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I. INTRODUCTION

At the request of Canadian Javelin Limited, in connection with
the development of their Julian ore body, Elektrokemisk A/S have run
smelting tests at their Research Station at Fiskaa Verk, Kristiansand S.,
between February 12th and 24th, 1962,

Present during the tests was the following group of visitors:

Mr. W.H. Roxburgh, Vice President Fngineering, Canadian Javelin
Limited

Mr. Fred Gever, Deputy Minister of Mines, Province of Newfoundland

Mr., William Dailey, Pickands Mather & Co,

Dr. R, R. Rogers, Department of Mines and Technical Surveys, Ottaws=z

Mr. D.A. Sutch, President, Ramseyer & Miller, New York

Mr. Gregg M. Moga, Consulting Engineer, New York

The purpose of the tests has been to ascertain the behaviour and
suitability of the Julian-Wabush concentrate and ccking coal for pig iron
production with pelletized charge prereduced in shaft, and to provide the

basis ior estimating power and raw material consumptions.
II. THE PROCESS

The conventional way of pig iron production is agglomeration of
a concentrate by sintering followed by reduction and smelting in blast
furnace or electric furnace. In the separate gintering plant the ore is
heated to incipient fusion and thereafter discharged cold for screening

and transportation,

In the new ELKEM process used for the present Javelin tests,
the pel.-ilzed charge is baked and prereduced simultaneously in a simple
shaft directly above the electric furnace which receives the hot, partly
reduced pellets. This new technique simplifies the agglomeration plant
by removzl of complicated heat treating equipment. The charge is
conditioned for the electric furnace smelting resulting in considerably

reduced power requirement ard higher pig iron production.
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Peclletization of iron ore concentrate with coal and Portland cemen-
as hinders, prereduction in shaft and electric smelting, has been developec
in the ELKEM Research Station at Fiszkaa during the last five years,

The raw pellets are produced on disc by the same technique as used in ore
pelletizing, The raw, soft pellets are hardened first by three to five

days' storage for development of the hydraulic binding power ci the Port-
land cement. The air-hardened pellets are sufficiently strong for transpcr:

and handling within the plant limits.

Batches of the charge are prepared from pellets, coke and fluxes
and transported to the top of a simple shaft above the electric furnace., Iz
the shaft the charge is heated countercurrently in a stream of hot gases to
between 1400 and 1650°F, Hereby the pellets are baked hard by carbonizatior

of the coal forming a strong carbon bond in the pellets. The hydro-carbors

and hvdrogen in the coal are distilled and between 10 to 30% of the oxygen

in the iron ore removed from the pellets in the shaft (prereduction),

The red~-hot pellets are discharged continuously and ied directly

to the electric furnace below.

Due to the intimate contact between ore and coke and the shape
and size of the pellets, these make a porous, reactive charge with
excellent smelting properties. Despite the low stock height in the electric
furnace the CO, content in the furnace reaction gas is high., Thils indicates

high proportion of "indirect reduction'’ - as in the blast furnace,

For heating the shaft light fuel oil was used in the pilot plant test,

while CO + CO2 gas {rom the electric furnace will be used for commercial
installations., The gas for heating is produced in a separate combustion
chamber adjacent to the shaft. The air supply is automatically controlied
to maintain excess of CO + HZ' Part of the top gas from the shaft is
recirculated to the combustion cliaimber to increase the volume and sensibi«
heat in the gas stream. The CO available in the electric furnace gas is
sufficient for heating the recycled shaft-furnace gas as well as the pellets

in the Sh.aftSt

The heat transfer from gas to the pellet charge is fast and effici::

because only about 4 to 5 ft, charge bed thickness is required in the shaft,
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11, SUMMARY

The concentrate, Nova Scotia coal and 3% and 5% cement, have
given pellets with satisfactory mechanical strength in the three different

states - raw, hardened and prereduced,

No special operational difficulties were encountered during the
tests. Operation of shait as well of electric furnace was continuous and
smooth., The average power consumption for each smelting period varied
between 1070 and 1340 kWh per ton () of pig iron., The Fix C consumptior
was from 532 to 572 lbs with hot charging. The carbon content in the
pig iron was low and the sulfur content high in Periods 1 to 5, where the
slag had a basicity between 1.19 to 1,27, With higher basicity in the slag
(1.43 to 1, 55), the carbon content was increased and the desulfurization

improved to what is considered normal for pilot plant scale smelting

conditions,

By using coke and coal with normal or low sulfur content
(like the Pocahontas coal), pig iron with low sulfur content has been
produced in previous smelting tests from sinter and from ore/coal

prliets, Data from these tests are reported in sAppendices 13 and 14,
ive. MODEL THEORY

The electric furnace used for these tests has been built as a
model of 2 smelting crater in an ELKEM furnace by application of
dimensional analyses and theory of modele. On a small scale,
smelting zones and heat balance of large commercial furnaces are
reproduced. Power consumption per ton of pig iron is in conformity with
average consumption figures for large furnaces operated with the same

raw materials.

e gy S T ol o b W

(x) American units are used in this report,

All tons are net tons.
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The metallurgical conditions are, however, not completely
reproduced in the model furnace., Due to the short retenticn time for
the charge in the furnace the carburization and desulfurization are less
complete than in the large commercial furnaces. Reactions which are

governed kinetically by diffusion, or the like, will not run tc equilibrium,

Appendix 1 shows one photograph of the electric furnace seen
from the charzing deck, and one photograph of the shaft and electric

furnace system,
V. THE FURNACE SYSTEM

The electric furnace used during the tests (F-7) is a single-
phase furnace with one central electrode and heartn contact. The furnace

transformer is rated 2000 kVA and has secondary voltage steps from
35 to 80 V,

Light fuel o0il 1s buvrnt with air in a separate combustion chamber,
The hot combustion gases are cooled to the desired temperature by re-
circulation of cold and cleaned gas from the top of the shaft, The recircu-
lated gas contains volatiles from the coal in the pellets, which generate

heat in the combustion chamter,

The gas mixture is introduced into the charge under inverted
"V - shaped roofs, The excess gas from the top of the shaft is, after

cleaning, vented from the system.,

From the shait the charge is fed continuously into the electric

furrace through two steel feed pipes.
Vi. RAW MATERIALS

Appendix 2 a contains a table of chemical analyses of the raw
materials used in the smelting tests, and Appeandix 2 b presents sieve

analyses cf the coke qualities used.
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A, Jron Concentrate.,

On November tth, 1961, our Research Laboratory received
samples of concentrates from Wabush Lake and Julian. The two samgles

were examined and tested separately,

Pellets were prepared in the laboratory from concentrates,
Nova Scotia coal and Portland cement as binder. The pellets were
tested thoroughly for mechanical strength and heated to different
temperatures for determination of oxygen remowval and strength at
different temperatures (Lab. Report No. 2734). According to the test
results there is practically no diiference in rate of reduction or mechanic=z!
strength of the pellets prepared from the Wabush and Julian concentrates.
There is an essential similarity between the two concentrates for

prereduction and smelting purposes,

About 145 tons of concentrate were received for the tests.
This 1s a high-grade concentrate of specular hematite, The concentrate
was dried and ground to a suitable fineness prior to pelletization to-

gether with coal and cement in a ball mill,

B. Coal.

About 47 tons of Nova Scotia coal were received for the
tests. This is a strongly baking coking-type coal which is favourable
for the strength of the pellets, but the sulfur content is very high.
Despite its excellent coking properties, thereiore, a medium or low
sulfur coal would have been 2 more desirable type of coal for the

process., All the Fix C used in the produced pellets was from Nova

Scotlia coal,

C. Coke and Fluxes.

As additional reductants were used the 3/8" - 1" fraction of
Irish gas coke (Coke 1) and the 3/16" - 1" fraction of English coke
(Coke 2). Coke, limestone, dolomite, quartz and bauvite were drawn

from Fiskaa's stoc. The fluxes were all screened in ‘he fraction
3/16” - 1”-
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ViI. OPERATION

A. Pelletizing.

Concentrate, Nova Scotia coal and Portland cement were
weighed up in batches and charged to a ball mill. After grinding this
mixture averaged 73% minus 200 US mesh with a specific surface of

about 17000 sq.in,/cu.in,

This ground mixture was pelletized on a 5 feet diameter disc

pelletizer, Two types of pellets were produced:

Fix C % Cement Quantity Used in

lbs per ton tons Periods

Type I pellets 340 5 110 1 to 6
11 a 244 3 32 7 and 8

The production of these pellets presented no difficulties.
The production from the disc pelletizer was 2400 lbs of green pellets
per effective hour. The size of the pellets was 5/8" to 1" diameter.
Laboratory results from tests with green and hardened pellets from this

production are given in Laboratory Report No., 2790. (Appendix 12),

B. Smelting Tests,

The smelting tests comprised smelting of cold pellets,
Type I, smelting of same type pellets preheated and prereduced, and
at the end of the tests, smelting of preheated and prereduced pellets of
Type II. The charge was weighed up in batches, mixed and fed periodi-
cally to the shaft furnace, From the shaifi the charge was fed continuous -
ly into the electric furnace. The furnace was tapped with two hours
intervals, Pig ircn and slag were tapped in a ladle with slag overflow to
a slag pan, Remaining slag in the ladle was skimmed off, and the metal
poured in the mould bed, Pig iron from each tapping was weighed

separately, All consumption figures are based on weighed pig iron,
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| Cold charge - Period_;s: l and 2.

The first 23 days, p llets were smelted cold in closed furnace.

