* Th o = E S
€ term miing implies taking atleast two separate phases and causing them to distribute

ra
ndAomly through one another.

called s":stan(:e which is uniform thro@llﬂllt in physical state and chemical composition is
mixin @ omogeneous substance or a phase. Phases may be liquid, solid or gaseous. Therefore,
- og may involve gases, liquids or solids in any possible combination of two or more
d'ﬁ‘p nents - two different liquids, a liquid and a gas, a liquid and a powdered solid or two

1 erent or same soiids. . - i i o -

, The practicai aims”of ‘mixing are :
1; ] N 2 & " ¥ anw s : 7

tPO promote a chemical reaction; It is the most important use of mixing in the chemical

\ '"dUStl_'}'. since intimate contact between reacting phases/substances is necessary for |
e a reaction to-proceed properly. 3
~ 2. Toproduce simple physical mixtures - of two or more uniformly divided solids, two or

w more niscible liquids, ete.
3. To cany out physical change - formation of crystals from a suparsaturated solution.

.- 4. Ta accomplish.dispersion in which a quasi-homogencous material is produced from. -
: two or more immiscible fluids ard from one or more fluids with finely divided solids.
In this ,chapter,- we will deal with mixing of liquids with liquids, gases with liéuids,
- liquids with solids and solids with solids. -
When the ratio of liquid to solid 15 large, mixing of solids with liquids can be performed in |
the same fashion as mixing of liquids with liquids. On the other hand, if the ratio of liquid to
solid is small, solid-liquid mixing becbmes similar to mixing of solids with solids (solid- |

solid mixing). _
MIXING LIQUIDS WITH LIQUIDS | .
A propeiler or 2 turiine in & i'.ani_c is the most cowmonly ngéd equipent for cperations
involving liquid-liquid and to some extent liquid-solid mixing.
In liquid-liquid mixing, a system may contain liquids with or without sclids that are not
viccous (e.g., Lght oils) liquids with or without solids that are viscous but pourable (e.g. paints,
heavy oils) and liquids with solids that form stiff pastes (oil-bound distempers). .
The usual form of equipment is a vertical tank fitted with an agitator (i.e. an agitated
vessel). The height of the vessel ranges from 1.5 to 2 times the digmeter. The impeller .

diameter is usually one-third of the tank diameter. _
Agitation refers to the

It should be noted that agitation and mixing are net synonymous.
f the material in a circulatory pattern inside a tank or vessel, while m_'__lx_i_xlg_

induced mation of the
Rs the random distribution into and through one another, of two or more initially separate

nhases. Based upon. the objectives of the processing step, liquids are agitated for the fo@ing E
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i) . x |
_ ( . Blending miscible liquids -

. (i) Dispersing gas in liqui

(iii) : e : icles i
Susmg or dispersing solid particles 1
promoting mass transfer and assisting ¢

ﬁ liquid to prpduce uniformity required for

hemical reaclion.

(iv) Dispersing or contacting immiscible liquids

(v) Promoting heat transfer between liquidl and jacket of coil..
e — i ————

— \H )—’-_ﬂg Inlet
1 — Thermowell

o
Liqud. | =F I

surface o - U |- pafne

Vessel —

Tmpeller
+—Discharge/ .
| | outlet valve

: - = .« ! Fig6l: Typical Agitated Vessel - b

"In the agitated vessel, an impeller creates a flow pattérn, causing the liquid to circulate

through the vessel andreturn eventually to the impeller. ¥ _
r and shaft i.e. impeller attached to the shaft. Ther

are various types of impellers and so the agitator types.When we 52y turbine impeller, it is

glso termed as turbine agitator. The terms Impeller and Agitator are used interchangeably.

IMPELLERS
There are two'types of impellers: . _

An agitator is a combination of impelle

’/1. " Axial flow impelléi'é‘dﬁa‘

"

2. Ra&_ial flow impellers.
" Axial flow im}')ellers' generate flow currents para
impellers are those’ which generate flow curren
(in direction perpendicular to shaft). )
Three maiﬂ types of impeller are propellers
Propeller and pitched blade turbine are axial flow impellers;

llel to the axis of shaft and radial flow
ts in tangential or radiul direction

 paddles and turbines.
while paddles and flat blade,

——

disk flat blade turbines are radial flow impellers.
PROPELLERS : .
A propeller is an axial-flow, high speed impeller commonly used for_low viscosity liquids. .!

It may be mounted centrally, off-centre or at an angle to the tank. Itis simple and portable. The :
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diamet, . . ) U Py
er of propeller is usually between 15 to 30% of the diameter-of tank. A typica. . P

shown in Fip. : ' ‘

L nmAlqg, 6.2. s dard three bladed marine propellers with' square 1tc}ff8r: “;::

- d propeller ;s shaped with a tapering blade to minimise the elfect of centrifug
produce r‘n,aximur;; axial flow .

