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(57) ABSTRACT 

The invention relates to a process for controlling microbial 
growth in a production line for cellulosic products With the 
aid of gases. The invention also relates to the use of gases 
such as carbon dioxide, nitrogen, argon and/or non-naturally 
occurring mixtures thereof for controlling microbial groWth. 
In the process an aqueous material containing Water and 
suspended pulp ?bers and/or additives therefor is treated 
With the gaseous inhibitor to signi?cantly retard or inhibit 
the groWth of microorganisms therein. An oxygen rich gas 
may be introduced in addition to the inhibitor of the inven 
tion. 
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PROCESS FOR CONTROLLING MICROBIAL 
GROWTH 

[0001] The present invention relates to a process for 
controlling microbial growth in a production line for cellu 
losic products With the aid of gases. The invention also 
relates to the use of gases such as carbon dioxide, nitrogen, 
a noble gas and/or non-naturally occurring mixtures thereof 
for controlling microbial growth. 

[0002] In the production of cellulosic products such as 
cellulose, paper and board (hereinafter referred to as paper), 
cellulosic ?bers are treated in aqueous suspensions under 
varying conditions. The amount of Water in the production 
line is huge and the Water is continuously recirculated in 
smaller or larger loops. The conditions in the production line 
are often susceptible to microbial groWth. This is especially 
so during storage of the aqueous material. 

[0003] For groWth all rnicrobes require that the system 
should include suf?cient nutrients and that the pH, tempera 
ture, rnoisture, oxygen level etc. is adequate. 

[0004] For breeding the rnicrobes need time to groW and 
propagate in the system. The retention time must be long 
enough; otherWise, the cells Will be Washed out of the 
system. In a paperrnaking system the rnicrobes can easily 
?nd locations With a sufficient retention time, eg Water 
storage tanks, stock chests, treatment of broke and long 
pipelines. 
[0005] Normal paperrnaking conditions are suitable for 
the groWth of many kinds of microbes. The recirculating 
White Water in the short and long circulation contains 
enough carbohydrates and other essential ingredients such as 
inorganics and trace elements. Also chemicals used in the 
paperrnaking thernselves represent an ideal nutrient source, 
eg starch, or contain as irnpurities quite a lot of nutrient 
material, eg kaolin. The incoming raW Water can also 
contain considerable amounts of nutrients. 

[0006] The rnicrobes found in a paperrnaking system can 
be divided into three main groups, bacteria, fungi and algae. 
The bacteria are either spore forrning (anaerobic) or non 
spore forrning (aerobic); the fungi cornprise moulds and 
yeasts; and the prevailing algae are blue-green or green 
algae. 
[0007] Many different kinds of problems can be caused by 
microbial groWth, such as slirne problerns, runnability prob 
lerns, corrosion problerns, additive problems, and product 
problems. 

[0008] Unless rnicrobial control agents are added to the 
paperrnaking system, the general groWth requirements for 
rnicrobes are usually Well satis?ed in paperrnaking systerns. 
Modern rnicrobial control agents can roughly be divided into 
groups, Which act in the folloWing Ways: oxidative decom 
position of microbes (O2, C102, 03, peroxides); biocides, 
Which inhibit or kill the rnicrobes (organic, synthetic cherni 
cals); and enzymes. 

[0009] Oxygen is primarily used to prevent anaerobic 
conditions, While chlorine dioxide, oZone and peroxide Work 
as biocides and disinfectants. They are quite effective but 
considered to be costly. Conventional biocides can be used 
alone or in combination With oxidative biocides. They are 
effective, but toxic. They can also be environmentally dan 
gerous and haZardous for the working environment. A rela 
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tively new method of slime control is the use of enzyme. 
Enzymes are active at pH 35-10, which is an advantage 
compared with conventional biocides. HoWever, enzymes 
have limited effect on bacteria. 

