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SUMMARY

A brief description of the methods of preparing organic solvent
soluble lignins and diazomethane methylated lignosulfonic acid is given in

this report.

Approximately a five-gram sample of lignin was accumulated by each
of the foilowing ways of treating sprucewood meal; vibratory ball-milled,

gamﬁa ray irradiated, and high temperature steam hydroljzed.

The basic principles of the refractive index gradient measurement
by diffusion experiment, dipping refractometer, and Rayleigh Interferometer

are outlined and the results are compared and discussed.

Light scattering determinations were made, and the corrections
for depolarization, fluorescence, and dissymmefry were applied in each case

as was necessary.

Average molecular weights by light scattering of vibratory ball-
milled lignin in benzyl alcohol and dimethyl sulfoxide were 140,000 and
101,000, respectively. Gamma ray irradiated lignin in benzyl alcohol had
a lower molecular weight of 92,400. The diazomethane methylated ligno-

sulfonic acid in the same solvent by the same technique had a molecular
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welght as high as 110,577,000 without fluorescence correction. It was
impossible to obtain molecular weights by the light scattering technigue on

the two high temperature steam hydrolyzed lignins because of the dark color

of their solutions.

The ultracentrifuge sedimentation velocity method was alsoc applied
for molecular weight determination on these lignin materials. The average
molecular weight of vibratory ball-milled (VBM) lignin in benzyl alcochol was
183,000. This was the best of the data obtained by this method as compared
to 140,000 for the same material in the same solvent by light scattering.

A much lower molecular weight of 63,900 was cbtained for gamma irradiated

(GT) 1ignin when dioxane was used as the solvent. -

If possible, the separatioﬁ of colored matter from the lignin

materials prior to molecular weight determination is strongly recommended.
INTRODUCTION

This is Project Report Six for Project 2097. The project was
established to prepare a diverse group of lignins soluble in organic solvents

and to compare the physical-chemical properties of these lignins.

The methods chosen for separating the lignins from wood were the
vibratory ball mill, gamma ray irradiation, and high temperature steam

hydrolyzation.

The solubility of these lignins in a selected group of organic

solvents was determined.

Light scattering and ultracentrifuge techniques were applied to

these lignin materials for molecular weight determinations.
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II. PREPARATION OF DIAZOMETHANE AND METHYLATION OF LSA (1)

A mixture of 60 cc. of a 50% agueous KOH solution and 200 cc. of
ethyl ether was placed into a two-necked, 500 ce, round-bottom flask. The
mixture was cooled to below 5OC. and 20 grams of nitrosomethyl urea were
added with shaking. The appearance of an amber color in the supernate ether
indicates the formation of diszomethane. The second neck or the flask is
fitted with a condenser rigged for distillation. The lower end of the
condenser carries a glass-stoppered adapter which dips below the surface
of 40 cc. of ether piaced in a 300 cc. side-arm, round-bottomed flask. This
flask is cooled to below 0°C. with ice and salt. Into this ether is placed
2.7 g. LSA-6h-dc. This material is not soluble to.any great extent in ethyl
ether, but the methylation by diazomethane takes place heterogeneously as
well as ip homogeneous solution. The ice bath is removed from the flask
containing the ether-diazomethane supernate, and is replaced by a water
bath at about SOOC. This bath is heated to the boiling point of ether. The
ether is distilled, carrying the diazomethane with it, until it comes over
colorless. This occurred when about 2/3 of the ether had been distilled.
The collection flask was then set aside overnight to warm and react. The
néxt morning the LSA had reacted, as could be seen from the color, i.e., straw

yellow. The ether was allowed to evaporate. A sample was sent to the

Analyticél Group for a methoxy contents determination.
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ITT. SOLUBILITY TEST

About 5 cc. of organic solvent were introduced onto the lignin

sample in a test tube. The color of the solution was observed after mixing.

IV. LIGHT SCATTERING TECHNIQUE

1. Refractive Index Gradient

A. Obtained from the diffusion experiments.

In the diffusion experiments, the Rayleigh fringe number had
been determined as a function of concentrafion. If the size

of the cell and the wavelength of the‘light are known, the
difference in refractive index of the solvent from the solution

is given by the equation,

~dJd
M=

where ra) 5.461 x lO_5 cm,

&
1l

number of fringes

h = 1.2014- Cnt.

B. By the Bausch and Lomb Dipping Refractometer

A reading can be taken simply by immersing the attached prism
in the thermostated sample and chserving the position of the
achromatized critiecal boundary on a scale in the eyepiece of
the telescope. The refractive index can be obtained from scale

readings by interpolation in tables provided by the manufacturer.
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C. By the Rayleigh Interferometer

With the reference solution in both chambers, the adjustments

for obtaining éharp achromatic bands are made. The micrometer
.screw is turned until the.upper achromatic band exactly
coincides-ﬁith the reference band. The lefthand cell is emptied
and refilled with the unknown sample after rinsing with distilled
water and the solution. The micrometer is turned until the bands
again coincide. The difference of index of refraction of the

reference and unknown solutions is given by

-

dn _ MA
de = L
where M = the number of fringes shifted,’

A = the wavelength of the light,

L

i

the path length.

With a l-em. liquid cell, each 1/h7 fringe shift corresponds to

a refractive index change of one part per million.

Light Scattering Determination

The Brice-Phoenix Series 1000 light-scattering photometer was used

for this investigation.

Prior to any measurements on polymer solutions, it is important that
dust and other particles be completely removed. This may be done by
filtrationf The degree oflfiltrétion should be eétablished by the
investigator on the basis of one's knowledge of the properties of

the material under study. In this study, a pressure filtration
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funnel which was constructed entirely of stainless steel including
base, collar, retaining ring, and funnel with a sinter stainless

steel filter support was used. A 1500A Gelman filter paper which

was conﬁitioned in a 20% alcohol-water mixture was placed on the

top of the sinter support. Prior to the filtration, the filter

paper was washed a few times with distilled water. A small amount

of solvent was poured through the filter paper and discarded. About
15 to0 20 ml. of solvent, depending on the size of the cell used,

were filtered and caught directlyimto a tared and cleaned semioctagonal
dissymetric cell. This cell was covered and set aside for turbidity

examination.

On the same filter paper, the solution was filtered into a
volumetric flask. This was repeated until the G45 and G135 measure-
ments were almost equal. With the weights of the cell and thé cell
with solvent known, several cc. of the filtered solution were added
té the solvent in the cell, the mixture was weighed again. The cell
was then turped around manually in a centrifuge apparatus until the
contents were well mixed. This solution was then ready for scattering
ratios, depolarization, fluorescence and dissymetry measurements.
These determinations were repeated at 5 to 6 concentrations on eacﬂ

sample. The calculation of H GAT/ and C. and the corrections for

fluorescence and dissymetry were done by the 1620 computer.

V. ULTRACENTRIFUGE TECHNIQUE

1. Partial Specific Volume Determination

A. Preparation of Water for Calibration
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To each liter of the freshly distilled water were added .5 g.
¢.p. NaOH and 0.2 g. c.p. potassium permanganate. A third
distillation may be made in the same way except that a few
drops of HESOh per liter was added instead of alkaliﬁe

permanganate for 6th place accuracy work.

B. Density Measurement

A tipkin pycnometer was used for this purpose

For experimental details of "weighing”, "precautions in
" handling the pycnometer", "filling and adjusting”, and

"calculation of density" the reader is referred to reference

(2).

After the densities of the solutions and solvent are determined
the partial specific volume of the sample is then calculated by

the following formula:

_ 1 1,4 - 4o
V= do = ¢ ( do
where do = density of sclvent,
¢ = concentration of the sample, in g/ml;
d = density of solution.

