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Due to shortage of forest based raw materials the Indian paper Industry

is increasingly depending upon raw materials, which are residues,
byproducts or left overs of agro-based industries or agricultural produce.
Bagasse, rice straw, wheat straw, Jute sticks, cotton stalks would replace
the conventional raw materials like bamboo and hardwoods and may
probably dominate in the raw material scenario.

Agricultural residues differ widely from the forest based raw materials in
the morphological and physicochemical characters. Processing of these
agro-based fibrous raw materials in the pulp and paper. have to be
dependent on the nature of fibers; raw material preperation; fibre
processing, beleaching, refining and sheet forming of agro based fibres are
carried out in equipment normally used for conventionel raw materials.

In the fiber line, washing of pulp is an important step. Efficient washing
of pulp results in lower soda loss, less carryover with pulps, reduced
volume of spent liquor resulting lower energy demand for concentrating
the spent liquor for soda: recovery of reduced cost of effluent treatment.
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Most of these agricultural raw material have short and fragile fibers,
which get damaged during processing the raw material into pulp and a
considerable amount of fines are generated. In pulp washing both the
dewatering as well as the. displacement phenomena are influenced by the
fines content of pulp fibers. The Usual equipment and system for pulp
washing is the counter current multi-stage vacuum drum .filters.
-Disadvantages of conventional system of washing such as high dilution
factor; larger filter surface area, higher consumption of energy, lower
consistency of filter cake, frequency of cleaning the filter surface,
frequency of breaks in continuous mat pick-Up are more predominant with
rice and wheat straw and bagasse pulps.

Considerable success has been achieved in eliminating or minimising
the disadvantages by washing the pulp on a moving wire or belt. The paper
deals with the actualavantages of this system when dealing with . t
agroe-residues. It gives results of experiments recently conducted at CPPRI
on a Andritz washer with pulp from rice and wheat straw and bagasse.

-------_ .._---.---~-----.-. ~--
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Introduction
In Indian paper Industry 40% of paper production is made by small

paper mills using agriculture residue as major raw material. The
conventional equipment used in paper industry for washing e.g.Rotary
drums vaccum washer have been designed on the basis of data available
with conventional raw material like bamboo and hardwood. It is observed
that agricultural residue differs widely from the forest based raw material in
the morphological and physical character. Refering to Table No. '1
particularly to the freeness value and fiber claSsification, it i$ evident that
the agriculture residue; straw. pulp is a difficult material to wash in the
conventional Rotary drum vac washer. Of the total fibre, SO% represent
bast and scleranshyma, 30% Paranchyma, lS% eqidermal cells and S%'
vessels, as reported by Reydohlm. The fiber classification results of straw
pulp is in the following order: Long fiber- 30.9%, short fiber 46.S% & fines
22.6%.

Approximate dimensions of straw pulp fibers range between 0.7-3 mm
length and the diameter of fiber ranges between 7-27 microns. Although
fiber length to diameter ratio is excellent from paper making consideration,
its wide variance in lengths and diameters creats a very closely woven mat-
on th brown stock washers, and the washing efficiency is greatly retarded
due to poor filtrability.

Aside from the physical properties ()fstraw pulp, its chemical properties
are also contributing factors in creating difficulties in washing such as high
pentosan content, swelling of cell walls and tendency for easy hydration.
These specific properties of straw pulp are major differences compared to
hardwood pulp, and therefore demanded special attention in washing
operation. Bagasse, which forms about 70% of the sugarcane, consists of
50% moisture and SO% fibre alongwith pith cells. The fiber content of this
bagasse is around 65% and pith around 30% and solubles around S%. The
bagasse has a higher degree of hydration as compared to bamboo or wood.

The disadvantages faced during processing the agriculture resude pulp
in a Rotary vacuum washer can be summarised as follows :

a) Specific loading of agriculture residue pulp is less.
b) Frequency of break and pick up over the washer surface is more due

to less vaccum created in a drop leg system.

c) Difficult to wash due to low drainage characteristic of low porosity of
the pulp mat. .

d) High dilution factor, low cons. of black liquor to soda recovery
resulting increased energy demand. .
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e) Frequenty cJeanihgof the filtering surface, due to presence of some
non-fibrous cells, fines and mineral matters (silicate), resulting decrease in
productivity ..

f) Low outlet consistency and low washing efficiency.

