
UNCLASSIFIED

Geology and Mineralogy

This document consists of ±k pages 
Series A.

UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

A MULTIPLE CONE SPLITTER FOR RAPID SAMPLING 

IN TEE LABORATORY*

By 

Richard Kellagher

October 1953

Trace Elements Investigations Report 371

This preliminary report is distributed 
without editorial and technical review 
for conformity with official standards 
and nomenclature * It is not for public 
inspection or quotation*

*This report concerns work done on behalf of the Division 
of Raw Materials of the U. S. Atomic Energy Commission,



USGS - TEI-371 

GEOLOGY AID MINERALOGY

Distribution (Series A) Ho c of copies
American Cyanamid Company, Winchester »o»»ooeoeep»°ooocooooooo 1
Argonne National Laboratory oDoo»oo 000 «o 0 o 0 ooaooo e ooooDa«oooo« 1
Atomic Energy Commission, Washington * 000000000 o,t> ao ooe 0 »o*ooo 2
Battelle Memorial Institute, Columbus <,ooooooooooc,ooooo»oooooo 1
Carbide and Carbon Chemicals Company, Y-12 Area   0000 , 0oa0 0009 1
Division of Raw Materials, Albuquerque O oo e poooo«o»oooooooe<, 00 1
Division of Raw Materials, Butte «,ooo 6 oooooooooooo 0 oooo 0 oeooo» 1
Division of Raw Materials, Denver O 0 oooo 0 oo 0 »ooo»»ooooooo»o 0 <,o 1
Division of Raw Materials, Douglas 0 <toooeoooooooooaoeooo0 o 0eoa 1
Division of Raw Materials, Grants oeo 060 o 8 <,ooooo»oeo»oo 000 ooc, 0 .1
Division of Raw Materials, Hot Springs 0000000000000000 oo 90000 1
Division of Raw Materials, Ishpeming « 0 oeocoooo oeoo »<»oo 0 oao»oo 1
Division of Raw Materials, New York ...oo.».oo..oo.»o.ooo».*oo 6
Division of Raw Materials y Phoenix, ooooooo 0 ooo<,oo 00 oo 6 ooo 0 oooo 1
Division of Raw Materials, Richfield oa »<,, 00 <,, 000 *,,»* eo <x> 0 » 00 1
Division of Raw Materials, Salt Lake City b 00 oooo 0 oooooooooooo 1
Division of Raw Materials, Washington ooooooooooo«>ooo«.oooooooo 3
Dow Chemical Company, Pittsborg O0000oat)0 ^ 000 ^ a90oaoooa9a ^ 00 o v 1
Exploration Division, Grand Junction Operations Office » 0 « . 90 e 1
Grand Junction Operations Office , 0000000 » eoo0ttaot, 00 ^e 0 o 0 ^a a o 0 1
Tecmical Information Service, Oak Ridge O oo 00 oo««»»o &e o 00 o»o 0 o 6
Tennessee Valley Authority, Wilson Dam O o, 00 , 0 00 * <,* 00 o 0000 o, 0 <> 1

Alaska^ Oology Branch, Washington ooooooooooooooooooooooooooo 1
Fuels Bran^'h. Washington 0000000600000000609606000,000000000000 1
Geochemistry and Petrology Branch, Washington 0008 oooooeoooooo 15
Geophysics Branch, Washington ooooo 00 ooooooooooo»aoooooooooooo 1
Mineral Deposits Branch, Washington O ooooooooc,oooo<,oooooaoo 0 oo 1
E o He Bailey g San Francisco oo 0 oooooooooooo«o»ooooooooo9»a»«oo 1

^ o Me DenSOn DeTIVer o o o o o a e oo oeoooo«oooooooooo«ooaaooooo 1

R o P o FiSCher G^anCl JllPCtiOTL oo oooooeoooo oeooooooooooooooeo 1

L o So Gardner, Albuquerque 000 oo 0 «,oe«>ooo»o«>»oo»«>ooooooooooooo<> 1
Mo Ro Klepperj, WaShingtOn eoooooeooooooooo«eo»oai»ooooaaooo«ooo 1

