MISSOURI

S&l

Library and

Learning Resources Scholars' Mine
Professional Degree Theses Student Theses and Dissertations
1918

Determination of critical point of concentrating tables on Arizona
copper ore

J. C. Finagin Jr.

W. C. Hogoboom

Follow this and additional works at: https://scholarsmine.mst.edu/professional_theses

b Part of the Metallurgy Commons
Department:

Recommended Citation

Finagin, J. C. Jr. and Hogoboom, W. C., "Determination of critical point of concentrating tables on Arizona
copper ore" (1918). Professional Degree Theses. 43.
https://scholarsmine.mst.edu/professional_theses/43

This Thesis - Open Access is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Professional Degree Theses by an authorized administrator of Scholars' Mine. This work is protected
by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the permission of the
copyright holder. For more information, please contact scholarsmine@mst.edu.


https://library.mst.edu/
https://library.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/professional_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/professional_theses?utm_source=scholarsmine.mst.edu%2Fprofessional_theses%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/288?utm_source=scholarsmine.mst.edu%2Fprofessional_theses%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/professional_theses/43?utm_source=scholarsmine.mst.edu%2Fprofessional_theses%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

DET:SRUINAITION OF CRITICAL POINY OF CONCENYRATIN
TABLES ON sRIZONA COPXPLR ORE.

BY
7.C.FINAGIE JH.
i o0 o HOGOBLOML.

A

F-N

THESIS.

SUBMITUED TO THE FaCULDY O YHw LCHOCL OF MINES
AND LELTALLUKGY OF thp ULIVIRSIVY O MIL:OURI IN
PARTIAT PULFILLMBENT OF THE VWCRK LkE@UIRED »OR 1THE

IEGREE OF
ENGINEER OF LETALLURGY
AHD

ENGINEER OF LIINES
ROLLA MISSOURI.

1918.

APPROVED BY




JETERMINATION OF CRIVICAL POINY Ok CONCENTRATING
TABLES ON AN ARIZOHA COPFER OkE.

In the concentration of an ore by means of concen-
trating tables, there is & critical point 1ln sizing be-
vond which the valuable min:rals can not be recovered.
Theoretically, the lighter zangue is washed over the |
gide of the taeble and the heavier mireral, regdgrdless
of gize, is recoverable &t the end, thesge corcentrates
being graded from coarse to fine sizes up the glope of
the table, . In porectice, however, the finer gizes of
concentrates are found mixed with the middlings cnd
tailings, as indicated by the arrows on the diagram of
the concentrating table shown below. The problem is to
determine the critical sizes where the divisions occur,
or in other words, the finest size of the valuable
minersl which it is possible to recover in tablse con-
centration,

The following experiments were made in an attempt
to determine these critical sizes in the concentration of
an Arizons copper ore. Twelve sanples f£or this purpose
were obtained from the mill of the Liiami Copper Company,
these samples consisting of heads, concentrates, middlings
ard tailings from three Beiéter No.2 concentrating tables,

These tables handle material differing somewhat in size



as shown by the screen analysis in the accompanying tables.
BEgch original sémple was thoroughly mixed, and a
small portion taken f®r chemical amalysis. A4 screen analy-
sis was then made on one kilogram of each sample, using &
set of Tyler's Standard Screens, consisting of 35, 48, 65,
80, 100, 115, 150, 170 and 200 mesh screens. The use of
these setreens is recommended for screen analysis because
thie areas of the ovenings increase and decrease throughout
the series in a fixed retio and hence will divide the
material in better proportion than a series of asieves
which has no fixed relationship between the areas of the
openings. Many industries have established 200 mesh
screens as the minimun in screen sizing. TheBurean of
Standards of the United States Wovernment has taken as a
steandard 200 mesh sieve made from 00,0021 inch wire, =d hav-
ing an opening the linear dimension of which is 0,0029 inch.
This sieve has been adopted as the base of the Tyler Stand-
ard Screen Scale. The 100 mesh sieve in this screen scale
also comes wWithin the specifications adopted by the Bureau
of Stamdards. The dismetere of the openings in the scale
incresse in the ratio of the fourth root of 2, or 1,189,
the factor recommended by Profeesor Bichards in his work on
ore dressing. This gives a ratio of the square root of 2,

or l.414, between the aress of the openings in successive



gereens. Yhis ratio gpplies to the finer sizes from 65 to
200 mesh. For the two coarser screens, the ratio between
the diameters of the openings is the square root of 8, or
le41l4, so that the area of each openings is double that of
the opening in the next finer sieve.

