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Introduction

ﬁixing and agltation— in spite of the fact that
{4 13 one of the most frequently used unit operations
‘-ghemical englineering--, from a standpoint of
_ “design, and operation, is one of the least
;aa and least understocd processes.
g literature, although ﬁery meagre, does eon-

tain several papers on this subject. Most of these

papers are reports of investigations in whieh either
Ids -or miscible liquids were mixed with
j§¥er, there is one published research
fch insoluble solids were suspendid in liguids,
Probably the first investigation, certainly the
:1rst of importance, of a mixing operation was that
Wood, Whittemore, and Badger (1). They mixed
i 1e liquids and followed the progress of the
‘ ﬁfxigg by c¢onductivity measurements. As a result of
this work it was shown that the common psdde agitator
is an efficient mixing device. It was alse shown
that mixing was practically complete in a very short
- time. Their results did not justify a mathematical

treatment,

(1) Wood, Whittemore & Badger:-chem; & Met.j 27, 1176
{1922)




Following this work several papers appeared on
problems in mixing. The results of these researches
indieated that mixing takes place rapldly.

The first comprehensive.study of mixing and
agitation was that of Hixon & Crowell (2). In these

. Investigations an attempt was made to isolate, as
mickh as possible, and study, each of the numerous
variables such as design and size of padde, sapeed of
stiffer (r.p.m.), relative poaition of paddle, etec,,
on the rate of dissolutien of solids in liquids. Data
are reported for the soelution of naphthalens in benzeﬁe
and for sodium chloride 1n water. The progreas of the
mixing operation was followed by direct sampling; that
is, samples were dipped out in the latter case, and
in the former, naphthalene balls, which acted as
stirrers, were removed and the amount dissolved deter-
mined by weighing. On the basls of the results, a
relation connecting the rate of solutien with the
amount of agitation was advanced; the so=called "cube-
root" law, The results also indicated that mixing was
rapid.

The latest work on this subject, that of A. M.

White (3), was concerned direetly with the suspenaiocn

(2) Hixon & @rowell: Ind., & Eng. Chem. 23; 923, 1003,
| | | 1164 (1931)
(3) White, Sumerford, Bryanbt, & Lukins: Ind. & Eng.
Chem. 24; 1160 (1932)




of insoluble so0lid 1in liquids; sgecifically, sand in
water. In this work a simplse padde agltator was used.
Sampling was accomplished by means of glass tubes in-
serted into the side of the mixing chamber at differ-
ent levels and to various distances, In this manner
the amount of -sand per unit volume was determined at
different points. The fesults showed that {4niform
aandgdistributien was never reallzed; that the height
of the paddls had a marked influence on the distrie-
bution gurves, and that the size of the suapeﬁded
sand partieles at any given peint, was intimately as-
soclated with the veloeity of the liquid at that point,
. It may be geen from thls brilef review of the
literature that mixing takes place very rapidly, and
that in the above r@aeéﬁshes, in order to measure the
progress or state of the mixing, samples were obtain-
ed by Introducling foriegn elements such as glass tubes
or elestroedes into the system being mixed. This prac-~
tice constitutes an objection to previous researches
because of the disturbance.produced, in the mixture,
bj' the sampling device itself. Purther most of these
devicea were unsuitable for making instantaneous
neasurements.
Conasequently 1t i3 seen that the method of samp-

ling is very lmportant., The requirements of a




sampling device are as follows: first, it must be
amenable %o rapid manipulaﬁion, and second, it must
give am accurate picture of the state of the mixture,
A Tew of the methods of sampling, which have been

used conformeﬂ to one of these requirements (the firat)
but none met both the first and the second. A method,
te comply with the seg¢ond requirement, mist be arrang-
ed in such manner that sampling mey be effected with-
euts;ntrodueing tubes, wires .or other disturbing
factors into the mixture.

The method of sampling t¢ be presented in this
paper is designed to fulfill the above requirements,
It ia based on the fact that ihe amount of light
being tranamitted through a system is inversely pro-
portional to the opticéi resistance offered by that
system,

Therefore, the apparatus about to be described
is, simply, s set-up with which varying amounts of
light,; passlng through a mixturé of solid particles
and water, can be measured under varying conditions

of agitation and concentration eof solid particles.




Apparatus

Tank and Stand:

A eylindrical sheet-iron tank {(A), 37 inehes
in dlameter, 48 inches high and of about 200 gal~
lona ocapaeity, was mounted on a wooden stand as
sho%n in Figures 1, 2, & & and the photographa of
page 10, Circular openings (B), 1 inch in diameter,
were cut, 1n the same vertical line at 12 inch in-
tervals, in one side of the tank. These openings
were fltted with converging lenses. The tank was

equlipped with a valve at the beﬁtom.

