COMMINUTION STUDIES IN BALL MILL

by
A. DEVASWITHIN

Thesis submitted
in fulfilment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Cgont

Department of Chemical Engineering

INDIAN INSTITUTE OF TECHNOLOGY

NEW DELHI
1987



DEDICATED
T0
. LORD JESUS CHRIST



CERTIFICATE

— — e emm e e amm e v m— G—

This is to certify that the thesis entitled 'Comminution
Studies in Ball Mill' being submitted by Mr,A.Devaswithin
to the Indian Institute of Technology, Delhi for the award
of the degree of Doctor of Philosophy is a record of the
bonafide research work cafried out by him. Mr.Devaswithin
worked under my guidance for the submission of this thesis

which is to my knowledge has reached the requisite standard.

The thesis or any part thereof has not been submitted to
any university or institute for the award of any degree

or diploma.

Dr. B. Fitchumani
Assistant Professor
Department of Chemical
Bngineering,
Indian Institute of Technology,
New Delhi - 110 016
L=



ACKNOWLEDGEMENT

I thank God, my heavenly father and my Lord, Jesus
Christ, for protecting me from all untoward inci dences
and helped me to withstand all'discouragements during the
course of this sfuay.

It is a great pleasure to express my sincere gratitudes
to Dr. B. Pitchumani for his invaluahle guidance and sincere
help-giveh to me throughout this investigation.

I extend my thaﬁks to the Head of the Chemical Engineering
Departmenf for extending various facilities and the kind
cooperation to persue this work.

I am grateful to Dr. V.K. Srivastava, Assistant Professor
for his help during various stages of this work.

I express my thanks to Dr. SﬁreShan, NCB, Delhi for the
valuable discussions and suggestions during the course of this
study.

I am grateful to Mr. Ramkishan of Chemical Engineering
Department for the help rendered to me in assembling the
equipment.

I gratefully acknowledge the dear ones in Christ, whose

prayers were always with me and supported me while persueing

this ot - ‘/)W;[——'— -
~ g7

- -
(A. DEVASWITHIN)



ABSTRACT

The aim of this study is to identify the operating variables
which affect the size distribution of comminution products of
the ball mill, and to relate them with that of the size distri-
bution of the products. A preliminary study was also taken up
to predict the size degradation of the particles during impact
on a flat surface.

The experimental conditions of the ball mill were planned as
per factorial design. Statistical tests were conducted to
identify the significant operating variables. A mathematical
model based on selection and breakage distribution functions
was used to relate the size distribution of the particles.

The study revealed that the variables ball size distribution,
ball loading, particle loading and mill speed affect the product
size distribution significantly. The selection and breakage
parameters calculated using a back-calculation procedure matched
well with that of the parameters estimated using other direct
determination techniques, It was found that the breakage dis-
tribution parameters were independent of the operating condi-
tions whereas the selection parameters were found to be affected
by the operating variables., A second degree polynomial was

used to relate the data. Using these relationships, the

effects of the operating variables on the product size distri-

bution were discussed.

Experiments were carried out to test the particle size degra-~
dation in an impacting system. It was found that the degrada-
tion in the impacting system can be represented using the

comminution model,
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