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- Conveying

Belt Conveyors
Screw Conveyors
Pneumatic Conveyors
- Chain Conveyors
. Bucket Conveyors
Storage of Solids
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The term ‘conveying® is applied to the transportafion of solids. The
- transportation of liquids is much simpler, cheaper and '!es,:s.”’tr'oublesome
than handling solids. In many .operations, solids are handled in a finely
- divided state, so that they remain suspended in a stream of fluid
Hlowever, such a system is not suitable for handling all types of solids.
- Therefore, it may be necessary to transport solids as such. This unit
operation is important in the storage and handling of raw materials, |
finished products and packed goods. The advantages and objectives are

given below. ' Lk R

Efficient and Effective Conveying—Objectives and Advantages
l. Decreased product costs and increased manufacturing capacity. -
Decreased cost of raw material. For example, penalty charges
are levied when cars are not loaded or unloaded according to
schedules. Losses due to spillage or torn containers is reduced.
Decreased processing time and clonse_rvatio:i“bf Eh_érgy'.
Rigid in-process controls leading to decreased q'ua'lri'ty_ control
and quality assurance costs. _ gt h
5. High degree of uniformity, reproducibility of the process and
~ compliance with the cGMP regulations (current good manufac-
turing practices). i g TRt e
6. Minimum contamination and dust formation, :-
7. Increased employee safety and reduced labour costs.} /¥
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If raw materials are not moved as requircd by production schedules.
the manufacturing process will be slowed down. In addition, machine

time and operation hme will be v.astcd As a result in- process invento-
rics will be increased. | |

Improper handling and storage can lead to damage, outdated and loss
of materials. Improper handling of granules, strips, bottles and chemicals

can place employees in physical danger. This can often lead to employce
{rustration and reduced morale due to constant production delays.

In today’s world of autemation, solid conveying has gained a greater
importance. lt is often necessary to prevent the contact of matcrial with
the persons. in ordcr (o avoid contamination (as in casc ol antibiotics).
Similarly working personnel should not be exposed to poisonous and
obnoxious substances. Therefore, a closed conveying system Is essen-
tial. Such a tlosed circuit manufacturing operation calls for automatic
handling systems. The feeding of materials into a reactor is always done
mechanically.  Similarly, discharge should also be madc automatic.
Conveyors are used in the production of all dosage forms such as tablets,
capsuh..s liquid orals, chcnons

Conveyors are classificd into five major groups. These ure:
} BeLl CONnveyors - 2. Screw conveyors
3. Pneumatic convevorss 4. Chain conveyors
5. Bucket conveyors

Some important conveyor systems. construction, working and apph-
cations are discussed in this chapter.

BELT CONVEYORS

~The basic elements of the belt conveyor are:
1. Belt and belt tightening systems

Belt drive and power supply

Roller supports for belt

Feeding arrangements

5. Discharge arrangements

¥ OO RS

Principle.

Horlzontallv or inclined phccd moto" driven rotating belt on pulleys
convey the material from I"x.edms_r point to the discharge point.

Co nstruction

The construction of a belt conveyor is shown in Figurc 4-1. Belt
conveyor consists of a core or carcass (meaning skeleton or backbone for
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the be’lt) of several piles of .cbtton duck, each layer is impfegnatéd aﬁd
bonded with rubber. The carcass is then covered with a thin layer of
rubber that binds the piles together. Both the ends of the belt are joined

together, ‘so that the belt can revolve continuously. The belt may run.
horizontally or slightly inclined from the feed point.., '

— If the belt is too thin for its width, it will sag'.‘_-il;etween idlers.
~ If the belt is too thick, it does not trough prc’)peﬂv |

Somctimes, the length of belt is increased due to a varicty of factors
such as temperature and humidityof the atmosphere. In such cases, it is
nccessary to keep the belt taut. Hence, tighteners (or take-up) are
installed to maintain an even-tension on the belt under all conditions.

The simplest take-up consists of a cast iron’bed with a travelling block

moving along a screw.
<))
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Figure 4-1. Construcnon of belt conv cyor sy.stcm

The belt is allowed to move with the help of a belt drzve The
simplest belt drive is a bare steel pul]v..y actuated with some source of
power. The drive of the belt conveyor is fixed at the discharge end (It is
rarcly arranged at the feed end). There should be appropriate contact

between the belt and pulley. Introducmg snubber 1dlcrs just below the
pulley can increase the contact. P K it

The belt is SUpported by rollers, which are 'arranged. c;m a‘.shaﬁ.
These are called idlers. The idlers arc carried on bush bearings lubri-

cated with grease-cups. The idlers are generally troughed to depress the
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belt at the centre and rise at the edges (Figure 4-2c¢). This permits the
belt of a given width to carry more material per linear metre without
spillage. The belt returns on ordinary, non-troughing rolls.

