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VARIATIONS IN THE CELLULOSE CHAIN LENGTH DISTRIBUTION 
RESULTING FTOM DIFFERENT PULPING M BIEACHflJG OPERiT IONS 

I. INTRODUCTION 

The substance cellulose, the priniary structural material of 

the plant kingdom, has long been knoin to consist, fundarnentally, 

of long chains of anhydroglucose units, C6H1005 (1, pp.170l-1705). 

Thus, cellulose may be represented by the formula (C6H1oO5) ' 
vthere x is the actual number of anhth'oglucose units in a 

particular cellulose molecule. Since cellulose is probably a 

non-uniform material, even in its natural condition in the plant 

cell wall (3, p.121), x in the absolute sense, has no one value 

as applied to a real sample. For practical purposes, however, 

X is assumed to be the weighted average of all the chain lengths 

present in a given sample, and in this sense is commonly termed 

the degree of polymerization (D.?.). 

The most convenient method for carrying out D.F. 

ceterniinations depends upon an equation developed by Staudinger 

(9, p.451), which relates the specific viscosity of a solution of 

cellulose or a cellulose derivative to the D.?. of the dissolved 

material: 
--v'5p 

D.F. 
c xK 

g ni 

where 

specific viscosity 

Cg = concentration of the solution (g/) 
K = the Staudinger constant 

in 
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The cellulose molecule, a simplified diagrun (1, p.1667) of 

which is shown in Figme 1, is subject to two different degradative 

(i.e., chain-splitting) reactions; hrdro1ysis and oxidation. 

Hydrolytic splitting of the chains, as indicated at a, Fin'e 1, 

can occur extensively even under mild ccnditions, resulting in 

niarked lowering of the viscosity and the production of considerable 

amoints of highly degraded h,r3rocelluloseH (7, p.546). 

CeUt10 sic materials are still more sensitive to oxidative 

degradation, which, according to Heuser (2, p.593), may be brought 

about merely by the action of atmospheric oxygen and sunlight upon 

dry cellulose. The mechanism of oxidative degradation is not well 

understood but may begin uith the oxidation of terminal hemiacetal 

groups (b, Figure 1), terminal primary alcohol groups (e, Figure 1), 

or any of the secondary glycol groups (7, p.547). 

It is to be pointed, however, that, due to the fibrous 

nature of pulp, these degradative reactions proceed in a 

topochemical (i.e., layervise) fashion; the degraded material 

resulting from attack on the outer layers is then more readily 

attacked than the unchanged material in the next lower layer, so 

that unless the degradative influences are exceptionally severe or 

long-continued, there will remain at least some relatively 

undegraded material in the inner layers of the fibers (1, p.1691). 

In nature, cellulose nearly alys occurs closely 

associated vdth varying amounts of incrusting non-carbohitIrate 

materials, and harsh chemical processes are required in order to 

isolate it in a commercially usable form. This treatment alays 
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results in more or 1es degradation of the cellulose, and it is 
established practice in the cellulose industry (6, p.603)(1, p.]669) 

to follow and to formulate a basis for the control of this 

deadation by means o1 viscosity measurements on samples taken at 

intervals as the material is being processed. In routine control 

work it is customary to dissolve the cellulose directly in solutions 

containing the cupranrnon.inni (io, T-206m) or cupriethylenediaznine 

(10, T-230sm) ions, which tie up the portions of the cellulose 

chains by which they are normally bound one to another, thus 

producing an aqueous colloidal dispersion of individual cellulose 

molecules. The Staudinger equation, nith suitable n'iodiíications in 

the constant which it contains, is equally applicable to solutions 

of cellulose in cupranonium or cupriethylenediamine or to solutions 

of cellulose derivatives in organic solvents (2, pp.591-593). 

Determination of the average D.P. of a cellulose sample 

gives a rough indication of the quality of the material ar1 the 

degradation which it has undergone; thus an average D.F. of 1000 

certainly represents greater degradation than one of' 1500. The 

method, however, is c apable of yielding no information concerning 

the distribution of various chain lengths within the sample. For 

example, an average D.F. of, say, 1000, theoretically could arise 

equally well from a perfectly random distribution of chain lengths 

between one and 2000, or from a distribution in which al]. the 

chain lengths lie between 900 and 1100. 
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In tracing the effect of various steps in the manufacture of 

a pulp, it would be of value to ha'v, rather than an average D.F. 

value, a pictin'e of the distribution of the various chain lengths, 

and the possible alterations produced in that picture by each ol' the 

various steps (3, p.121). 

Because of the non-uniform chain length distribution of 

cellulose, it is possible, by any of several xiieans, to fractionate 

it or its derivatives into parcels comprising a comparatively 

narrow range of' chain lengths. Tvo convenient methods thich have 

been used in recent work, fractional solution (4, p.101) axI 

fractional precipitation (5, ), depend upon differences in the 

solubilities of molecules of varying chain lengths in solvent- 

non-solvent mixtures, in which the shorter chains are the more 

soluble. In selecting a fractionation technique for this 

investigation, it appeared at once that a fractional solution method 

would be, to a certain extent, subject to the limitations imposed 

by the necessarily topochenuical fashion in uhich solution of 

cellulose or its derivatives takes place. This conclusion is borne 

out by a recent investigation in which the fractional solution 

method was employed (4, p.101). P'actional precipitation was 

decided upon as the better method, and it remained only to select 

the form of cellulose to be used in the investigation. As noted 

earlier, cellulose is quite soluble in solutions containing 

cuprammonium or cupriethylenediainine ions, but, vthen dissolved 

in these solutions, cellulose is extremely subject to degradation 

by atmospheric oxygen (1, p.1675). The formation of most cellulose 



derivatives, such as the sulfate, acetate and butrate, requires 

such a long time under the conditions of esterification that 

degradation becomes extensive long before the stoichioiaetric yield 

is approached (2, pp.168, 232). A method is available, however, for 

rnaldng the nitrate in very nearly theoretical yield vthout 

appreciable derradation (5). The nitrate was accordingly chosen 

as the derivative to be used in this investigation. Of the 

several solvents for this substance, acetone presented itself as 

the least expensive and most readily available. 