Drai•••g. Cla••.•ct.rietic
The drainage characteristic of pulp made from rice straw, wheat straw

and bagasse· were studied using PIRA drainage drainage Tester in Table-L
It can be seen that drainability rate of Rice straw pulp is quite less in

comparison. to wheat straw and bagsse. The permeability/sp. surface area
was calculated for various pulp made from agricultural residlle. Specific
surface area of straw pulp is maximum and for bagasse it isminimum •

. Therefore permeability of rice straw is minimum. Considering the
disadvantages of washing of agriculture residue pulp in a rotary drum
washer and with the emphasis on chemical recovery, it is essential to
generate the black liquor at maximum concentration. With the stringent
pollution laws, it has become most imperative for efficient washing of this
agriculture residue pulps. The common ways of reaching a better washing
are either applying an increased wash water dilution. or installation of one
additional washing stage. Increasing the wash water dilution is normally an
expensive .way due to the rapidly increasing evaporation cost. The concept
of double wire can thus be adopted by small and big mills using agricultural
raw materials and offers maximum advantages.

O'"elop •••• t 0' Browe Stock W•• laiag Equipm•• u
Considerable success has been achieved for washing of different kinds

of pulp in advanced countries by suitable designing and sizing the
equipment to achieve improved washing.
A. Dieplac••• _t P•.••• :-'The displacement press, now in operation

in a number of brown stock washing application. It combines high
washing efficiency with limited building requirements and greatly

__ ·Jedycec:L1i~!.Jank· volumes Fig. 1..
B. Ultra."'. :-.The latesfdevelopmentfor brown stock washing is

the ultra washer. The ultrawasher, which is utilizing the so called
fourdinier principles makes it possibie to do the complete brown stock
washing on one singJemachine.Fig. 2.
As can be seen the so cal\edfourdinier principles is used to dewater
and wash the p~. The pulp suspension of about 3% Cy is dewatered
to a pulp mat (8 to 9% Cy) on a wire and is transported on the same
wire through the machine where· wash liquor is added
counter-currently in a number of stage. In this way the liquor flow in
the machine is strictly counter-current from wash stage to wash stage
aU.the w~ to the' main. liq"or .tank Fig,. 3 •
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C ••••.••• a•.•.•.wa.her(Raama-Ro •••• ) : A preassure washer
depicted in Figure 4 is similar to a rotary vacuum washer in many
ways. A pulp mat is made on the surface of the eyUnder and dewatered
with the aid of pressu& applied inside the waSher hood (out~side the
cylinder). On the upper part of the cylinder, where the pulp mat is not
immersed in the vat, wash water is applied with showers. The washer
can be operated with two or three displacement stages by subdividing
the effluent draining in to the rotating cylinder. The cleanest effluent,
collected under.the last set of showers, is led back to the previous set
of showers on the same washer. Thus in addition to the
dilution/extraction washing, as many as three distinct displacement
washing stages can be employed. .

D. Twi.-RoU. wUhias Preea (••••••• oO-Ra•••). : A wash press
Fig. 5. is dilution/extraction washer and is used frequently for pulP
that is. difficult to permeate. The highefficiehcy of these devices is.
derived from the high corlsistency of the .discharged pulp, which is
typlicaJly 30-40%, depending on the .design of the washer. Some wash
presses also ha\?e a displacement stage, but these are not effective for
pulp that is difficult to permeate.

E. Fiber FIISe.Wuh.r. : An interesting new develOpment which·is
aJsoparticuiarlyuseful for washing pulps that are difficult todewater is
theftberfQse continuous pulp centrifugs. Fig; 6. A pulp shurry at 3-4%
consistency is fed in to a rotating basket fitted with a dewatering
screen. Helical f1ighthotatein. the same directiOn as the basket but at
a slower s~'sWeeping theciewatered pulp from the .screen. A·
subseq~t$ccllping $creen further clarili. the large portion of the
concentrate .. TQeproduct consistepcy is typicaJJy 20-30%. ,

ANDRlTZ,bo •••• , wire. wa."r.: See Fig. 7. ,The .ANDRITZ
double wire ~t washer has .three main. functiOns : .dewatering,
displacement and pressing ..Due to high efficiency of double wire washer, it
is notable t~t w~efficiency ~ hi~ even. at loWwash wat8!dUutiOn;

