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PROCESS FOR THE MANUFACTURE OF DISSOLVING 
GRADE PULP 

BACKGROUND OF THE INVENTION 

Wood and the stems of other vascular plants such as reed, 
bamboo, cane, and the like, which are or can be subjected to 
pulping, are composed of several basic parts. In general, such 
plants are made up of about 15 to 30 percent lignins and ex 
tractives, such as resins and the like, with the remainder of the 
about 70 to 80 percent being carbohydrates. The car 
bohydrate portion is about 10 to 30 percent hemicellulose 
with the remainder being cellulose, and the cellulose portion 
of the carbohydrate is about 45 to 55 percent alpha-cellulose 
and about 5 percent other celluloses. 
One of the ?rst steps in converting chips of such ?brous 

plants to pulp is to loosen and disintegrate the material struc 
ture by removing most of the lignins therefrom and separating 
the remaining carbohydrate ?bers into individual ?bers. In all 
known pulping processes, such as kraft, sul?te and others, 
when efforts are made through rigorous conditions to remove 
substantially all of the lignin from the ?ber mass, the remain 
ing cellulose ?bers are chemically and/or mechanically 
damaged. This results in a signi?cant loss of yield and a major 
reduction in product molecular weight or degree of 
polymerization. On the other hand, use of milder conditions to 
avoid ?ber damage results in retention of both lignin and he 
micellulose, which cannot be tolerated in dissolving-grade 
pulps. Thus, the present invention is directed to removing sub 
stantially all of the lignin and hemicellulose while minimizing 
cellulose loss and chemical degradation. 

SUMMARY OF THE INVENTION 

This invention is directed toward a new and novel pulping 
process and the dissolving-grade pulp resulting therefrom. The 
pulp process removes substantially only lignins, extractives, 
and hemicellulose from ?brous plant materials and leaves the 
cellulose part of the material substantially undamaged, 
thereby resulting in dissolving-grade pulp having new and 
unusual properties. Since the pulping process is very selective 
and substantially only the lignins, extractives, and hemicellu 
lose are removed, yields are exceptionally high. The pulping 
process includes a basic unit of a chlorine dioxide treatment 
and alkaline extraction which may be sequentially repeated, 
this basic unit being preceded by a chemical and/or mechani 
cal pretreatment of the ?ber chips which may in turn be 
preceded by acid prehydrolysis. The last alkaline extraction of 
the sequence is stronger than other alkaline extractions (if 
any) in order to remove hemicellulose. Each step of the basic 
sequential unit is desirably followed by water washing with 
process liquids obtained elsewhere in the process, as by coun 
tercurrent washing which has attendant conservation ad 
vantages, or with fresh water. Alkali may also be conserved by 
similar countercurrent recycle. 
A more preferred embodiment of the process is one includ 

ing an acid prehydrolysis and a chemical and/or mechanical 
pretreatment of prepared. ?ber chips followed by the sequen 
tial processing of the pretreated chips in a chlorine dioxide 
treatment, a dilute alkaline extraction, a chlorine dioxide 
treatment, a strong alkaline extraction and a ?nal chlorine 
dioxide treatment, with each of these stages being followed by 
water washing. 
An even more preferred embodiment of the process is one 

in which a water wash for the ?nal chlorine dioxide treatment 
is used as the water wash for the preceding alkaline extraction 
and so on countercurrently to the flow of ?ber material 
through the process to the ?rst water wash following the ?rst 
chlorine dioxide treatment; from this point the wash water 
may then be sent to waste or treated for recovery of chemicals 
contained therein. 
Another preferred embodiment of the process involves the 

chemical pretreatment of prepared ?ber chips; the most 
preferred chemical pretreatment is a neutral sul?te pretreat 
ment at a speci?ed concentration of chemicals and cooking 
cycle. 
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2 
Yet another preferred embodiment is one wherein the 

liquid from a press-wash which follows the strong alkaline ex 
traction stage is circulated to both the strong and dilute al 
kaline extractions. 
The pulp produced by the process of the present invention 

has a higher degree of polymerization, a higher alpha-cellulose 
content, a lower resin content, a lower carbonyl content, and a 
higher yield than conventionally produced dissolving-grade 
pulps from the same wood mixture. > 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, FIGS. 1 to 4 are block diagrams and FIGS. 
5 and 6 are graphs. 

FIG. 1 describes the basic process of this invention. 
FIG. 2 shows a more preferred embodiment of the process 

of this invention, and 
FIGS. 3 and 4 disclose highly preferred embodiments of the 

process of this invention. 
FIG. 5 shows a comparison of pentosan content of the dis 

solving pulp with caustic concentration in pulp slurry; 
FIG. 6 shows a comparison of average degree of 

polymerization with caustic concentration. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to FIG. 1, ?ber chips of any ?brous vegetable 
matter are fed ?rst to a pretreatment step 10 which may be 
either mechanical, chemical or any combinations thereof. If a 
chemical pretreatment is used, it is followed by a water wash. 
Following pretreatment, the pretreated chips are then fed to a 
lignin reaction treatment 11 where they are contacted with 
either chlorine dioxide or a mixture of chlorine dioxide and 
chlorine in either aqueous solution or as a gas. Following this, 
the treated material is preferably washed with water to return 
the mixture to substantially neutral pH; then the treated 
material is subjected to strong alkaline extraction l2 and again 
washed with water to return to substantially neutral pH and to 
remove the water soluble material produced in the extraction 
step. This produces a pulp in high yield of good brightness, 
high degree of polymerization, a high alpha-cellulose content, 
a very low resin content, and a very low carbonyl content. 

