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ABSTRACT

Caleium sulfate dihydrate grarnutes were
prepared using (10%) aqueous PVP solution. The
crushing strength of the prepared granules was
evaluated according to the method adopted by
Mehta et al using a ball mill. Many controll-
ing factors such as the proportion of the feed,
granule size (1875, 1025, 658 u), speed of rota-
tion (low); I, moderate; II and high; III),type
of balls (small porcelain, mixed porcelain cand
glass balls) and number of balls on the linea-
rity of the equation were studied. The results
obtained revealed that, the linearity of the
equation was obvious as the proportion of the
granules was increased. Granules of small size
(1025 and 558 uw ) gave under-estimation results.
Upon increasing the time of milling, the linea=
rity if the equation wasg obeyed. Thie finding

WGa” QeRQ QANBEREY ui tHl HREsY and rn decredsine
the number of balls. Ohwthﬁ other hand, fhe 1Tre

earity was obtained on decreasing the time of
milling using glass and mixed balls as grinding
media. In addition the time of milling was dec=
reased_ at high speed.
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INTRODUCTION

Several methods for measuring the breaking strength of

I-0 :
granules have been reported however most of them are ame con-

suming and can not be applied for fine granuleszﬂs. Recently,
Mehta et ng introduced a simple;vless time consuming_method
and applicable to all granule sizes using a ball mill and

applying the followling equation:

in{wa/w + db/da.wb/w) = —kt

where w is the weight of granules charged into the cylinder
of the Dball mill, wa 1s the weilght of granules reta-
ined after milling, Wb 1s the weight of gcranules pas—'

sed after milling, da 1s thé mean granule diameter, db 18

the mean granule diameter of the milled granules, wh/w=

£

1-wa/w and k 1s & measure of the crushing strength of
the granules. Thus, db can be obtained DYy inserting
consecutives values and plotting ln (wa / w + db /dw,
wb/w) against time. Under-estimation of db gives curvature
toward the abscissa, while overestimation gilves curvature
away ffom the abscissa. On the other hand, the real
estimation of db gives a straight line., The value of
"k" san be obtained by applying the most suitable

value for db in Mehta et &l equation.

El-Sabbagh et al7 found that "k" wvalue of kaolin

granules can not be since db was difficult to be obtained.

The aim of +this investigation 1s to study =somre

factors affecting the linear relationship of Mehta et al
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equation sucn &as:

a) The welght of granules charged into the bvall mill.,
b) Thne speed of rotation.

c) The types of balls.

i) The number of balls.

e) The granule size.

Calcium: sulfate dihydrate was selectea as an exa-=

mple of an inexpensive tablet diluent.

EXPERIMENTAL

. Materials: ,
' | . 1 >
Calcium sulfate dihydrate. and FPVP K, .

Granulation:

Granulation was carried out using 20 ml of 10%_w/v aque-
ous solution of PVP to each 100 gm of calcium sulfate to fOTm
g dough mass. The mass was granulated through a sieve No. 8

ana dried at 500 for 24 hours.
Crushing strength of the granules:

The crushing strength of the prepared granules was

measured acccrding to the method reported by Mehta

3

et al .

1- Fluka, A.G. Buchs, ©BG, Switzerland.

>— Supplied by El-Nile Chem. C(oO., Cairo, MA.R.E.
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A kKnown weignt of the granules of SPeCific size fraction was
charged in the cylinder of the ball mill'(lO cm 1.8.x 9.8 cm
long; Labor Muszeripar:i Muvék, Esztergom, Hungary) using &

certain number of ©balls. The ball mill was rotated at
constant rate for certain time. The material was thern
sieved and the amount retained on the specified screen
was weighed. The mean granule diameter of the milled

ganules (db) was calculated as exmplified 1n table (lf
Aecordingly thke crushing strength of the granules (K) was

obtained. Tihne following factors which may affect the

crushing strength of the granules were studled:

