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CANSRIDEE J0. MASSACHYSETTS

December 2, 1955

Mr. John B. Myers, Vice President
Zonol ite Company

Libby, Moatans
My dear Iix. Nyers:

At your request I mede o brief visit to Libby to study yowr aillling
operations. This visit, in turn, supgested that & day ot the Company's
Resesrch Labarstory in Bvanston, I11., would be profitable. Ia the following
poges will be found my chmrwezions regarding the properties of weralcullts,
the cre, the sctual mining and milling operstions, ss well as same suggest-
lons for slternative means for exploiting and concentrating eores. nu'
repart 1s concluded with some specific recommendations (p. 14).

VERMICILITE

The Libby versiculite is o aineral of the mica family. Like other mice
umuuwm a8 muscovite and biotite It occurs in sheets of grest latersl
extent and minute thickness. The sheets sre composed of tigntly Enit grewps
of otoms of silicon, slumimm, oxygen, iron and ssgnesium, arrenged in a
pattern that is now well understood. The connection between sheets is diff-
erent in veraiculite on the one hand and ordinary alcas on the other. It
is on thls difference that your Company depends for its exlstence.

In muscovite and biotite the sheets are negatively charged and this s
compensated by positively charged potassium atoms. These lons are snhydrous.
the spacing of the sheets {3 such that the structure repeasts itself approx-
imstely every 10.2 Angstrom units (one Angstrom wnit is approxisately one
two hundred and fifty aillfonths of an Inch). Of this spacing a very ainor
part aalv is due to the potassium, which seems to fit alsost exactly inteo
tecesses In the astoms of the sheets.

in "true® vermicullite the sheets are likewise negatively charged, and
nis . compensated by rositively rharged calcium and sagnesium lons. These
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jons are half as mumerous as the equivalent petassiums of other micas, and
censiderably ssalier in size; one might therefare expect the spacing of
sheets to be less than 10A. Actually, however, it is about 14 to L3A, that
is abcut &4 to SA wider than in muscovite or blotite. This imcresse in
Jattice spacing is accompanied by water solecules mhich populats the space
between the sheets.

! share the view of Walker® that the asgnesiua and calciwm lons in
veraiculite are aot enhydrous, but hydrated, for exasple [y (64;0)] “
these hydrated complenes being much larger than the snhydrous petassium
fons (Pigure 1). It is well known to physical chemists that the sasller
the fon and the higher its caano. the grestsr the probability of its
being hydrated. Since Mp'* 1s sbout 1.2 A less in dlsmeter thaa €', and
since water 1s about 2.7 A 1n dlameter, [w(6120)] ** should be abeut
4.2 A grester in dismeter ther x « The same is also true of hydrated
caletum ton (Caleh,0)™" snould exceed k' by sbout 4.9 A). Thes, replece-
ant of anhwydrovs potassium by a polyhydrated cation should iacresse the
spacing in mica by about 4 to SA.

Naturally if the spacing between sheets is increased by 4 to SA, 1t
becomes such larger than water molecules, which then can move freely in
the Interplanar speces. This should provide opportunity for sdscrption of
water t¢ the stoms of either or both of the sdjecent layers. Mw
the spaces might be wide enough to perait the entrance and adsorption on
adjacent layers of edditional lons especially from solutions of high lonic
strength. This is ia eccord with the findings of Doctors Zlegler and Hayes
at Rvenston.

On heating to & relatively low temperature the adsorbed interlayer
uater beccans graduslly desorbed and it is emitted a3 steam. At 2 more
elevate! tesperature the compler hydrated cations suddenly become diss
cisted; this provides steam, causing the weli-cnown expansion of vermiculite.

