
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Application of GPC to Studies of the Viscose Process. I. Evaluation of the
Method
L. H. Phifera; John Dyera

a RESEARCH AND DEVELOPMENT AMERICAN VISCOSE DIVISION FMC CORPORATION,
MARCUS HOOK, PENNSYLVANIA

To cite this Article Phifer, L. H. and Dyer, John(1971) 'Application of GPC to Studies of the Viscose Process. I. Evaluation
of the Method', Separation Science and Technology, 6: 1, 73 — 88
To link to this Article: DOI: 10.1080/00372367108055552
URL: http://dx.doi.org/10.1080/00372367108055552

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/00372367108055552
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE, 6(1), pp. 73-88, February, 1971 

Application of GPC to Studies of the 
Viscose Process. 1. Evaluation of the Method* 

L. H. PHIFER and JOHN DYER 
RESEARCH A N D  DEVELOPMENT 

AMERICAN VISCOSE DIVISION 

F M C  CORPORATION 

MARCUS HOOK, PENNSYLVANIA 19061 

Summary 

This is the first part in a series of papers describing the application 
of GPC to studies of the viscose process. In this part the procedures 
used are described. For these studies T H F  solutions of nitrocellulose 
were used. Modifications were made to the standard nitration procedures, 
resulting in improved efficiency. The importance of sampling homo- 
geneity was studied and precision was obtained. In addition, a computer 
program to handle the data was developed. 

INTRODUCTION 

Although chromatography has been used extensively to separate 
mixtures of organic compounds, only recently has it been used to 
separate polymers. I n  conventional liquid-liquid chromatographic 
systems, the separation is generally based on differences in the chemi- 
cal affinity of the materials being separated for each of the liquid 
phases involved in the system. With large polymer molecules, the dif- 
ferences in affinity are so small that efficient separations cannot be 
achieved. 

The idea that  separations 011 the basis of size alone were possible in 
a chromatographic-type system was first suggested by the observation 

* Presented at  the ACS Symposium on Gel Permeation Chromatography 
sponsored by the Division of Petroleum Chemistry a t  the 159th National Meet- 
ing of the -4merican Chemical Society, Houston. Texas, February, 1970. 
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74 1. H. PHIFER AND J.  DYER 

that  macromolecules (i.e., cellulose xanthate, lignin sulfonic acid, etc.) 
were not retained on ion exchange resins (1) of the polyvinyl benzene- 
styrene type even though they had ionic functional groups. Similarly, 
certain sugars, glycols, and other organic molecules with no ionic 
groups were held up or completely absorbed in ion exchange columns 
(2). Studies of the relation between the method of preparation of the 
resin and these phenomena led to  the conclusion that  small molecules 
could be retained in the interstitial portion of the resin bead and, con- 
versely, total rejection of the molecule would occur if the molecular 
dimensions exceeded the dimension of the interstitial portion ( 3 ) .  

Experimentation then turned to studies of controlling the pore or 
interstitial size of polystyrene gels. This can be done by controlling 
the concentration of diluent during the cross-linking of the resin. By 
varying the amounts and nature of the diluent, it is possible to pro- 
duce rigid cross-linked polymers with any desired interstitial dimen- 
sions ( 4 ) .  Calculated average pore size dimensions on commercially 
available materials of this type vary from 45 to 10% Similar mate- 
rials can also be prepared from polydextrans, polyacrylamide, etc. 
These materials will separate macromolecules on the basis of molecu- 
lar size ( 5 ) .  

The mechanism of separation is not entirely clear. There is some 
evidence of swelling when the resin bead is placed in a solvent. This 
leads to the title “gel,” although in the normal sense of the word it is 
not a gel. As the liquid phase containing dissolved polymer passes 
through a column filled with these swollen resin beads, the polymer 
molecules permeate into those parts of the beads not mechanically 
barred by size restrictions. The higher molecular weight molecules 
with their larger dimensions have a greater restriction as to their 
path, whereas the lower molecular weight molecules can permeate into 
the beads and are thus “held up” longer on the column. The result is 
a separation with the higher molecular weight material eluting from 
the column first. The pattern of retention resembles a logarithmic 
decay mechanism. For the separation to occur, the “gel” and solvent 
must be similar in polarity t o  avoid the possibility of selective asso- 
ciation with either phase. Specific strong association between the 
polymer and the resin beads also must be avoided. 

