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Mines Branch Investigation Report IR 60-121
MEASUREMENT OF KILN CONTACT TIME AT FREEMAN
CORPORATION, CAP DE LA MADELEINE, P.Q.,
NOVEMBER 18, 1960
by

*
G.G. Eichholz

SUMMARY OF RESULTS

The contact time of the rofary kiln, usc.ed. for roasting
ilmenite ore by the concurrent process, has been measured anew
under changed .conditions of operation. Silver-110 was used as the
radioactive tracer and a complex contact time pattern was
determined for kiln operation on November 18, 1960. In this test
more rapid rotation of the kiln than that used in the tests of January
28, 1960 resulted in some dispersion of the active charge, which
could be followed by observation outside the kiln wall, The maip
peak indicated a normal residence time of 5 1/3 hours in the kiln,
but so much material appeared ahead of the main peak that the mean
effective residence time was just over four hours. No explanation
is offered for the considerable short-circuiting in the kiln, which

was observed.

e )
Head, Physics and Radiotracer Sub-division, Mineral Sciences
Division, Mines Branch, Department of Mines and Technical
Surveys, Ottawa, Canada.
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INTRODUCTION

In January of this year the contact time of the rotary
kiln at the Freeman Corporation at Cap de la Madeleine, P.Q . had
been determined dulring\tests én the roasting of ilinehite ore c-onducted
by Quebec Iron and Titanium Corporation (Q.I.T.) (see Report
IR 60-12). Since then conditions of operation have beén varied
somewhat and the cooperation of the Mine-s Branch sté.ff for further
measurements of this type had been requested. One attempt at '
measuring contact times during test runs at the end c;f 'May had to
be abandoned because of difﬁcuities in kiln operation. Another run
proved more satisfactory and at the request of Mr, B. ’Bernard of
Q.1I.T. the wri.i:er, accompanied by Mr, J.V, Krzygewski, went to.

Cap de la Madeleine on November 17-18 to determine the effective

~ contact time,

TEST PROCEDURE -

The method of measuring the k.iln resi.dgpce time _
duplicated closely tha£ employed in the previous testf. f‘ifteen
millicuries of silver were usea as the act;lve sox.lrce-.. This rﬁaterial
had been dissolved in ﬁitric aci.d solution in Ottawa and madg up to
100 ml.) Samples were assayed under the Geiger counter probe of _
an EA-1355P po>rtab1e survéy méter. The. Geige r; probg was sqpported
by sorﬁe perfora.t;eci bricks and silielded by an improyised: »cas‘t*}e~bui:_l‘.t

up of a pile of bags of ore.  The sample container was a copper pan,



the bottom part of a Tyler screen set, It '.was found to hold about

8 1b of the "coarse" fraotion of the charge or ahout 6 1b of the Mfine!
fraction. A 'SUII-I. snrvey/'. meter was ,used to check. dosage lle\‘rels -and a
portable scintitl.lometevr'was availahle to follow th’e ‘movement of the
actxAve chat'ge in the kiln. F11m badges v‘ver’e 1ssue’d to the menbaggmg

the kiln products. The k11n is shown d1agrammat1ca11y in F1gure 1,

FEED ‘ L o . , ,
CONVEYOR KILN o WATER ('ZOOLER
[ i . .
! 33 i 32
BURNER|.___ |
DISCHARGE

\ / \\SCREW CONVEYOR

Figure 1. - Diagram of Kiln

The kiln is 33 £t long, oil fired. It is followed.by,a cooler in .which the
';charge is moved by means of a screw oonveyor which’ has a total
(V,length of 38 ft 4" and protrudes 1nto the kiln. The:kllnris charged

by means of a bucket-conveyor and the feed—end terni)e'rature" Qaé held

at 12.00 C cons1derab1y hxgher than in the January tests. 'I‘he charge
‘ rate used was 500 1b Allard Lake leemte ore, about in in s1ze,'}-