[0010] Oxygen and oxygen-rich gases have primarily been 
used for preventing the formation of hydrogen sul?de and 
other volatile gases by anaerobic bacteria in Waste Waters. 
Robichaud, W. T., Tappi Journal, February 1991, pp 149 
153, has reported on the use of aeration for controlling 
anaerobic bacteria to improve product quality and mill 
safety in paperrnaking systems. 

[0011] Use of carbon dioxide in paper rnaking has been 
suggested in the prior art for various reasons rnainly con 
nected With speci?c needs for adjusting the pH or in?uenc 
ing the carbonate or bicarbonate chernistry. Examples of 
patents related to the use of carbon dioxide in paperrnaking 
systems are U.S. Pat. No. 5,378,322 (Canadian Liquid Air); 
US. Pat. No. 5,262,006 (Mo och DornsjoAb); EP 0 296 198 
(AGA Aktiebolag); EP 0 281 273 (The BOC Group); GB 2 
008 562 (J. M. Voith GrnbH); WO 99/24661 (AGA Aktie 
bolag); and WO 99/35333 (AGAAktiebolag). None of these 
publications relate to the problem of microbial groWth. 

[0012] Mixtures of gases have been used in the packaging 
of foodstuffs in order to retain the foodstuff’s original taste, 
texture and appearance. The gas mixtures usually consist of 
carbon dioxide, nitrogen and oxygen, but also other gases 
such as nitrous oxide, argon and hydrogen have been used. 
Carbon dioxide inhibits microbial activity on the foodstuff 
by reducing the pH and by penetrating biological mem 
branes, causing changes in permeability and function. Nitro 
gen is prirnarily used to replace oxygen in packaging. 
Oxygen helps to preserve the oxygenated form of rnyoglo 
bin, Which gives rneat its red colour. Oxygen is also required 
for fruit and vegetable respiration. 

[0013] Arnanatidou, A.; Srnid, E. J.; Gorris, L. G.; J Appl 
Microbiol, March 1999, pp 429-38, have reported on the 
effect of elevated oxygen and carbon dioxide on the surface 
groWth of vegetable-associated rnicro-organisrns. Consis 
tently strong inhibition Was observed only When the tWo 
gases Were used in combination. 

[0014] As mentioned above, problems with microbial 
groWth are conventional in paperrnaking systems, especially 
in storage tanks and in long pipe lines. Moreover, protection 
of the environment by the closing of the White Water systems 
and increased recirculation of process Waters as Well as the 
increased use of Waste paper has caused a marked increase 
in the microbial groWth in the paperrnaking systems. 

[0015] The paperrnaking industry consequently has an 
increasing need for means for reducing the microbial groWth 
in a technically feasible, inexpensive and environmentally 
friendly Way. 

[0016] It has noW been found that a gaseous inhibitor in 
the form of carbon dioxide, nitrogen, a noble gas or a gas 
mixture containing one or more of said gases may be used 
for controlling microbial growth in a paperrnaking system. 

[0017] Consequently, the present invention provides a 
process for controlling microbial growth in a production line 
for cellulosic products, which comprises providing an aque 
ous material containing Water as Well as suspended pulp 
?bers and/or additives therefor, rnaintaining said aqueous 
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material under conditions susceptible to microbial growth, 
providing a gaseous inhibitor comprising a gas selected from 
carbon dioxide, nitrogen, noble gases and non-natural gas 
mixtures containing the same, and introducing said gaseous 
inhibitor to said aqueous material in an amount suf?cient to 
signi?cantly retard or inhibit the groWth of microorganisms 
therein. 

[0018] The gaseous inhibitor is preferably added imme 
diately prior to and/or during storage of said aqueous 
material, since storage provides a sufficient time for the 
microbes to propagate. 

[0019] The gaseous inhibitor should preferably consist of 
or contain a signi?cant amount of carbon dioxide, nitrogen 
and/or a noble gas such as helium, neon, argon, krypton, 
xenon and/or radon. Carbon dioxide is the preferred gas 
according to the present invention. Among the noble gases 
argon is preferred. 

