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2Iodern trends in the bleaching of pulpe at high 
consistencies produce problems arising from the fact that 
so little water is present during the bleaching to act as 
a vehicle for the reagents and by-products of the reaction. 
This investigation was undertaken to determine if surface 
active agents would facilitate the bleaching reaction. 

An unbleached pulp was chlorinated and cooked with sodium 
hydroxide alone, and with mixtures of sodium hydroxide and 
surface active agents. Tests on the products so obtained 
included Alpha-, beta-, and gamma-cellulose, Dentosan, 
average degree of polymerization and fractionation studies. 

In order to obtain the average D.2's. and the D.P's. 
of the fractions resulting from fractionations, samy1ee 
were nitrated, dissolved in acetone, and the desired values 
calculated from the viscosity of the solution by means of 
the Staudinger equation. 

Curves based on the fractionation studies were graphed 
so that both chain length distribution and degradation 
products of samples could be studied. A investigation was 
undertaken Ofl the stability of cellulose nitrate, an& the 
findings incorporated into an improved fractionation pro- 
cedure. Additional work produced a method for permitting 
extended storage of the nitrate. 

Cooking chlorinated pulp with sodium hydroxide under 
the conditions of this investigation brought about a decrease 
in the average D.P. Use of three times the usual amount of 
sodium hydroxide decreased the average D.P. less. Eight of 
the ten surface active agents used in the cistic cooks reduced 
the D.P. lowering effect of the sodium hydroxide, some of them 
to a considerable extent. Evidence was obtained that two of 
the surface active agents were enhancing the degrading effect 
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of the sodium hydroxide. 

The curves showing the frctionation results demon- 
strate clearly that the eight surface active agents raised 
the average D.F. of the pulp by reducing the degrading effect 
of the sodium hydroxide. 

_&s a result of the fact that the detergents appear 
to increase average D.P's. of the pulpe by inhibiting de- 
gradation rather than by effecting the removal of alkali- 
soluble cellulose, their use in manufacturing dissolving puips 
is not indicated. 
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THE TECT O]? STJRlACE ACTIVE AGENTS IN THE 
BLEACHING OP SUI'ITE WOOD PUI 

I. INTRODUCTION 

Cellulose pulp from wood. obtained by chemical pulp- 

ing contains considerable quantities of lignin and other 

noncellulose materials which must be removed before the 

pulps are suitable for many uses. This is accomplished by 

a bleaching procedure which commonly consists of (i) a 

direct chlorination of the pulp at low density1, (2) an 

extraction with sodium hydroxide, the severity of which 

varies with the use to which the pulp will be put, and 

(3) a hypochiorite bleach in one or more stages at high 

density. 

The equipment and procedures for the high density 

bleaching of sulfite wood. pulpe give distinct advantages 

over the low density techniques. Jiiong these advantages 

are the much aller volume of material to be handled per 

ton of finished pulp, and the much lower dilution of the 

chemical reagents. An important disadvantage to high den- 

sity bleaching is the smaller quantity of water available 

to act as a vehicle for carrying the chemicals into the 

1. In the pulp industry density or consistency refers to 

the ratio of pulp to pulp and water. 
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pulp fibers, and carrying the products of the chemical re- 

action out. This latter function is achieved, to some 

extent by soaking the pul at low density alter the bleach- 

ing is concluded. 

Even this operation is being cut short ir the early 

bleaching stages because of the greater simplicity afforded 

by small chests and combined washer-thickener arrangements. 

Speeding up the penetration of the stock by the chemicals, 

and facilitating the rapid removal of the by-products at 

the conclusion of the bleach might well be the next impor- 

tant step in greater bleaching efficiency. 

This research is concerned with the achievement of 

this with surface active agents. In order to plan such an 

investigation, the pulp, the chemical treatment, and the 

analytical methods were first decided upon. 

A pulp was chosen orì the basis of its ability to 

show the effect of more rapid penetration of chemicals. 

Por this reason, the hardest sulfite pulp available in the 

laboratory was selected (permanganate no. 15.5). W'ork by 

Atchison (1, p.33) would indicate that a larger amount of 

short chain material can be expected in a hard pulp. 

A consideration of expense connected with using 

detergents could not be made in any detail. Imong other 

things, this would have involved balancing the cost of a 

detergent against its effect, and certainly a determina- 

tion of how any such desired effects varied with both 
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detergent and reagent concentration. However, a dissolv- 

Ing pulp would probably peit the greatest latitude with 

respect to the cost of the detergent. A chemical bleach- 

ing treatment suitable for the production of dissolving 

pulpe was decided upon. 

The stage in this bleaching procedure which is best 

suited to show the effect of the detergent would be the 

high density caustic cook of the chlorinated pulp. The 

type of detergent was to be the sole variable, and although 

two major side issues developed later on, the experimental 

work was laid out for the study of those effects directly 

attributable to surface active agents. A great deal of 

care was taken to set up the bleaching operation so as to 

attain maximum reproducibility. 
Analytical tests were selected on the basis of what 

effects were expected as a result of more rapid penetration 

brought about by the surface active agents. One of the 

two major effects thought possible was the more complete 

removal of the chlorinated aromatics which stern from the 

lignin not removed by the cooking process. The. study of 

bleach consumption in the following stage appeared equate 

to indicate how effectively they had been removed. 

The second major effect expected from better chemical 

penetration was the removal of carbohydrate trash. Both 

beta- and gaimna-cellulose are detrimental to a dissolving 
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pulp, as are any noncellulosic carbohydrate constituents 

such as xylan and mannan (6, p.225). Also noted was the 

possibility that the detergent would facilitate the attack 

of the reagents on the alpha-cellulose. 

The fractionation of the pulp appeared as the best 

possibility of detecting differences affected by the de- 

tergent, and the analytical procedure was shaped around the 

fractionation as a basis of observation. Alpha-, beta-, 

gana-cellulose determinations aprieared to be a simple 

auxiliary to the fractionation. A pentosan determination 

seemed worth-while since pentosans are undesirable in a 

dissolving Duip. A number of possible tests were held in 

reserve in case no major effect was revealed by these; 

i.e., copper number, potassium hydroxide solubility, ash, 

brightness, ease of acetylation, ether extraotables. 



II. EXPERThIENTAL PRINCIPLES MU) EUIPNE1T 

PUIP PREPARATION POR BLEACHING. The pulp used. was 

Crown Zellerbach sulfite which was cookc3. from hemlock, 

It was in the form of tough, heavily knurled. sheets. The 

problem o± disintegrating the sheets without degrading the 

cellulose was an unexpected difficulty. A mechanical 

action which would disintegrate the pulp sheet by shearing 

it could have a degrading effect on the pulp. Bleaching 

in a pulp mill usually takes place shortly after the pulp 

has been cooked, washed, and screened. The chemical action 

normally takes place on fibers that are in a well-hydrated 

condition. It seems reasonable that such pulp would 

easier to bleach than a pulp produced from freshly disinte- 

grated, dried sheets. 

The problem was solved, by putting eight lO rubber 

stoppers into a one-gallon glass jar with the pulp and 

water. The jar was rolled overnight, and the pounding ac- 

tion of the stoppers adequately disintegrated the sheets. 

The pulp from this treatment was then diluted. to about 

thre per cent and beaten for several hours with a high- 

speed laboratory stirrer. This treatment completely dis- 

integrated any lumps. All the pulp which was used was 

obtained from the sheets in this manner. 

CHLORINATION. Industrial chlorination of pulp lends 

itself very nicely to a continuous rather than a batch 



process. Such a chlorination is carried out at low den- 

sity so that the stock can be readily pumped through the 

chlorination tower and on to subsequent treatment. Un- 

fortunately, chlorinated pulp does not keep weil, so that 

a fresh sample had to be made prior to each bleaching 

operation. The chlorination needs careful control because 

variations in the final product which are caused by ir- 

relar ehlorinations cannot be separated from detergent 

effects. 

Each chlorination was started with the sìme ratio 

between pulp, water, and chlorine that every other chlor- 

ination had. If time, temperature, and mechanical agita- 

tion are controlled, there is no reason for introducing 

variables in the chlorination procedure. The determination 

of chlorine excess at the end, of the chlorination showed 

conclusively how well conditions had been duplicted. 

It was felt that the easiest temperature to repro- 

d.uce would. be 060. A half-hour chlorination seemed ap- 

propriate. 

LTnbleached. stock takes up chlorine from water with 

good efficiency up to a certain extent. After this, an 

increase in the initial amount of chlorine will cause a 

noticeably larger relative increase in the excess chlorine 

present at the end. of some prescribed time. Increasing 

either time or concentration of chlorine will cause in- 

creasing amounts of chlorination. ilowever, increased 
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chlorine consumption beyond. the "saturation chlorination" 

serves little constructive purpose and, will bring about 

unnecessary cellulose degradation. Indeed, a single stage 

saturation chlorination of a per pulp would be very hard 

on the strength characteristics of the final product. 

it is, however, not necessary to maintain high 

strength characteristics in a 

the manufacture of regenerated. 

portant that the noncellulosic 

tacked by the chlorine so that 

be effected. 

If an attempt were to be 

pulp that is to be used for 

fiber. It is much more im- 

materials be heavily at- 

their comrlete removal can 

made to chlorinate under 

the saturation Doint, the problem of getting insufficient 

chlorine equally distributed would be more difficult, and 

any variation in the initial quantity of chlorine intro- 

duced would produce a larger effect on the pulp. 

PULP WASHIITG. Following a saturation chlorination, 

there is a lot of reddish-colored material soluble in the 

filtrate of the pulp. There is a great deal more in the 

pulp that is only slightly soluble. The stage that f ollred 

the chlorination was a caustic treatment designed to re- 

move the chlorinated aromatics and carbohydrate trash in 

the pulp. The more impurities removed before the caustic 

extraction (i.e., caustic cook) the more effective will be 

the cook in removing the last traces of impurities. 