Th: voltage applied was 66 - 75 V, and the furnace load averaged 347 -
357 kW,

2 . Preheated charge - Periods 3 to 8,

The rest of the raw materials was used for operation with
preheated charge, The pellet charge was preheated in the shaft furnace
to 1420 - 1535°F. The voltage applied averaged 46 - 52 volts, and the
furnace load was 307 - 389 kW,

Vill, RECORDS FROM OPERATION

The operator on the furnace platform made hourly notes
of the kWh-meter reading, kW-load, voltage, electrode current and
the charge fed to the furnace system, on the furnace log sheet. The
shait furnace operator made notes every half hour of temperatures,
gas volurme and oil consumption in the shaft furnace system. From these
data and from the weighed iron, and from chemical analyses, the average
results from each smelting period have been calculated and recorded in

Appendix 3.
IX. RESULTS

The most important operating data and results are shown

in the Summary of LLog Sheets in Appendix 3.

More complete analyses of metal and slag are given in

Appendix 4,

Chemical analyses and strength properties of preheated and
prereduced charge are shown in Appendix 5, These include iron analyses
at the different stages of oxidation together with calculated degree of
oxidation, crushing strength and drop strength of the pellets, For the
limestone and dolomite in the charge the degree of calcination has been

determined.
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In Appendix 6 is presented data for the shaft furnace operation.

In Appendix 7 1s shown gas analyses from the electric furnace

and from tilie shaft furnace,

In Appendix 8 is presented sieve analysis, chemical analyses and

approximate weight of sludge from the shaft furnace gas cleaning gsystem.

In the following a short description of the different periods

will be given:

Periods 1 and 2.

These two periods constitute the campaign with cold charge,

The charge composition was as follows:

ibs Moisture fa

Pellets 220 9
Coke 1, 3/8"-1" 17,5 = 15,5 - 13 6
Dolomite 11

Limestone 6.5 - 4,5

Quartz 6.5

Bauxite 2

The calculated slag weight for these periods was 600 lbs

per ton.

Period 1 began after tapping No, 6, thus omitting the first few
hours of operation in which filling up and heating up of the system was

accomplished,
The furnace operation was good,

Ccke addition to the charge was decreased successively,
Towards the end of Period 2 some coke was added directly into the
electric furnace to stabilize the operation. Limestone in the charge was
decreased and some quartz was added to the furnace. The average
silicon contents in the metal were 2.62 and 1. 93 in Periods 1 and 2,

respectively. Power consumptions were 1805 and 1820 kWh per ton,
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Adjusted toc 1% Si in the metal with a correction factor of 90 kWh per 1 %
increase in silicon content, the power consumptions were 1660 and 1735

kWh per ton respectively, The Fix C consumptions in these periods were
584 and 599 1lbs per ton.

Periods 3 and 4.

In these two periods (the rest of the first week) the charge

was preheated in the shaift furnace.

The charge composition was:

lbs Moisture fa

Pellets 283 9
Coke 1, 3/8" =1 15,5 - 17,5 - 20 6
Dolomite 15.5

Limestone 6.5 ~ 9

Quartz 3

Bauxite VA

The size of the batches was increased, and the calculated
slag weight was 610 lbs per ton, which is slightly higher than in the
previous periods. Addition of limestone was adjusted to increase the

basicity of the slag,

Period 3 was the starting up period on preheated charge, and
the power consumption decreased towards the end of this period. The
furnace operation was satisfactory. Also in Period 4 the operation was
smooth and stable. In both periods some extra coke was addded to the

furnace to adjust the reduction.

The preheating temperature was 153 5°F, and the percent
reduction of the pellets as they entered the furnace was 26.9 %. The
power consumptions in Periods 3 and 4 were 1195 and 1110 kWh respective-
1y, and the corresponding figures adjusted to 1% Si were 1155 and 1070.
The Fix C consumption dropped to 572 and 557 lbs, respectively.
Operation of the shaft furnace was very stable and without any diffi-

culties.



SCANNED IMAGE

e -
////'/ ?f"‘//’///{é)é, :ZE/

Page 10,

erioa bH.

1bs _Moisture %

Pellets 283 9
Coke 1, 3/87" -~ 1 15.5 - 0 6
Coke 2, 3/16" - 1" 0 - 18,5 20
Dclomite 15. 5

Lir: stone 175 = 20

Quartz 9 - 11

Bauxite 6.5

The charge composition in this period corresponds to a slag
weight of 760 lbs per ton, The basicity is also increased compared
with the previous periods. In the middle of this period Coke 1 was
replaced by Coke 2.

The furna<e cperation was smcoth and stable with shalit
preheating temperzture of 143 5°F. Observed and adjusted power
consumption was 1240 and 121C kWh, respectively. and the Fix C

consumption was 522 1bs,

Period 61

A

This is a short period with the remaining peilets with
340 lbs Fix C and 5% cement.

1bs Moisture fo

Charge:

Pellets 283 9
Coke 2, 3/16" - 1¢ 17.5 2%
Dolomite 37.5

Limestone 26,5

Quartz 20

Bauxite 11
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Theoretical slag weight was raised to 1200 1bs and the basicity

further increased to improve sulfur removal from the pig iron,

Furnace operation was satisfactory. Some extra coke was

added directly to the furnace to adjust reduction,

Operation of the shait furnace was stable. The average
sample from Periods 5 and 6 shows a percent of reduction of the

preheated charge of 19.1 %. Preheating temperature in Pericd 6 was
1490°F.

Observed and adjusted power consumption was 1320 and 1275

kWh, This period was tvo short to give reliable figure for Fix C

consumption,

Periods 7 and 8.

In these periods the Type 1I pellets with 244 lbs Fix C and

3% cement as binder were smelted,.

lbs Moisture Za

Charge:

Pellets 264 9
Cokel, 3/Ft 1" 26,5 - 28,5 ~13 6
Coke 2, 3/16" = 1 0-0-15,5 20
Dolomite 22

Limestone 17.5

Quartz 10

Bauxite 6.5

Calculated slag weight was 700 lbs per ton, and the basicily
about the same as in th2 previous period. To begin with only Coke £
was used as reductant. From the middle of Period 7, however,

approximately half of the reductan’ was Coke 1.

Operation of the shaft as well as electric furnace was
steady. The average sample from these periods shows a percent of

reduction of 18.1 %, and the preheating temperatures were 1435 and 1420°F.
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Observed and adjusted power consumption was 1355 and 1315 kWh
in Period 7, and 1435 and 1340 kWh in Period 8, The Fix C consumption
was 559 and 572 lbs, respectively.

X. DISCUSSION OF RESULTS

A. Operation.

l. The shaft furnace.

Operation of the shaift furnace was stable and presented no

difficulties. No bridging or hanging of the charge occurred. In Periods

3 and 4 the temperature of the gas going into the shaft was 1785 and
1805°F, and the charge temperature ana percent reduction was 1535°F

and 26,9%, respectively,

In Periods 5 ~ 8 the gas temperature was decreased to
1605 - 1635°1, which decreased the charge temperature to 1420 -

1490°F, while the percent reduction of ti.c preheated charge decreased
tO 19.1% - 18- 1%.

Exit gas temperature varied between 255 and 28 5°F,

The mechanical strength of the preheated pellets was

satisfactory.

2. The electric furnace.

Operation of the electric furnace was smooth throughout
the tests. The electrical resistance of the cold pellet charge was
extraordinary high, approximately 60% higher than previously obtained
on cold sinter charge. The electrical resistance of the charge in the
Periods 3 ~ 6 was normal., In Periods 7 and 8 with less cement and

less coal in the pellets, the electrical resistance of the charge.

decreased somewhat.
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B. Power and Carbon Consumption,

The power consumption on cold charge based on 1% Si in the
iron was 1660 and 1735 kWh per ton in Periods 1 and 2, respectively,
These figures are lower than previously obtained on cold charge and

indicate high reactivity of the raw materials,

The Fix C consumption for cold operation was 584 - 599 1bs

per ton, which is normal for reactive raw materials,

On preheated pellets with 340 lbs Fix C per ton iron and 5%

cement, the power consumption with slag weight 610 lbs and basicity
1.15 = 1,18 was decreased to 1155 and 1070 kWh, In Periods 5 and 6

the slag weight was increased toc 760 and 1200 lbs, and the .orresponding

basicities were 1,27 and 1,51. These changes caused a rise in the

power consumption to 1210 and 1275 kWh, In Periods 7 and 8 preheated
pellets with 244 lbs Fix C and 3% cement were smelted. With 700

lbs of slag and basicities 1.43 and 1. 5% the corresponding power consumpticn
was 1315 and 1340 kWh.,

The Fix C consumption ior preheated charge varied between

532 and 572 lbs per ton, as normal for good raw materials,

Appendix 9 contains calculations oi the power consumption in
the electric furnace based on the actual analyses of preheated charge,
furnace gas and metal and slag. The calculated power consumption in

Periods 3 and 4 is 1110 kWh, which corresponds very well with the

actually observed figures for these periods, which are 1195 and 1110
kWh, The lower figure for Period 4 is the most representative, as
the beginning of Period 3 includes partial heating up of the whole system

during the change-over from cold to preheated charge.