Referring now to FIG. 2, a more preferred embodiment of 
the invention is shown. Prepared vegetable ?ber chips are fed 
to an acid prehydrolysis 20 and then to pretreatments 21 and 
22 where they are subjected to chemical, mechanical or com 
bined chemical-mechanical operations to make the lignin, ex 
tractives and hemicellulose more readily available for 
removal. Following acid prehydrolysis and pretreatment, the 
pulp is subjected sequentially to a lignin reaction treatment 
23, dilute alkaline extraction 24, lignin reaction treatment 25, 
strong alkaline extraction 26, , and ?nal lignin reaction treat 
ment 27. Water washing preferably occurs after the 
prehydrolysis and chemical pretreatment stages, as well as 
after each lignin reaction stage and alkaline extraction stage. 
One of the most preferred embodiments of the invention is 

shown in FIG. 3 and includes the sequential steps of ?rst lignin 
reaction treatment, dilute alkaline extraction, second lignin 
reaction treatment, dilute alkaline extraction, third lignin 
reaction treatment, strong alkaline extraction, and fourth lig 
nin reaction treatment, with a water wash between each step, 
and having the ?rst lignin reaction treatment preceded by acid 
prehydrolysis and a chemical-mechanical pretreatment. Ac 
cording to this preferred four-stage lignin reaction treatment, 
pretreated wood chips (e.g., pretreated by acid prehydrolysis, 
neutral sul?te prepulping, and mechanical de?bration with 
appropriate intermediate washing stages) are passed from the 
?rst lignin reaction stage 100 into a ?rst wash stage 101. 
Water to this stage may be at least partially made up from 
countercurrent water from a second wash stage. The neutral 
ized pulp from the ?rst wash stage is then passed into the first 
alkaline extraction I02, which employs a dilute alkali solution. 
After the first alkaline extraction, the pulp is subjected to a 
second wash in stage 103, water from this stage likewise being 
partially fresh and partially furnished by countercurrent recy 
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cle from a third wash stage. From the second wash stage, the 
pulp is then passed into a second lignin reaction stage 104, 
after which the pulp is again washed in a third wash stage 105, 
to which at least a portion of the wash water may be supplied 
as effluent from a fourth wash stage. The pulp from the third 
wash stage is passed into a second alkaline extraction 106, 
which, like the ?rst alkaline extraction is supplied with dilute 
alkali. After the second caustic extraction, the pulp is sub 
jected to a fourth wash stage which again may utilize water 
from a ?fth wash stage for at least a portion of the required 
wash water. Subsequent to the fourth wash, the pulp is sub 
jected to a third lignin reaction stage 108 and then a ?fth wash 
stage 109 supplied with partially fresh water and water from 
?nal washing in any desired proportions. From the ?fth wash 
the pulp is subjected to further alkaline extraction 110 sup 
plied with strong alkali solution. This stage ensures that a large 
proportion of the hemicellulose will be extracted from the 
pulp to produce dissolving-grade pulp. From the strong 
caustic extraction the pulp is passed through a press-wash, 
which is more thoroughly described below with reference to 
the preferred embodiment shown in FIG. 4. After the press 
wash 111, the pulp is subjected to a fourth and ?nal lignin 
reaction stage 112 and then to a ?nal wash 113. Completely 
fresh water is supplied to the ?nal wash, and the washer ef 
?uent may be sent to waste disposal or passed countercur 
rently to the ?fth wash stage and so on as above explained. 
Liquid effluent from the press-wash, which contains a substan 
tial quantity of alkali, is also recycled to the strong alkaline ex 
traction stage 110 and to the dilute alkaline extraction stages 
106 and 102. 

FIG. 4 discloses a preferred embodiment of a press-wash. 
Pulp from a lignin reaction stage washer is passed into strong 
extraction stage 200 and from there on to pressing stages 201 
and 202. Water from pressing stage 20] is partially recycled to 
both strong alkaline extraction stage 200 and prior dilute al— 
kaline extraction stages. Water from second pressing stage 
202 is partially recycled to the ?rst press, with the remainder 
being sent to waste disposal. Pulp from the pressing stages is 
then passed to a water-‘washing stage 203. 
The novel process of this invention is suitable for preparing 

a novel dissolving-grade pulp from any suitable ?brous vegeta 
ble matter containing lignin. As is necessary with all pulping 
processes, the vegetable matter should have extraneous 
materials removed before being subjected to the process. For 
example, in the case of wood, it must be debarked in a prior 
operation. In the following description, wood will be referred 
to as the ?brous vegetable material; however, it should be un 
derstood that the process of the invention is applicable to all 
?brous vegetable materials. 
Debarked wood, either hard, soft, or mixed hard and soft 

woods, may be converted into chips by a Carthage multiknife 
chipper or other equivalent apparatus. The chips should be 
approximately 15 to 75 millimeters in length, 10 to 40 mil 
limeters in width and have a thickness of 0.5 to 20 millimeters. 
When chemical or chemical-mechanical pretreatment is used, 
it is preferred that chips have an approximate length and width 
as described and that the thickness be from about 2 to about 5 
millimeters. Following chipping, prepared chips are then sub 
jected to the prehydrolysis and pretreatment steps. 

