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This invention relates to pulp reactivity enhancement. In par 
ticular, the invention relates to a method of producing an 
alkali cellulose which includes steps of providing a pulp and 
Subjecting the pulp to an alkaline treatment to produce the 
alkali cellulose in the presence of a spacer capable of entering 
the holes in the interfibrillar spaces of the cellulose fibres. The 
spacer enters the holes in the interfibrillar spaces of the cel 
lulose fibres, particularly those created by the removal of 
hemi-cellulose, reducing the tendency for collapse to occur, 
for example during the Subsequent pressing step. Examples of 
Suitable spacers are polyethylene glycols, polyvinyl alcohols 
and polyacrylates. 
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PULP REACTIVITY ENHANCEMENT 

BACKGROUND OF THE INVENTION 

0001. The viscose process is still the most important tech 
nology for producing a family of products, also called elon 
gate cellulose members, like filaments (rayon), Staple fibres, 
films (cellophane), sausage casings etc. The key process step 
is the formation of Sodium-cellulose-Xanthate, a cellulose 
derivate used as an intermediate product for dissolving the 
cellulose in a solvent. 
0002. The main raw material for derivatisation reactions is 
the so-called dissolving pulp, produced traditionally with the 
Sulphite or the Sulphate process, using different kinds of tim 
ber; for example hardwood Such as eucalyptus and softwood 
Such as spruce or pine. Dissolving pulp can be characterized 
by a multitude of parameters. Some important ones are: 

0003 degree of crystallinity, describing the percentage 
of crystalline and amorphous regions in the cellulose 
fibres, normally in the range of 60-70%; 

0004 content of higher molecular weight cellulose, so 
called alpha-cellulose, normally above 90%, and the 
content of lower molecular weight cellulose, so-called 
hemi-cellulose, normally between 2.5 and 6.5%, deter 
mined as S18 or the solubility in 18% caustic soda, 
dissolved in water (aqueous sodium hydroxide). 

0005 Under special processing conditions a low grade 
dissolving pulp or so-called paper grade pulp can be used as 
a raw material. These pulps can be characterized by the fol 
lowing parameters: 

0006 content of so-called alpha cellulose below 90%, 
preferably <89% 

0007 content of so-called hemi-cellulose (% S18) 
higher than 6.5%, preferably >10%. 

0008. The viscose process comprises of the following con 
ventional steps, briefly summarized as follows: 

0009 Steeping of air-dried pulp, having, normally, a DP 
(average degree of polymerization) of 500-700 and a 
moisture content of 7-8% in an aqueous Sodium hydrox 
ide, having a concentration of 17-19% NaOH and a 
slurry consistency of 3.5-5.5% cellulose at 40-55° C. 
and a traditional retention time of >30 minutes. 

0010 the formed sodium-cellulose I is removed by 
pressing to yield alkali cellulose (AC), having a cellu 
lose content (CiA) of 32-35% and a sodium hydroxide 
content (SiA) of 14-16.5%. 

0011 ageing or pre-ripening of the AC at 40-50° C. in 
order to reduce the DP from 500-700 down to about 
250-350 by oxidation and hydrolysis. 

0012 xanthation of the AC with carbon disulphide 
(CS) to form sodium-cellulose-xanthate with about 
27-35% CS of cellulose. 

0013 dissolving of the xanthate in diluted aqueous 
Sodium hydroxide to form a viscose dope with a content 
of cellulose (SiV) of about 8.0-10.0% and a content of 
sodium hydroxide described as alkali ratio (AR) of 
about 0.55-0.65 in comparison to the weight percentage 
of cellulose. 

0014 extruding of the viscose dope after filtration and 
deaeration through a jet into an acid bath wherein the 
Viscose is coagulated and regenerated to form an elon 
gate cellulose member. During the regeneration process 
a certain stretching procedure can be carried out for 
improving the orientation of the cellulose molecules. 
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The extrusion process is called spinning in fibre manu 
facture and casting in film production. 