Matenal

(a) Flat belt on connnuous (b} Flat belt on flat belt idlers
plate (nen-troughing) (or non-troughing)

(c) Troughed belt on 20° idlers.

Figure 4-2. Construction of support 1dlu':, in width-nise description.

A h0pper is placed at one end in suc,h a manner to load the fced at
the centre of the belt. Cleaning devices such as revolving brush’ and
rubber scrapper blades are placed in the path of the belt in order to
~ clean, if the material sticks to the belt.” Provision is made at the other

end tor discharging.

Working

Whénlpower is applicd to a conveyor. the belt starts rotating.
- As the pulley moves, the belt begins to travel in forward direction,

~because of its close contact with the pulley. Snubber idlers also help in
‘maintaining the close contact between the pulley and belt.

The material (to be transported) is loaded on its centre of the belt

with the help of a hopper. The material travels above the belt. The belt
moves forward on troughing idlers. This permits the belt to carry more

material per linear metre without spillage. The amount of fecd delivered
“depends on the width and speed of the belt. At the discharge end, e
material may be unloaded manually or mechanically.

Once the material is unloaded. the belt returns on lighter non-
troughing rolls to the point of feeding. -
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Pharmaccutical Applications’

Belt conveyors are used in tranqportmh containers for filling, cap-

ping, sealing, labelling, pasting, visual inspection etc., in the production
of injectables, liquid orals, ointiments and jellies.

In the strip and blister packings of tablets and capsules, strips are

conveyed on a moving belt. Durmg this proceqs the strips are packed In
the cartons. B “

Belt conveyors arc used in the manufacture of lozenges. It is a
continuous process of candy base cookies. When a mass of sugar base is

on the conveyor, the water is removed. At the end of the belt. the candy

base is mixed, tempered, formed. roped. melted, audulcms and flavours
are added. cooled and sized. '

Advantages

(1) Belts can be made of ":sbestos fibres, neoprene. teflon and wml
polymer. Cord belts are also used.

(2) Belt conveyors are for general purpose installation ‘and available
in relatively large sizes. These can travel several kilometres as
in case of coal mines. '

(3) Routine maintenance of belt conveyor is easy.

(4) Belt conveyor 1s cconomical in terms of cost per unit tonne that
it can handle.

Disadvantage
Belt conveyor 1s expensive.

Selection of Belt Conveyor

The capacity of a belt conveyor depends on the cross section of the
load and the speed of the belt. The cross section of the load depends on

the width and slope of the belt and size of the matenal "‘be select:on of
a belt conveyor depends on: | *

— Power required. o

.~ Mechanical and tensile strength of the belt system to handle
- the wider varieties of materials. s

- Lump size.
~ Troughability of the belt.:

-— Ability of the belt to support the Ioad between idlers.
— Chemical resnstance of the belt to the matenal to be handled.

T4 1“.:

Manufacturers of belt conveyors pUbllSh charts or formulae for the
construction of conveyors, size and power requirements.

i
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« Construction =

- required, tlu,n more number of mu,h units are joined together.

Font:, SCREW CONVEYORS
The basic elements of the screw convc) or are:
1. Trough system 2. Flights and power supply

St Ft.edmg arrangements 4. Discharge arrangements

Prmclplc |
llor:zomally or inclined or vertically placcd motor driven screw like

flight conveys the material in the trough from the feed pomt Lo dlscharg,e
point. '

. The trouah ls ° U-shaped msel in which the material is enclosed
dunns_ conyey mL (l-wule 4-3). T he uouuh 1S usually made of a sheet of
" steel and available in standard Iuwlhs 1f a trough of more It.n"th 1S

Helicoid screw _
arrangement
| Closure

Bevel gear ' o | '_ -V (lid)

4]
y —

Source of
power

end

Plgure 4-3. COHb[I‘ULthH of a typlml SCTCW conw.yor

Screw elum.nt usually consists of a splral blade (c:c:um.yuwl mecha-

nism is like a screw). which is cailed flight. The simplest form of the v

flight is-the sectional conveyor. Helicoid flight is shown in Figure 4-3 ,-g.:
it is made of a single long ribbon that is twisted and wrapped mto a
spiral shape. These standard flights are welded to-the central shalft.

