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FOR CA Ajiﬁﬂ AVLLIN LIMITEL

Samples:

LG kg Nova Scotia codl, our ref. no. 7348
22 * Jullan concentrate, " * ¢ 7349 A
20 " Wabush 1 , M N ?3|+9 3

Date of arrival : November &th. 1341.

INTRODUCT ION

- The above samples have been received from Canadisn

- Javelin limited for evaluation as raw materials for elactric

pig iron smelting.

A new and promising method developed by'EleﬁtrORQmi k
involves aggloneration of the concentrate by pelletizing a
mixture of ore, coal and a binder. The green pellets are
hardened by storage or drjing. The hardened pellets with
some coke and fluxes added, are preheated in shafts followed
by electric smelting. 3y preheating and_partly'prereuuctng
the charge, a considerable decresse in electric power
conswaption 1is obtained. '

Consumptiorn figures on raw materials, fluxes aond
electric power and other operationci data can only be '
established by & smelting test in our pilot plant. The
ournpcse of the present lajdoratory investigation hsas been |
to evaluate the suitability of the ore ond the ccal for the
pellet process. The report covers examination of the
composition and the coking properties of the coal and
examination of the ore. Pellets have been aroduced from
ore and cozl including Portland cenent or sulfite lye as
blnders.} lne s»rquuh of the pellets were testec at

‘various temperatures, and their redueibility has been = -

examined.

&

The Mova Scotia coal nas favourable ¢coking nrOpertles
for use irn peliats.

The concentrates should be further ground to get a
sultable fineness for making pellets. Coal ané concentrate
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- of correct fineness, including 3 to 5 % Portland cement
as a binder glve pellets of good quality,.and these pellets
ney then be smelted without difficplty. Pellets with 1,5 %
evaporated sulfite lye as a binder are not so strong, but
may probably be used as a raw material for the smelting
prceess.

The reduction rate of the pellets was found to be
as normal for hematite pellets. The reduction rate of
these pellets is high compared with the reduction rate of
sintered pellets with a reducing agent of the same
réactivity.

_ No differecnce has been found between the behaviour
of the Wabush and the Julian concentrates. Smelting test
results on the Wabush type, should consequently also bo

v2lid for the Julian ore.

<II. PRINCIPLES

The intimate mixture of ore and reducing agent in_the
ore/coal pellets, always causes a high rate of reduction,
independenic of the mechanical strength of the pellets. '

We therefore regard the strength cf the pellets {o be the
most important quality criterion for electric smelting.
Pellets including coal, get their strength at elevated-
temperatures from the coke grid forzed during the
‘carbonization of the coal. The strength therefore depends
on the coking properties of the coal. We have found

+i1at coals with hilgh swelling indices and high Gray Xing

coke indices give'pe1lets of good quality.
We normally add cement as a binder. After harcening,

the cement bonded pelleis will be stirong enough to withstand

-'hardling by belt conveyors and by welgnhing and charging
ezuipzent. The cement also makes the pellet strong enough

i :-ﬂﬁ withstand hanuling at lower temperatures in the haft or

smelting furnace. ‘
e Sulfite- lye may also be uved as a: binder.  In.this

o H; case; the Pellets are not tQPOQ but coapletely dried tO

make them sufficiently strong for transport ond charging.

IV. RAW MATERIALS

The raw materials'used are listed below:?
Julian concentrate, our ref. no. 7349 A
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1" _ Wabush councentrate, our ref. no. 7349 B
Hova Scotia coal, o " 7348

Nozwegian ranid hardening Portland cement of
stancard composition. |
Evaporcted sulfite lye, "Totanin'.

V. PROCEDUI!

A. EXAMINATION OF THE IRON CONCENTRATES.

~ The iron content of *the concentrates was determined
by chem;cal'analyses.

