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This invention relates to a pulp of a white-
ness similar to that of ordinary bleached
sulphite pulp and of a strength similar to
that of the usual kraft or “sulphate” pulp.

s This invention further relates to an econom-
ical process of producing the same from
kraft or “sulphate” stock.

Before proceeding to a description of the
present invention, certain factors which enter

10 1nto the chemical treatment of kraft pulp will
be briefly considered. Ordinary kraft pulp
produced by the digestion of wood chips in
the usual kraft or “sulphate” liquor contains
about 889% to 92% total cellulose, about 5%

15 to 10% pentosan; and, as is well known, it is
exceedingly difficult to bleach such pulp.
While it is possible to bleach kraft pulp with
an excessive amount of bleach, say, about 50%
of 359% bleach, based on the weight of bone-

20 dry fiber, the strength of the product is rela-
tively low, owing to the degradation of the
celluloses into oxycelluloses. The commer-
cial value of the kraft pulp is hence lowered

. rather than increased.

2  The difficulty in bleaching kraft pulp may
‘be traced to the high percentage of ligneous
and other coloring substance present in such
pulp after its digestion. On the other hand,
a well-cooked, unbleached sulphite pulp pro-

30 duced by digesting wood chips, e. g., spruce,
in a suitable acid sulphite liquor, contains
from 96% to 98% tatal cellulose, 3% to 4%
pentosan, and a relatively small amount of
ligneous and other coloring substance ; and it

35 may be bleached easily, that is, with a moder-

" ate amount of bleach and without greatly af-
fecting its strength. The conclusion to be
drawn from this comparison is that the lib-
eration of fiber from wood chips with a sul-

40 phite liquor tends to produce a fairly strong
pulp containing a relatively low percentage
of coloring substance and a fairly low per-
centage of pentosan, whereas similar treat-
ment of wood chips with a kraft or “sul-

45 phate” liquor yields a very strong pulp con-
taining a relatively high percentage of pen-
tosan and a very high percentage of coloring
substances. QOther evidence also indicates
that the pentosan content of a chemical wood

50 pulp runs parallel with its strength and

1925. Serial No. 40,959,

bleachability : that is, the higher the percent-
age of pentosan and that of ligneous and
other coloring substances present in such

wood pulp, the stronger is the pulp but the

more resistant is it to bleaching.
The object of this invention is to produce

a pulp from kraft or “sulphate” pulp which
‘will possess . the whiteness inhering in

bleached sulphite pulp, without affecting a
substantial change of the strength of such
pulp, or, in other words, to treat kraft pulp
in a manner such that, while ligneous and col-
oring substance is removed therefrom, the
pentosan content is substantially retained. I
have discovered this object may be attained,
briefly stated, by digesting ordinary kraft
stock in an acid sulphite solution containing
free SO, and combined SO, in such amounts
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that ligneous and other coloring substances -

are removed therefrom, or rendered reactive
for subsequent removal, substantially with-
out affecting its fiber strength or pentosan
content, as the resulting pulp may be easily
bleached to high whiteness,