Therefore, tar the chlorinated stock was washed, a 

short alkaline soak was used to remove a large quantity 
of colored material. Since the hydroxyl group is the 

most active dispersion ent known (2, p.368), this al- 
kaline contact was only long enough to allow mixing (30 

seconds). In order to avoid possible degradation of the 

alkali pulp, the cook should follow shortly after the 

washing. 

T CAUSTIC COOK. A commercial high-density bleach 
engine with a capacity of six tons of pulp will be ap- 

proximately 25 feet deeD and 10 feet in diameter. The 

pulp is mixed by a large vertical screw. An experimental 
engine could not be built using this principle for mixing 

because there is insufficient weight on the pulp to make 

it flow into the screw. The bleach engine built was 

driven by a 0.5 amp. motor which was geared down by a 

ratio of 1650 to one (see picture). A pronged shaft made 

six revolutions a minute and had a very strong squeezing 
and mixing action. This arrangement was very satisfactory 
in the absence of detergents. 

Detergents which caused f oning reduced the vigor- 
ous mechanical action on the pulp and made it necessary to 
insert teeth from the top of the engine. This helped to 
solve a problem which was always made worse by the presence 
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of too much detergent. 

The temperature of the caustic cook wae et at 

80°C. which i3 near the maximum possible without a sealed 

engine. The bleach engine was set in an electrically 

heated oil bath equipped with a thermostat. The oil 

bath was a three-liter beaker with the top cut off, and 

the pulp was held by a one-liter beaker with a wooden 

top. The pulp was cooked for 75 minutes at a consistency 

of l5. The sodium hydroxide added was sufficient to 

hold the pH of the filtrate at 11.5 at the end of the 

cook. 

It was decided that a pulp comparison should be 

made without the concentration of the detergent being a 

variable. It seemed likely that each detergent would 

have an effect which would increase with concentration 

up to a certain point beyond which additional amounts 

would make little difference. Therefore, the amount used 

was probably well beyond the efficient concentration for 

most of the detergents. 

A caustic cook on a commercial basis accounts for 

the greatest loss by far in the bleaching operation (lo 

and above). The pulp losses in chlorination are constant 

and small, and for convenience can be lumped right in with 

the caustic cook losses. 

Alkali cellulose is not stable; and, in addition 
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to this, some of the detergents might be strongly adsorbed 

upon the cellulose fibers and have a degrading effect. 

Therefore, lots of warm washing water is advisable after 

the cook. 

ADDITIONAL EQUIP1TT. Two constant temperature 
o 

water baths were necessary; an alpha bath at 20 C. (maxi- 

mum temperature variation i{0), and a viscosity bath at 

25°C. The viscosity bath required close temperature 

control. This was obtained with a thermostat having a 

multifingered toluene reaervoir. Electrical contact was 

mad.e in a mercury-filled capillary. 

The air chamber above the mercury was filled with 

sodium strips and then tightly stoppered. There was no 

obvious way of telling how well the oxygen was removed by 

the sodium; however, electrical contact was still sharp 

after a year and a half of continuous service. 

It was imperative that the current conducted by the 

mercury in the capillary be very small so that expansion 

of the mercury due to electrical heating could be avoided. 

The circuit which was closed by the mercury contact actu- 

atad a very small relay, which closed a larger relay 

capable of handling the current for the bath heaters. A 

rheostat was placed in the thermostat circuit so that this 

current could be dropped to the lowest value capable of 

operating the small relay. A six-volt battery charger 
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supplied the current for both relays. The temperature 

variation in the bath was not over 0.03°C. 

There was no window in the bath, so a periscope was 

made out of a mirror and a glass tube two inches in di- 

ameter. The mirror was cut so that it would rest at a 

45 degree angle on a rubber stopper at the bottom of the 

tube. A 40-watt lamp with an elongated bulb supplied. the 

necessary light under water. 

It is essential that the viscomater be mounted 

perfectly vertical each time so that there is the same 

head of liquid causing flow through the capillary. Two 

plumb lines were placed 90 degrees apart with the vis- 

cometer in the center. It was a simple matter to tell 

when the viscometer was vertida by sighting along the 

plumb lines to the viscometer sides. 
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III. BLEACHING PROCEDURES 

PULP CHLORINATION REQUIRE1ENT. In order to 

determine the amount of chlorine necessary to saturate 

the pulp used in this investigation, ten three g samples 

of pulp, after dilution to three per cent consistency, 

were treated with varying amounts of chlorine water. After 

30 minutes in an ice bath, the excess chlorine was ti- 

trated with 0.1 N. sodium thiosulfate. Data obtained 

indicated that 0.55 g of chlorine/g bone dry pulp would 

give an excess of five per cent. 

The chlorine water was made by filling a liter 

graduated cylinder with flake ice and then to the 800 ml 

mark with water. Chlorine was bubbled into the mixture for 

an hour, at the end of which time there were four or more 

cm of solid chlorine hydrate on the bottom of the cylinder. 

The chlorine water was stirred occasionally in order to 

get the system composed of ice, water, and chlorine by- 

drate In equilibrium. This should give a constant concen- 

tration of chlorine water. 

At the end of an hour the excess ice was removed, 

the end of the cylinder covered with a hand, and the con- 

tents shaken hard. After the hydrate settled, the chlorine 

water was immediately titrated and used. 

CHLORINATION. During the early stages of 
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experimentation, when franents of pulp sheet were being 

removed by hand, a run required a moisture determination 

on the picked-over pulp and then calculations of the amoi.ut 

of reagent and water to be used in each operation. After 

a method was found which would completely defiber the pulp 

sheets, the following systematic method was used. 

A kilogram of pulp sheets was allowed to come to 

equilibrium with air for a week and then put in a large 

metal can with a tightly-fitting lid. Triplicate mois- 

tures were run once and a 100.0 g sample taken for each 

run. The pulp was defibered and. then the excess water 

removed by suction and squeezing the pad weighed 

320 g. This was placed in a two-liter bottle with 500 g 

of ice, 1730 ml of water, and the calculated amount of 

chlorine water. The concentration of the chlorine water 

varied, and it was necessary to calculate the amount each 

time from a thiosulfate titration (approximately 700 ml.) 

The pulp and water were kept in an ice bath for an 

hour and a half before the chlorine water was added in 
o order to insure a starting temperature of O C. After the 

addition of chlorine water, the bottle was vigorously 

shaken by hand, wrapped in towels, and placed on a mechan- 

ical shaker for the remainder of the half hour. 

After exactly 30 minutes had passed, the chlorinated 
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pulp was filtered and washed quickly. The pulp pad was 

then put in a liter of water containing five ml of 50 

sodium hydroxide and vigorously mixed with a wooden plung- 

er. After mixing for 20 to 30 seconds, more water was 

adLed anct tna sirry nm1eateLLy filtered and washed 

thoroughly. The per cent excess chlorine and the grams 

chlorine used per gram of bone dry pulp were determined 

by titrating 250 ml of filtrate from the chlorination. 

Table ] 

Pulp Chlorination 

Sample* Grams chlorine consumed Chlorine excess 
per_gram_pulp ________ 

3x u su al NaOH O 0522 6.4% 
Petrowet 0.0520 5.4% 
Triton IT-lOO 0.0520 5.7% 
No detergent 0.0518 5.7% 
Triton K-60 0.0517 6.0% 
Aerosol CS 0.0526 4.4% 
BCO 0.0517 5.8% 
Io detergent 0.0531 5.6% 
15 g Santomerse ;l 0.0537 5.0% 
Dupanol TA 0.0532 5.3% 
Pyrophosphate 0.0516 3.5% 
Santomerse pyrophosphate lost lost 
2 g Santomerse ¡4i 0.0537 4.4 
Tall oil 0.0537 4.4% 

*The run is identified by the chemical treatment of 
the subsequent caustic cook. This notation has no 
other significance here. 

Pulp filtrations were carried out on a 40-mesh 

stainless steel screen which was cut to fit into an eight- 

inch Buechner funnel. It was always necessary to pour 
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the filtrate back through the pulp pad to get the f jn. 
Care was taken not to suck air through the pulp when it 

was alkaline. 

Re3ults obtained in the pulp chiorinations are given 

in Table I. From the close agreement in the nounts of 

chlorine consumed per gram of pulp, it seems unlikely that 

any variables have bean introduced by the chlorination of 

the pulp. The chlorine consumption represents reaction 

with pulp impurities. 

TITE CAUSTIC COOK. The chlorinated pulp was squeezed 

out to 320 g, broken into fine pieces, and added to a 

boiling solution of 300 ml of water and 20.7 ml of 17--% 

sodium hydroxide. The amount of caustic to use to get a 

final pH of 11.5 was found by trial and error. If deter- 

gent was used, it was dissolved just before the pulp was 

added. The pulp was thoroughly and quickly mixed with a 

wooden plunger and immediately put into the hot bleach 

engine. At the end of 75 minutes, a filtrate sample was 

squeezed from the pulp for a pH determination. The pulp 

was carefully washed in warm water, allowed to soak for 

several hours, filtered, and. then usually allowed to soak 

overnight. After extensive soaking, the pulp was filtered 

and dried in a vacuum oven at 50°C. It was then brought 

to equilibrium with the air, weighed, and the moisture 

determined so that the yield could be found. 
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Samples were taken for the determination of alpha-, 

beta-, and gamma-cellulose, pentosans, and the nitration 

procedure. The remaining pulp was stored. 
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IV. THE DETER!INAT ION OP CHAIN LENGTH 

THE STAIJDINGER EQUATION. The determination of the 

degree of polymerization (D.P.) of cellulose in cellulose 

nitrate depends upon an equation by Staudinger: 

K x D.F. 

K is an empirical constant which is specific for each 

cellulose derivitive and solvent. It is equal to iixiO 

for highly nitrated cellulose nitrate in acetone. D.F. 

is the weight average degree of polymerization. 
fr1) 

the specific viscosity of the solution divided by the 

concentration in the limiting case when the concentration 

approaches zero. 

C-+0 

11m. 

C : concentration in 

,l sp where t and t0 are the times of flow 
to through a viscometer for the solution 

and solvent respectively. 