The usual chromatographic column system consists of a series of 
columns loaded with polymer beads of decreasing interstitial dimen- 
sions. Thus in the first column, all of the molecules may permeate into 
the beads, with the probability that  some rejection of the higher 
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GPC STUDIES OF THE VISCOSE PROCESS. I 75 

molecular weight molecules occurs. In the next column, total rejection 
of the highest molecular weight molecules may occur with some re- 
jection of intermediate molecular weights, and so on through the 
columns. The choice of the proper range of columns depends on the 
ranges of molecular dimensions being separated. 

As in all liquid-liquid chromatographic systems, a suitable detector 
for the presence and amounts of polymer in the effluent of the column 
is a problem. One method which has gained wide acceptance uses a 
differential refractometer. Available commercial units are capable of 
indicating reproducibly a change in the refractive index of lo-?. Even 
this remarkable sensitivity is not adequate unless a sufficient differ- 
ence in refractive index exists between the solvent and solute. The 
generality which can be made is that  a difference of a t  least 0.1 must 
exist, a situation which generally can be met with most polymers. 

FRACTIONATION OF CELLULOSE 

It has long been recognized that a knowledge of the molecular 
weight distribution is necessary for the complete characterization of 
cellulose. A large number of attempts have been made to  secure this 
information on various cellulose derivatives. The methods generally 
have been those of fractionation into fractions of narrower molecular 
weight distribution, which are then characterized by the available 
methods, and the construction of the distribution curve using the 
weight and molecular weight of these fractions. For various reasons 
which will be discussed later, these results have been unimpressive. 
Almost all of the work on fractionation methods was done before 
1945 with relatively little success. It was realized that a new approach 
to the problem had to be developed if any progress was to  be made, 
owing to the inadequacies of the existing techniques. 

The first major problem encountered with fractionation of cellulose 
is that  it is soluble in a very limited number of solvents, and rapid 
degradation occurs in most of these. Those in which it is soluble with 
minimal degradation are complex mixtures-cuene, cadoxene, zincene, 
ferric tartrate complexes, etc. It is difficult to find cellulose nonsol- 
vents which are miscible with these systems and which will result in 
a precipitation on a molecular distribution basis. A limited success has 
been obtained using glycerin or one of the glycols as the nonsolvent, 
but it is difficult to remove the precipitated fraction due to  the high 
viscosity of the system. Turbidimetric techniques have been unsuc- 
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76 L. H. PHIFER AND J. DYER 

cessful because the refractive index of the solvent-nonsolvent mixture 
is very close to that  of cellulose, and i t  is very difficult to see the 
precipitated material. Many of the difficulties cited above can be 
eliminated if a soluble cellulose derivative is used, and most attempts 
to  fractionate cellulose have been made using the nitrate derivative. 

The use of the nitrate derivative is justified by the claim that  no 
degradation occurs during nitration. This is questionable since the 
procedures used to study degradation of cellulose are relatively insen- 
sitive to small changes, and it is known that  almost anything done to 
cellulose can result in degradation. The operations in the nitration 
which could lead to  degradation are the mechanical opening of the 
sample and the dilution which occurs during washing to remove the 
acid. 

The procedure for fractionation of cellulose which has gained the 
widest acceptance is to  dissolve cellulose nitrate in ethyl acetate, 
acetone, or a similar solvent and then fractionate into approximately 
30 fractions by precipitation using ethanol or water as the nonsolvent 
(6). As discussed previously, this leads t o  a series of distributions 
which are weighed and characterized by measurement of the intrinsic 
viscosity. These fractions can have a distribution almost as wide as 
that of the starting material. For this reason, several refractionations 
are usually run. The validity of the results obtained using this tech- 
nique (7) is questionable. The method will show differences between 
two extremes, like pulp and a rayon, but is of little value when the 
differences are small. 

Fractional solution techniques have been attempted on cellulose. 
These techniques, which involve successively leaching with solvents 
of increasing dissolving power, appear very attractive. Experimentally 
i t  has been found that equilibrium is reached very slowly and, in fact, 
may never be reached. There is no question that  better results may 
be obtained using the fractional precipitation method. 

A number of other possible fractionation methods have been con- 
sidered, These and the techniques of fractional precipitation and 
solution have been reviewed by Schneider (8). 