The belt washer consists of two convering wires,fonning a Wedge
c.~ section ••which results in purely mechanical dewateripsdllie to gravity as

well as dueio the wire tension applied at the5-RoII;'1n.the Wedge moe,
the wires· containing the pulp deflectEiclat the 5-ROIJ,.before entering into
washshoe,this increases the dryness to about 15 to 17% O:D .:
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The washing module is mounted after the wedge-shaped dewatering
zone; the wash water is fed to the washing module at difinite pressure at
the No 3 compartment anp there is a counter current washing at
compartment no. 2 and 1. This 'CIesign permits proper displacement
washing in counter current. In order to remove the remaining chemicals
the water runs through holes in the face of the washing modules and is
pressed through the press cake between the. wires. .

.hnmediately after the washing module the stock cake is pressed
approximately 25-40% 00 in 3 press nips.

The ascending wire arrangement allows the water drainage channels to
be mounted in front of the individual preSSing points and the water pressed
through the top wire can be carried off before it can be reabsorbed by the
stock web. This method countributes considerably towards eleminating
reabsorption

Take off removes web and scraps off any remaining stock from the
wires.

_.F
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Reealt··.acl DiKauioa

ProclactiYity- There are various washers, where pulp washing were
applied to meet the required production. There are drum washer (Vacuum
or pressure), cylinder thickner horizontal belt washer and double wire
washer. Every type of washer has a special property, which satisfy to some
kind of pulps. The productivity of rotary vacuum washer can vary in a wide
range for different kinds of Pulps which are listed on table 3.

The productivity is influenced by·the characteristic and the operating
condition of the pulp washer. In the double wire washer the mechanical
dewatering takes place due to the. tension of two wire at the wedge zone.
Therefore different type of pulp can very easily be processed without much
difficulties·to a consistency of 15 to 16%and it is further washed at the wash
shoe without any disturbaces of the pulp sheet and finally pressed to 31 to
32% Cy (Approximately).Table 5.

The total active filtration area of the pilot machine was 2.3m2• The basis
wt. of rice and wheat straw and bagasse was found to be 650 gsm, 750 gsm
and 900 gsm respectively.

Therefore output in double wire belt washer for agriculture residue is
considerably more in respect to a drum washer and is continuous as shown
in Table No.3.

W•• hiag Efficieacy.- The washing efficiency of double wire belt.
washer is superior to any conventional three stage washing system for rice
and wheat straw and bagasse. Results shown in table 4 clearly indicate that
washing efficiency of more than 93%, 94% and 95% are obtained
respectively at a dilution factor of 2 to 2.5 (Fig. 8).

The percentage reduction of solids at different zones is shown in table
5.:About 85% of the total disolved solids is removed from the pulp at the
wedge zone and the remaining 8-10% is washed out at the washing zone
and press zone.

From the above, itisinteresting to note that washing efficiency upto
90% can be achieved even without addition of wash water which OCcurs
because of dewatering as well as pressing action at wedge and press zone
respectively (Table 4).

It is, therefore, concluded that the final dry content of the washed out
pulp is mainly responsible for achieving higher washing efficiency and the
later increases if former rises. It is further added that the machine speed
has considerable influence on washing efficiency as lower machine speed
results in higher washing efficiency.
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DieplacenaeDt w•• hiag.-iable 411g. shows that the wash water
quantity used hardly influenced the displacement ratio. Though D. R.
increases with the increase of dilution factors (Fig. 9) and are in the range
of 0.2 to 0.5 with all the three raw materials. On careful examination of the
results shown in Table 4, Fig. 9. It is found that bagasse pulp showed
highest D.R.whereas D.R. is lowest in case of rice straw. This behaviour
may be explained because morphological characterstics of these pulps.
From the fig. 10. it is also observed that the D.R. is affected by the denisty
of the formed pulp mat and that the nominal basis weight 650 grn/m2 gives a
better DR than a density weight of 850 gm/m2 in case of rice straw. The
same seems to apply in wheat straw and bagasse also.

