
A study of certain oxidized lead and zinc
minerals, with respect to increasing

adhesion to air bubbles by surface alteration

Item Type text; Thesis-Reproduction (electronic)

Authors Bacon, Ira Preston

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 13:57:34

Link to Item http://hdl.handle.net/10150/553805

http://hdl.handle.net/10150/553805


A STUDY OF CatTAIH OXIDIZED LiAD
as d zinc hiter;lLs, v/ite r e s-
PJSCT TO IliCREASIBG- ADHES
ION TO AIR BUBBLES BY 
SUBFACE ALTERATION

Ira Preston Bacon, Jr.

Submitted in partial fulfillment of the 
requirements for the degree of

Master of Science in Metallurgy 
in the College of Hines and Engineering of the 

University of Arizona

1 W 9





PRKFACii.

j2
d s ty .'L

£ 979!

The writer wishes to give grateful 
acknowledgment to nr* T. G* Chapman and Prof* J. B* 
Cunningham, of the Department of Metallurgy, College 
of Mines nd mgineering, University of Arizona, 
under whose direct supervision this work has been 
done, and for their many helpful suggestions and en
couragement throughout the ye r*

To Ur. waiter seller of the Depart
ment of Physics, and all others who have aided the 
writer, acknowledgment and thinks are given*

71714



TABLE OF COSSS1TS

Cha-pter
Preface .... ..... ................... •

1. Introauetion  ...............   1
2, Prlnolplea of Flotation Prooeseea ..... 4
5. Previous Y/ork Done on the Flotation

of Oxidized minerals ........... 9
4. Method of Attack. Apparatus Used.

Principles of X-ray Analysis ....... 20
5. Yanadlnite ....................     30
6. Smithson!te . . . .         39
7* Y/ulfonite .............     51
8. Determination of Coatings by

X-ray Analysis   58
/9. Conclusions... ................. 62

Bibliography ............



Sketch .(a).



CHAPTER I.

Introduction.

It io well known in motallurgloal prao- 
tioe that the ordinary flotation of eelphide oonstituenta 
of ores has reached a high stage of efficiency and that 
the main developments of flotation in the next few years 
will neeessarily be along two lines* First, the differ
ential flotation of the sulphide constituents,and, eeeond, 
the floating of valuable oxidized minerals in an ore.

this thesis deals with research along 
lines Included in the second field, namely, that of oxi
dised mineral flotation* fhe solution of problems pre# 
seated by these ©res, more difficult in their individual 
natures, has not advanced far and has been slow in de
veloping due to the fact that the luster is low and de
cidedly non-metallio* What has been done is largely of 
a superficial nature and that which has been accomplish
ed has, apparently, been greatly due to hit and miss 
processes of investigation*

Much has been done, however, in the
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flotation of oxidized lead ores and commercial success 
has been attained# In the case of oxidized copper ores 
the results of investigations have been far from those 
desired. In fact, there are but two companies at present 
successfully using flotation to recover copper values in 
their oxidized ores, these are the XenneoOtt Copper 
Corporation at Kenneoott, Alaska, and the lew Cornelia 
Copper Company at Ajo, Arizona. In both processes, sul- 
fldlzlng with sodium sulfide as the reagent is used.
At Kenneoott the entire flotation recovery, about seventy- 
five percent, Is from this source, while at Ajo the flo
tation of the oxidized ore is in conjunction with that 
of the sulfides. Here the recovery from the oxides varies 
from sixty to eighty percent.

She writer has not been able to find 
results of serious investigation applied to the flotation 
of oxidized lead and zinc minerals excepting that commer
cial recoveries of lead carbonates were made in one or 
two milling plants.

It is with these facts, and the grow
ing apparent interest as regards to the notability of 
such minerals, that the writer has chosen this for a 
field of endeavor in the hope that he can, in a funda
mental way, throw some light on the possibilities of the 
successful flotation of. three oxidized minerals, namely
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(1) Vanadinite, a ohlore-vanadato of lead, (2) ymlthaonite, 
a carbonate of zinc, and (3) Wulfenite, a lead, molybdate.

In this investigation an attempt has 
been made to study the fua&aaental principles underlying 
the floating of these minerals and more particular atten
tion has been given to the relative adhesion of the 
minerals for air bubbles, the nature of the coatings 
synthetically produced on the minerals, if a coating could 
be accomplished, using captive bubbles, the microscope 
and the X-ray as means of obtaining this information.

It may be added here that special 
stress has been placed cm the study of the practicability 
of using these two instruments in work of this kind real
ising that the microscope is rapidly becoming important 
in Its use as a tool in the solution of milling problems.



CHAPTER 2.

Principles of Flotation Processes.

Ooncenttation of ores toy modem methods 
of flotation may toe divided into two general types, flo
tation of the snlphides which includes simple flotation' 
and selective or differential methods, and flotation of 
the oxidized minerals.

She first type, that of floating the 
sulphides, is much the simpler in application, tout the 
underlying principles of both types are essentially the 
same* All minerals may be classified according to their 
comparative adhesional properties or in other words, 
their attraction to gas bubbles, whether the gas toe air, 
cartoon dioxide, hydrogen sulphide, or nitrogen, all of 
which have been tried with widely varying results. Let 
us take air as a standard gas, it toeing toy far the cheap
est and most practical to use* It is generally known 
that certain minerals having a metallic luster may toe 
floated more readily than others, for instance, stitonite 
and molybdenite are more amenable to flotation than
pyrite and ehaleopyrite. Then, generally speaking, minerals 
not having a metallic luster and therefore lacking in that
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inherent characteristic that determine# their adhes
ional properties, can not be easily floated* Here too 

discrimination can be made within the classification* 
vanadinite for instance has greater adhesion to air
bobbles than *oart%*

The fundamental principles underly
ing the two general types of flotation, as given above, 
are three: first* the relative adhesion of minerals hav
ing metallic and mom-metallic lusters to air bubbles# 
second, the addition of some insoluble or only slightly 
soluble reagent* termed a collector, to increase the 
adhesion of the metallic minerals to air bubbles; third, 
the addition of a soluble reagent, termed a frother, to 
decrease the surface tension of the liquid film of the 
bubble thus giving stability to the air bubble.

The first principle, the relative 
adhesion of metallic and non-metallic lustered minerals* 
has been demonstrated by the writer by the use of a cap
tive air bubble brought in direct contact with mineral 
particles having a metallic luster and those having a 
non-metallic luster. In the former case the particles 
readily adhere to the captive bubble and can be brought 
to the surface, while the latter do not adhere and so 
remain at the bottom. In such tests reagents were not 
used •

The second principle, the addition of 
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some insoluble or slightly soluble reagent to increase 
adhesion between minerals and air bubbles has also been 
demonstrated by the writer and numerical figures have 
been obtained, proving increased adhesion, which will 
be given in detail in chapter five. Here also the cap
tive bubble was brought in direct contact with the miner
al particles after having been previously agitated in 
water to which a small amount of a collecting agent 
had been added* In this case the particles having a 
metallic luster adhered more readily to the bubble and
were brought to the surface while the non-metallic parti-

1clos remained comparatively unchanged. Taggart explains 
this by writing, "In froth flotation the collecting oil 
smears the sulphide surfaces (and not the gangue sur
faces ) with a film of oil and renders the surface in 
ouch a condition that air will thereafter displace water 
from it. Microscopic examination of gangue and sulphide 
surfaces subjected to oil-smearing shows the oil collect
ed in minute droplets on the gangue and spread out as 
a thin continuous film on the sulphide."

It is obvious,then, that a success
ful collecting agent must be insoluble or only slightly 
soluble in water and must possess relatively small adhesion

I--- :----------------------------------- :-----------------
Taggart,A.F.,"Flotation Reagents", A.I.M.E, pub.
"Flotation Practice", v, 4 1 . _______
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for gangue particles as ooaparecL to metallic Imstered
particles*

Once a collecting agent lias been 
added and the valuable mineral particles have been coat
ed so that they are amenable to flotation or are given 
a potential ability to adhere to air bubbles, a froth
ing agent must be supplied to produce a froth and give 
the bubbles, by decreasing the surface tension of the 
liquid film, permanence• This is the third principle,

She function then of a frothing 
agent is to decrease the surface tension of the liquid 
producing a froth consisting of more or less permanent 
bubbles to which the mineral particles adhere and rise 
to the surface, and once at the surface the bubbles 
do not immediately break but remain stable until skimmed 

off*
The size of the mineral particles is 

very important* Her® though lot it suffice to say that 
the size of the individual grain should not be so great 
that the component resisting flotation is greater than 
the buoyant forces*

Eany minerals do not present the sim
ple problem which the above principles seem to indicate. 
Oxidized minerals or those more or less altered by ground 
waters present a different problem, these do not have a
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metallic luster and since it has been found that minerals 
that do have a metallic luster possess adhesion to air 
bubbles and therefore can be floated, an attempt is made 
to coat such oxidized minerals with a film of sulphide 
thus giving them a metallic luster, superficially at 
least, increasing adhesion to air bubbles, and so render
ing them capable of recovery by flotation*

8



CHAPTER 3.