0.015 regenerated elongate cellulose members are 
washed free of impurities and dried. 

0016. The key quality-related issue for achieving a good 
Viscose dope for spinning and casting is the evenness of the 
degree of substitution (DS) of the cellulose-xanthate across 
the different molecular weights of the cellulose in the AC, 
used for Xanthation. There are three known methods to 
improve the evenness of the DS: 

0017 a) activation of the dissolving pulp (for example, 
by e-beaming, treatment with liquid ammonia or Steam 
explosion) in order to open the structure of the cellulose 
fibres in the pulp and improving in this way the acces 
sibility of the cellulose molecules, especially in the crys 
talline regions of high order, for reaction with the chemi 
cal agents (sodium hydroxide and carbon disulphide); 

0.018 b) shredding of the AC before xanthation for 
increasing the specific Surface and facilitating the reac 
tion with the liquid carbon disulphide; and 

0.019 c) additives, described in patents and other pub 
lications as Surfactants, improving the heterogeneous 
reactions during the derivatisation process. The Surfac 
tants work in the interface between the cellulose fibres of 
the AC or pulp in the Solid state and the chemical agents 
like aqueous Sodium hydroxide or carbon disulphide in 
the liquid state. 

0020 Surfactants are added to the pulp before the drying 
procedure in the pulp mill or during the steeping process in 
the viscose mill. 
0021 Despite the application of the methods mentioned 
above, the DS is normally still relatively uneven. For this 
reason the viscose dope before spinning/casting, and after 
dissolving, is ripened by Storage at or around room tempera 
ture for Some hours, during which time chemical changes, 
including redistribution of Xanthate groups, take place. 
0022. During any alkaline treatment-steeping or extrac 
tion with aqueous sodium hydroxide-of the dissolving pulp. 
i.e. of the cellulose fibres in the pulp, some hemi-cellulose is 
extracted from the cellulose fibres and dissolved in the aque 
ous sodium hydroxide. The concentration of highest solubil 
ity and also highest Swelling and opening of the structure is 
about 11% NaOH. 
0023 The more hemi-cellulose is dissolved the more 
holes are created in the interfibrillar spaces of the cellulose 
fibres. These holes have a tendency to collapse during press 
ing of the AC in order to remove the excess of aqueous Sodium 
hydroxide, necessary for the Subsequent AC-ageing and Xan 
thation procedures. 
0024 Under normal conditions—using a standard dis 
Solving pulp and normal steeping conditions with 17-19% 
NaOH the collapsing of the structure of the cellulose fibres 
in the AC is not a major problem for the xanthation procedure. 
A real deterioration of the heterogeneous Xanthation reaction 
can only be observed under two essential conditions: 

0.025 alkaline treatments of the dissolving pulp with an 
aqueous sodium hydroxide having a concentration close 
to the point of highest solubility: 11+3% NaOH. Under 
these conditions the hemi-cellulose extraction Supports 
the Subsequent collapsing of the structure leading to a 
significant deterioration of the Xanthation reaction. 

0026 an activation of the dissolving pulp. (i.e. by using 
any one of the aforementioned methods to improve the 
evenness of DS thereby improving the accessibility of 
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the hemi-cellulose by opening of the structure) followed 
by extraction at any sodium hydroxide concentration, 
for example at 1-2%, as well as 16%. 

SUMMARY OF THE INVENTION 

0027. This invention relates to pulp reactivity enhance 
ment. 

0028. The invention provides according to a first aspect, a 
method of producing an alkali cellulose by alkaline treatment 
of a pulp which includes the improvement of carrying out the 
alkaline treatment in the presence of a spacer capable of 
entering the holes in the interfibrillar spaces of the cellulose 
fibres. 
0029. Further according to the invention, a method of pro 
ducing an alkali cellulose which includes steps of providing a 
pulp and Subjecting the pulp to an alkaline treatment to pro 
duce the alkali cellulose in the presence of a spacer capable of 
entering the holes in the interfibrillar spaces of the cellulose 
fibres. 
0030. The spacer enters the holes in the interfibrillar 
spaces of the cellulose fibres, particularly those created by the 
removal of hemi-cellulose, reducing the tendency for col 
lapse to occur, for example during the Subsequent pressing 
step. The spacer will have a molecular size suitable to be 
accommodated by the holes or spaces. 
0031. The spacer is typically a hydrophilic polymer which 

