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Claims

ABSTRACT OF THE DISCLOSURE

Apparatus for continuously and automatically comput-
ing the amount of magnetic iron relative to the amount of
ore in a slurry of ore and water. The ore itself is a mix-
ture of gangue and magnetite, with the magnetite con-
taining a known percentage of magnetic iron. The present
system continuously measures two characteristics of the
constantly changing slurry, the specific gravity of the
slurry and the amount of magnetite in the slurry. These
two characteristics are represented as usable signals, and
apparatus is provided to combine these signals with vari-
ous constants, including a constant representative of the
specific gravity of the gangue, to develop the desired in-
formation,

Taconite is a low grade magnetic iron ore in the form
of hard rock in its natural state, The taconite ore in-
cludes not only the desirable magnetic iron but also in-
cludes undesirable nonmagnetic material, referred to here-
in as gangue, The magnetic iron is present in taconite
in the form of magnetite (Fe;O,). Taconite itself is ap-
proximately 23% magnetic iron while magnetite is 72.4%
magnetic iron,

To be of value as a blast furnace feed, the ore must
be concentrated to upgrade the beneficiated concentrate
to above 60% magretic iron. Therefore, it is necessary
to separate and then discard the gangue from the mag-
netite. This separation of the gangue from the magnetite
is normally accomplished by dry crushing the ore and
then wet grinding and wet separating the magnetic par-
ticles from the gangue particles, There are several stages
of magnetic separation in the process of upgrading the
taconite, During this process, it is desirable, and often
necessary, to obtain an analysis of the percentage of
magnetic iron relative to the weight of ore, botk: before
and after the various separation stages. The efficiency of
a particular stage in the upgrading process can be meas-
ured by obtaining the magnetic iron content both before
and after the stage.

During much of the upgrading process, the pulverized
taconite is included in a water slurry. The slurry is thus
a mixture of water, gangue, and magnetite.

The prior art method of analyzing the amount of mag-
netic iron in the ore required that a sample of the slurry
be taken to a laboratory to be analyzed. At the labora-
tory, the water was evaporated from the sample, and the
remaining ore was ther. analyzed by conventional means
to determine the percentage of magnetic iron in the ore.
Since this is a time-consuming process, an undesirable
amount of time ofter: elapsed between the time the sample
was taken and the time the results of the analysis were
available. A particular stage of the upgrading process
could therefore operate improperly for a long period of
time because of th: time lag in obtaining the analysis.

Because of the undesirable features of the prior art
practice, I have designed a system that provides an “On
Line” continuous output signal that is proportional to
the percentage of magnetic iron relative to the ore in a
mixture of gangue, magnetite and water. My invention
will accurately indicate the percentage of magnetic iron
even where there are large variations in the relative pro-
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portions of the water, gangue and magnetite, This new
and unique system uses only two easily obtainable signals;
a signal to indicate the specific gravity of the slurry, and
a signal to indicate the amount of magnetic iron. These
two signals can be obtained with commercially available
devices, My invention lies in designing a system that will
combine these signals with various constants to develop
the desired information,

This assayer apparatas can be used to analyze slurry
flowing through a pipe or slurry located in a tank, Dif-
ferent sensing devices might be required to obtain the
two necessary signals, depending upon the location of
the slurry. The basic system, however, would not change,
Further, the assayer can be mechanized with either elec-
trical or pneumatic components,

1t is therefore 2 primary object of the present inven-
tion to provide apparatus for automatically and con.
tinuously computing the percentage of magnetic iron rela-
tive to the amount of ore in a slurry of water, gangue
and magnetite.

Further objects of the present invention will become
apparent from the specification and claims when con-
sidered in connection with the accompanying drawings,
in which:

FIG. 1 illustrates schematically a pair of devices that
will provide the two necessary input signals;

FIG. 2 is a bYlock diagram of the assayer system ac-
cording to my invention;

FIG. 3 discloses a variation of the system for deter-
mining the ratio of magnetite weight to slurry weight;

FIG. 4 is a variation of the system in which the ratio
of ore weight to slurry weight is computed;

FIG. 5 is a variation of the system for computing the
ratio of the gangne weight to ore weight;

FIG. 6 is a variation of the system for computing the
ratio of gangue weight to slurry weight; and