[0020] If a gas mixture is used, said mixture should be a 
non-natural one. The gases of the mixture may be mixed 
before introduction into the aqueous material, or they may 
be added separately, simultaneously or sequentially. 
Although the gas mixture may contain oxygen, it should not 
have the composition of air, since air is knoWn to inhibit 
only the groWth of anaerobic microbes. 

[0021] The gaseous inhibitor of the present invention may 
be used in combination With oxygen either by combining 
oxygen in the mixture of carbon dioxide, nitrogen and/or 
argon, or by adding oxygen separately from the other gases. 
When oxygen is added to the gas mixture, the amount of 
oxygen may vary from 10 to 90% of the total gas volume. 
HoWever, according to another embodiment of the inven 
tion, an oxygen-rich gas is introduced into the aqueous 
material separately from the gaseous inhibitor of the present 
invention. Such an oxygen-rich gas may be added either 
before or after the addition of the inhibiting gas mixture. 

[0022] The present invention Will noW be described in 
greater detail With reference to paper-making systems. It is, 
hoWever, clear that the gaseous inhibiting system of the 
present invention may be used also in the production of 
cellulose, board, etc. As used in the context of the invention, 
a production line for cellulosic products comprises a line for 
the production of pulp, paper, board or the like. The pro 
duction line Will typically include at least a portion of 
reprocessed recovered paper and/or broke and Will include 
loops of recirculating Waters. The production line has a more 
or less closed Water system, it being understood by those 
skilled in the art that the problems With microbial groWth are 
prone to escalate in closed systems With an increasing and 
accumulating mass of microbes circulating in the system. 

[0023] The temperature in the papermaking systems usu 
ally varies from 30 to 60° C. Because of recycling, the 
temperature in the White Water often exceeds 50° C. Fungi 
and yeasts generally do not tolerate temperatures above 40° 
C. Contrary to this, many bacteria thrive Well in the high 
temperature range. pH usually varies from 3 to 10. Acidic 
conditions, pH 3-6, are very convenient for fungi and yeasts. 
Bacteria dominate under neutral and alkaline conditions, viZ. 
at pH levels from 7 to 10. Anaerobic conditions can be found 
in many places throughout the production line, such as 
storage after dithionite bleaching, pulp chests and White 
Water tanks. 
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[0024] Slime helps microbes to adhere onto surfaces and 
provides a food reserve. Microbial groWth causes operating 
problems by plugging ?lters and screens, by reducing Wire 
and felt life and by causing a decline of productivity due to 
breaks, Wash-ups, etc. Corrosion induced by microbes is a 
consequence of vigorous microbial activity on surfaces. 

[0025] The most important microbial species in this area 
include sulphate-reducing bacteria, Which are anaerobic in 
character. There are, hoWever, also a number of aerobic 
species Which are harmful. Additives, such as starch, can 
deteriorate due to microbial activity, not to mention that a 
contaminated starch slurry can constitute a heavy inocula 
tion of the White Water system. When masses of microbes get 
loose from the actual groWth place, the result may be seen 
as spots, holes or dirt specks in the ?nal paper product. 
Spore-forming bacteria tolerate much heat and usually sur 
vive the drying stage. Thus they remain alive in the product 
and can be harmful later on. 

[0026] In the Working of the present invention note should 
be taken of the special circumstances of a papermaking 
system With its huge volumes of ?uids, all the time on the 
move and having no de?nite surface Where the microbes are 
prone to exist. This is in sharp contrast to, for instance, the 
packaging of food in protective atmospheres. The food 
moves noWhere Within the package, its surface is solid and 
the gaseous atmosphere surrounds the product. In a paper 
making system the aqueous material has a surface Which 
changes continuously and it cannot be surrounded by the 
gas. 