is soluble or dispersable in an aqueous solution (typically 
water or aqueous sodium hydroxide) with a molecular weight 
of 1000 to 2500, preferably 1250 to 1750, more preferably 
1400 to 1600, most preferably about 1500. 
0032 Preferably, the spacer is capable of forming hydro 
gen bridges or ether linkages with the cellulose molecules. 
Chemical groups which allow for the formation of such 
bridges are hydrophilic groups such as carboxyl, carbonyl 
and hydroxide groups. 
0033 Examples of suitable spacers are polyethylene gly 
cols, polyvinyl alcohols and polyacrylates, particularly as the 
Sodium salt. 
0034. The amount of spacer used will vary according to 
the nature of the spacer. Typically, the amount of spacer used 
is 0.5% to 2% (m/m) based on the cellulose. 
0035. The spacer can be added during the alkaline treat 
ment or before, e.g. to the dissolving pulp and before drying. 

DESCRIPTION OF EMBODIMENTS 

0036. In many methods of producing alkali cellulose, 
hemi-cellulose is extracted or removed from the cellulose 
fibres leading to collapse of the holes or spaces created and 
hence collapse of the fibres on to themselves. This invention 
provides a method of reducing this tendency by introducing a 
spacer in the holes or spaces left by the extracted or removed 
hemi-cellulose. Thus, this invention relates to pulp reactivity 
enhancement and has particular application in the following 
methods. 

A) Normal Dissolving Pulp. Non-Activated 
A.1) 96—Alpha Pulp for Viscose Filaments 
0037. The special requirements of the viscose filament 
process, i.e. low hemi-cellulose levels in steeping and there 
fore also in the AC for xanthation, necessitate the use of high 
purity cellulose (dissolving) pulps, for example, a 96-alpha 
dissolving pulp from a Sulphite process. In order to achieve 
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Such a high alpha grade of 96%, the E stage of the bleaching 
sequence must use a sodium hydroxide concentration in the 
range of 8-9% (compared to 1-3.5% for 90-92-alpha pulps), 
in order to be able to extract sufficient hemi-cellulose with the 
aqueous Sodium hydroxide to achieve a high alpha-level. 
0038. This concentration is just in the range of the above 
mentioned 11+3% NaOH for causing a subsequent collapsing 
during AC-pressing. 
0039. With a typical commercial surfactant (Berol 388 
which is an ethoxylated alcohol) only inferior and unaccept 
able viscose dope qualities were achieved. With the addition 
of PEG (polyethylene glycol) as a spacer during steeping in a 
quantity of 0.5% (m/m) on cellulose, good Viscose dope 
qualities can be obtained. The spacer can also be added to the 
dissolving pulp before drying in the pulp mill. 

A.2) Double Steeping 
0040. In order to take out as much as possible hemi-cellu 
lose from the cellulose fibres (as cotton linters or dissolving 
pulp) during steeping some viscose mills employ when using 
cotton linters as the main raw material source, a double steep 
ing procedure: about 18% sodium hydroxide in a first steep 
ing and 14% NaOH in a second steeping. The last concentra 
tion is also just in the aforementioned range of 11+3% 
causing a Subsequent collapsing. The Viscose dope quality 
recovers fully working under these conditions with 0.5% 
PEG on cellulose as a spacer, if dissolving pulp is used. 
Again, the spacer can be added to the pulp before drying in the 
pulp mill. 