Briefly, then, the problem embraced by this thesis was to 

obtain, by fractional precipitation of cellulose nitrate from 

acetone-eater solution, D.F. distribution profiles of various 

commercial puips and to attempt to correlate these pictures, and 

change s in them, with the various pulping arid bleaching operations 

to which the materials had been subjected. 

Given below is a listing of the pulps chosen for this study: 

1. Puips manufactured by the Pulp Division, ïleyerhaeuser 

Timber Company, Longvievr, Vïashingbon. 

a. Paper Alpha (PA) 

b. VC 

c. VR 

d. Bleached Sulfite 

e. Bleached Kraft 



2. Puips manui'actured by the Crovn-ZeUerbach Corporation, 

Camas, Viashington. 

a. Regular Unbleached Sulfite 

b. Extra-soft Unbleached Sulfite 

e. Regular Bleached Sulfite 

d. Extra-soft caustic-treated Bleached Sulfite 

e. Regular Unbleached Kraft 

f. Unbleached Kraft for Bleaching 

g. 30 GE Kraft 



II. EXPThNTAL PROCEDURE 

The method u3ed in this vtrk for obtaining the D.F. profile 

of a sample of ceflulose depends upon the fractional precipitation 

of cellulose nirate froni an aqueous acetone solution and subsequently 

obtaining the D.F. of each of the fractions thus produced. The 

method is a modification of that used by the Weyerhaeuser Timber 

Company (8), vthich is based, in turn, upon one developed initially 

by the Institute of Paper Chemistry (5). 

Preparation of the pulp. The first step in the procedure was 

defibering the pulp, which was done by slowly pouring a one to 

two per cent pulp slurry into a rapidly rotating basket centrifuge. 

Three such passes produced an almost perfectly defibered pulp 

suspension, from which most of the water was then removed by 

filtering through coarse filter paper on an II cm Buchner funnel, 
using only very gentle suction in order to prevent matting. The 

water was gradually displaced by successive additions of 

50-100 ml portions of acetone which had been freshly distilled 

from potassium permanganate. After four such additions of acetone, 

each followed by a brief period of gentle suction, nearly all the 

water had been displaced, and the full suction of the aspirator 

was applied to remove as much acetone as possible. The resulting 

fluffy pad of defibered cellulose was then placed for about an 

hour in a vacuum oven at room temperature, under a pressure of 

10-20 nmi of mercury. At the end of this time, the pad was 

removed and dried completely over phosphorus pentoxide at room 



temperature, under a pressure of one to two mm of mercury, for one 

and one-half to two hours. 

The dry pulp pad was then removed from the desiccator, 

carefully teased apart with a large needle, and placed in the 

balance room for at least an hour to come to equilibrii with the 

moisture in the air. After equilibritmi had been attained, there 

were weighed out accurately on a four-place balance, two samples of 

about 0.52 g each for subsequent nitration and fractionation, and 

two samples of about one gram each for a moisture determination. 

The moisture samples were dried overnight at 100-105° C. and the 

per cent oven-dry pulp thus obtained was used to calculate the 

weight of oven-dry material in the samples for nitration. 

The nitrating medium. The nitrating acid was prepared by measuring 

44.6 ml (75 g) of syrupy phosphoric acid into a one liter glass- 

stoppered bottle and adding, over a period of about half an hour, 

5.5 g of phosphorus pentoxide, cooling at intervals in ice water 

as necessary. After all the phosphorus pentoxide had been added, 

care was taken to see that no dry solid material remained on the 

walls of the bottle, and the contents of the bottle were cooled to 

at least 5° C., after which 67.0 nil (105 g) of red ftnning nitric 

acid were added. The bottle was then tightly sealed by placing 

longitudinally around the bottle and stopper four large rubber bands 

cut from an inner tube, after which it was put on a roller to rotate 

overnight, or longer if necessary, to produce a clear, light amber 

solution. 



The nitration procedure. To the previously weighed snp1e of 

cellulose, contained in a 300 n1. standard taper Er1enmerer flask, 

there was qui.ckly added 50 in]. of the nitrating mixtwe, preferably 

previously cooled. to g_o0 C. The flask was then stoppered and 

thaken vigorously by hand to wet the sample th the acid as 

rapidly as possible, snd the flask was put on a roller to rotate 

for exactly one hoir. At the expiration of this period, the 

contents of the flask were filtered, vdth suction, through a coarse 

30 ml sintered glass £iinnel with ierpendicular sides. when the 

acid level had faflen just below that of the solid material in 

the fminel, the suction was quickly broken and the contents of the 

funnel were dtped at once into about OO ml of the coldest tap 

water obtainable (usually about ° but never more than 10° C.) 

and stirred vigorously by hand for a few seconds. The then much 

diluted acid vas removed from the cellulose nitrate by £ilta'ation 

through the saiìie funnel, after which the nitrate was washed by 

passing about a liter of cold tap water through it on the funnel. 

The nitrate was further freed of acid by tiacing it in about 500 ml 

of two per cent sodinn carbonate solution and mechanically stirring 

for 15 minutes, The sodiizi carbonate was removed from the nitrate 

by filtration, again through the same funnel, and washing with 

distilled water until the washings were neutral to universal 

indicator paper. The nitrate was then stabilized (6, pp.640.-641) 

by placing it in about a liter of distilled water for several days, 

changing the rater twice daily. 