At least two methods are available for reducing the hemicel 
lulose content of the ?nal dissolving-grade pulp. First, the 
wood chips may be subjected to mild acid prehydrolysis prior 
to the preferred neutral sul?te pretreatment and mechanical 
de?bration. Such a stage selectively hydrolyzes the hemicellu 
lose so that is is more readily removed in subsequent stages. 
Second, the ?nal extraction stage in the chlorine dioxide ex 
traction sequence is changed from the relatively weak extrac 
tion used in producing a high-yield bleach pulp (about 4 per 
cent caustic applied, based on pulp at 12 percent consistency) 
to a much stronger alkaline extraction. Since the acid 
prehydrolysis stage without the strong alkali stage is not suf?' 
cient to remove the required amount of hemicellulose, the dis 
solving-pulp sequence includes either the strong alkali stage 
alone or both the prehydrolysis and strong alkali stages. 
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The acid prehydrolysis, when employed, is carried out by 

charging the wood to a digester and heating it in the presence 
of water, the acidity being entirely developed through reac 
tions in the wood. In a preferred embodiment, water is added 
to obtain a ratio of about 4 pounds water per pound of wood, 
and the mixture is heated to about 340° F. and maintained at 
this temperature for about 60 minutes when hardwood chips 
are used as the raw material. Prehydrolysis is allowed to 
proceed only to the point where hemicelluloses are rendered 
soluble in subsequent treatments, but thetcellulose is not al 
lowed to be degraded or solubilized to an appreciable extent. 
The preferred embodiment produces a prehydrolysis yield of 
about 88 percent based on hardwood chips used. More 
generally, hardwood prehydrolysis is suitably carried out at a 
temperature 'of about 300° to about 280° F. for a time of about 
[0 to about 180 minutes; preferably, prehydrolysis is carried 
out at a temperature of about 330° to about 350° F. for a time 
of about 30 to about 90 minutes. 
A mild prehydrolysis is as effective in ultimate pentosan 

(hemicellulose) removal as more severe process conditions; 
the mild conditions are preferred because of the resultant 
higher cellulose retention. Therefore, in cases where very low 
pentosan content is essential, the use of a mild water 
prehydrolysis in the overall sequence provides the ability to 
remove the required amount of pentosans, while maintaining 
high cellulose yield and most of the inherently high degree of 
polymerization. 
The hydrolyzed ?ber chips are next preferably fed to a 

pretreatment step which can be either mechanical, chemical 
or a combination of chemical and mechanical. in chemical 
pretreatment, the ?ber chips are prepulped to a yield at least 
greater than 64 percent by weight but less than about 95 per 
cent by weight, based upon the dry weight of the wood chips. 
In mechanical pretreatment, which may give higher yields 
than the 95 percent yield of chemical pretreatment, the 
vegetable ?ber chips are subjected to a shredding, re?ning, or 
?aking operation, such as is well known in the art, e.g., by a 
Faliman knife ring ?aker, which by slicing reduces conven~ 
tionally sized chips to thin ?akes while maintaining chip length 
and width, or a standard disc re?ner, or the equivalent. As is 
also known, the chips may be subjected to water or steam 
treatment (in addition to acid prehydrolysis) prior to ?aking 
or re?ning, either under vacuum or pressure. Following either 
?aking or re?ning the resulting ?bers or ?ber bundles should 
be as small as possible without signi?cant damage to the 
?bers. The optimum size depends upon the ?aking or re?ning 
equipment employed as well as on the wood species being 
treated. When chemical pretreatment is used, the vegetable 
?ber chips are subjected to a chemical treatment followed by 
a mechanical re?ning operation and then a water washing. 
The chemical pretreatment results in a yield of at least about 
64 percent or greater in the case of hardwoods and may be a 
mild prepulping by a neutral sul?te, nitric acid, kraft or other 
known pulping process (e.g., bisul?te, acid sul?te, cold soda, 
soda, sodium xylene sulfonate, polysul?de). A more preferred 
chemical pretreatment is a mild neutral sul?te prepulping 
under particular conditions of chemical concentrations; the 
heating and cooking cycles are de?ned infra. 
The re?ning step following the chemical pretreatment may 

be performed by a standard disc re?ner or other equivalent 
apparatus and conducted to yield minimum particle size 
without signi?cant ?ber damage. After either the chemical or 
mechanical pretreatment and water wash, a dewatering step 
may be necessary prior to subjecting the pretreated ?bers to 
the novel pulping process of this invention. 

It has been found that when using a chemical pretreatment 
in preference to only a mechanical pretreatment, the amount 
of ?nes produced in the re?ning is reduced, the optimum 
diameter of the ?ber bundles produced is reduced, the energy 
input to the re?ning operation is reduced, the quantity of lig 
nin reaction agent necessary for pulping to a desired 
brightness is reduced, the quality of the ?nal pulp from the 
novel process is improved, and the overall yield of the pulp 
from the ?nal process is in general increased. 
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Following acid prehydrolysis and pretreatment, mechanical 
and/or chemical, as the case may be, the pulp enters the first 
lignin reaction step. In this step, the shredded mass of ?ber 
bundles resulting from the pretreatment has a consistency of 
from about 5 percent to about 50 percent by weight, based on 
the total weight of shredded mass and water. Chlorine dioxide, 
if used as an aqueous solution, may be fed as an approximately 
1 percent by weight aqueous solution, and depending upon the 
desired concentration of chlorine dioxide, which is de?ned in 
fra, additional water may be added to adjust the mixture to the 
desired consistency. lf gaseous chlorine dioxide is used, an 
inert diluent such as air may be employed to prevent explosion 
hazards. A mixture of chlorine dioxide and chlorine may be 
employed, with the chlorine being less than about 30 percent 
by weight of the total chlorine dioxide requirement on an 
equivalent oxidant basis. 
Any conventional treating tower such as is well known in 

the art may be used for the liquid phase chlorine dioxide treat 
ment stage, and heat may be added, if and as necessary. Also, 
additional heat may be supplied to reduce the time of contact 
between the shredded mass and the chlorine dioxide, which 
time is from about 10 minutes to about 2 hours depending 
upon the consistency, the temperature, and the yield of 
product resulting from the pretreatment step. In general, the 
shredded mass of ?bers is permitted to remain in contact with 
the chlorine dioxide until the chlorine dioxide charged is sub 
stantially consumed. The pH of this system at the beginning 
may vary from about 4.0 to about 8.0, and upon consumption 
of the chlorine dioxide, the pH of the treated solution will vary 
from about 0.5 to about 3.0. Following the chlorine dioxide 
treatment, the resulting mass is then water washed in a con~ 
ventional vacuum drum washer or the equivalent. 