B) E-Beaming of Dissolving Pulp (EPT) 

0041 As described above, the opening of the structure of 
the cellulose fibres in the pulp by activation treatments like 
e-beaming causes more or less a Subsequent collapsing after 
any alkaline treatment-extraction or steeping at any NaOH 
concentration, because of the excellent accessibility of the 
hemi-cellulose molecules in the interfibriller spaces, where 
they work as an inner spacer. 
0042. In the case of e-beaming the collapsing of the cre 
ated holes can directly be measured after AC pressing by 
determining the so-called bulk density of the AC in compari 
son to an untreated normal pulp; or the same pulp before 
e-beaming. 
0043. The presence of a spacer during the alkaline treat 
ment reduces the tendency for collapse to occur. 
B.1) E-Beaming with Extraction 
0044) The principal idea of this method is the activation of 
the dissolving pulp with e-beaming, in-line or off-line, com 
bined with a subsequent extraction of hemi-cellulose with an 
aqueous sodium hydroxide of 1-2% NaOH at 40-60° C. 
0045. The extraction has the aim not only to extract from 
the dissolving pulp the already available hemi-cellulose 
before e-beaming, but also to dissolve and extract most of the 
hemi-cellulose formed during e-beaming because of the DP 
degradation associated with the pulp activation. 
0046. The lower hemi-cellulose content improves the 
quality of the pulp for derivatisation reactions, especially 
Viscose making: lower hemi-cellulose content in the aqueous 
sodium hydroxide for steeping which results in lower hemi 
cellulose content in AC which results in a more even degree of 
substitution (DS). 
0047 Laboratory trials have demonstrated, that this 
method only produces a suitable dissolving pulp for achiev 
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ing the aforementioned aim, if a spacer like PEG is added 
during the alkaline extraction procedure in an amount of 
0.5-2% (m/m) on cellulose. 

B.2) E-Beaming Without Extraction 
0048 Normally the dissolving pulp is directly used in 
steeping after an in-line or off-line e-beaming. The traditional 
Sodium hydroxide concentration for steeping an e-beam pulp 
is 16% NaOH. Because of the collapsing of the structure of 
the cellulose fibres during AC-pressing a very dense AC is 
obtained and responsible for an inferior viscose dope quality. 
0049 Laboratory trials have demonstrated, that in the 
presence of the spacer like PEG during steeping in a concen 
tration of 0.5-2% (m/m) on cellulose excellent viscoses dopes 
can be obtained, also in comparison with the addition of a 
typical commercial surfactant (e.g. Berol 388) instead of a 
Spacer. 
0050 Under these conditions the advantages of the 
e-beam technology can be used: 

0051 less carbon disulphide in Xanthation <26-27% on 
cellulose 

0052 lower AR in the viscose dope: 0.37-0.50 
0053 no AC-ageing needed 
0054 no viscose dope ripening needed 
0055 excellent evenness of the DS 
0056 excellent rheological behaviour of the viscose 
dope 

0057 excellent viscoelasticity is responsible for practi 
cally Zero trash levels and a good stretching behaviour of 
the elongate cellulose members. 

0058. The spacer can also be added to the pulp after an 
in-line e-beaming. 
0059. The invention will now be described in more detail 
with reference to the following non-limiting Examples. 
0060. In the Examples, the following abbreviations are 
used: 
0061 CiA: Cellulose in alkcell 
0062 SiA: Soda in alkcell 
0063 CiV: Cellulose in viscose 
0064 AR:alkali ratio 
0065 Kw: viscosity corrected value for filterability. 
0066. In the Examples, the Berol, PEG, PAS and PVA 
were added during the steeping step. 