.Ao Ho Kosehmann, Denver o»oooooooooeooeo» e oooooo«ooooo»ooooooo 1
R o A o Laurence, Khoxville ooooooooooooooooooooooooooooeoooooeo 1
Do Mo Lemmon, Washington ooooc.oooo»oooocooooooooocooooooeooeoo 1
T D TnO'ye T (r'SLT*?^ iyi~i iP* A T

Ro Go Petersen, Plant City 0000 oooc.oo 0 <»oo»oooc,ooooooooo«,*ooooo 1
Mo cJ o XtODer oS , baJL w Jua£  O Ity oooooeoo^oooooooooooooooooeooooo A,

Qo D o Singewald, Belts ville 0 , 00 0*0 * * 0 00 0 0 «<><> <> *oe* ° co eo° ° ° °,, o 0 1
J 0 Fo Smith, Jr
R »l S^iTQ TTl C!(OiTTl O   O t*J WC*» IiLAO l*J'«4"i. (

Ao Eo Weissenborn, Spokane o-oooooooooooooooooooooooooooooooooo 1 
Wo P o Wi 1 liams JoiDliTi, 0 c o o«oooooooooocoi>ooo»o 1

TEPCO, RPS, Washington O o 0 oooooooooooooooooooo«oo»o.000000000=, 5
(including master) - r-

TO



CONTENTS

Page

XI DO T/37ctO u 04»ao»a4<»9»oo*»»o0-*aaoar«a»«0-9*o**<*e*t* + e«r***0-0-0-e^a*o ^

Introdnction ..   ..   «  ,.. ..,...... ., »  , . ..,.. ....* / 4

Description of the multiple cone sample splitter     « ..    . 5 

Operation .. .*.. .  .... . ... ....«,....,».....  ..*..... .. 7 

Accuracy «..«».»..»  .,,,. ..,>,,.. .. ..,...,<,.....,.«.... .-«. 8

Summary oo»oeoo.oo 0 »o»oo«e»«o. e »o» I,.,.» 0 o.co 0 »«»«>».«.oo 0 o» 0 »». 11 

References .<,....,... ....<,  ........... ...,......,......... 1^

TABLES

Pa,ge

Table 1, Results of tests of multiple cone splitter
using five adjacent pans ...........»....,...««>,>... 9

2 0 Results of tests of multiple cone splitter with 
the pans placed 120° apart and rotated 120° for 
each run <, 80 ooo, 0 »<,,«,<>.....,.,...c,....».eo,>.»<,»*.<, 10

5. Results of tests of multiple cone splitter using 
10 g quartz and 10 g magnetite with ~$ pans 120

k. Results ©f grain counts of five samples prepared
with the multiple cone splitter  . ,. ,......<,. . . 13

ILLUSTRATION

Page 

Figure 1. Multiple cone sample splitter ....... .... ,.....». 6



A MULTIPLE COBE SPLITTER FOR RAPID SAMPLING 

II THE LABORATORY

By Richard Kellagher 

ABSTRACT

The multiple cone sample splitter , constructed of three powder 

funnels and three "brass cones mounted alternately in a Tertieal column 

over a tray containing small sector -shaped sample retainers, obtains 

representative sample fractions of 5 to 50 percent in one operation   

The use of this type of sample splitter reduces the time consumed in 

more conventional methods of sample splitting by about 75 to 80 

percent  

In connection with studies of monazite sands, large numbers of 

samples have been submitted for grain-count analysis,, These samples 

 were, received as panned concentrates ranging in weight from 10 g to 

500 g and consisting of unsized mixtures of heavy minerals »

The amount of sample desired for microscopic analysis was 300 to 

500 grains 0 In view of the large number of samples a disproportionate 

amount of time was spent merely in sampling the material.