‘Alternatively the conveyer element (helicoid flight element) is sus-
pended with the help of hangers along the length of the trough. Usually
one hanger is used for:each flight section. Hangers contain bushings. of
white cast iron, so that lubricants need not- be used.

| i|
'.. ]r
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The drwc end and discharge ends are known as box-ends. At the |

L

drive cnd shaﬂ 1S connected to - the dme by bevel oears. Power IS

'III!. i

;.
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transmitted through the shaft to the flight. The shaft is rotated around an
axis and remained nearer to the bottom of the trough. The feed is
normally introduced by plain spouts, which gives uniform flow of
material. At the dlscharge end, arrangements are m'tde to receive the
material using open- cnd trough or open- bottom trough

Wnrkmg

When power is applied, the drive rotates the shaft through the bevel
gears. -The screw element starts rotating. The flight is rotated round

an axis and remained nearer to the bottom of the trough. Feed is
normally introduced by plain spouts. The material will be trapped
between the gaps of the spiral blades. As the ﬂlght moves, the material
also moves forward along the path of the sections. The material is

received using open-end trough or open-bottom trough. .. -

Applications

(1) Screw com*eyor is used for transporting ﬁnel) dmded solids or
pasty solids.

(1) Materials having propertles such as light-weight, medlum-wewht
abrasive, non-abrasive e and different densitics can’ o easily: han-
died using screw conve)or itisa versatile conveyor system.

(5) Sp...,ual lights and casings are dvallable for operations such,as
mixing, de-watering, heating and coo]m;:,

(4) It has the capacity to handle the mate-r_lals- 5t about 280 metre .,
cubc per hour. ' |

Admntagc

(l) Materials can be conveyed honzontally, vemcally or inclined.

(2) Screw conveyors are easy to operate and occupy less space.

(3) leferem constructsons are available and can be adapted for a
variety of materials. Screw conveyors can b¢ fabricated m
variety of matcnals ranging from cast iron to stainless steel.

(4) Screw conveyor can be cperated at positive and negatwe pressurcs

(5) High and low temperatures can be maintained by msulatmg the
casing.

S

(6) It can .bf.: made dust free.

D:sadvantaﬂcs - - . B :

W

(1) Screw conveyors operate at relatively low rotatlonal speeds.
!/
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) EMrcmclv cumbersome handling when conveyor bccomcs larger.

97
Working

The cycloidal blowers (or fans) produce air at prcssuru 1b0ut 7.0
Kilopascals. This air is passed through the air slide at the rate of 1.5
metre per minute.  During this process, the rotary feeder valvc rotates

and allows the feed to enter the pipeline. These solids are suspcndcd
into a strcam of air in a fluidised state until 1t reaches the receiving end.

The material is then admitted to- cyclone separator to remove largc'
particles and fine particles, if any. The large particles are collected into
the bin. The fine particles are removed‘in a bag filter. The gas can be

recycled to the blower inlet in a closed system to save the valuable gds.
These systems arc used for free ﬂowma materials.

(3) Al high spcul«. abrasive problems arise.

(4) Power mnsumpl:on per unit weight lransﬁ,rrt.d 1S hlgh

Sclectmn ef Screw Cochvor | .

“The size and specd of a screw conveyor are determined to makc a

choice of the design. The type of construction dt.-pbndb on the uqu:ru
mcntb such as:

~ Scale of operation
- = Severity of scrvice
..- Value of the material .

~ et Air out

*~ Exhauster

PNEUMATIC CONVEYORS

The basic elements of the pne¢umitic conveyor are:
1. Air supply (or vacuum) system |

. j - . ' = e r |
2. Air slide and pipcline J g Just collector
3. Feed arrangements e :
4. Discharge arrangements (air and feed separation) f,, _

Principle y

When a hmh \clocm air is passed through a bed of solid p.,..mcln.:. I To bin
the individual p'ut:clcs arc dragged by the air. Finally they are i b Cycione
suspended in the air. Such a sy stem is known as fluidized bed, which s Pipe line - separator -

described as a condition of fully suspended particles. In this condition,

the suspension behaves like a dense fluid and can be transported {rom
onc point to another in processing plants. At the discharj_,c end, the gas

)
is separated and the solids arc recovered. Figure 4-4. Pneumatic cony C)’lng bysttm prcssure type.