Sedimentation Coefficient Determination

Sedimentation velocity method was chosen for thisstudy. The experi-
ments were performed by the Biochemistry Laboratory at the Institute
in the Spinco Model E ultracentrifuge. The ultracentrifuge was

operated at the speed of 56,100 r.p.m. Photographs were taken at
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periodic intervals, dépending on the rate of movement of the
boundary. Photographs were read on a microcomparator which is
connected to an IBM card punch. The photographic plates should
be aligned in such a way that the meniscus is perpendicular to
the cross motion of the comparator. Distances from the maximum
crdinate to the reféfence hole were measured in a series of photographs.
These distances on the plate were converted to the true distances in
the cell by dividing them by the magnification factor of the camera
lens. The converted distances were then increased by 5.72 cm. to
give true distances from_the axis of rotation to thetoumlary. Maximum
ordinate sedimentation constants were determined by using the method

0

given by Elias (3).

Diffusion Coefficient Determination

The free diffusion runs were done by the Biochemistry Group at the

Ingtitute, using the Spinco Model H and Rayleigh optics.

The photographic plates from the. experiment were first alignéd in

the comparator so that the straight portions.of the pattern are
parallel to the motion of the compérator as judged by the cross hgirs
in the insfrument. Starting at one end of the boundary with the
plate carefully aligned, the screw of the comparator was turned so
that the plate was moved and the number of "white" fringes crossed

in traversing the boundary were counted and recorded. It was noticed
that when the other end .of the pattern was reached, the cross-hairs
do not lie at the same ievel between the parallel lines as observed

on the first side of the boundary. This displacement to the




Project 209
August 2, 196

Page 10

separation between the parallel fringes is the fractional number

of fringes. The total number, J, was the sum of these two measure-
ments. The fractional fringe was done most readily from an early
picture in which the width of the boundary was small. The method
chosen for the calculation of diffusion coefficients was that of
Longsworth (4) by means of an IBM 1620 computer program (5).
Molecular weight was calculated directly from the sedimentation and

diffusion coefficients at infinite dilution by the following Svedberg

equation,
M = RTS
~p(1 - vp)
vhere R = the gas constant, 8.314 x 107 ergs/mole/degree
T = the absoclute temperature,
the molecular weight.

=
]

RESULTS AND DISCUSSION

AMOUNT OF LIGNINS PREPARED AND THEIR SOLUBILITIES IN ORGANIC SOLVENTS

Recently many advances have been made in securing soluble lignin
preparations. OF pa?ticular interest is the new vibratory ball mill technique
which renders wood or isolated lignin material soluble in organic solvents.
The amount of VBM and two high temperature steam hydrolyzed products extrécted
from dioxane, and percentage of yield based on the weight of wood meal are

lJisted as follows:

Amount; )

Prepared, g, Yield, ¢
VEM 5.2 5.09
2097-1858-86 6.0 7.19

2097-1858-92 4.8 .22
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For securing an uncharged derivative of LSA for molecular weight
détermination, Sample LSA-6h-cd was diazomethane methylated. The methoxyl

and moisture contents of LSA-6L-cd and methoxylated LSA-64-cd are presented

as follows:

- Sample ‘ Analysis . Method Per Cent
LSA-6l-cd o ‘Moisture IPC No. 18 .98l
Methylated LSA-6h-cd | o o T 983
LSA~6l-cd ‘ . Methoxyl 11.40

. / .
Methylated LSA-6lU-cd " 22.20

The results of the solubilities of these prepared lignins and

Indulin A& in organic solvents are listed in Table I.
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REFRACTIVE INDEX GRADIENT ) ;

The preeision with which the absolute molecular weights can be
determined depends greatly on the accurate measurement of the change in refrac-
tive index with concentration, because this appears as a squared term in the
Debye equation. To illustrate this farther, for a 1% solution, the difference
between the refractive index of the solution aﬁd that of the solvent is about
0.001, so that 1% accuracy in the difference requires the refractive index to
be accurated in the fifth decimal. Great difficulties were encountered in
determining this quantity,’especially in our high temperature steam hydrolyzed

and Indulin A4 samples.

The refractive index meagsurement by means of the dipping refractometer
is based on the observation of the border line of total refiection between the
substance being measured and the prism surface. It is frequently stated that
the accuracy is about 3.5 x 10-5 in refractive index. For some unexpleinable’
reason, in our samples the dn/dc values calculated from the refractometer
readings were not nearly as accurate as they had claimed. The resulits are

presented in Table II.

In an effort to secure more information about dn/dc values, the
Rayleigh interferometer was applied. The Rayleigh interfefometer is a
differential instrument. The temperature control is not as critical as with
the previously mentioned refractometer; but for some problems the interfercmeter
is invaluable; such as a means of analyzing solutions or of observing small
changes in concentration. These results are much better than those obtained

from the dipping refractometer.

The results of dn/dc values determined by the Rayleigh interferometer

are shown in Table III.
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dn/dc VALUES DETERMINED BY THE DIPPING REFRACTOMETER

Sample
Benzyl alcohol

VBM in benzyl alcohol

Benzyl alcchol

GI in benzyl alcohol

€one., gfml.

2.8 x 10'2

1.3 x 1072

8. x 1073

4.3 x 10
1.7 x 10~

8.6 x 1073

Tempfb.
22 .2
22.3

22.1
22.1

19.5
19.2
19.5
19.5

Scale
Divisgion

81.3
87.0
83.0
82.0

85.0
9k .0
88.3
85.0

Index
1.538k2

1.54021

1.53895
1.53864

1.53958
1.54240
1.54062
1.53958

dn/dc

0640

.0L08
L0262

.0656

L0612




Sample

VBM in benzyl alcochol
t

n " n "
" 1 " n

n it " LU

Indulin A in
benzyl alcohol

"t
R

L

Indulin A in
dimethyl sulfoxide
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TABLE III
dn/dc VALUES DETERMINED BY RAYLEIGH INTERFEROMETER
Conc., g/ml. Temp.,°C. ~ Drum Reading dn/de*
2.802 x 1073 21.5 170 0698
4 .206 x 1073 " L 266 0727
6.305 x 1073 " 439 .0801
8.406 x 1073 " 607 0831
av. 076k
4.279 x 1073 21.5 211 L0568
8.558 x 1073 " 45T L0615
1.712 x 1073 no 962 06L6
av. .0610
1.245 x 1073 1.8 . -90 .7
2.490 x 107 wo -68 -
4.98 x 1073 " _ o8 ;-Olhh3
7.470 x 1073 " -1k §
5.022 x 1077 23 -96 i
1.00% x 10’“ " 86
2.511 x 107 " 134 7926
5.022 x 107" n 507 <: '
T7.533 x J.o'h " 912

*
See Appendix I for method of calculation
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4

The dn/de values of VBM and the two high temperaturé steam-hydrolyzed
lignins in dimethyl sulfoxide were examined by the Beckman Model E ultra-
centrifuge. The optical s&stem of the Modél.E is a modified Rayleigh
interferometer. The interference system measures the difference between
the refractive indexes of solute and solfent contained in a double seétor
cell and records this diffgrence by means of curved fringes. With an
interference pattefn, the change in refraction index can be détgrmined by
counting the number of fringes across the centrifuge cell with an optical
microcomparator. The number of fringes can be counted to a preclsion within
.01 of a fringe; thus, the system can measure concentration differences as
small as 0.001%. Due to some uﬁkﬁowﬁ reasons, oOr sérption gystems, the total
number of fringes changed during the run. As a consequence, the values of
dn/dc were also changed. The results of these values are presented in

Table IV.

TABLE IV

dn/dc VALUES DETERMINED BY BECKMAN MODEL E ULTRACENTRIFUGE

Sample Conc., g/ml. J dn/dc
VBM in (CH3)'280 b1 x 1073 6.6 0.0730
" ] L 7.1 0.0T11
av. 0.0721
High temp. steam~hydrolyzed (86) -3
in (01{3)250 3.2 x 10 7.2 0.1021
High temp. steam-hydrolyzed (92) -3
1n(CH3)eso 2.7 x 10 6.6 0.1109
_ " 7.0 0.1176
" ‘ " T.1 _ 0.1193

av. 0.1159
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Light Scattering Determinations

Scattering ratios, depolarizaticn, fluorescence, and dissymmetry
were determined at several concentrations of each sample in either dimethyl

sulfoxide or benzyl alcohol.

