
BITS Pilani
Hyderabad Campus



Objectives
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1. Effect of refining process on pulp fibres using Lab valley beater (LVB) and Super 
Masscolloider (SMC). Fibre diameter (D), length (L) and L/D ratio are measured.

2. To use the obtained micro/nanocellulose fibres in the production of nonwoven 
fabric filters for capturing suspended particulate matter below 2.5 µm (PM2.5)

Lab Valley Beater

Weights
to adjust the gap

Super Masscolloider

Glass microfiber filter, Pore Size: 
1.6µm; 500 OC, Fine capillary structure 
leads to more water absorption!! PM10 

PTFE (Teflon) nonwoven fabric 
filter,; Pore Size: 0.5-60 µm; 250 
OC, two sides, smooth and rough; 
minimal fiber slough-off ; minimal 
pressure drop; PM2.5  and PM10



PFI Mill Refining
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• PFI Mill is a very low intensity and high energy refining 
device. It consists of a SS roll with bars and a smooth beater 
housing, which rotates at different speeds. The refining level 
is usually reported in revolutions or PFI count which is equal 
to 10 revolutions.

• PFI mill is considered to cause less external fibrillation but it 
proves to be very effective in creating fines.

PFI revolution Length-L (μm) Diameter-D (μm) Aspect Ratio (L/D)

0 798 18.2 43.84

500 790 18.5 42.7

1500 782 18.7 41.81

3000 770 19.4 39.69



Lab Valley Beater (LVB) 
Refining
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• This equipment works on the principle 
of shear forces for rupturing the cell 
wall.

• It consists of one rotating beater roll and 
one fixed beater plate made of steel.

• The gap between fixed and rotating 
blade responsible for refining (size 
reduction) of the fibres is maintained by 
loading the lever.

• At zero clearance (0.1-1mm) i.e at 
maximum weight (4.5+1 kg) very fine 
pulp can be obtained.

Feed

Outlet

Rotating 
beater roll

Fixed 
beater 
plate

Feed 
basket



Super Masscolloider (SMC)
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Stationary upper grinder

GRINDING 
ZONE

rpm = 200-2000
Gap between the stones <10 µm (wet)

Rotating lower 
grinder



Super Masscolloider (SMC)
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• The grinders are made of composites consisting of SiC and

Al2O3 powder bonded with Bakelite -nonporous.

• The angle and arrangement of the grooves on the grinding

stones - length & high aspect ratio fibres.

• The clearance level, time and the RPM can be changed. 

• The clearance between the grinders should be reduced only 
when the grinder is running. 

• At lower clearances it is recommended to use only wet slurry 
- nanofibres as the product.

• The reduction in the diameters - shearing , high pressure in 
the slit between the grinders and the sudden pressure drop.

Feed

Dial gauge 
to adjust 
the 
clearance 
between 
the grinders

Grinding 
zone
between 
two grinders

Product 

Hopper



Super Masscolloider (SMC)
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• The grinding of the pulp fibres takes place at the grinding 
zone.

• Reducing the gap between the grinders helps in obtaining 
nanofibers from micro fibres, which also increases the 
viscosity of the slurry.

• High viscosity of the slurry restricts the flow through the 
grooves in grinders, which leads to the accumulation of 
pulp (as shown).

• Additional volume of water must be added after each 
reduction in the clearance (gap) to maintain a smooth flow.

• Low consistency slurry also ensures that there is no fibre-
fibre interaction at the grinding zone. Deposition of fibres due to 

high viscosity



Experiment: Refining of  Pulp using SMC
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• 0.01 clearance corresponds to 10μm (zero clearance).

Clearance between 

two grinders (units)

Pulp weight 

(g)

Volume of 

Water (L)

Pulp 

consistency 

(g/L)

1 100 5 20.0

0.5 50 6 8.33

0.3 25 8 3.12

0.2 25 10 2.50

0.1 25 12 2.08

0.01 25 14 1.78



Optical Microscopic Images of pulp fibres after refining 
using SMC
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Stereomicroscopic images of pulp fibres

10

200μm

200μm 200μm 200μm

200μm 200μm

a

ed

b c

f

a) b) c) from LVB

d) e) f) from SMC



Stereomicroscopic images after SMC refining
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200μm

Pulp fibres obtained after a) 0.01 clearance b) 0.5 clearance

200μm

a b



SEM Images of Fibres (0.01 Clearance)
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Comparison of Diameters (Pulp from SMC refining)
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a) 0.1 unit, b) 0.01 unit which is assumed as zero clearance in SMC refining 

1µm1µm10000X 12000X

a b
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Results- Length and diameter of the fibres 

• Higher co-efficient of variance (CV) 
-wide range.