® G. F. Walker, Vermicullite and some relsted aixed-layer sinersls, In "R-ray
dentification and structure of the clay ainerslis®, Chapter VI, po. 139=223,
Mireraldgical Soclety of Great Britaln Monograph (1951).
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Fra. 15 Cealiguration of the interlayer water in vermirulite (diagrammatic,
from Walker.® (o) Fully hpiratel. (h) Ahout hall hevirateld after removal of the
ushouad water. (X the six water molerule in the original hnirmtion sheil of mag-
arnium (sre @), only four are now in actual rntact with the in.  (¢v Fully dehy-

drated with magnesiums in holes in the silimnte layerm,
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On the basis of this picture the only difference beiween blotite and
verniculite is that detmeen anhydrous potassium on the one hand and hydrated
cations plus free water on the other.

In sany parts of the mine there occur rather spectacular pleces of ore
spangled with coarse mics crystals. The operators refer to this material os
biotite, while the mcre disseminated and crumbly stuff is thought to contain
the vermiculite. I am not convinced that such s classification {s correct.
1f you had tmo distinct minerals, biotite cn the one hand and weraiculite
on the other, the systemstic assey for potassium shich is preseat in one
and absent 1a the other should be disgnostic. As I was saying to you in
Libby this can be done readily in & routine feshion by a flame photometer
or on the basis of the gamma redistion of potassium. 1t sesms rather likely
t> @e hat veraiculite arose from biotite Dy replecesent, but no evidence
has been offered to show that the replacesent is complete in same places and
has not occured in others. i shall therefore assuse this replacemsat to
have occured in & rendom or statistical feshion on & alcro scale, and st the
seme time somswhat more extensively in certain sacroscopic aress sdjolaning
crecks and crevices, and lets extensively where the crystals were initially
coarser and sounder, or where thick "books® of elemsntal crystals oceur in
place of thin "pamphlets®. In this view there {s no sharp deaarcstion
between blotite end veraiculite, but roather asll possible gredations. It
is because the Libby sinersl seemn to have retained some potassium that
Gruner described it as hydrodlotite, theredy focussing sitention on the
insertion of water rather than on the replacesent of potassiuam dy 8 hydrated
cation,

It aight be worthuhlle to correlate the useful properties of vermiculite
with its pitessium content. It might also be useful to seec tO extend the
replecearn: aade by nsture by reacting veraicullite with squeous sclutlions
e.g. ¢f calclum chlotide or of asgnesium sulfate. [his resction cwid bte
studied not only In the cold, but also at elevated temperatures including
temperatures obtalnable only in autoclaves. My thought is that {f the
*birti'e® aineral can be reduced in potassiun content the yield of the
2.ne cruid be increased and & product of higher quality ascde. Furthermore,

> i1 v 8 study prove fruitful tallor-made vermiculltes for various

v.3 be envisaged, and the mine production aight inciude a larger
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proportion of the saore valusble coarse flake. 03838880

The expansion of vermiculite on heating, together with reduction of
the lattice dimsnsion normal to the mica sheet:s with some warping or crink-
1ing in the sheets, is easy to rationalize as 3 consequence of the randomness
of replaceasat of anhydrous potassium by hydrated calcium and sagnesiua.

At low temperature the asdscrbed water i8 eamitted. This reduces locally
the thickness of the iatsriayer spacs; then dissoclation of the aquo-
complexn loas, which cccurs at higher tesperatures crestes msatar -olocuin
free t0 aowe ia the vapor stete, and with no place to 9o. This steam i
pinned in ccmw intarlayer spece by the potassium ®rivets® shich surround
1t while new Donde are formed between the anhydrous cations and exygen
stems in the asighboring layers. Hventusily this trepped steam escapes,
But by that time the vermiculite is permanently deformsd to the expanded
state.

Mis suggests that it would be of velue to prebe into the scale of
the randomness of replacemsnt of which | spoke. Some work is alresdy being
done in that direction by electron aicroscopy. Ihe development of sdditional
techniques mould be welcome, for example the examination Dy electrea alcro-
scopy of replicas of expanded veraiculite both parsiiel and at right angles
t0 the basal plane.

