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PILOT PLANT INVESTIGATION ON SAMPLES OF
PHILLIPINE CHROME OR& FINES
SUBMITTED BY CANADIAN REFRACTORIES LIMITED

oy

G. W, Riley*

SUMMARY OF RESULTS

Pilot plant tests were carried out on chrome ore fines
from 28 mesh screening of Phillipine chrome ore at Canadian
Refractories Limited. Results are tabulated below:

Description of Test and Products Weight Recovery  Analysis
- % % S10z2-
1. Gravity conc of screen fractions:
-28+60m conc on Wemco-Remer jig L8.7 2.03
-60m conc on Deister table 26.7 2.47
Combined concentrates 754 2.19
2. Humphreys spiral concentration:
-28m (incl -60m) : 6L.h 2.00
3. High intensity magnetic Separation:
-28+60m Dings (dry) .  50.8 2.9
-28+60m Wetherill (dry) 53.1 2.3
-28m (incl -60m) Jones (wet) " 92.3 2.3

A second sample of chrome ore fines was treated by dry
high intensity magnetic separation methods but the results were
not as-good due to a greater percentage of fines.

* Technical Officer, Mineral Processing Division, Mines Branch,
Department of Mines and Technical Surveys, Ottawa, Canada.
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INTRODUCT ION

Purpose of Investigation

A request for pilot plant scale tests on -28 mesh chrome
ore fines was made by Mr., L. Hodnett, Asst Technical Director,
Canadian Refractories Ltd., Canada Cement Building, Montreal 2,
P.Q. and confirmed in his letter of August 20th, 1965. He asked
if the results obtained on the -28+60 mesh fraction of chrome
ore fines using the Denver 4 in. x 6 in. pilot plant jigsreported
in Mines Branch Report IR 66-12, could be duplicated with the
Wemco-Remer pilot plant jig. The -60 mesh size fraction to be
treated by tabling. The combined jig and table concentrates sent
to the Marelan Works of Canadian Refractories Ltd. for testing
and evaluation. »

Additional tests were requested to treat the -28 mesh
chrome ore fines using a Humphreys spiral, and by wet and dry
high intensity magnetic separation methods.

Shipment

_ A shipment consisting of 10 tons of -28 mesh Phillipine
chrome ore fines together with 200 1b of lump chrome ore was
received on September 27, 1965. The chrome ore fines identified .
as C.R.L. Project 4874 were for pilot plant scale tests and the
lump chrome ore for use as ragging for the jig. A second ship-
ment of $00 1lb of -28 mesh chrome ore fines was received on Novem-
ber 16, 1965 for additional beneficiation tests and identified: as
C.R.L. Project 4969. . '

The shipments were submitted by Mr. L. W. Lorimer,
Research Department, Canadian Refractories Ltd., Marelan Plant,
Grenville, P.Q.

Analysis

Chemical analyses for the jigging, tabling,and high
intensity dry magnetic separation tests on:'the 10 ton pilot mill
run ore were made at the Research Laboratories of Canadian Refrac-
tories Ltd., Gregville, P.Q. by arrangement with Mr. L. Hodnett.

Chemical analyses for all the other tests were made by
the Analytical Chemistry Subdivision of the Mineral Sciences
Division, Mines Branch. T



| ~ DETAILS OF TEST WORK
“Tests on the lO?ton.Sémple C;R.Li Project'h874;

" A head sample was split out of the shipment received
and a screen test made: Results are shown. in Table l. :

. TABLE 1

Screen TéSt’dff¥28 mesh’ Chrome Ore Finds f' .

 Mesh ‘ Weight .
Tyler N A
+ 28 0.0 -
- 28+ 35 2 13.2
- 35+ 48 - 16.9 - L
- LB+ 65 17.3 7 -
- 65+100 14.0 . ¢
- 1-100+150 - 12.5
1-1504200 2.7
-200+325 75
-325 12.9
| Total 100.0 -

Dry and Wet Scfeening

' A sample of fines was dry scréened on a Rotex screen
equipped with a 60 mesh (0.0097 in. openihg) screen cloth and

the plus 60 mesh size fraction used for preliminary Jigging tests. .