The afternoon ol' the day before the sample was to be 

fractionated, the nitrate was filtered into a tared sintered glass 

crucible, washed with foin' 25 ml portions ol' commercial methanol and 

dried for about to hours over phosphorus pontoxide at room temper- 

ature, under a pressure of one to two mm of mercury. The 

theoretical yield of cellulose trinitrate is l3 per cent (e), but 

the actual yield was ll-2 per cent, and even lower for 

unbleached puips. 

The fractionation jocedur. 'om the dry nitrate there were 

weighed out accurately three samples; two of about 0.04 g each for 

a determination of' the average D.F. and one of 0.5 g for 

fractionation. The samples for average D.P. were placed in 90 nil 

weighing bottles, exactly 50 ml of freshly distilled acetone were 

added to each and they were placed in the refrigerator overnight. 

The fractionation sample was placed in a 300 nil standard taper 

Erlennieyer flask, l0 ml of acetone were added and the flask was 

placed on a mechanical shaker overnight. Solution was ordinarily 

complete by morning. 

The above solution was then filtered through a sintered 

glass funnel and poured into a 500 ini extraction flask, which was 

placed in a large beaker containing water maintained at a 

tenroerat're of about 2E° C. V(ith the contents of the flask under 

continuous agitation by a mechanicallyowered glass stirring rod, 

distilled water was added to the flask th'opviise from a burette 

mounted above it, and a light was mounted at one side to illundnate 
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the solution. then a permanent haziness was obtained, enough 

acetone was added to the flask to render the solution clear once 

more, and a Line jet of filtered air was blown into the neck o1 

the flask nti1 enough acetone had been removed to again produce 

a faint haze in the solution, The solution was then poured into a 

250 ml centri±uge bottle and centrifuged for ten iìdnutes at 2000 

rn, after which the supernatant solution was poured back into the 

flask. The precipitate o cellulose nitrate remaining in the 

centrifuge bottle was partly dried mith the air jet, the resulting 

button of cellulose nitrate vas lifted out mith a micro spatula, 

placed in a numbered, tarad 90 ml weighing bottle and designated 

as fraction one. Subsequent fractions were obtained by further 

removal of acetone mith the air jet and were handled in the sanie 

manner as outlined for the first, except for the final fraction, 

which was obtained by evaporation of the solution to dryness. 

In this work, the number ol' fractions taken was usually eleven. 

During one of the centrifuging intervals, the samples for 

determination of average D.P. were taken out of the refrigerator, 

the glass stoppers were replaced with rubber stoppers and the 

bottles were placed on the shaldng machine. Several hours' 

shaking usually sufficed for solution, after vthich the solutions 

were suitably diluted and the specific 'viscosities were obtained 

as wiU be described in detail later. 

Ihen the fractionation was complete, the fractions, in 

their weighing bottles, were dried over phosphorus pentoxide at 

room temperature for one to one and one-half hours, at a pressure 
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of one to two a of mercury. After the fractions were weighed, 

25 or 50 ml of freshly distilled acetone, depending upon the weight 

of the individual fraction, were added to each, and fractions one 

through five were placed on the shaker overnight. The remaining 

fractions were placed in the refrigerator overnight and were put 

on the shaker the next morning to dissolve vthile the viscosities 

of fractions one through five were being determined. 

Viscosity determination. All viscosity determinations were made 

vdth an ordinary gO-100 second Ostwald viscometer. The temperature 

was maintained at 25 0.005° C. by a large, thermostatically con- 

trolled water bath. The flow times riere measured, in the early 

part of the work, mïth a 1/5 second stopwatch, and later vdth one 

graduated to 1/10 second. 

Since cleanliness of the viscometer was considered of 

paramount importance, no portion of solution or pure solvent was 

ever placed in the viscometer mithout filtration through a coarse 

sintered glass funnel. After each dayts uses the viscometer was 

cleaned with hot chronic acid solution. 
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III SAEPI DATA AND CALCULA.TIONS 

All D.F. calculations in this work were in&5.e using the 

Staudinger equation: 

o P 
xK 

g in 

where 

1f1 ulow time of solution 
sp - flow time of pure solvent 

C = concentration of solution, g/j 

K = U x l0, the Staudinger constant for 
in 

cellulose nitrate in acetone 

Since the Staudinger equation is a valid approximation only 

beiveen specific viscosities of 0.10 and 0.15 (8), the first step 

in making a D.?. determination on a sample was to guess the D.F. 

as closely as possible and then dilute an aliquot portion of the 

solution to a concentration which would result in a specific 

viscosity of about 0.125 for that D.?. (A set of correlated 

concentrations and. D.F. values may be prepared by putting the 

Staudinger equation into the form: 

0.123 
g 

D.F. x U x l0 
and calculating the concentrations at D.F. of 100, 200, 300, etc., 

up to 3000.) 

There is shov.n below a detailed example of a D.F. 

calculation from viscosity data. 
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weight of saiuple: 0.0327 g 

volume of solution: 50 ini 

estimated. D.F. 2000 

concentration required to give a specific viscosity of 0.125 at 

a D.F. of 2000: 0.00284 g/50 ini 

then, the aliquot portion to be taken for dilution to 50 in]. = 

0.00284 x 50 
= 4.44 in] 0.0327 

Accordingly, 4.4 mi of the solution were diluted to 50 mi in a 

volumetric flask. The viscoineter îias rinsed îith two separate 

10 in]. portions of this solution, after vthich a third 10 ini portion 

s placed :in the viscometer and the instrument was mounted in the 

25° C. bath. A period of five minutes was allowed for the 

attairnnent of thermal equilibritun, after iTh±ch the time of flow 

through the instrument was measured twice. The D.F. of the sample 

was then calculated as iollows: 

Flow time of pure acetone: 46.9, 46.7, 46.8 sec., avg. 46.80 sec. 

Flow time of solution. 53.7, 53.6 sec., avg. 53.65 sec. 