{

N2

w, M.

s

/7
§ {\Q B

|
|
L

—

Fig. 62 : Standard three blade propeller  Fig. 6.3 : Propeller, off ce!}h";= and angular (unbafiled)

~mall propellers rotate at full motor speedsdwhile large one rotate at speed of 400 to

800 r.p.m. 4 ‘
PEL_.Q lers may also be mounted near the bottom of the cylindrical wall of a vessel as

shown in Fig. 6.4 for blending low viscosity fuids or suspending slovs settling sediments in

very large tanks. - /‘TH““\\— -

s "/6,;05
LT

(Y
L

S S
|'F

% 3 . ! _ M‘nh"mm )
I|‘/’w Q ["/- = .\\ Bafiles

s =
5 Side view

Fig. 6.5 : Flow pattern in a baffled vessel withcr  caly
mounted propeller or axial flow turbine - .
Propeller drives the liquid straight down to the bottom of a tank, at
spreads radially in all directions towards wall, then the liquid flows u
and finally returns to the suction of impeller from the shaft, Sucy flo

Fig. 6.4 :Side entering propeller

the bottom the stream
Pward along the wall,
W pattern is shown jn
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s where strong vertical currents are desired e.g. for
i

pig. 64 Progellers are used in situation

.uspending heavy particles- :
wn in Fig- 6.6. Pitched blade turbine is an axial
radial flow impellers.

[URBINES
various types of turbine impeliers arcbt:h:e turbines 8¢
peller while curved blade and flat 98 :

/[ 7

L m—

by them. A siator Ting

—

Rotor Stationary
_ blades diffuser
O
o d d
- : i ) curve
(a) Open ) Bladed disl Vertical ;;{fdihﬁ:‘:i“ ki RS
_straight blade _flat disk plade . curved blade _ ade with. .
Fig-6.6: Turbine impellers
i ixi i i d rotatienal
They are Mﬂg action c.iue to centrlfuga.l an . gtatior
. currounding this impeller gives an efficient rnx1ng .|

mOLiGis E,‘:.u:rat.ed
The blades of the impeller may be ached to 2 central hub or to @ central disc. The
the impeller is kept between oe-third and one-sixth of the vessel diameteT- The
iler diameter. With a central disc, it 1s 1/8th of the
At e g s S 2 )
3G to 60° Tne
——

diameter of
the impe
jade turbine may be between

blade length is one-fourth of

angle of curved b

{ impeller diameter. The blade
;fi iupelidr specd usvally ranges from 50 to 260 r.p-m. A g
2 éﬂw Y
' LT v
! $‘ T~ "‘\\';‘S
(= 5/
TR
Pad
s

(a) Pitched blade turbine (b) Curved blade turbine

p— \
Y

——— ——
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i
. ) 0 “
:( @ W — Shaft
Bladc
w (5= o °
Impeller disc
. Hub .
() Disk flat blade turbine
) ] : Fig. 6.7 Sk
Turbines are very effective over a wide range of viscosities (upto 10% cP).

divides

Turbine impellers driye the liquid radially against the wall, where the stream
e bottom and then refurns to the

into two portions. One of the portions fiows dowrward to th

centre of impeller from below while other flows upward towards the surface and finally
retufns' to the impeller from above. See'Fi_g-.__ﬁj}maré *especially effective n
de‘:clo? ing radial currents; but with a baffled vessel they also induce vertical flows. To avoid -
vertexing and swirling with turbines, baffles or diffuser ring can be usea. T

Ves - | | Baffles

(f__.h

-
-

= GEa=]|
Ar— N4 “\\‘

&

}
A
L T

Fig. 6.8 : Flow paitern w

iﬂl tur‘bine im
peller in baffy
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It is common to locate the agitator 2t 2 height 22 I be submerged with liquid by adepth
* length from the bettom of the vessel and e e Bt G
egl_m] to twice the diameter of agitatorf

t leds than one agitator / impeller diame}a -

agitator sh s .
tlilt':pf;lcr at low speeds and four times at high speeds. |

When Q}e _dgpth of the liquid is more than twice
wwo impellers jr_z_}};e same shaft. . ’

the agitator diameter, it may be advisable to use

—

cal shaft is used. Paddle agitators

EADDLES l
. . .o on a verti —_——
or simple situation, a flat paddle turning ese agitators normally extend close
E :

with two or four blades are very CcQMMOTi.

The tlades of th . ‘ s
tate in_laminar swirling

to the tank wall. They are simply pushers an
motion with practically né radial flow along

d cause the mass to ro ‘
the ﬁaddlc blades or any axial flow (vertical

fficient. The speed of rotation is

motion). The circulation is poor and the
very low and is generally between 20 to 150
typically 50 to 80% of the inside diameter of the v

mixing action is insufficient. . peed ol ! .
The total length of the paddle im eller is -

essel (commonly 80% of thf_*diametcr). The

B

width of the paddle is 4 to /10th of the paddlé diameter.
A e e "

hemispherical vessel so that they scrap

s is more or less same as the shape of ardlshcd or

In some desi th ik f the blade :
ign, the shape 91 =2 .t with a_close clearance.

the suriace or pass OVer it \
sitator. Anchers are very useful for preventing

A paddle of this kind is known as an anchor ag

depostts on a heat transfer surface as in reac
T obtaining improved heat transfer in high ?isi:OSit}’ fluid

Paddles cover a wide viscosity range,

tion vesseld and are commonly employed Tur
s: High viscosity liguids and pastes .

not easily destroyed’in operation and are relatively

gt

(a) Flat paddle - (b) Anchor

n :

" i

des

the

tly

in

oid _
: ere agitated by multiple paddle blades.
1. low o onet

-

(c) Gate :
- i (d) Combined anchor and gate
Fig.69:Paddle agitators '

v
i
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FLOW PATTEKNS IN AGITATED VESSELS

