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 Ce momeceanicat pz, lps were Vroduced in two vaot plant 
installations. Both installations were conventional two-stage systems in which 
the first stage was pressurized and the second was atmospheric. At a given 
specific energy, pulp quality was improved Alternatively, for a given pulp 
quality, the energy consumption was reduced when refining in the first stage 
was carried out at a high refining intensity. High refining intensity was 
reached by operating the first stage either at a high rotational speed or low 
consistency. There were indications that these benefits couM be enhanced if  
the second stage were operated at a low refining intensity. 
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The residence time of the pulp in the 
refining zone of a chip refiner deter- 
mines the number of bar impacts 
imparted to the fibers (1). If the 
specific energy is held constant, the 
residence time controls the average 
amount of energy transferred at each 
impact: this average specific energy 
per impact is the refining intensity. 
The concept of refining intensity is 
that  the quality of the pulp will 
depend not only on the specific energy 
applied but also on the intensity with 
which it is applied. 

The residence time and the refining 
intensity can be calculated from the 
equations derived for the flow of pulp 
in a chip refiner under a variety of 
operating conditions (1). These equa- 
tions have been applied to the results 
of experiments on single-stage atmos- 
pheric refining (2) and on two-stage 
thermomechanical pulping (3), dem- 
onstrating that while the pulp prop- 
ert ies vary  grea t ly  for the same 
amount of specific energy, they corre- 
late with the calculated ref ining 
intensity. Therefore,  the ref ining 
intensity is an important variable, as 
is specific energy, in determining the 
quality of mechanical pulps. 

The pulp flow equations show that 

for an individual refiner, the refining 
intensity can be changed in a number 
of ways, such as by changing the 
refining consistency, the rotational 
speed, the steam pressure drop across 
the refining zone (in a thermomechan- 
ical refiner), and the density of bars 
in the plate pattern. Sundholm, Heik- 
kurinen, and Mannstrom have report- 
ed the effect of refiner speed on pulp 
properties in thermomechanical pulp- 
ing on a pilot plant refiner (4). They 
kept the rotational speed the same in 
both stages. Miles has calculated the 
changes produced in the refining 
intensity from the pulp flow equations 
in these experiments and has related 
these to the change in pulp properties 
at constant specific energy (2). 

In a two-stage system, the refining 
intensity can be changed independ- 
ently in either stage. Because the 
nature of the material being refined 
is different in each stage, a change in 
refining intensity in one stage could 
have a different effect on the final 
pulp properties than the same change 
made in the other stage. Here, we 
present a preliminary study of this 
effect, in which the refining intensity 
was changed in two pilot-plant ther- 
momechanical pulping systems by 

varying the rotational speed of the 
refiners in one system and the consis- 
tency in the other. 

The effect of rotational speed 
Experimental procedures 
Pilot plant experiments on the effect 
of rotational speed were carried out 
at the Sprout-Bauer laboratory be- 
tween 1977 and 1981 using black 
spruce, red cedar, southern pine, and 
a mixture of black spruce and balsam 
fir (5). The refining conditions are 
shown in Table  I. 

A pressurized double rotating disc 
refiner, 914 mm in diameter (Model 
418), was used in the first stage and 
was operated at different fixed speeds 
between 600 and 1800 rpm. The plate 
pattern was Type 36104 with subsur- 
face dams; the bar and groove widths 
were 3.7 mm and 4.9 mm respectively, 
giving a bar density of approximately 
1.2 bars/cm. Second-stage refining 
was car r ied  out in a 914-mm- 
diameter ,  open-discharge re f iner  
(Model 401), operated over the same 
range of speed. It was equipped with 
36106X plates. These plates also had 
subsurface dams; both bar and groove 
widths were 4.9 ram, giving a bar 
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I, Experimental conditions 

Species 

Black spruce 

Solids, 
% 

First-stag e refining 
Dry 
bulk Specific 

density, energy, 
kg/m 3 GJ/ton 

53 126 3.3-3,7 

Second-stage refining 

Dis- Specific Dis- 
Speed, charge energy, Speed, charge 
rpm* cons., % Gd/ton rpm* cons., % 

1200 
1800 

20-25 0.9-4.6 

Black spruce and 74 145 1 3-4.7 600 20-25 1.3-6.0 
balsam fir at 900 
a 75:25 mixture 1200 

