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In recent years, efforts in the
field of chemical pulp research
have been concentrated mostly on
chemical cooking, e.g., kraft, sul-
phite, neutral sulphite, polysul-
fide, etc. Searching for the possi-
bility of improving yields through
selective lignin removal and car-
hydrate retention, tailor made
pulps have resulted, e. g., through
the use of chlorine dioxide and
caustic extraction cook and so-
dium chlorate catalyzed with
molybdenum. Fiber mechanical
separation after cooking has
always been the complementing
device for a high yield chemical
pulp.

The W. R. Grace pulp and paper
research group reaffirmed the
need for a more homogeneous
cook of their bagasse pulp, since
bagasse fiber is a natural fiber
blend material, with low lignin
and high hemicellulose content
and certainly opposite to the
mechanical composition of soft-
wood fiber.

The question of how much deli-
gnification should be conducted

Dr. E. J. Villavicencio. Vice-Pre-
sident and Director, Research and
Development, PEADCO. Para-
monga-Peru.
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High Density-Hot
Refining

in order to attain a good, high
yield, chemical pulp has been
raised very often. It is espe-
cially true of agriculture resi-
dues' fibers for which lignin va-
lues are relatively low.

Research has been conducted on
bagasse pulping, combining che-
micals and defibration. Com ..
bination of chemicals, concentra-
tion, pressure, temperature and
time showed that bagasse fiber
was easily pulped to a low per-
manganate number, although
some remaining shives were
shown in the pulp after refining.
Studies were conducted to find
out the reasons for the heteroge .
neity of the pulp. Shives were
strong and resistant to any me-
chanical defibrating device.

BAGASSE DELIGNIFICATION
REACTIONS

Generally speaking, the bagasse
pulps were well-delignifled, and
the lignin removal was shown
to be preferentially from the
cell-wall up to the peint of 50%
total lignin removed. The lignin
in the middle lamella was less
attacked. Under stronger delig-
nification conditions, the same
reaction was shown followed by
a rapid rate of removal of lig.
nin from the middle lamella.

In the PEADCO Process (Process
Evaluation and Development Cor-
poration, a subsidiary of W. R.
Grace & Co.) delignification is
conducted under vapor-phase
conditions. The pores of the fib-
ers are filled with steam during
the delignification: consistency at
the end of the reaction becomes
as high as 35% and cooking tem-
perature i.e. 3470 F under 125 psig
pressure,

Lignin remaining in the fiber
cell-wall and middle lamella
(bundles of fiber) when the pulp
is blown out of the digester is
cooled off by the air that gets
into the fiber during the natural
flash-off of steam. Air is pulled
into the fiber pores by the va-
cuum produced when the setam
pressure is reduced to zero. As
a result of this, the lignin be-
comes hard and brittle. Defibra-
tion of such fiber and fiber bun-
dles becomes inefficient.

Experimental work has shown
that when bagasse fiber bundles
are defibered at the blow-line (be-
fore the blow-tank) at tempera-
tures above 2900 F and at a con-
sistency over 20%, air introduc-
tion is prevented and the lig-
nin does not harden. Fiber pores
are filled by the water condens-
ed during the deflbration stage
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prior to the blow-tank. Fiber
bundles are easily and efficiently
separated. A very homogeneous
pulp is obtained, shives are mi-
nimum, if any, and pulp strengths
and freeness are higher than nor-
mal.

The explanation of this pheno-
menon is that bagasse lignin is
thermoplastic; its point of solidi-
fication is under 1360 C. This
means that when lignin is still
in the. fiber middle-lamella and
the temperature is over 136° C.
fibers can be detached from bun-
dles by a mechanical device
without affecting the length of
the papermaking fiber. When
the temperature is below 136°C,
the lignin becomes solid and
breakable. Any mechanical de-
fibration will yield an heteroge-
neous pulp, having a great
amount of non-defibered bun-
dles of fiber and a high percent-
age of broken fibers reported as
fines. The lengths of individual
fibers are affected.