Although conventional methods of sample splitting (Otto, 1933 > 

Taggart, 19^7; Milner, 19^4-0 j Krumbein : and Petti John, 1958) using the 

Jones splitter, the Microsplit, and hand-quartering gave the desired 

accuracy, the time consumed in these operations was prohibitive   Studies 

of sample splitting were made by the writer and a multiple cone



splitter has been designed and constructed to obtain representative 

fractions of 5 percent to 50 percent 0

Thanks are due to Jerome Stone, Richard Marquiss, and Charles 

Spengler, and to others of the Geological Survey, who made grain 

counts and otherwise assisted in checking the accuracy of the splitter c 

The splitter was built in the instrument shop by Camillo Massonio 

The work was done on behalf of the Division of Raw Materials of the 

Atomic Energy Commas § ion,»

DESCRIPTION OF THE MULTIPLE CQ1E SAMPLE SPLITTER

The multiple cone sample splitter consists essentially of three 

s3aort stem, wide bore funnels used for powders and three brass cones 

mounted alternately in a vertical column with one of the cones at the 

foase and a funnel at the topj this assembly is mounted on a wooden base, 

approximately 8 by 12 in a

The three cones are stationary, spaced approximately 2 to 3 in 0 

apart ? and are supported by a steel rod bolted to the base in a vertical 

position (figo l). The powder funnels are held in adjustable clamps 

mounted on a brass post that is also bolted to the base in a vertical 

positiono When assembled, the narrow openings of the funnels are 

centered over the cones by means of the adjustable clamps  A variable 

space or gap can be set to accomodate the sample by raising or lowering 

the funnelso Below the basal cone and surrounding it is a circular 

stainless steel tray 6 in 0 in diameter with a wall height of 3/k in 0 

The tray consists of a removable section and a section fixed to the 

wooden base with screws, limiting the tray to one position* The split 

tray permits rapid removal of the sample and .facilitates cleaning 



Figure I. MULTIPLE CONE SAMPLE SPLITTER

3|APPROX.



At the top of the sample splitter is a small funnel to direct 

the stream of mineral grains to the apex of the uppermost eone»

Small sector-shaped pans are used as sample retainers 0 They 

haye -walls J/8 in 0 high and are made to include an arc of 9 degrees 

or approximately 2 1/2 percent of the area of the circular tray* 

or more of these pans may be used depending on the amount of the 

initial sample and the amount of the sample needed for analysis 0 

When a sample is to be split the retainers are placed in the tray 

like spokes in a wheel and should be equally spaced to assure repre« 

-sentatife sampling »

OPERATION

Tine sample splitter should be in a level position with all funnels 

^entered over their respective cones before a sample splitting operation 

IB begun. A trial run may be made to check the distribution of the 

sample in the tray0 If the distribution is uneiren ? an adjustment of 

tb3 f^janel should be made,. With care the sample splitter will remain 

is operating condition indefinitely,,

The sample to be split is poured into the small funnel at the top 

of the column and flows to the apex of the first eone where it is 

t'irrown to the walls of the next funnel and then flows to the next eone. 

This is repeated at the next funnel and basal cone* -The sample 

retainers in the circular tray capture a representative port ion . The 

amount of sample retained can be varied by the addition or removal 

of sample retainers   Adjustment of the gap between each funnel and

ean be made to accommodate different size fractions,, The gap 

between the basal cone and funnel controls the spread of the sample in 

the tray*
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Owing to its simple design and ease of operation this sample 

splitter performs the task in a fraction of the time used in other 

methods and maintains the required accuracy <>

The apparatus is easily cleaned "by removing and emptying the 

tray and sample retainers and sweeping the trays funnels, and cones 

with a soft "brush 0

ACCURACY

The area of each pan is approximately 2,5 percent of the entire 

collection area hence 2*5 percent of the sample  In actual use s 

however, the amount retained by each of 5 pans placed 120 apart is 

approximately 5 percent of the sample. This is due to the apparent 

increase in pan area caused by the height of the pan sides which enables 

each pan to capture grains in trajectories that would normally fall 

outside the base boundaries of the pan*

Experiments using 5 paas adjacent to each other show that the 

center pan will capture close to the theoretical amount (2.5 percent), 

whereas the outer pans capture 25 to 30 percent more (table l) 0

A series of tests had been made to determine the accuracy of the 

splitting operation,, These tests were concerned with the distribution 

of the sample in the tray after pouring ands more important, with the 

reproducibility of amount and kind of initial sample mixed in the sample 

retainer»

Sample distribution was studied by pouring a measured amount 

into the splitter and measuring and comparing the amounts captured by 

the sample retainers placed at various positions in the traya 

res-alts of this experiment (table 2) show that with the sample



Table 1.--Results of tests of multiple cone splitter using five 
adjacent pans. Samples quartz, 5 B'» magnetite, 5 g° 
Results on pans 1, 3? and 5<>

Sampling 
sequence

Magnetite first 
and then quartz

Quartz first
and then
magnetite

Mixed (magnetite 
and quartz)

Pan 
no.