[0027] The term microbe or microorganism as used in the 
context of the present invention is intended to mean bacteria, 
fungi and/or algae such as described above. It should be 
understood that all of the microorganisms present in a 
papermaking system Will not be in?uenced by the gaseous 
inhibitor of the present invention and that the gaseous 
inhibitor of the invention may therefore be used in combi 
nation With other inhibitors, such as oxygen-rich gases and 
biocides of various forms, as long as these do not interfere 
With the Working of the invention itself. 

[0028] According to the present invention microbial 
groWth in the papermaking system is reduced by a gaseous 
inhibitor. The gaseous inhibitor of the present invention is a 
gas or a gas mixture capable of inhibiting, partly or totally, 
the groWth of microorganisms present in the papermaking 
system. The preferred single gas is carbon dioxide. The 
gaseous inhibitor may also comprise nitrogen and/or argon. 
Said gases may also be used alone, but they are more 
preferably used in combination With carbon dioxide. A 
suitable gaseous inhibitor consists of a mixture of carbon 
dioxide, nitrogen and argon. The mixture preferably con 
tains at least 10% carbon dioxide. 

[0029] The gaseous inhibitor may additionally contain 
oxygen. The oxygen should not be used in a combination 
resembling air, since such a mixture is effective only against 
anaerobic microorganisms. In a mixture of carbon dioxide 
and oxygen, the proportion of carbon dioxide should be 
betWeen 90% and 10% and the proportion of oxygen should 
be betWeen 10% and 90%. It should be noted that normal air 
contains about 21% oxygen and about 0.03% carbon diox 
ide. 

[0030] A preferred embodiment of the invention com 
prises the use of a gaseous inhibitor consisting essentially of 
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carbon dioxide, nitrogen, argon or mixtures thereof, Which is 
introduced into a liquid How of the aqueous material enter 
ing a storage tank for said aqueous material or into said 
storage tank itself. An oxygen-free gaseous inhibitor is 
preferably added in an amount suf?cient to purge said 
aqueous material of oxygen and thereby inhibiting the 
groWth of aerobic bacteria contained therein. Most aerobic 
bacteria are sensitive to the lack of oxygen and Will even 
tually be killed off by such a procedure While the carbon 
dioxide Will adversely affect many of the anaerobic species. 

[0031] In an improvement of this embodiment, oxygen is 
used separately from the gaseous inhibitor of the present 
invention. Thus, after a suitable retention time the introduc 
tion of the gaseous inhibitor is folloWed by and/or preceded 
by an introduction of an oxygen containing gas into said 
storage tank in an amount suf?cient to kill anaerobic bacteria 
in the aqueous material. 

[0032] The introduction of the gaseous inhibitor and the 
introduction of oxygen may be repeated in an alternating 
manner during storage of said aqueous material. 

[0033] The inhibitor is preferably added in a position 
Where the risk for microbial groWth is largest, ie in storage 
tanks for aqueous pulp suspensions or aqueous additives 
susceptible to microbial attack. HoWever, the gaseous 
inhibitor may also be added to liquid ?oWs of the aqueous 
material, to recirculating Waters and to fresh Water prior to 
its entering the system. The main principle of the present 
invention is to reduce the microbial groWth at any position 
Where it Would otherWise rise to harmful proportions. It is 
not necessary to kill all the microbes but it is essential to 
reduce the microbial groWth to such proportions that the 
harmful accumulations are minimiZed in the production line 
and in the ?nal product. 

[0034] In a preferred embodiment of the present invention 
the gaseous inhibitor is introduced into a liquid How of the 
aqueous material or into a liquid How of a diluent or additive 
for said material just prior to storage thereof. The gaseous 
inhibitor may also be introduced into any storage tank 
containing said aqueous material by bubbling the gas into 
the aqueous material and/or by ?lling the void space above 
the ?uid. 