miaced with 300 1b anthracite ﬁne‘s, 4per_h0ur,' : ; |

' The k11n 'rOtated. at a speed" ofw 1. 3"rpvrn'(ll rev. 1n 45

seconds), douhle that of the January test. _’I"he 'co'o'le'r rotated at a speed
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of 2.22 rpm. The bed depth was estimated as 10-12 inches and the
-estimated contact time was 5-7 hours. The product was screened in a
perforated drum at the discharge end of the cooler, so that two
products were obtained, a "coarse' and a ''fine'" fraction. The coarse
fraction amounted only to about 150 lb/hr, leaving a larger quantity

of "fine" samples, Both fractions were collected and bagged. Samples
for counting were taken from the top of each bag;as thg times recbrded
were those of completion of filling of each bag, this introduc;es a
slight, though unimportant uncertainty in the sample time for the
coarse fraétipn.

The radioactive feed material was prepared by mixing the
active solution carefully and in stages with about seven pounds of the
ore. A small portion of thé active solution was also used‘ to tag a
separate sample of the anthracite. The radioactively labeled charge
wé.s introduced into the feeder hopper at 9:40 a.m. A small fraction
of the active charge dropped below the bucket elevator where it was
still detectable several hours later; however, most of that activity
had disappeared by dilution by late evening. The main active charge
was 1ocatéd from time to time from the outside qf the kiln by means
_ of the scintillation counter. It was found to enter the kiln quite
..rapidly and travelled about 3 feet in the first tWe'nty minutes. The
rate of travel then decreased, reaching a figure of about 4.5 ft/hr.

At the same time the activity was observed to siaread out gradually

from a very narrow zone at first to a zone several feet long after a
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few hours. By n_obn the active charg.'e,. passéd the centre of the 'kilnf
by: 2,-3:;50,;‘9.‘.‘m‘.v i,'t was obgerved to leave ‘the kiln and to >é'nter: t};e fe‘ed ,
qpméw Qf:"thg‘cOole‘r. In the coolé’r it spread Vout'lf‘urth‘er_, 'pa;ssing'theA
rﬁid—point around '4:05 p‘.rn‘; and leaving the dischaxf'ge end from

5:0 to 5:20 p.m. )

| ‘ i‘he éampie’s were counted at 15-20 minute intét.v_al';él. .

The results are plotted in Figure”Z for the'é'oaise;-fra'cti'on'arlid'_in :
Fiéure 3 for the fine fraction. ‘The difference from the January fes’i;lté-
is very striking. Inétead 'of-th'e; véry tharp peak ‘t-hen observed,a
fairly shar‘p pe-ak‘has bgen obtained this time, which is preceded by
a very steady rise in activity., Sbme strong atlcti\:ritjy was observéd
: v‘efy early, espec’.i’allf in the fine fraction. Unf_ortﬁnately the
earliest fine saniples were not retained for cbgnting,l.thg's_ié’a‘, ;‘1’? |
‘ aéti\'rity Wa's'Aas'c'ribed to fine dust being blown ove'r the bed by tjhe’kiln'
draft, Magnetic separation. of samples. é.roundﬂlz 9,’ clock showed a
proporti'olnat.elyfgreater ac-tivity. in the non-magnétic, coal fr?.ction,
but the rate of magneti;: .to'rv;'on-m‘aAgne‘tic activit:)'r'remafine'd'steady and
theré was {nsufficiént»evidence to indicate that much of the coal Ama"y'
have ridden over the top"- of the ore.

Sa@?ﬁﬁling'and‘countiﬁg were stoppéd”‘a@ IQ’ p.m. The'r'noat.‘
active fhaterial "wa;'s segreéétgd éhd Bix éfnallj dru’m.s v.v.ere‘ 'fé;keﬁ ibé'c:k
to. Ottawa, fb;‘ further _éi'spo.élal af_;"C'J‘hé;llvclR.iver.' The "dosagé level on" -
contact was arbu‘r_xd 1 mr/hr. _"I_‘h"e' kiln ,varea:w'ai‘s: éhecked for possible
'cléntar‘ninatio:‘;.‘ : 'I_“he z"_erhla:i'ning slightly active ore will be uéed at the