1800 

Southern pine 47 183 1,2-4.7 1200 20-25 1.3-4.0 
1800 

Cedar . . . . . .  3.2 1200 20-21 1,5-4.8 

*Rotational speed, 

600 10 and 
900 20 

1200 

1200 20 

1200 20 
1800 

1200 20 
1800 

II. Properties of first-stage pulps (spruce and balsam) 

A B~ 

Specific energy, G J/ton 2.4 
Rotational speed, rpm 600 
Consistency, % 20 
Residence time, s 4,37 
No. of impacts, thousands 39.33 
Specific energy/impact, 10 -4 GJ/ton 0.61 
Specific ref. power, G J/ton per s 0.57 
Freeness, mL CSF 740 
L-factor, % 93 
Fines, % (P-100) 2.7 
Somerville shives, % 59 

B2 D1 D2 

2.1 2.2 1.7 2.4 
900 900 1200 1200 

26 23 24 22 
1.46 1.35 0.47 0.59 

19.78 18.25 8.46 10.7 
1.08 1.21 2.02 2.25 
1.49 1.63 3.62 4.05 
724 723 685 668 
91,5 91 74 77 

3.3 3.1 21 18 
38 32 8.7 7.1 

D3 F~ F2 F3 F4 

4.7 1.3 1.8 2.1 2.6 
1200 1800 1800 1800 1800 

25 28 22 23 23 
1.4 0,12 0.13 0.16 0.20 

26.3 3.36 3,64 4.45 5.35 
1.78 3.82 4.86 4.79 4.92 
3.27 10.30 1 3 . 1 4  1 2 . 9 3  13.29 
299 735 693 756 398 
58.5 88 86 72 62 

33 4.9 5.9 21 28 
0.11 44 11 3.7 0.88 

density of about 1 bar/em. Discharge 
consistency was varied from 20% to 
25% in the first stage and from 10% 
to 20% in the second stage. 

Pulps were hot-disintegrated be- 
fore testing, and pulps and handsheets 
were evaluated according to TAPPI 
methods. 

Results 

The residence time r, the total number 
of impacts n, the specific energy per 
impact e and the specific refining 
power 6, were calculated for the 
conditions in these experiments from 
the pulp flow equations for both stages 
as described previously (2, 3). The 
steam flow term in the pulp flow 
equation was neglected on the as- 
sumption that the effects of the for- 
ward and backward steam flows on 
the residence time were equal and 
cancelled each other out (2, 3). The 
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values of the friction coefficients in the 
radial and tangential directions were 
assumed to be 0.25 and 0.75, respec- 
tively (1). 

The total residence time Tt in both 
stages, and the total number of im- 
pacts ~ were calculated from 

~ = ~1 + ~ (1) 

and 

n, = nl + n2 (2) 

where the subscripts 1 and 2 refer to 
the f irst  and second stages. The 
average specific energy per impact 
over both stages ea and the average 
specific refining power ~a were calcu- 
lated from 

ea = E J ~  (3), 

and 

~a =E~/~, (4) 

where 

Et = the total specific energy added over 
both stages. 

The results of the calculations are 
shown in Table  II .  The effect of 
rotational speed is immediately appar- 
ent. When the speed was increased, for 
example, from 900 rpm to 1800 rpm 
at the same specific energy and con- 
sistency (2.2 G J/ ton and 23% for 
Samples B2 and F3), the residence time 
decreased almost 10-fold from 1.35 s 
to 0.16 s. As a result, the number of 
impacts decreased from 18,250 to 
4450. This drop increased the specific 
energy per impact from 1.2 × 10 -4 G J/ 
ton to 4.8 × 10 .4 G J/ton. The change in 
the specific refining power was even 
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Effects that rotational speed variations in the first stage have on pulp properties 

"=irst stage 
El, G J/ton 
Rotational speed, rpm 
Consistency, % 
Residence time, s 
No. of impacts, thousands 
e~, 10 -4 GJ/ton 
6~, GJ ton per s 

Freeness, mL CSF 
Fines, % (P-100) 
L-factor, % 
Shives, % 
Density, kg/m 3 
Tear index, mN • me/g 
Tensile index, N. m/g 
Scattering coef., m2/kg 

Second stage 
E2, G J/ton 
Etota P GJlton 
Rotational speed, rpm 
Consistency, % 
Residence time, s 
No. of impacts, thousands 
e.1, 10 -4 GJ/ton 
62, G J/ton per s 

Freeness, mL CSF 
Fines, % {P-100) 
L-factor, % 
Shives, % 
Density, kg/m 3 
Tear index, mN. m2/g 
Tensile index, N • m/g 
Scattering coef., m~/kg 