EXPERIMENTAL WORK
At the bagasse pulp mill in Pa-
ramonga, an experimental pro-
gram was established for apply-
ing in the mill the work deve-
loped at laboratory scale. The
digester line of the pulp mill
called the "Experimental Line",
which is equipped with a conti-
nuous American Defibrator dig-
ester (single tube) and two blow-
lines for discharge, was utilized
under normal operating condi-
tions, .the digester disharged into
a blow tank, and pulp consist-
ency was controlled at 4%. Pulp
was then defibered by a Claflin

conical refiner in a single pass;
material was washed by three-
stage washing (3 washers).
The first part of the trials were
performed using a Sprout-Wal-
dron 20" twin-flow refiner that
was connected to the blow-line
of the continuous digester. Prior
to the blow tank, the tempera-
ture was shown to be over 136°C
at the point selected. Some mo-
difications Were required in the
Sprout-Waldron unit for better
performance in this use. The
pulp passed through the Sprout-
Waldron showed a lower percen-
tage of bundles. However, to
keep the unit working steady
with the operation of the pulp
mill was difficult due to the fluc-
tuation of the volume per min-
ute passed through the refiner.
Research work was conducted to
find a more steady flow to the
blow pipe and through the refi-
ner. When the pulp was over
30% consistency and the pres-
sure was 90 psig, the floating disc
of the Sprout Waldron was not
maintained at the center and
mechanical problems were found.
Black liquor was injected at the
blow-line at a maximum rate of
7 gallons per minute; the blow
valve orifice was reduced until
the flow was found to be even
without increasing the retention
of the pulp.
Pulp from the trials. was evalu-
ated, alternating the refiners be-
fore (at the blow-line) and after
the blow tank. It was noticed
that the percentage of fines in
the pulp was substantially re-
duced when refining was con-
ducted at the blow-line of the

TABLE I

digester in comparison with the
percentage of fines with refining
after the 'blow tank, as is shown
in Table I.

In exchanging ideas with the
Sprout Waldron technical group,
they suggested and furnished an
hydraulic set for holding the
floating disc. The unit worked
better, and we should hold the
refiner working at the blow-line
for several hours. The floating
disc did not hold satisfactorily,
and mechanical problems as well
as heterogeneity of the refining
were found. Changes were made
connecting the inlet of the pulp
to only one of the inlets of the
refiner and using the other inlet
as the outlet. The original out-
let was closed. Efficiency of the
refiner was improved, but capa-
city dropped to a point at which
we could not operate with the
full amount of pulp coming from
the digester. It was decided to
increase the inlets and outlets of
the Sprout Waldron refiner to a
maximum bore of 4 inch. from
the original 2! inch. The unit
was operated again. Although
the capacity was acceptable, the
floating disc did net hold sharp-
ly, and heterogeneous defibered
pulp was produced.

The defibration trials at the dig-
ester blow-line were so encour-
aging that a Claflin unit was in-
stalled. This unit was reinforc-
ed for the working pressure con-
ditions. The Claflin was connec-
ted on May 26, 1968, and from
that time the Claflin has been
very successful from the mecha-
nical point of view. Modications

Sampling Place
Freeness

S.R.
cc. +14

Fiber Classification

-100

Digester discharge
Refiner before blow-tank
Refiner after blow-tank

+28 +48 +100

870
820
800

12.0
12.6
6.2

28.4

8.6
12.8
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18.6
20.2
7.4

22.0

32.2

30.4

19.0
26.4
43.2
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of the tackle and the shell were
necessary (dams) in order to give
the desired retention and brush-
ing action to the pulp. The attach-
ed pictures show the difference
between hot-high density refin-
ing and normal refining.
Freeness drop for hot-high den-
sity conditions is minimum. Nor-
mally, freeness decreases from
870 to 820 cc. S.R. Examining the
performance of the Claflin work-
ing at high consistency and high
tempterature before the blow
tank, it was observed that pulp
retained on mesh 150at the wash-
ers was decidedly improved from
normal operation (refining after
blow tank) of 43.2% to 26.4%.
This is a very important im-
provement that has been shown
daily and has a significant mean-
ing not only from the point of
view of pulp quality but also
yield of the pulp and its per-
formance on the paper machine.
The Claflin refiner is working
smoothly. Although we know
that the energy transferred from
the bars to the fiber is lower
(55%) than the energy trans-
ferred through a disc refiner
(70%), the Claflin is handling
itself very well at high consist-
ency (30%) and temperature
(1360 C).