The teilings, heads, middlings anmd concentrates were
screened in the order named, to avoid eny posgsible salt-
ing of the poorer sanples, which might result if the rich-
er samples were screened first. The product from each
screen was weighed to the_nearest gram, end analyzed for
copper. All chemical analyses were made in duplicate.

The coprer determinations were made by the potassium
cyanide method, as follows; a standard solution of pot-~
sssium cyanide was prepared by dissolving 21 grems of pure
potassium cyanide in one liter of water. This solution was
standardized in the following manner. VWeighed accurately
about 0.2 gram of pure copper foil and dissolved it in a
beaker with 5 c.c. of nitric acid. Piluted with 25 c.c. of
distilled water, and boiled to expel the nitrous fumes.
Added B0 to 75 c.c. 0Of cold distilled water and neutralized
with ammonium hydroxide, adding about 10 c.c excess.
Titrated slowly with the potassium cyanide solution. The
weight of the coprer foil used, divided by the number of

cubic centimeters of the potassium cyanide solution required



to.reach the end point in titration, gives the copwer
equivelent of one cubic centimeter of the standard so-
lution. This sdlution wasg standardized every week, as
we were able to work on only two consecutive afternoons
each week,

n rurning the covper an=zlyses on the samples of
the different table products, we used two grams of the
heads end tailings, one grem of the middlings, snd one
half grem of the concentrates. iach samnle was placed in
a 250 c.c. beagaker, and 15 c.c, of a saturated solution of
potassium chlorate in nitric acid was added. This was
boiled for ten minutbes, and 5 c.c. of hydrochloric acid
was added slowly from a dispensing burette. This mixture
wasg bolled to expel the nitrous fumes, diluted to 100 c.c.
with distilled water, ard neutralized with ammonium hy-
droxide, adding about 10 c.c. in excess, but avoiding a
large excess. This wasthen boiled for five minutes, and
filtered into a 400 c.Cs beaker, washing the precipitate
with poiling watar. The precipitate was then washed in-
to the original beaker, dissolved again in hydrochloric
acid, anml re-vrecipitatcd with ammonium hydroxide, again
avoiding & large excess., This operation was t o remove the
last traces of copper from the irom hydroxide. This mix=-

ture was then filtered into the 400 c.c. heaker, and the



precipitate washed with boiling distilled water as before.
The combined filtrate wehn cool was then titrated withthe

standard solution of potassium cyanide.

No. cece K C XN X Standard % copper
weight of sample

The results of the aléhyees are to be found in the accomp-
enying tavles. ‘

Prom the results of our experiments, we wore unable
to determine definitely the critical poirt for the parti-
cular ore upon which our tests were made. 4&ccording to our
screen analyses, the finer gizes in the tailings, and
especially the material finer than 200 mesh, contained the
higher percentages of copper in each case. This would
seem to indicate that the criticel point might be found
somewhére below the 200 mesh.

The table products on which these tests were run came
from & mill treating an ore in which copper occurs asa mix=
ture of chelcocite and malachite. The latter, because of
its lessger specific gravity and porosity is difficult to
concentrate, and this factor must be taken into congider-
ation in studying the results of our experiments. It seems
reasonable to suppose that the copper losses in the coarser
sizes are largely in the form of malachite. If this is true
the losses of chalcocite are meainly in the finer sizes, and

this agein would indicate that the critieal point might be



found below the 200 meshe. _

From the chemical analyses it is seen that the con-
centrating tanles which furﬁished our samples were re-
covering from 71le.4% to 83.5% of the copper content in the
feed. This high a recovery, on feed conteining only 2.25%
t0 %.85% copper, leaves very little to be lost in the tail-
ings, ard thig adds to the difficulty of determining the
critical point.

In conclusion, it appears thet the critical sizes
occur somewhere pelow 200 mesh, and it is probable that
o sgeries of exhaustive experiments on many different
samples conducted with alabporate apparatus for separat-
ing the material passing a 200 mesh s eve into its differ-

ent sizes, would discover more closely the critical point

sought.
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DRISTFR TARLES # 3 & # 4

Weight== 1000 g.m. Wet Assay= 3

SCREEN ANALVSIS.

g
st T

of% Content=

{

Z2.0 gm

CHEMICAL ANALYVSIS.