Following the ?rst water washing, and when the material 
has a substantially neutral pH, the washed material is sub 
jected to a ?rst dilute alkaline extraction in a conventional 
treating tower such as 'is well known in the art. In the alkaline 
extraction, any water-soluble caustic may be employed, e.g., 
sodium hydroxide, potassium hydroxide, ammonium hydrox 
ide, sodium carbonate, ammonia gas or other or mixtures of 
these or others; however, an aqueous solution of sodium 
hydroxide is preferred. In the extraction, the alkali application 
should be approximately 4 percent based on the oven dry 
weight of the ?brous material, and suf?cient water may be 
added or removed to prepare an aqueous ?ber mass having a 
consistency of from about 5 percent to about 50 percent by 
weight based on the total weight of shredded mass present and 
water. The alkaline extraction should be continued for at least 
about one—half hour at a temperature of from about 50° C. to 
about 75° C., a preferred temperature being about 65° C. Fol 
lowing alkaline extraction, the alkali extracted material is sub 
jected to another water washing under substantially the same 
conditions as the ?rst water wash to remove extracted materi 
als and residual chemicals. 
The second lignin reaction may be carried out in a conven 

tional treating tower such as described for the ?rst lignin reac 
tion treatment with the desired consistency of material within 
the tower being substantially the same for the second lignin 
reaction as for the ?rst. Either gaseous chlorine dioxide or an 
aqueous solution, approximately 1 percent by weight, may be 
fed to this second treatment stage. In this stage the pH is ini 
tially from about 4.0 to about 8.0 and ?nally ends at about 2.0. 
The lignin reaction is permitted to continue until substantially 
all the chlorine dioxide charged to the treating stage is con 
sumed. The temperature for the second chlorine dioxide treat 
ment is adjusted to from about 40° C. to about 60° C. to keep 
contact times to a minimum of from about 30 minutes to 
about 4 hours in order to consume the chlorine dioxide 
charged. Following the second lignin reaction, the treated 
material is subjected to a third water washing under substan 
tially the same conditions as the ?rst and second water 
washings. After the third water wash, a second dilute alkaline 
extraction is conducted, followed by a water wash under sub 
stantially the same conditions as the ?rst alkaline extraction 
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6 
and wash. The washed material at this stage in the process may 
be screened, if desired, to remove any shives or ?ber bundles 
which may remain, these being discarded or returned to the 
?rst chlorine dioxide treatment stage for recycle. 
The treated material, whether screened or not, is then sub 

jected to a third lignin reaction under the same conditions of 
consistency as the ?rst and second lignin reaction stages for a 
period of from about 2 hours to about 6 hours, depending 
upon the desired brightness of product produced. The tem 
perature for this third lignin reaction treatment stage is from 
about 40° C. to about 80° C. Next, the treated material is sub 
jected to a ?fth water wash under the same conditions as the 
preceding water washing, followed by a strong alkaline extrac~ 
tion. 

Strong alkaline extraction, either alone or in conjunction 
with a mild prehydrolysis, is essential for pentosan removal. 
The amount of alkali required, and therefore its cost, is signif 
cant. For example, an extraction with 8 percent alkaline solu 
tion at 12 percent pulp consistency requires the application of 
about 1,170 pounds of alkali per ton of pulp on a dry basis. 
Therefore, it is important to reduce this value to a minimum 
both through use of minimum quantities of applied alkali and 
through recycle of extracted liquor. Strong alkaline extraction 
is carried out at about 10 percent consistency, and maximum 
pentosan removal is accomplished with about 50 to about 60 
grams per liter of alkali. Stronger alkali is not required, but it 
is important to maintain the 50 to 60 grams per liter level in 
the case of hardwoods. The degree of polymerization level of 
the alpha-cellulose is not adversely affected by the alkali. 
When prehydrolysis is not employed, maintenance of the 
desired minimum alkali concentration is most critical. An in 
termediate pentosan level is reached at a much lower alkali 
application level when prehydrolysis is employed. lf higher 
levels of pentosan content (4 to 5 percent) can be tolerated, 
they can be achieved by either approach; the ?nal choice de 
pends on the relative economics of a prehydrolysis compared 
with the higher alkali requirement when no prehydrolysis is 
employed. Since relatively little alkali is actually consumed in 
the extraction, recycle may account for about 50 percent of 
the total alkali requirement or more. If a low pentosan content 
must be maintained, prehydrolysis followed by alkaline ex 
traction with little recycle is required. Regardless of the 
number of lignin reaction stages used, the strong alkaline ex 
traction is used either before or after the ?nal lignin reaction 
stage, with the before case being preferred. 