Example 1 

Usage of 96% Alpha Acid Bisulphite Hardwood 
Pulp 

0067 Conditions for making viscose: 
0068 Mercerisation: 
0069 Steep soda: 220 g/1 
0070 Steeping: 30 min at 50° C. 
(0071 alternative additives 
0072 Pressing: 
0073 CiA: 33% 
0074 SiA. 16% 
0075 Alkcell ageing: 
0076 Temperature: 54° C. 
0077. Time: 150 to 180 min 
0078 Xanthation: 
0079) 33% CS2 
0080 Temperature: 30° C. 
0081 Time: 90 min 
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0082 Viscose: 
0.083 CiV:9% 
0084 AR: 0.6 
0085 Influence of 0.5% PEG 1500 and 0.5% Berol 388 on 
filterability (Kw-value) 

% CV AR Kw: 

96% C. - pulp 9.04 O600 1362 
96% C. - pulp + PEG 9.02 O.6OS 443 
96% C. - pulp + Berol 9.01 O.6OS 1149 

I0086 Filterability describes how much of viscose passes 
through a certain filter area in a certain time and allows 
therefore a qualification of viscose. The relation between 
filterability and viscose dope quality can be described as 
follows provided that comparable viscose making conditions 
were used: 

Kw*: 

>1000 poor 
600 to 1 OOO satisfactory 
400 to 600 good 
200 to 400 very good 

Example 2 
Double Steeping of Acid Bisulphite Hardwood Pulp 

I0087 Conditions for making viscose: 

1. Steeping 2. Steeping 

steep soda % 21 steep soda % 14.1 
consistency 96 3.8 consistency 96 3.8 
temperature C. 66 temperature C. 50 
time min 40 time min 15 

catalyst Co. ppm 8 
alternative PEG 96 O.S 

1. Pressing 2. Pressing 

target CiA% 28.5 target CiA% 28.0 
target SiA% 17.5 target SiA% 14.5 

Ageing 

emperature C. 50 
ime min 15 
arget DP 350 
Xanthation 

CS2 32 
emperature C. 28 
ime min 30 
Dissolving 

emperature C. 17 
ime min 120 
arget CIV% 8.9 
arget SiV% 4.7 
Ripening 

emperature C. 22 
imeh 12 
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0088 Influence of PEG on filterability (Kw-value) 

% CV AR Kw: 

92% C. - pulp 8.93 O.S2O 8464 
92% C- pulp + PEG 9.17 O.S.19 1055 

Example 3 
3.1 E-Beaming of Dissolving Pulp 

I0089. 3.1 E-Beaming of Dissolving Pulp without Pre-Ex 
traction 
0090 Conditions for making viscose: 
0091 Pre-treatment: 
0092 Degradation of pulps by electron beam irradiation 
up to a DP of 300 to 350 
0093 Mercerisation: 
0094 Steep soda: 180 g/1 
0095 Steeping: 30 min at 50° C. 
0096. Alternative additives 
0097. Pressing: 
0098 CiA: 33% 
0099 SiA: 14% 
0100 Xanthation: 
0101. 26% CS2 
0102 Temperature: 30° C. 
(0103 Time: 90 min 
0104 Viscose: 
01.05 Civ:9% 
01.06 AR: 0.52 
01.07 Influence of 0.5% PEG and 0.5% Berol on filterabil 

ity (Kw-value) 

% CV AR Kw: 

blend of TCF pulps 9.07 0.517 619 
blend of TCF pulps + PEG 9. OS 0.517 337 

*acid bisulphite pulps (hardwood:softwood 9:1) 

% CV AR Kw: 

ECF* pulp 8.96 O.S24 480 
ECF pulp + PEG 9.01 O.S29 311 
ECF pulp + Berol 8.99 O.S26 450 

*acid bisulphite hardwood pulp 

3.2 E-Beaming of Dissolving Pulp with Pre-Extraction 

3.2.1 Dissolving Pulp 

0108 Conditions for making viscose: 
0109 Pre-treatment: 
0110 Degradation of pulps by electron beam irradiation 
up to a DP of 300 to 350 
0111 Pre-extraction: 
O112 Soda: 1% NaOH 
0113 Temperature: 6° C. 
0114 Time: 60 min 
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0115 Mercerisation: 
0116 Steep soda: 180 g/1 
0117 Steeping: 30 min at 50° C. 
0118. Alternative Additives 
0119 Pressing: 
0120 CiA: 33% 
0121 Sia: 14% 
0.122 Xanthation: 
(0123 24% CS2 
(0.124 Temperature: 30° C. 
0.125 Time: 90 min 
0.126 Viscose: 
O127 CiV:9% 
0128 AR: 0.53 
I0129. Influence of PEG on filterability (Kw-value) 