The factors on which the type of flow in an agitated vessel depends are:

(1) Type of impeller
Pe ol impeller

, (11) Characteristics of fluid and

(iii) Size 1ze and proiiortions of vessel baffles and agitator.
-

.ts, namely

The velocity of a fluid at aq‘f point in an agitated vessel has MW’______’EMS o
!“ T tions 10°

Zidmi longy udinal and tané‘e:}t'a;?. The overall flow pattern depends upon the vana :
¢s in the

these velocity components from point to point. @hc racial velocity component 2¢ ,
ent act 5
direction Perﬁ’enéﬂular to the shaft Mtz lea(ﬁle longitudinal velocity compone:

ts in the
in_the dl!‘eclmn paral]e! with the shaftYThe tangemlai or rotational component ¢ ot
S aftin 2
r}lrectlor- taqgent to the circular pqth around t.ne sha’)In the case cf the vertical sh =
jtudina!
vessel, the tadlﬁ]_n_d_taggcnt:al components are in herizontal plane and the igngitucing
] and p*owde flaw

component is vertical. The radial and longitudinal components are uSefu
-__._.__.;— i —

av
necessary for the mixing action. When a shaftjs vert: ical and located at at the ceptse in
t___..-_...._ ___—__._._l—l'—-—'

ial commponent
or tanlk, the tangential comporent is generaliy disadvantageous as the tangents

s rAi
foliows & circular vath around the shaft and creates a vortex at the SJ{amﬁﬁlj——d——

tend to porpetuste, by a ‘Jaminar flow circulation, “stratifieation at various levels without
stwien Lhe 'J’-‘-Jﬂ|-v in chﬂ]"fﬂf‘f flow, the liquid ﬁo’a: et ‘ni

omphamnr tongitudinal flow hetween i story

the direction of motion of the impeller b! ades The relative velocity between the blade and the
liquid is reduced and power absorbed by the liquid is limited. ﬂ case of un gﬁ;g vessels,

eirculafoiy ficw is generated by all types of impellers. When the swir rling 13 strong the ficw
pattern in the tank is virtually same irrespective of the design of the impeller. At high speeds.

the vortex may be so deep that it reaches the impeller and the gas from above the liquid is drawn

ressel

down into ihe charge. Generally, this i not desired.

UNBAFFLED TANKS

If a low viscosity liquid is stirred in an unbaffled tank by a centrally mounted agitator,
ihere is_a_iendency for a swirling flow pattern to develop, for the IIWEH) i b=
drawn in to form a vortex at the surface ol'the liquid and for the degree of agitation znd a*-_mng
to be_fgncim:ed The above said phe.mmenoa takes pl cein unbaﬂIed tanks r&gardle..s of the type
of 'mf_’f.!ﬂler‘ A t}'pxcal flow pattern in an unba.ﬂed tank fu; either exial or TEMJ.

impeller is shown in F:g 6.10. In the vortexing low riscosity liquid, the vertical VE]Omi:ec _—

low relative to the circumferential velocities in vessel. In the v

the surface of the
liquid takes mugh]y U-shape and cMg no 10118“81' takes place. A vortey i< produced
— _‘ﬁ-u
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Swirl - | }

Voricx Liquid level

ENE

d circulation Fig. 6.11: Vortex atvery high

F ig; 6.10 : Vortex formation an :
’ : ; impeller specd

pattern inan agitated tank

: : "
ationa! speed that may be used, since, Once the vortex

There is, however, a Jimit to the rot onc
In addition, the swirling mass of

{

-

. . ) ; -
reaches impeller, a severe aiw eptrammeni may occur. _ e S P - - N

liouid gencrates-an- osciliating surge in a-tank v ich wherr coupled with-deep vortex may l

iguid generates-an osciliating 22"
create a large fluctdating force acking on a-agitator shaft. . L

PREVENTION OF SWIRLING AND VORTEX FORMATION
There are three ethods of prevention of swirling and vortgl:m_ation :
i} = OM of the jnzpeller; : :
(ii) Use of baflles. '
(ii1) Used of diffuser ring with turbines.
‘In small tanks, the impeller can be mounted off-centre as <hown in Fig. 6.12. In larger
tanks, the agitator may he mognted in the sidm,__eta___’uk“ﬁth a shaft 1n horizontat pianc Sut at

an angle with radius, as shown in Fig. 6.13. : :

¢ s

b -W.r\f‘l MMN\M

s TN

:\ {r,_)_)_

E'- 1S

. ——T
/"
7
~

Fig.6.12: Propeller, off-centre . ‘
and anguler (unbafiled) - ' Fig. 6.13:Side entering propeller
\

—_—

ko

L}
(%

Scanned with CamScanner



Mixing
R R e

p——
- ——
— g - - —— b —

| t8 o . : irling 15 to
I lazge tinks with vertien! agitators, most_con.mon method of reducing SWITINg 22 =5

. b ] ) " . neitudinal
install bafMes which impede rotational flow without interfering with _____radlal sl lo__..m:-'g] _
flow. ) g :

: ,x formations at
In an unbaffled vessel, there are strong tangential flows and vortex formations,

: i there is more
moderate speeds. In the presence of baffles, the vertical flows are mggasﬂd and ther :
rapid mixing of the liquid.