Depolarization measurement is a means to measure the depolarization
of unpolarized incident light. If the particles are isotropic, the light
scatteried is completely polarized. If the particles are anisotropic, some
depolarization of the 90o scattered light may be detected and a correction‘

must then be applied to the turbidity.

The correction for this effect has been related to the depolarization

ratio, Pu, by Cabannes and Rocard (6) through the following ratio.

Cu= (6 - 7Pu)/(6 + 6 Pu)
where €, .the Cabannes factor, is multiplied by the observed molecular weight,
to obtain the true average molecular weight. The depolarization ratio is given
by

(Pu)c = (FGgO/Gg) solution - (FGgO/Gg)solvent .

(FG;O/GE) solution - (FG;O/Gg)solvent

where (Pu)c is the value at a given concentration and must be extrapolated
to zero concentration to obtain Pu. The superscripts H and V, respectively,

refer to the horizontal and the vergical components of the scattered light.

In 811 of the samples under study, the solutions exhibit appreciable
fluorescence. Because of this it is difficult to obtain a reliable depolarization

value .
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The ratio of IhS/I is known as dissymmetry. If the particles

135
in éolution are larger than the wavelength of the light, scattering will not
be symmetric about 900. There will be greater forward than backward
scattering. In all the samples studied, we found only the methylated lignin
had a ratio of 1.42 while the others are in the neighborhoed of wunity.

In other words, they are all small particles.

The molecular weights were determined by plotting Hcé{ vs. C for
a number of solutions and extrapolating to zero concentration. The results
of light scattering in various concentrationsof VEM in bgnzyl alecohol and
dimethyl sulfoxide are shown in Figures 1 and 2, respectively. The molecular

weight of VBM is obtained as follows:

In bénzyl alcohol

Uncorrected He/ey = 1.12 x'lo"6 as ¢ >0
Mol. wt. = 892,800

Fluorescence corrected Hcﬁ1~ = 2.0 x 10-6 as ¢ 20
Mol. wt. = 500,000

Depolarization and fluorescence corrected mol. wt.

500,000 x .28 = 140,000

{when C, = .28)

In dimethyl sulfoxide

Uncorrected He/pn = k.2 x 1077 as c— 0

Mol. wt. = 2,380,900
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T

19.8x 10 'asc -0

I

Fluorescence corrected He/

205,050

1

Mel. wt.

Depolarization and fluorescence (when Cy = .20) corrected molecular

weight = 505,050 x .20 = 101,010.

Ip is noted'that both the fluorescence and depolarization corrections
are of considerable size, plus tﬁe difference in the nature of polymer-solvent
interaction. One would understand why the results are not in good agreement;
however, they are in the éame order. The dissymmetry values in hoth caseé are

'small._ There is no need for correction. The result of the light scattering
of gamma ray irradiated lignin in benzyl alcohol, the fluorescence and
depolarization correction are shown in Figure 3. Tﬁe depolarization and
.fluorescence corrected molecular weight is 92,400. There 1s no dissymmetry
correction necessary. The results of light scattering of Indulin A in benzyl
alcohol and dimeth#l sulfoxide are shown in Figureé L énd 5. It is seen that
to make any exfrapoiatidn to zerorconCentration is impossible . Deviation |
from a straight lineAwas assumed by many. Tanford (7) explained it from
charge fluctuatién. Bﬁmp (§) stated that it was due to moleculér association.
Neurath, Greenstein, and Putnam (2)\suggested that the aggregation of the
textile dyes in their light scattering experiments was due to the formation
of the hydrogen bond. The presence of a large colloidal impurity in the
sample is another possibility. However, the writer believes that the most

important thing for these highly cclored samples is - to get rid of the color

or purify them by some technique.

Tt is unfortunate that the data for fluorescenc correction.was so
irrational. Therefore, the linear extrapolation of methylated lignin, shown

in Figure 6, is possible only for uncorrected. The depolarization corrected
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corrected molecular weight is 110,577,100 when

Hcﬁrl = 2,08 x 10-9 as ¢ =0
and C, = .23,

The dissymmetry ratio of this sample is 1.42 but this information alone is

not enough.to know the size and shape of this partlcle Further technique

such as Jlmm s plot should be explored.

The two high temperature, steaﬁ-hydrolyzed lignins, namely -86
and -92, are very dark in color. . The light scattering patterns are similar
to those of Indulin A. The lines shown in Figures T and 8 are far from
linear. Therefore, zero extrapolation is impossible. Frank and Ullman
(;91 observed an effect of light ebsorption in color solutions during
dissymemetry. meaéurement,_and suggesﬁed thaf it must bve oorrected.' According
to them; the correction is a function of optical path length, width of incident

beamn, width of aperﬁure at the light receiver, and absorption coefficient.

The results of uncorreéted_and corrected molecular weight from

light scattering experiments are summarized in Table V.

TABLE V

UNCORRECTED AND CORRECTED MOLECULAR WEIGHTS OBTAINED
FROM LIGHT SCATTERING MEASUREMENTS AT L4358

Methylated
Lignin VBM VBM GI L5A
Solvent CGHBCH OH >(CH3)280 6H5CH20H 6H CH_O0H
Uncerrected* 892,800 2,380,900 2,000,000 480,770,000
Fluorescence corrected* . - 500,000 ° 505,050 400,000 - -~
Depolarization corrected* 140,000 101,010 92,400 110,577,100

*Data for Hc/%*Vs. concentrations, depolarization correctlons and fluorescence
corrections can be found in Appendix IT.
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ULTRACENTRIFUGATION

Sedimentation Velocity Analysis

The sedimentation velocity method chosen for this work is used to
study the velocity of sedimentation of lignin molecules through a solution
under the influence of a centrifugal field, and is based on observations,
by optical methods, of the movement of the boundary between solvent and
solution. The sedimentation coefficient, velocity of the sedimenting

molecules per unit field, is calculated according to the equation:

g = i X
-2 dt
w X

where x is the distance of the boundary in centimeters from the axis of
rotation, t is the time in seconds, and w is the angular velocity in radians

per second.

Diffusion

Diffusion is the transfer of material from a fegion of certain
concentration of a given species to a region of lower concentration. The
diffusion coefficient, D, is a measure of the mass of solute transported
across a plane of known cross section in a given period of time under the

influence of a known driving force.

At first a mixture of 90% dioxane and 10% water was used as the
solvent for samples of Indulin A and GI lignin for sedimentation and diffusion
runs. Due to some unexplainable reasons, the concentrations of these solutions
in the cell during the run were changing. It seems that we were working with
‘an absorbing system. A few points during the sedimention and diffusion run
were chosen and the respective sedimentation coefficient, diffusion coefficients

and. molecular weights were calculated.
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Pure solutions of 100% dioxane and benzyl alcohol were used as

solvents for VBM lignin and Indulin A in the laters runs.

encountered.

TABLE VI

SUMMARY OF MOLECULAR WEIGHTS OBTAINED FROM
SEDIMENTATION AND DIFFUSICH MEASUREMENTS

Partial
Time, Specific
Lignin Solvent min. Volume*
Indulin A 90% dioxane 14 L7768
10% water
" 22
| 32
Gamma Ray
Irradiated
Lignin " 21 .TOL3
L 29 -
39
VBM 100% dioxane .T125
Indulin A " L7241
VEM 100% benzyl
alcohol - T237

The results are summarized in Table VI.

Diffusion
Coefficient

T.2675 x 10"r

7.5545 x 1077

5,2500 x 1071

9.9225 x 1071

9.2915 x 10~7
9.1815 x 107"

8.3924 x 1077
4¥.7823 x 1077

2.4360 x 1077

No interaction was

Sedimentation Molecular
Coefficient Weight
8.9628 x 1073 153,978
8.1824 x 10713 52,504
1.9060 x 1072 453,268
1.1441 x 1072 10k, 756
2.8945 x 10712 283,013
9.3929 x 1073 92,05
5.7219 x 10713 58,228
1.1853 x 1077 220,614
%.3510 x 10713 156,346

« .
The densities of solvents and sclutions and partial specific volume of these lignins

in various solvents are listed in Appendix TIT.
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RECOMMENDATTONS
The recommendations which may be drawn from this research are:

1. If possible, action should be taken to decolorize or purify the
sample pricr to application of light scattering and sedimentation techniques
in order to eliminate this interference. Techniques such as Sephadex

separation or modified disk electrophoresis should first be explored.