Due to.adhering fines, left after dry séreening, it was difficult

to obtain viswal control of the jig operation and so the remaining

sample used for the jigging tests was wet :screened on 60 mesh.
~The wet and dry -60 mesh size fractions were treated separately.

Results of the dry and wet screening are shown in Table 2.
o N - TABLE 2 T
| Results'of Dry aﬁd:Wét Screenipgﬁon.60 mésh

7

,'Productl IR f'f:Weféht”f3:i~

- [Dry screening P B

| =-60mesh | - 36u8

* [Wet screening S e

o 460 mesh .. | - 5%l
~-60 mesh ~ | - 5.8

o o fTotal: | 100.0




Gravity Concentration

Jigeging Tests

Preliminary tests were made with the Wemco-Remer pilot
plant jig to determine the most promising operating conditions
for producing an acceptable concentrate from the -28 + 60 mesh
size fraction. The operating factors changed included the speed
and length of the stroke for the primary eccentric, the amount
‘of 'bottom and top water to control the degree of suction, the
diameter of the spigot openings from the hutches, the slope 'of
the jig, the feed rate, and the jig bed. The different kinds of
rageing which were tried for the ‘jig bed included -1/4 in. + 8
mesh chromite, -7/16 in. + 1/4 in. iron concentrate pellets, 3/8
in. and 3/16 in. steel ballks and -3/16 + 8 mesh nickel shot.

The operating conditions which gave visually an accep-
table concentrate are shown in Table 3. Test results of treating
the -28 + 60 mesh size fraction under these operating conditions
are shown in Table k.

TABLE 3

Wemco-Remer Pilot Plant Jig Operating Conditions

Primary eccentric 3/16 in. stroke at 180 rpm
Secondary eccentric 1/16 in. stroke at 470 rpm
Ragging ' . 3/8 in. steel shot 51.4%
: 3/16 in. steel shot 23.5%
-3/16 in. + 8 mesh nickel shot _25.1%
Total 255 1b 100. 0%
Bed depth - o
Nos 1, 2 and 3 Hutches 3% in.
No. 4 Hutch ~ 25 in.
Supporting screen 14 mesh
Discharge spigots 3/8 in. diam
Water _ : 56.8 imp. gals per min
Slope of jig | 1 in. per ft
Feed Rate : 3,000 1b pef{hr




, TTABLL a _ o
" Results of Jigging the +6O mesh Slze Fractlon

ot

ProduEt:,-;n L Weignt % . Analys1s
o 4 . | Test Priginal ° p 3i02
No. 1 Hatch | 128 1. 7.3 1.85
No. 2 Hutch 14.0 8.0. - 1.95
No. 3 Hutch 21.6 12.4 2.00
INo. L Hutech - 36.5. 21.0. 2.15
Gate . o . 1 3.5 2.0 5.85
|Teiling e 11.6 6.7 ~7.90
Feed (caicd) — — ~1100.0 | 57.% 2.85
Comb ‘hutch conc - 84.9 - L8.7 2.03
Comb. gate and talllng 15.1 [ . 8.7 743
Total ~ [100.0 | 57.%4 S 2.85

- Tabling Tests '

The -60 mesh size fractlo? from the dry screenlng of’
the +28 mesh fines and the -60 mesh! size fraction from the wet

screening of the +60 mesh dry screened fines were treated separa-  ”

" tely on a No. lh Delster concentratlng table.