The particle size distridbution of the concentrate as
received was determined by sieve analyses. To get a suitable
grain size for pelletization the concentrates were ground in
a laboratory ball mill for 90 minutes. The granulometry of
the ground procucts was deteralned by sieving on a 200=£ U, S.
sleve, and by determining the sgecific surface area, (air
permeabilitr method developed at the Royal Technical |
Unlversity ol Sweden. This metnod 1s generally adopted in-
Sweden)!. '

3. EXAMINATICN OF THE COAL.

The conposition of the coai was determinea by .
proximate analyses according to the A.S.T.M. standard wethods
D 271-%+, The sulphur coutent was determined by chemical
analysis. Toc examnine tne distribution of the coal’s sulphur
vetween coke anﬁ'valatilés, the sulphur content of a sample
calcined at 1050°C, was also determined.

The swelling index and the Gray King Coke index of the
coal vere deterained according to the proposed intnrnathnal '
standard wethods. tSeconc proposed draft ISO-recommendation
for the determlnat¢on of the Qrey King coPe type of’ cohl
document ISC/TC 2{,36 Mzrch 1658. Revised draft ISO-
proposal fer the determinatlion of crucib e swelling 1o, of L

'wﬁ¥ “fcoal, documenr: IuO/TC 2?, RBS, Sentembnr 1959). ,_fknﬂ

Baged on the content cf vclatiles, the Swelling inuex

and Gray Xing coke index the coal has been classified accoralng

to the proposed internaticnal classification systenm. _
The reactivity of the carbonized coal was determined
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according to a method developed in this laboratory. The coal
sample was calcined at ‘iOSOOC, and o = 20+40#$¢U.S. racticn
sample was prepared. A fixed volume of this frac*ion was
placed in the middle of a vertical tube furnace, which was
kept at 1000 = 1°9C, At this temperature a slow stream of
002 was passea through the coke bed. The degree of CO2
converted to CO was measured. 4ssuming the Boudouard ‘
reaction to be of the first order, ¥ w - In (1l-x), where X
is the degree of conversion of CO, s 1s an exyression ci the
reactlon rate at 10009C, which we cenote as reactivity. Lue
to the wide range of ash contents and volune weipht firures
for various reducing agents, we recalculate the reactivity
to corresvoné to 2 sample containing 5 g fixed carbon.

To make i1t sultable for pelletization the cozl was
ground in a laboratory bell nill for ©0 minutes. The grain

31ze of the millead coal was deterained by sieving on o 200 &k
U.S. siave.

C. PRODUCTILN OF PRILETS,

Pellets were produced bhotchwise in a laboratory drum
pelletizer. The pellets prenared in the laboratory, have‘
previously proven to bs of the sane guality as pellets
produced continuvously in the disc pelletizer at cur pilot
plant, providecl the raw materials are identical.

The charge c<ounositions are listed in appendix 1.

D. TREATMENT OF PELLETS

“he cement bonced sellets were storec for 3 or 5 days
cesending on the amount of binder, and sudscguently heat
treated as Gescribed below. Pellets with sulfite lye as &
blnder were driec ir an alvlstrﬂam 2t 70°C for about 1 ‘hour

The pellets wers heat treatec at temperatures from

700 to 10009C in clesed but, wntight steel sheet boxes.

b

- Luring the treatmert the volatlles escape, 2nc & reactlon
takes nlace between the carbon and the iron.oxide..- i

The escaping gases protect the pelletls agalnst atmospharic
oxygen. On cooling the boxes, a slight reoxicaticn nay
take place. rellet strength will, however, not
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be inTluenced bty this effect.

To determine the rate of reduction thie pellets were |
heat treated at tsmperatures from 700 to 1000°C in a
container of heat resisting steel, shown in appendix 2. To
protect the pellets against oxidizing gases, purified
nitrogen was led into the container during the complete
heating and cboling cyele.,

Heating was in both cases carried out in high capacity
furnaces. Both types of contzainers were inserted at
operating temperatures. Fer strength measurements, the
time at the temperature in cuestion was 60 minutes, while
20 minutes were applied in the reduction test.