é. It is known that the diazomethane method (under anhydrous-conditions)
on}y methylates aclds and phenolic hydroxy}l groups. Therefore, it would be
bétter to methylate the sample furfher by dimethyl sulfate which methylates
both the aliphatic and phenoclic hydroxyl-groups, and then study this
totally unchanged and expanded particle by light scattering and sedimentation

techniques.

3. It would be desirable to use the hydrogen bond breaking agents, such
as urea or phenol, on purified lignin samples to test the hypothesis of hydro-

gen bond formation 1in-light scatiering experiments.

4. Green light (546 m ) should be used for light scattering experiments
because the presence of extraneous particles are less important for the light
of longer wavelength and because it will match our dn/de values which were

determined at 546 m
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APPENDIX I

dn/dc Sample Calculation Determined by Rayleigh Interferometer

Sample VBM
An = Mﬁ: = drum reading 2L&§?¥El9:i

- drun reading x 1.15 x 1070

fn, =170 x 1.15 x 107 - 1.955 x 207"

An, = 266 x 1.15 x 1076 - 3.059 x 107

fng = 439 x 1.15 x 1070 - 5.049 x 1074

-6 -l

Ay = 607 x 1.15 x 10 ~ = 6.981 x 10

dn, -4
Therefore, dcl = §é9gg i ig‘ﬁ = 06980

??2 3.059 x 10'h

g - g = 07270
42.06 x 10

dn3 - 5.049 x 10'“ = 08008

dc  63.05 x 10'h

dn 6.981 x '.Lo’l+

__l_}_= - "N = ,083..

de 84 .06 x 10

av. = = 07647

de
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Sample Indulin A in Benzyl Alechol
Test No. Conc. {X) Drum Reading (Y) (xy) (xe)
1 12.45 x 107 ~90 -.J1125  1.55 x 1076
2 24,90 x 10"llL -68 -.169 6.20 x 10~°
3: 49.80 x 10'h 28 -.J139 . 248 «x 1077
4 .70 x 107} b -0k 5.58 x 1077
X = 0162 =Y = -200 S XY =..5245 EX2 = 8.835 x 1077
S xx3Y = L0162 x (-200) = -3.2h
sz)? = (.0162)2 = 2.62 x 107"
Slope = BEXY - FX-5Y _ b(-.5045) - (-3.04)
pe = 2 5 -5 b
nSx -~ (SX) 4(8.835 x 1077) ~(2.62 x 107
_1.akp '
- -6
91 x 10
Therefore, %% - L.ah2 c *1a5x 1076 - JO01h4h3

91 x 10°
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APPENDIX IT
MOLECULAR WEIGHT CALCULATION FROM LIGHT-SCATTERING
MEASUREMENTS AT 4358 £
1. VEM in Benzyl Alcohol
-6
Uncorrected Hc/7> = 1.12 x 10 as ¢ —0
Molecular weight = 892,800
Fluorescence corrected He// = 2.0 x 10_6 as ¢ —»0
Molecular weight - 500,000
Fluorescence and depolarization corrected
Molecular weight - 140,000 when P =5 c = .28

2. Gamma Ray Irradiated in Benzyl Alcohol

Uncorrected .
He/p = 5.0 x 1071 as ¢ -0
Molecular weight = 2,000,000

Fluorescence corrected He/” = 2.5 x 10 as ¢ -0
Molecular weight = 400,000

Fluorescence and depolarization corrected
Molecular weight = 92,400 when Pu = .55, C_ = .23

3. Induwlin A in 06}{ CHQOh

2

7Zero concentration extrapolation 1s impossible.

L. Indulin A in (CH3)2SO

Zero concentration extrapolation is impossible.




. 5. Methylated Lignin in CgH o CH JOH

Uncorrected

7

He/y = 2.08 x 107" as ¢ -0

Molecular weight = 480,770,000

Project 2097
Avgust 5, 1968
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Depolarization corrected molecular weight = 110,577,100

6. -86.

Zero extrapolation is impossible.

Impossible

8. VEM in (CH3)280
Uncorrgcted. ‘
He/y = 14.2'x 1077 as =30
Molecular weight = 2,380,900
Fluorescence corrected
Hcé}z = 19.8 x 10-7

Molecular weight - 505,050

Fluorescence and depolarization corrected

Molecular weight = 101,010

when Pu = 59, Cu = .20

= 1.98 x 10'6
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11.138387QE—06

13157328

1.9025362E-06+
1.0041819E~06

iL&?&EEQIS.

1,8914181C-05-
¢7.3814956L-07

0791576

hoh249207E-06
{0.165&&51E-07

50536564

"%5,5120470E~-06
2.2540230E-07

{.h0708322

b, 65383214E~06

1,1084217
1,0283556
87963825
.17823083
L34 44535

IN BENZYL ALCOMOL

»7.3084171E-05
8.2123190E~04
1.3410078E-03
2.3333713E~03

2.9840311E-03

3.2232459
35,266402
-3.3082833
-281.66539
-64,289250
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LIGHT-SCATTERING DATA FOR CQMPUTING Hc/77 €, Page 38
DEPOLARIZATICN, AND Mc/#~ CORRECTED FOR FLUORESCENCE
. /
(- Jate! Oef q by Name: . v C'AL./ Projecty L2279 7
.Polymer: 2091 —}i,'noﬁ ~ 77,7574 Bampla:
v 4447 9 %
Solvent:
Bowgul Mleates
(Hu 5 21072 ' (8) Solvent filter factor G-90/GO |sox/0™
(2) 4360 A : 1.14 (n® Rw/Rc) a r/rl 2277 (9) solvent V90 g5 o
(3) 5460 A : 1.21 (n% Rw/Rc) a r/r! (10) Solvent VO 270
(4) Grams of Polymer in (5) «oobl | (11) Solvent filter factor V90/V0 b Xie
(5) Ml's. of solution / (12) Solvent H90 Y 3,4
(6) Solvent G90 950 (13) Solvent HO , 39. 0
{(7) Solvent GO 7878 | (14) Solv. filt. factor H90/HO ST xio-¥
' (15) Wt, Solvent in cell '
(omit 1f eolv. added to sol'n.)|/b 623
Concentration 1 2 3 5 6 7 8 9 10
Scattering Ratios
.f - A .- Ry
Filter factor for G-90/GO £ XH"| J2:5x1D| 59| 2 thio 2E6¢10
' G90 qr0 | qso| o laso| 950
Wt. Sol'n. (solv.) added 12009 23147 24908 [$5949) 114024
Depolarization
- - - . o -T
Filter f&Ct. fOI' vgo/vo I:J—XIDSIQ'S_’HD "““0- 2-‘6110 -r'?EVlO
ERT qr.o| 460 | 95045 0| 450
VO G | Hbro | (50| 4Y | B0
-3 .~-3 e d v -1
Filter fact. for H90/HO RS0 | 12.5%10 2bbvss |2 barr | sipico
H90 4o | Yo |H7.0] yg.of o]
HO q!‘l( ll_él&’ LLOO L{-?}.( |a
Fluorescence
S ux, filter 7 /‘3 L04 220 RL}‘O .
vV aux, filter ? 265520 348 |30
Filter fact. for GH/GV / / / | J
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LIGHT SCATTERING DATA FOR CORMPUTING Z AND (1/z-1)
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Project: w‘?}