Rather than evaluating [TJ by making a series of 

viscosity measurements at different low concentrations, 

it may be calculated from the following formula of Schulz 

and Blashke: 

LiJ: 'Tp 
C 
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The value for k is 0.3 for cellulose nitrate in 

acetone. The final equation for relating D.P. and. vis- 

cosity is: 

D.P. = i 

1Cc 1sk15 

TI NITRATIO1 PROCEDURE. Three to five grams of 

air-dry pulp were put in several liters of water and 

thoroughly broken up with a high-spe3d. mixer. The pulp was 

then filtered and washed with acetone so as to displace 

water in the pulp. The last of the acetone was removed 

by suction and the pad dried in a vacuum oven at 50 C. 

The pad. was exposed to the air for a day and then 

very carefully 0.4 g of pulp was teased to pieces with 

darning needles so that there was no matted cellulose 

in the product. This operation takes something over 

four hours. 

The nitration of the pulp was based on the method of 

the Institute of Paper Chemistry. The nitrating acid was 

prepared by measuring 44.6 ml of sirupy phosphoric acid. 

into a one-liter glass-stoppered bottle. The bottle was 

then cooled in an ice bath while 85.5 g of phosphorus 

pentoxide was added in amall portions with thorough mixing. 

When no dry solid material remained. on the walls of the 

bottle, 67 nl of ice-cold red fuming nitric acid (sp g 

1.6) was added. Large rubber bands cut from an innertube 
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were then placed longitudinally around the bottle and 

stopper, and it was allowed to rotate overnight producing 

a red fuming liquid. The nitrating acid was stored in a 

zero box, where it became viscous and. straw-colored.. 

Approximately 125 g of the cold nitrating acid was 

poured on the pulp in a 300 ml standard taper Erlerimeyer 

flask. The flask was stoppered and given a violent shak- 

ing until the contents were thoroughly mixed (three to 

four minutes.) The flask was then put on a roller to 

give a total nitrating time of 90 minutes. At the end 

of this time, the fuming mixture was filtered with suc- 

tion through a coarse 30 ml sintered glass funnel. Care 

was taken not to draw air into the nitrated pulp, and. when 

as much of the nitrating solution had been removed. as 

possible without introducing air into the pad, the 

contents of the funnel were dumped into about 800 ml of 

ice-cold water. The slurry was rapidly stirred for a few 

seconds while th remaining contents of the irlernneyer 

flask were being washed into the funnel with water. The 

cellulose nitrate was quickly filtered. and washed by 

decantation and. then stirred for 15 minutes in one liter 

of two per cent sodium carbonate solution. The cellulose 

nitrate was washed until the filtrate was neutral and then 

soaked for three days in distIlled water. The distilled 

water (two liters) was changed every eight hours for 
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24 hours, and then every 12 hours for 48 hours. 

There is one major deviation from the Institute 

method in that their procedure calls for the use of yellow 

fuming nitric acid (nitric anhydride in nitric acid). 

The use of red. fuming nitric acid (nitrogen dioxide 

or its diner in nitric acid) was an oversight; however, 

the nitrations proceeded very smoothly and some technical 

correspondence had. indicated occasional difficulty with 

nitrates made using yellow fuming nitric acid. 

In the thesis of J. H. Jennings (8, p.9), red fum- 

ing acid was used with complete success, and later work 

by him (unpublished) on a standard pulp gave excellent 

agreement. 

According to Ephraim (4, p.702), "Oxidation by 

nitrogen dioxide is so much more rapid than by nitric acid 

that in practice only the nitrogen dioxide formed by the 

nitric acid acts as the oxidizing agent". Yackel and 

Kenyon (16, pp.121-127) observed that the oxidation of 

cellulose to po1yan}rdrog1ucuronic acid. by gaseous nitrogen 

dioxide gave the best results at a temperature of 21 C. 

The carboxyl content of their product went as high as 

22.4% by weight. Also the conclusions of the work of 

Unruh and Kenyon (15, p.131) bears out the fact that ni- 

trogen dioxide is both a strong and specific oxidizing 

agent for the 6 carbon atom on the glucose anhydride unit. 
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This property of nitrogen dioxide would make it 

seem that red fuming nitric acid should be completely un- 

suitable for nitrating purposes. The nitrations carried 
o 

out by Jennings were started at 18 to 20 C. and carried 

on for one hour. The nitrations In this work were started 

at -17°C. and continued for 90 minutes during which time 

the contents rose to room temperature. Jennings ran no 

nitrogen determinations; however, nitrogen determinations 

run in this work show that oxidation of the pulp dici, not 

occur to any appreciable extent. 

Nitrogen determinations were me with a duPont 
nitrometer on the nitrates of the tall oil and Santomerse 

cooks. The nitrogen yields were 13.79 and 13.70% re- 

spectively. The maximum theoretical nitrogen content is 

14.14%. There is, however, another factor to consider 

here. The maximum theoretical yield of cellulose nitrate 

is 183.3%, and the yields obtained were 183.6% and 183.2% 

respectively. Therefore, there must have been some water 

in the sample. Heuser (6, p.191 discusses a "Knecht 

coinpound which is similar in structure to the trihydrate 

of nitric acid, and contains a molecule of water. 

Water remaining in the nitrated sp1es was calcu- 

lateci. by the following equation: 

A g bone dry cellulose combining with nitric acid. 

to give an anhydrous product containing 14.14% nitrogen 
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and a yield of 183.3%. 

B g bone dry cellulose combining with water to 

yield hydrated c3lluloee equal to X%. 

A x 183.3% 183.3%A 

B x x% % yield l83.3A%B)Ç 
l83.3A+X% Ai-B 

MB is known since it is the amount of bone dry 

cellulose which when nitrated was put into the nitrometer. 
The grazne of nitrogen read by the nitrometer are equal 

to the grams cellulose nitrate introduced into it multi- 
plied by the per cent nitrogen in it. 

The ratio in grams of cellulose before nitration 
to nitrogen after nitration is 162.14/42.024. 

A can be calculated from the equation 

A g N2 x 162.14 
42.024 

iTow the per cent yield of the hydrated cellulose 
can be calculated (x%). 

The weight of water is the difference between this 
yield. in grams and B. The nitrogen content of the azthy- 

drous pulp is now readily obtained. 
The nitrogen content in the anhydrous Santornerse 

nitrate was 13.89%. Also of interest is that for every 

glucose aniiydride unit there were 2.90 nitrate groups and 

0.23 water molecules. (2.90+0.23 3.13) 

The nitrogen content of the anhydrous tall oil nitrate 
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was 13.96%. Por every glucose anhydride unit there were 

2.93 nitrate gi'oups and 0.20 water molecules. (2.93 

0.20 3.13) 

This is getting close enough to the theoretical 

limit so that the possibility of oxidation by nitrogen 

dioxide is out of the question. 

It has been noted that frequently the presence of 

traces of polar molecules such as water or pyridine is 

beneficial in the nitration of cellulose. The strongly 

polar nitrogen dioxide might actually be beneficial in 

the nitrating acid as long as the nitration is started at 

a temperature below 20°C. 

TH DETERMI1ATI0N OP AVERA VISC0SIT. The cellu- 

lose nitrate was given the prolonged soak in order to allow 

ions to diffuse out of the fibers. The pulp was filtered 

on the saine sintered glass funnel and washed with 100 ml 

of methyl alcohol. The pad was then carefully removed 

from the funnel, placed in a flat two-inch tared weighing 

bottle and the methyl alcohol driven off at 40°C. in a 

vacuum oven. After the alcohol was gone (30 minutes), 

the pad was dried in vacuo over phosphorus pentoxide for 
three hours at room temperature. 

Technical correspondence had suggested the use of 

methyl alcohol as an aid to drying the rad. However, this 
source had evidently overlooked the slight solubility of 
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cellulose nitrate. The methyl alcohol washings were 

evaporated nearly to dryness on a steam bath and then 

dried in vacuo over phosphorus pentoxide at room tempera- 

ture. The residue dried to a resinous film that weighed 

around 15 ing. This is a significant weight for the cal- 

culation of the yield on which both the moisture correc- 

tion and the nitrogen content depend. The pad was 

removed from the funnel in order to facilitate drying. 

The dried sample was weighed and a 60 to 70 mg sample 

for an average viscosity determination was weighed by 

difference. This sample was put into a 50 ml volumetric 

flask with a few ml of acetone. The sample jellied quick- 

ly and was mashed against the walls of the flask with the 

bent end of a nickel spatula in order to produce maximum 

surface. A piece of a nail sealed in a glass tube one 

inch long was added, and the flask filled to the neck with 

acetone freshly distilled from potassium permanganate. 

The flask was then put on a magnetic stirrer which 

was used exclusively in the analytical procedure developed 

in this work. 

After 15 to 20 minutes the acetone was decanted into 

a 250 ml volumetric flask and, a fresh quantity of acetone 

added to the 50 ml flask. After several extractions the 

sample was in solution and the 250 ml flask made up to 

volume with acetone. The stirrer was then added and the 



26 

flask stirred. for half an hour in a cold water bath. 

The specific viscosity was kept between the limits 

of 0.10 and 0.15. With the aid of a table, a sample with 

a given D.F. avere could be referred to the correct 

concentration. It was necessary to estimate the D.P. of 

a given sample which in this case was around 1700 and then 

make up the acetone solution to the indicated concentra- 

tion (.0668 g/ ). A calculated amount of solution from 

the 250 ml flask was made up to 50 ml, agitated for at 

least five minutes, and filtered through a coarse sintered 

glass funnel. 

All volumetric work was done at 209C., and the solu- 

tions were always handled in glass-stoppered volumetric 

flasks. It is very imrortant that the solution be fil- 

tered before its viscosity is taken; also the sintered 

glass funnel must be washed with some solution before the 

filtered sample is collected. 

