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A tépési mutatoé értékei a fehérités hatasara 20-
22%-kal javulnak. A 80% névleges fehérségl buza-
szalma cellul6z tépési mutatdja 5-6,5 mNm’/g tarto-
manyban valtozik, az évjarattél és a technolégiai
paraméterektdl fuggden. A legjobb fehérségi ener-
giafii rostnal (E3/2) ez az érték 8,5 mNm’/g, mely azt
jelenti, hogy az E3 energiafli fehérrost tépészilard-
saga a szalmacelluléz tépdszilardsaganal Iénye-
gesen jobb.

Osszefoglalas, konkluziok
Az eddigi eredmények alapjan az alabbi kdvet-
keztetések vonhatok le:
- az energiaftiivekbdl mind fehéritett, mind fehéri-
tetlen celluléz elBallithato,
- a granulometriai, fizikai és optikai vizsgalatok
alapjan megallapithato, hogy a legjobb minésé-
gl celluléz az E3 mintabol allithato eld,
- a kisérleti eredmények alapjan 1 t energiafi t6-
megének 1/3 részébdl valhat papiripari alapa-
nyag, és kb. 60-65%-abdl nyerheté héenergia,
- az energiaflvekbdl nyert rostok alkalmasak cso-
magoloé- és iré-, nyomdpapirok eléallitésara is.
A szerz6k koszonetet mondanak az OM Alapke-
zel6 lgazgatésaganak a munka elvégzéséhez nyuj-
tott anyagi tamogatasért.

Summary, conclusion

Based on the results achieved so far following conclusion
can be established:

- Both bleached and unbleached pulp can be made from

energy grasses

- Granulometric, phisical and optical test show that the

highest quality pulp can be made from sample marked E3

- Results of the trials show that 1/3 part of 1 ton of an

energy grass can be transfered into paper intustrial raw

material and about 60-65% can be used as heat energy

- fibres gained from energy grasses are suitable to make

wrapping and printing and writing papers.

Zusammenfassung, Folgerungen

Folgende Folgerungen kénnen aufgrund der bisheringen
Ergebnisse abgezogen werden:

- Energiegrasarte sind fiir die Herstellung von gebleichten

sowohl von ungebleichten Zellstoffen geeignet

- Granulometrische, physische und optische Untersuchun-

gen zeigen, daR die héchste Qualitdt von Muster E3 herges-

tellt werden kann

- Die Testergebnisse beweisen, daR 1/3 Teil von Tonnen

Energiegrasart zum Rohstoff fir die Papierindustrie

Uberfurhrt wird und von etwa 60-65% kann Heizenergie

produziert werden

- Die Faser aus Energiegrasarten sind auch zur

Herstellung von Packungspapieren und Schreib- und

Druckpapieren geeignet.
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Introduction

The application of biotechnological processes in pulp
and paper industry began in the middle of 70-ties of the
last century. The first trials were made with fungi
producing enzymes, which were used in the chip treat-
ment. It was a long lasting procedure and gave irrepro-
ducible results. The wider use of enzymes to improve
manufacturing processes in global and particularly in
cooking, bleaching and refining has began since the end
of 80-ties.

Enzymes being produced on an industrial scale are
available atrelatively low price.

Az alabbi k6zlemény magyar nyelvi valtozata a Papiripar 2002/4.
szamanak 131. oldalan talalhato
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Producer of enzymes Enzyme

Trichoderma reesei Liftase A40

Trichoderma Lagibrachiatum Pergalase A40

Aspergilus niger Cytolase 123

Table 1 The origin of cellulase and hemicellulase enzymes used for
improving sheet-formation properties

Hydrolytic enzymes (cellulase, hemicellulase) have
been found to be commercially feasible for improving
sheet-forming properties and bleachability of different
pulp.



In my present contribution | am dealing only with the
cellulase enzyme. My paper is divided on three parts. In
the first part the effect of the cellulase enzyme on the
chemical properties of different cellulose fibres are dis-
cussed. In the second part effect of enzymatic treatment
on the colloidical and morphological properties of the
fibres are highlighted and finally in the third part of the
contribution some results achieved with enzymatic
treatment on the paper properties are shown.

The cellulase enzyme first used in the practice has a
complex character and has three parts acting differently. All
three parts of enzyme act on the amorphous region of
cellulose macromolecule yielding differentend product.

