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METALLURGICAL TESTS OF THE MANGANESE BEARING SANDS
OF PAYETTE COUNTY, IDAHO.

INTRODUCTION

The sample on which these teste were mrde was from 8and Hollow in Payette
~ County, Idsho, approximetely 15 miles southosst of Welsero The doposit oocqurs
in the Payette formation. The testing project was wadertaken to determime the
comrercial possibilities of ssveral methods of extraoting the menganese.

In the general olasgifioation of mangonese ores, the highest grade manganene
dloxide is termod battery ore end is used for the manufacture of dry oellse
Relatively small tonneges are required for this. By far the largest consumption
of menganese 1s in the ateel industry whera an average of 12,5 pounds is required
for sach ton of stoelo This is generally sdded £s forromsngancse or spiegelsinenc
Ore for making ferromanganess must be over 46% mngeness~=usnally sbout 48%
minganeseo The ratio of manganose to iron is speoified as not Jess than 7 to i.
8ilica shouid be under 10% end phogphorus under 0.2% Ore 4in which the mANganase

to iron ratio in too low for ferrowangancse mey be utilized for making
aplegoleisen,

4 sample of approximetely 76 pounds of ore was reocsived at tGhe laboratory.
It wae designated aa Ore Lot Noo 780 In goneral appearance, it is & bleok colored.
frisble ssndatones The sand gra‘na ere lergely quarts and mica along with othor

nonmetmllie silicates., The monganese oxide is the cementing material, hinding the

gralns of gengue mineral bogether, None of the manganese is presont as wodules,
As received at the laboratory, tnrs was no moisture in the oreo

Partial enalysis of the head samplo showeds
¥a o g.8%
Pp = 2»5%
Cad ® 0,6%

Qualitative tests for lead, ziae and copper wore @ll negative,

BINEFICIATION TESTS
@Grinding snd Flotation

The entire sample was aruzhed %o minus one inocho One half was reserved, and
the other helf was orushed to pass S mesh. The head sample for assay and the
testing portions were obtained from thise

Por the firat tests a sample of 2000 groms was ground in the laboratory
ball mill and split four weys. One porticn was teaken for a aising~assay testo -
The results are given in Tabls I, ’ '



Tablas I

Metallurgioal Reauits of Soreen Analysia

Size | Weight| % | Assays of Produots
{Mosh) | (Orams)| Woight |I Bize | Weight ”%“E‘%“““Fo“ % lin
(Grams ) | Waighti Fe | Distri=l Mn |Distribu-

bution %ion

Bob 1ol

48/65 2606 646 466 32,0 68 [2,8 | 7.1 |86 8.7

65/100 | 82,0 16,9

100/160 | 72,06 | 14.8 68/160 ] 16640 | 317 l1ca | 18,6 [4e9 | 24.0

150/200 | 816 16,8 _ '

200/326 | 89,0 14,2 0/326 | 160,65 83eQ 11.1 | 1402 [6.2 | 2907

:ggs 1‘900 8007 “325 1‘900 3 o? ‘07 6002 900 e?oa

Compos= | 48666 | 100,0 |Pompos= |486e6 |100,0 [Bod |100.0 [6.48 |200,0

ite ite :

Flotation tests we
Both soap flotation and
Without desliming,

mnghnese, they cannot be economioally discardedo

wore examined under the mioroscope. This
segrogation made by flotation.

The various flotation products
proved that there was little or no mineral
No asssys were mede on the products. These tests

re mAde on the other 500-grem ssmples from grind Noo lo
cetionio reagents were tried with no apparent suceess.
flotation is very sluggish, and since the slimes are

high in

oonolusively proved that flotation is not applicable to the problem.

Differential Grinding

Booause the cre is very frisble, snd the higher values ars found in the fines,
the possibility of coneentration by differentiel grinding wrs suggestedo To avoid
grinding the quarts as muoh aa posslible, this test wes nmhde 4in the laboratory pubble
mill, Sterting with a charge of 1000 greme of ore, the pulp wse deslimsd after
grinding five minutes. The sands were retuwrned for a second grinding period

followed by desliming, This process was repeatod until fowr grinds had heen sompleted.
The results of the test are given in Table IIo
Table II
Motallurgical Results of Differentiel Grinding
| % |Fe Diatri=] % | Mo Distri-