# N,
“\D,/
. Baffle |
B | ' —/ T 5 ]
: Baffles ' B B
I"‘f.- ._""“W{ ; ’ - - 4 {
/ \1 \ ' / N e
1
;| Wl n ; [ \ \‘
‘\‘.:-.._. _4} X ; \ “H‘f_ Pl
= gda= ! y
A7 2T RN
e ot N d
o _
Fig. 6.14 : Flow pattern with Fig. 6.15 : Flow pattern in a baffled tanl
turbine impeiler in baffled tank with centrally mounted propeller agitator

” With wide entering, iwiined and off-centre pro ellers, baffles are not needed.
i = S ——
In case of turbines, the principal currents are radial and tap
—

: A me ¢ gential. The tange ntial
components.induce (lead to) swirling-and vortexing that must be sto ped by the baffles or by the
use of difiuser ring for impelier o be most effﬁlwe, ;

. T e wil ‘ 1

BAFFLING - i

Use of baffles in a vertic 1 vessel is éssential for the efficient mixin :
minimisation of vortex formatio. Baffles are flat vertical strips and mo;;l—t—giﬂlon and
b 2P e

mounted vertically on the vessel wall, projecting radialj fi

e
(RS o) W P rom the wall and locateq |
The width of the baffle should Li¥ie-tenth to gﬁ’é—twel&h of the t&ﬂ}dve 2ocated 9o apart.

baffle height should he_a_t least twice the diameter of the impeller gng 5 5_501 diameter, The

the impeller. If the solids are to_be kept in suspens; N P[’rmuinately centred op

W.i_ﬂ_l a gap of about 1/5 of the baffle width beiween baffle dnili Rl ]l t‘1-'01'11. the wall
-- : = 204 eate] 10 migiy;

Se the
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This is usually au:ompl:shed by sPrYINE o ller i useless because the flow

TO
bottom of o cylindrical vessel. Injecting “the gas under 8 p tp:.rhlch T ol it
be | from the propeller is «xial and downward. d. The- equipmen

turbine agitator. The -
e TR shalblaiin o lﬂCOfPO"at“:lg athﬂ:ft ab:)igleofliiquid isg:qint to the
diameter of turbine i 4 of the tank diameter The dep!
h o ks the impeller with holes on the top.
tank diameter. A sparger (ring shaped) is mounted belov ¢ tel: of the impeller. The gas is
Ehe tiameterof thusparges ¥ el i . t}Tan. th.e dlaﬂ}e of fine bubbles through the
introduced from the top and injected in a pool of. liquid in the form

51 | sparger as shown in Fig. 6.17.

altn e AL _kj)

Gasin

L)

z e e A £ '1" == L
a : : : e ) A
or ' i M | 4
Turbine agitator i
nyo " Baffie—p
B) (
ol
y LY
A . Vessel— . - ; E ;,‘
Sparges = e
1 T e P BN 1 Mechameally ag'ltated vessel for gas-hqmd system
MIXING OF SOLIDS WITH LIQUIDS \/ |
] * In sitvations, where the sclids are Tiot toe coarse, the liquid is not viscous, and the amount
of solids per unit volume of liquid i is not teo great, the solids can be suspended in liquids with
the help of a flat blade turbine type of agitator. 1f any of the abo ve cited conditions do not hold.
. then foy carrying out mixing, one has to look for a kneading machine or some equipment
primarily used for mixing solids with solids.
I MIXING OF VISCOUS AND PLASTIC MASSES
In machines uséd for viscous and plastic masses, ‘either "‘xé material must be brought to-the
agitator or the agitator must visit all parts of mix. The mixing action in these machines is
descnbed as ; :ombmatwn of low-speed shear, smearin- wiping, folding, stretching, and
coTnpressm;:. es;?hmachlngs must be ruggedly built because the forces generated in these ;
m;::rs ﬂl: !:;Ee- *:m P°‘-’:3!‘ w:sumptmn with these mixers is high. Mixers.descnbed in this .
part are double arm kneaders, banbury mixers, pug mills and mullers. 1

ik
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OOUBLE-ARM - (EADER (KNEADING MACHINE) -

machine congists of & rectangular trough curved at the bottom to form twg
cylind ,

ers and a saddle soctjop. Two counter rotating blades (roughly
Z-shaped outline) are incorporated in the trough. The blades are so placed and so shaped that the
'naterial turned up by one blade is immediatcly turned under the adjacent one. The blades are
driven by gearing at either of both ends. These ﬁaachines are operated batchwise and may be

Ides‘igned to consume very' Iarge amounts of power, The trough may be open or closed and Mmay
be jacketed for heating or cooling.

The kneading
longituding) half

The machine can be emptjed through the battom valve where 100% discharge or f-h_OFOUL’h
cleaning, between bateh is wot ag essential. More commonly, double-arm kneaders are tilted

f“T discharge by power operated jacks. Fig. 6.18 shows a double-arm kneader employing
sigma’ blades. -

" The m ateri al to be kneaded s dropped into the trough and mixed for a period of about 5 to
20 minutes or longer. The trough is then unloaded by tilting’it.

Iy,

" = o

N\
e

s

Trough Sigma blade

[\ l-* To gear box
i ' -2t A

Lo [y O A
FE I T T ¥ vidadd

1

I

T
HI!_LIIIIJJ:?