Previous Work Jteae on the flotation of Oxidised. Minerals*

In order to prevent duplication of work 
done in this, field, a survey of the literature available 
to date has boon made by the writer* It has been suggest
ed, that fir&t, a synopsis of the abstracts given by 
Hubert 0. Woods2 in a thesis v/rltten on Refractory Mangan
ese-Silver Ores in 1928 be given, and, second, the addi
tional material found by the writer* It may be said that 
very little has been found having a direst bearing on the 
work planned in this paper.

Bulphidizing reagents and their supposed action.

Many statements can be found in the litera
ture regarding the surface change in oxidised minerals 
during the sulphidizing reaction in flotation. In some

Woods,Hubert 0., "Reactions Affecting the flotation of 
Oxidized Minerals, with Special Reference to the 
Kffeots of Oxides of Manganese and Iron,n 21.S.Thesis, 
1928, University of Arizona.



caoes actual films or coatings of the sulphide are 
said to be formed and in others no perceptible changes 
were visible to the naked eye or oven with the microscope.

Sobers lord states that with oxide 
and carbonate ores, ouoh as lead carbonate, for example, 
the addition of a small amount of sodium sulphide forms 
a film of sulphide on the oxidized particles, thus 
rendering them amenable to flotation.

In the Colorado school of linos Quar
terly4 sodium sulphide as a selecting reagent for oxi
dized minerals is discussed. The sulphides and poly
sulphides of the alkali and alkaline earth metals are 
the principle selecting reagents used in the flotation of 
oxidized ores. Those are water soluble and the object 
Is to produce films of sulphide on the particles of oxi
dized minerals, to make them amenable to flotation* The 
superficial changes that toko place upon the minerals 
are caused by chemical reactions* A roughly selective 
action is obtained according to the relative affinities 
of the metals for sulphur* Sulphides and poly-sulphides 
of potassium, sodium, calcium, and barium oan be used but 
the sodium and calcium compounds are usually chosen for

r -------------------------------------------------------
lord.Robert. "Hotea on the Flotation Process."

1
Weinig,A.J, and. Palmer,I.A., nTrend of Flotation",Colo, 
School of Mines Quarterly, vol* S3, Ho. 2, April 1988, 
p« is ♦ ________ ______________________ _______ ______
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eoonomio reasons•
6fialston and Allen give a classifi

cation for anlphidizing reagents for oxidized minerals:

"Sulphidizing (1) by the use of hydro
gen sulphide on either wet or dry crushed ore, (2) by 
the use of the solutions of the various sulphides and 
sulpho-compounds of sodium, (3) by the use of the solu
tions of the various sulphides and sulpho-compounds of 
calcium, (4) by the use of sulphur vapor, (5) by the 
use of a sulphuretted oil, (6) with colloidal sulphur•n

"It has been found that treatment by 
some of these methods will form a film of sulphide over 
the surface of the particles of such minerals as lead 
carbonate or copper carbonate, whereas in other oases 
the mineral particles are sulphidized to the core. Other 
methods fail to give any results*"

As an example of the supposed chemical 
reactions that take place during the sulphidizing of cer
tain oxidized minerals, Varley6 gives the following equa
tions for the filming of lead carbonate $

5
Ralston,0,0, and Allen,G,l,, "Flotation of Oxidized Ores", 
Bureau of Mines. July. 1916, __________________________ _

&
Varley,!., "The Flotation of Oxidized Ores",Bureau of 
Hines,Serial Ho, 2811.
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(1) Ha2S + H20 = liaOH EaHS

PbCO is soluble in ITaOH as £o11o\ts :

(2) PbCO + SHaOH = HaHPbOg * IlagCOg + HgO

(3) HaHPbOg * EaHS = PbS f 2EaOH 

Combining (1), (2), and (3), we have

(4) Ea2S + PbCOs = PbS ♦ Ea2 C0S

PbS is insoluble in dilute acids or alkalis and 

only a film of it need be formed.
"While the mechanism of sulphide ‘filming* is not 

completely understood, it is quite possible that the three 
reactions given above represent the individual steps, but 
it is quite certain that the fourth reaction represents 
the beginning and the end products."

Equation (l) is fully discussed by Allen.7

General Flotation of Oxodized Ores*

Upon the general subject of flotation
8of oxidized ores, Richards and Locke mention that certain

7 V ^
Allon.G.L., Chem. and Eet.En#.. Feb.15.1919.

"Richards,R.H.* and Looke,C,E, "Text on Ore Dressing",u.303
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surface ores more or less ozlAlzed. by ground, maters,
present a difficult problem to flotation* Host of the
experimental work on the flotation of such ores has been
done on those of lead. Considerable work has been done
on oxidized copper ores, but little or no success has 

9
been attained* She oxidized zine ores have not met with 
success. the same has been true to a certain extent 
of the oxidized manganese-silver ores. In the ease of 
those containing lead carbonate, the most promising treat
ment is by snlphidizing, in which the carbonate is con
verted, superficially at least, into the sulphide and 

thus can be floated.
On the same subject Allen and Ralston 

are cited in stating that the particles are not merely 
filmed but are entirely converted into the sulphide of 
lead. Shis it seems can hardly bo possible for coarse 
material, but may be the ease 1th exceedingly fine parti
cles. In a coarser particle it would seem reasonable that 
a shell of the sulphide might surround the particle.

It was found by the last named investi
gators that in a wet. pulp it was possible to use much less 
than the theoretical amount of hydrogen sulphide, end to

"1---------------------------- ----------:------------------
the writer has since found articles showing that tao 
milling plants are floating oxidized copper ores success
fully. These are the Kenneeott Copper Corporation at 
Kenneeott Alaska and the Sew Cornelia Copper Company 
at Ajo. A r i z o n a . _________________
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obtain better recovery, so that only a film on the parti
cles could have been formed. In passing we might mention 
that hydrogen sulphide is objectionable as a oulphidiaing 
reagent not only because of the cost of the chemicals for 
its manufacture but also because of its bad effect on 
the workman.

Upon the subject of flotation of oxi
dized ores Simons10 states that the processes so far de
veloped depend on a preliminary sulphidizing of the oxi
dized minerals by any method that will convert at least 
the surface of the mineral particles to a sulphide of the 
metal. She artificial sulphides are then floated by the 
usual methods. Mention is made of the methods of film
ing:

ID HgS atmosphere in a revolving barrel
(2) Sulphidizing with HagS and CaS 

Oxidised copper and lead ores are now treated on a commer
cial scale by these methods. Applied to oxidised zinc 
ores, they have as yet failed to show any promising results.

In addition to the above abstracts 
the writer has found several excerpts from literature 
which might be of value to one before experimental work 
is started on the flotation of oxidized ores.

IT) ~
Simons, "Ore Dressing, Principles and Practice,M 1924, 
u* 196.
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A* W* Hahn11 writes, "Each sample is an 
individual problem. Our experience shows the relative 
flotability of the lead minerals to he: (1) oerassite 
(lead carbonate), (2) angleeite (lead sulphate), (3) wulf- 
enlte (lead molybdate), (4) pyromorphite (lead phosphate),
(5) mimetite (lead arsenate)

"If these minerals can be filmed by a 
soluble sulphide, they can be floated, the time required 
for filming varies with the type of lead mineral, in about 
the above order and when the phosphate and arsenate are 
present, the addition of caustic soda aids in sulphldlzlng.*

"G. L. Allen12 commenting on Hr, Hahn's 
paper says, “Evidently tir. Hahn refers to the relative 
flotability of the oxidized minerals which are usually en»
eoantered in the so-called oxide or carbonate flotation.

: ;
Is he sure that several of the minerals can be sulphldised; 
that is filmed sufficiently in a continuous process on an 
operating scale? With pyromorphite and mimetite, for ex
ample I have had considerable difficulty in obtaining the 
slightest signs of sulphldlzlng, except perhaps in a con
centrated solution of oodium sulphide such as would not be

H
Habm,A,W., "Flotation of Oxidized Lead-Silver Ores", 
"Flotation Practice", A.I.M.E. pub., p. 18#.