Apparently the sintered glass picked up moisture 

from the air because, when it was not washed first with 

acetone before being used, the viscosity of the acetone 

was high. Likewise the funnel was always covered during 

filtration to keep water vapor from being absorbed and to 

prevent evaporation when acetone solutions were being 

filtered. 

Ten ml of acetone were pipetted into a clean vis- 

cometer and placed in a 25°C. bath for 15 minutes. The 



27 

viseortieter arm was connected to a rubber tube which led to 

a 50 ml suction flask and then to a mouth piece. After 

adjusting the viscometer vertically, the acetone wac 

eucked into the arm, allowed to drain, and three readings 

taken. If all three fell within a tenth of a second, 

they were averaged; if not, more were taken before aver- 

aging. The viscometer was drained, dried by drawing a 

small amount of air through the inverted viscometer, and 

a second series of readings taken on acetone. The same 

procedure was followed on the filtered acetone solution 

except that the viscometer was carefully rinsed with fil- 

tered acetone before taking the second series of readings. 

The D.P. is readily calculated from this data. 

THE FRiCTIONATIoeT. The remaining dry cellulose 

nitrate was added carefully to the solution in the 250 ml 

flask and very strongly stirred for about 45 minutes. 

The solution was decanted carefully into a 500 ml extrac- 

tion flask and the jellied residue thoroughly mashed. 

About 75 ml of acetone arid three ml of mater were added 

and the solution again strongly stirred for 45 minutes. 

If the material was not entirely dissolved, the solution 

was decanted and the process repeated, and. finally if the 

nitrate had not completely dissolved, the temperature was 

raised to 40°C. while the stirring continued. 

Aithydrous acetone is not as good a solvent as acetone 
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containing a small amount of water (6, p.206). It was 

noticed that when water was being added to the solution 

in the precipitation procedure which follows, jellied 

particles which were still undissolved went into solution 

before enough water was added to cause precipitation. 

The amount of water to add could be determined by noting 

that the best slvent mixture gives the lowest viscosity 

for a given concentration of cellulose nitrate (6, p.210). 

The extraction flask was set under a burette with 

an especially fine tip from which tiny drops of distilled 

water sprayed. The magnetic stirrer was turned on full 

and a stream of nitrogen introduced to remove oxygen from 

the turbulent surface. Both the nitrogen and water came 

through tubes in a rubber stopper which was placed on the 

flask. Several ml Defers the solution showed a faint 

opalescence, the water was added dropiise with consider- 

able stirring between drops. id'ter a total of at least 

three hours of stirring and adding water at 20°C. , a very- 

faint haze appeared in the solution rhich indicated that 

at least one third of the dissolved material would pro- 

cipitate in one fraction. This tendency is so strong that 

one industrial laboratory advocates removal and subsequent 

fractionation of this frtct ion. A method was devised for 

getting around this. \Then the haze appeared, seven ml of 

acetone were inediately added and the temperature raised 
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to 25°C. After 15 minutes the sample was clear, and the 

temperature was dropped to 20°C. The sam:ole was then 

centrifuged, and if a precipitate as large as 10 mg (dry) 

was obtained, the sample was centrifuged again as quickly 

as the precipitate could be recovered. 

If no precipitate was obtained, the solution was 

rapidly stirred and cautiously evaporated with approximate- 

ly a liter of' nitrogen, centrifuged, and. the process 

repeated until the first precipitate (not over 10 mg) was 

collected in the centrifuge tube. The solution was not 

evaporated on being returned to the flask but only stirred 

for one-half hour. This usually brought down the next 

fraction. The temperature of the bath was then dropped 

several degrees at a time until four or five fractions 

were obtained. It was now possible to raise the tempera- 

ture back to 20°C. and evaporate until the first faint 

opalescence was observed in the solution. Each time this 

opalescence needed to be more apparent before a suitably 

large fraction was obtained. Toward the end of the f rotc- 

tionation as much as ten liters of nitrogen were needed to 

evaporate to a turbid solution which because of its a1]' 

volume could be centrifuged in one tube. 

The final fractions formed a mushy precipite in 

the bottom of the tube which was not easy to remove en- 

tirely with a spatula. This material was exceedingly 
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soluble in acetone and a few ml were used to get all the 

preciitate. 

Then evaporation had reduced the solution to approd- 

mately 70 ml, it was taken almost to dryness in a 40°C. 

vacuum oven and allowed, to go to dryness at room tempera- 

ture. This was the final fraction. It was dissolved in 

a little acetone and evaporated to dryness in a tareci 

15 ml weighing bottle. 

The centrifuge held two 220 ml tubes and turned at 

1800 r.p.m. on a 5.5 inch arm. An average fraction con- 

sisted. of a gelatinous disk no laa'ger than a dime in each 

cup (30 to 70 mg total). The acetone was decanted back 

into the original flask and the stoppered tubes laid on 

their sides so that acetone would drain away from the dis1. 

The disks were removed and, in order to facilitate drying, 

mashed into thin sheets against the walls of' a 15 ml tared 

weighing bottle. The occluded acetone was poured back into 

the flask and the remaining acetone allowed to evaporate 

from the dIsks. 

As soon as four fractions were obtained in the 

weighing bottles, they were dried in vacuo over phosphorous 

pentoxid,e for three hours. When the fractions needed to 

be stored overnight, the vacuum desiccator was filled 

with nitrogen and set in the zero box. The fractions were 

weighed, dissolved in acetone, their time of flow 



31 

determinod, and their D.P's. calculated. 
After this method of fractionation had been decided 

upon, an attempt was made to keep the first fraction 
small because it seemed to contain insoluble trash along 
with some very long chain material. The trash will not 

contribute much to the viscosity, and the first fraction 
will accordingly have a smaller D.P. than the following 
fraction. io other reversals were experienced in this 
work; however, if an attempt is made to fractionate a 

more concentrated solution, reversals are more common. 

The principle of the fractionation depends upon 

evaporating acetone with a fine stream of nitrogen intro- 
duced at the flask bottom. The Institute of Paper Chem- 

istry recommends adding water drorise to a much more 

concentrated solution at 25°C. A drop of water produces 
a white blob of cellulose nitrate. This precipitate, 
produced locally, undoubtedly contains considerable short 
chain material; and with stirring, it changes into an 

almost invisable gelatinous lump. It seems doubtful that 
in a solution which is saturated with cellulose nitrate 
all the short chain material will redissolve in a reason- 
able time. If shorter chain lengths are carried down with 
the longer ones, they not only disappear from the short 
end of the fractionation curve, but their presence aids 
little to the viscosity of the higher fractions, and 
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their additional weight causes low results. 

If precipitation is acccmplished by blowing a gas 

across the solution surface, evaporation along the walls 

of the container produces a stringy residue which again 

is not an equilibrium product. Also, a jet of air will 

cause wet cellulose nitrate to turn brown. 

By introducing a fine jet of nitrogen at the bottom 

of the solution which was being stirred, the tiny bubbles 

filled the solution and produced uniform evaporation. A 

slight suction from an aspirator was used to remove the 

nitrogen and acetone vavor. The precipitations were 

carried out in a 20 C. water bath and with constant stir- 

ring. 

The amount of nitrogen introduced into the flask 

was governed by putting a balloon in the line from the 

tank to the flask. The balloon could be filled with a 

predetermined amount of nitrogen and the size of the 

precipitate governed in this manner. 

Unless the pulp had been heavily degraded with 

chemical reagents in bleaching, there was found to be a 

large block of material with an average D.P. of around 

3000 which evidently represented the bulk of the crystal- 

line cellulose as it existed in the tree. There is little 

difference in solubility here, and it is hard to keep from 

getting it all at once. This would not matter except 
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that according to R. I'Iark and H. Simha (9, p.616) there 

is a good chance that sizeable unounts of shorter chains 

would be carried down with such a very large precipitate. 

An extraction procedure for dissolving the dry 

weighed fractions of cellulose nitrate was devised so that 

vigorous action could be taken on a difficultly soluble 

jellied residue without exposing the bulk of the solute 

to degradation. Difficultly soluble samples were always 

experienced when the gel was allowed to stand in acetone 

for a week or more, when the sample had undergone no 

bleaching, and with fractions having D.?. values in the 

neighborhood of 3000. A series of tests was made to 

determine just how severe the methods of solution could 

be without prohibitive degradation. 

These tests were carried out on an unfiltered sample 

of cellulose nitrate with an average D.P. of 2100. 

Aliquot portions of a solution of this material at a con- 

centration of 0.06 g/i were heated for varying times at 

52 and 60°C. Care was taken to make certain that all 

cellulose nitrate was in solution before it was heated. 

The results are given in Table II. and indicate that 

in dissolving cellulose nitrate, the solutions may be 

heated at 52°C. for short periods of time (less than one- 

half hour) without serious degradation. Degradation was 

measured by calculating the change in average D.F. 
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Table II. 
Degradation of Cellulose Nitrate 

Temperature, °C. Time, minutes Degradation, 2 

52 30 2 
52 60 16 
52 90 35 
60 45 24 
60 45 26 

It was frequently found desirable to store the 

cellulose nitrate samples, both fractionated. and urifrac- 

tionated, before proceeding with the next step. Since 

earlier workers had indicated that samples could be safely 

stored without degradation for not more than two days, 

and. then only if stored in a refrigerator, it seemed de- 

sirable to develop a storage procedure that would permit 

long storage periods. The value of the nitration method 

of fractionating cellulose is greatly diminished, if samp]s 

of cellulose nitrate cannot be stored for future reference. 

Solutions with D.P's. from 1600 to 1800 which were 

held eight hours at 20°C. usually showed two to three per 

cent degradation. One sample held at room temperature for 

20 hours showed six per cent degradation. These results 

indicate that long storage at room temperature would not 

be possible. 