For the design and satlsfac.to operation of : ‘
Construction ry op pneumatlc conveying, it

s necessary to know about properties of powders such as: density, -

particle size distribution, conesiveness, angle of friction, angle of repase r
and ﬂUIdIZatIOI] charactenst:cs -

‘The construction of a pncunmtlc conveyor is shown 1In F:gure 4-4.
Fans or cyclmdal blowers arc connccted to the conveying system. An air
slide consists of a chute with a porous base through which air passes.

" The path of material travel may vary from a few metres to scveral
hundréd metres. Conveyor mechanism can be operated for horizontal
and vertical distances. The material supply (f'eed) is connected to-the air
slide through a rotary feeder valve. The other end of the pipeline i1s
connected to a cyclone scparator. '

e i
Bl
.l L 1
T

Appllcatlons

(1) Pneumatic conveyor is the most important handlmg tx,chmquc m'
chemical mdustry '

(2) It is used in the formulat:on of' powdered msufﬂauorl'xs. 8

(3) Gcncrally, Ilght and bulky matcnals such as grams‘-cdn bé
- transported easxly

) b m L
' - ‘ |t“

(4) Pneumatic- conveyor is used for handlmg of unpleasant and
injurious (toxic) materials, since it is a closed. system
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(5) Powders containing poisonous cpnstituents can be transported.

(6) Fine powders and pellets haviag the size up to 6.0 millimetres
and bulk densities from 16 to..3000 kg per metre cube can be
handled by pneumatic conveyor.. ' *

Advanta ges

(1) Whlle conveymg the matenal the. path involves many turns and
lets In such cases, other types of conveying become costly.

(2) Pneumatlc conveyor 1s economlcal compared to other types of

cConveyors.

(3) Friction losses are small.

Disadvantages

(1) The pneumattc conveyor needs more. power than other types of

conveyor systems.

(2) Erosion of internal surface of the vessel and attntlon of sohds
may take place.

(3) Uneven contact of gas and sohds S observed

CHAIN CONVEYORS

Chain conveyor consists of two elements Viz., cham elements and
" chain attachments. S50

Chain elements arc made of malleable cast.iron or stainless steel.

These links are so cast that the} can be assembled and detached wnhout
use of tools. -- |

Chains are endless and move continuously. ‘The material is loaded

intoa suitable céntamer and placed on the chams T hese are usually

- . constructed on the job. -

Advantages : Chain conveyor is a cheap and sxmple ptece of eqmp— _'

ment. It can be adapted to a wide variety of problems

Scraper/thht Conveyors

Flight conveyor consists of one or two endless chalns passmg through
a trough or a set of guides. The chains have plates of wood or steel
called flights attached at regular intervals. The flights are shaped to fit
the troughs. The chains pull the flights and the material along the
trough and passes over sprockets at the end of the run. One of the
sprockets acts-as the drive. In an elaborate form, flight conveyor is

k)
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supported by two chains of roller pmllc type (Figure 4-5).  Scraper

conveyors with speeds of 30 metre per minute are common, ‘but the
speed may ranges. from 8 to 60 mclrcs per minutc.

Flight

Chains

Figure 4-5, Seraper/llifglrt conveyor with’ two chains.

Uses: Wldel) uaed for loose matenal that is non-abrasive, such as

grain, food-waste, garbage, saw dust chips and coal. It is not suitable for
{riable abrasive materlal such as clinkers, gravel and crushed ore.

Advantages : Snnplest and cheapest type of conveyor. "lhe cost of

installation is also low. Scraper or flight conveyors have greater adapt-
ability to a wide variety of conditions. It is suitable for stceper situations
that are not possible by belt conveyor (mclmat:on 45")

Dlsadvantagcs : Scraper or ﬂl}_:,ht conveyor nceds hcavy power

requ:remems chamng char;_,es are high.