The theoretically calculated average power consumption in
Periods 7 and 8 is 1310 kWh while the actual figures are 1355 and 1435
kWh. Thus the theoretical calculations account for 200 kWh per ton
increase in power consumption from Periods 3 and 4 to Periods 7 and 8,

while the actual increase is a little higher,
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The operation in Periods 7 and 8 with somewhat lower
electrical resistance and CO2 -content in the gas indicates that the
furnace did not operate gquite as well on the pellets low in carbon,

Previous experience has also proved that a high content of the Fix C

in the pellets is advantageous.
C. Electrode Consumption,

The electrode consumption i1s normally a function of the cuclivy
of reducing agent, the power consumption and the smoothness of
oparation. The electrode consumption on cold charge was 12.4 and
17.6 lbs per ton, which is about the same as previously obtained on
cold sinter charge. The electrode consumption on preheated charge
is decreased to 6,2 ~ 9.4 lbs, which is normzl for preheated pellet

charge,

D. Metallurgical Results.

The sulfur content in the first five periods varied between

0.38 and 0.49 % and the sulfur distribution ratios defines as

;a sulfur in the slag

o sulfur in metal

for the same periocds were 1.8 - 3.6. The slag basicities were
1.12 - 1.27.

In Period 5 the slag weight was increased to 1200 1bs per ton
and the basicity to 1,51, This caused an increase in the sulfur distri-

bution ratio to 5.6 and % S in the metal was 0,23,

In Periods 7 and 8 less sulfur was introduced into the charge.
The basicity was 1.42 and 1. 55 and the slag weight 700 lbs per ton.
Sulfur distribution ratio was 4.8 in Period 7 and 12.2 in Period 8,

Sulfur content in the metal was 0,21 and 0,12, respectively.

It is known from previous experience that desulfurization
is not complete in the model furnace., DBased on previous results
when smelting sinter, 3 - 5 times higher sulfur distribution ratio is

expected in a large furnace than in our model furnace,
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The high sulfur content in pig iron from this test is inherent
with the very high percentage of sulfur in the Nova Scotia coal (2.85%).
As we have previously operated the pilot plant with normal sulfur level for
sintered concentrates and coke, the results from test with ""Mo i Rana
charge' have been included in this report (Appendix 13). Results from
tests with pellets produced from hematite and low sulfur Pocahontas

coal have been compiled in Appendix 14,

The analytical data for pig iron produced with coke and coal
with variable sulfur content in the pilot tests prove that carburization
and desulfurization of the pig iron depends on the sulfur content in the
charge. Previous results in the model furnace indicate that satisfactory

carburization is obtained only when the sulfur content is low,

E. Recovery of Iron.,

Based on the analyses of metal and slag, and on analyses
and quantities of charged materials, the recovery of iron in metal
and slag was 96.2 % in Periods 3 and 4, and 96.5% in Periods 7 and 8.
Of the lost iron, 2.0 % is found in the sludge from the shaft furnace gas

cleaning system, while the rest is losses not accounted for.

¥. Heat Economy of the Preheating Process.,

During the tests the consumption of light fuel oil with

18000 B.t.u. per lb was 126 lbs per ton in Period 3, which is a

starting-up period.

In Period 4 this consumption fell to 96 lbs, and in Periods 5
and 6 the preheating temperature and degree of prereduction were
lower. The o0il consumption decreased to about 90 lbs. In Periods
7 and 8 with less coal in the pellets, the oil consumption increased
to about 107 1bs, In commercial operation the heat losses will be
lower and the additional fuel could convenientiy be in the form of furnace

gas.
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Appendix 10 shows the heat~ and gas balance for commercially
sized shafts, based on Pocahontas coal in the pellets. Even with these
low-volatile coals, the CO gas from the electric furnace will provide

sufficient additional heat of combustion for the shaft process.

X1, CONCLUSIONS AND RECOMMENDA TIONS

The tests at Elektrokernisk's Research Station for
Canadian Javelin Limited have demonstrated the feasibility of
pelletizing the ground concentrate with coking coal and cement,
hardening the pellets by storage, preheating and prereduction in shafts,

followed by submerged arc smelting, The mechanical strength of the

pellets was satisfactory at all process stages.

The hardened pellets were first smelted without shaft preheating
in the conventional way. This gave smooth aperation and lower power
consumption than ever obtained previously in the Research Station on
cold charge., Probably due to the inclusion ot raw coal in the pellets,

tne electrical resistance was exceptionally high,

With preheated and prereduced charge the smelting was smooth
with normal electrode penetration and electrical conditions in the

furnace.

As for commercial smelting, the power consumption varied
with slag basicity and quantity of slag, actually between 1070 and
15340 kWh., The Fix C consumption with hot charge varied within the

rauge 532 to 572 lbs per net ton of pig iron.

With regard to the chemistry of the process the high COz-contem
of the electric furnace gas, approximately 40%, is remarkable.
Obviously the pelletized charge when preheated, established {avourable

conditions for indirect reduction in the electric furnace.

Full carburization of the pig iron within the normal range
3.5 ~4 % C was not obtained during the test except for the last
smelting period. Low carbon content in pig iron has occurred also in
previous smelting campaigns, particularly in conneciion with high

sulfur content in the charge., In these tests the Nova Scotia coal
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containing 2.85 % S added a high amount of sulfur to the electric furnace

charge,

The normal sulfur level in the charge for commercial operation
in Europe is equivalent to 1,0% S in the coke and the coke consumption of
800 lbs dry coke. Every attempt should be made to obtain raw materials

of equivalent quality for the Julian operation.

lbs S in electric furnace

Conditions Sources of Carbon _ charge (1 ton pig)

Conventional Gas Coke 8
Javelin Smelting Tests Nova Scotia Coal
+ Gas Coke Period 1-6 14, 3
" 7=-8 12 .7
Javelin Project Pocahontas C:al
Proposal + DOSCO Coke 6.2

Previous tests with smelting of pellets prepared irom hematite
and Pocahontas coal have given what we consider a normal carburization
and desulfurization in our pilot furnace. Specifically, we refer to
Appendix 14 which gives the test results and analytical data from the

previous test,

We conclude, therefore, that no problems will be encountered
on large scale with C-content or S-content in the pig iron when using
Pocahontas coal and DOSCO coke. A mixture of Pocahontas coal and

Nova Scotia coal may be used for the pellets. However, for obtaining a

specified, low sulfur content in the pig iron, more fluxes and higher
pow . consumptions will be required with a higher sulfur level in the
charge., The choice of type of coal, therefore, is not only a technical
question, but mainly a question ¢f economy. For the present planning
and estimating of the cost of operation we recommend the following
consumption figures, confer the material balance calculations,

Appendix 11,
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Page 18,
. Per ton pig
lbs
Ore concentrate (64,5% Fe) 2950
Pocahontas coal 470
DOSCO coke 270
Limestone 170
Dolomite 240
Bauxite 55
Cement 105

It is recommended wdding to these calculated figures 2 %

to cover unaccountable losseg,

Electrode consumption 10 lbs.
Power consumption 1200 kWh.

Available furnace gas 9,600 cu.ft. at NTP containing
approximately 58/42 CO/COZ.

The CO available in the electric furnace gas is rufficient

for heating the recycled shaft furnace gas and the pellets in the shaft

furnaces.

Expected analyses of iron and slag, when using the charge
rocommended above in a commercial electric furnace smelting

operation, are given below:

Iron Slag
Jo Yo
C 4 S:E.Dz 35
Si 1 A1203 13
S 0.04 CaO 41
MgO 9

FeO 1.0

S 0.88

Kristiansand S, /Oslo, March 22nd, 1962,

T. Badsen F.C. Cecllin

Chief Director of Research
Elektrokemisk's Research Station
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Chemical analyses of raw materials.

Material Analyses, dry basis,

Ore and fluxing 24

materials % SiOZ ‘70 Fe203 % Fe(tot) % Fe Ve A1203 % CaQ % MgO % S % P lgn,loss
Canadian

Javelin ore 3.10 66.3 0.2 0.73 0.17 0. 57 0.02 0,024
I.imestone 5, 01 1.15 1.7 48, 5 1,12 40. 7
Dolomite 4,46 0.24 30.6 16.7 44,5
Cuariz 98, 44 ] 0.62

Bauxite 1.7 23.9 60. 2

Portland cement 22 7 66

e SOpS 2 S D ) S ‘
e / / .////)

‘1 38eq
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Material

Reducing Agents

Nova Scotia coal
Coke 1, 3/8" - 1V

Coke 2, 3/16" - 1"

Analyses, dry basis.

Volatiles Asn
Yo To

31.1 8.75
3.5 13.

Chemical Analyses of Raw Materials.

Nova Scotia coal
Coke 1, 3/8" - 1%

Coke 2, 3/16" ~ 1"

ey o ey, e S el ‘i ik e e . - e ——

34.1 32.5
45 15

Fix C S Reactivity
To o
60.1 2.85 0.96
83.5 1.33 1. 52
84.35 1,14 1. 10
7 A1203 % CaO % MgO
18.0 3.93 1. 04
)
25 3 ) Approximate
analyses

Comgarison table for reactivity of reducing agents.,

Reactivily range
0.1 -0.3

0.3 - 0-7
0.7 -1.0
1,0 - 2.0

>2.0

Reducing power

Poor

Medium
Good

1t

it

Tincal materials

Metallurgical coke
Anthracite, gas coke
Low temperature coke
Srecial cokes

_hars

i Sl el R ]

o

/1)

y (7 ,-//f/,’{ / 7

&
”

.
: "T/J 3
o

x

7 adeq
‘e 7 XIpu?d
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" SUMMARY OF LOG SHEETS ' APPENOIX 3

A

b

Smelting test! for Canadian Javelin Limited, 12 - 23 February 1962

L A e e - - ety i g

‘ ,. Consumption figures t ' - ?