Three samples were held in a zero box for an extended 

time. The first two came from a nitrate having an average 
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D.P. of 1670. One sample which was in the dry fiberous 

form was kept in a nitrogen atmosphere, and the other wa 

completely dis$olved in acetone. Both were kept in the 

zero box for 24 days after which time both had an average 

viscosity of 1680. The third smp1e wae worked in die- 

tilled water until it was wet. Thie tces some time since 

the fibers show only slight affinity for water. Then the 

seinple was free of air and. completely submerged, it was 

frozen in the zero box. The sample originally had a D.?. 

of 1680, and after 28 days it was melted, dried, and the 

resulting D.?. was 1700. The limit of error in this D.?. 

range is no better than 20. These results indicate that 

cellulose nitrate can be stored without degradation for 

at least three weeks either dry under nitrogen, dissolved 

in acetone, or frozen in water. 

The D.P. of a cellulose nitrate gel may not decrease 

as a result of storage in a zero box, but it is of little 

use because of its insolubility. To attempts were made 
to fractionate samples which were stored as gels. In 

both cases the highest fractions were lost, although 

probably both could have been saved by using higher solu- 

tion temperatures and the extraction method which was 

worked out later. 

The samiDle frozen in water was not only stable, but 

apparently as soluble as a fresh sample. It appears that 
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an ideal method of storing cellulose nitrate is to take 

the freshly nitrated material after the three-day soaking 

period in water and freeze it. Only that material to be 

used for an iiediate average viscosity would be dried. 

CALCULATION FACTORS. The average viscosity of the 

sample should equal the average vïscosity of the fractions. 

The average viscosity of the fr3ctions was found by adding 

the products of the weight of each fraction multiplied by 

its D.P. and dividing this sum by the total weight of the 

fractions. The average D.P. of the fractions is always 

low. One reason for this is that the vacuum-dried frac- 

tions apparently contain some water. Another reason is 

that the fractions have undergone some degradation. The 

Institute of Parer Chemistry suggests the following cor- 

rections for the above items. 

If the total weight of the fractions is greater than 

that of the original unfractioriated material, the dif- 

ference is assumed to be water, and all D._1s. are multi- 

plied by the quotient of the former divided by the latter. 

If the average D.F. of the unfractionated nitrate is still 

greater than the average D.F. of the moisture corrected 

fractions, another adjustment using a degradation factor 

is made. The once corrected values are again multiplied 

by the quotient of the former D.P. divided by the latter 

D.F. 
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V T1E TECT OP SUBP ACE ACT IVE AGEJTTS 

Average DP. values were obtained for the original 

cellulose, for this cellulose chlorinated and cooked with 

sodium hydroxide, and for this cellulose chlorinated and 

cooked with sodium hydroxide in the presence of a variety 

of detergents. The results are given in Table III. 

DETERGENT USED. The following detergents were used 

because they represented the greatest spread of properties 

available from the samples on hand. Cationic, anionic, 

and nonionic detergents were used. 

Petrowet R is the sodium salt of a saturated hydro- 

carbon suif onate (anionic) which is manufactured by duPont. 

There was little foaming in the cook, and there is good 

evidence that its presence led to additional attack on the 

carbohydrat es. 

Santomerse #1 is an alkyl aryl sulfonate (anionic) 

produced by Monsanto. It produced moderate foaming when 

at a concentration of O.33 and extreme foaming at 2.40%. 

The pyrophosphate, Santomerse l mixture contained 0.33% 

Santomerse #1 and 0.66% tetrasodium pyrophosphate. Pre- 

quently materials such as the various phosphates and 

silicates enhance the detergent action or act as extenders. 

The silicate tolerance in a dissolving pulp is very low 

which makes its use questionable. The pyrophosphate 



added nothing to the Santomerse #1 that could be determined. 

by an average D.P. run. Actually the pyrophosphate appear- 

ed to be better by itself, 

The tetrasodium pyrophosphate was run by itself as 

a control sample for the later detergent piiyrophosphate 

run. In both cases 0.66% by weight of the pulp and water 

was used. The Monsanto Company recoiended the ratio of 

Santomerse and phosphate used. The raising of the aver- 

age D.P. above that of the detergent mixture was not 

expected. 

Triton N-100 is an alkyl yl polyether alcohol 

(nonionic) produced by Rohm and. Haas. Triton K-60 is 

stearyl dimethyl benzyl anonium chloride (cationic) and 

is produced by Rohm and Haas. The filtrates from the 

caustic cooks were a heavy brown color except with this 

Triton. Here, a str-colored filtrate was obtained, and 

upon examining the pulp, brown curds were observed through- 

out, In order to make sure of this unfortunate effect, 

the brown filtrate from a caustic cook without detergent 

was saved and K-60 added to it. With heating, the curds 

quickly formed and settled. to the bottom leaving the 

straw-colored supernatant liquid. The results from K-60 

were not included in the interpretation for other deter- 

gents because they would need to be treated in view of 

this precipitating effect. 



Aerosol OS is isopropyl napthalene sodium sulfon- 

ate (anionic) produced by imerican Cyanamid. The presence 

of this materi1 resulted in an increase of 230 over the 

D.2. of the standard alkali cook and was the detergent 

causing the greatest difference. It caused heavy foaming. 

BCO is a solution of technical cetyl betaine pro- 

duced by duPont. It is a zwitterion in neutral solution, 

but would be anionic under the conditions of this experi- 

ment. The per cent cannot be calculated because the con- 

centration of the active agent in the solution is not 

known. Six grams of solution were used. 

Dupanol u1A is the sodium salt of technical lauryl 

alcohol sulfate (anionic) produced by duPont. The foaming 

was excessive. 

Tall oil is available in a wide variety of diff er- 

ent compositions none of which cost more than a fw cents 
a pound. The particular product used is called Ligro and 

is a product of the West Virginia Pulp and Paper Company. 

(4- a ib.) Its analysis is 457g to 5O fatty acids, 42% 

to 48% rosin acids, and 6% to 9% sterols and higher al- 

cohols. 

In order to complete the types of detergents used, 

it was necessary to use one containing the sodium salt of 

a fatty acid. Ordinary soap would be exceedingly expensiv 

and since tall oil is a product of the pulp industry, it 
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The filtrate from the alkaline 

cock was turbid, and there is a good possibility that 

considerable material from the cook was being held in 

suspension. 

The other detergents would cause little effect on 

the pH of the cook, but the free acids of the tall oil 

probably would, so sodium hydroxide was added until the 

pH of an aqueous solution of tall oil was ten. This solu-. 

tion was then used with the usual quantity of sodium 

hydroxide in the cook. 

DISCUBSIO OP RESULTS. Some of the possible vari- 

ables introduced by the detergent are: 

1. Variations in the mechanical action of the 

bleach engine due to foaming. 

2. The facilitation or inhibition of the degrada- 

tive action of sodium hydroxide on the insoluble carbo- 

hydrate fraction. 

3. The facilitation of the extraction of soluble 

carbohydrate trash and impurities. 

The erratic results of the pH and yield are pro- 

bably due to inherent differences in detergent activity. 

The pentosan determination l4, p.89A) clearly indicates 

that the detergent mces no significant difference here. 

The alpha-, beta-, and gnma-cellulose determinations 

were made according to the method of the Pulp and Paper 
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Table III. 
Results of the Caustic Cooks 

y 
Active Agent Concentration* Final pH 

- 

Yield Pentosans Cellulose Average D.P. 

Unbleached 
Unbleached 
No Detergent 
ìro Detergent 
3x Usual NaCH 
Petrowet 
2 g Santomerse l 

15 g Santornerse l 

S ant orne r s e 
Pyrophosphate 

Pyropho sphat e 
Triton N-100 
Triton K-60 
Aerosol OS 
EO 
Dupanol WA 
Tall Oil 

---- 4.3 89.4, 1.4, 8.9 1910 
(Independent work by J. H. Jennings) ---- 1920 

11.4 90.6 3.8 90.1, 1.7, 8.3 1580 
11.4 91.5 3.4 90.1, 1.5, 8.8 1580 
lost 90.3 ---- ---- 1680 

0.50% 12.7 90.1 3.5 89.7, 1.7, 8.6 1500 
0.33% 11.2 93.9 3.6 90.1, 1.8, 8.2 1660 
2.40% 11.1 94.6 4.0 90.1, 2.0, 7.9 1670 

0.33% 11.3 90.7 ---- ---- 1670 

0.66% ii 92.6 ---- ---- 1710 
0.40% 11.8 89.8 3.5 89.8, 0.9, 9.6 1570 

0.17% 11.3 96.0 3.6 89.1, 1.4, 9.1 1760 

1.00% 11.7 90.7 3.8 90.1, 0.7, 9.2 1810 

? 11.7 89.3 3.8 90.1, 1.6, 8.2 1710 

0.96 11.7 88.0 ---- . ---- 1680 

0.96 11.8 89.4 ---- ---- 1640 

*Grarns dry detergent per gram of pulp and water. 

t-J 



Institute (7, pp. 421-425). Reu1te on duplicate s1)lea 
in the a1pha-deteininations were in perfect agreement, 
and it is unlikely that any of them are off by more than 
o. i%. 

The beta- and gamma-determinations depended upon 

dichromate oxidation of the soluble carbohydrate. The 

results were erratic even though every conceivable pre- 
caution was taken to make this test work. After a week 

of failing to accomplish this, the best results were used 
although they are less reliable than the alpha-determina- 
tions. 

The graviinetric determination of beta-, and gnma- 
cellulose has been made by this author in industrial work 

with much better reproducibility. Unfortunately it was 

not used. here because of considerable criticism by some 

authors who state that boiling the acidified filtrate of 
the alpha-determination to coagulate the beta-cellulose 
causes beta-cellulose to dissolve. The filtrates with 
which this author has previously worked could be very 
easily coagulated without boiling. They were heated al- 
most to boiling and. then cooled in a shallow 20 C. bath. 
The supernatant liquid always became sparklingly clear, 
and about 9O of lt could be decanted. The beta-cellulose 
was filtered with an alumdum crucible and weighed by 

difference. The whole operation took less than half an 
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hour of the chemist's time which is certainly an improve- 

ment over the volumetric method. 