. The table was operated for both tests at 370 rpm with
a stroke of 9/16 in. and about 11.0 imp gals per min of wash
water. Feed rate was 360 1b per hr for the -60 mesh dry screened
material and 500 lb-per hour for the wet screened material, the
middlings were returned to the feed for both tests

s
S

Results of the table tests are shown in Table 5

| | ~ TABLE 5
L Results of Tabllng the —60 mesh Slze Fractlon

e}

Product -  Weiy htoﬁ,iﬁ. Analysis
{ Test Original | % SiO2
-60 mesh dry screenlng ) S o
Table conc 58.4 | - 2L.5 - 2.55
Table talllng S 41,6 1573 | 8.55 N
Féed (calcd) ' g[fFWAlOO 0O | 36.8 " 5.04
~60. mésh wet screening NEE ' -
[Pable conc . . AR 89 L . 5.2 . - R.15
Table tailing . 10.6- | 7 0.6° 10.35
|Feed (caled)” . 1100.0 . 5.8 3,02
Comb table conc . : - 26,7 |- 247
~ [Comb table tailing LT 15.9 1 - 8.62
{Total (calcd) . | h2.6,; | hiT76




Results of combining the jigging and tabling tests are
shown in Table 6

TABLE 6

Results of the Combined Jigging and Tabling Tests

Product Weight % - Analysis
‘ % Si02
Jig conc ' L8, ?} 2.03
Table conc 26 7] 154 | 2.7/ 219
Jig & table tailing 8.20
Feed (calcd) 100.0 "3.67
(assay) 3.70

Humphreys Spiral Tests

A sample of the +60 mesh size fraction was treated in a
Model 24~A Humphreys spiral at 1250 lb per hour with a 3 to 1
water to soelids ratio. Results of the test are shown in Table 7.
TABLE 7

Results of a Humphreys Spiral Test on the ~28+60 Mesh Size Fraction

Product Weight % Analysis
Test Original % 8102
Spiral conc 80 5 L6.2 2.12 :
Spiral middling }8“ 61 "2 L 48,01 5 90) .16

Spiral tailing 15 h 8.8 : 6.04

Feed (calcd) 100.0 57. L 2.76




Bocause of the pr‘om:.s:LnrP results in. treatlnﬂ the +6O
mesh material it was decided to treat a sample of the chrome. ore-
fines as recelved under similar operatinv condltions Results
of the test are shown ih Table 8 " . .

T J-LBLHJ (3 ’

[Py iy

P Product © o vleight | Analy51s .
e k| %810, |
Splral cone- | 5611 L. | 2,01
Spiral mlddllng ' 5.3}. 6Lk *2.3;}f2'o
Spiral tailing | - 38.6 | 6k
Feed (calecd) | 100.0 ' 3.7
_ assay) ' A 3.9

Hlah Intenslty Mapnetlc Sepdratlon vf‘.

_Dings Induced Roll Dry. Mapnetlc Separator Tests

. A sample of ‘the +6O mesh size fraction was treated by .
a Dings, Type IR, 3 roll magnetic separator The magnetic sepa?

rator was operdted at 6.0 amp, and a feed rate of- 125 lb/ in. of

roll/hr. Results of Lhe test are shown in- Table 9
| TABLE 9 . o

' Results of Dlngs Type IR Haynetlc Separator Test ::,

—— s - }

Product , :Splltter N Welwht ViR ' ) Analys1s
,M-w;,'GQE;~ ;n;?est- . Orlglnal | %8105
ond %0{% ’ 3fh-in; 18 ol k6 35
nd Roll - - 3/4 in. 51,8 © 314 2.7 4
S Roll | B/8im. | a6i6) 8Lk 35 %) 46 8, ,,-,'3'.2}2-“8
Teiling g 10.5 : ' ' *5.8_'
Foed {calcd T T 000 T ‘57 tf“ - NEEE
(assay S ‘ R : o 3.3

. ——— e o g - i et s B e s o e w4 s e



A further test was made at a lower feed rate of 25 1lb/
in. of roll/hr at the same field strength and roll speed but with

different splitter positions to improve the separation. Results
of the test are shown in Table 10.
TABLE 10
Results of Dings Type IR Magnetic Separator Test
Product Splitter Weight % |Analysis
Gap Test Original % S1i0
lst Roll 1 1/4 in. 57.1 .32.8 1 2.2
2nd Roll 5/8 in. 31.,/) 88.5 | 1g.0o/ 50.8 4.1}‘2-9
3rd Roll 11/16 in. 8.6 ‘ L.9 3.9
Tailing 2.9 1.7 19.4
Feed‘gcalcd 100.0 571 3.4
assay 1 3.3

Wetherill Cross Belt Type Dry Magnetic Separator Test

A sample of the +60 mesh size- fraction was treated by a
Wetherill cross belt type magnetic separator at 200 lb/per hour.-
Results of the test are shown in Table 11.