AV

Date: dd g, ’éy_ Solvent: 84,,,37(7 Name!
Polymer 2044, 190=7/, 75 Szxmple
T LR
('1) Number of concentrations 5
P
(2) Solvent G45 —-2/.8
(3) Solvént GO 7&"5'
{4) Solvent G135 égo
(5) Solvent filter factor for G¢-90/GO $o x107¥ |
!
(6) Solvent filter factor for G45 47 X 107! ‘
(7) Solvent filter factor for G135 ¢, 7 pro07
Concentration | 1 2 3 4 5 7 8 9 10
G45 720 {¢.o 42!6' 62\5 6"‘(
co 6gr{ g?-o [{-fkf 1‘1'( é.&-‘r
G135 é?.o é!ni"ﬂ L‘.‘ﬂ é];@ ég'o
Filter fact, for G-90/go |50X0 7 fineia|r2:ds jalbnid] 2gni]
Filter fact. for G45 . d7x 10" iaxid 42110 "{'7’”; 7 xr0]
- 4 =
Filter fact. for G135 4707 | goid| 42404 doeid 100
Wi °.‘f'{‘*“‘-‘f-$a/uevvf' 81889/
wh. of Tare _bs22190 ‘
. W of solvent. /69673
wk. of'f‘ﬂ:r&-l— Solvent tJol,‘, x‘ﬂ:’ (30 (%) 25
. O -
Wk of fare + Solvent §1-687) ?f é‘ ¢és 7.4e5) drumd
W#-df_(‘,/.,. T 2009 262747 Lx9dy Lozl
\//l,gf’fﬁn@ L e’ Jol,. a) Qa')slq
- 2 284 ég\ro'I
Wt af'&'x.a 19271
wit. 208 ¢, 110/29. |.o}22
Of . 2 0In, Ty 2 LY




43075007

"3.7528628E-C7

‘458893853

L7724 1I0E-006
'3.2393827E-07
2206782727

1. h539967E ~0g

3yg3igddie-o7
1.4587732E-06
2.7594545E-07
227817083

1.3527367E-05
2,0230826E-07
56345200,

'1.1613180E-05

1.13881453
1.1422053
1.13507133
1.1129305
1.1180715

7.793572LE-DY
1.45229621E-0r3
1,75u0§78£—“3
2,2477458E-03

2.6C379L7E-03

7.2038687
7.0320372
7.40606777
8,8550037
3.L6940443

ct 20
Augus 23 19
Page b

VEM in (CH3)230

VBM N 4

8
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DEPOLARIZATION, AND Hec/7~ CORRECTED FOR FLUORESCENCE

“ late: °© O@L-/¢r [?é'/ Namg:-
Polymer: VM -ﬁ—j:wwv Sample:

Solvent: @’H3)p SN

Page U1

Project: '\«07‘/

A 2 ~ JrSHE-6 | (8) Solvent Eilter factor G-90/c0 |s04¢o™¥
(2) 4360 A : 1,14 (a7 Rw/Rc) a /el (2037 | (9) Solvent V90 . |95 0
(3)—3460—A—t—172 3l Ru/Rey ot/ r) o} (10) Solvent VO 76 ¢
\4) Grams of Polymer in (5) o0& (11) Solvent filter factor V90/VO 10bim 16"
(5) Ml's. of solution /* | (12) Solvent H9O ©3.0 -
(6) Solvent G90 fs0 | (13) Solvent HO _ TS
(7) Solvent GO 4| (14) Solv. filt. factor H90/HO 10 65% 10
(15) Wet. Solvent in cell
(omit if solv. added to sol'n.)| +A7#eZL
: 7. é‘f‘f/’
soncentration 1 2 3 4 5 6 | 7 8 9 10
Scattering Ratios
e 2 3 =1 -V
"{lter factor for G-90/GO /,?,fxf;.l{z‘“(lo‘“ 2886x10 [sw a0 | sgtnio
s :
' G90 gsio| 959 g5 | 9520 | 9570
co a5l 630 sv0| 8t | b2
. Sol'n. (solv.) added J‘ﬁi{‘d 3'3”%:'[”??“’“‘] 3 <o)}
[
Depolarization
- { M -4 ~ ¥
‘ilter fact. for V90/VO 9.4 x5 | S8FUs | F:6dx0i2-Bn0] 1ox10
V90 450 | 7570 | f5i01420| 450
Vo é"z 7{,6‘ é—?"z' 7[:?’ él-o
- RS T+ - -
‘y1lter fact. for H90/HO 9,60 K007 #59415™] £8 w] 203073 Jox 10
| H90 S26| $¥eo| $#3| 240\ 5¢0
o e 80|63 27s0| b3
Fluoresc a.nce
-—\mx. filter -1((’ '28/0 270 {3‘0 300
¥ aux. filter 330 3£\£ 360 (7'54“ ll[b-o N
{lter fact. for GH/GV [ / [ 1 [
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)

Date: O(_’;ﬂ {4 ) (9 i Solvent:

Froject =uyy
Abgust 5, 1968
Page h2

LIGHT SCATTERING DATA FOR COMPUTING Z AND (1/Z-1)

(@H})‘/gd Name: (°, L{(@é,(/i'roject: -:—o‘?]

i

see g8 a2l 4963

Polymer: U B }/\ Sg‘-}ﬂ’:':‘ Sample:
(1) Number of concentrations 5/
(2) - Solvent G45 S5 e
(3) Solvent GO A g,._,/
(4) Solvent G135 . &w.a
(5) Solvent filter factor for G-90/GO s2X co™¥
(6) Solvent filter factor for G45 d.7x 0"
{(7) Solvent filter factor for G135 ﬁf!'? )((O‘/
Concentration 1 2 3 4 5 & 7 8 9 10
s é&’--\/éé'g’- 47(0 P4 6&15‘0‘3
) 9.5 |43.0[ 500,50t | {22
¢135 $7.57| $8:8157.0| $%0| S8
Filter fact. for G-90/C0 | [L.sXI0 ] ﬂ-mlrf"4.;;;;3”3%%5’}.3?1,5"
© Filter fact. for G45 x| || i | f7r3
Filter fact. for G135 tf 705" | Yemnid(fand ’f‘ﬂ’-".’f i
(A4 ch-fdwf-’ 95 -263 8
WH.of of —Lﬂrf—f’ﬁ S
Wt of go[da»d' /79974
“) ) =y C¥) Ccs)
W of gobBtpswe. 92283 1010457 163306 € jo7q57¢  LUSSTE

Jdolses7 {03708 [0 778 7Y

W-of wolitsr, 2969 30T

M.a;.aaw#?urw N

9

a2 1598 for2y 380l

= -005‘543-2 M%._&’;‘_‘Uﬂ)
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2097-1353~53 N BENZYL ALCOHOL

"4,7676120C-07

S L BLT7T74232

=1.7799495E-06

2.2945912E-07

T 55592473

2,0830027E-06
1.8831736E-07
"54871167.
1.63072L4E-06
1,5715541C-07
54742345

1,3032705C-06
1.142351E-07

54705330
1T.0667232E-06

.h8095613
06157713
.12705762
.02435907
94586078

h,.1662557E-0h

1.0619621E-03

2.0096795E-03

2.30941G60E-03

3.3460943E-03

~-3.1343648
-76.,026145
=13,709447
-13,326043
-15.470933
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LIGHT-SCATTERING DATA FOR COMPPUTING Hc/?v C, Page L4k
- DEPOLARIZATION, AND Hc/7~ CORRECTED FOR FLUORESCENCE
( Jate: 0d~ #. fiﬁ Name: <, Y Pho " Project: 2097
! “F Z
Polymer: .'2.0?7—[%’?-—_5’3 Sample:
c 950 9 "/o)
Solvent: B_ng 0.1
3¢ md{
(1) K . 5 a9 (8) Solvent filter factor G-90/GO SDrro"?I
(2) 4360 A : 1.14 (n° Rw/Rc) a r/rl] >° (9) Solvent V90 T o
(3) 5460 A : 1.21 (a Rw/Rc) a r/rl (10) Solvent VO s O
(4) Grams of Polymer in (5) s 00 6Y {11) Solvent filter factor V9Q/VO 10 sy 105
(5) Mi's. of solution /. (12) Solvent H90 © 70
(6) Solvent G390 280 | (13) Solvent HO g 7.0
(7) Solvent GO 70.¢ | (l4) Solv, filt. factor H90/HO 10. gsx10™"
. (15) Wt, Solvent in cell 1 s2
(omit if solv. added to sol'n.) 1§72 387
Concentration 1 2 3 4 5 6 7 8 9 10
Scattering Ratios

