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I. INTRODUCTION

In aluost every chemical reaction that invelves a solid or scle
iis as one or more of the reactants, it is necesssary to first crush the
so0lid in order that the sreatest smount of reacting surface may be ob-
teined. There has been very little development in the fileld of fine
grinding as compsred to many other industrisl operations. The factors
that influence the grinding capacities of mills ars zeany and they very
g0 greatly that no mathomatical expression can be developed to give say
accurate results. It would be well, if it were possible, to go to tables
and cbtain the crushing charscteristics of the meterisl to be crushed.
Unfortunately, no such tables exlist. In industry, any problems that de
velop in grinding & materisl have to be golved by experimentation.

The factors that influence the grinding capseity of s rod mill
are the size of feed, size of produet reguired; percentsge of fines in the
feod, sizs and number of rods, welght of charge, sveed of mill, open or
elosed clreult griasding, rate of feed, nature of materisl, and the moist~
ure in the fesd., CGrinding mills are designed to cope wi th seversl of
these factors, but not with all of them. This is the main reason why the
industrisl mills have such poor capscities. There are msny other mills
that are far more efficient in fioe grisding than $he rod mill, but this
work is to deal exzclusively with the griading charascteristies of this mill,

The objset of this work is to deternine e grinding chiaracter-
istics of s rod mill on sir dry blue dolomite. This mill iz a bateh griud-
ing mill located in the Chemical Engineering Unit Jperations laboratory at

the Virginis Folytechnic Institute, Dlacksburg, Vizsinis.
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II. LITERATURE REVIES

A review of ﬁe chemical snd engineerins literature of the
grinding charscteristics of the rod mill indicastes that there are not
msny published articles on this subject. The eoxisting articles on this
subject are not complete and give little or no definite proof about the
influencing factors on fine grinding. There has been consldersble pro=-
grséa made along the mechaniesl sapects of grinding, lut the theory and
concestions of the underliying primeiples have mot advanced so rapidly.
In the field of grinding, two laws have been advancaed.

2t tsagtrl’s’ﬁ' Ak

proposed a theory based upon the aaampﬁmx
that the snergy reguired for s crushing process was proportional to the
surface that was sheared.

K1&1,3,5.n

proposed a theory thet the ensrgy necessary for
erushing a meterisl wss proportional to the logarithm of the ratic be-
tween the initial and the finel diameters.

Gmsss showed from bls experinents on crushiing and grinding
that Rittenger's law is more spplicable to émabingg than Kieck's law.
He said that Rittenger's law would be more accuraie if there was a way of
determining the aslze of the msterial ground which iz leas than two hundred
mesh. The avaiiabla screen sizes are inadeguate in the determination of
sizes of finely ground materisl. Oross slsc states thst the experiments
serforsed by the Buresu of Eines in surface determinutions of crushed
material confirsed Rittenger's law,

‘i‘agsart‘u stated that in certain types of materiasl ground,
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Rittenger's and Zick's law could be epplied and the results wuld bs con-
siderably accurate. In other experiments that he performed, neither law
gave any sceurate results ss compared to the experimsstal resulits. He
came to the conclusion that there are tuvo many varisthle factors alné those
laws do noit take them into considerstion.

Ptm5 in his discussion of these laws does not come to any
definite conclusions, but gives experimentsl data on the applications of
both laws. From the exparimental data found in his erticle, it wes sghomn
that ¥ick's law can be applied for erushing lerge particles and Rittengerts
law can be applied to the size reduction of finer grinding.

The most importast fsctors that influence the grinding capaecity
of & rod mill are as follows:

1. 38ate of feed.

&, HNature of the msterial.

Se Sil‘za of the feed.

4. Sizs of the product.

B. Uolsture In the feed.

6. GSlze and number of rods used.

7. Yeight of charge.

2. Speed of milli.

In determining the ecapacity of the mill, sil of the sbove factors
should be taken into consideration, but in actual practice many of them ars
neglected, These elght faetors are the most luportsnt and they will be
taken up in detail.

in open eireuit grinéins,s'u the smount of & material of any

given size produced by a single mill increases with the rate of feed.
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The production of & mill reaches z maximum more guiekly when the product
has to be ground finer. Jihen the feed rate in opsa elreult grinding is
reduced to a point whers all of the discharge produet is of the desired
size, the capseity of the mill is extramely low. Orinding undsr thess
conditlons is not economical because power consunption le high and there
is excessive wear on the mill lining and grinding sedis.