Since the introduction of gel permeation chromatography (GPC) 
in 1964 ( 5 )  as a rapid method of fractionating polymers, several papers 
describing the application of GPC to  cellulose derivatives have ap- 
peared. Papers by Segal (9) and by Rinaudo and Merle (10) report 
the results of studies of nitration methods with the conclusion that  the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



GPC STUDIES OF THE VISCOSE PROCESS. I 77 

nitrating acid composition has little or no effect on the G P C  frac- 
tionation. Detailed studies of calibration methods have been made by 
Segal ( 1 1 ) ,  and Meyerhoff ( I f ? ) ,  and Huang and Jenkins (13 ) .  The 
idea of a universal calibration for GPC has received considerable at-  
tention, although in 1965 Meyerhoff (14) had concluded that the GPC 
behavior of polymers of different structure cannot be generalized on 
the basis of chain length. Huang and ,Jenkins (13) prepared samples 
for GPC calibration by precipitation fractionation of cellulose nitrate 
and gamma-ray irradiation of wood cellulose. Their calibration curve 
differed significantly from the curvc derived using polystyrene 
standards. 

Applications of GPC to cellulose and cellulose derivatives have been 
made by Alexander and Muller (151, Segal (16), Brewer and co- 
workers (1'7) and Rinaudo and Merle (10) .  In  these papers the 
molecular weight distribution curves for cellulose and cellulose deriv- 
atives from different sources have been compared. 

The objective of the research reported in this series of papers was 
to study the changes in the molecular weight distribution during the 
viscose process and in the use of the products. Therefore the concern 
was for reproducibility and significance of observed changes in the 
GPC curves, rather than measurement of the absolute distribution. 
The need for a data presentation format which was numerical instead 
of graphical was considered to be of prime importance. I n  addition, it 
was also desirable to reduce the personnel time per analysis to as 
low a level as possible. This paper describes the preparation of cellu- 
lose nitrate especially for GPC, an evaluation of the variable in the 
procedure, and a description of a computer program to handle the 
data. 

EQUIPMENT 

A Waters Gel Permeation Chromatograph Model 200 with the auto- 
matic sample injector was used for all the studies. Four high resolution 
columns containing Styragel of porosity loG, lo5, lo4, and lo3 k were 
used. The eluting solvent was tetrahydrofuran (THF) containing the 
normal level (0.1%) of stabilizer. The THF was not recycled. Since 
gelatination occasionally occurs in the sample loops, an extra 7 p  
sintered steel filter has been added in the line between the sample loop 
and the front end of the first column to  protect the columns. 
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7a 1. H .  PHIFER AND J.  DYER 

METHODS 

Nitrating Acid Preparation 

The ASTM procedure (18) has becn modified to eliminate some of 
the safety hazards, to permit mow rapid mixing, and to avoid the 
preparation of excessi1.e amounts of the acid. The actual procedure 
used is as follows. 

a. The contents of a 1-lb bottle (453 g) of 90% nitric acid are 
poured carefully into a 2-liter Erlenmeyer flask. 

h. The flask is placed in a 3-liter stainless steel beaker, and ice is 
packed around it. 

c. The beaker with the flask is placed on a magnetic stirrer, and a 
Teflon stirring bar is added. 

d. After cooling with stirring for at' least 10 min, 187g of phos- 
phorus pentoxide is added very slowly. This step should take at  least 
30 min. Be careful not to add any P,05 which shows evidence of being 
moist. 

e. After the P,O, addition is completed, the flask is stirred for a t  
least l$'z hr, adding ice around the flask as necessary. 

f .  Transfer the nitrating acid to a 1-liter glass-stoppered reagent 
bottle, and refrigerate until use. 

g. This mixture should be used with 48 hr. Any solid separating or 
noticeable darkening indicates that  the acid should be discarded. 

Cellulose Sample Preparation 

If a pulp sheet is being used, shred or open in a Waring Blendor 
several gramb of sample. If yarn or film, cut into quarter-inch pieces. 
Powders are used as i s  The samples are dried overnight a t  50" in 
small beakers or weighing bottles in an air oven. 