1

3

5

1

3

5

1

3

5

Magnetite 
retained (g)

0*167

0.1^3

CM76

0.157

0 ol29

0.157

0*15**-

0.120

0,15^

Quartz 
retained (g)

0.151

0,119

Oo 1*4-5

0»150

0.119

Ool^5

0.152

0.121

0,156

Average 
(g)

0,159

0,131

0,160

0.15^

0.1214-

0.151

0,153

Ool20

0,155
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adjustments described this sample splitter will give -even distribution 

in the tray..

Two tests were made with mixtures of 50 percent magnetite and 50 

percent quartz by weight to determine the distribution of the sample 9 

the capacity of the sample retainers, and the effect of segregation in 

the initial sample on the resulting split,, The results of these tests 

are shorn in tables 1 and 3 0 -

Finally a number of trials were made of the actual operating 

performance of t'iie splitter   Five samples ©f known composition varying 

i;i weight from 2 g to 7 g were prepared from measured weights ©f 

iljneziite, quartz, monazite, zircon, and garnet  -Two splits from each 

sample were obtained and grain counts were made on each by two 

mineralogists A and B and in some cases by a third (C)« The results 

of thes?5e trials are showa is table k- 0

-SUMMARY

The sample splitter bas served its purpose in that it has reduced 

the amount of time needed for sampling arid that the results obtained

Hi HhtiHI tri HhVd^ T^d/Ti^T ^lO^I 1 °ftw"l Hh (^HP1 SAf^f^TdTf^Qf^'v Ju bXIXXl U,Q,& J, c^'-*vi.X GU. JLJLS1JI u UJ» Oi^^yUrci^ j"o

material 'used was uniform in si^e and this may have contrib­ 

uted to these satisfactory results* The factors governing the operation 

of a eoae type sample splitter are grain s±ze ? grain shape, and specific 

gravity  The tests Hade thus far have been limited to weU-sissed 

material and do not give the operational limits of the splitter»

Further experiments are planned to take into consideration these - 

factors and to determine the operational limits of the splitter,,



12

Table J.--Results of tests of multiple cone splitter using 10 
quartz and 10 g magnetite with 3 pans 120° apart.

Sampling
sequence

Magnetite first
and then quartz

Quartz first
and then
magnetite

Mixed (magnetite 
and quart, z)

Pan
no*

1

2

3

1

2

3

1 

2

3

Magnetite 
retained (g)

0.295

 Oo322

0.3^1

0.285

O o£- f ̂ "

0*3^5

  0,302 

0 0 28^

0 0333

Quartz Ayerage 
retained (g) (g)

0 0280 0.288

0«303 0.312

Oo525 Ocs333

0.515 0.500

0.284 0,219

0.549 0.5*7

0 0 29i«" 0.298 

0 0286 0.285

o^te 0,338



Table 4, Results of grain counts of fire sample? prepared with the multiple cone splitter

Sample no* 
and weight (g)

Mineral

Ilsenite

Quartz

Monazite

Zircon

Garnet

1 
7.00? 

Split 1 Split 2 
ABC ABC

43 44 42 36 37 4o

5k 53 55 61 60 57

323 335

Actual

44

5*

2

2 
1.912 

Split 1 Split 2 
ABC ABC

4o 4o 4i 4o 42 4o

5* 55 55 51 50 53

111 k 3 2

322 122

211 432

Actual

57

52

k

k

3

3
3o709 

Split 1 Split 2 
ABC ABC

28 29 30 31 30

58 53 5^ 59 56

688 87

5 7 ^ 12

3 3 ^ 11

Actual

32

52

8

4

4

k 
2^88 

Split 1 Split 2 
ABC ABC

6k 73 7^ 6k 73

27 25 22 28 24

9 k k 82

Actual

64

32

4

5 
6,322 

Split 1 Split 2 
ABC ABC

28 33 38 30 32 39

58 50 55 62 56 58

13 17 7 13 10 3

1 Actual

34

59

7
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