Q.I.T. plant, where it will be greatly diluted witﬁ inactive ore.
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DPISCUSSION OF RESULTS

Inspection of Figures 2 and 3 shows essential similarities
in their overall appearance; in both cases there is considerable
activity appearing in the samples well ahead of the main peak which
is centred around 5:10 p.m. This peak corresponds closely to the
predicted contact time and to the arrival of the gross activity detected
by the external scintillation counter. ¥or this peak the mean total
time in the kiln plus cooler works out to be 7 hr 35 min. If one
subtracts from this the time of transit through the cooler, about
2 hr 20 min according to the scintillometer, the contact time for
this portion of the charge was about 5 hr 15 min. However, the
area under the peak, and hence this portion of the labeled feed,
represents only about half the total active product detected. For
instance, in Figure 2 thé area under the main peak, above the
4 p.m. line, is practically equaled by all that which had been'
counted before 4 p.m. In Figure 3 there is a high "shelf" which
represents at least as large a portion of the total active charge as
that indicated by the remainder‘ of the curve, The fluctuations in
count rate appearing on the "ghelf" may. not be significant because
of scatter and should probably be ignored in view of the general
rising trend prevailing at that early stage of mé test,

This early or "premature' portion is in striking
contrast to the clean regular peak observed in the January test.

The appearance of the small, early peak in Figure 2 even suggests



‘a distinct shorter contact time, but agaiﬁ this peak mLay have no
separate reality and t;he .d;)t.;ted line in VF'igure 2 p<rob_ably is a b:et.t.er
representation of f.he s@rprising linear rise in the C.ou.ﬁt.rate, Qell :
ahead. of the fegular peak. The céntrdid of the area under the eurvé,
therefore, resuits in a 'fotal, efféctive residence t.im'eA from 9:40 a../.m.
to 4:05 p.m. Subtracting again 2 hr 20 min fo'r“ the; A'cool'er transit time
leaves a mean effective kiln éontact time qf 4 hr 5 min, over an hour

" less than the time expected.

| Thé nature of the api)arent shqrt-_;:ircqi?it}g in the kiln
is not too easy to explain.. Whéreas it was expected thaf the hot air
bllas‘t might imavé carried the ve1;y fine dust ovér the: éﬁrfacé' of the

bed this effect is inéﬁfficient to explain' the overall fesu’lts, eSpecially
f01; the coarse f;-a;:tion.. As _Ehe kiln -\;vas bareiy_ -i"nclined‘ i"t« is hai-&

to éee how so large a fraction could have rolled al';ead'of the r:na.ih‘ |

. portion.of. the active »chalrg’e;. On the otherlhand, the éteep'fall-dff |
of the main peak and :;-api'd disapi)earance 'of. ':all”va_.'ctive rﬂaterial,,fr.om |
the kiln’ militate ’again‘st‘ any trﬁé ;iitAs'pehrsioln :in tl';e'béd.

Both the main,#nd,shbsidiarf peaks apvpeared'alfﬁésf "
Birhﬁltapeously m bétl; fractiéﬂé .  - This rules out msst effvé;:_%s‘whicl';’
would depend on pa.rtiCIe sivze' seg:reg‘atib‘nﬂ.‘, Fufthe;- tests‘may ’b’e

, réquired to settll‘e this particular I’)::-L"Oblie‘m,' in part'ic't'lllvari the‘. sl';prt'-
circuiting by the very fine'par’tivc:le"s may ha;v'e' t;b-e,.ilt}'vestigated f'uri;he’r.. :
The drop tq bar.cl.cgrou‘nd.in" tﬁe sample 'c’o‘unt.rav.t("e‘v by8"9 p.m. iﬁdicates

that little, if é!_n’j, c.>£v‘t‘he matériél ré’circ’ulva.ted'o;'r;iwas trap?petli in the |

lining.




The procedure for the radioactive tracer test itself
has become almost routine and it is recommended, that for futire
contact time measurements on this particular kiln the engagement of
a commercial operator or consultant be considered.

The cooperation of Mr. H., Freeman and his staff is

gratefully acknowledged.
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