Stirring Dovice:

The stirring device was simply an iron paddls,
18 inches over=-all length, make of 1 in, i 5/16 in.,
méterial, which was clamped on a vertical shaft (g)

situated at the center of the tank,

Shaft:

The shaft (€) was a 1% inch extra heavy pipe,
8 feet long.' It was supported at the top by two
beariﬂgs (D and E) 18 inches apart, The shaft was
fitted with lamps, alip~rings and a ring gear as

shown in Plgure 4.

]




Motor and Accessories: ‘

A shunt-wound D.(. motor (G) was conmected by
a jackfshaft'and pinien (F) te_the ring=gear on the_
shaft, A stérting box (H) ﬁas provided for the
motor and in order to have available a wide range
'of speeds a large reaisténce (I) was connected in
ser?es-with the armafure of the motor,

The above letters in psrentheszls refer to

Figures 1, 2, & 3 unless otherwise stated.



seril.es
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Lights and connectiona:

The 1ampé (Fig. 4), BO C.P. Automobile head-
lamps, were connectéd in series,. through a reslstance
directly to a 110 #olt D.C. line. The current was
transmitted to the lights by means of brushes and

slip-rings. This c¢ircult also included a awlitch,

Sampling Apparatus:

#The hook~up of the apparatus for msasuring the
variation of light intensity 1is shownh in Pig. D.
'Tha photoelectric cell (G.B.; P.J, =~ 23) was placed
in a small box (J in Fig. 1 & 2) arranged'in such
manner that any light'atriking the c¢ell must pass
. through the windows of the tank. The box was mounted

on a mevable base,

Current Amplifier:
The amplifying device (Fig. 5) was constructed
ag showﬂ. The meter used for measurelng currents was

a Weston rectifying micro~ammeter typs 301l ~—-A.

8¢11d used for Suspension:’

The smlid used for suspension was fired, throughe
ly washed grog of uniform size. The grog was screen-
ed through 20 and 30 mesh screens, The portion used

was e9llected on the 30 mesh sc¢reen.
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Auxillary Sampling Apparatuas:
In Fig.'ﬁ is shown an apparatus used for-samp—
ling, which is similar in prinéiple te the method
emplowed by A. M. White, It conaists of seven glass
tubes fixed te a movable base. The tubes are in a
straight 1ine:, two Inches apart at the bottom. When
in peslition for use they removed aamples from the
: pathgof the light through the tank, Vacuum was ap-

plied to the tubes to withdraw samples,




Auxilhary Jompling Apporarus

Jcale : 27*=7"

Legend
A — Glovs 7Tubres (346")
8 — Boords (/7X4"}
C — Cloamps
D — Vocovum opplied




1y

Procedure

The procedure followed for collection of data
wes quite simple. The tank was fllled, to a level.
of 3% feet, with water and the stirrer started and

adjusted to the desired spesd (65 r.p.m. for these

experiments). The lights were turned on and the :T 
amm;ter reading recorded. Othner readings were obe
tained by adding various amounts of grog noting the
meter reading and them Insgrting the device of Fig.
6 and withdrawing samples, st 2 inch. intervals from

the path of the light. The tubes and connections

woere dralned between runz.
The amounts of water and grog in the samples
were determined.

The paddle was 8 inches from the bottom of the

tank in tnese tests.
All éamples and ammeter readings were taken at
a helght of 2 “feet  sbove the bottom of the tank,
It was found that the thermlionic wubces of the

amplifying spparatus required about thrity minutes

warming-up before a constant reading could be obtained,
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Results

The experimental results are given in Tables.l
to VI inclusive., The first column in each ls the
tube number; number 1 tube was about & inches from
the center and number 7 tube was 2 inchea from the
wall of the tank. The éecond column shoys the total
volume of water snd the third, the total weight of

golids in a particular sample. The last coiumn

gives the results when calculdted as parts of grog

per million parts of water, by wéight.

The first run (Run #1) was made with zerc con=-
centration of grog. The ammeter reading was 220
micro-anmperes,

Table I
Run No. 2 Meter reéding-—EOO(micro-ampa.)

Tube No,. Vol. water Wgt. grog m.g.'of Erog
(C.C.)} (gms. ) per liter

1 255 00,0000 0.0
2 260 0002 0.8
3 285 .0110 58.8
4 2556 . 0002 8
5 2156 L0003 1.0
6 - 310 »0162 52,2
7 295 .0100 $5.9

Average 18.2
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Pable II
Run No. 2 Meter reading--l170(miecro-amps.)
Tube No. Vol water Wgt. grog m.g. of grog
' (c.C.) (gms.) per liter
1 .255 0.0015 . b.9
2 250 0012 | 4,8
3 500 . 0030 10.0
4 256 .0018 6.9
5+ 300 .0202 67.1
6 285 .6180 6343
7 310 .0409 132.3
gverage 41.4
Table II1
Run No, 4 . Meter reading-—130(micro-amps.)
Tube No; Vol, Water Wgt. grog m.g. of grog
(C.C.) (gms.) per liter
1 280 0.0004 1.4
2 245 . 0002 0.8
5 305 .0021 6.8
: 4 210 0159 T2.9
5 300 » 0131 . 48,6
6 290 L0231 78.3
7 305 .0369 ' 121.0

Average 4%.0




Run No. 5
Tube No.