Doctor MNayes mentioned to me that swelling of the vermiculite could be
obtained Dy sesking the minersl In the unexpended fors flrst in streng ssline
solutions, then in water. FPFor solutions of lithiwa, sodium, alumissm, celcium
and ssgnesium (all with hydrated cations) there 1s an increase ia volume of
wp to five or more fold. At the same tise the veraiculites takes on a
silvery or golden color reainlscent of the color it acquires after thermal
expansion. [t 18 not known whether the "swelling® is due to an exfollstion
or to & trus interlayer swelling or to both. [ have suggested experiments
to prove into this aspect of the swelling process. I also Delleve that the
swelling property can be wsed as & bdasis for an ore=concentration process.
Nemorandud No. | attached to this report outlines the concept of this process.

+t has been reported In the techaical literature that veralculite can
de expanded not only thermally, but also by soaxing 1% in a concentrated
sviution of hydrogen peroxide. As this Intrigued se ! hed Dr. Hayes make
2 siac.e deanstration of this phenoaenon. 1% then occured t0 as that some
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ac.ilfications should be explored so as to find out whether this process can
be made useful. A suggestion to this end [s offered in memorandum No. 2

attached to this report.

THE ORE

The ore consists of the more or less biotitic vermiculite described
at length 1a the preceding section aized with an ssbestos =ineral, pyroxene
and partions of igneocus rocz, moderately cosrse in crystallization and of
8 composition spprosching syen!:‘e.

The vermiculite occurs in coarsely crystallized mssses with flakes wp
to one inch or mare across. Soms of these sasses wp to the size of & desx
or larger sppear wery Righ grade indeed. They are fregile, beeaking resdily
at grain boundary except mhen frozen after becoming water-logged. The
veraiculite alsd occurs in firer intergrowth with the asbestos and the pyrozene
The flases then seem to renge from L/16 inch wp to L/2 inch ecross, and are
thinner than in the other variety.

The asbestos alneral does not seea to be of the xind that has proved 30
useful and profitadle elsewhere. It is psle Dlulsh gray in color, fregile
ond brittle. 1n genmrsl It occurs o8 more or less felted clusters charscter-
1stically Vi to Ve 1nch across. W to now it has been an umitigated
nuivsence; ome attention asay perhaps be given to find out shether it can be
nade into o weseful byproduct.

™he pyrozens bresks readily in send-size particles >ften of apple-green
cilar mhen viewed under water.

™e syenite breaxs in blocky fashion readily reaaining as pleces of
raca rather than as pure aineral grains. Jccasionally it gives rise to
tree quart: end feldspar. There is also a little wvein quartz in the ore
xcaslonslly containing ainor quantities of more or (e<s Jxidized sulfides,
®.9e PYLilte.

1n specific gravity the ainerals offer 'wry iittie range. The verai-
sulite ls the lightest (2.) to 2.7), the asbestos is but wvery siightly
~eavier <.)9 to .95}, the syenite quartz and feldspar are all {n ihe range
L0 Je®m 12 &e7 3lso. The pyroxene is slightly heavier teing generaiiy heavier
St .. 3%, The ravye sffered by the various ainerals and their overiap maxes

Foocet graeily separation so adifficult What (2 ould fairly be described as
2015’7;5
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Fortunately the mineralr Aiffer in both size and shape. Vermicullte
is both the coarsest and flattest. This helps greatly. Rixtures of versi-
culite and ether ainerals also can be made to behave differently when crushed
in machines such as rolls in shich control is exercised in regard to the near-
ost approach of the crushing surfeces. These phenomsns are wtilized in the
eariier or dry aill and in the newer or wet alll.