2.1 2.1 2.1 
900 1200 1800 

26 23 23 
1.46 0,55 0.16 

19.78 9.97 4.45 
1.08 2.13 4.76 
1,49 3.64 12.93 

724 676 756 
3.3 19 21 

91,5 75.5 72 
38 8.0 3.7 

193 233 267 
7.4 10.7 9,2 
6.9 15,5 20.1 

30.4 39.3 44.4 

3.65 5.0 3.65 5,0 3.65 5.0 
5,75 7,1 5,75 7,1 5.75 7.1 
1200 1200 1200 1200 1200 1200 

20 20 20 20 20 20 
0.78 1.02 0.78 1.02 0.78 1,02 

14,02 18,40 14,02 18.40 14.02 18.40 
2.59 2.71 2.59 2.71 2.59 2.71 
4.69 4.90 4.69 4.90 4.69 4.90 

260 130 150 80 79 38 
30 34 35 37 38 48 
65 60 60 51 51 41 

0.79 0.31 0.22 0.14 0.11 0,07 
341 370 384 465 420 500 
11,5 10.7 10,3 8,1 7,8 6.2 

38 43 43 47 44 50 
52.0 55.0 62.0 66.0 70.0 76,0 

more marked; it increased from 1.6 
G J/ton per s to 13 G J/ton per s. 

The effect of consistency on refining 
intensity is smaller than the effect of 
rotational speed. The change in the 
specific energy per impact is approx- 
imately inversely proportional to the 
change in consistency (1). Because the 
range of consistency was small in 
these experiments, its effect on the 
refining intensity was unimportant 
compared with that  of rotational 
speed. 

The specific energy affects the 
residence time but has little effect on 
the refining intensity. This is seen by 
comparing Samples Dt and Da or F1 
and F4 in Table [I. An increase in the 
specific energy increases the resi- 
dence time and the number of im- 
pacts, but it produces essentially no 
change in either the specific energy 
per impact or the specific power per 

impact. This finding follows directly 
from the pulp flow equations. The 
refining intensity in these experi- 
ments was therefore governed essen- 
tially by the rotational speed. 

Proper t ies  of first-stage pulps. 
The first-stage pulp properties are 
shown at the bottom of Table II. When 
the refiner speed was doubled from 
900 rpm to 1800 rpm and 2.1 G J/ton 
of specific energy was applied (Pulps 
B~ and F3), the increase in refining 
intensity and specific refining power 
reduced the L-factor by 20%, reduced 
the shives content by almost 90%, and 
increased the fines content seven-fold. 
There was almost no effect on the 
freeness at this low level of energy. 

Table  I I I  shows the pulp properties 
at a constant specific energy of 2.1 G J/ 
ton and at 900 rpm, 1200 rpm, and 
1800 rpm. Even at this low energy 
level, increasing the refining intensity 

decreases the shires and long fiber 
content and increases the fines con- 
tent, the sheet density, the tensile 
strength and the scattering coeffi- 
cient. These effects are similar to 
those reported earlier (2). 

Overall  energy  quality relation- 
ships. The pulps described were 
further refined in an open-discharge 
refiner that operated at 1200 rpm and 
a discharge consistency of 20%. The 
refining intensity in the second stage 
was therefore constant. The pulp 
properties have been interpolated to 
two values of applied specific energy, 
3.65 and 5.0 G J/ton, for a total specific 
energy of 5.75 G J/ton and 7.1 G J/ton, 
respectively. The results are shown at 
the bottom of Table III. As noted 
before, the different energy levels 
produce a change in the residence 
time and in the number of impacts but 
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IV. Effects that rotational speed variations in the first stage have on pulp properties (spruce and balsam) 

Specific energy, G J/ton 
E1 2.4 2.1 1.7 2.4 2.1 
E 2 5.6 6.0 4.7 4.8 3.5 
Etota I 8.0 8.1 6.5 7.2 5.6 

Rotational speed, rpm 
~1 600 900 1200 1200 1800 
~ 1200 1200 1200 1200 1200 

Consistency, % 
C1 20 26 24 22 23 
C2 20 20 20 20 18 

Residence time, s 5.28 2.63 1.45 1.58 0_76 
Total no. of impacts, thousands 57.65 41.12 26.25 28.64 15.21 

Refining intensity 
e~, 10 -4 GJ/ton 0.61 1.08 2.02 2.25 4.79 
~,  GJ/ton per s 0.57 1.49 3,62 4.05 12.93 
~/e~, s -~ 0.93 1,38 1.79 1.80 2.70 
e a, 10 -4 G J/ton 1.39 1.97 2.47 2.53 3.69 
ea, GJ/ton per s 1.49 3.06 4.48 4.62 7.39 

Freeness, mL CSF 73 83 83 95 93 
Fines, % {P-100) 53 56 51 56 55 
L-factor, % 38 36 41 36 36 
Shives, % 0.18 0.20 0.13 0.18 0.12 
Density, kg/m 3 424 420 440 435 408 
Tear index, mN • m2/g 9.0 8.9 8.3 8.6 8.3 
Tensile index, N ,m/g 50 49 47 44 43 
Scattering coef., m2/kg 64.5 60.0 63.0 66.0 68.0 

ii i i , i , i , , 

1. The tensile index (left) and the scattering coefficient (right) both increase with increasing refining intensity in the first stage of a TMP 
system. 
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do not have much effect on the specific 
energy per impact. 