FIG. 7 discloses a variation of the basic system ia
which means is provided to stabilize the system under
abnormal operating conditions,

In FIG, 1, a slurry of water, gangue and magnetite
flows through a pipe 10 into a tank 11, This schematic
representation could represent any stage of the upgrading
process. Pipe 10 is normally full of slurry and tank 11
is normally filled with slurry to a preferred level as
shown,

Disclosed generally at 12 is a sensing system designed
to provide an output signal F, that is proportional to the
amount of magnetite passing through pipe 10. Sensing
system 12 includes a constant voltage transformer 13
that takes power from L; and L, a source of alternating
current. The constant voltage output from transformer
13 is impressed across a primary coil 14 that surrounds
or is otherwise mounted adjacent to pipe 10. Mounted
on opposite sides of primary coil 14 are two secondary
coils 15 and 16. Secondary coils 15 and 16 are connected
to a signal conditioning apparatus 17 that develops the
desired signal Fy.

When primary coil 14 is energized by an alternating
current, a current is induced in coils 15 and 16. The out-
put from coils 15 and 16 varies with the amount of mag-
netic material passing through pipe 10 so that the voltage
applied to signal conditioning apparatus 17 is propor-
tional to the amount of magnetic material that inter-
sects the flux field of the coils, Changes in the secondary
output therefore accurately reflect changes in the mag-
netic content of the slurry, The signal F, is therefore
proportional to the amount of magnetite in the slurry in
pipe 10,

Signal conditioning apparatus 17 can be any device
such as an amplifier, rectifier or pulse generator that is
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necessary to convert the signal from coils 15 and 16 into
the desired signal Fg.

The signal P, is developed by a sensing means general-
ly designated at 20. Sensing means 20 includes a pair of
bubbler tubes 21 and 22 that extend into the slurry in tank
11, Tube 21 terminates near the top of the slurry while
tube 22 extends to a point near the bottom of tank 11. A
source of air pressure S is supplied to a pair of relays or
pressure regulators R; and Ry, Relays R; and Ry regulate
the amount of air supplied to tubes 21 and 22 respectively
so that each tube receives the same amount of air. A
differential pressure transmitter (AP) is cunnected across
tubes 21 and 22, Transmitter AP is in turn connected to a
signal conditioning apparatus 23 that provides the desired
output signal Py, '

Sensing apparatus 20 operates as follows. The pressure
in tube 21 (P,) will be lower than the pressure in tube 22
(P;) because of the different amounts of pressure ex-
erted by the different depths of liquid. The pres-
sure differential between tubes 21 and 22 is indicative of
the density or specific gravity of the slurry in tank 11 since
P, and P; are both indicative of the weight of the liquid
above the tubes. As the specific gravity of the slurry in-
creases, the difference in pressure will also increase. Trans-
mitter AP monitors this differential pressure and produces
a signal propcrtional to it. The signal from transmitter
AP is sent to signal conditioning apparatus 23 where it is
converted into a usable signal P;, Apparatus 23 can be an
amplifier, transducer or any other device necessary to con-
vert the signal from transmitter AP into a usable signal P,,
Output signal P, will therefore be proportional to the
specific gravity of the slurry in tank 11,

FIG. 1 was designated to show schematically two pos-
sible systems for obtaining the necessary signals F, and P,,
Other device may be employed to genearte these same sig-
nals without departing from the invention,

FIG. 2 is a block diagram of the system for computing
the percentage of magnetic iron relative to the weight of
ore in the slurry, Before discussing the operation of the
system disclosed in FIG. 2, however, it will be necessary
to urderstand the derivation of an equation that equates
the percentage of magnetic iron as a function of the two
measured variables P, and ¥, and certain constants, Set
forth below is a list of symbols that are used in deriving
the equation, Following the list of symbols is the equation
Jerivation,

Symbols

=Specific gravity signal
Fy=Magnetite signal
W,;==Total weight of slurry
Wi=-Magnetite weight
W,=Gangue weight
Wy=Water weight
Ww=Weight of gangue and water

o==Weight of ore

V¢=Total volume (a constant for a given system)
Vg=Volume of gangue
Vw=Volume of water )
Vgw=Volume of gangue and water
Vi=Volume of magnetite
SGy,=Specific gravity of water=1
SG=Specific gravity of magnetite=5.18
SG,==Specific gravity of gangue=K
SG¢=Specific gravity of slurry
Cy, Cy, Cs, C=System constants