A) ‘ine proportions of the granules:
ihree different proportions (15, 230 anda 45 gm of
granules having a size fracticn of -2500 + 15U w

(1250-2500 u) were <chosen. The material to wvoids ratio

Y

-

can be expressed as 1:3, 2:3 and 3:3 respectively,

25 small porcelain balls were 1ntroduced. The balls -
have L2 cc volume (diameter of each ball 1s equal to
1.5 e¢cm), 95.76 gm weight and 2.3 gm/ce density. In
addition the ©bulk volume of 25 small pdrcelain balls
was found to Dbe 115 <cc. The speed of rotat.ion adoﬁted
was speed II(105 rpm corresponding to TB%- of the criti-
cal speed).

.-L“

B~ Granule size: . _
Three different granule sizes (—2500+l250 e =1250+800 y
ana  ~80C + 315 u) were evaluated at speed of rotation

II wusing 25 small porcelain balls and &5 gm granules,

¥ ‘ne most perfect correlaticn was 1llustrated, table

(2).

l}




o ;-
¥ Y
v L

4.7,

Factors controlling measurement . of the crushing stvengt’
of caleium sulfate granules evaluated bu ball mill

C- Speea of Rotation:

Three different speeds of rotation , low(I), mode-
rate (IT and high I111) were evalusated. The speed I
was equal to 27T rpm(correSPOHded to 20% of the criti -

cal speed). The speed III - was equal to 180 rpmicorre-

sponded to 134% of the critical speed);'ﬁES - small por-
celain balls and L5 gm 'granules having & size fraction

-2500 + 1250 u were charged into the mill,
D) Types of balls:

25 :glass' balls and mixed balls(consisting cf 13
large porcélain balls and 25 small .por¢¢lain balls )
 Were .selected. The bulk volumes of 25 glass balls ard

tnhe mixed balls were found to Dbe 110 cc. and 3210 c.c,
respectively. The glass Dballs have Lo c.c. volume(diame-
ter of each balls is equal tb- 1.6 C.c.); 118.4 gm .
weight and 2.4 gm/c.c. density. On the other hand,the
large 'pordelain balls have 120 c.c. volume(diameter of
each balls 'is equal to 2.6h_'cm), 267.3 gmnm weight and
2.3 Mgm/c.c.densityl. The operation was adopted at speed
IT using 45 gm granules of slze fraction-2500+1250 u

#) Number of balls:

25y 1O and_ 5 small porcelaih balls were used at
speed of rotation II using 45 @gm granules of size
fraction -2500 + 1250 w. The bulk volumes of 15 and 5

balls were 70 and 25 vrespectively. The corresponded

voids of charge were 45 and 16 c.c.
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RisSULTS AND DISCUSSION

A) Proportion oi 1tne granules:

Fig. L1(A,B & .C) shows the effect of the propo- .

rtion of calcium sulfate granules on- the linearity of

Mehta et al equation. ‘It 1is <clear that the linearity

1s more cbvious as the proportion of the granules in-

~reased (r= -1 using 45 gnm granules). However, the

jowest value of k (the granules having the highest

crushing strength) was obtained upon charging the highest
' pr0portion'of the granules (45 gm) 1into the ball mill cyl-

inder as- shown in Fig. 6. This may Dbe attributed to .
tne largest amount of granules present which was sub-

jected to less attribution and. impactiongﬂzo. Parrotg_g

reported that, the amount of material to ©be milled

spould fill the wvoid and just cover the grinding

"medium. It 1is evident that, 45 gm of calcium sulfate

granules may be of suitable cﬁoice for further study.