[0035] In a typical process according to the present inven 
tion the aqueous material comprises a pulp suspension in a 
papermaking system and the suspension is treated With the 
gaseous inhibitor before it enters and/or as it is retained in 
a pulp storage toWer, a stock chest, a broke toWer or the like 
storage tank. The pulp suspension may also be stock in the 
stock preparation of a paper making system. 

[0036] In a preferred embodiment the aqueous material to 
be treated comprises White Water in a papermachine, pref 
erably White Water stored in the long circulation. 

[0037] In another embodiment the aqueous material com 
prises a slurry of an additive chemical such as starch, 
coating, pigment, ?ller, or the like. Such additives are 
usually retained in aqueous suspension in readiness for use 
in the papermaking process and many of the additives 
contain nutrients making them susceptible to microbial 
attack. Typically this is true of starch, Which in itself is a 
nutrient for many microorganisms. Many other additives, 
although inert in themselves, contain suf?cient amounts of 
impurities to make them, With time, susceptible to microbial 
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attacks. Treating such additive tanks With intermittent intro 
ductions of the gaseous inhibitor Will effectively reduce the 
amount of microbes entering the system that Way. 

[0038] In a preferred embodiment of the present invention, 
the gaseous inhibitor is added at a late point, preferably just 
prior to the point Where microbial attack is expected to be 
most severe, such as in a storage toWer. Additional gaseous 
inhibitor (carbon dioxide/nitrogen/argon) should, if neces 
sary, be added to the head space of the toWer. 

[0039] If oxygen is used in combination With the gaseous 
inhibitor, the oxygen should preferably be added directly 
after a pump feeding the aqueous material to the storage 
toWer to make use of any turbulence to achieve a high rate 
of mixing. Additional oxygen should, if necessary be added 
to any of the toWer’s recirculation pipes to avoid creating 
any anaerobic areas in the storage toWer. 

[0040] It should be noted that although gases such as 
carbon dioxide and oxygen have previously been used in 
papermaking, the gaseous inhibitor of the present invention, 
comprising carbon dioxide, nitrogen or argon alone or in a 
non-natural gas mixture has not previously been used in 
papermaking systems for controlling microbial groWth. 

[0041] The aqueous materials of the cellulosic production 
line are processed to cellulosic products such as paper, 
board, dried pulp or the like material in a manner Which is 
conventional in all other Ways except for the biocidal 
treatment of the present invention. 

[0042] The present invention Will noW be illustrated With 
the folloWing examples. 

EXAMPLE 1 

[0043] Aset of representative bacterial strains Was isolated 
from a White Water sample from a SWedish recycled pulp 
mill. The sample originally yielded 70 bacterial strains 
Which each represented a group of different bacteria, Which 
greW under similar conditions. The strains Were tested on 
different media and their oxygen demands Were studied. The 
results gave an indication of eight main groups. Further 
investigations shoWed that three out of the eight main groups 
seemed to be almost similar. Those three groups Were put 
together to one large group. 

[0044] From this dominating group, one strain Was chosen 
for the carbon dioxide experiments. TWo other strains from 
another recycled pulp mill Were included in the experiments. 

[0045] Glass bottles Were tempered to 45° C. and CO2 Was 
added to create a carbon dioxide atmosphere. Bacteria from 
the three isolated strains Were added to separate bottles 
together With a nutrient broth. A ?rst sample representing “0 
min” Was taken out immediately from each bottle and then 
at a number of occasions during the next three hours. Each 
sample Was diluted in dilution series With dilution 1/10 in six 
steps (101-106) and groWn on agar plates. The plates Were 
incubated at 45° C. for tWo days, after Which the number of 
colonies Were counted and related to the dilution. 