Nitration 

a. Weigh 50 mg of sample into a 100-ml weighing bottle. 
b. Add 25 ml of ice-cold nitrating acid. 
c. Place in an ice bath for 60 min. 
d. Swirl at  10 min intcrvals to  insure good mixing. 
e. Rapidly but carefu1l.y pour the contents of the weighing bottle 

into a 60-ml coarse sintcred filtcr funnel, sucking the acid off as 
rapidly as possible into a 2-liter suction flask. 

f. Fill the weighing bottle with cool distilled water, and pour 
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GPC STUDIES OF THE VISCOSE PROCESS. I 79 

rapidly over the sample on the filter. Any additional sample adhering 
to the weighing bottle is rinsed into the funnel with additional water. 

g. Wash the sample on the filter with 1 liter of distilled water, 
adding the water to the funnel with the auction off and then applying 
a vacuum to the suction flash to rcmovc' the water. 

h. Place the sample on the sintered glass filter funnel in the oven 
a t  50" and allow it to dry overnight. 

i. If yields are desired, a tared filter niay be used. 

Solution Preparation 

Weigh 50 mg of the nitrated cellulose on weighing paper and trans- 
fer to a 60-ml glass-stoppered Erlenmeyer flask. Add 50 ml of THF 
from the storage reservoir of the GPC instrument. For rapid solution, 
stir on a magnetic stirrer-othrrwise allow to dissolve overnight with 
occasional shaking. Examine the solution for gel particles and discard 
if further mixing does not result in a good solution. Filter, using the 
pressure filter apparatus supplied hy Waters Associates, and collect 
the sample in a 60-ml glass-stoppered bottle. Rinse the filter with 
THF before and after each sample to avoid contamination of samples. 

Sample Injection 

The syringe is rinsed with a small amount of the sample. Approxi- 
mately 4 ml of the sample is drawn up into the syringe, and all air 
bubbles are removed. The solution is injected slowly into the sample 
loop, displacing the solvent which is in the loop. The 4 ml of sample 
is sufficient to wash and fill the loop. The sample advance button is 
pressed, and when the next loop is in position, the next sample is in- 
jected. This is continued until all six loops are filled. 

STANDARD CURVE 

The standard curve used for this study was prepared by nitration 
and chromatography of a series of pulp, yarn, and Avicel micro- 
crystalline cellulose samples. The elution volume of the peak of the 
GPC curves for each sample was plotted against log DP values ob- 
tained on the samples by the viscometric method (ASTM) . This curve 
is reproduced in Fig. 1. It was recognized that the samples were of 
relatively wide distribution and that this method is not an ideal way 
to establish the standard curve. Some samples showed evidence of 
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L. H. PHIFER AND J.  DYER 80 

FIG. 1 .  GPC standard curve for cellulose. 

being bimodal, and these values were not considered in plotting the 
curve. Weight-average DP calculated from GPC curves using this 
standard curve is in the same order of magnitude as that obtained by 
the viscometric method (Table 1).  

DATA HANDLING 

Like any other chromatographic curve representing the separation 
of a mixture of components, visual comparison of GPC curves is 
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GPC STUDIES OF THE VISCOSE PROCESS. I 81 

TABLE 1 

Comparison of WeighhAverage UP Using GPC arid 
as Determined Viscometrically 

- 
D P w  

Sample GPC Viscometric 

A 1173 1040 
B 1168 1045 
C 1046 970 
D 1011 890 
E 934 755 
F 903 740 
G 789 660 
H 654 600 
I 64 1 535 
J 498 350 
K 215 245 
L 178 200 

qualitative. Quantitative information about the molecular weight 
distribution and any changes that  may result during processing can be 
obtained from a detailed statistical analysis of the curves. This 
analysis was accomplished using a computer program originally 
devised by Chevron which has been extensively modified. The param- 
eters calculated include: 

the average molecular weights calculated as the first moment, p(l), 
of the particular distribution functions, N ( M ) ,  Z ( M ) ,  etc. 

2, M = M* 
3, 33 = M z  + 1 

the polymolecularity functions, 

and the distribution width indices 
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82 L. H. PHIFER AND J. DYER 

INTEGRATION LOG L v s  V 

> 1 

CHANGE 
COORDINATE 

CALIBRATION CURVE MAIN PROGRAM 

SUMMATIVE 
*DISTRIBUTION 

1 DATA 1 1 DATA I 
I c v s  v I L v,s v I 

I 

I - 
SMOOTHING 

SMOOTHING 

POLYMOLECULARITY, u 

FIG. 2. Schematic of computer program for handling GPC data. 

The analysis also included calculation of the integral weight curve 
and weight and number differential curves for the sample. 

The general outline of the program is given in Fig. 2. 
Calibration data are entered in a separate program which uses a 

standard Lagrangian method to smooth the curve, expressing it in the 
standard form log DP vs. peak elution volume. The compiled data is 
stored in an out file where i t  is available for use in the main program. 