For a fixed total amount of energy 
and with constant refining intensity 
and energy in the second stage, the 
final pulp properties depend on the 
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refining intensity in the first stage. An 
increase in this refining intensity 
produces a pulp of lower freeness, 
more fines, lower shives content, and 
lower tear index but of higher tensile 
strength and scattering coefficient. 

This increase is illustrated in Fig. 1 
for the tensile index and the scattering 
coefficient. 

These properties for the final pulps 
are also shown plotted in Fig. 1 
against the average refining intensity 
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V, The effect of first- and second-stage rotational speed on energy - -  quality relationships of final pulps 

Spruce-Balsam 
1 a 2 a 3 4 5 

Spruce 
6 7 8 b 

First stage 
El, G J/ton 2.1 2.4 4.7 3.7 3.7 3.2 2,8 2.8 
Rotational speed, rpm 1800 1200 1200 1200 1200 1800 1800 1800 
Consistency, % 23 25 22 21 21 22 23 23 
No. of impacts, 4.45 11.99 18.93 14.88 14.88 6.12 5.6 5.6 

thousands 
el, 10 -4 G J/ton 4.76 1.99 2.49 2.49 2.49 5.19 4.97 4.97 

Second stage 
E2, G J/ton 3.5 42 2.4 3.0 3.4 2.2 2.3 1.8 
Rotational speed, rpm 1200 1200 1200 1200 1200 1200 900 600 
Consistency, % 18 20 20 20 20 17 20 20 
No. of impacts, 12.41 17.93 9.86 11.86 11.86 7.82 16.49 29.69 
thousands 

e2, 10 -4 GJ/ton 2.77 2.70 2.42 2.49 2.49 2.84 1.38 0.60 

Totals 
Etotal, G J/ton 5.6 7.2 7.1 6.7 7.1 5.4 5.1 4.6 
Total no. of impacts, 16,86 29.92 28.79 26.75 26.70 13.94 22.09 35.29 

thousands 
e~, 10 -4 G J/ton 3.34 2.42 2.49 2.49 2.49 3.91 2,34 1,28 

Pulp properties 
Freeness, mL CSF 93 95 97 155 157 140 150 150 
L-factor, % 55 56 51 63 61 57 58 56 
Fines, % (P-100} 36 36 41 30 33 34 33 35 
Shives, % 0.12 0.18 ---0 0.19 0.17 0.05 0.02 0.09 
Density, kg/m 3 408 435 460 393 406 408 432 411 
Tear index, mN • m2/g 8.3 8.6 8,1 11 11 9.0 9,1 9.3 
Tensile index, N. m/g 43 44 44 49 51 47 46 43 
Scattering coef., m=/kg 68.0 66.0 63.2 64.6 62.1 71.2 69.0 68.5 

aFrom Table IV. blnterpolated values. 

over both stages for a total specific 
energy of 7,1 G J/ton. Excellent linear 
correlations are then obtained. Sim- 
ilar plots can be constructed for other 
pulp properties using the data from 
Table III. Figure 1 shows that the 
tensile index and the scattering coef- 
ficient are. improved with increasing 
refining intensity in the first stage for 
the same total energy input. 

The changes in pulp properties are 
in the same direction as those pro- 
duced by an increase in total specific 
energy. This suggests that the same 
quality of pulp can be obtained for less 
energy by increasing the refining 
intensity in the first stage. Table IV 
shows a selection of pulps of roughly 
equivalent quality in terms of L- 
factor, fines content, shives content, 
and sheet density. When the refining 
intensity in the first stage is increased 
from 0.61 × 10 -4 G J/ton to 4.8 × 10 -4 
G J/ton by increasing the refiner speed 
from 600 rpm to 1800 rpm, the total 
refining energy decreases from 8.0 
G J/ton to 5.6 G J/ton, a drop of 42%. 
This decrease is accompanied by a 
14% drop in tensile strength, a 5% 

increase in scattering coefficient, and 
a 7% drop in tear strength. When the 
refiner speed is increased over the 
more limited range available in com- 
mercial practice, that is, from 1200 
rpm to 1800 rpm, the refining inten- 
sity increases from 2.0 × 10 .4 G J/ton 
to 4.8 × 10 -4 G J/ton. This change 
brings about a reduction in the refin- 
ing energy from 6.5 G J/ton to 5.6 G J/ 
ton, a decrease of 14%. 