12.
Allen. G.L.* san ITanelseo del Pro. Ohih..Hex.. Same as 10
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practical in continmstts operations."
Hr. Halm replies, "In regard to the 

filming of pyromorphitoo we have found, that an addition 
of a small amount of caustic soda breaks up the surface, 
and if that is followed by sodium ablphide good results
are obtained. Hone of this has been done on a large scale.M

13Hr. STank A. Bird says, in reference 
to his work on oxidized ore flotation, "On favorable 
lead-zinc ores a mixed concentrate for the electrolytic 
plant can be made, neither pure calamine or willeaite, 
the two silicates of zinc, show any sulphidizing effect 
after twelve hours of contact with sodium sulphide solu

tion.*
He has also done some work on sulphid

izing and activating reagents and in the sane article 
states, "When floating oxidized ores a sulphide film 
to aid concentration is usually desired. It is reason
able to argue that if a normal sulphide will produce 
certain results, a poly-sulphide, containing a greater 
amount of sulphur, should do better; but I have seldom 
found the poly-sulphide as effective as the normal sul
phide, In floating after sulphidizing with a poly-sul
phide, the action is sluggish and the recovery, generally,

W,
Bird, Frank A., "Fundamentals in the Flotation of 
aulphidized Oxidized Ores", Pub. Vol. 125,
p. 652.
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is loser. This suggested the use of an activating chemi
cal in connection with the normal sulphide, the theory 
being that although the reagent applied the necessary 
sulphur, something more was necessary during the flotation 
period t© benefit from the results of the sulphide film
ing. I find that soda ash assists in lead recoveries, 
and that metal salts are at times beneficial• Caustic 
soda, generally, greatly hastens the flotation of copper 
ores.”

Hormal sodium sulphide contains 58.9 
percent sodium and 41.1 percent sulphur. Sodium sulph- 
hydrate, HaSB, contain# 41*0 percent sodium and 57.8 
percent sulphur.

In Bulletin 157, Baited States Bureau 
of Mines, 3). A, By on and 0. 0, Ralston, discussing the 
action of sodium sulphide, the poly-sulphide, and the 
sulph-hydrato state, "Sodium sulph-hydrate seems to be 
the most active of these three compounds in the sulphid- 
izlng of lead earbonate ores. It can be prepared from 
the normal sulphide by treating the sulphide with hydro
gen sulphide gas, the reaction being:

Ha2S * H2S . BlaSK
This would make it more expensive them, the normal sulphide 
when prepared in the pure state. The hydrolysis of the 
normal sulphide gives sodium hydrate as well as the sulph-
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hydrate as follows:

Ifa2S i- H20 = EaSH + HaOH

fine presence of this sodium hydroxide may explain why 
pure sulph-hydrato of sodium will seemingly he more effi
cient in its action in aulphidiaing a lead carbonate ore, 
although the explanation is not clear* ho suits of tests 
Indicate that the advantage of using oulph-hydrato as 
compared with the normal sulphide, was not enough to make 
the preparation of the sulph-hydrate worth while*

S.J,2ruscott14 in speaking of the flo
tation of secondary oxidized ore, such as the carbonate 
and silicate of copper, the carbonate of lead; and also 
that of the oxide ores cassiterite and wolframite, says* 
"In tackling this question the line taken has generally 
been to return those minerals to something like their 
original sulphide condition, by covering them with & 
film of artificial sulphide *M And, nfho carbonate ores 
of zinc do not yield readily to any similar sulphidlzlng* 
It may be.that these ores contain a good deal of the 
silicate, and that this, like the copper silicate, is 
more difficult to float#*

From the above quotations and theories 
of the authors taken from the available publications it

~I4 '
$ruaoott,S* J*, "Text Book of Ore Dressing,n 1923, 
p* 447*
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may be pointed out that the following ooncluaiono may 
be drawn! (1) Flotation of eocidiaed copper ores hao 
been aooompliahed to a more or loss satisfactory degree 
in only two milling plants as cited} (2) flotation of 
the oxidised lead minerals with the exception of lead 
carbonate and possibly wulfenite has not been satis
factory; (3) the oxidised zinc ©res represent a practi
cally unexplored field but the results of what has been 
done have been negative; (4) that in the case of a lead- 
sine carbonate ore, the lead can be recovered by flota
tion from the sine, leaving it to be recovered by some 
other method; (5) in all eases described a film of sul
phide it is necessary to permit the oxidised mineral 
to be floated, but the writer could not find proof of 
the contention; (6) sodium sulphide seems to be the most 
satisfactory sulphidising agent although the poly-sul
phides, sulph-hydrates and sulphuretted hydrogen have 
their individual advantages#

19



CHAPTER 4.

Method of Attack. Appamtue tJsed. 
Prineiplee of X-Ray Analysis.

It has been suggested that what is needed 
mere than anything in the study of oxidised mineral flo
tation problems, considering that they are in the first 
stages of investigation and that work heretofore has been 
largely of a hit-and-miss and superficial nature, is work 
done along fundamental lines, disregarding almost entirely 
the commercial application* Of course the writer In cer
tain tests has approximated commercial proportions when 
practical, in regard to amounts of reagents, dilution of 
pulp and size of grinding.

$hc method of attack in studying the 
fundamental properties as applied to flotation of the three 
minerals chosen, namely, vsnadinite, smithsonite, and 
wolfenlte, while being governed by developments as v/oifc 
progressed is primarily the same for each, namely: The
assumption is made that the mineral can be floated if 
one of two things can be accomplished, first, if the 
adhesion of the mineral for air bubbles can be increased 
sufficiently by coating it with a film of sulphide or 
some substance whose luster will give such a result#

•20



Seoond, if the adhesion of the mineral for air babbles 
oan be inereased sufficiently by the surface absorption 
or absorption of an Insoluble or only slightly soluble 
reagent and so enabling it to be floated in preference 
to the gangue materials*

It was necessary in each case to 
find out the characteristic chemical and physical proper
ties of the mineral and to ascertain under what conditions 
it could be recognised under the microscope, or if chemi
cal analysis was necessary# An attempt was to be made 
also to determine the actual chemical composition of any 
coatings by sulphldlzlng through the use of the X-ray 
diffraction pattern apparatus*

Following is a list and brief des
cription of the apparatus used by the writer aside from 
the usual chemical equipment. She results obtained will 
be given in the following chapters which deal with each 
of the minerals separately* All solutions used were 
standardised according to standard methods of chemical 
analysis.

She Bubble Holder. An instrument 
which has been devised to bring a captive bubble of gas 
directly in contact with finely ground minerals in the 
bottom of a beaker of known height and content for mak
ing comparative tests on adhesion of minerals for air 
bubbles. Shis is shown in sketch (a) on the following



page*
She Microscope* She microscope was 

used when possible for the identification of minerals, 
time of reactions, and coatings of minerals, two types 
were used, the binocular, using refleeted and direct 
natural light and both glass and tin foil-covered glass, 
backgrounds. The monocular, or met alio graphic micro s- 
oope using direct and oblique artificial light and both 
glass and tin foil-covered glass backgrounds,

She X-ray. 2o the writer’s knowledge, 
confirmed by present literature and advisors' opinions, 
the X-ray has not been used previously for identifying 
synthetic coatings in the flotation of oxide minerals. 
Following is a brief description of and the principles 
involved in the diffraction pattern apparatus.

15A11 methods of crystal analysis of 
X-rays depend upon the reflection of the X-ray waves from 
the planes of atoms in a crystalline substance. The 
fundamental assumption is made that crystalline sub
stances are composed of atoms arranged in a space lattice, 
while in an amorphous substance no such arrangement ex
ists, Furthermore, crystalline substances reflect X-rays 
and amorphous substances do not. There are three methods 
of X-ray analysis from the standpoint of the reflecting

— ---- ------------------ -̂----------------------------------------
As abstracted from Kerr, Paul F,, "The Determination of 
Opaque Ore Minerals by X-Ray Diffraction Pattern#", 
Boon.Geology, vol. 19, and information of Dr.Seller, 
Department of Physics,University of Arizona.



medium, (1) Lau«*a method, (2) Spectrometer method, and
(3) Powder method. She latter method is the one that 
shall now be described briefly.