Produot Woipht |Weight|Me bution % Ma | bution %
Slime Boo 1 ( 6 mino grind)| $9.0 | 3.9 | 8.9 1008 32,8 1304
Slime Woo 2 ( 6 min, grind)| 20,0 | 260 | 608 | bol [ 20.7| — 6.F
‘Blime Noo 8 (10 mine grind)| 20,5 | 2,1 | 6.2 408 17.8 808
$1ime No, 4 {16 mine grind 416 | 4.2 | 4.6 7.8 1602 804
Sands 87806 |87.8 s1 7255 o 6608
Composite BB3c6 1100.0 | 2,641 100,0 6.7 1000




Although aome asomc:ntrotion of the BANGRN030 ctn be acsemplliehed by grinding
snd dealiming, it is impossibla to produca % comcvsial produot by this method.
It should bo mentioned hore that the sends in Ghe ord sontain a very lergs emount
of micso In grinding, “hoze becoms extrsmely enell flakes that settle 8lowly
in watero Their presence would also make aiy olasaifieation diffioulto

LEACHING

The physical nature of the ore and the results of previous tests indioate
thet lesohing will be the most logical method of extraoting the wangencses Tests
wera made Yo determine the applioability of two methodss (1) lesohing rew ore
with sulfur dioxide, (2) leaching reduced ore with sulfuric esido

For all lemching tosts the ore was ground to minus S5 meshe Satisfactory
extraotions were obtained without requiring exocessive lemching times. Finer grind~
ing would be undeeireble due to tho large amount of slimes formed, Coarser material
might be readily leeched, but thie wes not determined in these tests due to the
difficulty of scourately scmpling comras ore for the small lesoh batohes,

Acid strengths wers dstermined by titrating with stendard sodium hydroxide,
prepared 3o that 1 0. 0o 88 eyml to 1,975 groms off HaBQ4 per liter on & 10 gs0.
sample, For the sulfurcus aeid titrations I ccae of Na0E wes aqual to 1,890
gromg of 80y per liter on & 10 co6o ssmplao Tt mhould be notod that if any sulfuris
#old is formsd by oxidation of the mulfurous aoid the 803 doterminations by titretion
would be off. Qualitative teats indicated that only & vary emall amount Jf sulfate

‘was present in freshly prepared 802 solutionso

In titrating pregnani solutions, the preoipitetion of hydroxide made acowrste
identifioation of the end point difficulto The first indicationa of hydroxide
wore taken as the end point rether shen “he suange in eeler of the indicator,

On pregnant solutions, neutrelized with ore so that no free acid was present, the
PH wes determined,

All lesching tests were made by sgitating cre and solution in 2=liter reagent
bottles on the bottle rollero ‘

leaching with Sulfur Dioxide

For lsaching with sulfur dioxide, the solutions were prepared by bubhling
80, gas through distilled water. Solutions ocould not be ocmpletely saturated with
80§ end used for leaobing without having excessive fumes esatps to the air,
Using & ratlo of 100 grams of ore in 260 oo 9e of aclution, preliminary tests
indicated that complete recovery could not be made in one gtopo To determine the
extraction that oould be made with excess acid, & § stage test wac made as followss
Three batoh lesches were started togethero, All wers removed after 1=1/2 hours
and filtered, The filtrate and residue from Noo. 1 were saved for assayo The cther
two residues wers returned for a seoond loaching period of 1=1/2 hours with 260
0s0- of fresh &did added to emcho These wore again filtered and washed; Noo 2
residue and filtrete was saved for assay. Ths third residue wae returped for
another leaching period with amother 250 c.6. of aoldo



Talite 71

Mstailurgicvsl Results of Stage Leaohing Tests

‘ Waight or Nangenese Content
sample Vo lums My Assay “Groma % of Heed Sempim
Residus Nﬁc 4 84 .8 g, 4.4% 4018 680
Residus Noo 2 88,4 gme ie1% 1062 2408
Residus No. 3 845 gmo o 1% 0, 08 103
Filtreate No, i 260 gono Qosiém@/zo 2,32 86,8
Filtrate No. & 260 0.0, 8e2 gmo/io 2006 38,0
Filtrate Noo $ 2611 003, 8.6 gme/lo i.62 2607

In the above test, ebout 16 grams of
grem sample «f ore, or

254 pounds per pound of manganese.
t¢ dstermine if oomplete extraction sould bs msde in one tenshing stap.
mere voncentrated sold (50.4 gmo S

S0y wers sonsumsd in ieaching the 100
Another test wes mede

By using

“, per liter; and a larger volume (35 0.0 p &

slight excess of S0, over the totei i grams consumed wes provided in ope leauh,

In this test a tailing oontaining o
Sty consumption was only

In the following test &

insure complete

extrastion of the menganese &g we

anidc The flow sheet ia disgrommed on paugs &,

nly 0.06% mangsnese was produceds
1304 grame on the 100 grams of ore.

