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When cellulose ?bers are closely packed to 
gether such as, for example, in wood pulp sheets 
used in the manufacture of cellulose products, 
the dispersion of the pulp sheets into their in 
dividual ?bers is a di?icult job and requires the 
use of complex “beating” machinery, and even 
then the results are not uniformly satisfactory. 
This invention relates to a simple and effec 

tive method of dispersing said wood pulp into its 
individual ?bers in water without mechanical 
agitation, and this ‘method may in addition im 
part ?ame-resistant, glow-resistant and mildew 
resistant properties to the ?bers. 

Generally considered, we apply to the pulp 
sheets an aqueous solution of a strong acid, such 
as orthophosphoric acid, and an organic nitro 
gen containing base, such as urea, dry the im 
pregnated pulp in a conventional manner to re 
move substantially all of the moisture, and then 
cure by applying heat at a temperature and for 
a time su?icient to bring about a chemical com 
bination between the chemicals and the cellu 
lose whereby acid groupings and nitrogen group 
ings are contained in the complex of cellulose, 
acid and nitrogen. 
The impregnated and cured pulp sheets have 

the same physical appearance as the original 
sheets but when immersed'in hot water the in 
dividual ?bers immediately separate and form 
a cloud-like dispersion in the water. This ?ne 
dispersion may be used in the production of 
cellulose products such as, for example, paper. 
The ?bers by virtue of the presence of acid 

and nitrogen groupings, are rendered substan 
tially ?ame-resistant, glow-resistant and mil 
dew-resistant, these properties being, for all 
practical purposes, of a durable character toward 
water and organic solvents. 
The physical characteristics of the ?bers, such 

as strength, are largely retained as compared 
with the original state. ' 
The chemical solution is prepared by mixing 

together, either with or without the application 
of heat, the nitrogen containing compounds and 
the acid or acids. Water is preferably used to 
form a substantially clear solution. 

Since the acid combines with the cellulose dur 
ing curing, we prefer to use strong acids which 
are neither excessively volatile nor produce 
chemicals which will detrimentally alter the phys 
ical characteristics of the ?bers under the con 
ditions of the process; such acids, for example, 
as orthophosphoric acid, pyrophosphoric acid, 
sulfuric acid, polyphosphoric,‘ orthophosphorous, 
pyrophosphorous and . metaphosphoric acids, 
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salts of said acids, substitution products of said 
acids, and anhydrides of said acids. ‘ 
The anhydrides', salts and substitution products 

of the acids should be capable of producing the 
proper. acid conditions during curing to insure 
combination with the cellulose. Volatile salts 
such as ammonium salts and mono-substituted 
poly-acids are therefore recommended as these 
products would produce the proper conditions 
during curing for the combination with the 
cellulose. ’ 

Among substituted acids we may mention, for 
example, phosphamic, sulphamic, chlorosul 
phonic, dinitride hexaphosphoric, diamido phos 
phoric, monosodium orthophosphoric and phenyl 
phosphoric acid. The presence of metallic ele 
ments attached to the acid tend to reduce the 
dispersion tendency; thus, for example, ortho 
phosphoric acid and urea give excellent disper 
sion, monosodium orthophosphate and urea give 
moderate dispersion and disodium phosphate and 
urea negligible dispersion. 

Organic substituted groups on the acid or on 
the nitrogen compound also tend to reduce the 
dispersion tendency, for example, phenyl phos 
phonic acid gives only moderate dispersion and 
the use of ethylurea instead of urea also re 
duces the dispersion tendency. 

It is possible by the methods described, for 
some purposes to combine other acids with the 
cellulose such as, for example, phthalic, glutaric, 
selenic, telluric and pyroantimonic. The dis 
persion obtained with these acids is, however, 
small by comparison, and we prefer to use the 
strong acids listed above. Uniformly excellent 
results have been obtained with sulfuric and or 
thophosphoric acids which are inexpensive and 
easily available, and we recommend these acids 
as the most practical in large scale production. 