The cellulase enzyme can be produced by different
organisms,among them fungi and bacteria also are existing.

Some typical enzymeproducer organism and the
name of the enzyme are put on the table 1.

According to the literature usual conditions for en-
zyme treatment of pulp suspension are as follows:

- Ezyme dosage 0,2-0,4%;

-pH4,8-6,2;

- pulp consistency 1,5-5,0%;

-temperature of treatment 40-50°C;

- duration of treatment 30-60 minute.

Some exact condition of the enzymatic treatment and
author of the article are givenin Table 2.
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Experimental part

In the first series of experiment different virgin pulps
were treated with enzyme and the changes in chemical
properties were investigated. In this case a special pure
enzyme purchased from Aldrich-Sigma company was
used. This enzyme requires a slightly acidic medium (pH
4,8-5,0). For the preparation of the pulp slurry of appro-
priate pH citric puffer and distilled water were used. Other
conditions of enzymatic treatment are givenin Table 3.

Enzyme: e 6 70/30:

Fibre: different virgin fibres

Dosage: 0,2% based on oven-dry substrate
Tempereture: 50°C

Time: 60 min.

Pulp consistency: 50g fibre/|

Enzyme | oy [ Consis- | 1gmp, °c | Duration, Author
dosage tency% min
0,2-0,4% | 6.2 3 40 60 Sa?;g;gt) al.
9 Pommier et al.
o |48 ° 0 30 (1989)
02% |60| 3 40-45 0 [P Mens ™
04Ulg | 48 3 40 30 Jacﬁsgg;;l al.
0,2-0,4% | 5.0 15 50 30 Kantahgg;)a al
? 4.8 2 50 60 Olzt;gg)al.
AR ENERERE

Table 2. Usual condition in enzyme treatment of pulp

Table 3. Conditions of enzyme treatment

After the enzymatic treatment pulp slurry was diluted
with distilled water and washed via metallic wire. Before
enzymatic treatment and after it the following parameter
were measured:

- Loss of mass %;

- glucose contentin the reaction's medium;

- alkaline solubility in 1% NaOH;

-aldehyde groups

-iodine sorption by cellulose;

- average degree of polymerisation.

These parameters are shownin Table 4.

It can bee seen that mass losses in all cases are the
same thatis about 3,3-3,8%. The glucose contentin case
of filter paper and TCF kraft pine pulp almost similar butin
case of birch pulp is formation of glucose is much less.
The alkaline solubility also increases after enzymatic
treatment except of birch pulp.

The most interesting functional group of cellulose na-
mely aldehyde groups are also increased very significan-
tly in case of filter paper, while aldehyde groups in birch
pulp didnot change.

filter paper TCF kraft pine pulp TCF kraft birch pulp
untreated treated untreated treated untreated treated
Loss of mass, % 0 3.32 0 3.36 0 3.84
Dissolved glucose by treatment, mg/I 0 195 0 170 0 35
Alkaline solubility, % 3.42 4.67 2.86 3.84 5.35 5.83
Aldehyde groups, % 0.0186 0.0620 0.0372 0.0496 0.0744 0.0775
lodine sorption, mg I/g 117.00 106.83 129.75 104.30 167.10 140.63
Average DP (in Cadoxen) 1450 745 1200 730 1020 815

Table 4. Effect of enzyme treatment on chemical properties of different virgin fibres
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The accessibility of cellulose can be characterised by
measuring of iodine sorption. It can be seen that due to
enzymatic treatment — as enzyme act preferably in the
amorphous region — accessibility measured by iodine
sorption decreased in all cases. The degree of poly-
merisation also decreased very significantly, in case of
filter paper by 50%, in case of pine pulp by 30-35%, in case
of birch pulp by 20%.

Itis well know from the literature data, that enzyme tre-
atment can improve drainage properties of pulp lowering at
same time freeness of the suspension. Itis agreed that en-
zyme act as a razor, cleaning the fibre surface from the fib-
rils and other small particle existing on the fibre surface. In
this respect it was interesting to know how does act the en-
zyme on the pure, virgin pulp of different degree of beating.

For this purpose two types of pulp one unbleached
long fibre (sulphate spruce) and a bleached short fibre
(sulphate poplar pulp) were beaten in the laboratory Valley-
beater in the broad limit of °SR (20 to 85 °SR) than the
beaten pulp was treated by enzyme and after the treatment
some parameters were measured. The same parameters
were established in pulp beaten in different level without
enzyme treatment.