TABLE 11

Results of Wetherill Cross Belt Separator Test

Product Amps Gap“' o Weight % Anai;g{;“M*

L _ ) Test Original]l % Si0,

1st Cross belt | 6.5 [3/8 in. 0.5 0.3 6.9

2nd Cross belt | 9.0 |1/h4 in. 1.5 0.9 1

3rd Cross belt |11.0 |1/h in. | 91.0/92:5|52.2/23.1} 2.3

Tailing ' 7.0 4.0 11.3

Feed 2calcd) B " | 100.0 574 3.3
assay) 5 3.3

Jones Labqratbry High Intensity Wet Magnetic Separatqr Tests

A 2,000 gram sample of the -28'meSh chrome ore fines as
received was treated in a Jones laboratory high intensity wet

magnetic separator.

The sample was first %reated at O amp, to

remove any highly magnetic material which may have blocked the
plates, and then treated at 25 amps.

The middlings were repassed



at 25 amps. - ReSults of the test are shown in Table 12,

s s e St s Pt b Ty

Eesulgsupf queswLaboratoerWet-Magnggie,Separator Tests

Produnt R Weight % " Analysig.
: | % Sioz |
Hag conc O amps L.2Y) 2.7 |
lst Mag conc 25 ampg 72.4 92 31 2.212.3 -
2nd Mag conc. 25 ampsf 15.7 2.
12nd Mlddllng 2.4 1 13.5
1st Non mag 1.1 18.3
2nd Non mag b2 23.1
Feed (caled) - 100.0- 3.7
assay) 3.8

Tests .on theA500 1b Sample C. R L, Prqlect *969

A head ‘sample was r:ffled out of the 500 1b shipment
recslved and a screen test made. Results are ohown 1n Table 13.

TABLE 13

‘Screen Test, of -28 Mesh Chrome Ore Flnes

~Mesh:® VZWeight
- Tyler - %
.+ 28 3.6
- 28+. 35 7.2
= 35+ 48 9.9
- 65+100 ' 11.0.
1 =100+150 11.3 .
-150+200 - 6.6
. | -200+325 8.9
| =325 - 31.6
| -Total 100.0 !

- Dry Screenlnrr

The: 500 1b sample was. SD]lt into. two lots One lot was -

“dry screened ‘on 60 mesh and the. oLher ‘on’ lOO mesh for- hlgh 1nten~ o

slty dry maonetlc separation tests.
A ucreenlng results were: (1) retained on. 60 mesh 40 9m
- _ : and (2) retained on- lOO mesh 50 8%




Wetherill Cross Belt Type Dry Magnetic Separator Tests

Samples of the +60 and +100 mesh size fractions were
treated by a Wetherill cross belt magnetic separator at 200 1b
per hour. Results of the tests are shown in Table 14,

TABLE 14
Results of Wetherill Cross Belt Separator Tests

Product AmpSJ,Gap Weight % Analysisg|
; ) Test _ [Original |% Si0z
+00 mesh size fraction R S
Y st gross beit ' g. 3;8 in.| 0.5 . 2.2 g.é
2nd Cross belt S5 1/4 in.] 11.5 . .7 .
3rd Cross belt 11.0{1/4 in. ?8.1}89°§ 31.9,36.6 2.742.6
- (Tailing ~ . 9.9 L.l 20.4
fFeed (talcd) 100.0 40.9. A
(assay) .3
+100 mesh size fraction - o
1lst Cross be%t 2.5 3;8 in. 10'§ 0.3 15.1
2nd. Cross belt S11/L in. 3. 7.0 2.2
3rd: Cross belt 11.0 [1/4 in.| 75.4)88.2 137 81448 2.4}2-4
Tailing 11.3 5.7 18.3
Feed,épalcdg ) 100.0 50.8 5.2
? . \assay 1 5.9