B

;1
LLHHTII]"—I

Gear wheels

Fig. 6.18 : Kneading Machine/Double aim kneader (sigma mixer)
. In kneading machines. the mixing action is a combination of bulk mov
stretching, felding, dividing anad.recomdining as the material is pulled ang

the blades, saddle, ang the walls of trough.

ement, smearing,
Squeezed against

The dispersion blade (Fig. 6.19) w=s-developed Particularly
needed to disperse powder or liquids into Plastic or to
[Fig. 6.19 (c)) is good for heavy plastic materia]s

provide high shea

T forces
rubbery masses. The double- |

haben pj ade

g
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Fig. 6.19: B
_ (a) Sigma, (b
BANBURY MIXER
In case of internal mixe
cover can be used on the kne
ust?d for dissolving rubber an
of internal mixer is the Banbury mix
cach rotating in a cylin

d for making di

er (Ig-

- mixer,

operates at a
the blades an

. the bottom of
spraying

Discharge through
sliding door

operation. Th

Fig.6.20: Banbury internal
mixer
PUG MILLS

A pug mill co
shafts fitted with

nsists of & horizonta' ope
short heavy paddles

the bottom. The
" considerable mass mixing.

ades for double arm

) Dispersion and (¢) D

r, the mixing cha
ader as shown in

6.20). Itis a h
drical sheet, hut these ¢
the blade is-pear

along the axis a
spee
d the wallsis e

the mixing acti
and held in trou

under a ‘pressur
discharged through a heavy sliding docr W

cooling heater on
and circulating it

-+ inclined blades are incor

eylinder. (Fig. 6.14). The rotating shafts are par
paddles may oF not i ermes

FAlsri.rn.

(c)
kneaders

ouble-naben blade

operating cycle. Thus.
not tilt. This mizer 1%
f rubber in liquids. The common Lyp¢
eavy duty machine with two blades
ylinders partljJ ‘ntersect with cach other. In this
shaped, but.the projection
nd the two spirals interlock The mac
d of 40 rpm or lower. The slearance Letween
xtremely sm
on takes place. The mate
gh during mixing by a
e of 1 to 10 kgf/cm?.

¢ is closed during the

mbe
Such a mixer do

Fig. 6.18.

spersions 0

is spiral

hine

rial is fed from above
q air-operated piston
Mixed materiz!
hich is provided at
s taken vut by
f the mixing chamber

'y L] P
afte during

1s

ugh. The heat generated i

the walls o
{hrough the hollow agi
bury mixer is used mai

the tro

tator sh

e ban nly in plastic and

rubber industiries.

Qne or two rotating
porated in the trough ©

allel to the trough length and are situated nea
h and clearances are wide 50 that there 1S

n trough or closed cylinder.
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MULLER MIXERS

Mulling is a ‘smearin : {
wide, heavy wheels of the mixer in large scale processing. A muller. mixture consists of a pan
incorporating muler wheels. In one of ¢}
wheels rotate (Fig. 6.20); while in other

held stationary. In the stationary pa
causing the muller wheels to roll in

s : ixi ing in the pan floor
Flows guide the solids under the muller whecls during mixing or to an opening in the p

" X : he material.
for discharge of the mixer al the end of the cycle. The muller wheels crush the
breaking down lumps and agglomerates.

ik wven by
g or rubbing similar to that in a mortar and pesf-??_. _fff_‘j‘_:l_l_‘ﬁ en -

. ; o
ie designs of muller mixer, the pan is stationary lan
» . ¥ g .
design, the pan is rotated 2nd the axis of the'u hecj 8 L_
n muller mixer, the central vertical shaft is driven.

ids floor.
a circular path over a layer of solids on the pan

LY T ' an 1.6 o

Capacity of the muller mixer 1anges from a iraction of cubic meter to more th .
e ) ™ i e good mixers
and the corresponding power requirement ranges from 1/3 to 75 hp.‘l‘uu_llers are.g_ o
' ially effective in uniformly
for handling batches of heavy solids and pastes and are especially effective in uniformly

coating the particles of granular solids with a small amount of liquid.

_ Outer

Cylindrical
casing.

Wheel

Inner plow

Fig. 6.21 : Muller miye, (Top view)
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MIXING OF SOLIDS WITH SOLIDS /

| Machines such as pug .wills and mullers
flowing as well as when they are pasty,

when the properties of material change mar
ten

can blenw

effective on dry powders than on other ma
required for free flowing particulate solids.
ribbon blenders and tumbling mixers arc effective fo¥
colids by mechanical shuffling while tu

dropping the material and rolling it over.

