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Abstract

The recycling of waste paper is necessary to check the problem of raw material scarcity. The objectives of the
study were the design and fabrication of a hydropulper and agitator unit. Design computations were carried out
for the various components: hydropulper and agitator cylindrical vats, shafts, impellers and blades. The major
construction material was mild steel. Other components were electric motors, gear switch, sieve, funnel and
tripod legs. Fabrication operations included cutting, welding, beating, grinding and the use of fasteners. The
hydropulper vat diameter was 835mm with height 910mm giving a volume 0.4217m? The height of funnel was
140mm and the screen had 8mm diameter holes. The electric motor power rating was 7.5HP and the shaft was
1100mm long. The agitator vat diameter was 760mm, and height 870mm giving a volume of 0.3947m?* The
machines were operated after loading and their performance was satisfactory. It required about 16litres of water
to disintegrate 1kg of wastepaper. The slurry produced was similar in properties to those produced industrially.
The study will help in the utilization of waste paper as an alternative source of raw material for pulp production
and also provide an environment friendly means of disposing waste paper in Nigeria. Modifications and
improvement can be easily achieved as well as the prohibitive cost of industrial scale machines would be
addressed as the machines from the study are cheaper.
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INTRODUCTION The disintegration of waste paper to form slurry takes
All the paper mills in Nigeria owned by the place during stock preparation and various
government have folded up, while those privately equipments have been designed and modified over
owned still functioning are few and find it difficult the years. The Watford pulper, which was essentially
meeting the demand of consumers. The high cost of made of a cast iron conical casing which housed a
the equipment and maintenance has also discouraged shaft equipped with shaped cast iron paddles was
individuals from venturing into the enterprise. The designed before 1600 AD. This machine operates at a
fabrication locally of paper recycling equipment high consistency of about 35% giving crumb-like
which is the objective of this study will help alleviate pulp which fall into a trolley for eventual removal.
the problem. This machine has been used in pulping very stubborn
waste such as wet strength paper and old paper sacks
The term paper refers to “basically wood which has as its pulping action has been likened to the kneading
been converted to fibres by chemical or mechanical process (UNIDO, 1986).
means and arranged into sheets with the aid of water
and a few chemicals.” (Porteous, 1977). The paper so The paper breaker originally first built in 1600
produced can be used for writing, newspapers, Holland was a high density pulping machine (GIT,
magazines, cardboard boxes, tissue paper, serviette 2004).The operation involves the breaker being filled
and match boxes depending on the desired end use. with water to a given level and the roll is revolved.
The projecting blades of the rotor create turbulence
An early investigation into the feasibility of making which breaks up the pulp or waste paper (GIT, 2004).
paper from cheaper and readily available materials in The more common and widely used disintegrator is
desired quantity was carried out by Mathias Koops. the hydropulper which consists of an open cylinder in
Among three paper making patents he received in which an impeller revolves. The impeller has
1800 and 1801, was one for the removal of printing projecting blades on the surface which creates
and writing ink from waste paper, before it was maximum turbulence within the vessel. The vessel
reused (GIT, 2004). The removal of ink is required to has a false bottom while the inner bottom has drilled
enhance the brightness of the paper formed. holes which permit the removal of pulp after
disintegration. Pulping process for hydropulpers is
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most efficient at 8% consistently, though emptying is
slow (Wahistrom, 1970). Pulping at lower
consistencies can be carried out these days.

Modern hydropulpers are fed by mechanical
conveyors while more recent development makes use
of the secondary pulper, with in-built screens for

removal of small rejects (Young, 1980).
Hydropulpers are usually vertical but can also be
horizontal ~with  capacity range 10-300,000

kilogrammes per day. Both batch and continuous
pulping are carried out with great assurance of
uniform disintegration (Young, 1980).

The Technical Association of Pulp and Paper
Industry (1958) employed a standard disintegrator
which comprised a propeller shaft with three blades
driven by an electric motor. This was used to produce
slurry later formed into handsheets for physical tests
of pulp.