In  the main program, data are entered as the intensity of the curve 
as a function of the peak elution volume. After smoothing, corrections 
are made by subtracting the baseline, set as a straight line joining 
the two extremes of the curve at which points the concentration is zero. 
These points are also taken as integration limits, and the area beneath 
the curve is calculated. Coordinates are changed, DP replacing peak 
elution volume and concentration replacing the intensity. A cumula- 
tive distribution curve is then calculated by integration of the curve 
with the total concentration set a t  unity. Differentiation of the inte- 
gral curve yields weight distribution data from which the various 
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CN. NO. 892 
B A S E L I N E  S E T  AT COLWT 38 
ALL V k U E S  AFTER BASE L I N E  S E T T I N G  HAVE BEEN S E T  AT 0 

83 

MN M V  

188.8 44 336.704 

LAI uu 
0.8 39 0.8 74 

MOL U f  

23. 1 
26.9 
31. 4 
36.6 
42. 7 
49.8 
58.1 
67. 7 
78.9 
92.0 
107.3 
125. 1 
145.8 
170.0 
198.3 
231.2 
269- 5 
314.3 
366.4 
427.2 
498. 1 
58 0.8 
677.2 
789.5 
920- 6 
1073.3 
1251.4 
1459. 1 
1701.3 
1983.6 
2332.8 
269 6.6 
3144. 1 
3665.8 
4274.2 
4983.4 
5810.5 
6714.7 
7899 - 0 
9209.8 
10738. 1 
12520.2 
14597.9 
17820.4 

MW MZ M t Z +  1) RED AREA 

347.291 651.0 1233.4 1.3225 

UZ S I Q l A N  S I W A  U SICMA 2 

0.895 173.0 324. 7 615. 7683 

CLU & I T  

0.0000 - 0.0000 
0.0010 
0.0041 
0.0106 
0.020 7 
0.0345 
0.0524 
0.0753 
0. 1039 
0.1393 
0. 1827 
0.2347 
0.29 46 
0.361 7 
0.4351 
0.5129 
0. 5921 
0. 6698 
0. 7406 
0.8 044 
0. 8 565 
0.8996 
0.9311 
0.9 544 
0.9701 
0.9807 
0.98 74 
0.99 16 
0.99 43 
0.9961 
0.99 1 5  
0.998 6 
0.999 4 
0.9999 
1.0000 
1.0000 
1.0000 
1.0000 
1.00B0 
1.0000 
1.0000 
I. 0000 
1.0000 

D M T / M  

-0.000030 
0.000071 
0.000382 
0.0088 32 
0.00 1259 
0.001556 
0.00 1 765 
0.00 19 50 
0.0021 16 
0.002258 
0.002389 
0.00249 3 
0.002509 
0.002436 
0.002304 
0.002 129 
0.00 19 00 
0.00 1 624 
0.00 1 320 
0.00 1024 
0.000757 
0.000535 
0.000357 
0.000226 
0.000 136 
0.000079 
0.000044 
0.000024 
0.0000 12 
0.000007 
0.000004 
0.000003 
0.000002 
0.00000 1 
0.000000 
0.000000 - 0.000000 - 0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

m/m 
- 130.908 
264. 746 

1216. 623 

294B.094 
3 125.8 74 
3040. 1-73 
2880.899 
2681.682 
2453.464 
2227.077 
I99 2.9 46 
1720.372 
1432.382 
1 1  62.274 
921.058 
704.755 
516. 719 
360.377 
239. 799 
151.954 
92.055 
52. 452 
28.661 
14.75s 
7.347 
3.503 
1. 624 
0. 732 
0.351 
0. 193 
0.113 
0.064 
0.030 
8.018 
0.00 1 - 0.000 - 0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

22t3.06~ 

TOTAL NO. O F  MOLECLLES PR W I T  WT.s 531419. 

L I N E  1003 END O F  DATA 

FIG. 3. Typical ou tput  of GPC program. 
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84 1. H. PHIFER AND J. DYER 

average molecular weights are calculated. Distribution width indices 
and polymolecularities are then calculated. Finally the total number 
of molecules in unit weight is obtained by integrating the number 
distribution curve. 

Usually the standard calibration data  is entered and retained within 
the saved program. The values of the retention volume are also en- 
tered and retained, Thu-  i t  is only necessary to entcr for each sample, 
the sample number and the intensity values corresponding to the 
previously entered peak vlution volumes. 