l;lL\ N Gb w n G H 1 | WET ASSAY Ju -
_ MESH . IN PER CENT CONTENT
| THRU ¥ | INCHES orams | Qu GRAMS
| RATIO==1.414
35 | o0.0164 239 1.1¢ .00
4, B L B ok o 1€ L00
35 48 | o.0ll6 288 1.40 4.17
48 657 ) o) .Qp_é_32 185 "’ Ey_”n__ ,,‘,3;:73
I RATIO=1.189
65 | 80 | 0.,0089 | 57 | 4.70 2,08
| | |
g0 ' 100 0.0058 52 9.12|  4.75
100 | 115 0.0049 19 13.85 2,63
T‘
115 150 } 0.0041 | 18 | 22,40 4.03 |
150 170 0.0035 T 26.30 1.84
170 200 0.0029 .,7, 2”_5_:_ 70 7 3_‘:§‘?~




CTASEITITE aPpTG0Y # 2 DETITED TATTRE 4 3 0 A 4
TATT.S

ORIGINAL SAMPLE.

4

Weight—= 1000 g.m. Wet Assay=—= Q.83 -

(M1 Content= 8.3 gm.

SCREEN ANALYSIS. CHEMICAL ANALYSIS.
‘ T i -
{ . OPENING ‘ WEIGHT WET ASSAY H (93]
OS5 H i
L MEsmooo N PER CENT CONTENT
THRU ON INCHES GRAMS Cu GRAMS
RATIO==1.41I4
i
( 35 . o.0l64 360 6.91 2.85
i

R

48 65 | 0.0082 156 0,85 n.a5

RATIO=1.18¢g
|

65 80 0.0069 43 D.66 0.28

80 = 100 0.0058 | 33 0.68 0.22

U S

i
100 | 115 | o0.0049 .9 0.94 0.08
| .

115 150 0.0041 o 1.53 0.11

150 | 170 0.0035 3 1.87 0.05

170 200 0.0029 | 3 1.87 0.05
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CLASSITI RS apragt 4 2 DRI|STER

TARTRS 4 3 & F

4

 VITDLITS

ORIGINAL SAMPLE.

Weight=—= T,000 g-m. Wet Assay— 4,04 7 C11 Content= 46, 4g.m.
SCREEN ANALYVSIS. CHEMICAL ANALYSIS.
| ; ();I;‘.;}’;NG \VF:X(':H.[ N W;)VET ASSAY C”'J
MESH - N ’ PER CENT CONTENT
THRU oN INCHES _ GRamMs | Cu GRAMS
RATIO==T.414
55 0.0l64 74 10.70 | 7.63
1 !
35 48 ) 0.0118 135 8.05 _ 10,85
!
48 65 0.0082 221 41‘2_5 _ aQ 40
RATIO=1.189
|

65 80 | ©.0069 | 132 | 2.60 | 3.43
80 | 100 | o0.0058 | 213 2,50 5.54

100 115 | o0.0049 66 B 3.80 <.51

115 150 0.0041 81 5.20 4,22
- - | P e
150 170 0.9035 2§ hhhhhhhh e 5.9_;;__ 1.54
170 200 0.0029 24 5.60 | 1,34
200 - ) 26.” - 6.95 . 1.81H_~_




CLASSITITR SPTGOT 4 = DREISTRP TARLFS # 2 & -+ 4

CONCENTRATES

ORIGINAIL SAMPLE.

Weight— 1000gm. Wet Assay— 47 .1 7 Cu Content— 471 gm.

|
i

SCREEN ANALYSIS. ‘ CHEMICAL ANALYSIS.

OPENING WEIGHT WET ASSAY M
. MEsB IN PER CENT CONTENT
THRU ON INCHES GRAMS Cu GRAMS

RATIO=I.414

35 0.0l64 18 39.8 7.13

35 48 | o.o0lle | A% 42.6 06 .85

48 | 65 | 0.0082 | 143 | 41.8 | 50.75

65 80 0.0069 | 104 | 45.4 L% 25

80 - 100 | 0.0058 | 230 | 45.6 | 105,00

100 | 115 0.0049 97 46.8

115 = 150 0.0041 | 160 48,2 77.00

150 | 170 | o0.0035 | 61 | 51.5 51:40

170 200 0.0028 | 63 ~54.00 34,00

200 . 66 58.1 38,30
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QLAROTRTRD anyan? 4 3 TFIRTEFR TAPLRS /5 & @

lTT’AT‘

ORIGINAL SAMPLE.