53.65 -1 = o.14.1 
sp 46.80 

Final concentration of solution, 

Cg = (0.4)(aliquot)(weiht of sample) 

(0.4)(4.4)(0.0327) = 0.0576 g/ì 

'If this value had been sinificant1y outside the range 0.10 to 0.15, 
an approximate D.F. would have been calculated and another aliquot 
taken for dilution, on the basis of this revised estimated D.?. 
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Then, the D.F. of the sample = 

0.1164 

0.0576 x II x lo 

The method outlined above is used for determination of D.F. values 

for the several fractions as well as for the average D.F. of the 

unfractionated nitrate, 

The observed D.F. values obtained for the fractions are 

subject to two empirical correction factors () as decribed below: 

1. Weight correction fator. This factor is applied vthen 

the sun of the weights of the fractions is greater thsii that of the 

sample taken for fractionation. 

Weight correction factor = 

Sum of the weights of the fractions 
Weight of fractionation sample 

fl,P, (corrected for weight) = 

D.F. (observed) x weight correction factor 

2. Degradation correctionlactor, This factor is applied to 

coìipensate for the degradation which occurs during the fractionation. 

Degradation correction factor = 

avg. D.F. of unfractionated nitrate 
D.F. calculated from the fractions 

D.?, (corrected for degradation) = 

D.F. (corrected for weight) x Degradation correction factor 

The "D.F. calculated frani the fractions" is obtained by multiplying 

the ight per cent of each fraction by the D.?. of that fraction 

after the weight correction factor has been applied, and adding 
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together all these values for a given set of fractions. 

The application of these correction factors is illustrated 

by the folloLng concrete example: 

Observed D.F. of fraction: l73 

Stun of the weights of the fractions: 0.5127 g 

Weight of fractionation sample: 0.5061 g 

Weight correction factor 
= 

= 1.013 

D.F. (corrected for weight) = 1738 x 1.013 = 1760 

Average D.F. of unfractionated nitrate: 1238 

D.F. calculated from the fractions = 1203 

Degradation correction factor - 1203 
- 1.027 

D.F. (corrected for degradation) = 1760 x 1.027 = 1810 



IV. EXPII1NTAL RESULTS A11D DISCUSSION 

plsnation of tables and graphs. In Table i there is shown, for 

one of the pulps used in this study, a complete tabulation of the 

actual laboratory results upon thich the computation of a D.F. 

profile is based. Table 2 illustrates the stepwise marìner in which 

the observed D.F. values, obtained as shown in Table i, are 

corrected for plotting. In Tables 3-14, inclusive, are summarized 

the exDerimental data and corrected D.F. values for all other pulp 

samples used. 

In Figures 2-7, inclusive, there are plotted the corrected 

D.F. values versus the corresponding cumulative percentages shown 

in Tables 2-15, inclusive. The data viere first plotted in stepwise 

fashion on the left-hand half of each graph; the points along the 

integral curves, shown on the right-hand half of each graph, were 

then obtained by transferring the midpoint of each horizontal step 

to the corresponding position on the other half of the paper. 

Figure 2 is the result ol' a duplicate nitration and 

fractionation of one of the pulps, vthich is presented to illustrate 

the degree of reproducibility of the method in general. All other 

graphs show the D.F. profiles of two or more similar or contrasting 

puips and result from a single nitration and fractionation of each 

pulp. 

Table 15 summarizes, for each of the pulpa, the weight 

percentages falling within each of the indicated D.F. ranges. The 

values shown were read from the integral curves described above 



(Figures 2-7, inclusive). The remaining Ligures show the data 

of Table 15 in graphical form. 



Table 1. 
Sample Laboratory Data Sheet 

(Cro?Jn-Zeflerbach Regular Bleached Sulfite) 
A B C D E F G H I Pure 

Solvent --- --- - 46.65,46.65 46.65 --- --- 
I' 0.0336 50 5,6 to 50 52.15,52.21 52.l O.l3.E5 0.0753 1430 

Ii 0.0302 50 6.7 to 50 52.80,52.0 52.0 0.13l 0.0809 14E0 
Pure 

Solvent -- --- --- 46.43,46.51 46.47 --- --- -- 
i 0,026e 50 3. to 50 52.36,52.33 52.35 0.1265 0.0407 223 
2 0.0871 50 l.L to 50 52.84,52.E9 52.87 0.1337 0.0488 2560 
3 0.0915 50 1.7 to 50 53.34,53.22 53.26 0.1461 0.0622 2137 
4 0.0403 50 5.0 to 50 52,93,52.93 52.93 0.1390 0.0306 1568 
5 0.0216 25 4.7 to 50 51.31,51.23 51.27 0.1033 0.0812 U58 
6 0.0276 25 5,0 to 50 51.80,51.65 51.73 0.11j2 0.1104 931 
7 0.0315 25 6.0 to 50 53.15,53.27 53.21 0.1450 0.1512 87]. 8 0.0308 2 6.5 to 50 51.E1,5l.75 51.78 0.1143 0.1602 648 
9 0.0295 25 11.0 to 50 52.70,52.70 52.70 0.134]. 0.2596 470 10 0.0227 25 25.0 to 50 53.15,53.07 53.11 0.1429 0.454 286 U 0.1054 25 5.7 to 10 54.9,54.90 54.90 0.1813 2.403 69 

A action or sanple nuraber 
B Teight of fraction or sample (g) 
C Volunie of solution (nil) 
D Dilution (ml) 
E Flow times (sec.) 
F Average flow time (sec.) 
G Specific viscosity C1) 
H Final concentration (g/.j) 
I Observed D.F. 