A variety of process functions are carried out in
vessels stirred by rotating impellers. One of these is
the suspension or dispersion of particulate solids in a
liquid to produce uniformity, promote mass transfer
(such as dissolution), or to create and assist chemical
reactions (Perry and Green, 1997). The mixing
equipment could be axial-flow impellers or radial-
flow impellers. Axial flow impellers include all
impellers in which the blade makes an angle of less
than 90 degrees with the plane of rotation. Propellers
and pitched-blade turbines are examples (Perry and
Green, 1997).The pitched-blade turbine was adapted
for the mixing equipment (agitator) designed.

MATERIALS AND METHOD

The waste paper recycling units making up the
system are the hydropulper, the agitator (mixing
equipment) and the sheet former but only the first
two were fabricated as a sheet former was available.
Mild steel was the major construction material. This
is because of its being readily available and
possessing adequate strength. It is also easily formed
and joined.

The hydropulper consists of an open cylindrical
vessel, a shaft carrying an impeller which rotates to
cause disintegration of the waste paper and separation
of fibres. It has power transmission sheaves with v-
belts connecting the shaft and electric motor, a three
phase gear switch, a valve for stock outlet, bearings
and tripod legs. Figure 1 shows the exploded view of
the hydropulper. The required diameter is 835mm
and a height 910mm giving a volume of 0.4217m?,
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S/N Component name

2 Saddle

3 Tripod leg

4 Cylinderical Vat
5 Shaft

6 hub
7/Impeller

& Sieve (Screen)
9 Outlet pipe

10/ Control vavie
11 Power source
12|Electroc Motor
13| Confrol Switch
14 v pulley

1/3haft Sheave (Flywheel)

Fig.1 Exploded view of Hydropulper

The required height of funnel is 140mm with a lower
diameter of 50mm since outside diameter of drainage
pipe is 50mm. Funnel material is 1.2mm thick sheet
of mild steel for ease of folding. A flat bar 2mm thick
and 25mm wide was used as a support ring and
welded on top of the funnel to enable bolting of
screen to funnel top. The funnel facilitates the
movement of slurry downwards to the drainage pipe
due to its conical shape when the contents of the vat
are to be discharged. The screen also made from
1.2mm thick sheet had an 8mm diameter mesh hole
and was bolted to the support ring welded on to the
funnel edge for rigidity. Eight 20mm bolts were used.

Ergonomics required overall height of the cylinder
from the ground to be 1430mm since the vat will be
loaded by hand. A tripod support design was adapted
for the hydropulper legs. Each leg had two vertical
sections; 190mm long and an inclined section 540mm
long. The upper vertical section of each leg was
welded to a 170mm by 150mm, 3mm thick plate with
perforations made for four 10mm bolts. The bolts
secured the legs to plates welded to the vat. The
hydropulper shaft saddle has two sections with each
carrying a bearing on opposite sides. The upper
section consists of two 950mm long angle iron bars
separated by two 138mm long flat bars while the
lower section is made up of two 400mm long angle
iron bars also spaced by two 138mm flat bars. The
angle iron and flat bars are both 50mm thick and
50mm wide. The two sections were attached using
four 100mm long angle iron bars and the saddle was
bolted to the vat using saddle anchors.

The electric motor saddle is vertically above one of
the tripod legs so the leg bears a great part of the
motor’s weight. A tension plate 300mm by 300mm
and 100mm thick was provided to ensure proper
tensioning of the belts. This plate was attached to a
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saddle 600mm by 50mm and 5mm thick welded to
the side of the vat above one of the tripod legs.
Tensioning was achieved by placing two tension
bolts between the tension plate and the electric motor
saddle.

The impeller was designed to achieve cutting and
mixing actions. The impeller comprised a flat
cylindrical disc 405mm in diameter and 6mm thick
with a hole for the hub carrying the shaft in the
centre. The hub was 100mm in height and 90mm in
diameter and was welded to the disc. The disc had
eight blades 90degrees from each other with 90mm
spacing between each and its counterparts making a
pair facing one direction. The blades deviated from
the shaft axis by 35degrees and were 112mm long. A
three phase gear switch was installed below the
electric motor to control the source of electric power.