Following the strong alkaline extraction, the pulp is sub 
jected to a press-water or its equivalent, ?nal lignin reaction 
treatment, and ?nal wash under the conditions above 
described. 
The total concentration of chlorine dioxide used in the 

multistage process, whether two, three or more chlorine diox 
ide stages, is dependent upon the yield of product obtained 
from the pretreatment step. ln general, the total chlorine diox 
ide consumed in the multiple lignin reaction stages, regardless 
of the number of stages used, is from about 1.0 to about 15.0 
percent by weight based on the total dry weight of ?brous 
material being fed to the pretreatment stage. It has been found 
and is preferred that the total concentration of chlorine diox 
ide used is from about 4.0 percent to about 13.0 percent by 
weight, based upon the total weight of dry ?brous material 
being fed to the pretreatment stage. 
The amount of chlorine dioxide fed to each lignin reaction 

stage is dependent upon the number of stages used and on the 
pretreatment yield. For any given total amount of chlorine 
dioxide to be used, it has been found that approximately two 
times the amount used in the last stage should be fed to the 
stage preceding the last and two times the amount used in the 
preceding state fed to the next preceding stage, and so on. For 
example, in a three-stage process, this means that approxi 
mately four-sevenths of the total chlorine dioxide will be fed 
to the ?rst stage, approximately two-sevenths of the total 
chlorine dioxide will be fed to the second stage, and approxi 
mately one-seventh to the third stage. By comparison, in a 
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four-stage treatment the consecutive amounts employed are 
eight-?fteenths, four-?fteenths, two-?fteenths, and one-?f 
teenth. 
As mentioned previously, the preferred pretreatment for 

the process of this invention is a chemical pretreatment, and 
of the chemical pretreatments available such as kraft, 
bisul?te, neutral sul?te, nitric acid, etc., a neutral sul?te 
pretreatment is preferred. And, among the neutral sul?te 
pretreatments available, a sodium based neutral sul?te 
pretreatment is preferred. As well known in the art, a standard 
neutral sul?te pulping treatment includes cooking ?brous 
vegetable material for a period of about 10 to about l5 
minutes at about 350° F. in a solution containing approximate 
ly 10 percent sodium sul?te and approximately 3 percent sodi 
um carbonate, chemical charges being based on the wood 
weight charged to the process. Although this standard neutral 
sul?te pretreatment has advantages, in the process of this in 
vention it is even more preferred that a speci?c and novel 
chemical pretreatment includes preparing an aqueous solution 
with a concentration of from about 5 to about 30 percent sodi‘ 
um sul?te and from about 3 to about 25 percent sodium car 
bonate (all concentrations based on the weight of wood 
present) to provide a sodium sul?te to sodium carbonate ratio 
of about 1.2 or greater and using the solution to chemically 
pretreat wood chips with or without a prior prehydrolysis step. 
More preferred concentrations are from about 7 to about 20 
percent sodium sul?te and from about 5 to about 18 percent 
sodium carbonate, all percentages being based upon the dry 
weight of the vegetable matter. A preferred sodium sul?te to 
sodium carbonate ratio for hardwoods is from about 1.2 to 
about L5. The time-temperature relationship employed is 
designed to give adequate impregnation of liquor into chips 
prior to reaching a temperature of about 300° F. This relation 
ship is dependent upon wood species and chip size, as well as 
previous chip history. When a chemical pretreatment is per 
formed in accordance with the described recipe, higher ?nal 
yields and higher quality product are obtained as compared 
with other mechanical or chemical pretreatments. 
The dissolving pulp of the present invention is chemically 

unique in that it has a higher degree of polymerization and 
therefore greater strength potential than dissolving-grade pulp 
conventionally produced from the same wood. For example, 
average cellulose molecule size is increased greatly. While the 
degree of polymerization (TAPPl Method T-230—Su-66) of 
conventional dissolving pulps is less than about 1,000, the dis 
solving pulp of the present invention is above 1,000, 
preferably above 1,500 and frequently above 2,000, and may 
extend up to, for example 5,000. Also, the pulp of this inven 
tion has an alpha-cellulose content (TAPPI Method T-203 
05-6] ) which is generally greater than 90 percent, frequently 
greater than 94 percent, and occasionally greater than 98 per 
cent. The copper number (TAPPl Method T-2l5-m-50) of 
the pulp is generally less than 2.0, frequently less than 1.0, and 
occasionally iess than 0.2. The resin content (TAPPI Method 
T—204—54) is generally less than 0.15 percent, frequently 
less than 0.1 percent, and occasionally less than 0.05 percent. 
Prior art processes give ?nal overall yields, based on wood 
used, of 35 to 40 percent, generally closer to 35 percent. The 
present invention, by comparison, obtains yields that can be 
greater than 40 percent, frequently greater than 45 percent, 
and occasionally greater than 50 percent, depending upon the 
process conditions utilized and quality of pulp required. 

Dissolving pulps are used in the alkaline viscose process and 
the acidic acetate and nitrate processes to make ?bers, yarn, 
?lm or lacquer. In the viscose, acetate, and nitrate processes it 
is desirable to have a high alpha cellulose content and a high 
degree of polymerization for the production of high-tenacity 
yarns. Hemicelluloses have been found to cause decreased 
reactivity in both the acetate and viscose processes. in the acid 
acetate process, hemicellulose can cause discoloration and 
haze. This also indicates the need for a high alpha cellulose 
content. A low resin content is desired in dissolving pulps 
since resin can lead to clogging and ?ltering problems as well 
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8 
as haze or undesirabie color in the ?nal product. Since pulps 
with high carbonyl content are less stable to aging, a low car 
bonyl content is desired. inasmuch as the pulp produced by 
the process of the present invention has a higher degree of 
polymerization, a higher alpha-cellulose content, a lower resin 
content, a lower carbonyl content, and a higher yield than 
conventionally produced dissolving-grade pulps from the 
same wood mixture, it is well suited to use in these processes. 
The novel process of this invention may be understood 

better by reference to the following examples; however, it 
should be understood that these examples are intended to be 
descriptive rather than restrictive. 