Up to now no use hes been made st the Libby aill of differences in
wettadility between vermiculite and gengue. Differences ia wettability in
an envirenment controlled by cheaical resgents 1s st the besis of both
flotation and sgglomeration. These are currently the most widely -wsed ore
treatasnt processes. They have been so successful becsuse of thelr extre-
erdinary flexidility in reducing the specific gravity of one or another
ainersl in almost any ore micture. PFlotation is suitadle for particles finer
than 0.01 to 0.02 inch and is therefore not useful for the bensficiation of
vermicullte. But agglomerstion which cen be used far particles wp to I/8
inch in size, or even somswhet coarser, could profitedly play s large part
in your Libdy cperstions. 1 will revert to this topic later in the report.

Other possibilities uhich do not seem to have been explored sefficliently
are electrostatic separation and dry msgnetic separation. But a9 theee pro-
cesses mey require extraordinarily dry solids they not only asy de toe
expensive, but elso objectionable in view of the ulteriar processing of the
vermiculite. Further inquiry is desirable but it should be given icw
priarity.

Finally some attention alght de given to the thought of reducing by
seelling the specific grevity of versiculite so as o facilitate Its
gravity separation. This Is the topic presented in one of the msmorsnda
attached to this report.

THE CURRENT OPERATIONS
Flgure 2 1s o block dilagram of the current operations. This is very
high.y condensed from an actual flowshewt and designed to bring out the
wveralcuiite discards.
First there ls the large tonnage discarded at the mine. The composition

of * ... siscard is uncnown., When cotpleted a sampling project now in course
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should halps but 1t mould be unraalistic to expect too such from it because
of the extrems difficulty of saspling truck loads in shich the ofe particles

zange in size from several feet to dust and mud. Possibly this large volume
of rock would contain on the order of 10 per cent vermicullite. Ia other words
perhaps tmo thirds as much veraiculite (5007/day) is discarded here as is

Secondly there is the modest tonnage discarded at the traasfer peint.
This wes ebserved to be extremely high on one occasion shea high grade (C)
o7e wes being transferred, and te be moderately high uhen lew grade ore {R)
was transferred. My impression (which may be faulty if fresea ere wes
shundant on the occasion of my two inspections of the transfer peiat) is that
the discard st this point is not such lower in grade than the feed accepted
by the =ill) I suppose it sey contain 308 Vm, or 150 tons of wermicullte per
day.

Lusping the 1730 tons of the various alll discards st 208 Va supgests
o vermiculite lees in tailings of 350 tons per day. In sum the vermiculite
distridbution would seee to be of the following orders

In concentrates 790 tens per day

In rock weste 500 tens/day

In coarse discard 150 03638884
In aill tallings

and uill losses 30

Totsl losses x._ooo tons/day

Since the cancentrates are only about 858 pure the net vermicullite recovery
teck-foce to shipments 18 of the order of 650 tons out of 1650 or sdbout &0
per cent. .

Adaittidly these estimstes are crude. Some improvemsnt in our infor-
aation is certeinly obtalnadle for most of the mill losses, but aine-less
information will be difficultly obtainable. Furthermocre this would be
rather acadeaic with the presently-used concentration processes.

The concentration process outlined by Figure 2 is extresordinary in
that trere is practically no dreaking, crushing, or grinding of ore. Mhis
Frocedure was adopted to prevent the degradation in size of the fragile
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veraiculite. On the other hand since the sepsration processes are not very
positive mch running around of intarmediate products is necessary and appre-
clsvie degradation does occur, even if 1t has gone unmessured. This is
suggested by the fact that jlg concentrate particles are frequently ragged
at the edges while the particles of the same slze in the flaal product are
often rounded. :

One of the cbjections to the present flowsheet 1s that locked particles
of which the constituents are moderstely tightly bonded to esch other remsin
locked, heace lost in tailings, or s source of of f=quality ceaceatratss.

Another of the objections is that the most effective gravity=concentration
asthod for cosrse particles (heavy-eedis separstion) 1s not ia sctusl plant
use. It ssy be that the jigs actually used are the best type of jig, wtiliszing
advantageocusly the flat shape of the veraiculite. But it seems more than
1ikely to me that s careful mill comparison of hesvy~andis seperstion with
Jigs would show the former to be definitely superior. The experiments now ia
course should certainly be continued.

