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Summary 

The Minnesota Fracsand Company (MFC), a division of J. L. 
Shiely Company, requested the assistance of the Coleraine Labora
tory of the NRRI in determining a method of beneficiating one of 
the products of the quarry at Jordan, Minnesota. MFC wishes to 
sell the product, called "plus 18", as a hydrofracturing sand for 
use in oil and gas wells. Most of the "plus 18" consists of well 
rounded quartz grains that are suitable for this application. How
ever, about 20 percent of the product consists of agglomerate 
particles of small quartz grains cemented by iron oxide. These 
particles, called clusters, fail under pressure so that unacceptably 
large volume losses of more than 18.5 percent occur during the 
compression test for hydrofracturing sand. The maximum loss for 
this size sand is 16 percent so the cluster content must be reduced 
to a level that will produce acceptable crush resistance test 
results. 

A small sample of "plus 18" was submitted by MFC for 
preliminary work to determine potential beneficiation methods. 
Examination using a low magnification microscope indicated that dry 
high-intensity magnetic separation (HIMS) could be an appropriate 
method of removing the clusters. Subsequently a concentrate 
produced on a laboratory model HIMS machine at Coleraine and tested 
by MFC met the volume loss requirement. 

Two drums, about 1300 pounds, of "plus 18" were shipped to 
the Coleraine Laboratory for beneficiation tests on a pilot model 
Carpco HIMS machine to produce three different concentrates. A 
rather simple flow scheme was devised using the three machine 
rotors as rougher-cleaner-recleaner stages. Magnetic field strengths, 
rotor speeds, and splitter settings were maintained to produce clean 
tailings containing few free quartz grains so that no scavenging was 
required for high recovery of free quartz in the final concentrate. 
Pilot HIMS separation at feed rates of 430, 860, and 1700 pounds per 
hour produced concentrate weight recoveries of 81.0, 85.1, and 86.6 
percent and final concentrate compression test volume losses of 5.5, 
4.5, and 6.5 percent, respectively. 

Because the concentrates were much better than the required 
standard, the HIMS flow scheme could be modified to accept higher 
feed rates while producing concentrates of satisfactory quality. 
For example, a two-stage separation could be tested; rotor speeds 
and splitter settings could be optimized; pole-piece gap at the 
rougher rotor could be increased; rougher-cleaner-scavenger stages 
with recirculating products could be designed; or combinations of 
these changes could be employed to increase feed rates. 

(Discussion attached) 
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Discussion 

Introduction 

The Minnesota Fracsand Company (MFC), at the time a division 
of J. L. Shiely Company, requested the assistance of the Coleraine 
Laboratory of the Natural Resources Research Institute (NRRI) in 
beneficiatfn~ one of the products of their quarry at Jordan, 
Minnesota. ) The product, called "plus 18 11

, is the oversize from 
18-mesh scalping screens to be sold as a sand for hydrofracturing 
operations in oil and gas wells. However, the "plus 18 11 product 
does not meet one of the standards of the American Petroleum 
Institute (API) for a hydrofracturing sand and, therefore, must be 
stockpiled at the quarry until a beneficiation method is developed to 
provide the required product improvement. 

The "plus 18" material is approximately 80 percent rounded 
quartz grains and 20 percent dark-colored grains called clusters. 
To test the resistance to crushing, a minus-12 plus-20-mesh sample 
is placed in a cylinder and subjected to 3000 pounds per square inch 
pressure. The API maximum permissable volume loss is 16 percent for 
this size product but the clusters in the Jordan Quarry material 
break down so that volume losses are more than 18.5 percent and the 
material is therefore unacceptable. 

Test Work and Results 

In March, 1986, Minnesota Fracsand submitted a small sample 
of its "plus 18" product to the Coleraine Laboratory for a preliminary 
investigation of potential beneficiation methods. A visual examina
tion of the sample using a low magnification microscope showed that 
most of the undesirable "cluster" grains are agglomerates of small 
rounded quartz grains cemented by iron oxides. Consequently, it 
appeared that dry high-intensity magnetic separation (HIMS) might 
remove enough clusters to provide concentrates that would meet the 
API crush resistance requirement. Several separations were made on 
a laboratory model Carpco HIMS machine with a 2-3/8-inch-diameter, 
2-inch-long rotor and visual examination of the products indicated 
that this beneficiation method was feasible. Two HIMS passes, 
rougher and cleaner, produced a fairly clean concentrate that 
comprised about 80 percent of the feed weight. This concentrate 
was returned to MFC where it was tested and found to meet the crush 
resistance requirement. 

*See references. 
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In June, 1986, MFG sent two drums, about 1300 pounds, of 
"plus 18" to Coleraine with a request for pilot-scale HIMS separa
tions to produce three different concentrates. There are two 
Carpco HIMS machines at the Coleraine Laboratory, each with three 
2-3/8-inch-diameter, 18-inch-long rotors. The machine used for 
these tests also has a low-intensity magnetic separator to remove 
any magnetite or tramp iron from the HIMS feed. Although the rotor
to-pole piece gaps are set at 1/8 inch on both the pilot and 
laboratory model HIMS machines, higher magnetic field strengths 
are attainable on the pilot model. Figure 1 shows the field 
strengths measured at several field coil currents up to the maximum 
of 3.0 amps for the laboratory model and 2.65 amps for the pilot 
model. 