- B) Granule size:

As regards the effect of granule size ©n the
linearity of +the equation, it was found that the gran-
ules witn mean particlé diameter (MED) 1875 wu fulfilled
the linearlity of the equatioh at 2,4 and 6 minutes as
spown in Fig. 10. On the other hand, granules with
MPD 102% and 558 M gave underestimation 'results &S 1n
Fig, 2 A&C., Thus, upon increasing the time of mill~ o
ing to 10, 1> and 20 minutes, it WE&aS .found that the

iinearity of the egqguation was obeyed where r= =-0.,99.
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o7 caleium sulfate granules evacuwated Dy oot oL

Fig. 2 B&C table =) and the wvalues of ¥ o oocan Le o cal-

culated. The granules ‘with large MFD gave the hivrhest

k value, wnile those with small MPD gave the lowest
: . ones (Fig. ©6).

C- speed of HRotation:

It 1s <clear 'from Fig. 3A that at low speed of rot-
ation (speed I}, the results were underestimation. Upon
increasing the time of milling to 10, 10 and 20 min-

.utes, thne linearity of the equetion was cotained as 1n
Fig. 38 {(r= -1). On the other hand, the suts(7ig.
3¢) were .overestimation when higher sSpeed (111} was ado-
pted and the linearity was reached when Uthe time WwWas
- . decreased to 1,2 and 3 minutes as [f1g. “U{r= ~-1;. The

calculated k values, 1indicated that, tne crushing stre-
ngtih of clacium sulfate granulés was_ higher &at low
speed than those at moderate and -high speed (Fig. o).
This can Dbe attributed to the. fact that, at low
speed of -rotation, the balls simply roll over one an-
other, 80 little crushing' action was obtained. At sligh
tly higher speed, they are projected tc short distance
across tune mill, Owhile at higher speed thay are thrown
1

greater distances . At furtiner higher speed no size

reduction occurred, because the ©balls are nold against

- _ y L. =117 , |
the walls and revolves with the mil: “,  Thus speed
II was selected to measure 1ne¢ crushiing strength of

tlie granules,

V- 1Yypes 0L balls:

- " 1

It 1s demonstrated from Frig. 4 A&C thnat, both g.iass
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balls and mixed balls gave overestimation curves. Thus
the time of milling was reduced to 1,2 and 3 minutes,
where the linearity of the equation was fulfilled as
snown in Fig. L4 B&D. (r= -1). The wvalue of K 1n cass
of glass balls (118.4 gm) was found to be less than
that obtained with mixed balls (L&3.06 em) as shown in
Fig. ©. This 1indicated that mixed ©balls grind the
granules more efficiently than glass balls. Thus heavy
charge of Dballs produced a fine product 1n a short
timelO, and gave good linearity of the equation. This
may be taken as an advantage on calculating the K

value of calcium sulfate granules.

E- Number of Balls:

Decreasing the number of balls was found O
¢ive underestimation curves as in Fig. 5 A&L. Thus
the +time of operation was increased to 10, 15 and 20
minutes, WwWhere the linearity was fulfilled as in Fig.
5 B&D (r= -1). The lowest k value was obtained when
the least number of Dballs was used  (Fig. 6), where
less grinding effect was observed. Parrotg’greported that
increasing the total weilght of. balls of specific size
increases the efficiency of milling. This can Dbe obt-

ained by i1ncreasing the number of ballsg’zo.

In this case, 25 small porcelain balls, weighing
9H,T9 gm were found to e +the most suitable nunber for

measuring the crushing strength of calcium sulfate gran-

ules.,
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In conclusion, for measuring the crusning strengln
of granules applying the method of MNMenta et al the
following factors must be considered: a-proporticns of
feed, b~ the mean particle diameter of granulﬁs, C -
the speed of rotation, d- the type of Dballs and e-

tne number of balls.