An illustration of the typical output is given in Fig. 3. This is a 
complete statistical description of the DP distribution, cumulative 
weight, and number differential. Curves can be plotted from the data 
either manually or by using a standard computer plotting routine. 

RESULTS AND DISCUSSION 

Homogeneity of Samples 

In  considering the use of GPC in studies of the viscose process it 
was recognized that  sample uniformity would be a problem. With 
cellulose, one is dealing with a polymer, the composition of which is 
determined by the wood source and production conditions. 

Usual pulping methods involve as nearly complete dispersion as 
possible in large quantities of water and extensive mixing prior to 
laying down the pulp sheet. This would be expected to homogenize 
the product so that  no significant variation exists across the pulp 
sheet. A commercial pulp sheet was cut into 2-in. squares from which 
random samples were nitrated and chromatographed. The molecular 
weight distribution curves from this experiment were laid out on a 
“mock-up” of the original pulp sheet in the locations from which the 
samples originated. The results are given in Fig. 4. It can be observed 
that the changes in distribution within the sheet are probably gradual 
rather than abrupt (the appearance of the trimodal curve in the mid- 
dle portion of the sheet has distributions near it, also showing evi- 
dence of trimodal distribution. The bimodal nature of the distribution 
changes gradually, etc.) . It .should be noted tha t  the DP as determined 
viscosimetrically and the calculated weight-average molecular weight 
from these GPC curves gave no indication of the degree of nonuni- 
formity in this pulp sheet. These results are given in Table 2. Similar 
results were obtained on a second pulp sheet. The sampling technique 
which has been adopted is to take as large a sample as possible, even 
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GPC STUDIES OF THE VISCOSE PROCESS. I 85 

t 2 3 4 5 6 7 8 3 

FIG. 4. Differential distribution curves at  different points on the pulp 
sheet. Ordinate is intensity and abscissa is log DP. 

TABLE 2 

Weight-Average DP and Viscometric DP on Individual Segments of Pulp Sheet 

DP DP, 

1052 
1045 
1069 
1071 
1046 
1037 
1047 
1070 
1047 
1035 

1111 
1056 
1006 
1002 
1092 
1044 
1118 
1134 
1169 
955 

1072 
1114 
1133 
1145 
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a whole pulp sheet, open it in a Waring Blcndor, and then sample from 
the homogenized sample. 

The normal method of baling pulp is to use alternate lots for 
alternate sheets in the bale. Although no significant differences were 
observed in the DP distribution between alternate sheets in five bales 
of different pulps (see Table 3),  it  is possible tha t  widely different 

TABLE 3 

D P  Distributions in Alternate Sheets in Pulp Bales 
~ 

Pulp w, 
I A 

B 
I1 A 

B 
I11 A 

B 
IV A 

B 
V A 

B 
u between back- 

to-back sheets 

306 
362 
446 
472 
251 
261 
348 
355 
303 
224 
32 

1118 
1162 
1309 
1346 
1027 
1006 
1348 
1417 
1243 
1194 

34 

2056 
2056 
2260 
2358 
2187 
2189 
2483 
2527 
2317 
2335 

41 

3045 
3041 
5383 
3578 
3483 
3624 
3377 
3490 
3305 
3319 
84 

distributions could exist in alternate sheets if basic DP were the only 
factor considered in the blending operation. Consequently this should 
be considered when sampling from a bale of pulp, i.e., the sample 
should be taken from pairs of adjacent sheets selected at random. 
There were significant variations in the molecular weight distribution 
of pulp lots manufactured over a period of time, as illustrated in 
Table 4. 

The processing used in t,he manufacture of viscose and in the final 

TABLE 4 

D P  Distributions of Different Pulp Lots from the Same Manufacturer 
~ ~ ~~~ 

Standard Standard 
Variable Mean deviation error Range 

ill- 536 34 15 86 

illz 2232 125 55 280 
B z + 1  3190 251 112 639 

ATw 1278 45 20 120 
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product results in drastic changes in the molecular weight distribution 
of the cellulose. Prior to actual solution of the xanthated crumb, the 
process is entirely heterogeneous and is particularly subject to  non- 
uniform processing conditions. For example, exposure to oxygen is not 
uniform during the aging of alkali crumb, temperature variations 
exist within the steeping tank or aging bins, etc. Consequently the 
change in distribution will not be uniform throughout the batch. In  
mixing viscose, however, the distribution nonuniformities are averaged 
out. These factors must be considered in both experimental design and 
sampling. 