Pre •• iDg.- Pressing do, however, have a place in the washing picture
as it removes the loose liquor which is close to the fibre and contains most
of the remained solids after washing. The results on the effect of pressing in
D.W. belt washer is shown in table 5 fig. \1 showing TDS reduction in wheat
straw/rice straw bagasse pulp which are to the tune of 6.99/6.35/4.78 with a
stock processed at inlet consitences of 15'-16%(approx) and was squeezed
out upto 34%consistencies. Though there is a tendency of higher reduction
of TDSat higher consistencies but beyond a consistency of 34% (wheat
straw) theTDS reduction is not proportionate to increase in consistency
as explained by Stone, J. E. et .lIS tha~re wall contain submicropores,
which .are smaller than the biggest dissolved carbohydrates or lignin
molecules but significantly large, to_ contain water~_'(hus this water

sometimes called -"Non solvent. water" is inaccessible for. diluting the
macromolecule. Upon intense compaction the "non solvent water" is
partia\ly squeezed out of the pulp and is then able to dilute the surrounding
liquor.

Ch.-ic:al Canyo"er- Soda losses of Rice straw, wheat straw and
bagasse are found to be 37.5,31.6 and 26.1 KglMT of pulp when no wash
water is added to the system i.e. because of dewatering and pressing only
which decrease as DFincreases. For each particular DF, there is
substantial decrease of chemical carryover with all the three types of pulps

. upto a dilution factor of.2 (2.5 in case of wheat straw) beyond which the
trend became an asymptotic (Fig. 12) indicating the use of the said DFs to
be economical while considering other important factors such as
evaporator capacity and the cost of evaporation etc.

From fig. 12 it is however observed that soda caryover in case of rice
straw is highest and lowest for bagasse (23KglMT pulp) which attributes
the morphological behaviour of the differentfibres and are in accordance
with the studies of carri, et. a\.6
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EXperimental
Pilot Plant TriaI•. - The pilot plant trials were conducted at

Saharanpur pilot plant unit of CPPRI. The flow sheet of pilot plant pulping
and washing unit is shown in Fig. 13. The raw material was charged to a
stainless steel tumbling digester of 11m3 capacity. Cooking liquor from
liquor preparation tank was sprayed from the top of digester. After cooking
the pulp a10ngwith liquor was blown into 30m3 blow tank.

Then the pulp was diluted to about 3% consistency and taken to pulp
chest for finding its yield, freeness and total dissolved solids. Pulp was
processed to ANDRITZ belt washer at a uniform rate to the head box, to
wedge section, washing section and press section. The speed of the belt
washer was regulated to achieve the required basis weight and wash water
added at the washing shoe to maintain dilution factor. Black liquor samples
at wedge section, washing section and press section were collected to
determine the 'total dissolved solids' at different stages. Pulp sample was
collected from the outlet of the washer to find out the TDS in pulp, rate of
production, dryness % and washing efficiency.

Spent U•• or analy.i •. - The analysis was carried out as according
to procedure described in Tappi standard method T-625-t s-64.

PnJp analy.. The kappa number of the pulp was determined
according to Tappi method T-236-05-76. Basis wt of the sheet and freness
of pulp was determined according toTappi method T 220 OS-71and (T227
OS-58) and sodium content of wet pulp according to SCAN-C30:73.
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Playeical t.ayout of Pilot ••••Dt
D. W. Wa.laer

1. Playaicallayout-
Length - 8100 mm, 319 inches.
Width - 1700 mm, 67 inches.
Height . - 3300 mm, 130 inches.
Types fabric - Synthetic
Filtering - 0.25 meters width
area - 2.3 square meter.

2. AIt.-licatioD-

Inlet cons

Discharge
consistency .
Specific -.
production

- 0.5-6% (Depending upon the types
of raw materia\)

"" 15-35% -do-

.: 25-40 ODTPD per one meter working
width. (Depending on kind of pulp)

3. Electrical
Power
supply
Motor
Reducer

- 44OV, 50HZ, 3 phase,
'·60 Amps.
- 20 HPDC TEFC 1760 RPM std Theramosrate.
- Sew Eurodrive Right angle

(Helical- 8eval) Reducer;

4. Air (Filtered Mill·air)
85 PSI - 6 CFM

5. Preaa.
3 NIP Presses.
Line pressure of 300 N/cm of roll width (max.)

6. Wire teDaioD.-
Maximum 80 N/cm wire width (max.) using a pneumatic-mechanical
device.

7. Wire guide.-
Pneumatic- Mechanical
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AdvaDtage. wit" Doable Wire.Waner
Compared to conventional brown stock washing system based on

vaccum filters, the double wire washer features tnany obvious advantages:
a) A SiDgie mae"ine for tlte w"ole browD .toek w•••• ing.-

