
Development of on Aulomoted
Gfinding Unit for Finely Ground Soil

ond Plonl Tissue Somples

S.E. Toylor, R.L.Pence, R.K,Bomon,
M.E. Jojolo, S,L, Toylor, ond W,R, Roun

Abslroct

An outomoted grinder copoble of grinding o
lorge number of plont, groin, ond soil somples wos
designed. One of the moin reosons for developing
the device wos io increose the number of somples
being processed ot one time for dry combustion
onolysis of toiol N ond orgonic C thoi required o high
level of fineness. The originol prototype wos
developed ot the University of Nebrosko (J.S.

Schepers) ond wos modified to increose the number
of somples ond overollstructurql security. The device
consists of sequentiolly oligned horizontol rollers
spoced 6.67 cm oport thot ore driven simultoneously.
French squores bottles (118.3m1)ore then ploced in

the center of the horizontol rollers ond by including
round steel rods within the botlles (including groin,
plont, ond soil somples) grinding is occomplished vio
internol hommering. Before this device wos
engineered, somples were ground one by one
utilizing mortor ond pestle techniques thot ore costly,
iime consuming ond prone to errors, This opporotus

Figure 1. Side view of the automated grinding unit
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will grind opproximotely 140 somples overnight, ot
>'l00 mesh fineness, Using this procedure, somples
ore contoined in seqled bottles where no cross-
contominotion con toke ploce.

lnlroduction

Grinding procedures for dry combustion onolysis
require somple fineness (100 mesh) thot generolly
employ monuol use of mortor ond pestle techniques,
This work wos initioted to construct on outomoted
grinding unit thot could process > 140 somples
simultoneously. Previous work ot the University of
Nebrosko hos employed o similor piece of
equipment utilizing metol bor hommering within
gloss contoiners, The equipment developed ot ihe
University of Nebrosko wos extremely useful in terms
of obtoining homogenous somples of high fineness
from lorger somple sizes'(>30g). Errors ossocioted
with the use of mortor ond pestle techniques con be
207" lorger thon with other outomoted units. Lorger
errors ore due to somple fineness which is vorioble
depending on the individuol ond the time/pressure
employed. Somple contominotion is olso o problem
using mortor ond pestle techniques, since ocid
woshing ond drying is required before processing
eoch individuol somple. Becouse of the problems
ossocioted with morior ond pestle techniques, the
grinding process becomes extremely time
consuming, costly, ond con increqse experimentol



errors, Smith ond Um (.I990) found thot by gluing two
metol bors opposite eoch other ond plocing these
on the inside of o gloss jor jointly with o strow somples,
outside rototion induced on internol hommering
oction which effectively ground the somple moteriol.

The objective of this work wos to develop o
relioble grinding unit using externol horizontol rolling
for internol bor hommering within french squore gloss
jors.

Mqleriqls qnd Methods

The frome of ihe grinder wos 182.88 x 91.44 x
I.l6.84 cm,in length, width, ond height, respectively,
consisting of 5.08 cm squore tubing, 5.08 cm ongle
iron ond 30.48 cm flot strop. Figure I shows o side
view of the frome. The device will continuously roll
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botl'les ihot contoin plont, groin or soil moteriol.
The unit utilizes 2 oz. french squore bottles which ore
2,54 x 2.54 x 7,62 cm in length, width, ond heighi,
respectively. The botlles rest on eleven steel shofts
(.l.905 cm in diometer) covered with rubber hose.
The shofts ore turned by o 0.75 horsepower electric
motor thot turns o geor reducer. The electric motor
ond geor reducer were bolted to the under side of
ihe grinder. (Figure 2.) The shofis 0.75 troverse three

Figure 2. Frontal view of the automated grinding
unit illustrating sample placement.

91.{ cm

Figure 3. Shaft hole spacing and bearing
fasteners distance employed.

pieces of 30.48 cm flot strop thot weremochined with
eleven 2,223 cm holes, The three pieces of strop
were locoted ot the ends ond the middle of the
device. Beorings were fostened to the three pieces
of flot strop which ollowed the shofts to turn freely. A
twelve tooth sprocket wos locoied on eoch shoft in
the front of the device. The 0,75 horsepower electric
motor turns the geor reducer 1850 rpm. The geor
reducer decreoses the rpm to 385, A twenty-two
tooth sprocket wos ottoched to the output shoft of
the geor reducer which then turns the twelve tooth
sprockets by utilizing o #40 choin. The twelve tooth
sprocket wos needed to reduce rpm from 385 to .l25.

Figure 3, gives specific detoils on hole spocing for
shofts ond beoring fosteners, All choins ond belts
were covered with sofety shields to prevent
occidents.

The grinding unit con be looded with .i40 
of the

59.,l5 ml. bottles thot contoin plont. groin or soil

moteriol. Four stoinless steel rods ( 6lcm diometer,
5.08cm length for soil. .32cm diometer, 5.08cm
length for groin, plont ond strow) ore ploced inside
fhe bottles which produces o hommering oction
comporoble to thot of the pestle. Boltles ore
copped io prevent mqteriol leokoge ond cross-
contominotion. Boftles ore lefi rolling on the grinder
overnight to reoch the desired fineness (.I00 mesh).

Results qnd Discussion

The grinding unit wos 'completed 
in

opproximotely two weeks. Toble I gives o list of
components ond current costs ossocioted with the
moteriols used. Once the unit wos complete, o triol
run showed ihot the 59.'i5 ml, botlles were not lorge
enough. Also, the bottles were sticking to the rubber
hose ofter the unit hod run for o while, To correct this.
I 

.l8.30 
inl bottles were utilized insteod of 59.,]5 ml. To

prevent the botiles fom sticking. o silicone sproy wos
opplied to the rubber hose. lt wos olso observed ihot
the choin wos rising off the sprockets, cousing the
shofts to intermittently skip. A2.54 cmx76.2 cm piece
of ongle iron wos fostened to o 12.7 cmx76.2 cm ook
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Table 1. Parts list and current costs of purchased materials for the automated grinder.

Parts Cost

Peerless-Winsmith gear box(Model 3CB;Peerless-
Winsmith, lnc:, Springville, NY)

3/4 horsepower electric motor
Sprockets
Pulleys, chain, belts
Stainless steel rods (.61cm diameter)

Steel: flat strap, channel iron, angle iron,

expanded metal, tubing
Bearings

Pottles & caps(l18.30 ml. French square glass)

Miscellaneous: bolts, nuts, screws, castors
rubber hose, electrical switch

Labor
80 hours @ $7.00/hrs

$408

206
91

62
292
350

413
187

75

560

TOTAL $2644

boord which octs os o choin guide to prevent the
choin from rlsing off the sprockefs. Once oll the
problems were eliminoted the unit wos lefi on over-
night to observe somple fineness, Somples (groin,
soil, ond plont) were ground fine enough to poss

through o 200 mesh screen. Future work willfocus on
the time required forsompte fineness, olternotive size

ond shope of internol hommering bors ond type of
somple employed.
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