3 '\00 g.m. Wet Assay—— 2,29 7 M

Content—-— .'37.‘, ¢

Welght_.. ¢ g.m.
e e T = } = =
SCREEN ANALVSIS. CHEMICAL ANALVSIS.
X ()Pi;gilN(;r . T k \:\'EV'IGVH‘I‘“ " HX* .';Vi;l_‘mASSAY ‘, ) 7;_4
o MEHo 0 IN | t PER CENT CONTENT
wRo | ox | mewss | emaws | "w GRAMS
% } RATIO==1.414 ! ’§
z |
I 35 | o.0l64 | ]"’1 \ 0.685 D.83
| | C ?
\ z |
3 | 48 | o.0lls ! 18 0.610 | 1.%4
; | | |
48 , 65 = 0.0082 | o7 ST .78
e e ——— b - I R
| ' RATIO=T.189 ' ,
65 | 80 | 0.0069 °7 | 1.37 1.3%
| ! !

80 | 100 | o0.0088 = = 81 | 3.28 | 2.88
100 | 115 0.0049 20 g.50 1,90
115 150 0.0041 | 18 | 17,30 | 3,12
150 170 0.0035 7 28.60 2.00 o
170 200 0.0029 6 29.30 | 1,76 |
200 22 14.90 3.28




CLASRTRIWE apIiod 4 3 DMRI|TRR CARTFS # & %0 g
T[\ I]’Jg
ORIGINAL SAMPLE.
Welght_~ IOOOg.m Wet Assa.y__ O rx e (11 Content= & _HFhg.m
SCREEN ANALYSIS. CHEMICAL ANALYSIS.
. ‘ ;)PI"‘\II\( | k\; ;1(, m T WET ASSAY O
e .VM E S,E, —— IN \ PER CENT CONTENT
_ THRU !W _oN _ INCHES ‘ GRAMS B Cu GRAMS
i ‘ RATIO==1.414 | l
| 35 | o.ole4 \ 145 | 0.5y 0.82
[ |
35 48 | 0.0l16 f 706 | 0.6 2.4¢
| |
48 | 65 | 0.0082 | 206 |  D.595 1.76
{ RATIO=1.189 |
- 65 | 80 0.0069 | 74 0.5 0.48
— - i —i - mm——— 1 e e e At - B —— i
80 | 100 | o0.0058 48 0.735 0.35
100 | 115 0.0049 10 1.02 0.10
| i
115 = 150 0.0041 8 1.78 0.14
..... | N
150 170 - 0.0035 3z 2.90 0.08
170 200 0.0029 3 3.52 0.10
200 17 4.28 0.73
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MEIRTRER TATLRR A5 e of

MIDDLINGS

ORIGINAL SAMPLE.
Weight—  1000gm. Wet Assay— 3.1 7 Cu  Content— 31 ,0g.m.
SCREEN ANALYSIS. i CHEMICAL ANALYSIS.
. R i _
% OPENING WEIGHT | WET ASSAY tu
I i N PER CENT CONTENT
THRU ON 1 INCHES GRAMS Cu GRAMS
! RATIO==I.411
35 ! 0.0184 - - - —_ -
35 48 | o.0lle 100 z.08 7.3
o . ISR — [ — . S B,
| |
48 65 0.0082 | 277 2.82 .GT
RATIO=T1.189
65 80 0.0089 | 1a8 2.82 5.58
e T e e R
; f
i ? .
80 : 100 0.0058 252 2,.%2 T 3R

150

170

0.0035

115 | 150 0.0041 = 34 | 3,79 2.42

0.71

170

200

0.0029

11

0,47

200

16

o,

0.85




re

JTASSTTTOR SpTagar £ 3 DRISTTR mADTER 4 5 & # 4
- e LONCENTRATTS . —
ORIGINAIL SAMPLE.
Weight—= 1000 g.m. Wet Assay— 472 7 Cu  Content— 72 g.m.
SCREEN ANALVSIS. CHEMICAL ANALYSIS.
i OPENING ; WEIGHT “ WET ASSAY Cu
SIS Ml‘b,H e __.; IN PER CENT CONTENT
] THRU 3 BN "N IN‘CHES B GFA!XIS R CU. GRAMS
| RATIO=TI.414
35 o ! 0 - 0164 - = - - - -
|
35 48 1 0.0l16 - - - - - -
e —__— = -
| |
48 65 | o0.0082 60 KA £8.3%
| i RATIO==1.189
65 ' 80 | 0.0069 83 55.5 20,45
: f i
8 - 100 = o0.0058 211 a0, 2 84.90
i
100 115 0.0049 111 43,7 48.50
115 . 150 0.0041 221 | 49,1 108.75 |
150 170 0.0035 88 53.0 46,70
170 200 0.0029 117 56.5 » 66.10
i
200 111 57.5 64,00




CTLASOTTIF™

o
D

PTGOT

TTPADS

T

QTN

TARLRS 5 7 %

L~

Weight—

ORIGINAL SAMPLE.
1000 gm. Wet Assay— 2.250 C1u1 Content— Z22.6 gm.