The average viscosities of the nitrates were cal- 

culated from duplicate viscometer runs on different 

samples of the same solution. The accuracy of the vis- 

cosity determination is better than 20 units in the D.F. 

range of 1700. The range of error expected in the D.F. 

as a result of bleaching and nitration can be judged from 

the table of results. 

The result on the unbisached sample checks that of 

J. H. Jennings to a D.F. of 10 (8, p.28). The two caustic 

cooks that were run a month apart checked exactly. Three 

runs were made containing Santomerse '1. The first con- 

tamed two g which gave a result 10 D.F. units lower than 

the Santomerse cook having 15 g of Santomerse #1 in it. 

It was assumed that two g would constitute excess deter- 

gent, and the very large excess detergent in the 15 g run 

was not expected to cause any difference. The Santomerse 

pyrophosphate which contained two g Santomerse pyrophos- 

phate and 6.7 g sodium pyrophosphate certainly cannot be 

classed as a duplicate run; however, it h. exactly the 
same D.F. as the excess Santomerse run. 

There are only two cooks that are below the 1580 

average of the plain caustic cooks; all the rest lie at 

1640 and above. The low cooks are Petrowet and Triton 
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N-100 which also have the two lowest alphas and are among 

those cooks having the lowest pentosan determinations. 

The effect of the detergents is large because unless 

they are inhibiting the degradation action of the sodium 

hydroxide, the only way that the average D.P. of the cook 

can be raised is by the removal of the low D.P. material. 

Since the low chain lengths' contribution to the viscosity 

of the solutions is much lower than their proportion by 

weight, a large amount of short material must be removed 

in order to raise the average viscosity appreciably. With 

the exception of Triton K-60, the only two alpha deter- 

minations that are not 90.1 are the two detergents which 

gave an average viscosity below that of the "no detergent" 

cooks. The Triton K-60 unfortunately precipitated the 

alkali soluble material, and the results are not signifi- 

cant. 

The alpha determination is empirical and. may be 

little more than a measure of how stable the pulp is in 

cold l7 sodium hydroxide. It also gives no indication 

of the chain length of the insoluble portion which makes 

up 90 of the sample. On the other hand, the average 

viscosity measurement does not give any indication of the 

quantity of alkali soluble chains present. The two tests 

are therefore not in direct opposition. This will be 

discussed with the aid of fractionation graphs later. 
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Perhaps the most significant thing about the effect 

of the detergents is that about half of them produced a 

greater effect on the chain length than did, the use of 

three times the standard, quantity of sodium hydroxide. 
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VI. BJSULTS OP PRACTIONATIONS 

Samples of several of the nitrates described in 

Table III. were fractionated by the proc3dure de$cribed 

earlier. The results of these fractionations are $hown 

in Figures 1 to 10. The common method of graphing the 

data from pulp fractionation studiec is a cumulative 

graph. (See Figures 1, 3, 5, 7, and 9) Each vertical 

step has a midpoint which represents the weight average 

D.P. as obtained directly from viscosity data by means of 

the Staudinger equation. This equation dictates that one 

half by weight of the cellulose in the fraction represented 

by the vertical step must lie on each side of this point. 

The curve which starts at the origin and is drawn tlirough 

these midpoints is called an integral curve. 

The casual observer certainly receives little stimu- 

lating information from this method of presenting data. 

It is, however, an excellent method of comparing duplicate 

runs on the same pulp. Duplicate runs which are in per- 

feet agreement will produce different appearing series of 

steps; however, the centers of these steps will lie on the 

integral curve. The integral curve readily lends itself 

to an estimation of the per cent of material lying between 

any two D.P's. Por these two purposes the integral curve 

is very good because it is simple to plot and involves no 

assumtions beyond those of the Staudinger equation. 
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Because th3 integral curve pres3nts fractionation 

data in a manner which i difficult to interpret, investi- 

gators frequently plot the slope of the curve vs. D.P. 

This curve offers excellent pictorial representation which 

the integral curve lacks to a surprising extent. If the 

coordinates are left in the form %/4D.P. vs. D.?., a 

true distribution curve is obtained in which the area 

under the curve represents the per cent by weight of 

material between any two D.P's., and the total area under 

all such curves is the same. Such a curve is easily 

interpreted and exceedingly useful in the study of cellu- 

lose decomposition such as results from attack by chemical 

reagents. 

The degradation correction factor as suggested by 

the Institute of Paper Chemistry gives the seme per cent 

correction to all fractions. In order for this to be 

correct, the degradation of the nitrate must be completely 

random and have no dependence on chain length. Having 

once made this assumption, there are other things that 

can be done with it. Suppose a sample of cellulose nitrata 

suffered 5 degradation in a random manner. If the de- 

com-osition franents were ali removed, the weight of each 

fractìon would suffer the same per cent loss; and, after 

applying the D.?. correction factor, the shape of the 

distribution curve would not be changed. 
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Fow, consider again this identical case where the 

decomposition products are not removed. All fractions 

are still involved in a 5% random degradation; however, 

decomposition products of the higher fractions more than 

offset the losses of the lower ones. The uniform correc- 

tion of the degradation factor leaves the higher fractions 

below their original weight and the lower fractions cor- 

respondingly heier. 

A method was worked out that involves no major 

assumptions other than that of random degradation and 

allows both for the loss in weight due to degradation and 

the gain in weight from degradation products of higher 

chains. Random decomposition of chains of equal length 

will produce equal numbers of all possible decompocition 

products. Two chains of each specie from one to 999 are 

produced if 1000 chains 1000 units long are split equally 

at all links. 

A plot of the degradation products of a fraction 

with an average D.F. of 1000 which had undergone 5 de- 

gradation would start at 1000 (999) and continue to zero 

and be of sufficient height to make the included area 5/95 

of that area which represents the per cent of the fraction 

under the distribution curve. The decomposition products 

of all fractions are added graphically (see the top of 

Figures 10, 12, and 14), and this curve subtracted from 
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the distribution curve. iOW the curve has the correct 

shape since the decomposition products have been removed, 

but its area will be low. Therefore, the vertical compon- 

ent of each point on the curve is increased by 5/95 of 

its value. This approximation will become less accurate 

a the number of chains which are broken more than once 

increase s. 

H. îar1c and R. Sintha (9, p.614) have developed a 

method using statistical mechanics which follows the 

random degradation of a high D.P. material. They start 

with samples having a fairly uniform D.?., such as the 

fractions this work contains. Their sìples are then de- 

graded, and their final curves compare closely with the 

results that would be obtained by combining the plots of 

a fraction before it is corrected for degration with 

the calculated degradation products of that fraction. 

One of the first attempts to determine chain length 

distribution is shown in Figure 2, the curve on the un- 

bleached pulp. The size of the high D.?. fraction is a 

good illustration of what happened until refined methods 

were worked out. The curve can be used qualitatively to 

show where the bulk of the crystaline cellulose is in the 

unbleached pulp. The distribution curve for the Aerosol 

OS cook (Figure 8) is of qualitative use only because the 

D.?. of the high fraction was estimated. The original 
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plan was to store the nitrates of cooks as gels in the 

zero box until it could be determined which ones were 

worth fractionating. Unfortunately, the cook with this 

detergent was stored nearly a week; and although the gel 

went into solution, the high D.P. fractions from it would 

not dissolve using ordinary methods. These insoluble 

fractions were treated as one, and an estimate was made 

of their D.?. This estimate is probably close because the 

average D.?. of the uní'ractionated nitrate is known. 

However, this curve is not useful in the quantitative 

manner that the remaining curves are. it is probable 

that the later devised. extraction method would have sai- 

vaged this nitrate. 

It je to be expected. that the higher the caustic 

concentration in the cook, the higher will be the alpha- 

determination. The high caustic cook (Figure 6) resulted 

from an error, and a sample was not kept for an alpha- 

determination. However, if this has a higher alpha than 

the standard cook, it certainly is not evident from the 

fractionation curve. An increased alpha here would need 

to depend on greater alkali stability of the pulp. 

Both standard caustic cooks were fractionated. The 

highest fraction of one of them was lost because it was 

stored as a gel; but after the data from the second stand- 

ard cook was obtained, the value for this fraction was 
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accurately estimated. The two stepwise curves were drawn 

on the same graph and a single integral curve drawn through 

them (Figure 3). By obtaining the resulting distribution 

curve, (Figure 4), it appears that the detergent inhibits 

the degradation of the crystaline cellulose block; and 

that the variation in D.P. with detergent may be dependent 

on this rather than upon better extraction of carbohy- 

drate trash. 

Data from which the curves in Figures 1 through 10 

have been obtained are tabulated in Tables IV, V, VI, 

VII, and VIII. 
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Table IV. 
Tlnbleached Pulp 

Data for Figure 1 
A __P C D 

43 0.1323 19.7 19.7 

300 0.0409 6.1 25.8 

690 0.0606 9.0 34.8 

1450 0.043o 6.4 41.2 

1760 0.0716 10.6 51.8 

2880 0.0437 6.5 58.3 

3220 0.2801 41.7 100.0 

Weight correction factor 1.035 

Degradation correction factor 1.045 

A D.?. (corrected) 

B Weight of fraction (g) 

C Per cent (actual) 

D Per cent (cumulative) 
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Table V. 
Alkaline Cooks Without Detergent 

Data for Figure 3(a) 
A B C D 

100 0.0475 7.98 7.98 

200 0.0554 9.31 17.29 

390 0.0306 5.14 22.43 

560 0.0384 6.45 28.88 

810 0.0384 6.45 35.33 

1090 0.0394 6.62 41.95 

1360 0.0618 10.38 52.33 

1990 0.1083 18.20 70.53 

2570 0.0563 9.46 79.99 

3140* 0.1191 20.01 100.00 
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Data for Figure 3(b) 
A B C D 

88 0.0742 13.09 13.09 

270 0.0304 5.36 18.45 

480 0.0285 5.03 23.48 

570 0.0308 5.44 28.92 

890 0.0721 12.71 41.63 

1420 0.0646 11.38 53.01 

1800 0.0459 8.10 61.11 

2130 0.0725 12.79 73.90 

2960 0.0349 6.15 84.98 

3080 0.0628 11.08 93.84 

3240 0.0503 8.86 99.99 

Weight correction factor for 3(a) none 

Degradation correction factor for 3(a) 1.10 

Weight correction factor for 3(b) none 

Degradation correction factor for 3(b) 1.01 

*Estinated 

A D.P. (corrected) 