These factors were found to have a marked effect
on crushing strength of calcium sulfate granules.
Thus, granules having largest MPD must be selected 1O
e just cover the grinding medium. Balle of equal size
or mixed balls of different size is oDpreferred, [ina-

) 1ly, tne machine must be operated at fle moderate

speed of rotation.
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Table 1: The most perfect correlation betweeh timéiof mill -

ing and 1ln (wa/w + db/da. wb/w) of calcium sulfate

granules,

araorurErOortErErmEE> > b

Propertion average Speed . Type  Number Mean gra- ]
T'ime of [feed granule of ~of of r nule dia-
min— (gm) size(U) ©rotation balls balls meter of
the milled
- granules(U)
L5 1875 11 P 25 =0.,98 800
30 1875 11 P 25 =0.99 800
45 1875 II F 25 =1 400
L 5 1875 11 F 25 =1 800
35 1025 O IT P 25 =0.96 300
45 1025 11 P 25 =0,99 300
45 558 I P 25 =0.96 100
4 5 558 T P 25 ~0,98 100
45 1875 I P 25 =0.99 800
L5 1875 I P 25 =1 400
45 1875 I P 25 =1 800
L5 1875 III P 25 -0.98 800
4 5 1875 I11I P 25 =1 - 800
45 1875 11 P 15 =0.99 800
L5 1875 1T P 15 -1, 800
4 5 1875 11 P 5 =0.5 800
45 1875 II P 5 =1 LOO
45 1875 II P 5 -1 800
4 5 1875 11 G 25  =0,99 800
45 1875 1T G 25 =1 800
45 1875 II M 25+13 ~0,84 800
4 5 1875 II M 25+13 -1 800
A: 2,4 and 6 minutes B: 10,15 and 20 minutes
C: 1,2 and 3 minutes ~ P: . small porcelain balls
G: Glass Dballs _ ~ M: Mixed porcelain balls
I: 27 rpmn IIX: I: 180 rpm.

105 rpm I1
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Factors controlling measurement of the crusking strvonsis
of caleium sulfate granules evaluated by ball mill
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Table ©2: An example of sample <calculation

Time wa/w wb/w In(wa/w + db/da. wl/w)if db

: 1 8 egual to
(minutes) Ol 400 U 800 1]
]'" O-)"‘S 0155 _0180 —OiEF? -O.QR
6 0.2 - 0.80 -1.61 -1.00 -0, 6]
* % ' | % X %
r ~ — -0.96 SIS -0,
* : Average of 3 expirements
% p : Correlation coefficient

* %% . The most perfect correlation. In this
case we considered 800 U 1s the mean
particle diameter of the milled granules
(db). Accordingly the crushing strength

of the granules (K) was obtained.
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Figure 1.Effect of the Prepertien of granules
on the linearity ef Mehts et al equatien.

A=15 gm , Bx30 gm y C=45 gm
Odb=0.0 u , Adb= 400 u , Odb = 800 u
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Figure 2. Effect of granule size on the linearity of the equation.
A and B = 1025 u , where,Odbs 0,0, Adb= 300, Odbs= 600 u.
C and D » 558 u , where Odb= 0.0, Adb= 100, 0 db= 200 u.
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2 4 6 1 2 3
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Figure 3, Effect of speed of rotationen the linearity of the

equation,

A and B= low speed
C and D= high speed
O db= (.0 u

A db= 400 u

O db= B8B00 u
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Figure 4, Effect of type of balls on the linearity of the
equation.

L argd 2
C and D
O db=

& db= 4u

mixed obp&lls
glacs balls
u
u

OC“ N

O db= 600 u
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-l.6 #'-0.8

2 4 6 10 20
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Figure 5. Effect of number of bslls on the l1inearibty ef the

equation.

A and B= 15 balls
C and D= 5 bsalls
O db= 0,0 u
A db= 400 u
O db= 800 u
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Figure 6, Effect of controlling fasters en the K value of
eslcium sulfate granules.

() = proportion of the feed, A= 15 gm, B= 30 gon and C= 45 gn.
77} - grepule size, A= 1875 u, B= 1025 u, C= 558 u.

== = speed of rotation, i= low spesd , B= moderate speed,

c= high speed. N

A1) = type of balls, A= mixed, B= poroelain, C= glass.

K9 =aumber of balls = 25, b= 15, C= 5.
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