In a crystal analysis by this method 
a sample of fine crystalline powder (.05 grams suffice) 
is placed in the path of a ribbon-like beam of X-rays,
The powder causes reflection of the rays which are re
gistered on a photographic film ounred to form the arc 
of a circle with the sample at the center. The film 
shows a series of parallel lines of varying intensity 
and the pattern produced is characteristic of the orye* 
talline material under investigation. Crystalline sub
stances have an individuality of pattern which according 
to Hull (Hull, A.W., Phyo. Rev., 17, @71-588, 1921) is 
distinctive* Opaque substances give results that are 
just as distinctive as those obtained from transparent 
substances as long as the material examined is crystalline 
and not amorphous*

Apparatus for taking powder photo
graphs has been developed to such an extent that a stan
dard diffraction outfit is now on the market that will 
analyze as many as thirty samples at one time. Such an 
outfit described by savoy of the General Electric Company 
may be operated for long periods with very little atten
tion on the part of the operator. A water-cooled Coolidge



tube is mounted with the axis vertical within a cylinder 
of heavy metal which protects the operator from the 
X-rays. Film holders which contain the samples to be 
analysed, together with the recording film are arranged 
on the table around the cylinder, fhe exposures required 
are about twenty-four hours, bat since thirty samples 
may be run at onee the length of exposure is not an im
portant factor. A high-tension transformer is beneath 
the table with the high-tension parts completely en
closed. The X-ray tube is cooled by a continuous flow 
of tap water.

The principles which govern the propa
gation of X-rays and their application to this particular 
method of analysis may be considered in order to under
stand the typo of radiation given off by the x-ray tube 
and the explanation of X-ray diffraction which follows.

X-rays are given off by the antioathode 
of a highly exhausted tube due to a bombardment by nega
tive electrons from the heated filament of the cathode.
In order to produce the stream of electrons and conse
quent flow of X-rays it is necessary to heat the fila
ment to a white heat and maintain a high voltage* The 
rays travel in a manner similar to light waves but have 
exceedingly short wave-lengths that are smaller in most 
cases than the distance between atoms. The wave-length 
of the characteristic rays, which are homogeneous and are



to the X-ray region what the speotrua is to the light 
region, is dependent upon the material which makes up 
the anticathode (the other type, general X-rays, contain 
those down to ultra-violet waves) and the radiation of 
any individual element is not monochromatic, but possesses 
a, variety of wave-lengths, a few of which have auoh a 
high |intensity as compared to the rest that when photo*?

I
graced in a spectrometer they appear as spectrum lines#

i
The lines are developed in groups at different voltages 
and are designated as £, 1, and H series, etc* The 
M-serles appear at the lower voltages and contain the 
longest wave-lengths, while the K-series is made up of 
shorter wave-lengths and is produced at much higher 
voltages#

In the case of molybdenum (the target 
employod in this work) the K-series waves have a moderate 
penetrating power and the L and H-oeries do not have a 
sufficient amount of penetrating power to be of any uso 
in X-ray analysis of ore minerals. The K-series is 
developed at 20 K.V, and increases in intensity as the 
voltage is raised# For work with diffraction patterns* 
however, the most desirable voltage is in the neighbor
hood of 28 to 30 K.V. rmse or about 40 to 45 K.V, peak. 
This voltage will produce the greatest contrast between 
the oharaoteristie radiation whioh produces the lines 
and the continuous radiation which fogs the film.

25



This K-oeries of nolybdentun contains four 
distinet linos that aro designated in the order of dimin
ishing intensity as alpha-1, alpha-2, beta and gamma and 
Mane gives the following figures for their wave-lengths*

alpha-2 % .71212 Angstrom units
alpha-1 = $707# " ”
beta » .65110 " *
fiaanaa z .6197 R «
(Angstrom unit — X 10 cm.)

She two alpha-lines have nearly the same wave-length and 
when photographed by the spectrometer method produce two 
strong lines near together that are designated as the 
alpha-doublet. In sneh a photograph the beta-line would 
appear a short distance away and gamma would be a faint 
line near beta on the opposite side from the two alpha 
lines. Alpha-1 is about twice as intense as alpha-2, 
and alpha-2 in turn is stronger than beta, while gamma 
is much weaker than the others* In reflections from 
crystalline powders alpha-1 and alpha-2 are so near to
gether that they appear on the film as one strong line, 
while beta is a weak line nearby, and gamma is seldom 
observed*

It is often desirable in work with 
powdered minerals to secure a radiation in which even 
the smaller proportion of beta waves is absent. Shis 
is accomplished by the use of an absorption filter con-
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tainlng the element zireoninra (either zircon or the oxide 
of zirconium may he need)# It oo happens that the Emeries 
absorption limit for zlrooninia is .690 Angstrom unit, which 
means that X-rays with wave-lengths slightly shorter than 
•690 Angstrom unit will be highly absorbed while those a 
little longer will pass through with the minimum absorp
tion possible for the clement. Since the K alpha doub
let (of molybdenum) has a wave-length slightly greater 
than .690 Angstrom units, it will pass through a thin 
sheet of zirconium with a minimum absorption while short
er wave-lengths which include beta will be absorbed. She 
effect of this is to produce a radiation composed almost 
entirely of alpha-waves. Xn practice a sheet of zircon 
cr ZrOg which contains about .06 grams per square centi
meter mounted in cellulose is placed directly in front 
of the film. Such a filter almost eliminates the beta- 
lines and greatly reduces the general radiation which 
is composed of intermediate wave-lengths that tend to 
fog the films but do not produce lines. The use of a 
filter, however, causes a large increase in the length 
of exposure*

In general. X-ray diffraction patterns 
are distinctive for different minerals and depend upon 
both the chemical composition and the atomic arrangement 
of the mineral in question. In the case of franklinite 
and magnetite, however, identical patterns were secured
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which Indicate® that difficulties may he encountered in 
aietinguiahinc isomorphous minerals. Dimorphous minerals, 
on the other hand, should he distinguished without much 
trouble#

The technique has a considerable In
fluence upon the clearness of the lines in a diffraction 
pattern. In order to secure good lines, the mineral in 
the sample should he present in approximately an optimum 
weight. It seems probable, however, that in favorable 
eases about 10 percent, or even less, of one ore mineral 
may be distinguished in the presence of the other.

tinder favorable conditions of exposure 
the diffraction pattern for a mixture of minerals con
tains the diffraction patterns for the Individual com
ponents superimposed upon each other. Two minerals may 
be distinguished in the presence of each other, but it 
is advisable to limit the number of minerals to two or 
three in order to avoid a diffraction pattern with a
multiplicity of lines. It is likely that mixtures of

'
isomorphous minerals in the same group would, in some 
cases at least, cause considerable difficulty in deter
mination#

She presence of a considerable amount 
of light gangue-miner&l should not interfere in distin- . 
finishing heavy ore-minerals#

In the above description, no mention 
has been made of the actual determination of the eharao-



terietio epaee lattice or the atomic structure, but 
this involves a good deal of theory and fundamental 
principles and so is beyond the scope of this paper. l!uch 
@an be gained, however, by the mere comparison of the 
diffraction pattern of an unknown mineral with that of 
a known material which- it is thought has the same com
position as the unknown.
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CHAPTER 5.

▼anadinite,

Vanadinite in the most common ocean?** 
enoe is a chloro-vanadate of lead having the chemical 
formula Ph501(V04 )3 hut often has (P04 ) and (As04 ) as re
placing radicals• It is, in its pure form, a bright 
orange to red color vrith a high resinous luster but is 
darkened to various shades of brom to black by impuri
ties. It has a specific gravity of 6.6 and a hardness 
ef three*16

In all of. the work following, the writ
er has used vanadinito in a comparatively pure form mixed 
synthetically with white quarts, believing that more 
positive results could be obtained by doing so and thus 
eliminating the impurities contained in general run of 
ere. Three samples of picked crystals have been used, 
all of which are of the same relative degree of purity. 
They are: 1. From the Old Yuma Mine near Tucson, Ariz
ona. 2, Exact .location mkmowm but near the border in 
Sonora, Old Mexico, 3. The Gallagher Vanadium Mine, 
near Tomb stone,Arisens * These will be subsequently re
ferred to by number*

IS.'
Dana,32.5., nA Textbook of Mineralogy", 1922. p. 447.
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In order to determine the moot practi
cal m y  to recognize the presence of vanadinite in finely 
divided form if such a thing could he done without chemi
cal analysis, pure crystals varying in size from -100 
me ah up to largo crystals were imbedded in tease ers cement 
contained in brass tubing and the resulting surface ex
posures polished, thider the microscope using direct 
artificial light, the mineral showed up very plainly, 
the color and luster being natural* It followed that ' 
imbedding would probably be unnecessary so the same mat
erial was observed without imbedding under varying con
ditions of light and background. It was found that the 
most positive results could be obtained by using a simple 
monocular microscope such as is used in metallography 
with oblique light directed on the grains lying on a thin 
glass under which was a second glass covered with bright
ened tin foil. In this case the natural color and luster 
were brought out conclusively (see page 42).