Ales the

sountsrourrent leeching procedurs was followsd to
11 ae ocomp.eie vonsumption of the



Ore (100 grams)
Aoid (260 0.00)

Leech 1=1/2 hro

260 0400 i
fresh acid

100 grams
¢~ new ors

\Roiidue 7y
leach 1=1/2 hre

¢

§ol\;t5:%on A
Leach 1~1/2 hr,

¥ B ; bR
Residue Noo 1 Solution B Residue B
{Wash & Assay)

Y
leach 1-1/2 hre

260 000¢

v
Solution Noo 1

100 grams

fresh npid {
1\ Residus C

Leuoh% 1-1/2 hro

3,

Y / new ore
Solution C

¥
Leach 1=1/2 hro

|

¥ ¥ v v
Residus No, 2 Solution D Residue D Solution Foe 2
(Wash & Assay ¥ .
Leeoch 1=1/2 hro
260 0c0, ; 100 grans
fresh aoid 4~ new ora

"™ Residus E

leach 1=}/2 hro

-1
S8olution B

~ Leach 1=1/2 hro

¥ ¥
Residue No, 8 Solution F Ru*iduo r

(Wash & Asaay) ¥
' Leach 1=1/2 hr.

|

Sglut{::’lon' Noo 3

¥
Residue No. 4
(Wash & Assey )

¥
Solution Noo 4

Fige 1 = Counterourrent leaching Soheme

o [_J > ] [ _J L4 o« L. L - . - L [ [~} - -

In the test tabulated on page 6, the counterourrent leaching soheme was followed,
using aoid containing 49 grams of S0, per litero The pregnant solutions were
ovaporated, and the evaporated residus was then caloined at about 960° ¢,
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Another stage losching test was made following the sems proosdure as outlined
above exoept that an excess of acld was provided for esch leach. nly 1/2<hour
Jeaching perlods were used iu “hia test, and the results indicated that no advantage
is geined from longer intervala. The data is given in Table VI,

Table VI
Matallurgical Results of Stage leaching (Exoess Acid)

Fo Assay|Fe Content |Mn Bssay |Hn Content

Produoct , Volume or Weight 2 {Groms ) % |_(Grens )

Caloine 46,0 grams 2.0 0092 67.0 | 28,2
{from 372 0.00 of solution) ‘ :

Residue No, 1 64.C greams : 202 ledld 0o 14 0,00

Residue Noo 2 66,0 grams 204 1.68 0,60 0.40

~ Rosidue No. § 66.6_grams - 208 1.68 0,59 0,33

Residue Noo 4 6400 greams 2.2 le4) 0,70 00,46

Residue Noes 6 70,0 grems 246 176 1.0 0,70

Residue Noo 6 68,0 grams 245 1,70 1.7 . 1,16

Manganese Content of Solution = 70,5 grams per liter
Impuritiea

The data obtained shows that the mangenese is leached by S0z in preforence
%o the iron, When there is an excess of ore present in the leaches, the emount

of iron going into solution is very small, Some iron is dissolved, however, when
the acid is in excess. In & oountercurrent flowsheet (see Table IV), where the
pregnant solution 1s neutralized with an excess of ore, little trouble should be
had with iron, ' _

Qualitative tests on the evaporsted filtrate residue for zino, lead, and copper
were all negative.

The ore oontains only 0.8% CaO, Whether or not this would be enough to build
up orusts of oaloium sulfate to bloock valves, et cetera, in plant operation oan
not be prediocted from these batoh tests.

No determinations of the dithionate content of solutions were made. Exoeasive
emounts would oceuse svolution of 50y in evaporationo, Dithionate econtent will depend
largely on proper oomtrol of the PH in leaching and neutralizing.

Eliminating the sulfur from the osloined product will be diffioult., Semples
that were caloined at 900=-850° C, for several hours still ocontained a large smount
of sulfate, Continued ignition over the Bunsen burner lowered this somewhat,
but it is doubtful if a satisfectory produot for making ferromanganese oould be
produced by ealcination onlye The sulfate in the oaloine is water soluble, however,
and it 1s essumed that there is no sulfide aulfur resent to interfere, Data
are given belowo '

Teble VII
Elimination of Sulfur from Celoine by Water leaching
Caloine As Celoined | Caloine Water lesohed
Produot present as sulfate] % Mansenose | % S present as suliate ] % MAnzanece
Test Noo 16 6.6 6702 0,16 ggog
: T;lt iﬂo 16 S.9 ﬁ.O aoig o

”
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For these teste the ure was nlac orushed %o rinus 36 meszh, Sulfurio aeid
santalning 49 grams of HpSUy por liter was used for leeohing. Preliminsry testa
indiseted that & retic of 100 grams of ore to 269 w.9o of acid would be satisfratory.
Kith less ore, appreciable free acid remiined after leeaohing. With more ore oniy '
* 4light inoremse was noted in the total waight cf wangenese dismolved.