Since the acids are strong in nature, it is neces 
sary to introduce a buffering agent into the mix 
ture. For this purpose, we prefer to use urea 
which has an'a?inity for the acids and will com 
pete with the cellulose for the acid during our 
ing, and thus prevent undesirable alteration in 
the cellulose. The urea is used in substantial 
excess‘ and'part of it removed during the sub 
sequent vwashing of the dispersed pulp. Part of 
it becomes a durable part of the cellulose-acid 
complex, as can be shown by the presence of ni 
trogen in the washed and dried pulp. It may be 
used in excess because changes in quantity em 
ployed do not strongly affect pH. 
Other weak nitrogen-containing bases may be 

55 used, to replace part of, the urea and satisfactory 
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buiiering action obtained, but under these cir 
cumstances the rate and degree of dispersion of 
the pulp when immersed in hot water are cor 
respondingly reduced, the most satisfactory dis 
persion being obtained by the use of urea. 
Among the weak nitrogen bases we may mention, 
for example, biuret, formamide, acetamide, ethyl 
urea, dibutyl urea, hydroxyethyl-urea, dicy 
andiamide and cyanoacetamide. 
In some cases, where the solubility of the weak. 

base is not high even in hot solution, it becomes 
undesirable to use said base alone since the 
desired excess of this materialmay create an 
unworkable mixture. Such a base may, how—' 
ever, be used effectively in conjunction with 
another weak base or bases of good solubility. 

It is often desirable for the purpose of ad-* 
justing the pH in the cured pulp to add basic 
materials to the mixture, such as, for example, 
guanidine, guanyl urea, biguanide, borax, sodium 
carbonate and sodium hydroxide. These ma» 
terials need not beused: in large quantities. since 
the presence of. excess urea or other weak bases 
substantially reduces the acidic. properties of the 
acid. Furthermore, the strong bases correspond 
ingly affect pH, a moderate change in amount 
e?ecting a substantial changein pH. The use 
of bases containing metals should in general be 
avoided as they tend to decrease the dispersion 
as will be further described. 
The pH of the solution itself is of no import 

ance but the pH of the cured pulp is important. 
To obtain the proper reaction with the cellulose, 
the pH on the cured pulp should be from about 
2 to about 7, the preferred range being from 
about 3 to about 6, the measurements being made 
by indicator solutions ‘on the cured pulp. Be 
low these limits excess degradation of the cellu 
lose takes place and above these limits the com 
bination becomes negligible. The pH of the solu 
tion may be higher; so long as the pH on the 
cured pulp comes down to the values indicated. 
Ordinarily, a solution pH, 1/2 pH higher gives 
good results, although it may be even higher. 
The solution may be applied in any conven 

tional way such as dipping, spraying, padding 
and the like. We prefer steeping the cellulose 
material in the solution until thoroughly im 
pregnated and then squeezing out the excess 
solution, leaving enough chemicals on the ma- 
terial to insure good disperson, as will be further 
described. 
The concentration. of the solution itself is un 

important since successive impregnations, with 
alternate dryings, permit the addition of the 
required quantity of material. ’ 
The impregnated pulp is now dried to remove 

substantially all of the moisture, and is then 
cured to allow the required reactions to take 
place. The drying and curing may conveniently 
be combined into one operation. 
The time and temperature of curing. are very 

important in obtaining maximum dispersion, 
and are dependent upon a number of factors 
such as, for example, solution chemicals used, 
quantity of chemicals on pulp, pH of cured pulp, 
type and‘ physical shape of pulp sheet and so 
forth. However, if these factors remain con 
stant, a de?nite time and. temperature relation 
exists when good dispersion is obtained. For 
example,’ using urea, guanidine carbonate, and 
orthophcsphoric acid on hemlock wood pulp 
sheets, it was found that curing at 320° F. for 5 
minutes gave moderate dispersion, curing at 320° 
F. for 8 minutes gave excellent dispersion, curing 
at 820° F. for 11 minutes gave moderate disper 
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sion, and curing at 320° F. for 14 minutes gave 
practically no dispersion. 
In general, we :may operate between 250° F. 