A series of preliminary observations 
were then made: First, large crystals of sample number
one were placed in beakers containing (a) 50 cubic centi
meters of distilled water, (b) 50 cubic centimeters of 
one-half percent sodium sulphide solution, (c) 50 cubic 
centimeters of one percent potassium santhato solution, 

respectively, and allowed to stand for a period of twenty- 
four hours. She crystals were observed for changes in



color bM  possible coatings• In the case of (a) no mark
ed change took place, showing that distilled water in no 
way affected the surface of vanadinite. As for (b), 
however, within five minutes after observation began 
small grains and basal pinacoidal cleavages showed a 
marked darkening and change in luster. At the end of 
one hour the smaller grains were completely coated with 
a dark material apparently a sulphide and had taken on 
a metallic luster and at'the end of twenty-four hours 
even the largest crystals had become blackened and had 
a decided metallic luster. In the case of (c) no de
finite change took place until after thirty-six hours 
standing several spots on the crystal had darkened giv
ing it a mottled appearance#

Te obtain the nature of the dark
ened surface of the crystals from (b) some were removed 
and dried. The coating was found to be firm, could not 
be rubbed off but could be scraped off easily with a 
knife blade# The luster was stable for when allowed to 
stand exposed to air remained unchanged and heat suffi
cient to dry also did not change it. Observed under the 
microscope the eoating was seen to be of sub-microscopic 
thickness, the luster and color of the original crystal 
being easily apparent beneath the film. However, when 
similar large crystals were allowed to remain in the 
sodium sulphide solution for a period of three weeks, 
the thickness of the coating had ohbatantially increased.
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In order to determine the extent and nature of the action 
of the sulphide solution for this length of time, sever* 
al of the crystals so treated were imbedded in Ohasoers 
dement in such a way that when polished the surface would 
show both longitudinal and cross sectionse examination 
under the micro scope using natural light, showed the coat* 
ing as a white mineral entirely different in appearance 
from vanadinite, extremely irregular in thickness* The 
thickness in fact varied from a fraction of a millimeter 
to five millimeters, the more regular places being three 
millimeters. Definite replacement due to the solution 
was revealed as taking place in the fractures and cavi
ties as well as on the outer surface. The line of de
marcation between the original vanadinite and the coat
ing or replacing material was irregular giving the appear* 
onoe of intergrowths of the two.

Conclusions drawn from the above 
preliminary observations were as follows: First, that
vanadinite could be coated by means of a aulphidizing 
agent, sodium sulphidef second, that this coating was 
apparently stable enough to withstand the friction from 
abrasion sot up in an agitation flotation machine* third 
that a grain so coated can be readily distinguished from 
gangue material under the microscope; fourth, that the 
action of the aulphidizing agent is one of definite re
placement of the original substance and not merely a



a superficial film; fifth, that as the results of 
similar tests oa samples numbers two and three were 
very similar, that these conclusions may be applied 
to all vanadinite in crystalline form without inter
fering impurities; sixth, that it was necessary to 
experiment further with the two factors, time element 
and mineral size under varying conditions.

To this end a series of observations 
- directly under the microscope wore made. Using the 
binocular mioroaoope with* a power of twenty diameters a 
few crystals of vanadinite varying in size from one thir
ty-second of an inch in diameter down to minus 200 mesh 
were placed on a watch glass' and a few drops of 0.60 
percent sodium sulphide solution added. Almost instan
taneously the finest particles were blackened, within 
one minute the finer grains of those not floating on 
the surface had changed in luster and were rapidly turn
ing darker, the larger having lost their original luster# 
At the end of three minutes the finer grains were com
pletely coated and had a metallic luster# At the end of 
ten minutes every grain below ten mesh was dark, with 
a metallic luster, whild the larger ones were becoming 
somewhat darker# During these observations the mixture 
was not stirred#

In order that the behavior of the other 
two samples of vanadinite might be observed under like 
conditions, samples numbers two and three were tested in



the same manner. Sample number two originally had a 
brown to sandy color and not so high a luster but still 
resinous. Sample number three had a color and luster 
almost identical with that of number one. In both oases, 
however, the coating took place In the same way and in 
practically the same time as the previous one.

It was evident that finer grinding 
and constant stirring should speed up the reaction and 
that more definite time stages were to be desired.

With these facts in mind eight sanples 
were prepared, four of sample number two and four of 
number three, all ground to -100 mesh, and each placed 
on a watch glass. A few drops of sodium sulphide solu
tion (1/2 percent) were added and the mixture stirred 
for definite lengths of time, namely, two, three, five, 
and ten minutes. At the end of the time limit the grains 
were washed and dried and observed separately under the 
microscope using artificial, oblique illumination with 
the tin foil plate, a combination which was found to 
give the best results.

Tabulated Results of Above Test.
Time Sample fZ Sample #5
2 minutes Some crystals derkon- Greater comparative

ing giving more brilliant change than sample #2- 
luster-othere unchanged, some much darker

than originally.



3 minutes Some decidedly darker 
with "black spots.

5 minutes All crystals dark, 
some nearly black- 
all show metallic
luster.

10 minutes All crystals very 
dark with metallic 
luster#

From these experiments It was shown 
that vana&inite ground to -100 mesh could be coated by 
means of one-half percent sodium sulphide solution with
in a reasonable time period, namely, three to five
minutes#

Luster of all much 
more brilliant-all 
very dark. Some 
nearly completely 
coated.
All crystals coated 
but original color 
can be seen beneath 
metallic luster 
of coating.

Crystals black with 
metallic luster.

In order to determine the effect of 
coating on the adhesion of the mineral to air bubbles 
a series of tests wore made using both coated and un
coated vanadinite. In conjunction with this the effect 
of the filming of the mineral upon the absorption of 
insoluble reagent® by the surface of the mineral arid 
the consequent effect on the adhesion to the air bubbles 
were studied. In the first case distilled water without 
reagents was used but with the latter oases the mineral 
was agitated previously with the reagents designated 
in the table and then subjected to the action of the cap
tive bubble using the apparatus described on page 14.
In all instances where sulphidizing was required the
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■literal wao agitated with one-half percent sodium sul
phide solution for a period of three minutes before add
ing other reagent®. The weights given in the table of 
results are those obtained from weighing the amount of 
the mineral carried to the surface by four bubbles, four 
being the number used in order to obtain an average 
size bubble (for no matter how carefully the bubble 
holder is manipulated the size varies a little each 
time) and to be certain that a weighable amount would 
be obtained. Besuits obtained by these tests are as 
follows:

Condition of Amount of Weight of
vanadinite Reagent reagent material mg,» Remarks

Cncoated Bobs — ■ 1,800
Coated Bene •— «*«. 9.46
Uncoated Oleic acid 4 drops 

and Cresol
117.150 Coagulation 

of particle®
(1:1) / but no froth

Coated * n 114.050/ #

Unooated Furfural 2 drops 14,83
Coated M W 82.600
Unooated Aero-float 1 drop 2**270 Coagulation
Coated 135.150 Coagulation 

and strong 
adhesion.

Unseated 2,2. oil 2 drops 40.360



Coated F ,11,011 2 drops 417.900 Coagulation 
and strong 
adhesion.

Uncoated T. & T. 
mixture

2 drops 18*700

Coated w # 96,340

In every case except that of oleic acid, 
and cresol there was a marked increase of material carried 
up by the bubbles after sulphidizing. In the case of 
2 . oil it was the most pronounced, the increase being 
greater than 1000 percents While the conclusion from 
these figures is self-evident the tests substantiate 
the opinions before advanced that the mineral that can 
be covered with a film of sulphide, fairly stable, should 
be readily floated•

In general the conclusions resulting 
from the work on v&nadinite are, first, that aulphidising, 
resulting in a metallic lusterod coating, may bo accom
plished readily with sodium sulphide as the sulphldlmlng 
agent* uoeood, that because of this filming, the ad
hesion of the mineral to air bubbles is increased suffi
ciently so that promise is ahovm that it can be re
covered by the flotation process. Third, that under cer
tain conditions vana(Unite may be recognised under the 
microscope* Fourth, that the exact composition of the 
sulphide coating has been determined by means of the 
X-ray. This work is given in Chapter eight*



CHAPTER 6*

iJmithaonite.

Smithaonite is the carbonate of zinc 
having the chemical fornmla ZnCOg* The color varies from 
white to grayish yellow and. sometimes blue or green*
She luater is usually dull when occurring in crystalline 
form, and is bright ant pearly. The crystalline varie
ty is, however, not the usual occurrence. Usually it 
occurs in mammillary or botryoidal inorusting forms and. 
in porous masses. Cleavage is Imperfect rhombohetral 
and often curved. She hardness is five for the crystal
line form, being less in the massive and inorusting
types. It has a specific gravity of plus or minus 4.4.