[0046] The percentage of surviving cells as a function of 
groWth time under the in?uence of a C02 atmosphere is 
indicated in Table 1. 
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TABLE 1 

Time Strain 1 Strain 2 Strain 3 Average 

(min) <%> <%> <%> <%> 

O 100 100 100 100 
10 75 141 92 103 
20 34 76 77 62 
3O 73 137 58 89 
4O 5O 48 47 48 
5O 61 94 36 64 
6O 59 46 67 57 
8O 39 88 44 57 

100 16 55 42 38 
120 18 43 16 47 
140 5 35 7 16 
160 4 41 4 16 
180 9 24 2 12 

[0047] The results clearly showed that after approximately 
1 hour about 60% of the bacteria had survived, after 2 hours 
about 50% and after 3 hours slightly more than 10% (the 
values >100% result from small mistakes in sampling or 

dilution). 

EXAMPLE 2 

[0048] A mill produced Wood-free paper from chemical 
pulp. At the time of the trials, the mill stored pulp for long 
periods of time in storage toWers prior to the stock prepa 
ration. The storage caused problems With bad smell and 
black spots in the pulp, Which Was believed to be caused by 
high microbial activity during storage. 

[0049] Afull-scale trial of treatment With a gaseous inhibi 
tor Was performed. Thus, carbon dioxide gas Was introduced 
in an amount of 1-2 kg CO2/ton pulp just prior to the storage 
toWer. 

[0050] Both the pulp’s smell and the number of black 
spots in the pulp Were reduced. No negative effects of the 
CO2 introduction Were observed. 

EXAMPLE 3 

[0051] A pulp storage toWer having problems With an 
excess of microbial groWth during a production stop is fed 
by a pump until the storage toWer has been ?lled to about 
80% of its capacity. 

[0052] A gaseous inhibitor comprising a mixture of carbon 
dioxide/nitrogen/ argon in the ratio 70/25/5 is added to the 
feed line just before the pulp enters the toWer. The gas is fed 
into the feed line at a rate of 1.5 kg gas per ton of pulp. The 
gas feeding is continued about 5 min after the feeding pump 
has stopped feeding pulp to the toWer, in order to ?ll the head 
space of the toWer With gaseous inhibitor. 

[0053] 2 hours after the feeding of the gaseous inhibitor 
mixture, an oxygen-rich gas (air) is added into the pulp in the 
toWer through a gas distribution tube. Addition of oxygen 
rich gas is continued until a signi?cant amount of oxygen is 
found to be present in the vent from the toWer. 

[0054] The folloWing day the treatment is repeated by ?rst 
feeding gaseous inhibitor of the present invention into the 
gas distribution tube, and after a residence time of about 2 
hours, oxygen-rich gas is fed through the tube. The micro 
biocidal treatment is repeated every day of the production 
stop. 
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[0055] The microbial groWth in the storage toWer is 
reduced to an acceptable level and at start-up no smell 
problems are encountered. Apaper Web is formed from the 
stored pulp in the normal Way and only a minimal amount 
of dirt specks are seen in the paper. 

1. A process for controlling microbial groWth in a pro 
duction line for cellulosic products comprising 

providing an aqueous material containing Water and sus 
pended pulp ?bers and/or additives therefor, 

maintaining said aqueous material under conditions sus 
ceptible to microbial groWth, 

providing a gaseous microbe inhibitor selected from car 
bon dioxide, nitrogen, noble gases and a non-natural 
mixtures containing the same, 

introducing said gaseous microbe inhibitor to said aque 
ous material in an amount sufficient for said microbe 
inhibitor to signi?cantly retard or inhibit the groWth of 
micro-organisms therein. 

2. A process according to claim 1, Wherein said aqueous 
material is maintained in a storage vessel and said gaseous 
microbe inhibitor is introduced prior to and/or during said 
storage. 

3. A process according to claim 1 or 2, Wherein said 
gaseous microbe inhibitor consists essentially of carbon 
dioxide, nitrogen or one or more noble gases. 

4. Aprocess according to claim 1 or 2, Wherein said noble 
gas is selected from helium, neon, argon, krypton, xenon and 
radon. 