Filter factor for G-90/G0

ji-rx;5 ¥ 16"

=2
S tEviofioxio | 0xp

- -t

C G90 f-r\d 450 | 450 95 ¢g.0
GO 96.0| {95 | 105|700
Wt. Sol'n. (solv.) added l.oh3 | 1978 395904 msh s vy
Depolarization
Filter fact. for V90/VO 2fxio | v ixinloxid ausus |2
V90 | 48 0} 50| 450195090,
vo 21| 93.0| 740 Gre7| (b3
Filter fact, for H90/HO . b0 216 Y502 216" 10 %16 [2. 13073 2~usm’
H90 505 | s2p | 330|525 518
HO 93.0] 9o 7?1.0 iy £6~°
Fluorescence
Yo, filter >3 | 27 | 30 |3 |30
v aux. filter 3| {2 | 4151400
Filter fact, for GH/GY / / / / {
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LIGHT SCATTERING DATA FOR COMPUTING Z AND (1/2-1)

Date: O@l- g, /ésﬁ Solvent: &% W&?e:

Polymer: 2 og1-/p0r-53
‘ ¢ 49505 %)

Sample:

Project 2097
August 5, 1968
Page 45

Project: 2. f/

(1) Number of concentrations | ﬁé”
(2) Solvent G45 2 2.0
(3) Solvent GO 200
(4) Solvent G135 LD
(5) Solvent filter factor for G-90/GO s—vg_rO“%
(6) Solvent filter factor for G45 .2 fr!Oﬁ
(7) Solvent filter factor for GI35 e 7 ,rro"/
Concentration 1 2 3 4 5 9 10
s 70:0| 450§ 2] 41 ren
GO gt 0698 19s| 7857 Y40
G135 790|450 | bys] tso| bl o
R k4 L .’/ v -
Filter fact. for G-90/G0 |12y 10 |adsns | S€8M0]ioxro o X1g
Filter fact. for G45 41’7/\'.’0-’ "IIJNBI ’1[-7"“: 9‘71'; $¢16!
Filter fact. for G135 422057 [tone? | poxig| danib 4-7:(;0'4
Wt of Tare +$olyeat 79 8520
WL of tare b 32¢%
WE of Solvent (#5238
) <) 3 €5 )
W . L2 olyen fo/t )
3 ﬂj'fsz 1S /l/ f‘f L ga.g:—yl* ?2.735 ?b\f’f{[o ‘-‘ff'v!féf
W{-,ofzﬁ‘re, +JSelvent 79.947/ 085 TL _F27150. ' a/. 3“7;
. 767173 77181 39890 %-7/6" AT
W‘!. 9f fC{fh '
u’ @)
. \{bq'lff'q,r.o_-#ZQC:, .fo/,,_ lgqq‘s_g lS’*bB%"f
Wi of Tare 189336 (9:6759
Wi of 2ae sofn. 20]2T 200135
oo L] L0067 AV ~ooé¥ %‘%




LOAD DATA
©1.,9581415E-09
( 56347339

1.217 5_3__2_6_@_-,” 8

1.56500279.
8.7331325E-09
I’scsasg7t -19

50685511

115P285E g,

1

UECISY T
LH7777774
1,23104535=08

1i7979513E-09

557320447
9.889&209E—09

1.4522753
1.428752¢
1.4C063081
1.4180C096
1.4161351

C

5.3604032E-0k

9.4877583E-04-

1.8984959E-C3

2,1122532E-03

2.4L37085E-03

2.2110426
2,3269234
2,46113864
2,3922895
2.4030857

AUBUL L Jy L

" Page 46




LIGHT~SCATTERING DATA FOR COMPUTING He/77 C,

rroject euy |

August 5, 1968

DEPOLARIZATION, AND Hc/7~ CORRECTED FOR FLUORESCENCE Page k7
Date: 5(29/65 Name: c . b C=[‘A/' Project: ze7 /
Polymer: ’7’"»'5212" -‘-C“J"""“""’ Sample:
Solvent: W t":.,@@o’ﬁwp
A
. Yir Y ’ -
(1) H . ) (74 [/, (8) Solvent filter factor G-90/G0 |zw«co *
(2) 4360 & = 1.14 (n Rw/Re) a ¢/xl (54 | (9) Solvent V90 457 o
(3) 5460 A : 1.21 (n® Rw/Rc) a r/r _ {(10) Solvent VO gl b
(4) Grams of Polymer in (5) Q. 1 (11) Solvent filter factor VOO/VO | 5/ .
(5) Ml's. of solution e (12) Solven: H90 f2. 0
(6) Solvent G%0 G371 (13) Solvent HO g &
(7) Solvent GO 4ol | (14) Solv. filt. factor H90/HO (2esgr0™ 3
(15) Wt. Solvent in cell (9. §T4s”
(omit if solv. added to sol'n.)
Concentration 1 2 3 4 5 6 7 8 8 10
- Scattering Ratios
128 7)Y N
Filter factor for G-90/G0 &7 30 SLSIRIC Eﬁm‘ij—&’mc
~r : .
690 50| ¢5e| 45a| 956 ace y
GO0 ?3\0 é?\d ?{f’l\g ff':’{? S-L?‘d
We. Sol'n, (solv.) added Rdse b 2040 5'7625:‘)"35¢ L'i'oml(
Depolarization i
-~ L - ,
Filter fact. for V90/V0 gsxe™] fox o v 24300 i»u‘ré’r
vgo S‘—({A o ?’;'L lf'?‘ 0 %’7'6 Q‘(:"\ o
vo g | 566 | §80] 14| 952
ey ST - - Mooy, !
Filter fact, for H90/HQ S Ieare | ORI 2Bxi0 |3 59
HO0 25V 296 | 274 27.0| 194
r
- " v
HO Gad | 976 | el 98| 92
Fluorescence
) o ! o ¢
Y aux. filter [l.o /LIK"‘*' 01138 145
15 6 ;
" { o/ ) "-, y 27 /
oV aux. filter ”‘% Aol | L0208
Filter fact., for GH/GV / ( / ) /
L = & & -



LIGHT SCATTERING DATA FOR COMPUTING Z AND (1/z-1)

Date: S"/Lg//(( Solvent: /)’—’;ﬂ;g[)ﬁff.ﬁ_ﬁéame: <o @/4/

Polymexr: 74&2%‘;2/&'@‘%&4?"” Sample:

(1) Number of concentrations

(2) Belvencess ____Lf7s0
(3) Solvent GO Lo b
(4) Solvent G135 __ §777 o

(5) Solvent filter factor for G-90/G0 e’?,{f@“’L

Project 209
August 5, 196t
Page L

Project: 247

(6) Solvent filter factor for G45 o Do
{7) Solvent filter factor for G135 4L S s
Concentration 1 2 3 4 5 6 8 g 10
G45 §4. o ghu| gl |7e0] gl
o sy | fho| sy @b | $9c
G135 bio| bali e30|5to| s¢0
,_?g %l P ¢ o N
Filter fact. for G-90/GO o P O PE G PR PR P P T
. y ’L -
Filter fact. for G45 T ez T w7y )
Filter fact. for G135 W7 HIHT |t ¥
(a;i‘..,../ wer)
W of LT € Soduend” g 48R
2t o f AZas =7 5T%3
[ 7.8743
e/t Of Solve at”
- . . . () . o)
W”'-" @‘FSL’/V‘?J'{ JC‘K“‘(“'J‘-; ?7(‘qu¢ (2}) 5 (3 ) o
' 3 : g 27 657 gz 09:557¢ A58
Whoofadnre ¢ solyont” qsi4¢5¥ arsigs C2Elnl 12iide (43 557¢
W“’ff"f“"'—""" ‘ 2:150 S0d67 !7.41? 1/35¢4 Loy 1%