RESULTS AND DISCUSSIONS
When conducted under high
pressure, temperature and con-
sistency by means of well-con-

(Before Regning (44x),

After Refining (44x),

TABLE II Fiber Classification vs. Different KMnOI Numbers
Normal Pulps July-1969

TRIAL * No. 1 2 3 4 5 6 7 8

KMnO. No. 20.2 20.4 25.4 27.0 28.0 28.0 30.5 33.1
Fiber Classification

Mesh + 14 % Sl.6 7.8 17.0 17.6 14.8 14.6 21.2 23.2
Mesh + 28 % 21.2 20.6 13.4 14.0 13.0 11.0 22.0 18.6
Mesh + 48 % 20.0 19.6 15.2 18.4 15.8 15.6 19.4 16.2
Mesh + 100 % 22.7 22.4 24.6 24.6 24.2 25.2 14.6 17.8
Usable Fiber % 72.5 70.4 70.2 74.6 67.8 66.4 77.2 75.8
Mesh - 100 % 27.5 29.6 29.8 25.4 32.2 33.6 22.8 24.2

--- •..--

* Samples taken in the last washer
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trolled mechanical refiners, the
defibration of bagasse pulp yields
pulps free of shives and fiber
bundles.

The main part of the study was
carried out with vapor-phase
cooking, and all data reported
here refer to this method. The
solids and heat balances give a
theoretical water/solids cooking
ratio of 1.67 and a water/fiber
ratio of 1.90. Theoretical fiber
consistency at the refiner stage
located before the blow tank)
is 24.39. However, flash pheno-
menon was present, since actual
consistency at the refiner was
reported to be over 30%.

The results obtained prove that
for the temperature and consist-
ency tested, the defibration was
conducted efficiently and no pulp
bundles were present.

The fiber classifications of the
normal pulps are summarized In
Table II. For comparison, cor-
responding data for pulp cooked
at different KMnO, numbers are
also reported.

In Table m, fiber classifica-
tions of pulp cooked with and
without hot-high density refin-
ing are compared. The high re-
duction of the portion retained
on the 14 mesh screen should
be noted since this indicates the
shives and bundles present.
Additionally, the freeness is al-
most not affected by the deflbrat-
ing action of this kind of refin-
ing.

In Table IV, the physical char-
acteristics of the pulp obtained
with hot-high density refining
are summarized. For comparison,
corresponding data for normal
production pulp are also r e-
ported.

Before Refining (100 x).

Before Refining (100 x).
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TABLE OI. KMnOs Number Vs. Fiber Classification
with and without Hot-High Density Refining

JULY - 1969

TRIAL No. 1 2 3 4 5 6 7 8
---

Before Refining -F.)