Derivation

(1) WP,
Therefore

(2) Wy=C\P,
(3) SGwP,
Therefore
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(4) §G=C;Py

(6) W._ ©C

V=560,

(6) ViuF,
Therefore
(7) V=CsF,
(8) WuF,
Therefore
(9) Wi=CFs

(10 sa.=%=5.1s
3

(11) Vi=V+Vt+Vy
(12) Veg=Ve+Vy

(13) Vgg=V—Vy
Substituting 5 and 7 into 13

(4 Ve=g—GF,

(15) Wee=We+W,
Therefore

(16) Wsw=SGwVw+KVl
(17) Wee=Vu+KV,

(18) Vy=Vew—V;
Substituting 18 into 17
(19) Wew=Veu—Ve+KV;
(20) Wou=W,—W,
Substituting 2 and 9 into 20
(21) Wgw—_—clps'_CQFl
From 19 & 21

(22) C\Py—C Fy=Vyq—V+ KV,
Substituting 14 into 22

(23) c.P.—c.F.=g-:—C,F.—V.+KV.

24
@ vo-[g5] [(eP—2)-Fuic-cn]
Multiplying both sides of Equation 24 by K

(25) KV.=[fK_—1] [(c,p,_%D_F.(c.—c',)]

But KV =W,; also C3==C,/5.18
Therefore C4—C3=.807C,

Therefore
26 K
(26) ,V.=[_K___l.] [C‘P,—% —.807CF -]
. Let
1
K°“[‘K_— 1]

Then

(27)
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W.=K°[C,P.—%:—.807C4F.]
(28) Wo=W +W,
(29) W.,=Ko[C,P.—-g—:—.807C¢F.]+C.F.

(30) Percent iron=[}—vp—;,lﬂ) ](.72356)

(31) Percent iron=

Cc.F.loo (12356)
K.,(C,P.—E:—-.SWC‘F.)+C¢F.

Let

807C=Cy

Then

(32) Percent iron
C/\F,100

[KO(C;P.—%—C.F.)-;—CQF
3

] (.72356)
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Equations 1 and 3 show that the signal P, is propor-
tional to both the total weight of the slurry and the specific
gravity of the slurry. From these two relationships, the
constants C; and C, are developed. From Equations 6
and 8, it can be seen that the volume of the magnetite and
the weight of the magnetite are both proportional to the
signal F,. From these relationships, the constants C; and
C, are developed. Other constants are known such as the
specific gravity of the magnetite and the specific gravity
of water. It is also assumed that the total volume of the
system is a constant. The other equations gradually lead
to Equation 32 in which the percentage of magnetic iron
relative to the weight of ore is expressed only in terms of
F,, P, and the various coustants. With regard to Equation
32, it is noted that the multiplier ,72356 is a decimal rep-
reseniing the amount of magnetic iron in magnetite,

In FIG. 2, the input signals include Py and F,, which
have been developed with systems such as disclosed in
FIG. 1. The constants Cy, Cy, C3 and C,; are also pre-
sented as usable signals. These constants would be de-
terminable with respect to any given system in accord-
ance with the relationships set forth earlier.

A first multiplying device 30 is connected to sensing
means 20 and to the source of C; to develop a signal
C,P, which is equivalent to the total weight of the slurry
(W). A first dividing means 31 is connected to the
sources of signals Cy and C; for developing a signal

_G
Cs

which signal is indicative of the total volume of the slurry
(Ve). A subtracting device 32 is connected to the sources
of C; and C, for developing a signal C4—Cj3 which is set
equal to a constant C,.

Signal Cy and signal F; are multiplied by a second
multiplying device 33 to provide a signal —C,F,. At this
point it is noted that the signals being developed are those
necessary to solve Equation 32.

The output signals from multiplying device 30, dividing
device 31, and multiplying device 33 are all added to-
gether by a first summing means or device 34. Summing
device 34 therefore provides an output signal S; which is
equal to

cm.—%;—c.p.

A third multiplying device 35 is connected to summing
device 34 to multiply the output signal S, by a constant
K, K, is equal to K/K—1 where K is the specific gravity
of the gangue. The specific gravity of the gangue is a
known quantity normally having a value in the range of
3.2. The signal S;K, that is developed by multiplying de-
vice 35 is equivalent to the weight of the gangue (Wg).