The following parameters were measured:

-freenessin °SR;

-drainage time;

- water retention value;

-fine content;

- specific surface;

-reducing sugar

-and fine losses due to enzymatic treatment.

The condition for the enzymatic treatment were as
follows:

-pH:5,0;

-temperature 50°C;

-duration 60 min.;

- enzyme dosage 0,3% Pergalase A 40 (activity 2700

Decrease of freeness due to enzymatic treatment
is shownin Figure 1.

It can bee seen that more changes in °SR are in
case of unbleached spruce pulp in the medium range of
beating, it means 10 °SR but in the region of high beating
itis 15-20 °SR, while in case of poplar pulp the change is
nomore than 5 °SR.

Changes in the drainage time due to enzymatic
treatment are shown in Figure 2.

It is clear from the Figure 2. that enzyme treatment
reduces drainage time very significantly, the
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Drainage time vs. freeness without and with
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The Table 5. shows summarised results of the ]
enzymatic treatment of differently beaten pulp. Figure 2.
Parameters Unbleached spruce sulphate pulp Bleached poplar sulphate pulp
Enzyme: no yes no yes no yes no yes no yes no yes no yes no yes
Freeness, °SR 20 18 45 35 62 42 80 65 23 21 43 38 69 64 84 79
Drainage time,s | 152 | 82 | 43,7 | 31,0 | 79,3 | 388 | 1839 | 704 | 16,1 | 11,0 | 47,8 | 30,0 | 124,0 | 73,80 | 298,8 | 137,0
WRYV 900g, 30 min | 283,1| 261,5 | 364,0 | 310,0 | 375,3| 332,5 | 417,8| 388,8 | 304,1| 280,5 | 376,6 | 364,0 | 409,0| 397,0 | 453,4 | 443,7
Fine content, %
(DDJ wire 200 mesh)| 816 | 660 [ 1024 7,34 | 1476 | 7.72 | 23,84 | 134 [ 201 | 174 | 41,3 | 306 | 52,1 | 399 | 728 | 62.2
Specific surface,
il ( tene blue)| 287 24,6 | 36,9 | 280 | 40,6 | 29,4 | 442 | 279 | 26,2 | 23,5 | 357 | 32,4 | 56,8 | 550 | 655 | 64,3
Reducing sugar,
mg/l (by DNS) 1.0 3,28 4,85 6,43 2,28 3,80 5,14 6,09
Fine losses due to
enzyme tr7atment, 15,6 29,0 70,1 105,0 27,0 106,0 122,0 105,5
mglg
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Table 5. Characteristics of cellulose fibres before and after enzymatic treatment at different R°



highest reduction is achieved in case of poplar pulp. The
more the drainage time after the beating the more reduc-
tion can be achieved by enzymatic treatment.

Due to the enzymatic treatment the water retention
value, specific surface and fine content are also decre-
ased.

The biggest changes due to enzyme action can be
seen in specific surface and in fine content. Especially in
case of unbleached spruce pulp specific surface and the
fine content have been changed. In case of poplar pulp
the differences are not so much.

The generation of reducing sugar is also increased as
the degree of beating becomes more. It is again an evi-
dence, that during the beating the surface of cellulose fibre
enlarges and becomes more accessible to the action of the
enzyme. By this phenomena decrease of fine content and
specific surface of enzymatically treated pulp can be
explained.

The accessibility of cellulose fibres depends on the
pore structure, the pore dimensions and pore volume as
well. In order to establish the changes in pore structure of
cellulose fibres due to enzymatic treatment, the pore
dimension and pore volume of cellulose fibres beaten at
different beating level and enzymatically treated were
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Figure 3.

measured using a mercury pressure porosimeter type
Carlo-Erba.

On the porosimeter the total pore volume, volume of
micro-pores, volume of macro-pores and the average pore
radius of micro- and macro-pores were measured. A pore
measurements were performed on the handsheets made
from differently beaten pulp before and after enzymatic
treat-ment. Sheets were made on the Rapid-Kéthen
sheetformer from spruce and poplar pulp.

The results are summarised in Table 6.-7. and
Figure 3.-4.