and 400° F., the preferred range being 300° F. 
to 350°. F. The time varies inversely with the 
temperature, other conditions remaining the 
same. For the preferred range of temperatures, 
we may use from about 2 minutes to about 30 
minutes, the most desirable range being from 3 
minutes to 15 minutes. Beyond these temper 
atures‘ and time limits results may be obtained, 
but the processbecomes either commercially im 
practicalv or. dif?cult to control. For temper 
atures of approximately 250° F., the time re 
quired is approximately 180 minutes, and at 400° 
F., approximately 1 minute. 
The quantity of chemicals on the cured pulp 

is also important, other factors remaining the 
same. With large volumes of dispersion medium, 
the greater the quantity of chemicals, the greater 
and more rapid the dispersion up until a certain 
point, where additional chemicals do not seem 
to change the degree and rapidity of dispersion 
to any great extent. For example, excellent dis 
persion was obtained in hot water when wood 
pulp sheets were treated as above described, using 
a urea-orthophosphoric acid solution containing 
50% urea and 19% orthophosphoric acid and 
with a solution pick-up of 162% by Weight. This 
represents a solid chemical pick-up by the pulp 
of about 111% by weight, with a chemical or 
solids add-on by the cured pulp of about 81%, 
and an ultimate chemical add-on by the cured 
and Washed pulp of 19%. When the solution 
concentration was changed to 8% urea and 4.5% 
acid and the same pick-up used, representing a 
solid chemical pick-up of about 20%, and an 
add-on by the cured pulp of about 15%, and an 
ultimate add-on on. the cured and washed pulp 
of about 5%,, the dispersion was moderate. When 
3% urea and 1.5% acid’ was used with 162% 
pick-up, representing a solid chemical pick-up 
of about 7.3% and a chemical add-on of the 
cured pulp of about 5.5%, and an ultimate add-on 
of the cured and washed pulp of about 1.8%, the 
dispersion was negligible. The excess chemicals, 
removed by the subsequent washing, play an im 
portant part in the dispersion effect. This can 
be seen from the fact that pulp once dispersed 
and then washed with Water to remove excess 
chemical and dried, will disperse only slightly or 
not at all when again immersed in hot water. 
The solid chemical add-on by the impregnated 

and dried pulp may vary between 8% to about 
110% by weight, the solid chemical add-on on 
the cured pulp may vary from 5% to about 80% 
and the ultimate solid chemical add-on of the 
cured and washed pulp may vary from 2% to 
about 20% by weight and representing an excess 
of uncombined chemicals on the cured pulp of 
from about 6% to about 90%, using urea and 
orthophosphoric acid by way of illustration. 
From what has been said, better results are ob 
tained when operating above the low limits given. 
In the case of orthophosphoric acid and urea, 
the phosphorous in the cured and washed pulp 
may range from about 1/2% to about 6%, and 
nitrogen from about 4% to about 1/4%, by way 
of illustration. 
The relative percentages of phosphorous and 

nitrogen on the cured and washed ?bers may be 
changed by changing the ingredients, for ex 
ample, by changing the nitrogen compounds in 
the above formula from urea to a mixture of 
urea, dicyandiamide and guanidine, the percent 
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age of nitrogen in the solid add-on may be sub 
stantially increased. (We prefer that the ratio 
of base to acid in the impregnating solution shall 
be on the order, roughly, of 2 to l. The ratio, 
however, may vary quite widely.) 
The solid chemical add-on may be increased 

to a large quantity by, for example, immersing 
the pulp in a molten mixture of urea and ortho 
phosphoric acid and removing the pulp» without 
squeezing out the excess, but such great excess 
serves no further improvement and may slow and 
decrease the dispersion in case the volume of 
water used for the dispersion is small. ' . 
The condition of the pulp before dispersion has 

some effect. For example, a hot dry pulp will 
disperse more quickly than a cold damp pulp, 
other conditions being the same. , Y 
The dispersion medium is of great importance 