% CV AR Kw: 

ECF* pulp 9.15 0.553 828 
ECF* pulp + PEG 9.04 O.S33 524 

*pre-extracted acid bisulphite hardwood pulp 

3.2.2 Paper Pulp (Viscose Conditions the Same as 3.2.1) 

O130 

% CV AR Kw: 

ECF* pulp 9.11 O.S48 2510 
ECF* pulp + PEG 9.15 O.S49 142O 

*pre-extracted kraft softwood pulp 

Example 4 

Usage of 96% Alpha Acid Bisulphite Hardwood 

0131) 
(0132 
0.133 
0134) 
0135) 
0.136 
0.137 
0.138 
0.139 
0140 
0141 
0142 
0143 
0144) 
(0145 
0.146 
0147 
0148 

Pulp 

Conditions for making viscose: 
Mercerisation: 

Steep soda: 220 g/1 
Steeping: 30 min at 50° C. 
alternative additives 
Pressing: 
CA: 33% 
SiA: 1.6% 

Alkcell ageing: 
Temperature: 54° C. 
Time: 210 to 220 min 
Xanthation: 
33% CS2 

Temperature: 30° C. 
Time: 90 min 
Viscose: 
CV: 9% 
AR: O.6 
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0149 Influence of 0.5% PEG, PAS, PVA (all 1500) and 
Berol 388 on filterability (Kw-value) 

% CV AR Kw: 

96% C. - pulp 8.97 O612 3OOO 
96% C. - pulp + PEG 9.08 O606 1176 
96% C. - pulp + PAS 9.31 O.S93 1137 
96% C. - pulp + PVA 8.91 O.615 1126 

Abbreviations: 
PEG: polyethylene glycol 
PAS: polyacrylic acid Na-salt 
PVA: polyvinyl alcohol. 

1-11. (canceled) 
12. A method of producing an alkali cellulose which 

includes steps of providing a pulp comprising cellulose fibres 
containing interfibrillar spaces and Subjecting the pulp to an 
alkaline treatment to produce the alkali cellulose; wherein the 
alkaline treatment takes place in the presence of a spacer 
capable of entering the holes in the interfibrillar spaces of the 
cellulose fibres. 

13. The method as claimed in claim 12, wherein the inter 
fibrillar spaces are caused by at least one of: 

activation of the pulp prior to subjecting an activated pulp 
to the alkaline treatment; and 

activation of the pulp during the alkaline treatment of the 
pulp with 11+3% NaOH. 
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14. The method as claimed in claim 13, wherein the acti 
Vation of the pulp is by e-beaming treatment with liquid 
ammonia or steam explosion. 

15. The method according to claim 12, wherein the spacer 
is a hydrophilic polymer which is soluble or dispersable in an 
aqueous Solution. 

16. The method according to claim 15, wherein the water 
soluble polymer has a molecular weight of 1000 to 2500. 

17. The method according to claim 16, wherein the water 
soluble polymer has a molecular weight of 1250 to 1750. 

18. The method according to claim 17, wherein the water 
soluble polymer has a molecular weight of 1400 to 1600. 

19. The method according to claim 18, wherein the water 
soluble polymer has a molecular weight of about 1500. 

20. The method according to claim 12, wherein the spacer 
is capable of forming hydrogen bridges or ether linkages with 
the cellulose molecules. 

21. The method according to claim 20, wherein the spacer 
contains a hydrophilic group. 

22. The method according to claim 21, wherein the hydro 
philic group is a carboxyl, carbonyl or hydroxide group. 

23. The method according to claim 12, wherein the spacer 
is a polyethylene glycol, polyvinyl alcohol or polyacrylate. 

24. The method according to claim 12, wherein the amount 
of spacer used is 0.5% to 2% (m/m) based on the cellulose. 

c c c c c 