KMnO. No. 20.4 18.9 19.0 20.8 19.6 27.2 28.7 32.2

Freeness S.R. CC. 880 880 860 87(} 860 880 880 860

Fiber Classification
+ 14 mesh % 5.8 5.2 5.0 18.8 4.8 23.2 20.0 27.4

'- 28 mesh % 12.4 10.4 16.8 16.6 13.2 17.4 17.0 11.0

-: 48 mesh % 23.6 22.8 21.2 19.0 21.2 16.2 18.2 16.2

+100 mesh % 27.2 29.0 26.4 25.6 28.2 18.8 22.0 24.2

Usable Fiber % 69.0 67.4 69.4 80.0 67.4 75.6 77.2 78.8

-100 mesh % 31.0 32.6 30.6 20.0 32.6 24.4 22.8 21..2

After Refining
KMnO. No. 20.1 18.4 18.7 19.9 19.4 27.0 28.7 31.9

Freeness S.R. CC. 860 865 845 860 830 860 860 850

Fiber Classification
+ 14 mesh % 2.2 4.8 0.6 5.2 2.6 17.b 14.6 20.0

+ 28 mesh % 13.0 14.0 13.0 14.4 11.6 14.0 11..0 11.0

+ 48 mesh % 26.4 24.6 20.0 19.0 22.8 18.4 15.6 15.8

+100 mesh % 32.2 24.4 26.4 26.6 31.2 24.6 25.2 24.8

Usable Fibe % 73.8 67.8 60.0 65.2 68.2 74.6 66.4 71.6

-100 mesl' % 26.2 32.2 40.0 34.8 31.8 25.4 33.6 28.4

'TABLE IV ~cal Properties Vs. KMnOI Number
Pulp Before and after Hot-High Density Refining

KMnO, .•..
No. '"

...:::: ...•
'" ~ ~ '" 0CIl '@ CIl I: '"

CIl
'" :;::: i:: .•..

1:: ~S ",E CIl 0 :a '" <1l '"<1l '" .....•.•.. CIl CIl
CIl ctI t.I I: ui •.••.• t.I

'0 ci ~I: c,CIl

'"
c.i ., CIl ctI CIl ••.• ::s ctI p;:3 a~f;z:1 t.I 1Xl~ E-If:z:.. E-I::a ::ar.:. f:z:.Z

(1) Before refining 225 850 63.6 73.4 2,704 12.2 5 10 fiber washed

After refining 19.8 810 64.6 79.1 2,828 14.6 13 in the

(2) Before refining 24.4 830 64.6 88.6 2,964 13.1 10 10 experimental

After refining 220 790 65.1 84.3 2,972 19.6 18 depither

(3) Before refining 23.0 820 65.1 88.1 2,810 12.e 14 7 normal
After refining 21.9 790 62.1 85.9 3,187 16.3 8

(4) Before. refining 25.0 830 64.6 88.6 2,9C4 13.4 16 7 fiber
After refining 23.1 800 63.6 87.2 3,224 20.1 20
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Above Pulps Refined at Freeness S.R. 600 CC.

la) Before refining 22.0 590 59.6 52.2 5,338 30.0 26 10 fiber washed
After refining 19.5 590 61.6 57.8 5,605 36.5 48 in the

2a) Before refining 24.1 600 64.1 67.2 5,980 39.3 32 10 experimental
After refining 21.3 600 60.1 55.9 6,510 34.8 36 depither

3a) Before refining 22.4 600 63.1 56.3 5,264 30.1 91 7 normal
After refining 21.4 600 64.6 62.0 6,027 32.8 72

4a) Before refining 24.3 600 64.6 65.0 5,386 35.7 80 7 fiber
,~

After refining 229 600 63.1 56.4 6,287 33.7 88

CONCLUSIONS

1. This study has demonstrated
that a continuous digester
equipped with an in-line re-
finer -located before the blow
tank at the pressurized zone
can be advantageously adap-
ted for producing an homo-
geneous shive-free pulp.

2. High consistency (25-30%)
and a temperature of 1360 C
are critical and necessary for
a good defibrating action.

3. The continuous digester and
the pressure refiner are
standard machinery for the
industry and are used in a
wide capacity range. Conse-

quently, the digester can be
designed for high production
capacities. This is an inter-
esting feature of the system,
since most continuous diges-
tors for bagasse pulping have
comparatively limited capa-
cities.

4. This study and development
has demonstrated further
that hot-high density refining
at the digester's blow-line
can be applied not only for
bleachable shive-free pulp
but also for high yield semi-
chemical pulp.

5. The digester system with
hot-high density refining can
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be used only for vapor-phase
cooking. Preliminary results
indicate that liquid-phase
cooking gives a lower con-
sistency and a more non-
uniform pulp quality than
with the vapor-phase me-
thod.

6. Bagasse pulps produced in
the new digester system are
uniform, shive-free and have
good strength, properties.
The pulps' are well suited for
bleached pulp production or
for the manufacture of multi-
wall and corrugating me-
dium from a high yield semi-
chemical furnish.
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