Raw materials in (bs.,dry basis. Eledmca data Froduction or nt. ton of pig 1rén Analyses Shaft

% _ | % > ! 12 D Metal Slag . t
S L G 8 S ~N | lE S 8) S S
S S S S NE 1235 ' = S| %8

Q Ny o = — & o | O 1.5 = ) » SN A S R
T <2 7> N S % oS |~ |® = cl o= | ! S5 |l 1.l e sl ey
Q SIN G SN IECAAN IS ~ Q | O oN|<cQlec|o |2 JoX{ - 3 | &b S S 255
c Sls [ srE0 e |E SIS 18 |3y 82 58158 |8aixaix8]) v el ol EIsP 4EEIRY
Q& S| A& | O G A 3 N X | X R SR x5 x o8 CRIC RN 2 O unwlladdiad

72/2 2230
- 502051219 16071 | 1219

{
2 13/2120.2
15/2 74.25

o
Oy

| | L | ‘ |
863 | 439 | 737 | 8z | 75 | 357 | 7810 || 7-17 | 8664 li oo ||1605 | 1660 | 176 | 584 | 340 | 262 | 209 | 038 | 115 | 1,19

§
| < z

30735| 2298 1689 | 675 |1247 | 338 '. 56 i 347 114570 18-38 ’45045 ,1 1820 | 1735 | 124 1599 |"340 |1 193 | 191 1049 | 308 |12 |20 |
. !
267171623 1545 | 662 | 890 48 344 | 8050 (39-50 l 13514 ! 1185 | 94 | 572 1 340

‘_#““#M - - -

15/2 |14.25 I | ;
145 1198 049 | 284 |115 |19 11535 | '-
I lsr2 135023'4 A ' 1731
4 290 32863 2397 1901 11066 | 1086 | 272 350 "z., 140 ||571-65 78274 1110 | 1070 | 84 340 ) 142 | 205 | 047 | 230 118 | 27 11535 | ;
77/2 78 50 - B | | T 1 | ]
- 120/2105.30 _ | ‘ - | ; ' _ ]i
; 5 35,3| 31528 567 | 1519 1823 | 2272 | 1316 | 75 07 |10980 |73-89 |17733 | 760 | 1240 | 1210 194 1532 | 340 | 132 2,70 048 | 3,28 | 1,27 | 1,8 | 1435 1
7 |2l 78l _ _ 80.9__
i lo1r2l17.18 | . ":
| ' 4 3 , 149 .
6 22/2|05.25 12,1 /2826 4320 11 90-95 | 6550 1200 1320 | 1275 . ' 259 0,2 m 56 || 1490 ) i

389 | 12360 ||96-111 | 18232 |.‘ 1355 | 1315 | 6,2 | 559 147 | 322 | 0,21 | 1,03 | ,
7300 1112121110196 l- 1435 | 1340 | 64 - 346 | 012 | 067 | 155 | 122 | 1420 |

‘ !

l“- -- ‘ ‘ e e et ’l {i

YCalculated slag weight

22/2l0 1

23/5113 ,5 2826 | 2260 | 1272 | 848 } 4

; 9 23/2{13.15| . ‘ i
24/2|09.37| = 9 B

e o L o
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Metal

Slag

Period
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Appendix 4.

Analyses of Metal and Slag.

Period To Si o C %o C
] 2.62 .09 0.38
2 1. 93 1. 9l 0.49
3 1. 45 1,98 D.49
4 1.42 2.05 0.4l
5 1. 32 2.10 0,48
6 1. 50 2.59 0.23
7 1,47 3.24 0.21
8 2,05 3,46 0.12
S siag  Basicity
Yo Si0, ?{}303 % FeO % CaO % Mg0O % S S metal Cag;!-)__lygg_@___
10, B i0, 3
39. 54 8. 61 1,15 40. 3 6.72 1.38 3.6 1.19
38.02 12. 78 3.08 35.9 6.57 0.97 2.0 1,12
37.80 11, 71 2,84 36.4 7.22 0.95 1. 9 1.15
37.20 11. 38 2,30 37.5 6.28 1.09 Sel 1.18
35,66 12.75 3,28 39.56 5.86 0.88 1.8 1.27
33,66 12. 92 0.96 41. 6 %14 1.29 5.6 1.5l
34.20 13.28 1.03 40. 2 8.80 1,01 4.8 1,43
32.62 13. 92 0.67 41.4 9,22 1,46 12,2 1,55
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Appendix 5,

Preheated c.oaxrge from shaft.

A . Chemical analysis of reheated ellets.

2+
Date Period % Fe(to") Yo Fe3+ % Fe 7o Fe( \ % Reduc- % S

met .
tion

15-17/2  3-4 53.8 10, 4 43,4 0 26,9 0.49
20-22/2 5-6 46,7 20,0 2b, T 0 19,1 0,42
22-24/2 7-8 45,4 20,7 24,7 0 18.1 0.37

B. Strength measurements on preheated pellets.

Period Compression strength Drop strength
_1bs inches
3-4 85.4 68.9
5«6 138.4 118, 1
7=8 60.7 82.7

C. Analyses of limestone and dolomite lumps from
Eréheated charge,

Period CaC CaO % Degree of % S
(tOt_)__ (burnt) calcination

3-4 67-5 35-9 53-2 0.23

5""6 65.1 29: 5 45-3 0- 27

7-8 59-2 9-0 15 ;2 0:13




SCANNED IMAGE

Period Oil

1bs /ton
3 126
4 96
5 Q2
6 88
[ 106
8 108

Gases Cu, f"._/_ton
Recycled gas

Air

37720
34330
35390
33580
28360

28570

Shaift furnace data.

49830
48030
57530
49370
44890

43300

Excess gas

41000

37360
36550
31470
28850

31540

Cas 1n

1785
1805
1625
1635
1605

1625

255
285
255
265

265

' O
Temperatures, F

Gas out Charge

1535
15355
1435
1490
1435

1420

Pressure drop
inches HZO

5.6
5.8
5.0
3.4
3.6

3.0

>

g XIpuo
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A. Analyses of gas from Electric Furnace.
%o CO % CH4

Dats

13/2

Y
'

'
14/2
!
15/2
16/2
17/2
20/2

It

21/2

't
22/2
|
23/2
't
i

B.

15/2

|
it
1}
B

Period

1

I
2|
1

2

it
3
1t

it

4
5

|
It
it
7
11
3
'
n

1t

8

! ‘ . "/
(7 /fﬁ /7 /% WL (f)fé /_/ '

Time

12,10

13,35
13.45
14,15
12. 45
13,40
15,45
09. 50
11, 50
1. 15
13.30
13. 55
15,35
15, 55

08.35

09.15
15,05
10. 00
10, 05
12,35
13,15

10.15
10. 55
11.30
13,00
15,15

20,55

% CO,

15. 0
16.2
17. 2
17.6
22.0
21.2
42.0
41.2
38.6
44,0
43.4
42.6
42,7
46.0
48,0
53.0
49.2
43,6
42.0
39.6

30.6

14,0
16, 2
17,0
18.0
16, 8
15.0

Gas Analyses.,

Yo

0.8
0.2
0.2
0.2
0.2
0.6

0.1

2a 0

C.4

0.6
1. 4
0

' S o S o
9
AN

>55-7

53

2.6
0
0.8
0
3.0
6.4

Appendix 7.

Page 1.

4,0

5.8

Analyses of gas from shaft furnace.,.

% H

10. 4

11.0

(Cont. )

2

Note ¢

J

Inlet gas

it

1R
Ht
't

H
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B.

Date

15/2
16/2

B
i
1l

e
[}
LR 1

1t

1t
20/2

B |

!

1
21/2
[ |
"
|

.ll
22/2
n
1t

"

r | . s
(Lo /o vrdbe spr e ok

Appendix 7.

Page 2

Analvses of gas from shaft furnace,

Period

it

1t

1t

3 |

1t

1

B |

1t

i

n

It

it

n

Time

21,45
08.30
10,15

12. 50

14. 30

|

09.40

'
16.25
16.45
17,30
18.00
18,30
19.05>
19,50

1.5
21,45
22.30
01.00
01.20
13.10
13,20
13,40
01.35
02.30
03.00
13,25
13.40
09.05
09.25
09. 50
13,30

% CO

17. 4
16. 5
18.0
17.1
20.4
19.8
18.2
17.4
19.8
20.8
15.1
16,0
17.3
16.8
17.3
17.9
18,1
18.1
17.6
17.8
17.0
17.4
17.6
20,6
19.0
16.6
18.6
18.4
19.0
17.6
17.2
17,2
18.1
15.6

2

% O

0.1
0.1
1.5
0.2

Q.2
0.4
0.2
0.5
0.3
0.8
0.6
0.3
0.2
0.3
0.2
0.2
0.2

-
L
(N

¢
v DN W

— O © O O O M 0O 0o O o © O
®* a8 0w . s = .
i v v o oo © o v

-
N

2

% CO

0.4
1. 6
1.5
4.4
0.1
7.8
1.0

% CH

..
N © o @

4

Do

(cont. )

H,

2.0
1.5
1.9

0.6

Notes

Inlet gas

R

I

Outlet gas
Inlet gas
Outlet gas
Inlet gas
Outlet gas
Inlet gas
Outlet gas
Inlet gas

i |

te

1t
"
L R

1t

Inlet gas
1
it
L B |
|8 |
B |
R
it
it
it
it
.lll
H
1!
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Appendix 7.
Page 3. (cont.