and should preferably be used in large excess and 
at elevated temperatures to obtain a complete 
and rapid dispersion of the ?bers. Pure water is 
the best dispersion medium and any addition of 
soluble chemicals to the water, whether acids, 
bases or salts, tend to reduce the ease with which 
the ?bers disperse and if used in excess these 
materials may practically completely prevent the 
dispersion. For example, pulp previously treated 
as described with urea and orthophosphoric, 
when immersed in an excess ‘of a .4%' sodium 
hydroxide solution, gives approximately the same 
dispersion as in water, but when immersed in an 
excess of a 20% solution of sodium hydroxide 
practically no dispersion takes place. ' ' 
The different acids, bases and salts which may 

be present in the dispersion medium may vary 
in the degree with which they retard the disper 
sion but in all cases the retarding action is in 
creased with increasing concentration. It is 
therefore evident that with a large excess of 
chemicals on the pulp, suf?cient water should be 
used in the dispersion of the pulp to prevent the 
formation ‘of a concentrated solution which would 
retard the dispersion. v r 

_ Some dispersion may be obtained even in con 
centrated chemical solutions by heating to high 
temperatures, especially to the boiling point, 
where the mechanical agitation provided by the 
boiling solution favors the dispersion.‘ For ex 
ample, properly treated pulp may be dispersed in 
boiling 75% orthophosphoric acid (250° F.). 
Water soluble organic solvents tend to decrease 

the dispersion when added to the water disper 
sion medium. Pure organic solvents do not give 
dispersion, although some dispersion takes place 
in highly polar materials, such as, for example, 
molten urea or molten dicyandiamide. . 
An increase in the temperature of the water 

used for dispersion increases the rate and de 
gree of the pulp dispersion, maximum results 
being obtained in boiling water. Thedispersion 
in cold Water may be increased by using hot dry 
pulp. - 

This process is applicable to all types of cellu 
lose ?bers where these ?bers are closely packed 
together without a binding material, and is 
especially adapted to short ?bers, such as occur‘ 
in WOOd. ~ 
The pulp dispersion obtained may be used in 

further processing such asin the manufacture of 
paper. Other ingredients may be added such as 
?llers, binders and so forth; this, however, forms 
no part of this invention. " 
To further illustrate the invention without 

placing limitations thereupon, the following ex 
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amples are given. All ingredient quantities are 
given by weight. , 

Example I 

Hemlock wood pulp sheets were immersed 2 
minutes in a solution comprising: 

- 200’ parts urea 
100 parts orthophosphoric acid (75%)‘ 
100 parts water 
and then squeezed to remove excess, giving an 
approximately 100% solution pick-up. The 
sheets were then dried and cured 3 minutes at 
350° F. 
The sheets were immersed in hot water of ap 

proximately 180° F. and dispersed immediately 
into its individual ?bers. The ?bers, after wash 
ing in water to remove all soluble material,_were 
found to be ?ame, glow and mildew-resistant. 

Ewainple II 
Pine wood pulp sheets were immersed 2 

minutes in a solution comprising; 

200 parts urea '- I‘ 

100 parts sulfuric acid 
200 parts water 
and then squeezed to remove excess solution (ap 
proximately 180% solution pick-up). ‘The sheets 
were then dried and cured 4 minutes at 320° F. 
The sheet, when immersed; in hot water as 

above, dispersed immediately into its individual 
?bers. These, after washing in water, were 
found to be ?ame, glow and mildew-resistant. 

Example III 

Tightly compressed combed pure cotton ‘was 
impregnated with a solution comprising: ~ 

200 parts urea _ _ _ 

100 parts ammonium-dihydrogen-phosphate 
200 parts water ' 

The excess solution was removed by squeezing 
(approximately 150% solution pick-up) and the 
?bers then dried and cured 7 minutes at 340° F. 
When immersed in hot water the ?bers dis 

persed. The ?bers after washing were found to 
be ?ame, glow and mildew-resistant. _ 

v Example IV ; 

Pine wood pulp sheets were immersed in a 
mixture comprising: 
100 parts urea 
48 parts sulphamic acid 
48 parts water 

excess solution removed by squeezing vas before 
and the pulp dried. The curing was done at 320° 
F. for 8 minutes and the cured pulp, when dis 
persed in hot water, gave good dispersion. The 
dispersed pulp; when dried,‘ was "found to be 
?ame, glow and‘ mildew-resistant. " ' 

Ewample V. - 

Hemlock wood pulp sheets were immersed in a 
mixture comprising: _ , V’ 

500 parts urea _ 

500 parts acetamide " '_ . __ ; »_ 500 parts orthophosphoric acid (757%)“ . 