Unfractionated nitrate 
o 
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Sample D.F. 
(Crov-Zol1erbach 

Table 2. 
Correction Sheet 
Regular Bleached Sulfite) 

A B C D E F G H 

11 0.1054 20.1+6 69 70 14.3 20.46 76 

10 0.0227 4.41 286 291 12.8 24.87 314 

9 0.0295 5.72 470 477 27.2 30.59 516 

8 0.0308 5.97 648 659 39.3 36.56 712 

7 0.0315 6.12 871 885 54.2 42.68 956 

6 0.0276 5.36 931 946 50.7 48.04 1023 

5 0.0216 4.19 U58 U77 49.3 52.23 1272 

4 0.0403 7.83 1568 1592 124.7 60.06 1722 

3 0.0915 17.79 2137 2166 385.5 77.85 2342 

2 0.0871 16.93 2560 2600 440.0 94.78 2765 

1 0.0268 5.20 2823 2873 149.3 100.00 3103 

Totals 0.5148 2L9. 1347.3 

0.5j48 Weight correction factor 
- 0.5063 

1.015 

Degradation correction factor = = 1.081 

A Fraction ninber 

B Weight of fraction (g) 

C Per cent (actual) 

D D.F. (observed) 

E D.?. (corrected for weicht) 

F D.F. (weighted) 

G Per cent (ciuu2ative) 

H D.F. (corrected for degradation) 
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Table 3. 
Weyerhaeuser Paper Alpha (I) 

action 
number 

ihTt 

- (g) (actual) 
D.P. - 

(observed) (cumulative) 
-_________________ 

(corr 

II 0.0982 19.15 132 19.15 139 
10 0.0427 8.32 408 27.47 426 

9 0.0318 6.21 587 33.68 612 
8 0.0121 2.36 751 36.04 782 
7 0.0138 2.69 847 38.73 883 
6 0.0081 1.58 938 40.31 978 
5 0.0365 7.12 1003 47.43 1046 
4 0.034]. 6.65 1260 54.08 1312 

3 0.1350 26.3 1738 80.38 1810 
2 0.0867 16.92 2340 97.30 2435 
1 0.0137 2.67 2430 100.00 2530 

Weight correction factor: 1.013 
Degradation correction factor: 1.027 
D.F. ol' unfractionated nitrate: 1238 
D.F. calculated from the fractions: 1203 
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Table 4. 
Vleyerhaeuser Paper Alpha (II) 

ctîonight 
number (g) 

- 
Cactuall 

D.F. 
(observed) Ccum'ulativ) 

D.?. 
(correcte) 

10 0.0455 8.92 36 8.92 41 

9 0.0317 6.22 150 15.15 170 

S 0.0311 6.09 331 21.25 376 

7 0.0256 5.02 440 26.27 501 

6 0.0490 9.60 650 35.88 738 

5 0.0327 6./1 800 42.30 908 

4 0.0444 8.70 1117 51.01 1269 

3 0.1387 27.17 1513 78.19 1718 

2 0.1074 21.05 1885 99.25 2140 

1 0.0037 0.73 2350 100.00 2665 

Weight correction factor: 1.0026 

Degr1ation correction factor: 1.132 
D.F. of unfractionated nitrate: 1240 

D.F. calculated from the fractions: 1095 



Table 5. 
Ueyerhae us er VC 

Fraction 
number 

Yïit 
(g) (actual) 

D.F. 

(observed) (cumulativel 

D.F. 

orrected) 

11 0.1455 28.80 122 28.80 132 

10 0.0198 3.94 295 32.74 320 

9 0.0275 5.44 362 38.18 395 

8 0.0353 6.98 436 45.16 

7 0.0213 4.22 493 49.38 535 

6 0.0157 3.10 613 52.48 664 

5 0,0226 4.47 653 56.95 708 

4 0.0252 4.98 840 61.93 912 

3 0.0642 12.70 966 74.63 1048 

2 0.0514 10.17 1345 84.80 1459 

1 0.0776 15.36 1878 100.00 2035 

Weight correction factor: 1.010 

Degradation correction factor: 1.074 

D.F. of' unfractionated nitrate: 820 

D.F. calculated from the fractions: 763 
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Table 6. 
Weyerhaeuser VR 

Fraction 
nuiiber 

Weight 
(rc) 

D.F. 
(actual) (observej (cimlative)Jçorrected) 

D.F. 

U 0.1430 29,05 150 29.05 152 

lo 0,0279 5.67 406 34.73 412 

9 0.0160 3.25 493 37.99 502 

0.0160 3.25 59 41.25 599 

7 0.0142 2,88 666 44.14 677 

6 0.0150 3.05 744 47.20 756 

5 0.0361 7.33 846 54.54 860 

4 0.0637 12.94 1058 67.48 1075 

3 0.0806 16.39 1532 83.87 1558 

2 0.0467 9.47 2160 93.35 2195 

1 0,0327 6.64 2310 100.00 2345 

Weight correction factor: none 

Degradation correction factor: 1.016 
D.?. of urifractionated nitrate: 967 

D.F. calculated from the fractions: 951 
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Table 7, 
7eyerhaeuser Bleached Sulfite 

Fraction 
nuniber 

WeighE 
(g) 

D.F. 
(actu.) (observed) (cinniflative) LcorrecJ 

II 0.0720 14.34. 30 14.34. 34 

10 0.0226 4.51 123 lS.5 139 

9 0.0291 5.O 238 24.65 269 

8 0,0224 4.47 408 29.12 462 

7 0.0211 4,20 555 33.32 627 

6 0.0185 3.69 715 37.01 808 

5 0.0159 3.13 860 40.14 972 

4 0.0209 417 UO2 44.31 1246 

3 0.0803 16.00 1412 60.31 1595 

2 0.0782 15.58 1713 75.89 1937 

1 0.1210 24,13 2720 100.00 3075 

Weight correction factor: none 

Degradation correction factor: 1.130 

D.F. of unfractionated nitrate: 1486 

D.F. calculated from the fractions: 1314 
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Table 3. 
weyerhaeuser Bleached Kraft 

Fi'action 
number 

Weight 
(g) 

D.F. 
(actual) (bserv) (cunmiative) 

D.F. 
(corrected) 