E. EXAMINATION QF THE PELLETS.

Green pellets were tested fof strength. Such tésting'
wag redeated aivter storage or dryling and after heat treatments.
Strength figures were obtalned by two different
methods. The crﬁshing strength was determined in an apparatus

applying constani-rate of load increase until rupture.
Strength values reported are means of 10 single measurements,
The drop strength was takesna as the'heiéht from which a
numher of pellets can bpe drepped to give 50 % breakage.

The pellets heat treated under protecting gas in the
steel contalner were analyseqQ on metallie iron, t{valent iron
and total iron. The degree of oxlidation was calculated

according to the formuls

vegree of oxidation = 3 *100 %

Appendix 3 and % give the: results of the examinationsz,

of the ores and coal, respectis ely
The strength figpures obtained cn the pellets are

presented in appendix 3. .
ftrnalyses ol the reduced pellets are given in appendix

6.
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VII. DISCUSSIQN

A. RAW MATERIALS
1. Concentrates

o Tne total composition ‘c:»‘P the ore has not bﬁen_'
exanined by us. We have, hotever, been inforacd through o
cur New York office that the concentrate contains about- .

6,0 % 510, ' N

0,6 % 41,0,

0,3 % Ca0

0.2 % Mgo
The ceazent added as @ binder, confisting of about 65 % Cao,
20 % $10,, 6 % Al 0 and 3 % g0, will thus furnish the '
charge with some o; the necessary slag constituents.

The ore as celivered, 1s toc cocrse far')ﬂllctiziﬁ:.
nind. should be ground to a specific swiace of 7000 to
10000 01./Lm3 The s&myles used in the laboratory
examinations aight nave been coarser, anc still been
suiteble for pelletization.

No é¢ifference is found between the behaviour of the
Wavbush 2né the Julian concentrates in the pellets. The '
results obtaired on smolting the Wabush. ore, should there-
fore 2ls50 be vzlid for the Julian concai:trate which is the
raw material in question for the planned stecl work.

2. Coal

The codl has favourable coking properties for good  
pellet strerzth. '

The sulphur content of the cozl is unigh. % sulphur
ir coke uvroduced in the laboratory, is tae same as in the
coal. This means tnat 1/3 of fhe sulnhur i1s dlstilled fron

‘3'tne coal with the volntile . RN '“_ |

The estinated coal consumption is 300 kg »pr. ton of

. pig iron (175 Pg fixed Lurbon/950 kg Fe). Thne rest of the |
aﬁ{?”*??i*5carbon.which 15 recessarv for reductian rhould ue adced as
coke. ' |
| To evaluate the raactlvitﬂ cf the cohl uhe - |
reactivity ranges far differe 1t reduuing agents a“e listed
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in appendix 3, The Nova Scotia coal thus has a gond

reducling power,

B. STRENGTH OF PELLETS.

As stated previously we regard the strength‘of the
pellets to be a very important criterion on their quality.
Pilot plant smelting tests have shown that a compression
strength of about 20 kg is the lowest permissable limit To
secure good furnace performance. Consequently, the cement
honded pellets areo strong enough, while the pellets bonded
with sulfite lye lie close to the lower limit. Thess
pellets also have a rather low drop strengtn ax 8o0°c.

5 % cement give enotvgh strength'for transportation
and charging, 3 % seem, however, to be too lcw. By a con-
servative estimate the consumption of cement shonlid be
between & and 5 %.

C. RATE OF REDUCTION. N _

The rate of reduction found oy testing pellet: of
Javelin raw materials, is in very good agreement with the
reactivity ¢f the coal.

The % degree of oxidation depends on time- and
temperature conditisns in the shaft. The best overall
results {rom shaft/electric furnzces will be estahblished in
the farthcoming smclting tests in our pilot plant. B

Kristiansand S., 1.December.1961.
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CHARGE COMPOLITIONS FOR LABORATCRY TESTS. WEIGHTS IN GRAMI.