A fourth multiplying device 36 is connected to sensing
means 12 and to the source of Cy Multiplying device 36
provides a signal C,F, which is equivalent to the weight
of the magnetite (Wy).

A second summing means 37 is connected to multiply-
ing means 35 and multiplying meuns 36 to add S;K, to
C,F;. Summing device 37 provides an output signal equiv-
alent to the weight of the ore (W,).

A fifth multiplying device 38 is connected to multiply-
ing device 36 to provide an output signal 100C(F;. The
figure 100 is necessary if the output from the system is
desired in terms of percentage rather than in terms of a
ratio.

A second dividing device 39 is connected to summing
device 37 and mulq,g]);mg device 38. Dividing means 39
provides an output signal 100C4F,,/ W, which is equiva-
lIent to the percema%é aﬁgnetne in the ore.

A sixth multiply ‘device 40 is connected to dividing
means 39 to multnply*ﬁe percentage of magnetite by a
constant 7236 to arrive at the percentage of magnetic
iron in the ore. The figure .7236 is a specific figure that
is derived from the formula fer magnetite (Fe;Oy).

From FIG. 2 it can be seen that many useful signals
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6

are provided by the system. For example, if the weight
of the gangue is desired, the signal from multxplymg
means 35 can be utilized. If the weight cf the ore is de-
sired, the signal from summing means 37-can be utilized.
If the percentage of magnetite in the orc is the desired
quantity, multiplying device 40 can be dropped from the
system,

The exact mechanization of the system in terms of elec-
trical or pneumatic circait-v is not disclosed herein since
such mechanization is well wiwin the capacity of anyone
skilled in the are. If an clectrical system is used, for ex-
ample, the arithmetic computations can be performed by
high-gain DC amplifie s associated with other well known
components. Such an amplifier with feedback and input
resistors can perform active multiplication. Such an ampli-
fier can also perform the summing functions required
herein. A high-gain amplifier together with a servo can
perform the desired division. There are thus many well
known means of computing the necessary functions that
can be incorporated into my system without difficulty.

FIG, 3 discloses a variation of my system in which
an additional dividing means 45 is connected to sensing
means 12 and sensing means 20 for developing a signal
Wi/W, which is equivalent to a ratio of the magnetite
weight to the total slurry weight. If desired, this ratio
could be multiplied by 100 to obtain a percentage figure,

FIG. 4 discloses a variation of my system in which an
additional dividing means 46 is connected to multiplying
means 30 and summing means 37. Dividing means 46
provides a signal W,/'¥; which is equivalent to the ratio
of the ore weight to the total slurry weight. Again, this
ggure could be multiplied by 100 to obtain a percentage

gure,

FIG, 5 is a variation of my invention in which an addi-
tional dividing means 48 is connected to multiplying
means 35 and summing means 37 to develop an output
signal W,/W, which is equivalent to the ratio of the
gangus weight to the ore weight, This signal can be mul-
tiplied by 100 to obtain a percentage figure.

FIG, 6 is a variation of my invention in which addi-
tional dividing means 48 is connected to multiplying
means 30 and multiplying means 35 to develop a signal
We/W, which is equivalent to the ratio of the gangue
weight to the total slurry weight. This ratio can be mul-
tiplied by 100 to obtain a percentage figure,

From the above examples, it is apparent that many
significant relationships can be obtained from the avail-
able signals. My invention is therefore not limited to
gnerely a system for deriving the percentage of magnetic
iron,

FIG. 7 discloses a system for insuring stability in the
system in case of abnormal operating conditions such as
the starting up or shutting down of the ccncentrating
process. The divisor (W,) in the dividing means 3% would
normally go to zero when the system was shut down be-
cause the pipes and tanks would have only water in them.