Batch grindingg is leas efficlent than sll of the other types
of grinding because when the product has to be ground %o & maximum pards-
icle aiﬁa, post of the saterial has been overground. Tsually all,m&lla.
are run in & closed cireult with & sizing device to return the oversized
particles baek to the mill to be raérﬁuﬂﬁ. with & alsing deviee on the
mill, power is not wastefully consumed in overgrianding the materisl,

The nature of the meterisl or i1ts shysicsl characteristics
hes & marked effect on size reduction by grindlng. This charascteristie
has a grester effeet upon fine grindiag than it does upon cosrser grind-
ing. %hen & material is ground to less than two hundred mesh, its mole=
cular structure mekes grinding more difficult. The power required to ro-
duce a material to this flneness is extremely high snd other types of
mills sre far more officient. If a rod mill is used to produce a product
of less than two hundred mesh, 1t 12 ususlly cerried out in stages, or
stepe in a closed clreuis. .

™e size of the feaéa’ll

is 2 very lsvortaant fuctor in obtaining
the highest ecapseity from sny »ill. ¥For ary given mill, there is & Tesd
size that will give maximam'grinding of & desired size. This factor is

very rarely detercined and the mill handles & gziven size of feed that is



W

-l

more often determined by leass importent faectors. Therefore, the resultiang
efficicney of the grinding system is exceedingly less than it should be.
The reason why this fector is sc neglected ia becsuse there is not suffi-
eient information available on this subject. Ixperizents have been run on
this phase of grinding snd the results have heen convineing, but they have
not been given much consideration by industry.

3ydall of a material effeets ihe

4 change in the moisture content
grinding capmseity of & mill., The molsture content controls the fiuidity
of the material. ¥hen the material is perfectly dry, It is very fluild and
flows through the mill readily. It has a grest transcerting power, and
can be essily discharsed from & mill with horizontal sxls. When the
molsture content is betwesn fifteen and eighteen percent, especially in
¢lays snd clayey materisls, & stiff mud is formed snd this prevents the
oparation of the mill. If the moisture content is inersssed to twenty
pereent, ordinary usterials sre sufficlently fluid to flow in a mill,

The Tluidity of a matarialg increasss with the incresse of moisture. For
any given material and any givesn moisture content, the spparent wetness
is grester when the materisl is coarse. Porrye states that in wet bateh
grinding,‘any.varistion in speed of the mill will have no effect upon the
grinding becmuse slov speeds are juet as effective ss higher cpegda.

for meximus grinding of a material ilchards® found thet the rods
in & rod mill shonld be from thirty to forty vercezt of the mill's voluns.
The rods should be of varyine ddameters and the most sultsble diamoters

must be determined by experimentation., laximum espseity snd power
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consunption oecurs when the mill is a litile less thas half fell. This
volusme is composed of the rods and feed coubined. :
The swﬁé"u of & mill depends primsrily upon the size of the
feed and the inside diameter of the mill. In s rotating eylindriesl will
the rods have two types of motion. They are rotating sround thelr own
axis thet ie parsllel to the axis of the mill and 2 free falling motlon.
If the mill is operated st toc fast & speod, the rods will tend to eling
to the suell of the uill and there will be mo crushing effect. The speed
at which a mill should bz opsrated is gliven by the fullowing ecgaaticmg

¥ = 54.18/r

=
i

revoiuntionsz psr minute.
r = inside radius in fest.
ﬁim ususl operuting speed of the mill is from elxty to elghty percent of
this figurs.
Cf a1l the varisble factors that exiasl iz grinding, there are

- two that are sgreed upon by differest investigators. They are:
1. The characteristice of the different msterisis should

be detarained.
2. These charscteristics are only spplieshie to the

particalar type of crushing equipment ob whieh they

are determined.
Therefore, % be of any value, they must be determined for eseh

znaterial and on sach type of erushsr and grindsr.
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III. BXPERIMERTAL
The purpose of this investigation is to determine the grinding charac-
teristics of a laboratory zize, bateb opersted rod mill.
Plan of Investigation:
l. To detersmine the meximur size reduction thsi is cbtainsble by the

rod mill.

2. To determine the size of feed that produces meximum grinding in
the rod wmill.

3. To erush local blue limestone using various sizes of fead.

4. Plot curves of the representative sample screen analysis by two
methods.

a. Direct cuwmlative method.

b. logarithmie cumulstive method.

§. Froz the sxperimental results obtained, determine the operating

ahazaeiaristies of the rod mill.

&atarials:

Raw material used in this investigation is hlue dolomide. Thls
dolomite was obtained irn the viecinity of Blacksburg, Virgipie. 7This
type of dolomite is dense with very slight changes in chemical compo-
sition. Inclusions of cortuinm erystaline substuneces occurs in the
rack and pieces contsining lerge inclusions wéra net used in thia

investisastion.



D. Apparatus:

1.

2.

3.

D

laboratory Jaw Crusher.

B

b.

Cos

Universal Orugher Compeny

Cedar Rapids, lowa.