10 0.U71 23.30 120 23.30 1.21 

9 0.034,0 6.76 360 30.06 362 

S 0.0271 5.39 471 35.45 473 

7 0.0246 4.99 543 40.44 545 

6 0.0374 7.45 639 47.39 642 

5 0.036S 7.32 776 55.21 779 

4 0.1005 20.00 1120 75.21 1124 

3 0.OSS7 17.66 153S 92.S7 1543 

2 0.025S 5.13 16S6 95,00 1692 

1 0.0102 2.07 2000' 100.00 2006 

Îïeight correction factor: none 

Degradation correction factor: 1.003 

D.F. of unfractionated nitrate: S37 

D.F. calculated from the fractions: S33 

'Estimated 
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Table 9. 
Crovm-Zeflerbach Regulaa' Unbleachd SuJíit 

Fraction 
number 

Weight 

() 
D.F. 

(actual) (observed) (cumulative) 

D.F. 
(corrected) 

U 0.1413 29.92 261 29.92 25 
10 0.0495 1O,4 1350 40.40 ]423 

1 0.0124 2.62 2155 43.02 2352 

3 0.0106 2.25 2310 45.27 2521 

9 0.0586 12.41 2375 57.68 2593 

6 0.0122 2.58 2436 60.26 2658 

4 0.0101 2.14 2503 62.40 2734 

2 0.0193 4.08 2525 66.48 2758 

8 0.0522 11.05 2630 77.53 2372 

7 0.0443 9.38 2680 86.91 2924 

5 0.0617 13.07 2838 100.00 3097 

Weight correction factor: none 

Degradation correction factor: 1.093 

D.F. of unfractionated nitrate: 1917 

D.F. calculated from the fractions: 1755 
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Table 10. 
Crown-Zellerbach Extra Soft Unbleached Si1fite 

Fraction 
niniber 

Weight 
(g) (actual)(served) 

D.F. 
(cimu1ative) 

D.F. 
(corrected) 

10 0.1096 21.65 69 21.65 71 

9 0.060B 12.05 376 33.70 412 

B 0.0432 8.55 560 42.25 612 

7 0.0394 7.80 861 50.05 942 

6 0.0182 3.60 1076 53.65 1178 

5 0.0356 7.04 1122 60.69 1228 

4 0.0131 2.59 1443 63.28 1580 

3 0.0394 7.80 1620 71.08 1772 

2 0,0691 13,68 1985 84,76 2170 

1 0.0769 15.22 274 100.00 3030 

Veight correction factor: none 

Degradation correction factor: 1.094 

D.F. of urifractionated nitrate: 1257 

D.F. calculated frein the fractions: 1.1.48 
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Table 11. 

Cro-Zel1erbach Extra Soft Caustic-Treated Bleached Sulfite 

Fraction 
nurnber 

Weight 
fg) (actual) 

D.F. 

(observed) (cinu1ative) 

D.F. 
(correctedj 

U 0.1417 27.48 92 27.48 108 

10 0.0409 7.96 258 35.44 304 

9 0.0298 5.79 354 41.23 417 

8 0,0267 5.19 412 46.42 

7 0.0226 4.39 529 50.81 622 

6 0.0252 4.89 548 55.70 646 

5 0.0326 6.34 695 62.04 820 

4 0.0365 7.09 859 69,13 1012 

3 0.0548 10.64 1029 79.77 1212 

2 0.0156 3.02 1455 82.79 1712 

i 0.0287 17.21 1963 100.00 2313 

Vight correction factor: 1.0158 

Degradation correction factor: 1.160 

D.F. of imfractionated nitrate: 866 

D.F. calculated froni the fractions: 747 
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Table 12. 
Crown-Zellerbach Regular Unbleached Kraft 

Fraction 
number 

Weight 
(g) (actual) 

- D.F. 
(observed) Jmulative) 

D.F. 
(corrected) 

10 0.0818 18.98 156 18.98 173 

9 0.0321 7.43 1091 26.1.1 1192 

8 0.0494 11.46 1563 37.87 1709 

7 0.0532 12.32 1'4 50.19 1960 

4 0.0538 12.48 2045 62.67 2234 

6 0.0475 11.02 2280 73.69 24.90 

5 0.0324 7.50 2358 81.19 2574 

3 0.0311 7.2]. 2373 88.40 2590 

2 0.0266 6.16 2765 94.56 3020 

1 0.0238 5.51 2810 100.00 3070 

Weight correction factor: none 

Degradation correction factor: 1.0924* 

D.F. al' unfractionated nitrate: 1553 

D,?. calculated from the fractions: 1690 

Average of ali other degradation correction factors 
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Table 13. 
Crom-Ze11erbach Unbleached Kraft For Bleaching 

Eaction 
number 

Weight 
(j) (actual) 

D.F. 

(observed) (cumulative) 
D.F. 

(corrected) 

9 0.1096 22.62 198 22.62 233 

8 0.0319 6.58 817 29.20 961 

7 0.0254 5.25 1097 34.45 1290 

6 0.0284 5.J.2 1313 39.57 1547 

4 0.0513 10.01 1749 50.18 2058 

5 0.0425 8.78 1876 58.96 2207 

3 0.0691 14.28 1998 73.24 2350 

2 0.062 14.15 2166 87.39 2552 

1 0.0613 12.68 2524 100.00 2793 

Vleight correction factor: none 

Degradation correction factor: 1.177 

D.F. of unfractionated nitrate: 1749 

D.F. calculated from the fractions: 1486 
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Table 1.4. 
Croirn-Zeflerbach 30 GE Kraft 

ractíon 
ninber 

Vîeight 
(g) 

D.F. 
(actual) (observed) (cizmlative) 