EXAMPLE I 

Southern hardwood chips are prepared by chipping de 
barked logs in a multiblade chipper. These chips are then sub 
jected to a mild prehydrolysis by heating with suf?cient water 
to give a ?nal ratio of water to dry wood of about 4 to l on a 
weight basis. The temperature of the wood-water mass is 
raised to 340° F. and held at this temperature for 1 hour. This 
treatment renders most of the pentosans soluble in subsequent 
stages, whiie maintaining most of the inherent cellulose yield 
and degree of polymerization. No acid other than that 
generated from wood reactions is present. 
The prehydrolyzed chips are dewatered and allowed to soak 

in fresh water so the acidic material can diffuse out of the 
chips. The chips are then pretreated chemically with a solu 
tion containing l2 percent sodium sul?te and I0 percent sodi 
um carbonate, both percentages based on the incoming weight 
of dry wood prior to prehydrolysis. Enough water is added 
with these chemicals to give a water to wood ratio of about 4 
to 1. Following an impregnation time of 30 minutes, the tem 
perature is raised to 335° F. and the pretreatment is allowed to 
continue until the pretreatment yield reaches 80 percent. 

Following chemical pretreatment, the pressure is relieved 
(with accompanying decrease in temperature), free liquid is 
drained off, and the pretreated softened chips are passed 
through a disc re?ner operating at an elevated temperature 
and pressure. A re?ner power input of l0 horsepower-days 
per ton of pretreated material is used. ' 
The de?bered material is washed and pressed to the desired 

solids level. A maximum of washing is used to minimize the 
carryover of chemical to the ?rst chlorine dioxide stage. " 
The washed, dewatered pulp is mixed with a chlorine diox 

ide solution until all chlorine dioxide is consumed. With an 80 
percent pretreatment yield, reaction conditions are 4 percent 
chlorine dioxide based on original dry wood, with the reaction 
proceeding for 2 hours at ambient temperature. The partially 
reacted pulp leaving this stage is washed, 4 percent sodium 
hydroxide based on entering ?ber is added with sufficient 
water to give a pulp consistency of 12 percent, and a 1 hour 
extraction is carried out at 60° C. The extracted pulp is 
thoroughly water washed and reacted in a second chlorine 
dioxide stage for 3 hours at 12 percent consistency and 40° C ., 
with an application of 3 percent chlorine dioxide based on 
starting dry wood. 
The further deligni?ed material is washed thoroughly and 

extracted for 1 hour at ambient temperature at 12 percent 
consistency in a‘ solution containing 60 grams of sodium 
hydroxide per liter. This extraction removes partialiy reacted 
lignin as well as most of the pentosans remaining with the 
pulp. 
The puri?ed pulp, still containing small amounts of lignin, is 

thoroughly washed until neutral and is then reacted in a final 
chlorine dioxide stage for 5 hours at 70° C. and 12 percent 
consistency. One percent chlorine dioxide on an original wood 
basis is applied in this stage, with essentially complete con 
sumption occurring during the 5 hour reaction. 

Following ?nal washing, a high-grade dissolving pulp is ob‘ 
tained in a yield of 50 percent, having a pulp pentosan content 
of 1 percent (TAPPl Method T—223—ts-63), a viscosity 
average carbohydrate degree of polymerization of L800 
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(TAPPl Method T—230¢su-66), an alpha-cellulose content of 
96 percent (TAPPI Method T—203l4 os~6l ), a copper con 
tent of 0.20 (TAPPI Method T-2l5-m-50), and a resin con 
tent of 0.06 percent (TAPPl Method T-204~m-54). 

sis. Mild prehydrolysis does not signi?cantly lower cellulose 
yield, does aid in pentosan removal, and results in a signi?cant 
decrease in pulp degree of polymerization. Therefore, in cases 
where low pentosan content is essential, the use of a mild 

5 water prehydrolysis provides the ability to remove the 
EXAMPLE 11 required amount of pentosans, while maintaining a high cellu 

The above process is repeated without the prehydrolysis lose yleld _and most of the mheremly h'gh degree of 
stage to yield a dissolving pulp of even higher yield (53 per- polymenzanon‘ 
cent) and ‘degree of polymerization (2,300) but having 10 EXAMPLE V 
somewhat higher pentosan content (3 percent). 

A series of strong sodium hydroxide extractions were car 
EXAMPLE I" ried out at 12 percent pulp consistency using varying levels of 

The following tests were conducted utilizing a mixture of alkali application The Pulp used “(as Prepared by the chlorme 
certain hardwood chips containing approximately one-third 15 dlf’xlde pulPmg sequence as eesenbed 1“ example I’ w'th find 
oak’ one_third gum’ One_third yellow poplar‘ Acid prehydroiy_ without the mild prehydrolysis stage.’ FIG. of the drawings 
sis was effected by charging the wood to a digester, adding Shows the effect of amount of eausuc apphed_on pulp pen‘ 
water to obtain a ratio of 4 pounds water per pound of wood, tosan cement" F 1G‘ 6 shows the correspondmg degree of 
heating the mixture to 340° F. and maintaining this tempera- polymer_lzanon Changes‘ 7 _ 
ture for 60 minutes. This produced a prehydrolysis yield of 88 20 As ev'dem from FIG- 5’ max'mum Pemos‘m removal‘ ‘S ac‘ 
percent. A neutral sul?te treatment was then carried out, fol- eompilsihed w'th about 6'0 grim? per mer of mesh?‘ Stronger 
lowed by mechanical re?ning in an 8_inch iaboratory disc caustic is not required, but it is important to maintain approxi 
re?ner and chlorine dioxide-caustic extraction sequence. mately the 60 grams Per mer 16"“;“9- 6 of the drawmgs 
Strong caustic extraction was carried out at 12 percent con- demonstrates that degree oepolymeneanon we? ‘Pet aeversely 
Sistency in an 8 percent Solution of sodium hydroxide_ A 25 affected by the strong caustic extraction. The initial increase 
Second pulp was prepared through the Same Sequence but in the no-prehydrolysis case can be attributed to the rather 
without the prehydi-oiysis Stage“ The resultant washed pulps large amount of low degree of polymerization pentosans being 
were analyzed for yields, degree of polymerization, and pen- removed‘ 
tosan (hemicellulose) content with cellulose yield being cal 