B. Analyses of aag from shaft furnace.

Date Period Time % CO2 Yo O, % CO %% CH4 T H, Notes
22/2 7 13, 30 16.6 0.3 4,1 0.8 1.6 Outlet gas
" " 14,45 15.4 0,2 2.0 Inlet gas
" " " 17.8 0.2 2.2 Outlet gas
" " 20,55 18.6 0.2 1.0 Inlet gas

23/2 X 09. 30 15.5 0O 3.7 A
" ' 09. 50 18, 3 0 0 '
' 8 14, 00 17.8 0 C.8 0 0 1
't ' ' 16,9 0.3 5.1 1. 5 0.5 Outlet gas
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Theoretical Calculations of Power Consurmrption in

—

Electric Furnace in Periods 3 and 4, ard 7 and 8.

Assumptions:

Per 3 and 4 Per 7 and 8
Degree of oxidation of
preheated charge 73.1% 81.9 %
Degree of calcination of
limestona 53.2 % 15.2 %
Furnace ga: composition,
CO2
corco, 1007 2 % 14 %
Tapping temperature of iron, o
estimated 2460°F 2460°F
Tapping temperature of slag, o
estimated 2640°F 2640°F
Temperature of gas leaving o
- furnace, estimated 1740°F 1650°F
Aver.silicon content in iron 1.43 % 1.68 %
'"  preheating temperature o
of charge 1535°F 1430°F
Thermal eifficiency of electric
furnace 78 % 78 %

Calculations:

Per 3 and 4 Per 7 and 8
Reduction of iron oxides 1,683.000 BTU 1,984,000 BTU
' " silica 290.000 ¢ 338.000 M
Calcination of limestone 71.000 v 245,000 "
Heat content in pig iron 1.072.000 ™ 1.072.000 "
" " "' slag 476.000 ' 540.000
a ' ' gas leaving
furnace 449,000 ™ 522.000
Minus Sensible heat in
preheated charge 1.092, 000 " 1.217.000 *
Net heat requirement 2.949.000 BTU 3.484.000 BTU

Corrected to 78% thermal efficiency
3.781.000 BTU 4.467.000 BTU

Equivalent 1o 1110 kWh/t 1310 kKWh/t
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Heat Balance for Shaft Furnace System,

Preheating of pellets to 1500 - 1550°F, All figures per short ton of pig iron, All volumes cubic feet NPT,

Heat requirements:

Drying of pellets and coke 480,000 BTU
Sensible heat in iron oxides 625,000
T 1 glag 250.000
' " " fixed carbon . 225,000
Calcining of dolomite and limestone 150,300
Reduction of Fe, O, to 75% degree of oxidation 840,000 "
Sensible heat in gas formed during preheating and prereduction 45,000 "
Heat losses 75,000 *
Total heat requirements for the shaft system 2.690.000 BTU
Temperature of gas into the shafts 1800°F
' " " out of " " 400°F

Sensible heat in gas between 460 and 1800°F: 33,8 BTU per cu,{t,

Volume of gas to the shafts: 80.000 cu, {t.

*1 98eg

01 XIpue
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Heat Balance for Shaft Furnace System,

Volume of gas out of the shafts:

Gas to the shafts
Water vapor
Gas from reduction

Volatiles distilled from coal {estimated)

Combustion chamber:

57% of the gas from the shafts is recirculated
Sensible heat in recycle gas
Combustion of volatiles and gas from reduction

" " electric furnace gas

X This corresponds to about 3800 cu,ft. of CO,
Gas balance:

Recycle gas

Increase in volume from combustion of el, furnace gas
¢ decrease in volume - M reduction gas

Alr

80,000 cu, {t.

8.800

4,500 "

1,400 ¢
Total 94,700 cu.tt,

410,000 BTU
1.600.000,
1.290.000 "

Total 5.300.000 BTU

54, 000 cu, ft.
3. 600 "

22,400 A
Total 80,000 cu. ft.

s yrj*;////,//,,/,( '/ / (//; /

VvV

‘7 28eg
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Appendix 10
. Page 3.

Heat Balance for Shaft Furnace System.,

Electric ifurnace gas:

Based on electric furnace gas analyses and analyses of preheated

charge the production of CO and CO,, is calculated as follows:

Oxygen removed from charge:

From iron oxides 611,11 1bs,
' silica 22,8 U
H :imestone and dolomite 42 4 ¢

76,3 lbs.

or 7590 cu.ft.

Compesition of electric furnace gas:

42 % CO, 58% CO
Volume of CO + CO2 produced: 10,700 cu,it,
Volume of CO produced 6,200 cu, ft,

Assuming 90% available for utilization

Volume of CO available 5. 580 cu. ft.
Volume of CO required for preheating: 3.800 cu. {t.

Degree of utilization 61, 5%
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Sensible heat 730,000 BTU
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1800 F

Fan

Cyclone
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40,700 cu.frt.
1520,000 BlU.

Fan

Recycle gas
54,000 cu.ft.

Sensible heat 410,000 B.T.U.
Combustion » 1,600,000 BTU.

Air 22,400 cu.ft.
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’ Canadian Javelin Limited .
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. Canadian Juvelin Limited ‘ .nppend‘ﬁ .

* S PIGG IRON
Cotihdsoibe s mersl 2 BREE = O Page 2
MATERIAL BALANCE bE =
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Marking 1&  Fe  FeO S $i0: Al0, ] Ca0 ! Mo @ M 1 s P Fix. C
: | . ’ 4 , ' | * | i i
Oresinter | Julian 2925 | 1837 % 176 118 19 | 6 5 | 0,3
Ore sinter |l i l | } i - | |
' . ‘ | | i
Ore/sinter I _ | ‘l | | { : : | |
* ! i } ! ; { i L {
Reducing Agent | Pocahontas e } | | | . |
Reducing A.gent Il DGSCO coke | 270 § | ! | i | 3,0 | , 230
? | | | | : ’ i
Electrodes po al and 1 | | | ; E i 1 | i | I
coke ash : > 22 013 2 E
Limestone | | 21'_5 ﬁ 2! ; i 12 ’+ 11 19 | 3 t I !
Dolomite 250 1 i ‘ 11 ‘ 76 * 42 j ;
auxite ; . 60 10 g 136 g ; 5 E ,
Sement 105 ; 23 7 69 f | : 10,7
| | | % : ' ; ! I ' |
Sum ; 1905 _ 2h5 78 275 51 1 6,6 O8O
— Fume losses + - (7) 9 5 4 . 9 2 1,2 '
Rest - 1398 240 - 74 266 46 - | D46 3
— in pig ire 2000 1896 20 (43) ' | 3 “ | 0,4 _ 30
In slag 590 (@) 3 197 74+ 266 % ? i 5,2 |
SLAG % 0,5 33,4 12,5 w,8 7,8 0,88
Fe 3 S p C ote .
_ o Gl B b | *) 373 iﬁlx. C for reductior.
Pig Iron % 9 1,0 0,02 O 0,15 in electric fvrnace.
Basicity of slag =20 S_i;’ Med 1 3 53 Sulphur dlstributlon=-:§? z :: :{;’gimn= ll-ti-
+ e o :

srom eleciric furnace onlye <+ 0,4 Ibs. expelled in shafts, 0,6 lbs. in fume frou eleetric furnace.
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ANALYSES OF RAW MATERIALS

N .
| | Fe_0 40— ', ? - T g |
, * | . Si0 Al ¢ ; | ~EIle p e Ash  H 0
Marking ; 3 3 Fe MnOﬁ Mn y . Yy } Ca0 ; Mgl logs Vol. S ; Fix $ .
| -' i | i {
i : | * v l Z l
Ore | - Julian ! 6%,% 0,2 6,0 0,6/ 0,3 0,% . 0,01 0,0t i
Ore |l | | : | ! ’ ' | ,' ; |
; | . | i | ;
Cre 1l : | | ,, | | ;
| ! | |
Reducing Agent | ; Pocahontas { | | E i : J ’ l ;
. coal 4 | 1 20! 0.6 | | |
Reducing Agent || DOSCO 00113 ‘t l | | 1:1 | | gg | 1*2)‘
| : ] : .'
Reducing Agent . coke ash% 15 | 1_*5 25 | 4 I : 5 l |
E | i | : ! | ] | l :
Electrodes ; . 1 i
! i | ’ ‘ j I : ' |
{ imestone - Fiskasa i 1 ,? t : 5, q 1 ,7 & 1]-8,5 ] ] 1 }-I-O, 7| i 1 | {
' | ; | |
Dolomite ' Fj Skaa l 0’3 } "",i r 30,6 16,J !'l'l"'ts k i i ;
| -i f | 1.' ; f c f f
; z f | | . ; | % ﬁ | t 5
Bauxite . Fiskaa | 23,9 s ; 1,70 60,2 f | | 5 f
| i \ " ' i ‘ l : |
‘ a : ! 1 ' * | * : ' ‘ | | ;
Portland cement Fiskaa | , i 22 7 i 66 | 0,7 . |
| | ' E } E ! i , |
f ! E i l ; ! ! i ! |
; i '- 1 | I : : 1
' i % | E i ? ' |
a : z % 1 - * '
! : | ! | | | !
{ : 1 | ;
. | ! i | :

X Assumed
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EXAMINATION OF RAW MATERIALS FriOM CANADIAN

JAVELIN LIMITED FOR SMELTING TESTS
Report No. 2790,

I. Introduction.

Samples of the raw materials from Canadian Javelin Limited
for laboratory testing arrived in December 19¢1, while ore and coal for
the srelting test arrived in January 1962. Ore and coal samples were
examined and analyzed to check the quality of both shipments. Pellets
including various additions of cement as a binder, were prepared and
stored at difierent temperatures. Pellets with variable contents of
reducing agents were also prepared and heat treated at temperatures
from 700 to 1000°C (1292 - 1832°F), to examine their strength after

paking at high temperatures.