‘The improved system of FIG, 7 includes a comparator
device 50 that is connected to the output from summing
means 37, Comparator 50 compares the signal W, from
summing means 37 with a predetermined constant signal
Ea. If W, drops below E,, indicating that the amount of
ore in the lines is approaching zero, comparator 50 ener-
gizes a relay 51 having a plurality of switches 52, 53 and
54 operated thereby. Switch 52 is a normally closed switch
connected in series with the output of stmming means 37.
Switch 53, a normally open switch, is connected in series
between the source of a constant signal E; and the input
of dividing means 39. Switch 54, a normally open switch,
is connected to an alarm circuit,

When the ore in the lines drops below a certain mini-
mum point, signal W, drops below the value of signal Ej.
Comparator 50 then energizes relay 51. Switch 52 opens
to disconnect summing means 37 from dividing means 39.
At the same time, signal E, is substituted for signal W,
when switch 53 closes. Switch 54 also closes to initiate
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an alarm to alert an operator or system supervisor. Sig-
nal E; has a large value as compared to signal W, so that
the output of dividing means 39 indicates zero percent of
magnetite in the system.

It is apparent from the above description that I have
invented a new and unique magnetic iron ore assayer.

Since the invention has been described in connection with -

a preferred system, certain variations in the system will
undoubtedly occur to those skilled in the art. For that
reason, I intend to limit my invention only as required
by the scope of the appended claims.

What is claimed is:

1. Apparatus for providing a continuous output signal
indicative of the percentage of magnetite relative to the
amount of ore in a slurry of ore and water, said ore being
a mixture of gangue and magnetite, comprising:

(a) first sensing means for monitoring the differential
pressure across said slurry to develop an electrical
signal (P,) that is related to the total weight (W,) of
a given volume of said slurry by the equation
W=C\P,, and to the specific gravity (SG,) of said
slurry by the equation SGy=C,P,, where C; and Cy
are constants that are determinable with respect to
a given system and that can be represented by elec-
trical signals;

(b) second sensing means for inductively momtormg
the slurry to develop an electrical signal (F,) that is
related to the total magnetite weight (W,) by the
equation W =CF,, and is related to the total volume
of magnetite (V) by the equation V;=C;F,, where
C; and Cq are constants that are determined with re-
spect to a given system and that can be represented
by electrical signals; and where the specific gravity
of the magnetite (SGy) is equal to C,/Cs;

(c) first multiplying means connected to said first sens-
ing means for developing an electrical signal C,P,;

(d) second multiplying means connected to said second
sensing means for developing an electrical signal
equivalent to —C,Fs where Cy=C—Cy;

(e) first dividinz means for developing an electrical
signal —C,/C,, where Cy/C; is equal to the total
volume (V) of the slurry;

(f) first summing means connected to said first and
second multiplying means and to said first dnvxdmg
means for developing an clectrical signal (S;) equiv-
alent to Clps—-C[/Cg—-C FB;

(g) third multiplying means connected to said first
summing means for multiplying S, by a constant K,
where K, is an electrical signal correspondmg w
K/K_, where K is the specific gravity of the gangue,
the signal S,K, being equivalent to the weight of the
gangue (Wg);

. (h) fourth multiplying means connected to said second
éc:ari:s‘ing means for developing an electrical signal
45

(i) second summing means connected to said third mul-
tiplying means and to said fourth multiplying means
for developing an electrical signal equivalent to the
weight of the ore (W,), where W,=S8,Ky+C Fy;

(§) fifth multiplying means connected to said fourth
multiplying means for developing an electrical signal
100C,F,; and

(k) second dividing means connected to said second
summing means and to said fifth multiplying means
for developing an electrical signal 100C,F,/W, which
corresponds to the percentage of magnetite in said
ore,

2. Apparatus according to claim 1 in which a sixth
multiplying means is connected to said second dividing
means for multiplying the signal corresponding to the per-
centage_of magnetite by 7236 to obtain an electrical sig-
nal correspondirig to the percentage of magnetic iron in
said ore,

3. Apparatus for providing a continuous output signal
indicative of the weight of gangue in a slurry of ore and
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8

water, said ore being a mixture of gangue and magnetite,
comprising:

(a) first sensing means for monitoring said slurry to
develop a signal (P;) that is related to the total weight
(W) of a given volume of said slurry by ths equa-
tion W =C,P,, and to the specific gravity (SG,) of
said slurry by the equation SGy=CyP,, wherz C; and
C; are constants that are determinable with respect
to a given system and that can be represented by
appropriate sivnals,

(b) second sensing means for monitoring the slurry o
develop a signal (F,) that is related to the total mag-
netite weight (Wy) by the equation Wy=C,F,, and is
related to the total volume of magnetite (V) by the
equation ¥V =C3F;, where C3 and C, are constants
that are determined with respect to a given system
and that can be represented by appropriate signals,
-and where the specific gravity of the magnetite (SGy¢)
is equal to C,/C3;