B Weight of fraction (g) 

C Per cent (actual) 

D Per cent (cumulative) 
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Table VI. 
Alkaline Cook With Excess Sodium Hydroxide 

Data for Figure 5 
A B C D 

64 0.0125 3.44 3.44 

87 0.0319 8.78 12.22 

290 0.0315 8.67 20.89 

480 0.0245 6.74 27.63 

840 0.0230 6.33 33.96 

1170 0.0181 4.98 38.94 

1560 0.0253 6.96 45.90 

2220 0.0699 19.23 65.13 

2700 0.0924 25.43 90.56 

2980 0.0343 9.43 99.99 

Weight correction factor 1.035 

Degradation correction factor 1.045 

A D.P. (corrected) 

B Weight of fraction (g) 

C Per cent (actual) 

D Per cent (cumulative) 
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Table VII. 
eroso1 OS Alkaline Oook 

Data for Fipre 7 
E C D 

58 0.0524 8.61 8.61 

160 0.0295 4.85 13.46 

420 0.0570 9.37 22.83 

720 0.0477 7.84 30.67 

1190 0.0674 11.08 41.75 

1660 0.0526 8.64 50.39 

21o0 0.0348 5.72 56.11 

2450 0.0712 11.70 67.81 

3150 0.1959 32.19 100.00 

Weight correction factor 1.010 

Degradation correction factor 1.153 

A D.P. (corrected) 

B Weight of fraction (g.) 

C Per cent (actual) 

D Per cent (cumulative) 
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Table VIII. 
Santomerse Pyrophosphate Alkaline Cook 

Data for Figure 9 Data for Top of Figure 10 
A B C D E P 

48 0.0425 6.22 6.22 6.32x103 19.8 xl(r3 
67 0.0417 6.10 12.32 6.20 " 13.5 " 

130 0.0257 3.76 16.08 1.97 II 73 H 

270 0.0528 7.73 23.81 1.94 " 5.3 " 

620 0.0535 7.83 31.64 0.86 " 3.4 " 

740 0.0332 4.86 36.50 0.45 " 2.5 " 

iio 0.0556 8.14 44.64 0.47 " 2.0 " 

1460 0.0650 9.52 54.16 0.44 " 1.6 " 

ioo 0.0496 7.26 61.42 0.26 ' 1.1 

2340 0.0571 8.37 69.79 0.24 " 0.87 " 

3080 0.0354 5.19 74.98 0.11 " 0.63 " 

3260 0.0546 7.99 82.97 0.17 tt 0.52 " 

3300 0.1162 17.02 99.99 0.35 " 0.35 " 

Weight Correction Factor 1.016 

Degradation Correction Factor 1.068 

A D. P. (corrected) 

B 1eight of' fraction (g) 

C Per cent (actual) 

D Per cent (cumulative) 

E 0.068x 
j).jf. 

P Cumulative Value 
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VII. TBE HCPOCI-1LORITE FECT 

The pulp from the caustic cook is only slightly 

lighter in color than it was before it was chlorinated 

and cooked. The pulp turns white almost instantaneously 

on contact with sodium bypochlorite (Chiorox). If a 

dissolving pulp is to be made from the product of the cook, 

the high D.P. material will have to be degraded to a much 

lower value. This is a very specialized procedure be- 

cause, in degrading this high D.P. section, the alkali- 

soluble material must either not be produced, or it must 

be extracted when it is produced. Commercially the de- 

gradation is accomplished with a large excess of hypo- 

chlorite. Rue (11, p.142) has found that the higher the 

hydroxyl concentration of ari alkaline hypochiorite bleach, 

the slower the bleach. 

It appeared that the graph of degradation products 

produced on such a large scale might be interesting. A 

preliminary trial bleach was run very early in the thesis 

experimentation on 69 g of pulp from a standard caustic 

cook. It was carried out at a consistency of 7.33 at 

41°C., and for two and a half hours. The bleach liquor 

was 37.8 cc Chiorox (0.55 ml/g pulp) and five ml of 17.5% 

sodium hydroxide. The pH at the end of the cook was 11.3, 

and a 65% excess bleach liquor was observed. The average 



D.P. was 860. However, sorne d.ifficulty had been en- 

countered with this sample in filtering off the nitrating 
acid, and degradation may have resulted. 

The cook from the Santomerse 4l-pyrophosphate mix- 

ture was bleached at a consistency of 1l. All other 
variables were kept the same as with the first bleach. 
The grams pulp bleached was different (40), but the ratio 
of reagents to pulp was identical with the first bleach. 
The final pH was 11.7. The excess was 65%. The yield 
of the bleach was 98.3% which bears out the fact that the 

major pulp loss is in the caustic cook. The average D.P. 

of this cook was 950. 

This bleach and the alkaline cook from which it came 

were both fractionated. (See Figures 9, 1C, li, 12.) 
The procedure was very well established, and the fractions 
were determined with very little degradation. It is pos- 

sible to compare accurately these two distribution curves. 
If random degradation had occured, it would be 

possible to change Figure 12 into Figure lO by considering 
the degradation products of the bleach in the same manner 

as the degradation products of the fractionation. 
This was done and the distribution curve obtained 

is shown in Figure 14. It is apparent that the attack by 

bleach liquor was anything but random. The high D.P. 

block was not attacked on a par with the remaining 



cellulose. This is shown by the fact that the block in 

Figure 12, when compensated for the average degration 

of the entire sample, produced not the original block of 

Figure 10 but something well beyond this in D.P. 

Also the low D.F. end of Figure 14 is exceedingly 

intersting because it predicts that a negative quantity 

of short chain material is present in the pulp before the 

hypochiorite bleach. If Figure 10 is examined, it is 

readily seen that there was considerable low D.P. cellu- 

lose present before the degradation started. Certainly 

the very short chains must be produced at a far below 

random rate. 

Actually there was a loss of 1.7% of the pulp repre- 

sented by Figure 10, which, if it were added to the short 

chains of the pulp represented by Figure 12, would make a 

slightly less negative value for Figure 14. Por the sake 

of simplicity, the nitration degradation products were not 

considered when producing and comparing the hypothetical 

distribution curve. 

Another consideration of consequence is to be drïn 

from Figure 12. Marsh and Wood give the limit of alpha- 

cellulose in the rtnge of a D.F. of 500 (io, p.73). 

Coster and Vincent (3, p.27) give the value as greater 

than 200. It would certainly appear that Figure 12 would 

predict a much larger per cent beta- plus gaimia-cellulose 
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than Pigure 10 which is not, however, the case. Alpha- 

cellulose determinations showed the pulp from the Santo- 

merse-pyrophosphats cook contained 89.82, 89.78%, 89.86%, 

89.72%, and that from the bleached Sentomerse-pyrophos- 

phate cook contained 89.4%, 89.42%, 89.54%, and 89.36%. 

It is very curious that the bleaching should move 

all that pulp into the short chain range and decrease the 

alpha so little. It again appears that the alpha is giv- 

ing the stability of the pulp in 173% sodium hydroxide 

rather than the quantity of short chains present in the 

pulp. If this is true, the caustic cook would remove most 

of this material, and the second caustic extraction would 

make litt1 additional difference. 

It is noteworthy that the frctionai solution method 

of determining D.P. of cellulose nitrate gives false 

distribution curves (7, p.46) for cellulose nitrate. It 

is, therefore, difficult to see why an extraction method 

using 17-?-% sodium hydroxide would be expected to succeed. 

The pulp for these alpha-, beta-, gamma-cellulose 

determinations was fluffed exactly as is done for the 

samples to be nitrated. This was done in a final attempt 

to get some correlation between these tests and the dis- 

tribution curves. It didn't help in this respect and may 

have been responsible for the low alpha 89.8 compared to 

the 90.1 of most of the other cooks. 



71 

The alpha-cellulose of the bleached sp1e was no 

doubt lowered by the extreme excess of the hypochiorite; 

however, it was important that a good exsmple of degra- 

dation by oxidation be obtained. Goldfinger and. Nark 

(5, p.29) suggest that the glucosidic linkages become 

more susceptible to further chemical reaction by having 

partially oxidized units next to them in the chain. This 

results in a degradation without loss in weight. 

A pentosan determination on the bleached sample 

gave 3.44 and 3.35%, (average 3.4%). The unbisached 

pulp contained 4.3 pentosan; the caustic cooked. samìles, 

from 3.4% to 3.8%. The vigorous chemical treatment which 

this pulp has been given produced only a small decrease in 

pentosari content. It had been expected that since pento- 

sans are not as chemically inert as cellulose, their re- 

moval would bs greater than that actually found. 

Data from which the curves in Figures il through 14 

have been obtained are tabulated in Tables IX and X. 
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Table IX. 
Hypochiorite Bleach on the 

Sant orner se Pyropho hate Alkaline Cook 
Data for Figure 11 Data for Top of Figure 12 

A B C D P 

36 0.0321 4.76 4.76 5.68x103 17.87x103 

64 0.0539 7.99 12.75 5.37 " 12.19 u 

130 0.0278 4.12 16.87 1.36 " 6.82 " 

190 0.0336 4.98 21.85 1.12 ° 5.46 " 

300 0.0557 8.26 30.11 1.18 tt 434 II 

480 0.0791 11.78 41.89 1.05 " 3.16 " 

680 0.0778 11.54 53.43 0.73 u 2.11 

920 0.0577 8.56 61.99 0.40 " 1.38 " 

1100 0.0450 6.67 68.66 0.26 " 0.98 " 

1320 0.0346 5.13 73.79 0.17 " 0.72 " 

1570 0.0357 5.29 79.08 0.14 " 0.55 " 

2170 0.1132 16.79 95.87 0.33 " 0.41 " 

2360 0.0278 4.12 99.99 0.08 " 0.08 " 

Weight correction factor 1.023 

Degradation correction factor 1.043 

A D.P. (corrected) 

B Weight of fraction (g) 

C Per cent (actual) 

D Per cent (cumulative) 

E 0.043x % 
D.P. 