Rr. J. B. Calkins has nade 4 pilot-aill comparison between jigging and
heavy-asdia separation, using s smill cone=shaped separstor. Ne found o
clear sdventage for the heavy=aedis operation. The larger-scale pilet now
located in the mill, which uses ¢ drum instead of a cone as separating
vessel does not show as much sdvantage, the thick books of veraiculite,
especially, being lost in the tailing. [ watched thet plent ia eperation.
Mr. Calkins believes its wmnsatisfoctory performence aay be due to the low
renge in gravity of the suspension in the drua (detmeen bottam and top) ¢
compared with the renge obtained in the cone. Possibly that is partly the
resscon for the poar current results, although ] suspect other factars asy
alsd be involved, ¢.g. the fact that In the drum the "heavies® are draan
through 8 Layer of ®lights” possidly entrapping some cf the latter. Also,
the ore Tav have been different, with larger proportion of the thick-book
veralcu.ite when the drum plant was used. Comparison of the drum with the
cone inow on ofder) s clearly desirable. The cosparison should be made so
as % elimenates the ore and the medium density as variables. 1 suggested to
Xr. Catzins to test the serles vuse of heavy-aedia drums. We made a3 short
fazonclusive run. The matter s worthy of additional study.

20183749
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I have not liked the dry mill. This say be merely an expression of my
omn dislisze of the dustiness of dry allls. In this case, however, conditions
seem 80 bet that I would rate the operation s tesptation to its operators to
stay awsy from the sachines entrusted to thea. [t asy even be & serious health
hazard. The dust 1osses and heaping plles of concentrats spill are witness
of the inability to practice good housekesping without excessive cost, —or
asybe even with excessive cost. Finally, the sultiplicity of units justifies
the desire to seex a simpler snd sore direct processing plant.

ALTERMATIVE CONCENTRATING PROCESS
In Pigure ) 3 have sketched & flowsheet mhich I believe capable of sub-
stantially iacressing the production of veramiculite from the tomnage of ore
that is now processed. A nuaber of points ralsed by this proposal require
study. hese are the object of the next section in this report.
his flawsheet involves the following festures: 03638886
1)lessar discard to the sine dump,
2) insertion of & crushing plant, thus elimensting the preseat discard
at the transfer peoint,
J) all-wet concentrating mill with no segregation of ore types,
&) discard of slimes by screen=size control rather than by clase=
1ficetion,
S) heavy~andia separation of the coarse sizes (say about ¢ ¢ -~ mesh),
6) sgglomeration concentration of the 6 to )o=mesh are, possibly in
two size cuts, )
7) wat size-shepe cleaning of the heavy-medlia concentrate,
8) wet roll crushing of the alddling from size-shape separstion,
9) dry size grading for marcet sizes.

1t 1s hoped that such a flowsheet should be able to produce about 1100
tons of net veraiculite (in abdout 1200 tons of concentrate) from the same
80C0 tons >f ore instead of about 650 tons of net veramiculite (in about 750
tons of concentrate). These flgures at present are estinates based on opinion
rather than fect, and although | believe them to be reslizadle, they sust
of necessity be checked by auch experimental work yet to be done.

iNe nine features of the proposed flow sheet will now be examined in

a “ittle dore detail.
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Mne dump uch but not all that now goes over the aine dump is coarse 036388¢
syenits. Cartainly syeaite should continue to go there, but nsither low-
grade ore nor so=called "biotite ore® should be routsd there. The "biotite®,
especially, should be watched as | fear much very high-grade are 1s lnadvert-
ently so labeled in the field. The commsnts in the first section of this
geport are ppopriste ia this respect.

Ccrushing Plant The crushing plant required would consist of a jaw
crusher of large gape, followed by a gyrstory or cone. Careful welighing

of the capital and opereting cost of such 3 plant against the loss in the
present transfer-peint discard and labor to remove the discard is clearly

in order, and it mey be that sy present hunch that the crushing plant

would pay for itself {s wrong.