17The zinc content of the pure mineral is S£«l percent.
As was stated in chapter three, little 

or no work had been done on smithaonite. Whether due 
to its refractory nature or because it has not been 
practical commercially, is not known for there is no 
record of a commercial plant operating for its recover 
in this manner. Also there is no record that omithoon- 
ite has been sulphidized or that the surface has been

Dana, E.S., ”Text-book of Mineralogy”, p. 445, 1922



altered in any m y  to make it amenable for recovery by 
ordinary flotation pro*#####*

Smitheonite then presented a new problem# 
there were but two methods of attack that would seem to 
offer promise* Both aimed toward the same end, that 
was to increase the adhesion of the mineral particles 
for air bubbles. This might be accomplished in two ways; 
first, by producing a superficial coating on or the 
alteration of the surface of the mineral particle, pre
ferably by the use of a snlphidizing agent* Second, to 
increase the adhesion by the absorption of an insoluble 
or only slightly soluble collecting agent on the aurfsee 
of the smlthsonitc grain. If the first could be accom
plished the second should be a result, but if the ad
hesion could be sufficiently increased without the film
ing process the mineral should become amenable to or
dinary flotation processes.

As a preliminary test, to obtain 
some idea as to the adhesion for air bubbles of the 
mineral before any attempt of alteration was made, nine 
samples were prepared, three each of galena, smitheonite, 
and quarts, each ground to -50 mesh with a minimum of 
finer material. These were placed in beakers under the 
following conditionsi

1, Galena - 100 c.c. water
2* Galena - 100 c*e* water and 20 drops of

1 percent potassium xanthate.
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3. Galena - 100 c.c# rzater and 3 drops T & S mixture
4. Quartz - 100 c.c. water
5# Quarts - 100 c.c* water and 20 drops of 1 percent

potassium xanthate
6. Quarts - 100 c.c, water and 3 drops T & 5? mixture
7* timlthaonite - 100 c.c. water
8. Smithson!to - 100 c.c. water and 20 drops of 1

percent potassium
9. smlthscnite - 100 c.c. water and 3 drops of

f & 2? mixture

The captive air babble# described on 
page fourteen was then brought in contact with the miner* 
al grains on the bottom of the beaker, each having been 
thoroughly agitated to allow ’’wetting" to take place.

As was expected, galena showed the 
strongest adhesion to sir bubbles and this was inoreas* 
ed by xanthate and still more by T &,T mixture. Quartz 
showed practically no adhesion to air bubbles in water 
and very little more when xanthate or T & T mixture 
were present. Solthsonite in distilled water showed 
more adhesion to air bubbles than quartz and xanthate 
increased the adhesion but T & T mixture did not*

The results, while being in no way 
conclusive as to amithsonite * showed that a metallic 
luatered particle possesses far greater adhesion for 
air bubbles under the conditions given than a non*
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metallic lustered particle under the same conditions 
and that smithsonite in unaltered state possessed some
what greater adhesion than quartz and also indicated 
that some insoluble or only slightly soluble reagents 
might improve the adhesion.

In making an attempt to produce a 
surface alteration on smithsonite it v/as necessary 
to go into the chemistry of the formation of zino 
sulphide with the idea in mind that, while the pure 
sulphide is white, if it could be produced as a coat
ing on the minerals, impurites in the form of other re
agents might possibly be introduced to give such a coat
ing a dark appearance and a high resinous luster, it 
being known that the luster and color of sphalerite, 
zinc sulphide occurring in nature, is due to certain 
impurities contained.,

2he writer will not attempt here 
to give details and chemical reasons as to why each 
reagent was used*,.

As a preliminary observation to see 
what effect, if any, sodium sulphide, zanthate, and 
calcium polysulphide would have on the mineral, ,a small 
amount of smithsonite ground to -100 mesh was placed in 
beakers containing concentrated solutions of the above 
three compounds and allowed to stand twenty-four hours* 
M m e  was added in the case of zanthate to assure al



kalinity. aach sample was removed and observed under 
the Bicroeoepe. In the case of sodium sulphide no 
change could bo seen. The sample treated by xanthate 
seemed to have lost its identity being surrounded but 
not coated by a white, fluffy substance* Whom the 
mineral grains were segregated from this substance no 
change from the original could be observed. As for 
calcium polysulphide the effect produced was very 
slight, that is the crystals were slightly cream color
ed, as compared to greenish white before treated, with 
increase in degree of luster*

These results apparently suggested 
nothing, so twelve tests were made as follows: In all
tests crystalline smithsonite, ground to -100 mesh, 
was placed in a beaker and the reagents other than the 
sulphidislng agent were added and the mixture agitated 
for a period of four minutes. The sulphidlzing agent 
was then added drop by drop while stirring continuously 
for an additional four minutes. At the end of this time* 
if any decided change was apparent to the eye a portion 
of the sample was removed, dried and examined under the 
microscope. Otherwise each was allowed to stand for a 
period of twenty-four hours, the solid material removed, 
dried, and examined* Table 3-1 gives the results in 
tabular form*

The results from this test (5-1)
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showed no important results bat because of some changes, 
probably sub-microscopic as a whole, which resulted in 
an increase of luster, it was deoided to make a com
parative adhesion test using tho captive bubble and 
weighing the amount of material to determine the effect 
on the adhesion to the air bubble the above changes 
might have mode. The results of this test (5-2) are given 
on page <A5 in tabular form. By way of explanation let 
it be said that by ndry"in the table is meant material 
which was dry until the time of the test. By "wet" 
is meant the material which was allowed to remain stand
ing in water (solution# from 5-1 removed) until the time 
of the test. The discrimination was made to ascertain 
any difference that long periods of wetting would make 
on the crystals. In all cases this difference was noted 
with the eye and the weight of material is that carried 
to the surface by four captive bubbles, two of "wet" 
material and two of "dry", material. This test was made 
in 150 cubic centimeter beakers containing 100 eubie 
centimeters of distilled water, using the material from 
test 5-1 and also in distilled water to which four drops 
Of pine oil had been added.
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Material Which shown 
greater adhesion

Weight in H20 
(milligrams j

Weight with pine 
oil (milligrams)

Smithsonit®
untreated Dry 2.880 7.020

1. (8-1) Same 2.550
2. R Dry 0.540 0.740

CQ Same 11.460 5.240

4, M • Same 10.620 5.470

5* " Dry 13.310 9.820

6, " Same 6.320 8.500

7. n Dry 8.000 10.610
8. M Sam® 21.700 > *7.860

9. " Same 27.050 ^ 25.250
10. " Same 7.620 12.440

11. n Same 2.740 7.450
12. • Same 2 m o 2.220

13. " Dry 1.200 2.500

14. n Dry 6.250 19.600
15. 0 Dry 4.950 9.420

the conclusions that may be drawn 
fro* test S-2 arc: First, that in eleven cases out of
fifteen the addition of a slightly soluble oil, a froth
ing agent but having properties also of a collecting
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agent, increased the adhesion to the captive bubble of 
the material tested. Second, that smithsonite which had 
not been subjected to any treatment for filming showed 
stronger adhesion than that which had been subjected 
to action of chemicals for filming. Third, that in the 
two cases in which the mineral showed stronger adhesion 
it made no difference as to whether the material had 
been previously "wetted" or not. Fourth, that these 
two upon being examined under the microscope showed no 
surface alteration or coating except a slightly higher 
luster, and fifth, that in both cases calcium polysul- 
phlde was used as the sulphidiaing agent.

' As for a general conclusion it may 
be said that by subjesting smithsonite to the action of 
certain chemicals whether there was no surface altera
tion or whether it was sub-microscopic, it was possible 
to increase the adhesion of smithsonite to the air bubbble 
as much as 1000 percent as compared to that not so treated.

Because of the fact that a coating 
could not be readily produced or if it could be it would 
be entirely out of practical range and because the writer 
believed it might be possible to increase the adhesion 
of smithsonite to air bubbles sufficiently to make it 
amenable to flotation by tho absorption on the mineral 
surface of an insoluble or only slightly soluble collect
ing agent, a series of tests (8-3) were undertaken.
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In these tests the material, crys
talline snithsonitc ground to -100 mesh, was placed 
in a flash containing 100 cable centimeters of dis
tilled water. The reagent, designated in the table 
below, was added and the flask agitated vigorously for 
a period of three minutes to insure emulsion of the re
agent and contact with the mineral particles. The mix
ture was then poured into a 150 cubic centimeter beaker, 
allowed to settle a few moments, and the captive air 
bubble brought into contact with the particles on the 
bottom of the beaker. The amount which the bubble 
brought to the surface of the water was secured by the 
spoon designed for the purpose, dried, and weighed.
The weights given represent that material carried up 
by four bubbles,

Keagent Amount
T & T mixture Z drops 
1:4 thle-earbea 
H i d  and ortho- 
toludln
Xanthate-l^ Sol. 3 drops
Aero-float 2 drops
Phesphe-ereav-
lic acid

Height in mg. 
4.200 Some froth pro

duced on 
agitation.