Apron Conveyors

Apron conveyors are usually used for heavy loads and short runs.
The simplest apron conveyor consists of two endless roller chains, which
arc connected by double beaded steel - pans. The beading prevents the
material from slipping backward when conveyor is inclined. Wooden or
metal boxes arc fixed between the chains and the whole conveyor drags

on the support. Apron conveyors are used for

— transporting hcavy loads.
— short runs at low speeds.:

conveying material such as lumpy, abraswe and hot pro-

'-'wded that these are not m_;urlous to ﬂemble belts
‘ - ad
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. , BUCKET CONVEYORS
Construction e o

Buckets are used for loadmg the materials. The buckets are madc of
cast iron or stamped steel and available in many forms. Flatter buckets
are used for materials that are sticky. Heavily stamped steel bucl\ets are
employed for large lumps for example coal and crushed atone

The buckets are attached to belts or chains. The chams are endlcqq
and buckets are h\ed betwecn two chams (Fq__,ure 4 -0). The chains are

Discharge
— Bucket .

i faad C;smg

Belt or chain

0

F:gure 4-6. Constructlon of a buckct convcyor

generally long pitch, straight and side._type. The buckets are spaced to
prevent mterference in loading and unloading. For heavier loads, two
chains may be sed. The attachments are riveted to the ends of the
chains. The attachments are slightly above the level of the chain so that

the ends of the sprocketed booth do not strike the back of the buckets.

Boot . ok
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The weight of the conveyor results in the stretching of the chain
under load.  Therefore. tightening devices are gencrally provided for
allcrmg, the position of the sprocket at the foot of the elevator..

- In horiz oma! runs, buckets overlap cach other and the feed . is
| mt:oouud as a continuous stream of m:xtcrlal

= In vertical lines, the buckets are pivoted in such a way that they

hang. frecly: beth.cn the chaw Therefore, convevor acts as ar
clevator. MR dre W "

At the foot of the clevator, a structure known as ‘boot’ is used for
feeding the buckets and also for tightening the chains.  Buckets are

sometimes Lompla.tel} anloch In a casing. Thc casmg:, Is made of wood

or steel sheet.

W’url\mg

Thetel “‘“V'i'()l':: are- gencrally driven from the head sprocket. At the
foot of an clevator, there is a structure known as ‘boot’. which helps in

fleeding. ~The buckets are normally fed by digging into the materials

particularly in casc of loose material and granular solids. The buckets
maintain their carrying capacity by gravity, but they can convey the
material horizontally or vertically or any desired path. Loading can be
done by the flow of material through a chute into the buckets. Buckets
nay be readily discharged at any. point by a tripping device, causing

cach bucket to turn through 90 degrees., The types of discharges are
mntmuom posnlwu and LCIHI’IfUQﬂ] | |

= L -ﬂ
Applications

Buckct conveyors are u';c:d In transporting coal, crush :d stone, grams
ele, v '
Advantaﬂe

Bucket conveyors are \ery ﬂLxlble

il Jﬂ‘j

L T

STORAGE OF SOLIDS

Attention must he pmd to the storage of solids. The storage is an

important operation, i the material is too valuable or too soluble when

exposed to aunosphere as in outdoor of iles. The following arce used for
storing sohids. '

Bunkers : These are used for storage of pulverised solid material.
During plant shut down, the solid material is stored in bunkers. Coarse
solids such as gravel and coal are stored outside in-large piles, unpro-

Lz
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tectcd from the weather. Out door storage can lead to enwronmcntal
| problems such as dusting and leaching. - :

. Hoopers, bins and silos : A bin is fa:rly wide and not so tall. Itisa
cylmdrlcal or rectangular vessel of concréte or metal. A siio is tall and
relatively small in diameter. A /fiopper i1s a small vessel with a sloping
bottom. It is used for temporary storage before feeding solids to a

process. These contamers_, are loaded from the top by some kind of an
elevator and discharged ordinarily from the bottom.

Now-a-days, there have been extensive improvements in the use of

solid conveying equipment. For example, granulation and tabletting
_Gperations are completely automated and computer controlled.. The
‘above system utilizes pumps and bucket conveyors to move materials
upward whenever required. Examples are transporting granules and
transporting compressed tablets for batching and film coating. These usc

belt conveyors and pneumatlc conveyors to move the material horizon-
tally

QUESTION BANK

Each ﬁuestion carries S m__ar'k's _
l. Hlustrate the concept of solid transport by fluidisation.
2. Describe’ the principle of pncumatic conveyer with a labelled diagram.
3. Describe the differcnt types of ccmveyt)rs used in pharmaceutical industry.
4. _Lisl' advantages of screw conveyor and screw elevator. How do you
compare-these with pneumatic transport of solids?

L)

. &

. Describe the construction and wor_king of a screw conveyor.

Each question carries lO marks

|. Describe the construction and workmg of belt conveyor system for solid
transport.

2. Name the devices used for lranqportauon of solids. Describe pneumatic
conveyor. |
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