1
2
S5
a
5
6
i

Average

Run XNo. &
Tuabe NoO.

1
p
3
4
5
6
7

Averége
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Table IV
Meter reading=-90(micro~-amps. )

Vol., water Wgt. grog m.g. of grog

(C.C.) (gms,) per liter
280 0.0041 14.6
245 0014 5.7
3056 0046 14.9
210 .0228 109.6
300 L0262 .. 8440
290 .0675 _ 232.,7
305 1100 360.6

117.4
Pable V

Meter reading--50{micro-amps.)

Vol, water Wgt. grog m.g. of grog
(Cc.C.) . {gms.) per liter

265 0.0065 26,3
235 .0053 22.6
280 _ .0082 29,3
260 .0101 38.7
280 .0444 159.7
266 .0875 3277
290 L1278 442.2

149,35
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Table VI

Run No. 7 Meter reading-—b(micro-amps.)

Tuabe No, Vol. water Wgt., grog m.g. of grog

(C.C.) (gms.) per liter

1l 270 0.00861 22.6
f. 2 250 .0058 - 25,2
;' 3 - 300 0216 72.6
1 4 265 .0153 54,1
?' 5 300 .0960 320,0
E[ 6 285 -~ .1436 502.1
ﬁ 7 300 2433 805.6
_E Average 257.6
g In Table VII thelRun No. with the cbrres-
'% ponding meter reading and the average grog content are
E collected.
? Table VII
i- Run No., ' Meter reading Average wgt.
% {(micro~amps.) of grog (megg./1)
E 1 220 | 0.0
; 2 200 18.2

3 170 4] .4

4 130 47,0
; 5 20 117.4
%; 6 50 149.53
é 7 0 257.1
I
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The meter readings are plotted against the
amounts of grog (m.g./l) in Pigure 7.

The average weight of grog (m.g./l) found in
the 3lx samples from any tube are listed.in Table

VII, together with the distance from the center of

j: the tank.

] Table VIII

; Tube No. | Average amount Distance
1 . of grog (m.g./1) from center
; 1 11.5 | 8 inches
] 2 ' 9.6 - 5 "
1 3 28,7 7o

] 4 46.9 9 M

? 5 113.6 1
?- 6 . 209.4 13
i, 7 315.9 15

3

The wvelues in the last two columms of

Table VIII are plotted in PFigure 8.
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Discussion of Results

The data of Table VII as pictured graphleally
in Plgure 7 show that the amount of light passing
through the nixture of grog in water, decreases as
the cgncantrgtien of grog increases. This curve
-indic:tes glearly that the quantity of light which
gan pass thrdugh the mixture is some function of

the solid concentratlion, 1I% fellows, then, that

this methed is suitable for measuring the concen-
“tration of solids in liquida,

"Flgure 9 shows that the_photoelectric current
- is proportiocnal to the amount of light incident upon
the phototube. Therefore the terms, amount of light
:_ and photeelactric current are inteér~-changeable.

The data of Tgbla VII might be subjected very
simply, to an approximate mathematlical treatment,
but it 1s obvicus that &ny relation arriged at,
would be valid only when applied to the particular

apparatus aa used in this work, Any other light

intensity or sollid particles of different sizes
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and densities wdﬁld:nqt give thé'séﬁe résulfs.
Therefore, Flg. 7 is not intendid as a calibration
curve, for thils method of sampliﬁg, except as applied
to the set=up éf apparatus which was used in this |
research, But the form of this curve will be valid
in any case.

The data of anyléne of Tables I through V1
show very clearly that the so0lid particles aré
never€uniformly distributed. If the dispersion
were ;niform the curve of PFigure 8 would be a
strailght line; this plot may be used as a rough mea-
sure of the distribution of the grog. These results

confirm the work of A. M, White on this phase of the

guspsnsion of insoluble solids in liquids.

No experimental work was carried out on the
solution of solids in liguids, but it is believed
that this_method of sampling offers an excellent
means of studying such a system.

If was hoped that the pdher consumption and
time eliments of mixing could be studled by this
method, but the apparatus used was found to be un-
sultable for such work. Under more favorable con- u

ditlons these factors can probably be Inveatigated.
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Summary

An apparatus for sampling a system during the
process of agitation and mixing has been described.

It has been shown that the total amount of
light passing through & mixture of grog and water
is a %mraight'line funetion of the grog concentra-
tion aﬁ moderate values, above.this the ratlo does
not remain constant,

Purther it has been shown that the distri-
bution of the solid is not uniform.

Also it has been pointed out, that by use of
the method given in this paper, future work dn
aeveral aspectzs of mixiné and agltatlion problems

should be somewhat simplified and made more accurate.