0.950
10,070

Unsatisfactory.
some froth pro
duced on agi
tation also 
tendency to
ward coagu
lation of 
particles.

6.000Furfural 2 drops



7.880 Oily scum adhesion 
shown probably due 
to bulk oil.

76.780 Abundant froth
formed. Coagula
tion of particles.

Although some reagents showed better 
effects than did others the outstanding increase was 
gained by the use of Oleic acid and Cresol mixture. It 
is the writer’s belief and the results indicate that 
the bubble carried to the surface all that its area and 
elasticity would allow and that by the use of these re
agents smithaonite shows some promise of being floated 
from a siliceous ganguc. fhe qualification is made be
cause of the fact that limestone has successfully been

18
floated by the use of these reagents.

In order that this statement might 
be verified and not to obtain a commercial method, a 
small flotation test was made. She results were not all 
that oould be desired but do show that smithsenlte 
gives some promise of recovery by flotation by the use 
of oleic acid and cresol. 1'he test was made in a fifty 
gram capacity flotation cell, a design of the United 
States staff of the Bureau of Mines at Salt Lake City, 
Utah. The feed was a synthetic mixture of omithsonite

W,
Lee, Oscar, "Flotation of Limestone From Siliceous 
Gangue", Report of Investigation, Bureau of Mines 
Serial Bo. 2744.

P.2. Oil 2 drops

Oleic acid and 4 drops 
cresol 1:1



and white vein quartz assaying 8.36 percent zinc. One 
pound per ton each of creool and oleic acid were used, 
no other reagents being added. The frothing period was 
eight minutes and the concentrates taken off first were 
put bask into the machine for cleaning without further 
addition of reagents.

Hesuits

Product Weights grams Assay Grams metal Percent metal

Heads
Concentrate
Tailing

50.0 8.36% 4.18 100.0

HOeO 11.78 2.36 56.46
28.3 5.61 1.58 #7.80

The general conclusions that may be 
drawn from the results of work on amithsonito are as follows: 
(1) The writer has not been able to sulphidise the surface
of the mineral with a sulphide of any metal which has a •

/

dark metallic appearance. (2) Due to its physical and
chemical properties no way has been found to positively

19identify amithsonito under the ordinary uiorescope.
(3) That the adhesion of smithsonite to air bubbles oan 
be increased by the use of certain insoluble or slightly 
soluble reagents sufficient to obtain concentration by- 
flotation processes. (4) There is some promise of concen
trating smithsonite by flotation according to the method
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4eserit>®& in (3),

So attempt was made to identify smithoonite under the 
aierosoopo hy tinting methods. A number of reagents 
were tried and the only partial suoeeae oame with 
chromic acid. It is rather delicate and entirely 
comparative so that the test can not be merely placed 
on paper and run by anyone reading it* It is based 
entirely on the speed of effervescence of smithaonite 
as compared to aragonite, oalcite, cerusoite, angles!te, 
willemite, and calamine, or in other words the minerals 
likely to occur with smithaonite. A concentrated 
solution of chromic acid is used and a drop or two 
put on the mineral particles under the microscope. 
Aragonite or oalcite will effervesce extremely fast 
so that the grains cannot be seen thru the bubbling 
solution. Gerussite effervesces very slowly and 
irregularly, just an occasional bubble coming to the 
surface. Also angles!te does not effervesce at all 
and both eerassite and angleolte will turn deep yellow 
after a few moments contact with the solution.
Ualamine does not effervesce at all and is left 
unchanged in color, amlthsonite does not color yellow 
or if it does, the color disappears upon washing with 
water, but during the contact with chromic acid under 
the microscope a slow but steady effervescence takes 
place.
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CHAPTER 7.

milfenite.

T/ulfenite io a lead molybdate having 
the chemical formula PbltoO/., i!o03 being 39.3 percent and 
PbO 60.7 percent. The lead content is 56.4 percent in 
the pure mineral. The color varies v/idely, being a wax 
to orange yellow but sometimes olive-green to yellowish 
gray, grayish white, brown, and orange to bright red.
Its luster is resinous or adamantine. Wulfenite crystal
lizes in characteristic square tabular form sometimes 
extremely thin, tetragonal-pyramidal and also prismatic. 
The mineral is brittle and has a hardness of 2.75 to 
3.0 and a specific gravity of 6.7 to 7.0,20

It was the writer's belief that if 
wulfenite could be oulphidized or coated with a film of 
metallic luster that it could be floated. Also, because 
of its high lead content and because of its resemblance 
in color and luster to vanadinite, it was thought that 
wulfenite would act similarly to vanadinite. This it 
has done with a few variations.

<io *
Dana, &.Ss, "Textbook of IvUneralogy", p. 645, 1922.



The first thing* Obviously, to find, out 
was whether or not wolfemits could be sulphidized• A 
few crystals of the mineral were placed in a beaker con
taining a solution (one-half percent) of sodium sulphide* 
The crystals turned dark rapidly and within one hour 
took on a bright metallic luster* The crystals were then 
removed from the solution and the coating examined for 
physical properties. It was found to be black with a 
shiny metallic luster, and fairly fir®, for handling 
did not remove it but it could bo scraped off* The 
luster did not become dull or tarnish when exposed to 
the air for twenty-four hours and when heated above the 
boiling point of water its luster was unaffected*

To determine the nature of the coat
ing, several large crystals of wulfenite were subjected 
to sodium sulphide action for a period of three weeks, 
removed from the solution and imbedded in Chassis 
cement so that when polished a Gross-section of the 
crystals would be exposed* The specimen, after polish
ing was examined under the microscope. The coating had 
reached in this length of time & thickness up to two 
millimeters* Unlike that of vanadinite it did not have 
the appearance of an intergrowth but the line of de
marcation between the wulfenite and the coating material 
was very sharp. Under the microscope it was galena 
white in color, very soft but having no characteristic
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cleavage pits when scratched with a needle point under 
the binocular. Then too it appeared not to he a pure 
metallic substanoo which had entirely replaced the 
wnlfenlte surface but rather was spotted with impuri
ties which had the appearance of unreplaced fragments 
of wnlfenlte.

It was now necessary to determine 
the time faster involved in the coating of the mineral.
As was done in the case of vanadinite, three samples 
of wulfenite crystals ground to -200, -100 and -55 mesh, 
respectively, were placed on a watch glass under the 
binocular microscope (SOX), and to each was added a few 
drops of one-half percent sodium sulphide solution, 
stirring continuously. The following results were ob
tained i For the -200 mesh size the particles perceptible 
darkened in color almost instantly and at the end of 
one minute the luster was decidedly brighter, harkening 
and brightening of luster continued until at the end 
of eight minutes the particles presented a true metallic 
luster. The -100 mesh size darkened at once also and at 
the end of two end one-half minutes the grains were 
coated with a dark film, metallic in luster and aub- 
aierescopic in thickness. At four minutes the mass 
gave a black and metallic appearance and the s o bting, to 
practically an opaque condition, of each individual 
grain was complete at the end of eleven minutes. It re-
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4®ir@& one minute for the -65 mesh to darken and nearly 
two for a decided change In luster. Although at the 
end of five minutes the mass was black and metallic, 
it took one-half hour for complete coating to op%ue 
condition of the individual grains. She writer con- , 
eluded, then, that for grinding thru 100 mesh and finer 
sufficient filming could be obtained in four minutes 
contact with the sulphidizing solution, sodium sulphide.

It was next desired to obtain a 
quantitative comparison of the adhesion of wulfenite, 
galena and quarts to air bubbles. Proceeding in the 
same manner as described on page 34, using distilled 
water, the captive air bubble test was applied. She 
material brought to the surface by four bubbles in each 
ease was weighed and the following results obtained:

Quartz — ---- --------- 3.100 milligrams
* G&10O& «»*»***»*»-«»*****»*"*»*"*""-"»—1.5*150 **

Wulfenite — —  ------ 5.180 "
Wulfenite (coated) -— — 13.550 u

While this test showed without doubt 
that the adhesion to the air bubble was increased to 
nearly that of galena, after filming, it suggested also 
that there might be some effect of the coating of 
wulfenite grains on the absorption of the surface for 
various insoluble or only slight soluble collecting agents



whiofa. ia turn would further increase the adhesion to the 
air bubble• The following tests were made: Wulfenite
sanplea ground to -100 mesh, some then sulphidized and 
some unseated were agitated with the reagents given be
low and then subjected to the air bubble test. The 
weights of material carried to the surfsee were obtained 
and the results were:

Condition
Wulfenite

of Beagents
Used. Amount

weight of
material 2^. Remarks

Ttaooated Olele sold
and eresol

4 drops 178,040 Coagulation upon 
agitation very 
good adhesion.