These results obtained on a mixture 
of spruce and balsam fir are support- 
ed by data obtained on pure black 
spruce. These data are presented in 
Table  V. The same trends are appar- 
ent when Samples 4 and 5 are com- 
pared with Sample 6. Samples 2 and 
3 show that when the total energy and 
the total number of impacts are the 
same, so that the average refining 
intensity is the same, the pulp prop- 
erties are independent of the energy 
split between the stages. 

Reducing the refiner speed in the 
second stage from 1200 rpm to 600 
rpm decreased the refining intensity 
from 2.84 to 0.60 × 10 -4 G J/ton. This 
decrease is shown in Columns 6-8 

(Samples 6-8). The reduced refining 
intensity has brought about a decrease 
in the total specific energy from 5.4 
G J/ton to 4.6 G J/ton for essentially the 
same pulp properties. This outcome is 
the opposite of what was found in the 
first-stage experiments. Because the 
speed in the first stage was 1800 rpm, 
the limited data available suggest that 
the best energy reduction might be 
obtained by increasing the refining 
intensity in the first stage and de- 
creasing it in the second. 

These results show that pulp prop- 
erties such as tensile strength, shives 
content, and fiber length depend both 
on the total specific energy and on the 
refining intensity. Results from other 
exper iments  on cedar  and black 
spruce show that the pulp linting 
propensity index (PLPI)  depends 
solely on the specific energy. The 
PLPI indicates the potential of pulp 
fibers to lint during offset printing, 
and it is determined by means of the 
Domlar KW specific surface fraction- 
ator (6,7). The higher the PLPI value, 
the higher the tendency of pulp to 
produce a paper of higher linting. In 
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2. The pulp linting propensity index appears to depend only on the 
total specific energy. (C1 denotes the discharge consistency in the first 
stage.) 
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3. At a given tensile index, the scattering coefficient of the first-stage 
pulps was higher at 1800 rpm than at 1200 rpm. (Specific energy ranges 
in G J/ton: 3.3-3.7 for black spruce, 1.8-4.7 for black spruce and fir, 
3.0-4.7 for Southern pine.) 

i ii i 
4. The fines content (P-100} of first stage pulp 
is higher at 1800 rpm than at 1200 rpm. 
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5. At a given fines content, the scattering 
coefficient of first stage pulp is higher at 1800 
rpm than at 1200 rpm. 
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6, The tensile index of first-stage pulps 
increases with increasing fines but is inde- 
endent of the rotational speed. 
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the experiments with cedar, the 
refining intensity was changed by 
running the second-stage refiner at 
1200 rpm and 1800 rpm (3); for black 
spruce, the refining intensity was 
changed by varying the discharge 
consistency from 18% to 45%. The 
results are shown in Fig. 2, where the 
linting index is plotted against specif- 
ic energy. The points of different 
refining intensity fall on a single 
curve in each case. A given value of 
linting index cannot be attained 
therefore by adjusting the refining 
intensity to compensate for a reduc- 
tion in specific energy. Consequently, 
no energy reduction is possible for 
either species without increasing the 
pulp linting propensity. A po~sible 
explanation is that while the refining 
intensity controls the fiber length 
distribution for a given specific 
energy, it has no effect on the amount 
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of fibers with low specific surface 
area, which apparently depends only 
on the total specific energy. 

Strength and optical properties. 
When the scattering coefficient is 
plotted against tensile index for all 
three species used in the experiments, 
the scattering coefficient for a given 
tensile strength increases when the 
speed of the first-stage refiner is 
increased (Fig. 3). 

The scattering coefficient of me- 
chanical and chemimechanical pulps 
depends on fiber length distribution, 
the quality of the long fiber fraction, 
and the quantity and quality of fines 
(8, 9). A plot of the fines content 
against specific energy shows that the 
fines content increases with the refin- 
er speed (Fig. 4). The higher quantity 
of fines produced does not seem to 
account completely for the increase in 
the scattering coefficient. Figure 5 

shows that for a given fines content, 
the scattering coefficient is higher at 
1800 rpm than at 1200 rpm. This 
difference could be due to a different 
quality of fines material. When the 
tensile strength is plotted against the 
fines content, the data for both refiner 
speeds fall on the same curve (Fig. 6). 
This discrepancy suggests that the 
various types of fines contribute 
differently to scattering than to bond- 
ing, which is a consideration that 
warrants further study. 