The washing efficiency of a single D.W. washer is superior to any
conventional four stage filter drum wash system.

b) Low dilatioD factor.- At comparable washing efficiency the OW
washer requires only a dilution factor of 2m3 ptp while the
conventional 3 stage drum washer requires about 3.5 to 4m3 ptp. This
reduces considerably the energy requirement for evaporation as each
m3 of additional liquor to evaporation consumes about 200 kg of
steam.

c) Low electrical eDergy eOD.alDptioD.-The dropleg type wash
filters require some 8 to 10 meters drop height and because of the pulp
is being rediluted in each stage, the electrical energy required to
primarily lift all that liquor is about 45 kwh ptp, compared to a double
wire washer is 12 Kwh.

d) SlDaUbailcliag volUlDe.- Building costs to house a OW washer
system will be substantially less than that required for a drum washer
system (no drop leg required les.s floor space),

e) Small wa." Hqaor taDka._1 The volt.unerequired is about 1/10
than that of a conventional washing system.

f) High concentration of black liquor to evaporator due to high washing
efficiency.

g) The total dissolved solidsin filtrate going to evaporator is almost same
as the. dissolve solids in the liquor from blow tank .

.1PPTA SEMINAR 1989
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Coacl_ion
1. The extended inlet wedge zone, allows for a higher through put and

renders the. washer more flexible with regard to fluctuations of the
inlet consistency. and dewatering of· the fibrous stock.

2. The double wire washer shows that total dissolved solids in
wedgezone filtrate very close to dissolved solid in the liquor from the
blow tank. .

3. . Low dilution factor, red~cing load on evaporators, consuming less
steam.

4. Washing efficiency upto 90 percent can be achieved without addition
of wash water and this because of the high consistency dewatering at
the press z~ne.

- .-
5. Displacement washing in bagasse pulp is superior among the three

foUowedby wheat and rice straw, because of the permeability
characteristic of the fiber.

6. Pressing action removes fuither,the 1ossliquor which is close to the
fiber and contains most of the solids after Washing. However theTDS
reduction is not proportional' to increase in consistency of the ·pulp.

7. SodaJoss. in Double wire washer is comparatively lower than a
conventional drum washer, resulting higher percentage of TDS in
black liquor going to Recovery. Chemical carryover in rice straw is
comparatively higher than wheat straw and bagasses pulp due to the
higher surface specific area of rice straw fiber in comperision.to wheat'
straw and bagasses. . .

--- . ... -------_ .. _-----_.- "-----, - , -.-
8. It is suggested that there issUfficienf scope fOl the Indian paper

industry to utilise the double wire washer for small mill as well as big
mill for. energy conservation, with less capital investm~nt, higher
output and less chemical losses. Further investigation is being carried
on with different Cigriculture residue pulp with emphasis on a viable .
chemical recovery. plant for small paper miDs.
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07 :;
TABLE NO. 3

PRODUCTNITY ON BROWN STOCK WASHING
FOR DIFFERENT TYPES OF PULP

PULP VACUUM WASHER DOUBLE WIRE M/C SPEED
TYPE: SPECIFIC WASHER MT/MIM,-. LOADING SPECIFIC

TON/W/d PRODUCTION
torv'm/d

.'

BAMBOO 3.1--4,8 --. ---
BAGASSE 2--4 31.1 23

RICE STRAW 1--2 22,4 24

WHEAT STRAW 1--2 22,5 21

, ..

I
I
I~

I
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Sunds Defibrator Dewatering Press

FIG. 1
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_fLOW DIAGRAM OF .A ULTRA WASHER

FiGURENO.3
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, FIBERFUGE ,WASHER
'FIG. 6
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WASHtN@"l:fEIQI!:NCY\l~ DlbUTIONFA~TOR

FIGUR.E NO, 8
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DISPLACEMENT RATIO Vs DILUTION FACTOR
----- -'.- -
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%TDS REDUCTION AT DIFFERENT ZONES

FIGURE NO. 11
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TOTAL SODA LOSS DILUTION FACTOR

FIGURE NO. 12
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