separate phctrgraphic dark rocm, completely
equipped is alsc being provided zdjzcent to the
retcllcgraphic laboratery.

Chemicel Laboratories

Tke chemical labcrateries cf the Division eare fully equipped and i
staffed fer the condueting of analyées and special chemical investigations
in connection with ores ard metallurgical products.

Liechanicgl Shops

Ccmplete facilities for the machining of test tars and cther

metallurgicel shmples are afforded by the llechenical Division of the Mines

B

Branch, vhich mzintcins maekine shop, forging shop end other services

necessary for maintenance and dovelapmﬂnt of the mechanical side of the

. pranch?s activitles,

. TW“ \mm/,.s.m ‘zmwxw B e ais