II, Procedure.

Regarding principles and procedure in the test work we refer
to our Report No. 2734, dated December 1st, 1961. We shortly repeat
here that we regard the strength of the pellets at the various stages of
the smeiting operation to be a2 very important quality criterion., The
strength is measured as compression strength {increasing load on a
pellet until rupture) and drop strength (height from which a number of
pellets can be dropped to give 50% breakage). Strength tests are made
on pellets with diameter between 7/8 and 15/16 inch.

1iJl. Results.

Analyses of the raw materials are presented in Appenaix 1.
The composition cf the smelting test raw materials are in good conformity

with that of the laboratory samples recezived previously.

The coking properties of the present coal also agree with the

first sample, while the reactivity is a little lower,

Further, Appendix 1 presents the sieve analyses of the ore as
received and the grain size of the ore and coal after milling for 90
minutes in a laberatory ball mill, expressed as the percentage - 200 4~

and as the specific surface area.
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Appendix 2 demonstrates the effect on tie high temperature
strength of including various amounts of reducing agent in the pellets.
The effect of mixing the Nova Scotia-coal with a coal with poorer coking

properties, 1s also demonstrated.

Appendix 3 and 4 give strength figures for pellets with 3, 4
and 5% binder, hardened at 19°C (66°F) and heat treated at temperatures
from 700 to 1000°C (1292 to 1832°F). Increasing amounts of cement give
increasing strength figures after storage, but have no influence on the

st: ength at high temperatures,

The appendices 5, 6, 7 and 8 present the strength figures
obtained on pellets holding 2 to 5% binder aiter storage at various

temperatures. As seen, the rate of hardening depends un temperatare,

though only slightly,

Appendix 9 gives, in the form of a table, the results from
hardening pellets under varicus temperature conditions. Accerding
to these results freezing of the pellets will stop the havrdening. The
pellets will, however, not be damaged, and the hardening continues
when the temperature is raised again. This means that accidental
freezing of the stcrage bins will rause no serious troublc, To get
a reasonable hardening rate, the temperature will, however, have to be

kept above the freezing point.

Appendix 10 demonstrates the eftect of limestone additions.

Pellets including limestone increase in volume and swell when heated

".» to temperatures between 900 and 1000°C (1652 - 1832°F). The reason
for this swelling is the content of chlorine in the concentrate, proably

added in the form of CaCl, to prevent freezing of the cre,

Appendix 11 gives some data on the pellets produced in the
disc pelletizer of the Research Station. These pellets are not s0 eq.al-~
sized as the pellets made in the laboratory, and for comparison of the
results, we refer to the curves in Appendix 12, showing the influence
of the pellet size on their strength, as determined previously in a

separate examination.
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The strength of the pellets from the Research Station is

saiisfactory for the smelting operation.

Kristiansand, February 20, 1962,

Erik Dahl
(sign. }

ED/GH/1S.
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COMPOSITION, COXKING PROPERTIES AND REACTIVITY CF RAW

MATFRIALS FROM CANADIAN JAVELIN LTD.

* Nova Scotia - coal.

ol oy, Py = P e g P A, By, Sl

Lab. sample, Raw materials ior |
| | our ref.no., 7348. smelting test
‘ . % moiature 2.5 2.7
7 ash 5.5 8.75
% volatiles 33.4 . 31.1
% fixed C 61,1 60. 15 .
i ; Swelling index & 83 |
Gray King Coke index < 10 G 9 i
l l Reactivity 1.36 G.96 !
i | % S 2,27 - .i
l ;
Cre: Wabush concentrate. :
: Lab. sample, Raw materials {for |
| our ref.no. 7349 b gmelting test
% % Fe (tot.) 66. 7 66. 3
' Cl - - traces :
- SIEVE ANALYSES AND GRINDING TIME FOR CRE AND COAL i
FROM CANADIAN JAVELIN LTD. |
Concentrate: Sieve Analysis: l
U.S5 sieve no, Lab.sample Raw materials for |
our ref.no. 7349 b gmelting test
% Cum. % Cum.
| 20 0.1 0.4 | i
50 20.1 23.1
100 69.6 63.8 -
200 96. 0 4.0 |
' %0 - 200 # 4.0 6.0
Time of grinding: 90 min. , sieve analyses, 78%-200#, speciiiz surface
| area: 2200 sqin. /cu in. (8607 cni?/em?)
Coal. _ .
Time of grinding: 90 min. , sieve analyses, 78 % - 200 #, specific' surface

ELEKTROKEMISK
OSLO — NORWAY

area: 20000 sq in./cu in. (76,0 cm?/cm?}
Appendi: 1. |

Raw materials from d:inadiam Javelin Ltd.

- Tl et eyt - wie g, o ekl - o e el e sy el

Report no, 2790,

!
‘ .
vt l ; 20. February 1362.
’wmwm-h.“mﬂww :
nl 100 3 6 - Thy, Teas: '

Bl s ™" " = -

|
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5 2 ¥ STRENGTH FIGURES FOR PELLETS COMTAINING 5 % RAPID HARDENING PORTLAND CEMENT AND ;
L =
] VARIOUS AMOUNTS CF REDUCING AGENTS.
> o | e
& = ™ Amount and type of [Strength | Storage Heat trepted at: G { F)
S ¢ | reducing agents, | test Odavs 4davys 1700(1292)i800(1472){900(1652)11000(1832
? 3 250 lbs. /short tonpigiCompr. , % : '
w ; - . . . . ¢
C g iron(125 kg fixed C/ |1 . ,
?3- i 30 kg Fe}Nova > ;
_2. : otia-coal. o v SO
g 500 lbs./short tonpig E Compr. ,E iy
iron{150 kg fixed C/ ' 1bs. ‘{
950 kg Fe)Nava 'Drop. | 1 ;
Scotia-coal I in } ! , ! - 21208
. ’ ) . J — : 1 : o 1 : ‘
r 350 lbs./shorttonpig : Compr. X j i ; ‘
PR . 1.3 80, 368 1 93§ 143 187 ‘ ‘»
iron(l75 kg fixed C; i lbs. l ‘ L ) . }' __________ i
| AESRSS St b ; l
l 350 kg re)Nova ' Drop i ;; ; i ! ! ‘
| _ . | 77 79 . 20 ; 88 i 220, >i20 L
i Scotia-coal 1 1n. | N : ! ' - !
' 380 lbs. /short tonpig§ Compr. ,i : ! | i
— . , o ¢ 10 B8 : 265 : 61 104 124 {
| iron{175% kg {ixed C/ | _IP_B_:___!'_ ___________ L FUIDIUR S ‘l ___________ !
g ,T 350 kg Fe) 75 % Novai Drop, ! | : : i
C . O . A 73 120 ¢ »120 - 94 | 120 | >i20 | |
. 32 v X Scotia coal, 25 e I in. l _ ; i l ; | i
fé: 5l © ; é_ahibetsu Tokufun-coal E ; } : F
- I -
E B 2
B ) y 4 m l & ’
“ N 9 ;
M-
g g » N i
o0 <R l l
A~ |
6
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HARDENING RATZ FOR PELLETS CONTAINING 3,4 AND 5 % RAPID HARDENING PORTLAND
CEMENT AS A BINDER. HARDENING TEMPERATURE 19°C (66°F).

deat treated after 5 days storage. The pellets includes 350 lbs. fixed C/shart ton of pig iron
175 kg fixed C/950 kg Fe).

Raw materials mixed before being ground in the ball mill

g S

" Strength 'Star.a.g_e time for raw pellets . Heat treated at , °C (OF)

: | :.-....-...-...- - - , | ..,_..._....--i....‘.?.._.....................-. SO S -—--—---:--.-.Td.,..,.._._..,_____
L_‘___i‘__derf test o i 1 T' 2 1____ 5 E 7 | 700(1292)1800(1472)1900{21652),1000(183

I'40 * 229

. wompr..lbs. LN S RS R -2 ;
| _'Drep, in. i 19 - |79

’ Compr. ibs. 13.3) - (36 - | 72

’ Droy, in. 84 - 1& - .

- Cempr, ,1be. 12,8 30 .: ..

> Drop,in.__ | 79 | 73 - >l20>

- — ™ ep——— gy ol

—_ ke . R - A— —_—
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TARTENING RATE FOR CANADIAN JAVELIN-PELLETS
STCRED AT VARJOUS TEMPERA TURES.

Hinder: 3, 4 and 5 % rap.d hardening Portland cement.