D.F. 
(correctedD 

U 0.1521 31.20 337 31.20 378 

10 0.0291 5.97 1092 37.17 1227 

9 0.0382 7.83 1243 45.00 1398 

8 0.0158 3,24 1824 48.24 2050 

7 0.0396 8.12 2047 56.36 2300 

6 0.0605 12.L1 2362 68.77 2655 

1 0.0135 2.77 2430 71.54 2730 

3 0.0419 8.60 2515 80.14 2825 

2 0.0201 4.12 2567 84.26 2885 

5 0.0338 6.93 2577 91.19 2895 

4 0.0428 8.79 2645 100.00 2973 

Weight correction factor: none 

Degradation correction factor: 1.323 

D.F. ol' un.fractionated nitrate: 1781 

D.?. calculated from the fractions: 1586 



Table 15. 
Tabulated D.F. Distributions 

ulp - 0-)9 - - - - 799 ÖII l6O0.-i99 2(500-2399 2400-2799 200 
and up _______________________________________ 

a]. 21.5 13.7 13.7 13.9 13.9 13. 9.5 
a2 36.6 19.2 13.6 11.4 10.9 .3 
a3 31. 17.5 12.1 12.4 12.4 12,4 1.4 
a4 29.1 21.6 12.7 20.5 15.4 0,7 
a5 26.2 9.5 9.2 9.4 9.1 9.3 9./k 17.9 

bi 25.3 i0. 10.6 10.5 10.6 10,S 10. 10.6 
b2 15.6 6.1 6.2 6.3 6.1 7.0 19.4 33.3 
b3 313.3 113.2 10.13 8.7 8.13 8.13 6.4 
b4 30.4 13.3 13.6 8.13 8.13 8.13 9.0 12.3 
b5 7.4 7.13 7.6 13.0 17.2 19.6 15.6 16,13 

b6 15.7 9.0 6.9 6.3 8.5 19.8 23,5 10,3 
_7 16.13 10.1 7.1 5.6 4.13 9.13 21.7 24.1 
a. eyerflaeuser b. Crovin-Zellerbach 

1. Paper Alpha 1. Regular Bleached Sulfite 
2. VC 2. Regular Unbleached Sulfite 
3. VR 3. Extra-soft Caustic-treated 
4. Bleached Kraft Bleached Sulfite 
5. Bleached Sulfite 4. Extra-soft Unbleached Sulfite 

5. Regular TJnbleached Kraft 
6. Unbleached Kraft for Bleaching 
7. 30 GE Bleached Kraft 
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Table 16. 
Species Source of Puips 

Firm Pulp Species 

5eyerhaeuser Bleached Kraft Douglas fir 

Bleached Sulfite hemlock with some 
white fir 

Paper Alpha (PA) hemlock with some 
white fir 

VR hemlock with some 
white fir 

VC hemlock with some 
white fir 

Crown-Zeflerbach Regular Unbleached Sulfite hemlock 

Extra-soft Unbleached 
Sulfite hemlock 

Regular Bleached Sulfite hemlock 

1tra-soft Caustic -treated 
Bleached Sulfite hemlock 

Regular Unbleached Kraft 70 % Douglas fir 
30 hemlock 

Unbleached Kraft for 
Bleaching 40 Douglas fir 

60 % hemlock 

30 G.i. Bleached Kraft 40 % Douglas fir 
60 hemlock 
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DISCUSSION 

General. From Table 16, it is seen that all of the Crovm-Zeflerbach 

sulfite pulps were made entirely from hemlock, and that all of the 

Jeyerhaeuser sulfite pu.lps were nade principally from hemlock, so that 

comparisons among the sulfite pulpa in general are justified. Only 

two of the foir kraft pulpa, however, have the sanie species compo- 

sition, so that comparisons among this 'oup of pulpa must be made 

vith this disparity in mind. 

Accuracyçf method. The overriding inaccuracy of the method as a 

whole lay in the uncertainty of the concentration of the final 

solution used for the viscosity determination. This uncertainty 

arose from unavoidable (though probably very nearly constant) 

evaporation of acetone from the initial solution and from difficulty 

in measuring accurately the volume of the very mobile acetone 

solutions in the ordinary 5 ml graduated pipette used in taking the 
aliquot portions. The error involved in the weighings and in 

reading the stopwatch were certainly inconsequential in comparison 

viti the far eater error discussed above. Taidng into account aU 

factors, it is felt that the D.F. distribution data presented reflect 

the actual distributions in the various pulpa vdth an error of less 

than five per cent. 

Kraft versus sulfite pulpa. The most cursory examination of the 

'aphs (cf. especially Figm'es 10 and U) reveals that the kraft 

pulpa, in general, contain a much higher proportion of long-chain 
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material and a much smaller proportion of short-chain material than 

do the sulfite puips. This is to be expected, due to the fact that 

1aft pulping is carried out in a strongly alkaline medium, in which 

the shorter-chain material is quite soluble. 

If we may suppose that both Douglas fir and hemlock cellulose, 

in situ, have a very great preponderance of long-chain material, 

then curves D, Figure 10 and C, Figure 11, for unbleached sulfite 

and unbleached kraft, respectively, show that the sulfite pulping 

process is far more destructive to the longest chains than is the 

kraft process, as is well known (li, p.721). 

Also to be noted is the remarkable umiformity of the D.F. 

distribution (i.e., randomness) in the region above 00, for all 

the non-specialty puips except Crowri-Zellerbach Regular TJnbleached 

Sulfite. In contrast to this uniformity of distribution shovn by 

the sulfite ulps, the curve for each of the kraft puips shovn, both 

bleached and unbleached, displays a well-defined maximum or minimum 

or both. That lack of uniformity of D.F. distribution in the kraft 

puips is characteristic of the pulping method rather than of the 

vood species used is shoi by comparison of the present results for 

sulfite pulps Lth a recent study (4) of the D.F. distribution of 

unbleached kraft pulps made from six western woods. Although these 

other workers have plotted their D.P. distribution curves in a 

somewhat different manner, it is easily seen that lack of 

uniformity of D.F. distribution was marked in all the woods studied, 

one of which wasstern hemlock, the principal species present in 
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the sulfite puips used in this investigation. 