Overal Dimensions 2% Ly £35 inches.

Power Hegquiremeuts G. E, MNotor 2 Hp

laboratory Pod Mills.

e

b.

Ce

4.

Ingide dimendiona 11 inches diamenter by 18 iaches

lining Porcelsain

Power Regquiremeats G. Z. Motor 1 Hp

Grinding medis

1)} Cast iron rods

2) KNumber used and size

a)
b)
¢)

é)

3

4
8

9

1 ineh diameter by 17 inches
£ inch dlameter by 17 inches
1 jneh diameter by 17 inches

1/8 ineh diszmeter by 17 inches

Atmospheric Tray Dryer

8.

b.

Proctor and Swartz, Inc.

Priladelphis, Penn.

Serial Ho. t{ 8122

lshoratory inalytiesl Balance

He

b.

Chaus

Hewgrk Scale Works Co.

Hewark, New Jersey
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6.

7.

i

Galvanized Iron Trays
Dimensions 15 inches by 15 Inehes by 2 inches
Sereen Analysis fquipment
a. Combe Gyratory Riddle
Great Western Wanufacturing Co.
levenworth, ianses.
Serisl No. S-1C1
b. . 8. Standard Sereens
Size B inches in diameter
Mesh No. 4, 8, 16, 40, 70, 100, end 200
Other Bouiprment Used
a. 10 guart Galvanized buchets

b. 1 quart steel containers

Procedure:

The following procedure wes used in the praparstion of the feed used

in the overation of the rod mill:

1.

2.

3

The & - 12 inches in dia}aeter pieres of dolomite wers reduced to
a maximws size of three inches by mamually sledging with a sledge
hammer.

The three inch pleces wers washod with wader to remove say extra-
neous material from the surface of them., Thsy were allowed to
drain and were gtored in ten guart buckets.

The three.inch pisces were then passed through the Jaw crusher
which was adjusted to approximately one guarter ineh opening
between the erushing plates. Two pesses wers necessary to reduce

the limestone to sizes suitable to use as the feed.
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6.

7
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The crushed limestone was placed in clean galvanized iron trays

in the atmospherie tray dryer. The circulating sir fan was
started and the sbteas w2s adjusted to give & tewperature of 240° F
in the drver. The lirmestone remsined in the dryer until it was
fres of any reteined moisture.

The dried dolomlite was sepavated into sizes of 4 mesh, 8 mesh, 20
magh, and &0 maéh by ueing U. 8. 8tandard screens and a Comba
Gyratory Riddle. ‘The smount retained on the corresponding sereens
wes asesumed to bs the size stated.

Thirty-two and one-half poundes of the various sizes (Table 1) were
ground in the rod mill foxr thres haprs. 4 reprssontative ssmple
was taken &t thé end of sach hour and a screen anslysis was made

using 4, 8, 16, 20, 40, 70, 100 end 200 mesh U. §. Standard screens.

The weighis retained on the sereens wvere used %0 plot curves by the -

direet cumulative and the Jlogerithmiec eumulsetive methods.
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F. Data:
TABLE 1

Representative Screen snalysis of local blue limestone used as feed in

the operation of the Bod Hill,

Bun No. Weight Retained in Grams on Sereen Size

Minue 2 Mesh Iiinus 4 lesh Minug 8 Hesh inus 20 Mesh
Plus 4 Mesh Plus 8 Mesh Plus 20 Hesh Plus 60 Eeah Total Wt.

1 14,482 i - - 14,482
2 i 14,479 . i 14,479
3 R - 14,401 s 14,491
4 4,820 9,665 . i 14,485
5 - e 6,923 7,545 14,468

& 2,453 1,047 , 8,223 1,970 14,691
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IV. DISCUSSIUN

The screen asnalysis of the representativebsample on the feed con=-
taining 6,923 grams of minus & mesh - plus 20 mesh and 7,545 grams of minus
20 mesh - plus 60 mesh is mot correct. Packing of the finely ground
material occurred on the 70 mesh U. 8. Standard screen during scrsening of
the sample. To enable a more accurate screen analysis of grinding, the
semples should have been screen wet or on a Roto-top shaker insiead of a
gyratory riddle. The material that passed the two hundred mesh screen
nad to be assumed as minus 200 mesh because there was no nesns of deter-
wmining the particle sizes. The size of this material should be determined
by using finer sereens and serecning wet or by usingz elutriation. With
the determination of particle sizes of less than 200 mesh, a more accurate
picture of the grinding characteristics of the Fod mill will be obtained.

The power imput versus the reduction of particle size in the
rod mill does not confirm with either Kick's or iittinger's law on crush-
ing and grinéing. From previous determinations by using a waﬁt-meter on
the grinding system 5f the rod mill, it was found that the pecwer imput
remasined the same prpviding the weight of the feed and rods remained
constant.