Reducing agent: Nova Scotia Coal, 350 1bs. fixed C/short ton of pig iron

'g T Strength Tlme of atorage fdazs)
:: l-----—-—-—-—-l- .. T

S G G _test .. O .. 2 g_é____.____?_____._.
' 3 % cement stored at . _CP_“}P{"_ _}‘35:;_1_2_:?-_..?‘.1.- i.4..5_......5.1--_
i_-f_.:_-_5 C(3 -41°F)  Drop,in._ 79 79 |79 . &3

> - cement stored at TE‘P_"’}E’_'-:}??;E._I.Z;.?...E%. .E-E%--é.z__-
16°C(61°¢)  Drop, in. - 79 19 89 102

3 9% cement stored at . Compr., lbs. ' 12.9 30 56 63

C 0 e LEIREAL erreR At L FoluPl L 202 g SR A
19%C (66°7) _____i_r:r_ez_m 7319 94 102

4 % cemert stored at i_(_:_p_{j r. L;t_)g._;_l}; 3 24 __5_2__ 61
2-5°C (36-41"F) _+Dr0p, in. -~ 85 81 .83 106, ..
- Ehiasts - e e e B e e s JEPR
" 4 % cement stored at _omgr . 1bsg, 13 .3 32 64 74

---h'_ﬁ---'----—'l--rp*'--‘-_*--"-._

16°C (617°F) _____4_ rop, in. 85 91 94 110

3 % cement stored at fCompr ,1bg. 13.3° 36 72 78

---------------------------------

L_l. c?..__(f? 6 | _)_____ e

i - - )
‘ 5 “« cement storea at

3 - 5°C (38.5°F) Dro

s 8

;_ 5 % cement stored at Compr. ,

ng(l __E)_é_ r_)_____________lDr E 111

ED/GH

AREenalx 5. .

i _ e = I = L W]

e s T - b B

+
]
g Sl e - b e b dm gy W m T mmrwer o el e S———— -

FPellets of raw materiala from
O5L0 —— NORWAY

Canadian Javelin lL.Limited.
Revort no. 2790.
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HARCENING RATE CF PELLETS STORED UNDER VARICUS CONDITIONS,

hinder: 5 % rapid hardening Portland cement.

Heducing agent: Nova Scotia-coal, 350 lbs., short ton of pig iron. ]
Storage conditions b Strength test ) ~Storage time, days. L 1
g | g e 3Tf_§_____;______7w_1
Stored at 19°C T Compr.ibe. 2.8 3074 o3 13
ﬁmmm_ﬁ'w3 . >120 ; >120 >120
Stored at 3.5°C Compr.,lbs. . 1z.8 8.8 33 0 . 78 |
(%) Drop.im. 79 75 83 . >120  >120 |
Stored out door at temp. - Compr.,lbs. 12,8 . 101 _ 35 . 62 __ _ 81 ____ §
from -3 to +6°C(27-43°F) | Dro \, in. 19 1 81 . 86 >120 | >120 __i
Stored 1 day at 19°C(64°F) Compr_,Ibs. ;12,8 { 30 ! 34 | 83 . 108 _____ i‘-
£ days at -ISOC(-I3°F)and1'Dnap, in, ‘-‘ 19 ! 73 é‘- 85 * >120 i >120 f
further at+i9®ci66®®y o4 4 o n
Stored 8 davys at -15°¢C EE:PP] Z':.L}:.E?.S:_-_i....-!%:?..i__...'.'-_..:_'..-!.(.f':.é_%..--_.6.2_{“-_195-_:—.]

O . ' ]
(-13"F), and there~fter  Lrop, in.

e ol S g e rallm— - -

at + 19°C (6605‘}._ I S j N S SR _...L.H._... .._j.__——__-_..l
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SCANNED IMAGE

SAMPLES OF PELLETS YROM THE DISC CELLETIZER OF
THE IESEARCH S5TATION.
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Appendix 13.

PIG IRON SMELTING TEST

with

SELF-FLUXING SINTER FROM A/S NORSK JERNVERK!'S

MO 1 RANA PLANT

at
Research Station, Fiskaa Verk
Kristiansand S., Norw-:y

March/April 1960

by

ELEKTROKEMISK A/S, OSLO, NORWAY.




SCANNED IMAGE

vl iy
(/4}//7/"/1’*///6.)/4 fé/

Page 1.

I. INTRODUCTION

The smelting tests with sinter from Mo i Rana werc
organized for calibration of our pilot plant furnace with well-known
raw materials for conventional electric smelting us well as the new
process of shaft preheating, followed by electric furnace smelting.
The furnace was charged with cold sinter for the first week of the tests

and with sinter preheated to about 1300°F in the shait furnace for the

second week.

II. CONCLUSION

The sinter from Norsk Jernverk established very good
smelting conditions throughout the tests. The furnace operation was
smooth and rmore even silicon analyses of metal were obtained than
normally in F-7, Using cold charge the power consumption was 1860
kWh per ton. With charge preheated to about 1400°F the power con-
sumption was 1450 kWh per ton of pig iron,

The carbon content in the metal was the same in smelting
of cold and preheated charge. The desulphurization was somewhat
better with preheated charge, possibly due to higher slag temperature,
The CO2 - content in the gas from the electric furnace was 14% with
cold charge and 41% with preheated charge. These figures demonstrate
considerable increase in indirect reduction with hot charge in the

electric furnace,

The carbon consumption was 616 and 568 lbs per ton of

metal for cold and preheated charge, respectively.

The fuel consumption in the shaft is calculated from the
measured air and gas volumes, and the average figures for the last
three periods correspond to 5765 cu, ft. of CO per ton of metal, The
gas production calculated from the el ectric furnace gas analyses is
about 6550 cu.ft. of CO., Accordingly the gas production is sufficient

for preheating.
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I[1I, RAW MATERIAILS

Chemical and sieve analyses are given in Appendices 3 and
4,

Sinter.

Coarse, self-fluxing sinter purchased from Norsk Jernverk

was crushed and screened. During the smelting tests the fraction 1/4"
to 1. 3/8" was used,

Coke.

The fractions 1/8'" to 3/8'" and 3/8" to 3/4" of Scotch gas

coke breeze were used. The coke was not dried prior to screening,

IV, OPERATION

During the starting-up period the furnace was heated for

two hours on a coke bed prior to charging.

For cold as well as hot charging conditions the charge
was welghed in batches each corresponding to 157 lbs of pig iron.
The charge vras filled to the top of the shaft. From the shaift the charge

was fed continuously into the smelting furnace by a simple table feeder.

To establish correctly the fuel gas consumption for the
preheating shaft, propane was used, The gas from the electric furnace

was not used.

V. RESULTS

The most important operating data and analyses of me tal

and slag are given in Appendices 1 zud &.

Periods ! - 4 - Smelting of cold charpge.
Charge:
Sinter 302 1lbs

Coke, 3/8" - 3/4" 46 - 49 - 47 lbs
Coke, 1/8'" - 3/8" 35 L
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Throughout these pe.iods the furnace operation was good

with stable reduction conditions,

The sinking of the charge was even, no poking in the electric

furnace "vas required. Tapping conditions stable and only small fluctu-

ations in the analyses of pig iron and slag.

Power consumption was 1860 kWh per ton of pig iron.

Periods 5 to 9 - Srnelting cf preheated charge.

Charge:
Sinter 302 1bs
Coke 3/8" - 3/4" 42 - 40 - 37 1bs
Coke, 1/8' - 3/8 35 - 37

In Period ¢ the following charge was used:

Sinter 302 1bs
Coke ./8'" - 3/4r: 18
Coke, 177 - 3/8" 60

Also during these periods wicth preheated charge the

furnace operation vas excellent with stable reduction conditions.

The power consumption was about 1450 kWh prer ton with

about 1% Si in the metal, the starting-up period not included.

VI. DISCUSSION OF RESULTS

A, Smelting conditions,

In using cold as well as preheated charge the smelting
conditions were very good. It was possible to maintain somewhat
lecwer Si-content in the iron in the smelting of preheated charge than

by cold charge smelting, This is in confirmity with previous experience,

B. Indirect reduction in the smelting furnace.

In the smelting of cold and preheated cha~ge the gas from
5 and about 41% CO

respectively. The gas analyses are given in Appendix 5. This

the smelting furnace contained about 14% CO >3
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indicates that a much higher degree of prereduction is obtained in the

smelting furnace with hot charge,

C. Carbon consumption,

Due to the important increase in indirect reduction in the
smelting furnace obtained with preheated charge, the carbon consump-
tion decreased from 616 to 568 lbs of metal, The carbon content in the
sludge from the gas cleaning plant corresponds to abt. 14 lbs per ton of
pig iron, The true carbou consumption is thus 554 lbs fix C rather
than 568 lbs. The carbon consumption calculated from the elactric

furnace gas analyses is still lower, This is possibly due to loss of coke

in the tappings. The gas analyses are not showing any increase in the

CO content of the excess gas from the shalft.

Usually the CO-conteat of the exit gas was lower than for
the inlet gas. (Appendix 5), This indicates that the CO possibly formed
by reaction between COZ and C has reauced the sinter, There might,
therefore, have been some carbon consumption in the shaft, However,

this should not increase the total carbon consumption.

D. Power consumgtion.

The power consumption of 1860 kWh per ton of metal with
cold charge 1s a little higher than obtained in Mo i Rana. The power
consumption 1450 kWh per ton of me tal with preheated charge is higher

than expected, the extensive indirect reduction in the smelting furnace

taken in consideration. However, so far no comparable figures for

smelting with preheated charge on commercial scale is available.
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SUMMARY OF LOG SHEETS

- S s

Charge in lbs.