RIBBON BLENDERS

A ribbon blender consists of a
helical ribbon agitator. A typical ribbon blende
counteracting ribbons are mounted on the same.S
in one direction while the other one m
may be continuous or interrupted. Mixing takes
cnunteractmg ﬁbbons, not by mere motion of the 50

IlchLal ribbon

rubbery, or elﬂ
kedly durmg

:als and are he

The lighter mac
dry powders.

mbling mixers mix

horizontal trough 1n¢
r is shown_ in Fig. 6.22. I

haft. One of the ribb

sves solids quickly int
place due to

lids through the trough.

solids when they are u.

stic. These machines are e X

mixing operation. These are i
avier and more powerful than
hines described here such as
The ribbon blenders mix

solids by repeatedly lifting and

cential shaft and 2
n t.h:f-‘ mixer, two i
ons moves solids slowiy

he other direction. The ribbons
the turbulence induced by

orporating 2@

le

VAV

Be
VANV
' Z"l'rough

{side view) ' s le— Support -

LS‘mft L Pulley for

pOWCI
transmission’

]

. Fig. 6.22 : Ribbon blender

Rlbhon blendErS are llSEd f t C.l' I: I. n g I)P["j e{i I [hl"l']

In contmuousl y operated units, the solids are fed from

one end of the trough and dlsLharged

from ti
he other end. ;n the patn from feed to dlscharge end solids are mixed.
1xe

For light duty, the trough is op’eh or lightly covered;

while the operation under pressure or

vacuum the trough is closed and h
eavy-walled. Ribbon blend
ers are very effective for thm

pastes and for powders that do not flow readily
Y-

TUMBLING MIXERS / TTHMBLERS

-

Many materials are mi
i» 2d by tumbling them i |z
_ a horizontal axis. T g them in a partly filled i -
umbling mixers such as double cone mixer an;O:tame; tl;z;:l rotates abouu |,
win shei ender shown

in Fig. 6.23, are suitabl
e for free flowing dry powders.
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- Bl
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|
{ s b
’ (a) Double Cone Tumbler (b) Twin Shell Tumbler

Fig. 6.23 (a)l consists of 8 container ma?de up of(;\\:'n
lindrical section in between. The mixer is mounted =0
dicular to the line joining the points of the cones. The
above untii it is 50 0 60% full. The ends of" the

bout 3 - 20 min. Finally, mixed

" Fig. 6.23: Tumbling Mixers

The double cone mixer [shown in
cones, base tc base with or without a cy
that it can be rotated about an axis perpen
material to be mixed is charged to the mixer from

container are closed and the solids are tumbled for a period of 2 !

ial is dropped out from the bettom of the container into 8 conveyor or bin.

n ig. 623 (b)) is formed out of two short cylinders. ’I:hesc-l
ped container (their axes A1 atouv ~5° 1o each othiis and

t may contain internal sprays to introduce smai} amounts of

ly driven devices to brake agglomerates of solids. Tumbling

arge volumes, easily

mater

__The twin _s_he;l blencer [shown i
cyhinde:s are joined to form & V-sha
rotated about & horizoptal axis. [
liquid into the mix or mechaxical

mixers are capable of handling 1
than ribkon blenders.

cleaned, and draw a little less power

EXERCISES)
State various types of impellers and draw a skeleh v
State the n3ethods of avoiding vortex in agitated vessel.
Draw the skatches of flow pattern with propeiler and turbine impeller.
Write in brief on two arm kneaders. |
Draw the sketches of different blades use

Write short notes on :
(i) Ribbon blender,

(ii) Tumbling mixer, and

(iii) Pug mill

Explain in brief the power consumption of impellers.

£ disk flat blade iurbine.

d in kneading machines.

DA W
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» (b) C ntinuous
\ (i) ‘ho

elevator if closed casing-
% upward atan an gle from the b - ,
g conveyor o orand nota con :
Only one device - BuﬁﬁﬂaM
§ (1) BELT CONVEYOR :

.Components : Endless Belt ore of plies ©

. : -+ consist ofac
It is made up of rubber €570 rubber.

impregnated with rubber and bonded W1
$t cotton belting, canvas rein
* O Belt tighting system : S "
QO Drive : Head pulley and tail pulley
a Powersupply
0 Belt supporte

¢ + Flat rollers OR Idlers " o
o Feedihg-arrangeinént . Hopper, shaking screen, rotary
Reciprocating plate, Rotary vane

= Discharge arrangement ... "LI'//l

i = e

From tﬁ}q‘end - Y 5 iy
< i 'p'bi'n't', points :
ﬂ elt is Self _discharging — Scrapers .

. .25 Tipping idlers -

: T B THppES 5

E e o> Shuttle |

b ¢onstruction:Working : Belt ends are jointed together. Belt can

£ cvdive horizontally or slightly inclined o
§  Beltisallowedto move with the help of a belt drive.
& The simplst belt drive is steel puliey run with same source of pow<r.
SEDrive pulley is fixed at the discharge end (rarely at feed end) '
To make appropriate contact between the belt and pulley, there is
BE5n..bber idlers justbelow the pulley.

' olissupported by rollrscalled dlors, Duc o dlers, belis depresséd
fit centre and rise at the edges and hence carry ‘more material than ﬂat-Beft.

B
0% §)
F “y

i har. Eng. 1-47(120] JA/Eng_PH9 | SC/0OD

Scanned with CamScanner



T G A R e s
.

e

=0

SGE & S AR
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--...______'_ L] o B 4 ( . ( | ‘ “
A N NG YT 2 1 YO
raised - .
Edge =
i —

- Idler

A hopper is placed at one end (tail L:NHGY ), such that feed at centre of t[l :
r blad "_

Sy !‘:avisic)n is made at the other end for discharging
Cleaning devices such as revolving brush and rubber scrapperl

fre piaced in thé path of the belt in order to clean.