From the graphical interpertations of the experimental results,
thers is a uniform size reduction for the first two hours of grinding
depending upon‘the size of the feed that is used. Haximum grinding occurs
in the first two hours of grinding and & cushioning or packing effeet of

the finely ground material on the grinding medis occurs during the final
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period of grinding. A certain amount of the finely ground material ad-
hered to the rods thus producing s certain degree of cushioning.

The rod mill 1s.we11 adapated to grinding material that does
not have to be finer than 200 mesh, From the range sizes of 20 to 100
mesh, there is a high degree of uniform size reduction that could be
easily duplicated provided that the initial conditions of the size of
feed number and sizes of rods and the time of grinding sre observed.
This type of mill is desirable in industries where exact particle sizes
are & necesasity in the production of their‘product. for exempls, the
manufacture of glazes in the ceramic field.
ILimitations: This investigation was carried ocut on loeal blue limestone
that was obtained et Blacksburg, Virginia. The experimentsal results will
not correspond to any other types of limestone becauss it varies in
physical and chemiecal compoaitiqa depsnding upon the loecality. Other
materials should be ground in the rod mill before its grinding character-

isties can be accurstely determined.
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V. CONCLUSIONS

The following eonclusions are based upon the experimental data

obtained from the investigation on the grinding characteristics of a

laberatory batch-type rod mill.

1.

e

4.

Se

The variation in the size of feed from 4 to 20 mesh has the greatest
effect on the particle size after being ground for three hours.

Using a feed size of winus 8 mesh - plus 20 mesh, & more uniform.
product was obtained. Aifter three hours of grinding the following
percentages was obtained by weights retained on the corresponding
gereen. 0.75 percent on 20 mesh, 1.08 percent on 40 mesh, 4.37 per-
eent on 70 mesh, 23.6 percent om 100 mesh, 42.2 perceant on 200 mesh,

and 29.0 percent wminus 200 mesh.

Maximum size reduction of the limestone ground in the rod mill ceeurred.
in the Pfirst two hours of grinding. During the third bour of grinding
in the mill, the fines had a cushioning or packing effect upon the
grinding media that decressed the grinding capacity of rods in the mill.
7he mill produces a uniform size reduction in particies from 20 to 100
mesh. For sizes finer than 200 mesh, the miil is mnot suitable. It

is recommended to use a feed of 20 mesh or finex if the mill is %o
produce a product of 200 mesh or finer in a minimum grinding time.

In crder to obtain & product of 200 mesh or finer in the rod mili, =&
large percentage of the material will be overground and the batch-

type rod mill is undesirable.
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VI. SUMMARY

In almost every chemical reaction that involves a solid or
solids as one or more of the reactants, it is first necessary to crush
the solid in order that the greatest amount of reacting surface may be
obtained. When a solid can be reduced to micron size, the reaction takes
place more readily with a higher inerease in the percentage of the final
produet. In the ceramic field, there is an extensive use of rod and ball
mills for the fine grinding of glazes and clays.

It was decided to determine the grinding characteristics of the
rod mill and its value in the field of fine grinding. The experiumental
results obtained in this investigation was on local blue limestone that

*"was obtained in the vieinity of Blacksburg, Virginia. There is a uniform
size reduction in particle size from 20 to 70 mesh and the amount of
material obtained is & relationsiip of the size of feed used as shown in
the graphical interpretation of the results. The size of feed used is a
deciding fasctor in determining the product desired in unit time from the
rod mill,

When using & feed size of minus 8 mesh - plu'a 20 mesh, & uniformm
size of product is obtained. From Table IV it was shown after three hours
of grinding, the following percenteges by weight of limestone retained on
the corresponding screens were obtained. 0.75 percent on 20 mesh, 1.08
percent on 40 mesh, 4.37 percent on 70 mesh, 23.6 percent on 100 mesh,
40.50 pereent on 200 mesh. 4t the time of screen analysis of the product
‘of grinding, there was no means available for detemining the sizes of

particles less than 200 wmesh.
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The amount of material less than 200 mesh is approximately a
straight line relationships of the size of feed used in the rd mill.
From Figure 6 this is shown by plotting grsphically the percent by weight
per unit time versus the size of the feed used.

From Figure 5, the percent of material retained by weight on a
200 mesh sereen remains constant even in varying the size of feed from
minus 2 mesh - plus 8 mesh to minus 8 mesh to plus 20 mesh. This is due
to the faet that the percent of fines increase with increased grinding.

This mill is well adapted for the ceramiec field because from
the experimental results obtained from this investigution on local lime-
stone, it can be assumed that these results cen be duplicated providing

tie conditions of grinding are followed.
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