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ZataLteaselailaalataos In the ;Ms» primes* for the 

semi direct production of steel from iron ore, the production 

of sponge iron from a mixture of iron ore and bituminous 

coal in an externa.:11 heated rotating metallic retort is the 

first und most important step. 5inee the oommorcial suooeas 

of such a process depend» to a Inrge extent ui?on the productive 

capacity of the retort, it seems advisullle to determine the 

rate of reduction when conditions ure sept as closely as 

possible to tilose proposed by the Inventor of the luaso 44o00444 

Otirter4Oon3teere0.unt1 : Among the more important factors 

,overning the rate of reduction of iron ore particles are 

sise of article (2) physieal etruoture of the oxide 

(3) temperature of reduotion (4) type and amount of redueing 

agent and (5) heat input, In addition to elat •, it is the 
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claim of the inventor of the 7u2s, proc•ss that the rate 

of reduetion is materially accelerated by exhmasting the 

reaction gases from the retort as fast as they tIre termed, 

end laintaining a pressure aomewhat below atmospheric 

within the retort. The type of gee, reducing egent, particle 

Sig0 and reduction temperature hale ben opecified ''.my the 

inventor and are »oily duplieatede The ruts  end mantity 

of heat input for the proposed pilot plant, is, however, 

not definitely known. and in any case. cannot readily be 

duplieated in  s  laboratory test. The evacuation of the 

?Emotion genes from the retort was alse »end difficult to 

oarry out, on account of the cloRging Of the pump eith duet 

and tar. 

It was howeVer thought that the determination Of the 

percentals metallisation of a definite weight of ore..coal 

mixture ;leated to a definite temperature in an externally 

heated retort far varLyas periods of time under otherwise 

comppeable conditions larould he of value in enabling us to 

form some idea of the rate of reduetion and that by keeping 

»WO variables ue the pro)ortions °f ore and coal in the 

mixture, the partiole sise are the reduction temperat•re in 

agreement with the values specified by Ouse>, it elculd be 

poseible to fcirm ut leant an approximate idea of the time 

required for reduetion in the Uusso pilet plant, 

excertreedie leetho4s  in these experiments, reduetions were 

earried ut in en externally heated rotating retort whieh 

forma the heattng chaMber of a 60 Kw electric furnace. The 

alley retort, ahtoh has un inside diameter of 14: inehes and 

an effeotive loading length of 43 inches, extends 2 inchee 

out et the eharging end of  the furnace and ie supported 

carollers prowl:MN&  for  this purpose on the taide of the 

furnace shell. At the opposite end of the turns» an alloy 

sleeve or hub «tenet= of the alloy retort extends about one 
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foot  beyond the furnace* Shell and urovides means of rotating 

the retort and for supieorting this end of the retort -Jutside 

of the furnace on two bearings of the roller type, The retort 

is equipzied  st tIle charging end with a eaat plug. heavily 

tneulated, and provision is made for  tight «ageing by means 

of clamps.  An alloy exhaust bib* is provided ta tbie plug 

ta peltagre any pressure to vent any gases generated withta 

the retort, 

e•he furnace is equipped with nickel Chromium heating 

elements located on the side wells on th » furnace', roof and 

also under the retort, The therm000uple, whioh in conjunction 

with a Impede & 'iorthrup indicating tontroller serves to 

automatioely control the temperature of the furnaces  enters 

thr ugh the roofs  and is ea pissed t4lat the hot lunation is 

slmost touching the rotatine retort. lhe Animus* is oupported 

on trunnions so that it may be tilted forward or be* , ard as 

desired, 

In eaeh of Ite experiments erein reoorded, the following 

prooedure gas observed, 1.1u, nlrname see tiret brought to a 

temperature of 17000 F, à charge eon/slating of an intimate 

mixture of 73 pounds of aell ore and 27 ponds of Fairmont coal, 

both gruund to 20 metal, was then quietly Introduced into the 

retort, This chitrge  vas  kept in the retort. Chien was rotating 

at a rate of 1 R,P,14, 1  for a definite period of tine. The 

weight charged, 100 pound*.  e Closen because it gave * 

man» thickness of bed of four ineheet, whieh thiekness is 

the eeme proportion of the retort dlameter, us the eo kesed 

bed thickness in ts; .le %us» retort is of its diameter, 'filer 

beng kept in the rotating retort for the 1->redotormlnod 

of tine. the a ,mge Was  dieenarged into a eontainer provided 

with  s self sealing cover, àhen cold, the s 4Ange tren was 

carefUle sam ened and analyzed for total tron and metallie 

tren. The èereentage metallization was calculated from thAse 

two result** It should be noted that the» analyses ure of 



Pairmont Coal 
(ftemont, ".Ce4) 
An Charged . 

Moieture 
Volutil• qatter m 
rime curlIon 
Ash 
Sulphur 

. 2.00% 
35.20 

• 54.60 
m  8,20 
10 	1.40 

Mir 

• the °rude sponge betore magnetic concentratiun. 

',lie introduction of the eold eharge into the 'ot retort 

always ceased a dru in teverature of e=boit 20 010. rhe 

indicating tem)crature eontroller, however, showed that the 

outside or the retort reached  the  operating tem„yerature again 

-In about 15 minutes. In the results  tsn hereins the time 

given for each run includes thia fifteen minutes during  which 

the retort wee below the operating temmerature of 17000F. 

Analvop of Uutoriels,Q4erged,  

O  
aell Iron Ore 
(Uesaba Range, Lake 9uperior) 
peed  et 21eF.  

Iron 	 . 56.50 S 
Silica 	 . 11.90 
lete0horue 	 wees 
9u11hu2' 	 4041 
Alibaine 	. 40 
Lime 	 m 491$ 
,egnesia 	•  el 
anganele •51 

Lone on ingittun • 5,47 

• 
I  t eh: 

'Ent:ilia:it ton Time :Charged: Bed :Temps t Total :Metalliot 

50 min.  s 1000 
I hi* 5 mint 100# 
1 hr45 min: 100# 
2 hr15 min: 1001 
2 hr45 mint 100# 
3 hrlii mint 11007 
4 hr15 min: 1010 

t 4" 

14" 
s4 , 

 14" 
*4" 
14" 

t17000 P1 51,17% 

	

17000v: 52,64 	13,78 
:17000F: 57.66 t 42.10 
t17000Ft 57.59 46.06 
11,000Ft 80.05 t 58.12 
11708art 03.60 t 01.70 
81700e1t 54.86 t 02.12 

15. 4% 
20,2 
55.8 
70.9 
95.8 
97.0 
15.7 
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Ocnelu pus,:  The tehulated results of tile» tests show 

thut in order to obtain a metallization of 90 per eent or 

better, under the 0,-)n4itions obtaield in these experiments 

e total time of about 2, hours ILO required. 

If conditions in this bateh type laboratory retort 

were strictly analogous to conditions in the ens» retort, 

we would be luetified in stating that an ore ?article wcuId 

require 2è to 21 hours in the Muslie retort for a X) ./er cent 

reduction to metallic  trou.  As has been pointed out, however, 

•onditions with  respect  to rate and muentity of heat input 

are probably not analogous and  titis  togethor with the absence 

in the•• tests of the evacuation of the reaction gases, *tile, 

oAration la claimed by the 'nventor to mutarielly speed ,up 

the rate of reduction, make* it unwise to draw this eonclusion. 

The tests *re of value aowever in that they indicate that 

the time tor lisating und reduetion to a 4 per cent metallized 

e?onge in the ;dulls° retort need f2pt exceed two ana three 

quarter hours. 
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