Reduotion

Thoee tosts have provsd that the manganene exirasilon by leeching depends
upon the somplotensss of the redustion of the manganese dionide, Considerable
differenus was noted un the movdllucglonl reenlets o7 the tests due to variations
i codustion, In Ghe firss tests, fusl cil was wosd aa the redusing agent,
The ora wes molstoned with the oil and heated in e severad dish or orugible to
approximately 750Y 0. Musl of the roductions were mads i1 the elotrin pet furpase
Sul one batoh was vedused i an oll fired muffie with » veducing stmasphers in vhe
muflio. No improvement in rosults was noted ’

in later tests, puwdared sharcosl wes used te the roduding dgentc. ita reduslng
puway wes about equal to the fued oil; ite only advantage wes the elimination of
the smoke and fumes given off by fueil oil, .in the tasts thai are summariged bolow,
it w1lll be noted that incemplete exirsstion of %he uangansse wae obtelned with only
oné redvotion. Re-lemching residues with fresh acid did not wacerially inoresss
the recovary, However, if the leash residus was redused & mesond +ime and then
isdahed, very mmtisfastory sxtraotions wers cbteined, It should be noted thet thess
ratoh reductions wers mads without stirring the chergeo In & hearth roagter, the
vharge would be rabbled and axposed to the reducing gayss much better, Theas
tsgte proved that setisfactory reduction cuuld be made with either fuel oil or
shirorml W th suffioient exposurs.

The teswts %abuiated aivw 1llustrats the neceasity of scmplete reductiono
ot Teat Noo ¥ (Tabls VIIL® 100 grams of urs that hed been redussd with fusl oii
o Jasohed with £80 seo. of aoids  The solution was filtersd off and designatiad
de Hie i Ths ceeidue war washed ond samplied. The sample wes denignated as residus
Koo 0 ond fhe remsinder was returned for  sescnd isach with frash nodds  The
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In test Noo 11, & oharge of 106 grams of raw ore was reduced with fued oil
and then lesched, following the same procedure as outlined above exoept that ths
rosidus from the leach Noo 1 was reducsd agein before the ssoond leach, These
data are given bolowe

Table IX

Metallurgioal Results = leashing Reduced Ore with Sulfuris Acid ~ Double Reduri:icn

Produot Wieight or Volume n Assey Mn Oonteas
Residue Noo 31 73 grams 208 ' Q.18 gram
Residus Noo 2 83,0 grams o156 0pl2 gam

olution Woe _260 0000 1057 (mefis 4,98 ¢ ams
0 on Noo 530 OoDe mﬁme/ do lan?ﬁzm

Results oomparable to the ebove two tosts wora obtmined when the ore wes
reduced with sharcoal, but the data will not be included hereo

Counterourrent leaoching

- Following the smne flowsheet as outlined for the ocountarourrent leaching Gaat
with 80,, & test was made using reduced ore and sulfuric aeid. Charoosl was
used fog reduction=~10 grams for sample No. % and § grams for emch of the others,
Each batoh of 100 grams of ore was reduced seperatelyo
for any length of time before oherging, limiting
of the manganess.
Table Xo

In this way no sample atood
a8 muoh as poasible any reoxidation
Eaoh sample was reduced only once. The results are given in

Table X

Metallurgioal Results of Oountercurrent leaching Reduced Ors with Sulfurio Aold

[Weight or| Fe Fe- | % Fe | I [ £ i

Sample Volume Assay onls niy Diatri- Asiey {Content | Iistri-~
, {grams } bution {grema)! dution
Residue Noo 1 8606 gmo|2.1% 1o82 | 17.8 | 1.3% 1o30 | 6o
Residue Noo 2 8600 gmo|244% 2,081 2001 | 2.9% 2,60 1008
Residus Neo 3 846 278 2.28 | 220,38 | 8.9 2064 2008
Residue Noe 4 90,0 gmo|3-0% Bo26 | S1.6 | 3.6% 3015 4300
Solution Noo 1 202 0.0 |0,0 0,0 0s0 | 2001 gmo/lo| 4408 168
Solution No. £ 230 00000618 Eﬂo/lo 0004 Cok | 6o @o/lo 8048 idod
Solution Koo 8 258 0600{0s17 Mlo Qo084 ) 1607 Mle 8.74 16504
8olution Noe 4 280 060¢ 247 Eo/lo 0,76 706 12@39./10 Sodd 1402
Oaloulated Head | wwee |2.86% 10024 00,0 6, 06% 24021 |100,0

In order to obtain catisfaotory deposits of elootrolytio mangenese, the

Effect of Ammonium Sulfate on Ieaching

elootrolyts must oarry sbout 1356 grams of smmonium sulfete per liter, Ome test
wag, therefore, made to determine if this concentratson of armonium sulfats would

affect the leaching step.