All-we: aill with 0o ore seqreqation  This is latended to sisplify the
present multiplicity of ores and plants. It speaks for itself.

Siim discard Because of the flaky character of the versiculite and of
1ts lesser gravity, classiflier control of the discard size is mmnifestly

the wrong way of going about this operating step.

Use of fine wet screens on # largs saale is unusual. It asy require
cooperation with an equipasnt asnufacturer for soms dewvelopment work for o
suitable screen opersting with the screening surfece under water.
Hearc-media ssoaration of cosarse alzes This topic hes alresdy been
discussed in the preceding section. 1t asy be pertinent to add that there
is no reason why two or aore heavy-asdis separating cells cannot be used
in series in the same fashion that several flotation cells or jlige are
used In series to greduslly deplete the ore pulp of the desired constituent.
Alternstively two heavy-aedla separations at different gravities asy be
nelpful ia producing 8 final tailing, a concentrate and s middling.
Acalomeraticn canceatration of intermediate sjizes Experisents asde ot
Libky several years 890 show Mat extraordinarily good results are reslizadle.
ihe resyent cost has been thought prohibitively high. But 1 do Aot believe
that the subject has been appropriately explored. [ believe experiments with
an anionic collector such as a fatty acid (oleic acid) must not be omitted.
. date eqperiments seea o have been aade with cationic reasgents in rather
r.te ;ssortament, but without probing {nto the relationships of aineral,

Ter.>n” and aqueous sclution., | beilieve ccnsideradbie reagent econday is
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pcesible over what has been obtained to date, enough in fact to justify »
dﬂhmfunclm&m in regard to use of mxo-ntim at Libdy,
Cleening hegvy-gedia concentrate The heavy-sedia concentrats would consist
of mxh free versiculite, some free asbestos, some locced particles of verai-
culite, ssbestos and pyroxsne, and occasional quart:, pyroxsns or syenits
particles. Size-thape separation in water should work out sbout ss well as
in air, end so should roll crushing. Mo grest difficulty is therefore anti-
cipated in sdapting thete steps at this stage.

If the asthed of smelling the vermiculite by cemotic pressure doss

sctually swell each particle rather than exfoliaste thick books iato thia 0363888¢

pamphlets, 3 second heavy-andium separation st lowsr gravity mey do &
better job than size-thape separstion. In that case swelling follawed by

s second lower-gravity hesvy-ssdis separstion would take the place of size-
shape separation. 1In that case sleag, roll crushing could perhaps be
replaced by rodeaillgrinding or else the heavies from the second heavy-andie
separstion could go to maste directly.

It zxell ccxushing There {3 no problea here.

Brx 2ize arading for sarget There is no problea here either.

RECOMMENDAT 1 ONS

The unusual properties of veralculite, which to date are ealy partly
wnderstood suggest the desirablliity of meny researches, so many {a fect
thet some cholce must be mede as to what should be done first. Among the
acre important aress of study, [ would suggest the follwing:

1) Incresse both absolutely and relatively the effort that is presently
deing ssde to understand the aineral vermiculite, and in that connection
isprove the disseminstion of the fundeaental knowiedge 30 acquired among
those charyed with the more utilitariasn phases of your worc.

2) lasprove the snowledge presently available of mine and alll losses.

)) Mace & thorough evaluation of heavy-aedia separation in ail its
ramalficotiont Including pre-swelled ore. .

4) Make a thorough evaluation of sgglomeration especially directed at
4 reduction in reagent cost.

¢} Study under-water screening as applied to Libby ore.

©) Study the artificial vermiculliization of tne mcre blotitic varietles
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of the Libby mineral with & view to isproving the quality of the feed to

expanding plants. .
7) Puzther study the biotite aspect of the ore, as by systemstic

potassium analysis.
Very t.rul; yours,

Al K. Geudin %9&0
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