When the tensile index of the final 
pulp is plotted against the scattering 
coefficient, as in Fig. 7, separate 
curves are obtained for the different 
values of first-stage refiner speed. 
These curves indicate that the im- 
provement in scattering coefficient 
obtained by increasing the speed in 
the first stage is carried through the 
second stage of refining. 



7. The increased scattering coefficient of 
first-stage pulps at a given tensile index 
obtained by increasing the speed of rotation 
; carried through to the second stage. 
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8. Increasing the second-stage refiner speed 
from 600 rpm to 1200 rpm has no effect on 
the tensile index-scattering coefficient rela- 
tionship for black spruce. 
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9. Increasing the second-stage refiner speed 
from 1200 rpm to 1800 rpm increases the 
scattering coefficient at a given tensile index 
for Southern pine pulps. 

m~so (~ = l~Omrn 

I 

TENSILE INDEX, N.m/g 
10 

An increase in the rotational speed 
in the second stage also increases the 
amount of fines (3). Could these be 
different types of fines? F igu re  8 
shows a plot of scattering coefficient 
against tensile index for black spruce 
chips refined in the second stage at 
600 rpm, 900 rpm, and 1200 rpm. 
Unlike the data for the first stage 
shown in Fig. 3, all points fall on the 
same line, indicating that the same 
types of fines are produced over this 
range of speed. The results for South- 
ern pine when the second-stage refin- 
er was operated at 1200 rpm and 1800 
rpm are plotted in Fig. 9. A different 
line is obtained for each speed, indi- 
cating that the type of fines may be 
different. It is not clear whether the 
different  performance found with 
Southern pine is due to the higher 
range of rotational speed used or to the 
change of species. 

The effect of consistency 

The pulp flow equations show that 
varying the rotational speed of a 
re f iner  can br ing  about  a major  
change in the refining intensity. This 
method is not usually available to the 
refiner operator because the rotation- 
al speed of commercial equipment is 
rarely adjustable. The alternative 
method of varying the refining consis- 
tency is easily achieved. The effect on 
the final pulp properties of changing 
the intensity in this way was explored 
at the Institute's pilot plant in Keno- 
gami, Que. 

Experimental procedures 

Black spruce chips were refined at 
345 kPa in the 914-ram Sprout-Bauer 
36-1CP first-stage refiner at a fixed 
rotational speed of 1800 rpm and a 
specific energy of 4.3 GJ/ton. Three 
levels of re f in ing  intensi ty  were  
achieved by operating at inlet consis- 
tencies of 12.5%, 17.5%, and 22.5%. The 
second-stage atmospheric refining 
was carried out in the 914-mm Bauer 
400 refiner at Pointe Claire. In this 
case, the inlet consistency was main- 
tained constant  at  17%, and five 
additional energy levels of 1.0, 2.5, 3.5, 
4.5, and 5.5 G J/ton were applied. The 
plates used in the first stage were 
Sprou t -Bauer  P a t t e rn  D14C001, 
which have a fine bar section at the 
outer periphery, while those used in 
the second stage were Pattern 36104. 

Results 

The number of impacts, the refining 
intensity, and the specific refining 
power in the first stage were calcu- 
lated from the pulp flow equations. 
The results are shown in Table  VI. 
The 44% decrease  in consistency 
reduced the residence time from 0.74 
s to 0.37 s. This decreased the number 
of impacts from 16,700 to 8100. As a 
result, the specific energy per impact 
increased from 2.6 × 10 -4 G J/ton to 5.3 

4 × 10- G J/ton, and the specific refining 
power increased from 5.8 G J/ton per 
s to 11.5 GJ/ton per s. 

These changes are substantial. The 
change in the refining intensity is 
comparable to that of changing the 

refiner speed from 1200 rpm to 1800 
rpm (Table IV), while the change in 
the specific refining power is about 
half as much. 

The effect on the total number of 
impacts in both stages and on the 
overall average refining intensity is 
shown in Table  VII for the highest 
total specific energy used--i.e., 9.8 
G J/ton. The total number of impacts 
decreased by 19%, leading to a 30% 
increase in the average  specific 
energy per impact and a 20% increase 
in the overall specific refining power. 
Comparison with Table IV shows that 
the effect  on both pa rame te r s  is 
somewhat smaller than that of chang- 
ing the speed from 1200 rpm to 1800 
rpm. 