The kraft pulp employed as a raw mate-
rial may be produced as ordinarily, by the
digestion of wood chips under the time, tem-
perature, and pressure conditions conform-
ing to modern practice, in the usual kraft
or “sulphate” liquor containing sodium sul-
phide, sodium hydroxide, and a relatively
slight amount of sodium sulphate. Spruce,
hemlock, jack pine, long-leaf pine or any
other raw cellulosic material suitable for the
production of kraft pulp may be employed.
After the necessary period of digestion, the
digester contents are blown and the kraft
pulp is washed substantially free from its
black spent digesting liquor, as by passage
through a counter-current washer of the
tvpe described in U. S. Letters Patent No.
1.421,664, granted July 4. 1922. to Brown et al.
The washed pulp is preferably screened to re-
move shives, specks, and other like foreign
matter, and is then thickened to the consisten-
cy desired for mixing with the acid sulphite
digesting liquor. The thickened pulp 1s in-
timately mixed with a sulphurous acid solu-
tion of an alkali or an alkaline earth metal
sulphite, preferably sodium sulphite, con-
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taining free SO, in such quantity that the
strength of the pulp remains substantially
unimpaired and its pentosan content is pre-
served. I have discovered that such digest-
ing liquor must contain more combined SO,
than free SO, if the desired results are to
be obtained. If a digesting liquor contain-
ing a higher free than combined SO, con-
tent is used, the stock loses materially in
strength probably owing to the reaction upon
and removal of the pentosan and to the deg-
radation of the cellulose at such higher sul-
phurous acid or hydrogen ion concentration.
For best results, the digesting liquor should
contain about one-half as much free as com-
bined SO, and at least .5% combined and
25% free SO,. The percentage may vary
between these limits, depending upon the
characteristics of the particular kraft pulp
undergoing digestion and upon the tempera-
ture and time of digestion. In other words,
during the digestion of the kraft pulp in
the acid sulphite liquor the hydrogen 1on con-
centration must be maintained at a value
such that a reaction with the pulp or the
pentosan content thereof is not - favored,
whereds a reaction with the ligneous and
other coloring substances is promoted. The
presence of alkali, metal, or alkaline earth
metal sulphite in the digesting liquor in
amount to furnish combined S(_%2 in excess
of the free SO, evidently serves to maintain
therein the desired concentration of hydro-
gen ion and thus to make selective the re-
moval of ligneous and other coloring sub-
stance from the pulp.

The digestion of the kraft pulp is carried

_out 1n an open tank at atmospheric pressure .

at an elevated temperature, the pulp being
stirred and intimately mixed with the digest-
ing liquor to insure a uniform reaction and
a uniform product. The liquor reacts with

the coloring substances contained in the pulp,’

forming soluble reaction products or prod-
ucts which are easily removable by subse-
quent treatment, the reaction being a selec-
tive one, in that the strength of the pulp and
its pentosan content are substantially unaf-
fected. -After the necessary period of di-
gestion, the pulp is washed) substantially
free from spent liquor and the entrained

products of reaction, as by passing it through

a counter-current washer of the type indi-
cated. The resultant spent liquor is of a
yellow color and may be treated for the re-
covery of valuable inorganic compounds.
The digested and washed pulp is of a lighter
color than the initial kraft pulp.

The washed pulp may then be easily

bleached to a cream color resembling that of
unbleached sulphite pulp or to a distinct
whiteness, a moderate amount of bleach be-
ing employed and not at all seriously affect-
ing the strength of the product. If'it is de-
sired to increase the whiteness of the
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bleached pulp, it may be superbleached in
a chlorine solution sugstantially without ef-
fect upon its strength.

It may occur that the kraft pulp under-

.going treatment possesses extremely refrac-

tory properties, that is, has an unusually
high ligneous and coloring matter content.
Such pulps which usually result from an
undercooking of the wood chips in the kraft
digesters, when treated by my process, might
still tend to retain their color and be difficult
to bleach. In such cases, the excess ligneous
matter present in the pulp as a result of un-
dercooking should be eliminated prior to di-
gestion in the acid sulphite liquor. = This
may be accomplished by pretreating the kraft

pulp with an oxidizing or lignin-removing.

agent, preferably chlorine. The kraft pulp
is accordingly treated with a solution of
chlorine or hypochlorite bleach (CaOCl,)
for a few minutes at room temperature, the
chlorine reacting with some of the ligneous
and_coloring impurites present in the pulp
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to form soluble reaction products or other -

products which are removed during subse-
quent treatment substantially without effect
upon the strength or the pentosan content of
the pulp. The pulp is then washed sub-
stantially free from oxidizing solution and
the soluble products-of reaction, is digested
in the acid sulphite solution, and is finally
bleached, as hereinbefore described in con-
nection with ordinary kraft stock.
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I shall now supplement the foregoing gen-

eral disclosure of my invention with a rep-
resentative example of procedure and the re-
sults obtained therefrom. ‘

A washed and preferably screened kraft
stock is digested with agitation at a stock
density of about 10% and at a temperature
of about 180°-210° F. in open tanks under
atmospheric pressure in a sulphurous acid
solution of an dlkali or alkaline earth metal
sulphite, preferably sodium sulphite, con-
taining approximately-1.0% combined and
0.5% free SO,. The stock is digested from
about 2 to 6 hours, depending upon the char-

acteristics of the stock undergoing treat-.