A grab sample from one of the drums was tested on the 
laboratory machine to determine approximate feed rates, rotor speeds, 
number of passes required for adequate cluster removal, and the 
weight recoveries to be expected. The results of two of these 
separations are given in Table I. All possible variables were held 
constant for the two tests except the rotor speed. It was set at 
50 and at 71 rpm. The higher speed increased concentrate weight 
recovery from 80.4 to 86.2 percent with no obvious (by visual 
inspection) change in concentrate quality. The plus-8-mesh, 0.35 
percent of the weight, was removed from the sample before the 
laboratory separations to protect the rotor and pole-piece surfaces 
from being scratched by larger grains becoming wedged in the 1/8-inch 
gap. Nearly all of the plus-8-mesh consisted of clusters which 
indicates that some concentration can be accomplished by screening 
on 8 or 10 mesh. The laboratory test results indicated that, for 
pilot-plant separations, higher rotor speeds would be possible 
because of the greater magnetic field strength of the pilot model 
HIMS and that a three-stage separation with shallow splitter cuts 
could be appropriate. 

The pilot model HIMS flow sheet was designed to minimize 
the cost of producing three separate concentrates for MFG to test. 
A three-stage, rougher-cleaner-recleaner, scheme was selected with 
the product splitters set to produce a relatively clean tailing 
(containing few quartz grains) at each stage so that no scavenging 
was required for high quartz recoveries. The splitter settings, 
rotor speeds, and field coil currents were all held constant and 
feed rates were changed to provide three concentrate grades. Figure 2 
shows the pilot model LIMS-HIMS flow scheme and Table II gives 
operating conditions, average recoveries, and crush resistance test 
results provided by MFG. Time-weight samples were taken and 
averaged to provide feed rates and weight recoveries. 
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During the pilot model tests no magnetics were detected 
from the LIMS separation stage which was, therefore, acting only 
as a feed hopper and distributor for the HIMS rougher stage. 
Magnetics from the HIMS stages all appeared to be quite free of 
free quartz grains and many of the clusters remaining in the final 
nonmagnetic concentrates were comparatively large. Visual inspec
tion of the products gives the impression that cluster grain size 
is a factor in the HIMS separation with smaller clusters being more 
effectively susceptible and easier to pull into the magnetic 
fraction. 

Results of the crush resistance tests were very good with 
volume losses of only 5.5, 4.5, and 6.5 percent for concentrates 
produced at feed rates of 430, 860, and 1700 pounds per hour, 
respectively. Concentrate weight recoveries averaged 81.0, 85.1, 
and 86.6 percent of the feed weight. Because these concentrates 
were so much better than the standard requirement, other HIMS 
configurations might successfully increase feed rates and HIMS 
separator efficiencies; by employing only two separation stages; 
with faster rotor speeds; with a larger pole-piece gap for the 
rougher stage; by optimizing splitter settings; in a rougher
cleaner-scavenger flow scheme with recirculating products; or 
through combinations of these changes. 

Reference 

1. Letter, L. J. Smith, President, Minnesota Fracsand Company, 
to R. L. Bleifuss, Manager, U. S. Steel Research Laboratory, 
Coleraine, March 19, 1986. 



Table I 

Preliminary Laboratory HIMS Separations on 
A Three-Pound Grab Sample of "Plus 18" 

Rotor Field 
Test Speed, Current, Splitter Weight 
No.* r.E!!!_ amps Setting Product Percent -

1 50 3.0 1.0 +8 Mesh 0.35 
Stage No. 1, Magnetics 8.20 
Stage No. 2, Magnetics 6.26 
Stage No. 3, Magnetics 4.81 
Final Nonmagnetics 80.38 

100.00 

2 70 3.0 1. 0 +8 Mesh 0.35 
Stage No. 1, Magnetics 5.77 
Stage No. 2, Magnetics 4.64 
Stage No. 3, Magnetics 3. 03 
Final Nonmagnetics 86.21 

100.00 

* Feed rate for all separations was 81 pounds per hour per inch of effective rotor length 
(1.5 inches). 



Table II 

Pilot-Plant HIMS Separations of a 1300-Pound Sample of "Plus 18" 

Feed Rate,* 
pounds per hour 

430 (27)** 

860 (54) 

1700 (106) 

Final Concentrate 
Weight Recovery, percent*** 
Average Range 

81.0 80.5 - 82.4 

85.1 84.4 - 87.1 

86.6 84.8 - 89.4 

Crush Resistance Test, 
Percent Volume Loss 

(API Maximum is 16%) 

5-1/2 

4-1/2 

6-1/2 

* Field current set at 2.25 amps, rotor speed at 120 rpm, and constant splitter settings 
for all HIMS rotors and all feed rates. 

** Numbers in parentheses are feed rates in pounds per hour per inch of effective rotor 
length, assumed to be 16 inches. 

*** Three time-weight samples and a 70-pound test sample for each feed rate. 
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FRACSAND PILOT-PLANT FLOW SCHEME, CARPCO 
DRY HIGH-INTENSITY SEPARATOR 
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