F Cumulative Value 



. I ' . 

t , . ' 

- toc 

T " . 
: 

s 

I !: 

TI fHiI1 

i9uetI 
. + _J . IYPOI HLÔR TF F 

c_) : 7 . 
. 

: 
. , , 

____ 
. 

____ 
: 

y : 

: 
: ON THE 

q LJ SA TOME 15E YROf IO$PH 

___ 
____ 

___ 
____ 

-- 
____ 

2C 
___,;r___ 4.--- 

____ 

". - 

-- 
--..-- . 4 . -. - 

ÁUAUNI- CO K 
4- 

- -- 
: 

: : . 

A- I 

-i---,- 
4 

o t __J 
t 

i 
L -_ - _____ 

o 500 1000 1500 2000 2500 3000 

DEGREE 0F POLYMERIZATION 



ci. 

o 
ci 

cl Q. 

C 

_w 
-.7 

DEGREE OF POLYMERIZATION 



75 

Table X. 
Hypothetical Santomerse Pyrophosphate Alkaline Cook 

Data for Figure 13 Ditä for Top of Figure 14 
A D E F 

63 4.76 57.20x103 180.6 x10'3 

110 12.75 54.99 " 123.4 " 

230 16.85 13.56 ' 68.4 

330 21.85 11.29 " 54.9 " 

530 30.11 11.80 " 43.6 " 

840 41.89 10.62 " 31.8 " 

11go 53.43 7.34 I, 21.2 " 

1620 61.99 4.00 " 13.8 " 

1930 68.66 2.62 " 9.81 " 

2320 73.79 1.67 " 7.19 " 

2760 79.08 1.45 " 5.52 " 

3820 95.87 3.32 " 4.07 " 

4150 99.99 0.75 " 0.75 " 

A D.P. (corrected) 

D Per cent (cumulative) 

B 0.757x % 
D.P. 

P Cumulative Value 



Li 

(D 

I- 
z 
w 
o 

w 
Q- 

z.'.] 

80 

u60 
> 
I- 

-J 

D 
40 

D 
o 

o 



0.20 

0. I 5 

0.10 

r- 

d 

0.05 

Li] 

0.20 

0.15 

0.05 

7'? 

- - - H POT ETICL EGRAAtI0I PP )DUC S . 

--___ _ _ ________ _ _ 
- . __ ____ __ 

_ 
__ __ __ 

________ 
__ 

_i _i 
:___ 
_____-- __ 

__________ 
t - 

.-1 

__ __ 

i 

. . : r-'1 . 

---- _ -- 
-1---- 

___l_ -- 
:::.::. H t____ . 

f I 

__ - - _ 
I _ 

t _ 
I ____ ____ ____ 

-i--- 
- - - 

-- -1- 

t + 

t 

¡ 

- 1u e 

-r.--- 
t 

t 

- 
t r 

____ 

t 

____ 

____i_ 
____ -- ____ I ---.--.- 

HPITHE1ICAL 
YROP IQSPI ATE 

S4NTObERSE 

ALKAI NE COOP ____ 

T 

, 

I 

, 

t 

: 

i -î 
_ 

' ' 

+ 

---Tj--i-- 
-4 

: 
. 

-:--- ____ ____ -.-..+- 

- 

-- 
t 

-t-- ---- ! - 

_j±uij i 
o 500 1000 $500 2000 2500 3000 3500 4000 4500 

D E G R E E 0F POLYMERIZATION 



78 

VIII. SU1MARY M CONCLUSIONS 

An unbleached sulfite pulp was given a carefully 

controlled, chlorination and an alkaline cook of a type 

suitable for producing a dissolving pulp. The cook was 

carried out both with sodium hydroxide alone and with a 

wide variety of surface active agents added. 

Tests on the products so obtained included alpha-, 

beta-, and. gamma-cellulose, pentosan, average D.P., and 

fractionation studies. 

In order to obtain the average D.P's. and the D.P's. 

of the fractions resulting from fractionation, samples 

were nitrated, dissolved in acetone, and the desired 

values calculated from the viscosity of the solutions by 

means of the Staudinger equation. Curves based on the 

fractionation studies showing the D.P. distribution of the 

products obtained have been so prepared as to make pos- 

sible an interpretation of the nature of the degradation 

of the cellulose. 

The treatment of degradation products graphically 

and the correction of the distribution curves depend upon 

random degradation of the nitrate. Random degradation by 

the bypochiorite bleach was shown not to occur, and the 

chain lengths which were not being randomly degraded were 

readily pointed. out. Random degradation of the nitrate 
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would be much more likely because this would result from 

conditions within the nitrate molecules. H. Mark and 

R. Simha (9, pp.611-618) cite numerous cases where car- 

bohydrates and their derivatiTes are known to follow 

statistical predictions. 

A careful study has been made of the stability of 

the cellulose nitrate (i) to determine the effect of 

elevated temperatures which were essential in hastening 

its solution and (2) to find a method that would premit 

extended storage without appreciable degradation. These 

findings have been incorporated into an improved fraction- 

ation procedure based on the fractional precipitation 

method recommended by the Institute of Paper Chemistry. 

The fractionation procedure depends upon the assump- 

tion that there is no micellar construction that would 

prevent solvent equilibrium (13, p.539). The Institute 

of Paper Chemistry method is not entirely satisfactory 

because precipitation is accomplished in a manner which 

makes equilibrium conditions unlikely. The method of 

evaporation with nitrogen used in this study appears to 

have no such disadvantage. 

Cooking chlorinated pulp with sodium hydroxide under 

the conditions of this investigation brought about a 

decrease in the average D.P. from 1910 to 1580. Use of 

three times the usual amount of sodium hydroxide decreased 



the average D.P. to only 1680. Eight of the ten surface 

active agents used. in the caustic cooks reduced the D.P. 

lowering effect of the sodium hydroxide, some of them to 

a considerable extent. Pinal values ranged from 1640 to 

1810. Evidence was obtained that the two surface active 

agents that brought about greater D.P. loweririgs were 

actually enhancing the degrading effect of the sodium 

hydroxide. 

The effect of those surface active agents that re- 

duced the D.P. lowerings might result from (i) better 

removal of short chain material or (2) protection of the 

long chains from degradation by the sodium hydroxide. 

The curves showing the fractionation results demonstrate 

clearly that the surface active agents brought about a 

reduction in the degrading effect of the sodium hydroxide, 

but the better removal of short chain material is not 

evident from these curves. The action of the detergents 

seems to be similar to that obtained when a large excess 

of sodium hydroxide was used. 

If the detergents had been highly effective in re- 

moving short chain material, they would be very useful in 

the cotmnercial manufacture o1 dissolving puips. If, how- 

ever, their action is confined chiefly to the protection 

from degradation of the long chain material, their use in 

manufacturing dissolving puips does not appear feasible. 



Good reasons were found for believing that the alpha- 

determinations are giving an erroneous picture of the 

quantity of short material present. This could be because 

the alkali determination depends heavily on a degrading 

effect, and that some of the carbohydrate material subject 

to degradation by sodium hydroxide has been removed by the 

bleaching treatment. Coster and Vincent (3, p.29) varied 

the viscosity of a pulp over very wide ranges without 

effecting the alpha-cellulose content. 

The results obtained in this study showed that the 

surface active agents had a significant effect upon the 

action of the sodium hydroxide upon the pulp, although it 

was not the one exrected. These results do, however, 

justify a further investigation of the phenomenon, par- 

ticularly since some of the methods developed and results 

obtained should lead to the solution of this problem. 

It appears that continued experimental work should 

be directed first toward determining the effect of dif- 

f erent sodium hydroxide concentrations on the pulp. When 

this is known, a basis is available for judging how de- 

sirable the effect of a detergent is, rather than just how 

large. 

A very simple and reproducible method of determining 

the detergent effect on alkali-soluble material in pulp 

is essential to further work on this problem. Such a 



method is the potassium hydroxide solubility determination 

(7, p.451). An average viscosity determination will give 

a good idea of the magnitude of an effect, and the 

potassium hydroxide solubility will establish where it 

happened. The fractionation should be used only on sig- 

nificant results because of the large time requirement. 

A study of the degradation of the crystalline cellu- 

lose will require that at least fifteen fractions be de- 

termined. In this thesis, a careful analysis of the high 

D.P. block was not expected to be necessary; 'nd when it 

turned out that this might be of consequence, a point or 

two more in this range would have helped. 

A possible improvement on the bleach engine might 

be built from a wide-mouthed two-liter jar with a tightly- 

fitting screw top and a device for rolling the jar. A 

very heavy metal shaft cut to fit in the jar could be 

rubber-coated and used to squeeze the pulp by rolling on 

it. Resistance wire wound spirally around the jar would 

supply heat, and the lid could hold the thermostat. U- 

kaline pulp is susceptible to attack by oxygen. Such an 

engine could be flushed out with nitrogen and sealed. 

The pulp from the caustic cook may not be stable 

even after thorough washing with water. A half-hour wash 

with dilute sulfurous acid is used to stabilize a coimner- 

cial pulp after an alkaline bleach. It might very well 



be advisable here when an alkali pulp is to be stored. 

The unbleached pulp sheets could probably be broken 

up by a one to two ampere motor with a blunt stirrer. 

It would be a very groat aid if an electronic device 

could be built for reading the time of flow during the 

viscosity studies. If two parallel beans of light were 

directed on the viscometer so that one fell above and the 

other below the small bulb, the falling meniscus might 

be able to refract these beams into a photoelectric tube. 

The first impulse from the tube could trigger a relaxa- 

tion oscillator, and the second could return it to the 

ground state. The current conducted by the second tube 

between these two pulses would be proportional to the 

time of flow. 
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