ment, the temperature of digestion, and the
strength of acid sulphite liquor employed.
It may be stated that while I have found it
to be more economical to digest the-kraft
stock in open tanks under atmospheric pres-
sure, the digestion could be carried .out in

-digesters ‘at ‘higher temperatures and pres-
-sures. After the digestion has been effected,

the stock is washed substantially free of its.
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digesting liquor and the entrained products -

.of reaction. The washed stock may then be

bleached, without injuring its strength, to
a high degree of whiteness by subjecting it
from five to ten hours at a stock density of
about 10%, preferably at room temperature,
to a hypochlorite bleach solution containing
about 15% to 25% of 35% bleach (CaOCl,)
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based on the bone-dry weight of fiber. If a
cream-colored product similar in color to
unbleached sulphite pulp is desired, the pulp
is subjected to a hypochlorite solution con-
taining a lower percentage of bleach, say,
about 6%-12%, o? 35% Dbleach based on the
bone-dry weight of fiber. The. bleached
pulp is then washed substantially free of re-
action products and may be treated with a
solution of antichlor, as for example sodium
bisulphite solution, to react with and neu-
tralize the last traces of bleach. The neutral
pulp may then be washed substantially free
of reaction products. The washed pulp, if
subjected to the full amount of bleach (15%-—
25%), has a color of about 102 to 104,
and a substantially increased total cellulose
content over the initial kraft stock. In cer-
tain cases it may be desirable to increase the
whiteness of the pulp without injury thereto.
This may be accomplished by itreating the
bleached pulp, preferably at room tempera-
ture and at a stock density of about 6%-8%,
for about two to six hours with a chlorine so-
lution containing 0.3% chlorine based on the
bone-dry weight of fiber. Such superbleach-
Ing treatment increases the color to about
104 to 106.

As hereinbefore indicated, if the kraft
pulp is of an undercooked or refractory na-
ture, it is pretreated with an oxidizing solu-
tion to remove the ligneous and other color-
ing matter present therein. This is accom-
plished by treating the raw pulp from 10 to
30 minutes at a stock density of about 10%
with a chlorine solution containing about
1% to 3% chlorine, or with a hypochlorite
solution containing about 3% to 8% of 35%
lime bleach (CaOCL,), based on the weight
of dry pulp. The reaction with the oxidiz-
ing solution is a mild and seléctive one, the
ligneous and other coloring substance con-
tained in the pulp reacting to form soluble
reaction products or products which are
easily removed during the subsequent diges-
tion, but the pentosan content and also the
strength of the pulp remaining substantially
unchanged. The pretreated pulp is washed
substantially free of the oxidizing solution
and the entrained products of reaction and
is then digested in an acid sulphite solution
and bleacheéd under conditions similar to
those employed in connection with a normal
kraft stock, the resultant pulp being of a
whiteness and strength equivalent fo the
product resulting from normal kraft stock.

Pulp produced in accordance with this in-
vention has.a Mullen or bursting strength
equal to that of ordinary kraft pulp, namely,
about 150 to 175, and a color equal to that of
ordinary bleached or superbleached sulphite
pulp, namely, about 98 to 105. and a pentosan
content of from 6%-10%, depending upon
the characteristics of the initial kraft stock.
Inasmuch as the finished pulp has substan-
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tially the same fiber length, strength, and tear
resistance of unbleached kraft pulp derived
from' similar wood and subjected to the same
degree of beating, it thus possesses the most
valuable and important characteristics of
both kraft and sulphite pulps; and "hence,
when beaten and sized, may be converted in-
to high-grade bond and ledger papers of ex-
traordinary strength. The paper does not
change color upon ageing in the air or upon
exposure to light any more appreciably than
does a bleached sulphite pulp. Because of
the relative cheapness of unbleached kraft
pulp, even after treatment of such pulp in
accordance with this invention, the resultant
pulp may, in some instances, cost less than
high grade, bleached sulphite pulp. Another
impor ant advantage of the hereindescribed
process is the high yield of finished pulp ob-
tainable thereby, which may amount to
about 95% of the initial kraft stock. It may
be further noted that my invention makes
available substantially all woods employed
in the production of kraft pulp, for the man-
ufacture of high-grade writing paper of su-
perior strength. 4

What I claim is:

1. In the treatment of kraft or “sulphate”
pulp for the production of a pulp charac-
terized by its whiteness and high strength,
that step which comprises digesting said
kraft pulp at an elevated temperature in an
acid sulphite liquor containing free SO, in
such amount but not exceeding combined SO,
that the strength of the digested pulp re- 100
mains substantially unchanged.