500 parts water ’ 

squeezed as before, and dried. .; The pulp was 
then cured at 300° F. for 12 minutes. The cured 
pulp dispersed satisfactorily whenimmersed in 
hot ‘water, and the Washed‘a'nddried pulp was 
?ame, glow and mildew-resistant. ' 
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time v1 
Hemlock wood pulp, treated as described in 

Example I, was immersed in hot water and the 
dispersed ?bers washed to remove excess chemi 
cals. To the dispersed ?brous. material was 
added a small quantity of ammonium rosinate as 
a binder, and the resulting mixture put in a 
Fourdrinier screen to remove water‘ and‘ dry. 
The sheet of paper obtained was calendered, and ' 
when tested, was found to be ?ame-resistant, 
glow-resistant and mildew-resistant. 

Example VII 

Hemlock wood pulp sheets were, impregnated 
with the following solution: . 

200 parts urea 
100 parts water ' 

100 parts orthophosphoric acid ('7 5%) 

400 total of which‘ 275 parts, or 69%, are solid 
matter. The pulp was then squeezed, dried, 
cured, dispersed and redried. 

Original w e i g h t of 
pulp _______________ _. 26 parts or.0% add-on 

Wet weight of sized 
pulp ___________ __-___. 68 parts or 162% add-on 

Air-dry weight (before ' 

curing) _________ __'__. 55 parts or 111 %‘ add-on 
Weight of pulp cured > 

8 min. at 320° F _____ _. 47 parts or 81% add-on 
Weight ofv dispersed, 
washed dried pulp____ 31 parts or 19% add-on 

Loss on curing: 1l1%->8l% or 30/111=27% loss ' 
(of total solids) 

Loss on washing: 31 %—> 19% or 62/111=56% loss 
(of total solids) 

Remaining 19% is the chemical-?xed solids. 
Per cent available acid which combined: 

'75H3PO4/400 total solutionx 162% wet pick 
up=30% H3PQ4 available on pulp. 

Actually about 19% combined. Thus 13/30: 
roughly 68% of available acid combined. 

Example, VIII 
Hemlock wood pulp ‘was impregnated at 180° F. 

with a, mixture of : 

258 parts biuret 
200 parts water 
100 parts orthophosphoric acid (75 %) 

followed by squeezing and drying.v The mixture 
pick-up was 150% by weight. 
The pulp was cured and then dispersed in an 

excess of. water at 160° F. and the following re 
sults obtained: 

Cured l min. 320° F.—-no dispersion . 
Cured 2 min. 320° F.——'slig_ht dispersion 
Cured 4 min. 320° F.—rapid dispersion 
Cured 8 min. 320° lite-slight dispersion 
Cured 12min. 320° F.-—n_o dispersion 

Example IX 

Hemlock wood pulp sheets were impregnated 
with a mixture of: 
500 parts urea 
500 parts water 
120 parts ?uorosulphonic acid 

squeezed to give 150% pick-up and then dried. 
One-half of thetreated pulp was cured at 400° 

F. and the other half at 250° F. andthen dis 
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persed in hot water. Thefollowing results were 
obtained: 
Cured 1/2 minute at 400° F.——neg1igib1e dispersion. 
Cured 1 minute at 400° F,—s1ight dispersion 
Cured 2 minutes at 400° F.-—rapid dispersion 
Cured 4 minutes at 400° F.—slight dispersion 
Cured. 30 minutes at 250° E.—slight dispersion 
Cured 60 minutes at 250° F.—-moderate dispersion 
Cured 90 minutes at 250° F.—rapid dispersion 
Cured 120 minutes at 250° F.-moderate disper 

S1011 

Cured 150 minutes at 250° F.—moderate disper-. 
sion 

Example X 

Hemlock wood pulp sheets were immersed in 
the following solution: 
150 parts urea 
60 parts guanidine carbonate 
80 parts phosphoric acid, (75%) 
210 parts water 
squeezed as. before and dried. Samples of this 
pulp were then cured as follows: 
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25 Samples Time Temp. 