| /
Dings Induced Roll Dry Magnetic Separator Tests

. " A sample of the +60 mesh size fraction was treated by
the Dings Type IR 3 roll magnetic separator. The magnetic sepa-
rator was operated at 6.0 amp with a feed rate of 25 1b/in. of .
- roll/hr. Results of the test are shown in Table 15. -

TABLE 15 .
Results of Dings Type'IR Magnetic Separator Tests

Product Splitter Weight % Analysis
Position Test Original % Si0z

1st Roll -3/k 37.5 15.3 3.1
2nd Roll -1 1/2 36.3 ¥y90.0 | 14.9 »36.8(. 3.3 ) 3.2
3rd Roll +1 - 16.2/7. 6.6/ 3.2

- 10.0 bl 12.86
Feed icalcd 100.0 40. L.2

assay . L.3 ‘

lL'
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DISCUSoION or RtsULTs" |
: : The resultJ of the pllot plant scale tosts w1th ar Nemco-
Rener pilot plant jig and. a Deister table showed that the ~28 -
chrome ore Fines-could be upgraded. to yield a combined’ jig and

table. concentrate contalning 2 l9m o102 w1th a welght recovery of}
75 4@ of the or1W1nal feed o

. "A t st treatlng the chrome ore fanS as- rOCeived with a -
'Humphreys spiral’ produced a concentrate’ .containing 2.0% Si0z with . -

a 61 up weight recovery, ‘which. probably could be increased with

ddditional teést work." - The use of spirals-as compared. with. the

~ combined. use" of screens, Jies, and tables would offer a’ s1mpler
operation. v R : . o

3 : Tests treatlno the 400 mosh size. fractlon w1th a: pilot ,
'.plant size Wetherill cross belt high intens1tj dry magnetic sepa-
 rator; and a Dings induced roll: hlvh 1ntenolty dry-. madnetic sepa-
" rator showed that’ the Wetherill. separator gave the- better result.

" The Wetherill separator produced a concentratc cofitaining 2.3% .
© 8i02 with ‘an overall welght recovery of :53.1% compared. W1th the

" Dings separator which: produced a concentrate. contalnin& 2.,N, -
'15iOa w1bh an overall welvkt recovery of 50.8ﬁ.-. : .

o The dry mavnetlc separatlon proceoses rcquire the removal
. of fines with a resultlng decrease-in overall- recovery The de-
‘grease in. recovery will vary with the amount’ of fines: removed.

In treating the second: shlpment of . flnes although the ‘test reco-
veries were about-the same as with the flrst shipnent the overall

" recoveries were lower dué to-the. breatcr amount of fines removed.

- Recovery could. be increased without. increasing the 5i02 content

. by remov1ng only the —JOO mesh fines 1notead of the'—oO mesh fines.

The wrade of concentrate produced'and thc recovery differed
in the tests- on-the . two. shlpments submitteﬁ These variations
were due to the dlfference in grade- and the 51ze dlstribution of .
. the materialy. In'a 'full scale operatlon ‘these variations could & . .
- be ellmlnated by olendinv the feed. . Without a uniform: feod close
control of the operation W1ll be requlred to obtain a constant
‘-grade of concentrate.¢’3 _1., b : o

IR " The- best results were obtalned us:Ln'T the Jones laboratory
'_wet hl&h intens1tj magnetic- separator on .the: ~28 ‘mesh feed-as
received. A concentrate was produced containing 2 3% biOg W1th

- a weivht recovery oi 02 3% of the OTlFlH&l feed.;, o

GWR/1m