2. In the treatment of kraft or “sulphate”
pulp for the production of a pulp character-
1zed by its whiteness and high strength, that
step which comprises digesting said kraft 10s
pulp from two to six hours at an elevated
temperature in an-acid sulphite liquor con-
taining at least 14% combined SO, and 14, %"
free SO,, but with the free SO, in smaller .
proportion than the combined SO,. 4

3. In the treatment .of undercooked kraft
or “sulphate” pulp for the production of a
pulp characterized by its whiteness and high
strength, a process which comprises treating
said kraft pulp with an oxidizing agent, 115
washing said treated pulp, digesting saig.
washed pulp at an elevated temperature in
an acid sulphite liquor containing free SOj:.
in such amount but not exceeding combined,
SO, that the strength of the digested pulp 120
remains substantially unchanged, washing
said digested pulp, and bleaching said di-,.
gested and washed pulp. o

4. In the treatment of kraft or “sulphate”
pulp for the production of a pulp character-: 125
1zed by its whiteness and high strength,
that step which comprises digesting said
kraft pulp at an elevated temperature in a
sulphurous acid solution of an alkali or al-
kaline earth metal sulphite containing free
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S0, in such amount but not exceeding com-
bined SO, that the strength of the digested
pulp remains substantially unchanged.

5. In the treatment of kraft or “sulphate”
pulp for the production of a pulp character-
ized by its whiteness and high strength,
that step which comprises digesting said
kraft pulp at an elevated temperature in
a sulphurous acid solutien of sodium sul-
phite contzining free SO, in such amount
but not exceeding combined SO, that the
strength of the digested pulp remains sub-
stantially unchanged,

6. In the treatment of kraft or “sulphate”
pulp for the production of a pulp character-
1zed by its whiteness and high strength, a
process which comprises digesting said kraft
pulp at an elevated temperature in an acid
sulphite liquor containing free SO, in such
amount but not exceeding combined SO, that
the strength of the digested pulp remains
substantially unchanged, washing said di-
gested pulp, bleaching said washed pulp,
and superbleaching said bleached product.

7. In'the treatment of kraft or “sulphate”
pulp for the production of a pulp character-
1zed by its whiteness and high strength, a
process which comprises digesting sdid kraft
pulp at an elevated temperature in a sul-
phurous acid solution of sodium sulphite
containing free SO, in such amount but not
exceeding combined SO, that the strength
of the digested pulp remains substantially

unchanged, washing said digested pulp,

bleaching said washed pulp in calcium hy-
pochlorite bleaching liquor, and superbleach-
ing said bleached product in a chlorine solu-
tion.

8. In the treatment of kraft or “sulphate”
pulp for the production of a pulp character-
ized by its whiteness and high strength, a
process which comprises treating said kraft
pulp with a chlorine solution, washing said

‘treated pulp, digesting said washed pulp

at an elevated temperature in a sulphurous
acid solution of sodium sulphite containing
free SO, in such amount but not exceeding
combined SO, that the strength of the di-
gested pulp remains . substantially un-
changed, washing said digested pulp, and
bleaching said digested and washed pulp.

9. In the treatment of a kraft or “sul-
phate” pulp for the production of a pulp
characterized by its whiteness and high
strength, that step which comprises digest-
ing said kraft pulp at an elevated tempera-
ture in an acid sulphite liquor having a com-
bined SO, content not less than its free SO,
content, and containing free SO, in such
amount that the strength of the digested
pulp remains substantially unchanged.