. ’ AMPLE l culated by difference. The results were as follows: 30 EX v I 

Alkali recycle was practiced using the process of example I 
(1515321357: by extracting one batch of pulp with strong sodium hydroxide, 

strong Strong at 10 percent consistency, squeezing out about one-half of the 
003331 caufitée “wig: extraction liquor (to a pulp consistency of about 18 percent), 
solving solving solving 35 adding enough fresh sodium hydroxide to give the desired 

pulp pulp pulp stren th ' ' ' g , extracting a second pulp sample, and repeating this 
Yield, percent of w0od____1_ __________ __ 35-40 151 352 procedure. This amounted to a fresh makeup of about 50 per 
1c)Ziii?iil‘?ig?ifiiliggnlilgi’wéaajII I: ~73’? 53 58 cent of the total alkali requirement. Following alkali extrac 
Degree of polymerization 2 ____________ .. ~900 1, 680 2,300 tion and thorough washing, pulp pentosan content was deter 

, Determined by TAPPI Method T_223_tS_63_ 4O mined. The results are tabulated below for both the prehydrol 
2 Determined by TAPPI Method T-230-su-66 (pipet method)!’ ysis and no—prehydr0lySis cases: 
The above comparison shows that selective pentosan 

removal without excessive cellulose degradation can be Penman Content. 
' - - ~ - ‘ - % of Pulp achieved by optimizing hydrolysis conditions. 45 Emac‘ion 

EXAMPLE IV Number No-Prchydrnlysis Prehydrolysis 

Five prehydrolysis cooks were carried out under increas- l 4.9 3.1 

ingly severe conditions, again using a hardwood chip raw i g: material. in all cases, a water to wood ratio of 4.0 was em- 50 4 6:0 5:5 

ployed, with a lS‘minute digester rise time from ambient to 5 5;, 4,7 
340° F. The severity was varied by varying the reaction time at 6 5.l 4.1 
340° C. Dissolving pulps were prepared from these 
prehydrolyzed materials according to the procedure of exam 
Ple 1’ the SPEPS including ?ilal Strong caustlc extractlon (8 P61" 55 From the above data, it is apparent that a signi?cant amount 
Cent Solution) The Tesuhmg pulps were analyzed foeyleldv of recycle can be used and that there is less effect of recycle 
‘pentosan content, and acetyl_content. These values, with as- when dealing with the nonprehydroiyzed puips_ if a 10w pen 
Sumed tyPlCal Values for “Tome acld arid mam?" contents’ al' tosan content must be maintained, prehydrolysis followed by 
lowed to the calculation of cellulose yield by difference. Pulp extraction with lime recycle is required. 
cuene viscosity was measured, and the values converted to ap- 60 1 claim; 
proximate average degree of Polymerization These results 1. A process for producing a highly polymerized dissolving 
were as follOWSI grade pulp from vegetable matter in a yield of at least about 45 

Approx 
Prehy- Dis- PontO- Cueno imato 

drolysis solving sans vis- degree 
time at pulp percent Cellulose cosity, ol polym 

Preliydrolysis 340° F., yield, of percent cent‘i- oriza~ 
Cook Number minutes percent Wood of WOOd poises tion 

30 53. 5 1. 18 48. 0 19 1, 450 
60 50. 9 0. 63 47. 4 2i 1, 500 
90 42. 9 0. 91 40. 3 19 1, 450 
120 40. 9 0.88 39. 1 23 1, 550 

5 150 40. 2 0. 69 38. 4 19 1, 450 
N0 prehydrolysis _____ _ . 0 54. 6 2. 0 48. 0 87 2, 150 

The above table shows that mild prehydrolysis is as effective percent by weight, based upon the dry weight of said vegetable 
in ultimate pentosan removal as more severe conditions which 75 matter, by removing lignin and hemicellulose from said 
result in a sharp drop in cellulose content. Cellulose degree of 
polymerization is little affected by the severity of prehydroly 

vegetable matter, said process comprising, in combination, the 
steps of: 
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a. pretreating said vegetable matter to obtain a re?ned 
vegetable matter in a yield of about 64 percent to about 
100 percent by weight, based upon the dry weight of said 
vegetable matter; 

b. reacting said re?ned vegetable matter with a lignin reac 
tion agent selected from the group consisting of chlorine 
dioxide, solution of chlorine dioxide and water, and mix 
tures of chlorine dioxide and chlorine; and 

c. extracting the reaction products and said hemicellulose of 
said vegetable matter with strong alkali solution. 

2. The process of claim 1 wherein said pretreating is a 
chemical prepulping selected from the group consisting of al 
ka?de prepulping, acid sul?te prepulping, cold soda prepulp 
ing, soda prepulping, sodium xylene sulfonate prepulping, 
polysul?de prepulping, bisul?te prepulping, kraft prepulping, 
nitric acid prepulping, and neutral sulfite prepulping. 