Bleached versus uribleached sulfite. It is evident from the cirves of 

Figure :1.0 that the preporderant D.P. range for the regular imbleached 

sulfite is in the vicinity of 23OO, vthereas each of the other sulfite 
puips has a much greater percentage of material below 400 than in 

any other range. It may therefore be deduced that increasingly 

severe conditions of cooidng and/or bleaching result in greater and 

greater accumulation of short and medin chain lengths, at the expense 

of the longest chains. Thus, comparing curves C and D, Figm'e 10, 

for regular bleached and regular unbleached sulfite, respectively, 

we see that the bleaching process reduced the amount of material in 

the tfover 200tl range from 33.3 to 16.6 %, that in th 2400-2799 

range from 19.4 to 10. , increased the amounts in the ranges from 

400 to 2400 about 4 each and increased that below 400 some 10 . 

Although somewhat less marked, a similar effect is noted when curves 

A and B are compared, the principal effect of bleaching being the 

complete elimination of chains above 200 units in length, vhich 

comprised 12.3 % of the unbleached material. 

Bleached versus unbleached Icraft. As pointed out earlier, the D.F. 

distribution curves for all the kraft puips show a marked lack of 

uniformity, and, as may be seen from Figure U and curve A, Figure 9, 

the bleaching process shifts the position of the htniip in the curve 

but does not destroy Lt. The relative amounts of material in the 

highest D.F. range in Crown-Zellerbach 30 GE Bleached Kraft and 

Urfoleached }raft for Bleaching, curves A and B, Figure 11, is 
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extremely difficult to explain directly in ter2ns of the bleaching 

process, since the removal of a tremendous amount of short-chain 

material vould be required to doùble the percentage of that in the 

highest bracket. However anomalous this may appear, the correctness 

of the distribution curves as dravn is borne out by the fact that the 

average D.F. of the Unbleached Kraft for Bleaching was 1749, thile 

that of the 30 GE Bleached Kraft was 1781. 

The shape of the distribution curve for Weyerhaeuser Bleached 

Kraft (A, Figure 9) bears the same relationship to those of 

unbleached laft pulps (B and C, Figure 11) as do those for bleached 

sulfite pulps to the curve for the imbleached sulfite. Thus curve A, 

Figure 9 appears to be the normal result of rigorous bleaching of a 

raw material similar to the unbleached iwaft pulps whose curves are 

showa in Figure U. 

Ieyerhaeuser dissolving puips. Information furnished by the 

manufacturers of these puips states that the two are produced by the 

saine processes but that the viscosity specifications to which they 

were raanufacturered are, VR, 45 cps. and VC, 35 cps. (1% solution in 

cupriethylenediamine). The similarity of the two puips is well 

shown by the parallel intea1 curves of Figure 3 and by the D.F. 

distribution curves of Figure 8. In the latter instance particularly 

it is easily seen that the marked difference between these tvo 

puips is the complete lack of material above 2400 in the one having 

the lower viscosity. 
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In this connection should also 'oe mentioned the remarkable 

similarity between the curves for 1Jeyerhaeuser VR and Croim- 

Zellerbach Extra-soft Caustic-treated Bleached Sulfite, the principal 

difference being that the latter has an appreciable aiiount of 

material in the 2400-2799 range. 

This observation leads to the inevitable conclusion that a 

good dissolving pulp is such by virtue of the lack of any appreciable 

percentage of material vdth a chain length 'eater than 2400 units. 

In this connection, it ould appear also that the industry's present 

empirically developed method of manufacturing dissolving pulps to 

definite average D.F. specifications (though often expressed simply 

in terms of viscosity) is quite valid, since the rigorous treatment 

required to lower viscosity to 

pulp is also quite efficacious in the removal of all of the long- 

chain material which so greatly decreases the rate of solution of a 

pulp. 

Potentialities of the method. A method for tracing the effect of 

various steps in pulp manufacture has long been desired in the 

cellulose industry (3, p.121) and it is felt that the present method 

constitutes a powerful tool for research and development along this 

line. with very few refinements, this method should be fully capable 

of demonstrating even rather minute changes in the chain-length 

distribution of a pulp by comparison of the D.F. distribution curves 

for samples taken before and after a particular step in manufacture. 

Samples bearing exactly this relat5on to one another were not 
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available for the present investigation, however, and the need for 

further studies of this nature is s±rongly indicated. 

The method in general has shown itself to be far too 

cumbersome and time-consuming for routine plant control work, and 

as discussed earlier, a single viscosity determination is often 

entirely adequate for this purpose. 
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V. SUUiLRY 

Using the fractional precipitation technique on cellulose 

nitrate in acetone-water solution, the chain length distributions 

for eight sulfite and four 1aft conrnercial puips were obtained. 

The data for each of the puips were plotted first as stepvdse curves, 

with ctnulative percentages as abcissae and the average D.F. of each 

ol' the fractions as ordinates. An integral curve was then drawn 

through the ui!dpoint of each of the horizontal steps; this integrai 

curve has been termed the D.P. profile. The percentages of each 

pulp falling within each of eight D.P. ranges: O-399, 400-799, etc., 

up to tOVer 2OOtT were read from the integral curves. These values 

were then plotted to produce a D.P. distribution curve for each ol' 

the puips studied. In most instances the latter curves showed 

unequivocally the results of cooking and bleaching operations of 

greater and less severity. 

It was pointed out that it is entirely valid to specify 

dissolving puips solely in terms of viscosity or average D.P. since 

the troublesome long-chain material is necessarily removed in 

arriving at a low viscosity. 

The tremendous potentialities of this method as a research 

and development tool in the cellulose industry were discussed. 
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