_ Charée Ho. 4 -
1 Julian concentrate "31470 --
wabusn concentrate - 2460 2*&20 2270

lcva Eco'tia coal 485 - Yoty 5 480
Wornweglan rapid hardening 90
Portland Clement

The smount of co2l in the charges corresponds to 175 kg's f{ixed
carbon pr. metric ton of pig iroen ( 3950 kg Fe). '

Charges 1 and 2 contaln 1,5 y evaporated sulfite liquor. charges
3 and %, 3 % cement and cherges 5 and 6, 5% cement.

Appencix 1.

Pellet charges of raw materials from ELEKTROXEMISK &

Canadian Javelin Limited. _ OSLO — NORWAY
Report no. 2 3%

22. November 1961

F. V., 1221000 1 60 « Thv. Tvadt

' - . | . : ' '
. -yl Wi - R e _ P Syl N Nt e e Wl ¥ g R b T % T e e e Tl S - ] P S Sl St St SRR ey 11

i ik gy vl e el oAy, = - =t
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Agnndix 2.

Stael contairer for treatmon* of pallets ' ELEKTROK EMISK 4,

at higher tompsratures, O5LO — NORWAY

Report no. 2734,
22.November 1961,

F. V. 122 100 3 80 « Thy. Tredt
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iron content of concentrates:
Julian, our ref, no. 7349 A

Wabush, " " " 73ig B

64,9 & Fe
66,7 % Fe

Sieve analyses of conccnirates as received.

'; | _ ' Wabush Julian
J.S. sieve no. I 7349 B 7559 A
+ 20 @ | - _ 0.1 % cum 0,8 % cum
L 50 & S 20,0 " " 388" " |
+100 # 8% " 78,3 v
200 . g6,a" " 98,1 " '
2008 N T 1,9 % '

i

Sieve analyses and spe Ci.‘f‘i_c”'sur-race areas of milied concentrates

e Wabush Julian
U.S. sieve no.’ 7349 B 7349 A
+2C‘O"-;'_r - : | . . 23 A 22 ®
20 ... 1% W8F

Speecific suffa‘c&;e'_aréalf?-’ ‘ __ 8500 cmz/cm}_ 9700 (:fme/t:n's3 ‘

Examinatiop of concentrates from ELEKTROKEMISK &
OSLO — NORWAY

Report no. 2734
22. November” 1961

Canadian Ja#elin Limited.

£.V. 1721600 3 &0 - Vhe. Tyedt
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COMPOSITIAN AND PLASTIC PROPERTIES OF NOVA SCOTIA COAL.

Water conient . 2,5%

Proximate analysis - | B
Volatiles: . ) 33,49
Fixed carbon: 61,1% .

Sulphur o ' . 2,27 %

Swelling index R 8

Cray King coke index N '10?  'f e |

Internciiimal classification no. B35 0 -

Sulpaw. suntent of coal .

samplemcaicined at 105030 . 2,28;£ '. -

Reduction of sulphur content: about 1/3. '

Reactivity : 1,36 _ . o .

- Reactivity ranges for véfious types of reducing agents

Reactivity range Rcduding power Typical materials
0,1 - 0,3 Poor Metallurgical coke
0, - 0,7 | ' F?edium | Antracite, gas coke
0,7 - 1,0 o *-Gbod | : o Low temperature coke
1,0 -~ 2,0 " * Special cokes

Appendix 4.

rxamination of Nova Scotia coel from ' ELEKTROKEMISK A

canadian Javelin Limitead. | CSLO —~ NORWAY
Report no. 2754

22. November 1961

£, V. 1221000 1 63 « The Trede
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ey

Strengtn figures for pellets of

ELEKTROKEMISK

OSLD — NORWAY

Report no; E734

materials from Canadian Javelin Limited.

22‘ November 19061

F. V. 122 1G0 3 L0 » Thy., Tved:
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