Properties of  the first-stage pulps 

The properties of the first-stage pulps 
are given in Table VI. They show that 
the increase in refining intensity at 
constant specific energy has brought 
about a decrease in the freeness and 
an increase in scattering coefficient. 
While there is little correlation be- 
tween the refining intensity and the 
tensile index, density, and shires 
content, the implication remains that 
the energy needed to produce pulps of 
the same freeness and scat ter ing 
coefficient from the first stage has 
been reduced. 

Overall energy-quality re la t ionships 

Typical properties of the final pulps 
are shown in Table VII for a total 
specific energy of 9.8 G J/ton. F igu re  
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0 shows the effect of the increased 
_verage refining intensity on the 
freeness, tensile index, and scattering 
coefficient over the complete range of 
energy added in the second stage. For 
clarity in these plots, we have omitted 
the results obtained at the interme- 
diate level of consistency. Interesting- 
ly, while the reduction in freeness and 
the increase in breaking length 
achieved by increasing the first-stage 
refining intensity continued to grow 
with increasing energy applied in the 
second stage, the increase in scatter- 
ing coefficient seems to have been set 
in the first stage and to have remained 
constant thereafter. 

Figure 11 shows that excellent 
correlation was obtained between the 
average specific energy per impact 
and the freeness, tensile index, and 
scattering coefficient of the final pulp 
at a constant total specific energy. The 
same degree of correlation was ob- 
tained with the overall specific refin- 
ing power. The scattering coefficient 
is plotted against tensile index in Fig. 
12 for the three levels of consistency 
used in the first stage. The scattering 
coefficient at a given tensile index is 
independent of the refining intensity 
in .the first stage. This result is 
different from that obtained when 
refining intensity was changed by 
changing the speed, as shown in Fig. 
3. (This difference will be discussed 
shortly.) 

Table VIII shows the results of 
interpolating the final pulp properties 
to equal values of freeness (190 mL 
CSF), tensile index (41 N'm/g), and 
scattering coefficient (56.5 m2/kg). 
The total specific energy needed to 
achieve this quality of pulp has de- 
creased from 9.7 G J/ton to 8.6 G J/ 
ton--that is, by 11%. 

D i s c u s s i o n  

The analysis of the data obtained with 
the three different species used in the 
experiments indicates that benefits in 
either pulp quality or energy con- 
sumption can be obtained when the 
first-stage refining is carried out at 
high refining intensity. The effect, is 
obtained when the refining intensity 
is increased either by increasing the 
rotational speed or by decreasing the 
consistency. 

When the increase is obtained by 
increasing the refiner speed, the 
refining intensity increases rapidly 
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VI. The effect of consistency on properties of first-stage pulps (black spruce) 

Refining 
El, G J/ton 4.3 4.3 4.3 
Inlet consistency, % 22,5 17.5 12.5 
Residence time, s 528 2.63 1.45 
Total no. of impacts, thousands 57.65 41.12 26.25 
el, 10 -4 G J/ton 2.6 3.6 5.3 
~,  GJ/ton per s 5.8 7.9 11.5 
el/el, s "~ 2.23 2.19 2.17 

Pulp properties 
Freeness, mL CSF 633 592 583 
Shives, % 3.42 2.62 3.10 
Density, kg/m 3 207 214 211 
Tear index, mN, m2/g 4.97 5.3 5.02 
Tensile index, N • m/g 14.6 17.2 16.4 
Scattering coef., m2/kg 42.3 44.1 45.1 

i 

VII. The effect of first-stage consistency on properties of second-stage pulps (black spruce) 

Refining 
El, GJ/ton 9.8 9.8 9.8 
Inlet consistency, % 22.5 17.5 12.5 
Residence time, s 1.98 1.84 1.67 
Total no. of impacts, thousands 39.8 36.3 32.4 
ea, 10 -4 GJ/ton 2.4 2.7 3.1 
ea, G J/ton per s 4.9 5.4 5.9 

Pulp properties 
Freeness, mL CSF 179 154 113 
Density, kg/m 3 375 369 390 
Tear index, mN • m2/g 9.98 10.32 9.44 
Tensile index, N. m/g 42.6 45.5 48.4 
Scattering coef., m2/kg 56.7 58.6 80.5 

because of its sensitivity to the speed. 
The specific energy in the first stage 
must then be kept low, at less than 2 
G J/ton, or irreparable damage will be 
done to the fiber length. This is seen 
from comparing Samples 4 and 5 with 
Samples 6-8 in Table V. In the case 
of Samples 6-8, the specific energy 
per impact has become too high, 5.0 
× 10 .4 G J/ton and the onset of a loss 
of fiber length and tear is apparent. 
The finding from these experiments 
that high refining intensity leads to 
more "effective" refining in mechan- 
ical pulping, apart from the reduction 
of fiber length, has also been demon- 
strated in experiments with single- 
stage RMP (2). The importance of the 
initial wood defibration process has 
also been demonstrated recently in 
pulp grinding experiments (10). 