»

g 0 ________dELPiﬂ_ié________ Electrical Consumption figures
T 'S W Sinter Coke Coke data Production - pr. short ton Analyses, Shaft furnace
8 g N B 3/8".3/4mMB"-58" V kW kWh Tap.No Metal Slag kWh kWh Fix C Electr. metal Inlet Exit
3 5 o 5 - lbs lbs.pr.t correct. lbs lbs. % ST A C % S gas temp., gas temp.
a to 1% Si F °F
22/3 0530 o ,
{ 23,8 l
23/3 0520 16155 1992 1666 55 380 9110 2-13 9367 1945 1915 17.6 1,35 3,86 0.14
23/3 0520
2 24,0
24/3 0520 17875 2254 1719 55 405 9720 14-25 10237 1900 1855 15,6 1.50 3,94 0,10
24/3 0520 |
3 24,0 616
25/3 0520 18470 2340 1824 57 418 10020 26-37 10658 285 1870 10.6 1.22 3.94 0.14
25/3 0520
4 39,8
26/3 2110 29775 3773 2891 36 417 16610 38-57 17689 1880 1855 12.8 1.23 4,06 0.11
28/3 1045
5 21,1 24135 2A07 2666 52 454 9580 59-72 12395 840 154u 1535 14.4 1,10 3.84 0.10 1560 300
29/3 1350 ;
29/3 1350
6 23.7 25080 2505 2587 53 445 10510 73-88 14643 1440 1445 14,0 0.92 4,08 0.07 1560 300
30/3 1330
30/3 1330
7 23,5
31/3 1300 25965 2596 2644 51 440 10310 89-104 14215 1450 1450 p 568 10.8 1.02 4,06 0.07 1540 250
31/3 1300
8 23,7 .
1/4 1240 24135 2415 2446 51 440 10450 105-120 14504 1445 1445 13.2  0.96 4,02 0.08 1560 230
1/4 1240 |
? 5 09210 7% 39320 2186 6061 52 441 16540 121-145 23007 1440 1440 14.0 0.98 2,9¢ 0.08 1560 300

. ) g e e/ s ey S P it & s S
¢

"1 X1pua
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Analyses of metai and slag.
Period Tap.No. %Si %C %S %SiO, % FeQ % CaQ %AL0.+TiO, % MgO % S Basicity

1 2“"13 1, 35 3,86 0,14

2 14-25 1,50 3,94 0,10

3 26-37 1,22 3,94 0,14

4 38-57 1,23 4,06 0,1

5 5972 1,10 3,84 0,10

6 73-88 0,92 4,08 0,07

7 89-104 1,02 4,06 0,07

8 105-120 0,96 4,02 0,08

9 121-145 0,98 3,96 0,08
2-3-4 14-57 40,4 0,67 37, 3 8, 60 12,28 0,54 1,23
6-7-8-9 73-145 40,8 0,82 37,5 8,05 12,14 0,59 1,22

Analyses of preheated charge.,

To Fet . Vo Fe2'+ To Fe3+ Degree of
o_ oxidation
Char rge preheated to
1560 F 51,9 10, 2 41, 7 Q3

>

7 XIpus

71_} B /(’////,//.-/_1///,7‘; | /
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Analyses of raw materials.

% Si0, % Fe, . % Fe’' % Fe’' % CaO % Al,0,+Ti0, % MgO % S
e
Sinter 0 - 3/16" 8, 60 54,1 8,10 1,70 3,48 0,06
" 3/16-13/8" 8, 84 53,9 9,5 44, 4 8,22 1,75 3,23 0,04  x)
x) Degree of oxidation 94
% Ash % Volatiles % Fix C % H,O
Gas coke 1/8 - 3/8" i5, 6 5,28 79,12 22,5
oo 3/8 o 3/4" 15, 3 4,25 80,45 22,3

v
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Appendix 5,

Measured gas volumes in the shait furnace in preheating
of sinter,

The gas volumes are converted to cu.ft, per sh,t. of
prcduced metal,

Period Air  Propane Recycle gas Excess gas

6 19860 961 37160 15375
7 18260 865 29790 15375
8 17940 753 33640 13135
9 20180 801 37480 14415

Gas analyses of iniet and outlet gas from the shaft.

Date Sample taken CO2 02 CO
Inlet 12,2 0,2 1,2
31/3 Outlet 13,2 g, 2 ’
Inlet 13,6 , 0,4
1/4 Outlet 13,8 4 0,2

Cold charge 14
Preheated charge 4] 52
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PIG IRON SMELTING TEST

ALGERIAN ORE PELLETIZED WITH
POCAHONTAS COAL AND CEMENT

AT

RESEARCH STATION, FISKAA VERK

October/November 1959

BY

ELEKTROKEMISK A/S - OSLO

Appendix 14. _
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i. INTRODUCTION.

Hematite ore from the Quenza Mine in Algerie was ground
to powder and pelletized with ground Pocahontas coal and 5% Portland

cement as a binder.

The pellets were hardened by storage in a pile on the floor
and batches prepared from pellets, fluxes and coke. These batches
were transported to the top of 2 small shaft and preheated in 2 stream
of gas to about 1300°F.

ii. CONCI,USION.

The ore was quite friable and easy to grind.

The pellets had sufficient strength and very little fines

were formed in the shait,

The carbon consumption was lower than in any previous

smelting test - about 520 lbs Fix C per short ton of pig iron.

Shaft as well as electric furnace operation was smooth
and stable with good tapping conditions, The power consumption was

1140 2nd 1170 kWh for the two smelting periods (based on 1% Si in
the pig iron).

1I1. RAW MATERIALS,

The chemical analyses of the raw materials are

tabulated in Appendix 1. The composition of the pellets (dry basis)

was:
Iron ore 83 %
Pocahontas coal 12 %
Cement 5 %

IV. RESULTS.

Appendix 4 presents the main data from the tests.
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a. Shaift.

The inlet gas temperature iv. the shaft was maintained at
1700°F while the top gas temperature was 360°F. The oxidation stage
of iron in the pellets from the shaft was between 82 and 83% which

represents 17 to 18 % oxygen removal. The pellet temperature from
the shaft is estimated to 1300°F,

The descent of the charge in the shaft was smooth and con-

tinuous.

b. Electric furnace.

Composition of each batch:

Pellets 350, 3 lbs
Coke 3/3" - 3/4" 17,7 n
Quartzite b
Bauxite 6

The electric furnace operation was steady in both
periods. The charge appeared to be very porous witn even distri-
bution of the gas over the cross-section of the furnace crucible,.

The furnace was easy to tap. No poking was required in the charge.

V. DISCUSSION OF RESULTS.

The furnace load was 300 to 330 kW and the voltage
44 to 49 vclts, which is considered normal for pig iron smelting with
this load. Apparently, therefore, the electrical resistance in the

charge is about the same as for conventional cold charge.

The carbon content in the pig iron produced in tests
in this electric furnace has previously fluctuated from 2 to 4 %.
In these tests the carbon content as average icr tappings in the two
periods was 3,64 and 3,40, respectively, The carbon content,

therefore, is considered as normal for this furnace with cold charge.
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The basicity of the slag was relatively high, 1,5 to 1, 6.
This gave 0,04 and 0,06 % S in the pig iron.

The carbon consumption was exceptionally low - 520 lbs

Fix C per ton of pig iron. This corresponds with the surprisingly
high CO, content in the gas from the electric furnace which was some

times betvreen 40 and 50%. The high content of CC)2 is favourable

both for carbon and power consumption.

Fiskaa December 21st, 1959,

T. Bdsen
(Sign.)

TB/FC/IS.
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Analyses of Raw Materials.

!Drx basis[
Fe 510, CaO MgO Mn ..&1203 S Loss of FixC Ash
Ignition
Ore 56,3 3,36 4,5 1,45 11,96 0,14 0,06 7,3
Pocahontas
coal 19, 8 74,0 6,2

Coke 2: 66 82:2 15,1
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Analyses of Pellets from Shaft.

Period }

Period 2

S

Period Date

27/10
1 4l |

28/10
18 /11
2 Il

19/11

% Fe (tot) % Fe2+ To Fe3+ Oxidation %
52,1 27,1 25,0 82,6
53,2 27,5 25,7 82,9

J.oad Test of Pellets:
Period 1 44 1bs.
L | 2 55 8 |
Gas from Inlet to Shaft:
Hour A CO2 T ()2 % CO
12.00 16, 3 0,1 6,3
15. 40 20,2 0 4,6
13. 30 21.8 0,2 7,2
12, 55 16, 2 0 4,9
14. 00 20 0 5,0
8., 30 18,8 0,2 5,7
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Analyses of Iron and Slag.

I r o n

a;o Si %a Ejiﬂ C % Mn o O 0 SiOZ o FeO

1,89 0,04 3,64 2,70 0,63 33,0 0,67

1,19 0,06 3,40 2,39 0,77 31,4 1, 34

S 1
0 AlZO

+ T:LC)2
15, 50

14, 60

3

=

7% CaO % MgO % MnO Basicity

42,7 6,70 1,28 1,5

43,5 6, 68 2,11 1,6

7
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SUMMARY OF RESULTS

Period Date Hrs. No of lbs charge toc shaft (dry basis) Electrical data
hrs. Pellets Coke Quartz Bauxite V kW kWh
27/10 21,05
1 24 25900 1105 604 575 44 300 7250
28/10 21.05
N N
ft“\
18/11 15, 42 \\
2 18, 2 2075 955 265 397 49 330 6030 \
19/11  09. 52 N
N
N
N\
N
Period Production Consumption per sh, ton of iron N
Tap No. Iron lbs, kWh kWh Fix C Electrodes Analyses N
correqt. lbs. 1bs Si in Iron. \
* )
1 b-17 11850 1225 1145 520 10, 4 1,89 Q
2 4-13 10140 12490 1220 516 7,2 1,19

x) Based on 1% Si in Iron
correction 90 kWh per 1%.

v

"y X{puo
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