YThe extrection obtaine

obtained in the tests without sxmonium sulfate

d was oqually as good as those
in asolutione



CULCLUSIONS AND RECOIGIENDATIONS

Bonefidation of this oro to & grade of comnsricel vaius by any msthod of
ooncentration &ppears to be imposcibles It oan bo graded upward by differsntisl
grinding but not emough for commercial use, snd meapunass recevery by any sush
method would be low.

Satisfectory extrsciion of the manganese srn be wade by leaching with either
sulfur dioxide or sulfurioc eoido Reference to thoe tabuleted dete indiocates highew
resovery with sulfur diczideo The suscess of leaching with gulfuric acid mwould
depend on more ocomplete raduotion of the mangenese dioxide befors leaching than
it was possible to sttain by eingle batch reductionsc This should not prove
sxooptionslly diffioult,

Hot all the wveriableos were rur down in these testsc Wo do so would regquirs
axtensive investigations This work was done lergeiy to determine the mhnganesze
axtraction that might be expsoted and elso to determine if there were any lmpuritlies
or other obvious ressons why leaching would be mponaiiala@ Mores work would be
required to determine the best ratio of grind to leach $8me. In these tests
aatisfactory extraction was obtained on minus 36 wesh ore ir one<half to one hour‘s
leachingc Finer grinding wculd obviously be objectionable dus %o the large amount
of slimes that would be formsd, &s well as the additionel ocot of grinding.
Coarser material might be Jeached to an advantage if it were possible to handle it
in the thickeners, filters, et ceters, in plant operation:. Wore tests would be
required to determine optimum solution strengths and ratio of ore to aclde Bome
of these data oould be cbteined only in*pilot plent.

In & plant operation, batesh leashing would probably be mest satisfectory since
the pH of the pregnant solution must be olosely oontrolled, For losching with
sulfur dicxide, it would bs necessary to bubble the gas directly inte the leaching
tank or aglitator, as it would obvicusly be lmposaible to ohurge water with suffioient
852 and then apply this to the oreo If this wers attempted, exosssive 50y fumes
would be given off, e£nd the pregnent solution would be very low in mangencsec

The best method of handling the lesched pulp would havs to be determined in
a pilot plant, Washing in countercurrent thiokeners would probably be most satise
factoryo The volume of solids would appear to be excessive for filtering, alfhough
filtration would have tc be provided following purification of sclutionm.

No apparent diffioulties should arise from impurities in the ore. The
selection between manganese and iron in leaching is very definite in the date of
all testsc When solutions are neutralirzed with excess ore, iron rejeotion is
elmoat oampleteo In leaching reduced ore with sulfurioc acld, only treces of in~
purities can be tolerated in the purified eleotrolytec The date of these tests
would indioate that solutions auitable for produoing eleotrolytic manganese could
be madeo For leaching with 80p the finished product is mengmnese dioxide. Some=
what higher impurity ocontent could be tolerated in the pregnant solutionso 4s
noted above, the elimination of the sulfur willbe most difficult, Qualitetive
teats showed thet the ore oontained only & trace of phosphorus.

Thase tests would indiocate that techniocally it is posalble to obtain very
satisfaotory extraction of the mangcnese from these sends. From the economie

side, however, exploitation of & deposit of such lowr grede would require & very
low cost operation. '

For several reasons the ore iz paturally edsptable to 2 leaching procesza.

i0



1o The msnganese dioxide is the oementing material, binding the gangus grains to

gotherc There are no large nodulss of pyreluaite or psilomslens thet would be slow
in dissolving.

20 OGrinding oosts would be lowo The ors is very friabllo ¢ 8nd grinding only
to the natural size of the quertz sand grains should be sufficiemto

3o If reductior, followed by sulfuric eoid leaching, were to be used, drying
costs prior to reduction should be lowo This is an appreoisble item on soms
wd type orese '

4o Dus to the sandy nature of the ore, settling rates would be high in
thickeninge In one test the ore and solution were allowed to stand ovornight,
The filtering rate on this semple was very slowe In all other tests where solutions

were filtered after one-half to one snd one=pmlf hour‘s leaching, filtering rates
woere very fasto
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