Decreasing the consistency in the 

first stage produces a less rapid 
increase in the refining intensity than 
that produced by an increase in speed. 
More specific energy then has to be 
applied to produce similar benefits on 
pulp quality and energy reduction. 

As mentioned, increasing the speed 
produces a change in the scattering 
coefficient for a given tensile strength, 
and it has been suggested that this 
might be due to a change in the type 
of fines produced. Changing the 
consistency does not produce a similar 
effect. There is an important differ- 
ence between the two ways of control- 
ling the refining intensity that follows 
directly from the pulp flow equations. 
When the consistency is decreased, 
both the refining intensity, e, and the 
specific refining power, ~, change at 
the same rate, so the ratio ~/e remains 
the same. This is shown in Table VI. 



10. At a constant total specific energy, as the consistency in the first stage is decreased, the final pulp freeness decreases, the tensile index 
increases, and the scattering coefficient increases. (Inlet consistencies of 12.5% and 22.5%.) 
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11, The freeness decreases, whereas tensile index, and scattering coefficient of the final pulp at a constant total specific energy increase 
in direct proportion to the overall refining intensity (Inlet consistencies of 12.5%, 17.5%, and 22.5%.) 
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VIII. Energy required to achieve the same pulp quality at different refining intensities (black 
spruce) 

Refining 
1 st-stage consistency, % 22.5 17.5 12.5 
El, GJ/ton 4.3 4.3 4.3 
E2, GJ/ton 5.4 4.6 4.3 
Etotal, G J/ton 9.7 8.9 8.6 
Total no. of impacts, thousands 39.8 30.9 25.8 
ea, 10 -4 GJ/ton 2.4 2.9 3.3 

Pulp properties 
Freeness, mL CSF 190 190 190 
Shives, % 0.11 0.20 0.24 
Density, kg/m 3 371 352 355 
Tear index, mN • m~/g 10.0 10.3 9.7 
Tensile index, N, m/g 41.5 41.5 41.0 
Scattering coef., m2/kg 56.5 56.7 56.5 

12. Increasing the refining intensity in the fir~; 
stage by decreasing the inlet consistency has 
no effect on the relationship between tensile 
index and scattering coefficient for the final 
pulp. 

i-. ~ot , lzs% 
u~ / • 17.5% 

m 10 20 30 40 50 

TENSILE INDEX, N.m/g 
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.4 When the speed is increased,  
changes more rapidly than e, so that 
the ratio increases. This may be an 
explanation for the different effects on 
the pulp quality interrelationships. 
The effect will be studied further. 

A high specific energy per impact 
can also be achieved by changing the 
plate pattern to reduce the number of 
impacts for a given total specific 
energy; this has not yet been explored 
systematically. The specific energy 
per impact must again be set below 
the level at which it will cause serious 
damage to the fibers. 

Carrying out second-stage refining 
at lower specific energy per impact 
seems to be effective in producing a 
decrease in the overall energy con- 
sumption for a given pulp quality. 
This result was achieved in the exper- 
iment by refining at low rotational 
speed. Presumably the same effect 
could be achieved by ref ining at 
higher consistency or by using finer 
plate patterns. 

The benefits expected from the type 
of optimization explored here are 
either better  strength and optical 
properties or alternatively, energy 

savings for the same properties. The 
choice is governed by the specifica- 
tions of quality needed to produce the 
desired grade of paper. 

These results are preliminary, and 
more data are needed. The approach 
will be extended to the optimization 
of the strength and opacity relation- 
ships in chemimechanica l  pulps. 
More research is needed to determine 
the effects of combining high and low 
refining intensity on the fiber mor- 
phology, from which the changes in 
the pulp properties and energy con- 
sumption arise. 

Conclusions 

Changing the refining intensity in the 
first stage of a conventional two-stage 
thermomechanical refining system 
changes the energy-quality relation- 
ships in the final pulp. The refining 
intensity can be adjusted either by 
changing the speed of the refiner or 
the consistency. 

A higher refining intensity in the 
first stage produces pulps with better 
strength and optical properties for the 
same consumption of energy. The 

pulps have higher scattering coeffi- 
cient at equivalent strength. 

The refining intensity does not 
affect the linting propensity, which 
appears to depend solely on the total 
applied energy. 

Finally, there are indications that 
the beneficial effects of a high refining 
intensity in the first stage are en- 
hanced if this stage is followed by a 
low refining intensity in the second 
stage. [] 
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