The indicator was a 500mm transparent rubber hose
connected to the sides of the hydropulper vat to show
the level of the slurry inside the vat at every point in
time. The belt guard was to keep the v-belts in check
while rotary action of the shaft took place while the
vat cover prevented slurry from splashing all over the
place. They were made from 1mm thick mild steel
sheets and the vat cover consisted of two semi-
circular sheets for ease of opening.

The agitator unit also consists of an open cylindrical
vessel, a shaft carrying the blades which serve as
stirrer, power transmission sheaves, v-belts, a pipe for
stock outlet, shaft saddle, motor saddle, bearings and
tripod legs. The required diameter is 760mm with a
height of 870mm giving a volume of
0.3947m>.Figure 2 shows an exploded view of the
agitator.
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Tripod legs were also used for rigidity and stability.
Each leg is made up of two vertical sections 190mm
long and an inclined section 480mm long. The
overall height of tank from ground is 1345mm based
on ergonomics and mode of stock loading and
transfer (which is by hand). Welding and bolts were
employed as in hydropulper.

Agitator shaft and electric motor saddles were same
as for hydropulper. The agitator shaft saddle has two
sections with each carrying a bearing on opposite
sides. The upper section consists of two 950mm long
angle iron bars separated by two 138mm long flat
bars while the lower section is made up of two
400mm long angle iron bars also spaced by two
138mm flat bars. The angle iron and flat bars are both
50mm thick and 50mm wide. The two sections were
attached using four 200mm long angle iron bars and
the saddle was bolted to the vat using saddle anchors.

The electric motor saddle is vertically above one of
the tripod legs so the leg bears a great part of the
motor’s weight. A tension plate 300mm by 300mm
and 100mm thick was provided to ensure proper
tensioning of the belts. This plate was attached to a
saddle 600mm by 50mm and 5mm thick welded to
the side of the vat above one of the tripod legs.
Tensioning was achieved by placing two tension
bolts between the tension plate and the electric motor
saddle. The agitator blades are three pitched blades
300mm long making an angle less than 90degrees
with the plane of rotation. They were designed to
achieve mixing action and dispersion of fibres as the
slurry is stirred.

Design Calculations

The thickness of the hydropulper cylinder was
derived using the relationship for a thin-walled
cylindrical pressure vessel:

Oyp=PI/te e (1)
(Craig, 1996)

where r = 0.4175m, t = thickness, p = absolute
pressure.

oy, = Yield strength of thin walled open
cylinder containing fluid under pressure
NOW, p= Patm + Pg (ZZ - Zl)
(Walsh, 1999)
p = 1000kg/m®, g = 9.81m/s?, (Z, - Z;) = 0.77m,
Pam = 101325N/m?
oy, = 250MPa (Craig, 1996)
To accommodate forces arising from the cutting
action of the impeller, a factor of safety n is
introduced. So we have,
ow= 0y/n, withn=4
where o,, = working stresses (recommended rather
than o,,)
Hence, o, = 250/4 = 62.5MPa = 62.5 x 10° N/m*
t=pr/ oy The vat thickness selected was 3mm.
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The hydropulper shaft was designed with the
following considerations: speed of electric motor is
1440rpm,diameter of electric motor sheave being
97mm and shaft sheave diameter is 260mm.Two type
A v-belts were used. Using the relationship;
Nm X Dm = Ng X Dg
(Childs, 1998)
where N, =
1440rpm

D,, = diameter of motor sheave which is 97mm

N = speed of shaft

D; = diameter of shaft sheave which is 260mm
The electric motor power rating is 7.5HP
And 1HP = 0.75KW = 746W
Thus, 7.5HP = 5.595KW

Speed of electric motor which is

also, torque M;=9550xP ...l 4
(Hamrock,1999)
N
but, torque = D Tmax «oeveeeeiiiiieiiiiiiieeee 5)
(Childs, 1998)
16

where Tms = max. torsional shear stress = 0.56,,/fs
and, o,, = yield point stress which is 250mpa (250 x
10°N/m?)
fs =
1993)
hence, Tmx = 0.5X 250 x 10%/24 = 5416666.67

factor of safety which is 24 (Carvill,

And, M; = 3.142 x D* x 5416666.67 = 37.1057Nm
16

D = 0.032674m = 32.674mm

Also, My = tmax.Z (formula for shaft design based on

torsional strength)

where Z = sectional modulus = nD%32

37.1057Nm

hence, M; = 0.5 x 250 x 10° x 3.142 x D*

24 x 32

and D = 0.041708m = 41.708mm

A shaft of length 1100mm and 30mm diameter was

chosen for the hydropulper.