Volume of

Volume of

Average pore

Enyzme dosage [Freeness, °SR Total p:':il;olume macro-pores, cm3/g micro-pores, cm3/g radius R, m

! r>7,5 m r<7,5 m macro micro
- 23 1,284 0,533 0,751 10,6 6,68
+ 21 1,047 0,387 0,660 12,6 6,68
- 43 0,820 0,259 0,561 12,7 3,34
+ 38 0,800 0,272 0,528 12,9 3,36
- 69 0,650 0,204 0,446 16,3 1,76
+ 64 0,630 0,206 0,424 16,7 1,43
- 84 0,546 0,208 0,338 12,9 12
+ 79 0,523 0,214 0,309 16,9 0,81

Table 6. Pore structure of poplar pulp sheets at different SR® with and without enzymatic treatment

Average pore

Enyzme dosage |Freeness, °SR)| Total pgr:sl;olume macr\t:?pluﬁ'rg:,ocfmmg micrcY—?xl:)j:::, (::fm3lg radius R,,, m
’ r>7,5 m r<7,5 m macro micro
- 20 0,812 0,394 0,418 31 6,7
+ 18 0,757 0,333 0,424 1 0,8
- 46 0,697 0,340 0,357 32 1,4
+ 35 0,642 0,265 0,377 10,5 17
- 62 0,560 0,222 0,338 23 1
+ 42 0,607 0,243 0,364 12 1,4
- 82 0,540 0,263 0,277 12 1
+ 65 0,521 0,227 0,294 10,2 1

Table 7. Pore structure of spruce pulp sheets at different SR° with and without enzymatic treatment
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Table 8. Conditions of enzyme treatment

Generally it can be said that pore structure changes
more significantly due to the beating that due to the enzy-
matic treatment. Pore volume (macro- and micro-pores)
changes more than its dimension. Pore volume of poplar
pulp has changed more than spruce pulp. Due to enzy-
matic treatment total pore volume changes more at the
beginning of the beating. The same is seen on the figures 3.
and4.

As the beating became stronger the differences bet-
ween pore volume of untreated and enzymatically treated
pulp has been smaller. It can be explained again by the ac-
cessibility of enzyme molecules onto fibre surface or inside
the pores which decreases with the extent of beating.

The industrial utilisation of enzymatic treatment beca-
me interesting when problem arised concerning the impro-
ving papermaking properties and runnability on one of PM
producing bag paper from high rate secondary fibres in the
furnish.

To solve this problem an enzymatic treatment was
planed. In this case first of all the dosage of enzyme was
the most interesting parameter. It is known from the litera-
ture that an over-dosage of enzyme can damage paper
properties so the right dosage is necessary to know.

A lab scale treatment was performed to establish the
action of enzyme on the paper properties. The condition of
the enzyme treatment is shown on Table 8.

The pH of the pulp before enzymatic treatment was
adjusted to 4,8-5,0 by adding appropriate amount of H,SO,.

The pulp properties measured after enzymatic tre-
atment are shown on the Figure 5.

It can be seen that the biggest changes occurred in the
beginning namely at the smallest enzyme dosage (0,2%
onoven dried pulp).

Freeness and drainage time decreased more than
WRYV and specific surface. In respect of runnability of the
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Figure 4. Figure 5.
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Figure 6.

PM these two parameters (freeness and drainage time)
are more significant. What the physical properties of the
paper produced from enzymatically treated pulp are con-
cerned small amount of enzyme does' not decrease the
breaking length, tear and burst more than 5-8% but the air
permeability which is the important parameter for the bag
paper improved very significantly as it can be seen on
Figure 5.

Summary

A cellulase enzyme (Pergalase A 40 Genecor) was
used to investigate its action on chemical, morphological
and papermaking properties of cellulose fibres of different
origin.

It was established that cellulase enzyme as an
hydrolysing agent can cause big changes in the chemical
properties of pure cellulose (filter paper, TCF pine pulp and
TCF birch pulp). Enzyme causes decrease of accessibility
measured by iodine sorption, it increases alkali solubility,
produces glucose in filtrate, drops the DP of cellulose
molecule by 30-50%, increases amount of reducing end
groups.

Enzymatic treatment of differently beaten pulp yields
significant drop of °SR, drainage time, decreasing of
specific surface and fine content, at the same time it
facilitates the drop of pore volume, pulp became less
porous and more compact.

Utilising enzyme in near industrial conditions for the
production of bag paper, 2 kg/t enzyme dosage improve
runnability and drainage of pulp and increase of
permeability of paper with only a small decreasing of
strength properties.