• Wide range of diameters can 
enhance the inter fibre bonding in 
paper making and the shorter 
fibres can fill the void created due 
to the interlocking of fibres.

REFINING PROCESS LENGTH (μm) DIAMETER (μm)

Lab Valley Beater 868 ± 246 CV: 28.5 14.7 ± 3.1 CV: 21.1

SMC (0.5 Units) 1250 ± 194 CV:15.6 16.9 ± 4.4 CV: 26.0

SMC (0.1 Units) 1141 ± 155 CV: 13.6 6.3 ± 2.2 CV: 34.9

SMC (0.01 Units) 1005 ± 124 CV: 12.3 4.5 ± 1.7` CV: 37.8

Freeness, stock drainability, 
burst index, tensile index, tear 

index, brightness, sheet opacity 
??
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Box-and-whiskers Plots
(LVB= Lab Valley Beater;   SMC= Super Masscolloider)

Diameter 
Plot

Length Plot



Pulp fibres - Aspect Ratio (L/D) 
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• The fibres obtained from SMC showed a 
higher aspect ratio.

• The arrangement of the grooves on the 
grinders in SMC is solely responsible for the 
higher aspect ratio as it helped in maintaining 
the length of the fibres and the diameter was 
decreased drastically with decreasing 
clearance values (depth of the pattern)

• Aspect ratio is an important parameter in 
determining the strength of the sheet as it 
facilitates the entanglement of the fibres.

Decrease of clearance



Cost analysis - Lab valley beater and Super Masscolloider
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Conclusions
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1. Lab valley beater-LVB - Fibre lengths (868 µm) and diameter (14.7 µm) 

2. At 0.5 clearance, Super Masscolloider-SMC- Fibre lengths (1250 µm) and 
diameter (16.9 µm) 

3. So the aspect ratio’s of fibres after LVB is ~59, after SMC refining is 74.

4. Pretreatment can be carried out (20 minutes, 600 rpm) using LVB with 5.5kg 
to reduce the size of the fibres before refining using SMC. 

5. To obtain nanocellulose fibres with required aspect ratio, further size 
reduction using 0.4, 0.3, 0.1 and 0.01 clearance of SMC should be used.

6. Strength nonwoven fabric filters for capturing PM2.5Due to the pattern of 
grooves in SMC grinders, pulp fibres with high aspect ratio (>200) were 
obtained which could be beneficial for making high dust particles.
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Fabric filters used in dust capture (PM 10, PM 2.5)

SUSPENDED PARTICULATE MATTER 

• Nonwoven (short and thin fibres)
• Isotropic accumulation of dust 



Reference: Kerekes, R. J. 

(2015). "Perspectives on high and low 

consistency refining in mechanical 

pulp," BioRes. 10(4), 8795-8811.

Fibres being peeled 

from wood surface 

during grinding (Atack

1977)

Mechanical pulp (left), chemical pulp (right)

Stone ground wood (SGW) Refiner mechanical pulping (RMP)

Energy required (GJ/ton) 5.0 6.4

Freeness (mL) 100 130

Long fiber content  (%) 28 50

Fines content (%) 50 38

Burst Index (Kpa. m2/g) 1.2 1.6

Tear Index (mN.m2/g) 3.5 6.8

Brightness (unbleached) 61.5 59



Reference: Gao et al.  (2012). " Effects of 

Beating on Tobacco Stalk Mechanical 

Pulp," Cellulose Chem. Technol., 46 (3-4), 277-

282.

Process Details: Pulping was performed in a RMP.

The process of refining was divided into two steps:

in the first step, the gap of the refining disc was of

0.4 mm, in the second, the gap was of 0.2 mm. The

pulps were diluted by distilled water to attain 10%

(m/m) consistency, then refined in a PFI mill.

Properties of Mechanical pulp

Physical properties of paper
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