Feed

‘Belt Troughing
§ idlers

D’ri\;re-pull:y

-—'.-H i / D
. ) 3 ) .‘:._———-- ya _-_ -
() O o0 &k &
e
roughi ; / = l égbaoi_
T Honetr ing . r _
;::I‘;:rsmug 9 Snubbesr ——- ﬁg
) ' . jdler . ;... : .
' Source of Discharge bin
power

Fig 9.26 Belt Conveyor

Advantages o
(1) Large Size and can travel Seyeyal_Kllometers

(2) Maintenance is easy ol .
(3) Economicalin terms of costﬁfzr I(Jn;g tonne handled.
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bl Isadvantages:

e pplicaﬁon: . in
6(1) Transporting of containers fOf flling: 2P

-
w
~—
——
=
o g

_;odiﬁcaﬁont It silpPOTte
. . t 15 "
Troughed conyeyor - e'rng]lafzeﬂat roller in case of f12 it

group of three instead O
. Belt take shape of shallow trough

Inclined belt conveyor "
- Slope should not exceee == -, gle tha -
h the belt. In the broader sense it 15 eleva

o s A T

ble castiron or stainless steel. The links

de of mallea
embled and detached without tools.

dmove continuously
Itisa special links

so cast that can be ass
Chains are endless an
Chain attachment -

Different types available are — o
Side Lugs, pushers, pins for ollets, vertical lugs, side lugs, flat lugs

_Driver : Known as sprockets
Chain conveyors fall into two classes

Carry goods on their upperside
Ouerhead conveyors - goods are suspended. Conyeyors of the Istclass

may fitted with wooden Aprons, steel ApIoLs, slats.
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7{—\_& Q—\ .(d) S:ralght i
e @ " , éj__j long-puc.
The material is loadedi mto a smtab!e container and ‘plaCed on thc cltﬁ !
Advantages. .. - . - g -
(1) CheapandSzmp]e : D% g 5 N
Modification e “ REB* ¢ : Cix e
(i) Scraper/ mghtconye'jfor ' i g : ,.f_‘
. themt 7

it concists of onc or'two endless cham pabsmg rhrough a the
(wooden) oe set of guides. The chains have plates of wood or:steel cull__
flights attached at regular intervals. The flights are shaped to fit the troug ﬂ‘
The drive is known as sprockcts . ” Pty . XA

a b o e "
Wood Steel " Double roller
ights - -~ flights - - chains; stee| -

flights - -
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S_rnples_t and cheapest "
Initial cost is low

Adaptablhty nveyor
Suitable for steeper inclines than the bt_:lt convey

Disadvantages :

1) Heavy powerrequirements
2) Repairing charges are hlgh
plications:

‘For saw dust, chips or any 0
Apron Convevor

It is used for heavy loads and .«;1101‘t T f malleable detachiable links.

f mall
It consists of two chains made up c}?ﬁg getween the chains. The whole

ooden bars are fastened tothese attac =
fonveyor drags on the support. It form continuous moving lplar:lfa temus |
 Used for lumpy, abrasive, hot m]unous to ﬂemble belts

ther light materials

Detachable ) Dctaqhable: cﬁ'ai_n
chain . with “A' and"D’
with “A' Link o -alternate Links
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Rccessed plates

(1) Bucket Cunveyms / EleVatgrS B
A deep apron Conveyor 1s known as bucket couveyor ;

‘Tt consist deep steel stamping Wlth oxterlapping'_edges-'g

PltCh strmg‘ht&de stcel chaifi = ¢ ;
Itisusedin ‘handling of coal in powerhouses ‘ ) _
= to disch

A ti'lppel‘ may be located at any point in the how gntal Tun
the buckcts by inverting thern over any desired portion of the bins. -
Buckets may be of tany forms. The aneapohs typahuckat isall

used for grain and dry, pulvenzed materials. _
For sticky materials flatter buckets arc used. For large 1ump
cmshed stone - stampac_l steel buckets are use'd

arried on 191

mate-nal coal

‘a General service b For wet/sticky
Bucke Elevators

~ Theyareused when only direc

are fasten to a chain. Buckets can b
‘ heavxer loadstwochainsare used. Ruckets are spac

in loading and unloadmg

tion of travelrequit ed1s v-ertlca\ Buc

e suspended from 2 single chain orh
edto prwc,m mterl wan

-
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- Matertal Haadhug Sy stcias: A : G
: Material is thrown from the buckets at the top of the f:lc\'atql; :
3 spout placed t~ clear the head sprocket (drive | ulley) will recel

& discharce _ ..
. Inthecase of elevators for heavy materia. using over lapping -buc;kits;
. the buckets are so shaped that the back of one bu- Ve, acts as a discharge sp

- for the next bucket.

. Three common types of bucket elevators are there :

so that o
> all the

The buckets are bolted through the back on toasingle strand of chain of
belt. : : _ L
- Buckels are loaded by material flowing through a chute. The load is
wown out of the buckets by centrifugal force as buckets pass over upper
Wheel '
ositive - discharge : . | —
~, Bucketsare carried on'two strands of chain'whichare snubbed under the
ead wheel and offer a more positive discharge
Continuous - discharge . e ' -
. Itis built with the buckets so close together that each bucket discharges

They operate atmuch slower speeds than the centrifugal c.lischar_gé‘typcs
. ' Centrifugal discharge types urc well adapted to light materials - grains,
& -ashes etc.. - ' :

1 A 5 i P s & S '_ " . J
Havier aid abrasive materials hand!ed i contonuous - discharge types.

- ~ Camtoelevate tripper - .
‘Rail support * . in:operating-position
) 'fﬂf rOler " Buckets (dotfed lines show tripper.