(c) first multiplying means connected to said first
sensing means for developing a signal C,Py;

(d) second multiplying means connected to said second
sensing means for developing a signal equivalent to
—CFy where Cx=C—Cjy;

(e) first dividing means for developing a signal
—C,/Cy; where C1/Cy is equal to the totat volume
(V) of the slurry,

(f) first summing means connected to said first and sec-
ond multiplying means and to said first dividing means
for developing a signal (S;) equivalent to

C\Py—C1/Cy—CyF,

and i

(g) third multiplying means connected to said first sum-
ming means for multiplying S; by a constant K,
where K, is a signal corresponding to

K

K-—1
where K is the specific gravity of the gangue, the sig-
nal §;K, being indicative of the weight of the gangue
(W),

4, Ap;aratus according to claim 3 in which an addi-
tional dividing means is connected to said first muitiplying
means and to said third multiplying means to develop a
signal W /W, which is indicative of the weight of gangue
with respect to the total weight of said slurry,

5. Apparatus according to claim 3 in which a fourth
multiplying means is connected to said second sensing
means for developing a signal C;F,, and in which a sec-
ond summing means is connected to said third and fourth
multiplying means to develop a signal (W,) indicative of
the weight of said ore, where Wo=38;K,+CF,.

6. Apparatus according to claim 5§ in which an addi-
tional dividing means is connected to said first multiplying
means and to said second summing means to develop a
signal W,/ W which is indicative of the weight of ore with
respect to the total weight of said slurry.

7. Appar .tus accordin gto claim 5 in which an addi-
tional dividi :2 means is connected to said third multiplying
means and to said second summing means to develop a
signal Wy /W, which is indicative of the weight of gangue
with respect to the weight of ore in said slurry.

8. Apparatus according to claim 5 in which a fifth
multiplying means is connected to said fourth multiplying
means for developing a signal 100C.F,, and in which a
second dividing means is connected to said second sum-
ming means and to said fifth multiplying means for de-
veloping a signal 100CF,/W, which is indicative of the
percentage of magnetite in said ore.

9. Apparatus according to claim 8 in which a sixth mut-
tiplying means is connected to said second dividing means
to multiply the signal from said second dividing means by
a constan! equivalent to the percentage of magnetic iron
in magnetite to develop a signal indicative of the percent-
age of magnetic iron in said ore.
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10. Apparatus according to claim 8 in which: first
source means is provided to develop a constant signal E;
that corresponds to a high value of W,; second source
means is provided to develop a constant signal E, that
corresponds to a predetermined minimum value of W,; a
‘comparator device is connected to the output from said
second summing means and to the source of signal E, to
compare W, with E,; a relay having a plurality of switches
operated thereby is connected to the output of said com-
parator device; said comparator device providing an out-
put signal to energize said relay upon the value of W, de-
creasing below that of Eg; a first normally closed switch
of said relay is connected in series with the output from
said second summing means to disconnect said second
summing means from said second dividing means upon the
energization of said relay; and in which a second normally
open switch of said relay is connected in series between
said source of E; and said second dividing means to sub-
stitute signal E, for signal W, upon the energization of
said relay.

11, Apparatus for providing a signal indicative of the
amount of magnetite relative to the amount of ore in a
slurry of ore and water, said ore being a mixture of gangue
and magnetite, comprising:

(a) first sensing means for monitoring a slurry of ore
and water to develop a first signal that is proportional
to the weight and to the specific gravity of a given
volume of said slurry, said ore being a mixture of
gangue and magnetite;
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develop a second signal that is proportional to the
weight and to the volume of magnetite in said slurry;

(c) first computing means including means for intro-
ducing a constant signal proportional to the specific
gravity of the gangue connected to said first and sec-
ond sensing means for developing a signal indicative
of the weight of gangue in said slurry;

(d) second computing means connected to said first
computing means and to said second sensing means
for developing a signal indicative of the weight of
said ore in said slurry; and

(e) third computing means connected to said second
computing means and to said second sensing means
for developing a signal indicative of the weight of
magnetite with respect to the weight of ore.

2,687,037
2,760,769
3,139,578

1,358,655
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