3. A process for producing a highly polymerized dissolving 
grade pulp from vegetable matter in a yield of at least about 45 
percent by weight, based upon the dry weight of said vegetable 
matter, by removing lignin and hemicellulose from said 
vegetable matter, said process comprising, in combination, the 
steps of: 

a. subjecting said vegetable matter to acid prehydrolysis; 
b. pretreating said vegetable matter to obtain a re?ned 

vegetable matter in a yield of about 64 percent to about 
100 percent by weight, based upon the dry weight of said 
vegetable matter; 
water washing said refined vegetable matter; 

. reacting said washed vegetable matter with about eight 
fifteenths of at least about 1 percent to about 15 percent 
of a chlorine dioxide lignin reaction agent, based upon 
the total weight of dry ?brous material fed to said 
pretreating stage until said agent is substantially con 
sumed; 

e. water washing said treated vegetable matter; 
1''. treating said washed vegetable matter with approximately 

4 percent by weight water-soluble caustic material based 
on the dry weight of said vegetable matter entering step 
(f) for at least about one-half hour at a temperature of 
from about50° C. to about 75° C., said treating being car 
ried out at from about 5 percent to about 50 percent pulp 
consistency; 

g. water washing said treated vegetable matter; 
h. reacting said washed vegetable matter with about one 

half the amount of chlorine dioxide lignin reaction agent 
used in step (d) for about 30 minutes to about 4 hours at a 
temperature of from about 40° C. to about 60° C. 

i. water washing said vegetable matter; 
j. treating said washed vegetable matter with approximately 

4 percent by weight water-soluble caustic material based 
upon the dry weight of said vegetable matter entering step 
(j) for at least about one-half hour at a temperature of 
from about 50° C. to about 75° C., said treating being car 
ried out at from about 5 percent to about 50 percent pulp 
consistency; 

k. water washing said vegetable matter; 
I. reacting said washed vegetable matter with about one-half 

the amount of chlorine dioxide lignin reaction agent used 
in step (h) for about 2 to about 6 hours at a temperature 
of from about 40° C. to about 80° C. 

m. water washing said vegetable matter; 
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12 
n. treating said vegetable matter with a water-soluble 

caustic material in aqueous solution at a pulp consistency 
of about l0 percent for about I hour at room tempera 
ture, said solution containing from about 50 to about 60 
grams of alkali per liter. ' 

o. press-washing said vegetable matter; 
p. reacting said re?ned vegetable matter with about one 

half the amount of chlorine dioxide lignin reaction agent 
used in step (I) for about 2 hours to about 6 hours at a 
temperature of from about 40° C. to about 80° C.; and 

2. water washing said_ve etable matter. _ _ _ _ 
. The process of claim wherein said chlorine dioxide lig 

nin reaction agent is selected from the group consisting of 
chlorine dioxide, a solution of chlorine dioxide and water, a 
mixture of chlorine dioxide and chlorine gas, and a solution of 
chlorine dioxide, chlorine, and water. 

5. The process of claim 4 wherein said water-soluble caustic 
material is sodium hydroxide. 

6. The process of claim 4 wherein the pretreatment is sub 
stantially a mechanical pretreatment. 

7. The process of claim 4 wherein said prehydrolysis is con 
ducted for from about 10 to about 180 minutes at from about 
300° to about 380° F. 

8. The process of claim 4 wherein said pretreating is a 
chemical prepulping selected form the group consisting of al 
ka?de prepulping, acid sul?te prepulping, cold soda prepulp 
ing, soda prepulping, sodium xylene sulfonate prepulping, 
polysul?de prepulping, bisul?te prepulping, kraft prepulping, 
nitric acid prepulping, and neutral sul?te prepulping. 

9. The process of claim 8 wherein said neutral sul?te 
prepulping comprises contacting said vegetable matter with 
from about 5 percent to about 30 percent sodium sul?te by 
weight and from about 3 percent to about 25 percent sodium 
carbonate by weight of said vegetable matter. 

10. The process of claim 1 wherein said vegetable matter is 
subjected to an acid prehydrolysis prior to said pretreatment. 

11. The process of claim 10 wherein said prehydrolysis is 
conducted for from about 10 to about 180 minutes at from 
about 300° to about 380° F. 

12. The process of claim 1 wherein the alkali is sodium 
hydroxide. 

13. The process of claim 1 wherein said lignin reaction 
agent is a mixture of chlorine dioxide and chlorine and said 
chlorine is less than about 30 percent by weight of the total 
chlorine dioxide requirement on an equivalent oxidant basis. 

14. The process of claim 1 wherein the pretreatrrent is sub 
stantially a mechanical pretreatment. 

15. The process of claim 2 wherein said neutral sul?te 
prepulping comprises contacting said vegetable matter with 
from about 5 percent to about 30 percent sodium sul?te by 
weight and from about 3 percent to about 25 percent sodium 
carbonate by weight, both percentages being based upon the 
dry weight of said vegetable matter. 

16. The process of claim 1 wherein the pretreatment is fol 
lowed, sequentially, by water washing, chlorine dioxide treat 
ment, water washing, dilute sodium hydroxide extraction, 
water washing, chlorine dioxide treatment, water washing, 
dilute sodium hydroxide extraction, water washing, chlorine 
dioxide treatment, water washing, strong sodium hydroxide 
extraction, press-wash treatment, chlorine dioxide treatment, 
?nal washing. 

* * * * * 
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