Coated M M 105.130 *

XJncoated Furfural 2 drops 89,690 borne coagulation
Coated ■ "  ' n 34.520 ii

Unooated Aero-float 1 drop 88.990 h

Coated' '' ■ '■ u ' ' '■ n 100.070 flood coagulation
Unooated T 6 T mix

ture
2 drops 7.870

Coated M 19.450
Xhieoated S# oil ## 3.820
Coated W * 516.100 Coagulation and 

inclusion of 
tiny air 
bubbles.

The :results of the above test are signi-
fleant as far as the reagents are ieoneerned and also re-
veal the effect of the coating of wulfenite. This was
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shown vofy plainly in the last three cases for the in
crease in adhesion, and deducted from weight of material, 
varied from 100 percent to 13,000 percent. However, in 
the case of dele acid and oresol and furfural this 
result was reversed, the uncoated particles showing 
better adhesion, but only an increase of fifty to a 
hundred percent. It was noticeable also that the great
er the coagulation of grain particles, the better ad
hesion shown, probably due to included tiny air bubbles*

An attempt was made by the writer to 
find a way of positive identification of wulfenite 
under the microscope. The idea in mind was to distin
guish between wulfenite and vanadini te which are in some 
oases almost identical in color. Of course in the hand 
specimen no. difficulty is met because of crystal struc
ture. This is not true in the finely divided form even 
under the mieroseope. Only partial success was met 
with. After trying numerous tinting tests the only 
worth-while results are as follows; If, in a concentrate 
or in a ground specimen, there is a difference to the eye 
under the mieroscope and the particles can be segregated, 
a drop of concentrated hydrochloric acid will turn, in 
the ease of vanadinite, immediately to blood red and then 
green, leaving the green solution and white mineral parti 
olee. When a drop is added to wulfenite no decided 
change in color is noticed and mineral grains are white
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and 'brown• Rader the same conditions or if the two are 
imbedded, chromic acid turns vanadinite, in five minutes 
contact, a very deep orange and vmlfenite a bright 
yellow, the value of these two tests can only be as
certained by more varied tests under all conditions*

The general conclusions that may be 
drawn from the work on vmlfenite are: First, that 
wulfenlte ground to a size suitable for flotation may 
be eulphidized in a length of time which indicates the 
possibility of recovery of this mineral by flotation 
methods. Second, that sulphidizing vmlfenite and pro
ducing a film of sulphide on the surface of the mineral 
grains does notably increase the adhesion of such grains 
to the air bubble, Third, that in conjunction with 
sulphidizing, P.2, oil is absorbed on the surface of 
wulfenlte grains and the adhesion is further increased 
enough to offer a promise of recovery by flotation methods. 
Fourth, that while positive identification of wulfenlte 
under the microscope has not been obtained, it is possi
ble under certain conditions to distinguish between 
it and vanadinite,

the work done by the use of the 
X-ray In determining the compos! tion of the wulfenlte 
coating will be given in chapter eight.



GHAP52R 8.

Setermination of Coatings fcy X-ray Analysis,

Ihere can "be found in the literature 
several references to the "believed" composition of the 
films produced on various minerals by aulpMdicing agents, 
but no one has, as far as can be ascertained, committed 
himself as to the true composition.

This earn readily be understood when 
attention is drawn to the fast that the films are usually 
if not always of a thickness, microscopic or sub-micros- 
oopic, that does not lend itself to obtaining a sample 
for ohemioal determination or blowpipe analysis, Then, 
too, it is probably not as important as the fact that 
the coating is produced and the desired results obtained 
without knowing just what the composition is. As a matter 
of interest, the writer set about to determine the com
position of the coatings produced on van&dinite and 
wulfenite and after trying the microscope and blowpipe 
analysis with no positive results resorted to the X-ray,

Since, under the microscope, the 
coatings could be seen to have reached a comparatively 
great thickness after long period of treatment by sodium 
sulfide, it seemed logical to believe that if very
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finely divided particles were sulphidized for a long 
period that the replacement of the original mineral 
would be complete* With this in mind samples of vana- 
dinite and vralfenite were ground to *200 mesh, the great
er part of this material being finer* These were 
placed in a beaker and subjected to the action of sodium 
sulphide for a three weeks period with frequent changing 
of solution* They were then removed from the solution, 
washed and carefully dried and samples for the diffrac
tion pattern apparatus prepared in the usual way, using 
the powder method of analysis described in chapter four*

As was stated in chapter four much 
can be gained in such work with the X-ray without actually 
making a detailed analysis of the diffraction pattern 
produced, determining the space lattice, atomic structure, 
etc*, but by comparison of the pattern produced from 
the unknown with that produced by a known material that 
is of the composition the unknown is supposed to be* 
Several attempts were made in this manner before definite 
results were obtained*

In the case of vanadinlte, the com
position was believed to be lead sulphide and accord
ingly a comparison run was perfected using galena as 
the known and the sample mentioned above as the unknown* 
The results are shown on the following page which gives 
prints of the diffraction patterns obtained* According 
to authorities, there can be no doubt that the coating 
produced by sodium sulphide on vanadinl te is lead sul



phide, for as can be seen in the pleture each line pro
duced by galena has a corresponding line in the pattern 
produced by the coating material. It will bo noticed 
that besides these however there are other lines. 1'hese 
can bo, by comparison with a pattern produced by pure 
vanadinite, which was done, traced directly to the 
characteristic lines of this mineral. The meaning of 
this is apparent. All of the vanadlnite which was sul- 
phidized was net entirely replaced for if there remains 
as much as 10 percent of the original mineral a faint 
pattern will result on the film Yihat is also con
clusive, each line appearing on the film was checked, 
with the result that they could bo accounted for from 
those produced either by the coating material or 
vanadinite so that if there was any other substance 
present it was not there up to 10 percent of the total.

In the caso of wulfenite the results 
were just as definite but not sc convincing. It was 
thought that the coating must be either lead sulphide 
or molybdenum sulphide, galena, or molybdenite, and 
accordingly a comparison run was perfected using these 
two substances end the material described above. The 
same procedure was followed, and the prints on the follow
ing page show both the negative and positive results.
It was not molybdenite for no lines produced by molybdenum 

sulphide appear on the pattern produced by the coating 
material. On the other hand the coating w^s in a large
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part galena for each line produced by the coating. In 
this case, however, the replacement was even less com
plete than that of vanadinite for a large percentage 
Of the lines can be traced to the pattern produced by 
the original vmirenite.* a s before, though, all lines 
can be accounted for by comparison with either galena 
or v/ulfenlte and so it can be said that no other sub
stance was present in amounts up to 10 percent.

In examining the negative from which 
the prints were tokens special lighted box equipped with 
plates were used and naturally faint linos could thus be 
detected that do not show up plainly on the print. All 
examination of diffraction patterns is done with the 
negative for this reason. The prints were made for this 
paper and in general give as much as ig required.

In conclusion, then, it m y  be said 
that in sulphidizing vanadinite and vmlfenite the coat
ings or films produced have the same composition as 
galena, lead sulfide#

**------- — -----------------------------------------------
This fact confirms the opinion before given, when the 
coating was observed under the microscope that the
replacement was evidently not complete#
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CHAPTER 9,

Conclusion*

Little can be said in the way of con
clusion for each test and each chapter has been summed 
up as the paper progressed. A brief mention of what has 
been accomplished may be given*

Probably the most important development 
is that a quantitative comparison method of determining 
the relative adhesion of minerals to air bubbles has been 
devised but not perfected. I'he three oxidized minerals 
used in this work have given results which show that 
there is a great deal of promise &e to their recovery by 
flotation methods.

$he application of the microscope to 
various problems in this work has been demonstrated. The 
application of the powder method of X-ray analysis to 
such problems as have been mentioned, has been shown.

In conclusion let it be said that 
there Is an opportunity for a great deal of further work 
along the same lines, that many failures not included 
in this paper have been because of the lack of funda

mental knowledge and that the supplying of such knowledge 
has been the prime object of this work.
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