Analysis of the reactions at each point where the
bearings will be located was carried out as follows:
Ri+ R, +P+M=0
Where P = max. weight of a stock which is 422kg

and Mt =

Taking M and P to be acting in the clockwise
direction and
R, and R, in the anticlockwise direction, moment
about point A becomes
R, (0.1) + P(0.385) + M =0and R, (0.1) +
4139.827 (0.385) + 37. 1057 = 0
Hence, each bearing should be located on opposite
sides of the saddle. A pair of journal bearings was
used. Thickness of agitator cylinder was from design
procedure of the hydropulper vat. Using t = pr/
ow = 109859.7 x 0.38/62.5 x 10°

= 6.67946 x 10" m (0.667946mm)
Thickness of 1.5mm was selected.
For agitator shaft; diameter of driver sheave is 90mm.
Length of shaft is 900mm. The speed of electric
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motor is 1440rpm with 1HP (0.75KW) as power
generated. Type A v-belt was used. A speed of
800rpm is selected for the shaft.
Once again, N, X D, = Ns x D Hence,
1440 x 90 = 800 x Ds
Belt velocity, V
V = ndn/60
(Childs, 1998)
V = 3142 x 0.09 x 1440
6.786m/s

60

The power transmitted by a belt drive is P

(Fi-F)V

where F; = tension on tight side of belt (N)

F, = tension on slack side of belt (N)
Torque for a belt drive is given by :
torque =( F; -F, ) R
(Childs, 1998)
and R = radius of sheaves = 0.09/2 = 0.045m
Torque = (109.93+F, -F,)0.045=4.95
From M; = Tpax. Z
Tmax = Max. torsional shear stress = 0.5 o,/f.s
oy, = Yield point stress (250 x 10° N/m?)

f.s = factor of safety = 24
Z = sectional modulus = nd®/32
thus, 4.95 = 5416666.7 x 3.142x d*/32
d =0.02103m
d = 21.03mm
from the equation for torsional deflection which is
0 = 584 M,L/GD*
(Walsh, 1999)
0 = 3.0 deg/m is adopted and, 3.0 = 584 x 4.95
x 0.9/79292.5 x 10° x D*
D =10.22mm

A shaft of 1000mm length and 30mm diameter was
chosen for the agitator.

The major operations include cutting, welding
beating, grinding inter alia. All the components
making up the hydropulper and agitator were
fabricated from mild steel and were welded or
screwed into the desired position. Both machines
were coated with metallic oxide to resist corrosion.

RESULTS

Plate 1. The hydropulper
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Plate 2. The agitator

Table 1. Hydropulper and agitator specifications

Feature Hydropulper Agitator
Volume 0.4217m° 0.3947m°
Cylindrical vat  835mm 760mm
diameter

Cylindrical vat  910mm 870mm
height

Electric motor  1440rpm 1440rpm
speed

Motor power rating ~ 7.5HP 1HP
V-belt type A A

Shaft length 1100mm 1000mm
Number of v-belts 2 2

CONCLUSION AND RECOMMENDATION

The hydropulper was operated after loading with
waste paper and water to produce slurry. The agitator
was operated after slurry was produced. The
performance of the machines was satisfactory. A
maximum load of 20kg of waste paper was converted
to slurry in one batch process. It required about
16litres of water to disintegrate 1kg of wastepaper.
The slurry produced was similar in properties to those
from a hydropulper operated industrially. It is hereby
concluded that paper recycling machines can be
fabricated locally and operated for production
without compromising efficiency.

It is recommended that the slurry should be
effectively flushed out during discharge to avoid
blockage of the funnel and truncating of the entire
system.
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