PRECISION OF DATA 

The precision of the GPC method when used to determine the mo- 
lecular weight distribution of cellulose is related to nitration, solution 
preparation, injection, instrument operation, and data transfer. Each 
of these variables was considered when establishing the precision of 
the whole procedure. 

Examination of the calculation methods indicated that  M,, and 
az+l were most sensitive to small changes in the data a t  the ex- 
treme ends of the GPC curve; aW should be relatively sensitive only 
to shifts in the maximum peak position and gross changes in the 
extreme ends of the curve. Precision of these parameters thus repre- 
sents a reasonable indication of the precision of the whole GPC 
method. 

For the precision study, large samples of commercial pulp and 
rayon were homogenized, the pulp being opened and mixed in a 
Waring Blendor and the rayon being cut into quarter-inch pieces with 
scissors and then blended in the Blendor. Samples of 50 mg were 
taken from these samples, nitrated, and chromatographed over several 
weeks time. The data was calculated using the computer program and 
then statistically analyzed. The data for the two types of samples 
are compiled in Table 5 .  There is no significant difference in the pre- 
cision figures for the two types of samples. Comparison of these data 
with those obtained by repetitive injections of samples from the same 
solution suggested that  approximately half of this error was related 
to the analytical sampling, nitration, and solution steps. 

The precision figures given in Table 5 indicate that a single sam- 
ple is adequate if major differences are expected between samples 
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TABLE 5 

Statistical Analysis of GPC Data from Pulp and Rayon Samples 

Standard Standard 
Variable Mean deviation error Range 

a, 454 16 5 43 

a* 2118 68 22 200 

n;r, 595 18 7 49 

107 alu 1145 42 13 

w,+, 3050 86 27 256 
Rayon aTi 293 5 2 14 

@* 1296 66 27 183 a*+, 2357 192 78 54 1 

P d P  

under study. If only small differences exist, multiple samples must be 
run, and calculated standard deviations or errors must be used to 
establish the significance of the differences from the data. 

REFERENCES 

1. 0. Samuelson, Svensk Papperstidn., 46, 583 (1943). 
2. F. H. Yorston, Pulp Paper Mag. Can., 50(12), 108 (1949). 
3. 0. Samuelson, Ion Exchangers in Analytical Chemistry, Wiley, New York, 

4. W. G. Lloyd and T. Alfrep, J .  Polymer. Sci., 62, 159, 301 (1962). 
5. J. C. Moore, J .  Polymer. Sci., A2, 835 (1964). 
6. J. N. Bronsted, Z .  Phys. Chem., Bodenstein-Festband, 1931, 257. See also, 

E. Ott, H. M. Spurlin, and M. W. Grafflin, Cellulose, 2nd ed., Part 111, 
Wiley (Interscience), New York, 1955, p. 1176. 

1953. 

7 .  T. E. Time11 and E. C. Jahn, Svensk Papperstidn., 54, 831 (1951). 
8. N. S. Schneider, J .  Polymer. Sci., Part C, 8, 179 (1965). 
9. L. Segal, J. D. Timpa, and J. I .  Wadsworth, J .  Polymer. Sci., Part A-1, 8, 

25-35 (1970). 
10. M. Rinaudo and J .  P. Merle, Eur. Polym. J., 6, 41-50 (1970). 
11. L. Segal, J. Polym. Sci., Part B, 5, 495 (1967). 
12. G. Meyerhoff, Makromol. Chem., 89, 282 (1965). 
IS. R. V. M. Huang and R. G. Jenkins, Tappi ,  52, 1503-1507 (1969). 
14. G. Meyerhoff and S. Jovanovic, J .  Polym. Sci., Part B ,  5, 495-499 (1967). 
15. T. E. Muller and W. J. Alexander, J. Polym. Sci., Part C, 21, 283 (1968). 
16. L. Segal, J .  PoEym. Sci., Part C ,  21, 267 (1968). 
17. R. J. Brewer, L. J .  Tanghe, S. Bailey, and J. T. Burr, J. Polym. Sci., Part 

18. Cellulose Chain Length Uniformity by  Fractional Precipitation of Cellulose 
A-1, 6, 1697-1704 (1968). 

Nitrate, ASTM designation D1716-62. 

Received b y  editor May 8, 19i"D 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