SCREEN ANALVSIS.

CHEMICAL ANALYVSIS.

‘ ! §PEN1NG xivimcnl B WFT ASSAY Tu
— _M,FSI-,[ e e l IN PER CENT CONTENT
__ THRU ‘ _ox i . INCHES orams 1 Cu GRAMS
| i RATIO==1.414
35 ) I 0.0164 i - - - - - -
| |
35 48 § 0.01l1l6 5% O ATA 0,34
- SR - Ve - ..]__m,,ﬂ_,____‘__.,«_,,, NWA-—i,‘ - R P e ¢ e et gt eeerree
48 | 65 0.0082 | n51 0.786 0.8¢
| RATIO==T.189 ‘
65 \ 80 | 0.0069 173 0,467 Q.61
e -gaw ‘, . - —
; | %
80 : 100 | o0.0058 i 260 0.578 1.50
1
100 i 115 0.0049 84 . 1.21 1.02
115 = 150 0.0041 | 70 | 2.94 2.08 |
;
150 170 0.0035 27 87:@0 2.2'744_~
170 200 0.0029 22 lf;‘;__._%_O 3},0@___
200 i 41 18,40 7.55
|
|
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CTASSTRI PR QPIGOT # 4

MIESH

35

48

1000 g.m. Wet Assay— 0,372

—_—TUT ?A._I‘.If_‘.q_;_.,,.,»;‘_

TRTRTWR MATRT RS 4 7 2 48

ORIGINAL SAMPLE.

Cu

Content—

3
|
!
SCREEN ANALVSIS. |

! OPENING WEIGHT
N
INCHES

GRAMS

RATIO==1.414

or.rof_LG4‘ i

[
Y
[oF)

e ]
Y]
[y’

185

80 100 | o0.0058 188
| |

100 | 115 0.0049 | 69

| _.8-0048 | 69
115 150 0.0041 | 55
150 | 170 0.0035 16
170 200 0.0029 i
200 21

WET ASSAY

CHEMICAL ANALYSIS.

Cu
CONTENT
GRAMS

PER CENT

\
|
on |
|
|
}

s
]
0.52 1 0.65 _




# 11

CLA

|RATTFIWR SPIGOT # 4

MIDDLINGS

DRISTFR TAPLFS £ 7 & # 8

Weight— 1000 g.m. Wet Assay—

THRU

SCREEN ANALYSIS.

OPENING
M ES
MESH N

oxN INCHES

|
|
|
I
|

35 | o.oled

\ RATIG=TI.414 |
| !
!

[ 0.01ll6

0.0069

JE | —

0.883

WEIGHT

GRAMS

170

80 100 + 0.0058 316
i j
100 115 0.0049 92
? [ R U—
115 150 o.oo%lMQ_ mm}%ﬁm,fﬁ
150 170 0.0035 ) ‘4}

200 0.0029

200

49

ORIGINAL SAMPLE.

Content= 8,63 gm
CHEMICAL ANALYSIS.
WET ASSAY Cu
PER CENT CONTENT
Cu GRAMS
0.74 0.17
0.74 1.21

0.83

1.02

_ 0.90
0.9
 0.%0
_...0.90

0.37

0.85

1,41

0.36

0.69
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=

Weight—

THRU

CILAZE

T T
ELITRET O FRETROT 4 4

1000;;. m. Wet Assay

SCREEN ANALVSIS.

DPENING
IN

ON INCHES

RATIC==1.41:

“35 0.0l164

35 48 0.0116
48 | 65 | 0.0082
| ‘ RATIO==1.189 '
865 80 } 0.0069
é €0 100 - 0.0058
100 115 | 0.0049 |
e R o
115 150 i 0.0041
150 j‘}70_wj 0.0035
R R
|
170 | 200 | o0.0020
- | -
200 | |

41

r~ ~
s
. !

WELGHT

GRAMS ;

— . o
e et T L e L o T 1)
1 - Y "‘,‘h.f N H o -?

Content=

CHEMICAL ANALYSIS.

WET ASSAY Cua
! PER CENT
CU

CONTENTY
GRAMNS

22 . 18,1 | 3.08
=S -
g5 | 22.6 | 21.70
R R
72 28.3 | 21.00
72 | =8.5 | =2l.00
| |
202 | 37.6 | 70.00
112 | 43.2 | 48.30




Feed Box

Diagram of Wilfley Table Separation
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