M inutcs ° F 
1 ________________________________________ _ . 2 320 

5 320 
8 320 
11 . 320 

14 320 

When immersed inhot water the following de 
grees of dispersionwere obtained: 
Sample 1.—-Poor 
Sample 2.—Moderate_. 
Sample Zia-Excellent 
Sample 4.—Moderate 
Sample 5.—Poor. 

It will be seen from what has heretofore been 
said that for a given temperature, there is a 
critical time at which maximum dispersion ef 
feet is obtained, the time-dispersion eifect curve 
rising to a peak (the critical time) and then 
falling off as the time of treatment is continued. 
It is obvious that to obtain the maximum dis 
persion e?ect the curing should be continued un 
til the critical time point is arrived at. This may 
vary somewhat, depending upon the acid used, 
etc., but in each case, for a given temperature, 
the critical time point can be readily ascertained 
by test. 
We claim: 
1. The process of dispersing closely packed 

cellulose ?bers in the form of sheets, blocks and 
the like, which consists in applying to the com 
pacted ?bers an aqueous solution containing (1) 
at least one acidic agent having a base element 
selected from the class which consists of sulphur 
and phosphorus, namely: orthophosphoric, meta 
phosphoric, pyrophosphoric, polyphosphoric, or 
thophosphorous, pyrophosphorous, phosphamic, 
dinitride hexaphosphoric, diamido phosphoric, 
monosodium orthophosphoric, and phenyl phos~ 
phoric acids, sulphuric, sulphamic, clorosulphonic 
and fluorosulphonic acids, sulphuric anhydride, 
and phosphorous anhydride, and (2) at least one 
non-metallic nitrogen-containing organic com 
pound basic with respect to the acidic agent in 
the solution, selected from the class which con 
sists of urea, biuret, formamide, acetamide, ethyl 
urea, dibutyl-urea, hydroxyethyl-urea, dicyandi 
amide, cyanoacetamide, guanidine, guanyl urea, 
and biguanide, the amount of solids- applied 
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ranging from 8% to 110% by weight of the pulp 
in the dry state, and the ratio of acidic and basic 
constituents in said solution being such as to 
yield a product which, after the baking to be 
hereinafter de?ned, has a, pH of from 2 pH to 
7 pH as determined by indicator solutions, and 
contains an amount of combined base element of 
the acid which is the e?ective equivalent of from 
1/2% to 6% of phosphorous, and an amount of 
combined nitrogen from 4% to 0.25% by weight; 
thereafter drying the ?bers; subsequently react 
ing the acidic constituent, the nitrogenous basic 
constituent and the cellulose by baking the ?bers 
at temperatures between 250° F. and 400° F. for 
a time ranging from 180 minutes at the lower 
temperature to 1 minute at the higher tempera 
ture so as to produce a complex containing the 
acid, cellulose and nitrogen; and subsequently 
immersing the baked ?bers, still in compacted 
form, in hot water, whereby to effect rapid and 
substantially complete dispersion of the ?brous 
material throughout the body of water. 

2. The process of claim 1 in which the acid 
is orthophosphoric. 

3. The process of claim 1 in which the acid 
is orthophosphoric and the nitrogen containing 
compound is urea. 
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4. The process of claim 1 in which the nitro 

gen containing compound is urea. 
5. The process of claim 1 in which the acid 

is sulfuric. 
6. The process of claim 1 in which the acid 

is sulfuric and the nitrogen containing compound 
15 urea. 

' ALBERT C. NUESSLE. 

WILLIAM P. HALL. 
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