.Roalle not In‘operation).
Chain— e )

Ditcharge

—— Bucket

Feed. —— Qising

—— Belt or chain
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Adifanhgesz
(1) Flexible -
Applications
for coal, crushed stone, grains
(3) SCREW CONVEYORS
It is mechanical conveyors move matcrl* b
als by a scrapipg action "
BASIC COMPONENTS .
TROUGH -tis hetnisphericle vessel in
which material is kept i
Itis made up c of ste¢l. Fixed length m)“gh A
may be joined togéthier to increase Jength. ‘
Some time half-round section atthe bottoxin 0
the troughis made of steeland the stralght 51‘;65
are formed by thé Wwoodén ' | _ - hcmd
- a] 1e
FLI%}lIeTirew element 1s cal]ed a ﬂ“’hi’ It Y beisedwﬂ _

splral

ste,CI t!'OUgh

e Cut flights
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" SHAFT
The shaft is stanﬂa}‘ﬂ sltePplpc

e‘-‘u.,

®: ' The fhghts are Wer'eﬁ 0. the central shafL
‘% HANGER : _ |
= . " ' Ip of
The conveyor 8[3[1161 £ ohaft + I3‘1,ghts) is. suspended with the help

shings of
hangels One ha.nger is used for each fhght Hangcrs CG}IF&IH bu g
= white cast iron, so no need of Iubncant. R r 5

V_J,"\-.

od: troulrh A
1stec) lmc 5

' eyor. -
Shaftisalsosuspended by two bearmgs in lhécnﬁ,ﬁiates ::)f theconvey
/ou HoLE : ﬁ
—’g_o

> :-Hanger .with

Cwame , & . split bearing
.;?ggdg{%n-f_ -'-‘_ £y fgrwggdjst'ecl
. g _troiiéh'_
‘ e -;'-.' ' Hangcrw1th
OWER SUPPLY : - - Bushuig

The shaft i is driven ‘by-amotor, The'; motor is kept atdrive end shaft i3
3 qnnected to the drive by level greas.

BOX ENDS : :*The. ends of conveyor is kriow s BOX ENDS

Drive end is dlfferent in const; uction from Lb.a d1scharge end.
u;ﬂ"'lj. 2 s " : R :_-- & 4%

¢ When' powens applled the dnverotates the shaftaridhence ﬂ1 ghts thht
1 rotated-round an axis and nearer to'the: bottem ofthe trough -+
Feed s introduced by p]a.m S pcuts.

: Asthe fhghtmovesthe matenal also
fioves forward along the: path of secti

ons. The matenal 1s:recel ved u:.mg

Hehcmd screw '
amangement

Sougce of
power

Helical
flight
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Shaft

S5

'ADVANTAGES . ;:.s;;; ;
(1) Can transport material horlzontaly, vemmlly (Up or Down) or mchneJ 3 .%
positions ,'\ )

‘ (2) - Easy to operate and occupy less space (Compact) . %E

" (3) Constructed from variety of materials ‘ _ ‘r» :
(4) Operated at positive and negative pressures - .
(5) By insulating the casing temperature can be loweral or raised: SN
(6) Itcan be made giust free "
(7) Economical . g
(8) It also perform mixing operation f
DISADVANTAGES : | b
(1) Operates at low rotational speeds
(2) Iflarge, combersome handling ,,
(3) Ifrotated at high speeds there is problems of abraswe &
(4) Power consumption is more ~=’-3
APPLICATIONS | )
(1) For finely divided solids and pasty mass 2;
_ (2) Varieties of materials - light, heavy, Abrasive can be handled :
. (3) By changing types of flight it can be used - as mixing and dcwnenng‘fﬁ

(4) PNEUMATIC CONVEYOR .
In this systemthe material is transferred in sucpensmn L astream of air,
Vacuum cleaner is fannhar example of this method..
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R \s“ COMPONENTS
3l '+ PUMPOR FAN/BLOWER - EXHAUSTER :
':" ?' To produce the. stream of air normally cycloidal type pump is used
SR DUCTs -
_:{;’ ‘CYCLONE : (RECSIVER)
}éw + For separation of large particies
$45 BAG FILTER:
:f; *  Forremoving the dust
; .FEEDER
S DISCHARGING DEVICES
¥ DIFFERENT TYPES :
-, (1 PRESSURE SYSTEMS
3. 0 VACUUM SYSSTEMS .
O COMBINATION OF PRESSURE AND VACUUM SYSTEMS
4 FLUIDIZING
Q BLOW TANK
e PRESSURE SYSTEMS | |
Mau,nal:sdroppedmtoan‘nrstreambyarotary feeder. Air fromblower
A passes below a fecder.

A mixture of air and material Flows alon
ollector (cyclone) where the materia] dropstoth

ir contirues to dxscharge to atmosphere through the bag ﬁlter

“Itis used for free: ﬂowmg maten"ls Adr s supplica by positive -
isplacentent - blowers. -

In this system matenal conve
delivery stations.

g the ducts, reaching the
ebase ofthe cone, while the

yed from one receiving point to several

- Filtered
Alr out

e
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