10. In the treatment of a kraft or “sul-
phate” pulp for the production of a pulp
characterized by its whiteness and high
strength, that step which comprises digest-
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ing said kraft pulp at an elevated tempera-
ture in an acid sulphite liquor having a com-
bined SO, content of about twice its free SO,
content, and containing free SO, in such
amount that the strength of the digested pulp
remains substantially unchanged.

11. In the treatment of a kraft or “sul-
phate” pulp for the production of a pulp
characterized by its whiteness and high
strength, that step which comprises digest-
ing said kraft pulp at an elevated tempera-
ture in a sulphurous acid solution of sodium
sulphite containing about 1.0% combined
and 0.5% free SO..

12. In the treatment of kraft or “sulphate”
pulp for the production of a pulp char-
acterized by its whiteness and high strength,
a process which comprises digesting said
kraft pulp at an elevated temperature from
about 2 to 6 hours in a sulphurous acid solu-
tion of sodium sulphite containing about
1,0% combined and 0.5% free SQ,, wash-
inr said digested pulp, bleaching said washed
pu'lp in caleium hypochlorite bleaching lig-
uor containing about 15% to 25% of 35%
bleach based on the bone-dry weight of fiber
at about room temperature from about five to
ten hours, and washing said bleached pulp.

13. In the treatment of kraft or “sulphate”
pulp for the production of a puip char-
acterized by its whiteness and high strength,
a process which comprises digesting said
kraft pulp at an elevated temperature from
about two to six hours in a sulphurous acid
solution of sodium sulphite containing about
1.0% combined and 0.5% free SO,, washing
said digested pulp, bleaching said washed
pulp in calcium hypochlorite bleaching lig-
uor containing about 15% to 26% of 35%
bleach based on the bone-dry weight at about
room {emperature from 5 to 10 hours,
washing said bleached pulp, and super-
bleaching said washed and bleached pulp
in a chlorine solution containing about .3%
chlorine based on the bone-dry weight of
fiber for about two hours. '

14. In the treatment of undercooked kraft
or “sulphate” pulp for the production of a
pulp characterized by its whiteness and high
strength, a process which comprises treating
such pulp with a chlorine solution contain-

ing about 1%-3% chlorine based on the-

welght of fiber for about ten to thirty min-
utes, washing said treated pulp, digesting
said washed pulp at an elevated temperature
from about two to six hours in a sulphurous
acid solution of sodium sulphite contain-
ing about 1.0% combined and 0.5% free SO.,
washing said digested pulp, bleaching said
washed pulp in calcium hypochlorite bleach-
ing liquor containing about 15% to 25% of
35% bleach based on the bone-dry weight
of fiber from about two to six hours and
washing said bleached pulp. »

15. In the treatment of kraft or “sulphate”
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pulp for the production of a ulp char-
acterized by its whiteness and high strength,
a process which comprises digesting said
kraft pulp at an elevated temperature in
an acid sulphite liquor containing free SO,
in such amount but not exceeding combined
SO. that the strength of the digested pulp
remains substantially unchanged, washing
said digested pulp, and bleaching said di-
gested and washed pulp, said entire treat-
ment giving a yield of finished pulp amount-
ing to about 95% of said initial kraft or
“sulphate” pulp. :

16. A process of producing pulp char-

- acterized by its whiteness and high strength,

which comprises digesting kraft pulp at
atmospheric pressure and at an elevated tem-
perature in a sulphurous acid solution of an
alkali metal or alkaline earth metal sul-
phite of such free SO, content, but not ex-
ceeding combined SO, content, that the
strength of .the digested pulp remains sub-
stantially unchanged.

17. Chemical wood pulp having substan- -
tially the same average fiber length, strength,
and tear resistance of unbleached kraft pulp
derived from similar wood and subjected to
the same degree of beating or hydration, said
pulp being further characterized by the
whitness qualities of a completely bleached
sulphite pulp including permanency against
ageing in air and against exposure to light.

18. A white chemical wood pulp having
those physical characteristics and composi-
tion resulting from the digestion of the kraft
pulp at elevated temperature in a sulphurous
acid solution of a sulphite having a free SO,
content not in excess of its combined SO,
content.

In testimony whereof I have affixed my

signature.
GEORGE A. RICHTER.