5. A process according to claim 1 or 2, Wherein said 
gaseous microbe inhibitor is a mixture of carbon dioxide and 
nitrogen, preferably in a ratio of 10-90% carbon dioxide and 
90-10% nitrogen. 

6. A process according to claim 1 or 2, Wherein said 
gaseous microbe inhibitor additionally contains oxygen. 

7. A process according to claim 5, Wherein said gaseous 
microbe inhibitor comprises a combination of carbon diox 
ide and oxygen, preferably in a ratio of 10-90% carbon 
dioxide and 90-10% oxygen. 

8. A process according to claim 1, Wherein said gaseous 
microbe inhibitor comprises a combination of carbon diox 
ide, nitrogen, noble gases and oxygen containing at least 
10% carbon dioxide. 

9. A process according to any one of claims 1 to 8, 
Wherein said gaseous microbe inhibitor is introduced into a 
liquid How of said material prior to said storage. 

10. A process according to any one of claims 1 to 8, 
Wherein said gaseous microbe inhibitor is introduced into a 
storage tank containing said aqueous material. 

11. A process according to any one of claims 1 to 8, 
Wherein said gaseous microbe inhibitor is introduced into a 
diluent for said material. 

12. A process according to any one of claims 1 to 11, 
Wherein said microorganisms comprise bacteria, fungi and/ 
or algae. 

13. Aprocess according to claim 1, Wherein said gaseous 
microbe inhibitor, consisting essentially of carbon dioxide, 
nitrogen, argon gases or mixtures thereof, is introduced into 
a liquid ?oW entering a storage tank for said aqueous 
material or into said storage tank itself. 
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14. A process according to claim 13, wherein said intro 
duction of gaseous microbe inhibitor is followed by and/or 
preceded by an introduction of an oxygen containing gas 
into said storage tank or into a liquid flow entering said 
storage tank. 

15. A process according to claim 14, Wherein said intro 
duction of gaseous microbe inhibitor and said introduction 
of an oxygen containing gas are repeated in an alternating 
manner during storage of said aqueous material. 

16. A process according to any one of claims 1 to 15, 
Wherein said aqueous material is a pulp suspension located 
in a pulp storage toWer, a stock chest, a broke toWer or the 
like storage tank. 

17. A process according to any one of claims 1 to 15, 
Wherein said aqueous material is stock in the stock prepa 
ration of a paper making system. 

18. A process according to any one of claims 1 to 15, 
Wherein said aqueous material is White Water in a paperma 
chine, preferably White Water in a White Water tank of the 
long circulation. 

19. A process according to any one of claims 1 to 15, 
Wherein said aqueous material is a slurry of an additive 
chemical such as starch, coating, pigment, ?ller, or the like. 

20. A process according to any one of claims 1 to 19, 
Wherein said production line for cellulosic products com 
prises a line for the production of pulp, paper, board or the 
like. 
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21. A process according to claim 20, Wherein said pro 
duction line comprises the reprocessing of recovered paper 
and/or broke. 

22. A process according to claim 20 or 21, Wherein said 
production line has a substantially closed Water system. 

23. A process according to any one of claims 1 to 22, 
Wherein said aqueous material treated With said gaseous 
microbe inhibitor is processed into a cellulosic product such 
as pulp, paper, board or the like. 

24. Use of carbon dioxide, nitrogen or a noble gas alone 
or in a non-natural gas mixture as a gaseous microbe 

inhibitor for controlling microbial groWth in an aqueous 
material containing Water as Well as suspended pulp ?bers 
and/or additives therefor, Which material is processed and/or 
stored in a production line for cellulosic products. 

25. The use according to claim 24, Wherein said gaseous 
microbe inhibitor consists of essentially carbon dioxide. 

26. The use according to claim 25, Wherein carbon 
dioxide and oxygen are used in combination or as alternating 
feeds to said material. 

27. The use according to any one of claims 24 to 26 in the 
production of paper in a production line having a substan 
tially closed Water system and comprising the reprocessing 
of recovered paper. 