%@Z&a‘ﬂé@ Co e )

k— 33. bbbs  B.32-336 0
33.6365 _3&A.3a858
2300 sli0s03

S RCN A C o e b



INDULITN A 1N BENZYL ALCOHOL

1.7345109C-08

7535340

2.6058376E-08
2,2630124E-09

41361643

5.0,722989E-09
2.4559756E-10

23344237

2,6473010E-10
Lb.4b670693E-11

.15732372

3

30277419
01925214
.0683720u0
.20003453

8.4696171E-11

6.1632353E-04

2.9509616£-03

5.66483305E-03

8.5963254E-03

-9,3261049
~5.5325677
-2.5234708
-1,4236413

Llvgle e o

August 5, 1968



Project 2097

August 5, 1968

= LIGHT-SCATTERING DATA FOR COMPUTING Hc/77 €, Page 50
DEPOLARIZATION, AND He /7~ CORRECTED FOR FLUORESCENCE '
-~ Date: TV 6. by Name: C. \ﬂ C’A{/ Project: 2‘,77
Polymer: T nchelin I+ Sample: :
Solvent: ﬁ&f{jb‘(@ MU&»F
-7)(/(58 ‘
(1) H . 2 7% (8) Solvent filter factor G-90/G0 |/2.4 x/0"°
(2) 4360 A : 1.14 (n] Rw/Rc) a r/rll 1 3297| (9) Solvent V90 18.0
—%= L wt ¥ (10) Solvent VO &0 b -2
(4) Grams of Polymer in (5) e (11) Solvent filter factor V90/VO 12.£x70
(5) M1's, of solution L (12) Solvent H90 $9.6
(6) Solvent G90 %S9 | (13) Solvent HO 8‘.1\'7‘-
(7) Solvent GO 5—3‘0 (lll) Solv. filt. factor HQOIHO ,3';—&![@""
(15) Wt. Solvent in cell
(omit if solv. added to sol'n.}| /4. {¢4 7
Concentration 1 2 3 4 5 6 7 8 10
Scattering Ratiés
.M -1
Filter factor for G-90/GO 246 x 10} faxeo / /
G90 q 0| asie| 469| ¢ro
o 28001 US| 1S | g0
Jt, Sol'n. (solv.) added 13727} Iéolt 2‘3'507 Ayt 87
Depolarization
Filter fact. for V90/VO sgyxe] [ AN
V90 75:0) fro | 950| 444
Vo 9l o 90,0 do| 1.0
-
Filter fact. for H90/HO AL / / J
490 SR.o| 08| 5.2 150
HO 920 T2 4,0 1.0
Fluorescence
) ' 0. .
“H_aux. filter 62|25 90300
sv_aux, filter 380 }7'8/ 1457 s

Filter facr. for GH/GV

/

/

4



CJ

Project 2097
August 5, 1968
Page 51

4

LIGHT SCATTERING DATA FOR COMPUTING Z AND (1/2-1)

Date: “Ztev. b, 6y -Solvent:ﬁmﬁ,;(d/p&@ame: ’ Proje:ct: e ad
Polymer: T wolel), A Sample:

(ll). Number of concentrations &

(2) Solvent G45 4L 7.6

(3) Solvent GO $3.0

(4) Solvent G135 42.3

(5) Solvent filter factor for G-90/GO /3.5 x10"S

(6) Solvent filter factor for G45 .7 Y’O—}

(7)) Solvent filter factor for G135 %7 )({0’/

Concentration : ‘ 1 . 2 3 4 5 6 7 8 9 10

G45 (3.0 | 469 37.0| g0
co 72.0 | 45| 11:S| 2.0

6135 b0 | Sio) b1a]26s]

) . ¥ -l . )
Filter fact. for G-90/G0 | L4{x/e 4-7*0’ / /

- bl PRI §
Filter fact. for G45 '1“7’“0 €750 ol ol g0
' ‘ N - 5
Filter fact. for G135 X8| faxa | alfy ] i3
Wi oftare Ve wit-
lojpﬂ tSolent L iagr g
W-df?;.'r-.e_,_ (Da'bﬂ?'l.-a .
48y 7
et ) 1 L") (3) C q_)

Whof fore < solusts Sl 258886 29,5 140 194185 B10set

W"- 'f 1t iy 74719 { 9 7;" q'éL 7 ‘2‘é2'- 7?‘5/“
P R S T, -—

3719 INTY A 23504 24180

oy

e © 0 lews




Project 2097
August 5, 1968
Page 52

INDULTN A IN DINMETHYL SULFOXIDE

3.1962301E-06
.63252395
3,5143654E-05
1.5870911C~-06
{.60&99270
.7.2960658E-06
{8.7306330E-07
v.55114608
2. 76957215-06
/3.32014K0E-07
i.u551q959
6.4593372C-07
/7.5286757E-08
9.32965741
\1.0126606E-07

1.0334444
1.0033349
A7214750
.38073258
B2474067

1.7352514E~04

5.574913LE~-0L

7.7206317E~-04

1.,0713867E~03

1,5805019E-03

29,900371
257.40688
=35,903419
-8.3845133
-2,6648233




LLVJeeu oy |

August 5, 1968

LIGHT-SCATTERING DATA FOR COMPUTING Hc/7Y C,
DEPOLARIZATION, AND Hc//~ CORRECTED FOR FLUORESCENCE

- Date: 8'0"""(%
Polymer: W—-’v Ve

Solvent: (CH) SO

(0 n 1 Sitxic?
(2) 4360)5 : 1.14 (nZ Rw/Re) a r/xl [z ==
(3) 5460 A : 1,21 (nZ Rw/Rc) a r/rlf"’"ﬂﬂ‘
(4) Grams of Polymer in (5) N i

Name:

Sample:

st 20

C .

?‘ C)./é‘/ | Project:

(9) Solvent V90
(10} Solvent VO

S R

Page 53 ‘

82077

(8) Solvent filter factor 6-90/G0 |19y x/0™?

6o s
1¢+ 0

(11) Solvent filter factor V90/V0 125K 20"

{5} Ml's. of solution — ] o | (12) Solvent H90 247
(6) Solvent G90 45 “ 1 (13) Solvent HO P
(7) Solvent GO st'% | (14) Solv. filt. factor H90/HO saes X10”
(13 :I;miinge:;lin ::::d to sol'n.)| #7656
concentration 1 2 3 4 5 6' 7 8 9 10
Scattering Ratios
‘{1ter factor for G-90/GO 5‘-39’*""-1" d7xic” / [ ,
h G90 5.0l 4rio | 950 0| g0
co 193 | g3.5"| 7-0| i{s| 300
lt. Sol'n. (solv.) added 4073 | [.s b -9636) 1.5193|34910
Depolarization
‘ilter fact. for V90/V0 283067 [ ( f
V50 sti | s%.o0|bad lpas|qlo
vo YL\ Sts|2zs| bs | )2
‘{1ter fact. for H9Q/HO 3% /O-l / f / / .
190 37.0| 332 | 34.¥| 33.0| 287
Ho Qho| 576 | 238 | b5 |08

Fluorescence

H aux, filter

Iz

200 0.2 (9.0 )4.0

Vv aux, filter

23.0

2670 | 1020 | 230|178

1lter fact, for GH/GV

[

[ 111/




Project 2097
August 5, 1968

LIGHT SCATTERING DATA FOR COMPUTING Z AND (1/2-1) Page 54

Date: Q‘M‘ "P- (s Solvent:(d:'(j);,‘ra Name: &, ?W Project: @?7

Polymer: W A Sample:

(\1) Number of concentrations s~
(2) Solvent G&45 402’.4 r

(3) Solvent GO ‘5‘5-‘7[

(4) Solvent G135 J—gf 0

(5) Solvent filter factor for G-90/G0 29.¢ J’fﬂ'¢

(6) Solvent filter factor for G45 VN 4 -\’(0",

(7) Solvent filter factor for Gl35 4['_2 X £ g

Concentration - 1 2 3 4 5 6 7 8 9 10 -

G45 | .o boo| sudqls| 3o
co C 798 g3l 7o0ias] 30
G135 60 |574 sty w8y A
. -
‘Filter fact., for G-90/G0 |s8§X/0 M2 / !
S atlost] ;20
Filter fact, for G45 th7Kto 4-7)('64 5‘.7Xf5'rm L&{S
Ty 31,(-7”5‘ 7‘\/,3 all
Filter fact. for G135 x| fao ¥ aut]
: ' = &2/
“‘-1— Gf fore o+ Selve wl Q. e5ss @
Wﬁ_afm Y.y269 ' ___C_= 993
(k. cf Solvent [br76ec ad
<) (2) 35 ) )

wt. cf:ﬂu.r.a-{-:c/w«ff-‘r.,[,. L.Lb2 8 2. 974 Y.9350 6AUS?3 cL¥93
Whopbre o Sclyent ! Bs5s~ Z.z-%zag ;3.,77w,z 34.?33-0 ;Z‘UN

WE. ap olition do73 JEITE 9436 L9779 N ET

o |
'-4721—— ‘7724



C 3L 0701L3E-00
-,29171c8¢C
5,3413855E-09
5.9688122E-1¢0
24200531

8.0805834E-10

74, 0555089E-10

1.18941L68

"5, 0P30G15E-10
4, 3055076510

S.17047013

"5,1072312E-10

“4,3358399E-10

7 .124530L40

©3.6117516E-10

920930353
.69829253
L01789832

.32135316
.23126522

[ %]~

25.6519410E-Ch

»3.5CU3283E-0}

1.2918014E-03

1.5238101E-C3

1.72629887E-C3

~12.647165
=3.3144684 -
=1.7179128
-1.4735311
-1.3008387

Project 2097
Avgust 5, 1968
Page 55

Steam Hydrolyzed -86




LIGHT-SCATTERING DATA FOR COMPUTING He/7™ C,
DEPOLARIZATION, AND He/r~ CORRECTED FOR FLUORESCENCE

-~ Date: ?/30/6-—“

Polymer: :S:é.?w ‘fMJ”L

Name:

Sample:

(207718596 )

Solvent: @”3)2_30 @ (Jg?&—)

c. 9. Cle

Project 2097
August 5, 1968

Page 56

Project: =7/

30t E-b _ :
(W R ) (8) Solvent filter factor G-90/C0 |soA70~Y
(2) 4360 A : 1.14 (0 Rw/Rc) a rfell »e39 (9) Solvent V90 955 0
' {3)-5460-A5_1.21(n? Ru/Re)y—e-r/t ] woy7(¢| (10) Solvent VO 6% 0
(4) Grams of Polymer in (5) (11) Solvent filter factor V90/V0 s ypio™?
{5) Ml's. of solution . b (12) Solvent H90 50
(6) Solvent G90 {550 (13) Solvent HO 7 ons
(7) Solvent GO sD.0 | (14) Solv. filt. factor H90/HO JER S 7 e
: {15) Wt, Solvent in cell .
(omit 1f solv., added to sol'n.) l?}!éﬂf
Concentration 1 2 4 5 6 8 9 10
Scattering Ratios

Filter factor for G-90/G0

|

RNIN

—_——

G390

150

49¢30| 450|453 ¢

GO

gs.d
“los

5[.0

200 19| I

Wet, Sol'n. (solv.). added

2103 | a228¢

2.3940| 419 7189

Depolarizatioh

Filter fact. for V90/VO / / [1/
v90 45701 450) gsiojdsi0) G4
v 19.61 20| lo|o9|%

Filter fact. for H90/HO ! / )
H90 29-| 23.0{ /f.0 Lé-‘L/J;g

Y HO 0.0 20| [0 09 j%a:.

Flyorsscence

rY_aux. filter 20| to.0] &0 3¢ 3.9

o aux. filter 252 | 104 | $0|35| g

Filter fact, for GH/GV [ / [/




Project 2097
Avgust 5, 1968

' Page 57
LIGHT SCATTERING DATA FOR COMPUTING Z AND (1/z-1)

Date: 7/‘5 0/45’ Solvent: (3//3’), $O  Name: c. 7. ﬁé/ Project: -..a?/ .

Polymexr: RQo47- f¥5% 57 Sample:

(\1) Number of concentrations 5——,
~ (2) Solvent G45 AT
(3) Solvent GO $O- 2
(4) Solvent G135 ez o] o
(5) Solvent filter factor for G-90/GO s xc0~¥
(6) Solvent filter factor for G45 4!7 xeo™!

{7) Solvent filter factor for G135 {/zlk (o’/

Concentration . 1 2 3 4 5 6 7 8 9 10
— GO q-d'f '7L ol 4. d /Q’ /'é
G135 g3.3 |46y s (9.0 15757
Filter fact. for G-90/GO / (4 V7t 7
Filter fact. for G45 / / / / /
Filter fact. for G135 / / , / /
Wl 7783 ¢
Ter AR |
) ¢e) 3?2 ) (€
3380 [.5b28” 1039578 ; )
& Wl o el 7247 _':‘;ﬁég-:r) ﬁl-fé3€ 155,403 }?’Z-I Zi’:’Z
4 IATE 22285 2.37% T [ 7(7F TR

4)/,? ﬂ-—f&/‘%%ﬂ(,@—%‘ﬁz’aﬁ)

‘ITET s ==0.0047/
| F %%,

Ay
’




1.5873920E-03
50684453

5.034L3751E-03
5.6364893E-09

.37934639

5.5982620E-09

4,C649592E-10
13404896
2.7246435E-10
3.1958074E~10
10177365

2.7285557E-10

2.8293448E-10
>,9819C05E-02
L.2483663E-10

Ao

97786520
.94989113
50794102
44451326
.28921778

Wi

2,1785920E-ry

3.5864616E-04

6.0770126E-04

7.8771194E~-04

9.29592n6E-0k

——— -

!
Srrptigad TRt
Syrii /

~45,177729
-19,956534
-2.55063065
-1.80023889

-1.4069005

Project 2097
Avgust 5, 1968
Page 58

Steam Hydrolyzed =92

»)/‘ @
2.”6."' 2

1,

?oseb x o™
'!'6’)'7 LA “



LIGHT-SCATTERING DATA FOR COMPYTING Hc/77 C,

Project 2097.

DEPOLARIZATION, AND Hc/7~ GORRECTED FOR FLUORESCENCE

August 5, 1968
Page 59

1 Date: /0/?/5_3’ Name: e, 7, 84(/ Project: 2o7 7
Polymer: 92097-/8&vE-72 Sample:
Solvent: C@FJ);_&@ N
() H . 2 (8) Solvent filter factor G-90/G0 soXr0~F
(2) 4360 A : 1.14 (n° Rw/Rc) a r/rl (9) Solvent V90 G Y
(3) 5460 A : 1.21 (n® Rw/Rec) a r/rt (10) Solvent VO . gl b
(4) Grams of Polymer in (5) (11) Solvent filter factor V90/V0 {2 sx107
(5) Ml's. of solution (12) Solvent H90 Sheby s
{6) Solvent G990 (13) Solvent HO c6.6
(7) Solvent GO (14) Solv. filt. factor H9O/HO J A Xio—"
: (15) Wt. Solvent in cell Ve
(omit if solv. added to sol'n.) 1695
Concentration 1 3 5 6 7 8 9 10
terineg Ratios
s -, / '
Filter factor for G-90/GO 2-13xlo { [
o 690 450 4.0 95+9] 9570
. - co 'l?'o 3 o) 2;0 11{
wt' Solln' (SO].V-) added [c)qu’lfﬂvdtﬂY? /lbj—r I‘!’If/
Depolarization
-~
Filter fact. for V90/V0 0 / f /
V90 450 5o \éz.o {p/‘.\/
Vo 93.0 WS 5D 40
3 f
Filter fact. for H90/HO 2-3X¢0 [ ,/ :
H90 £4.0 (18] 1o | G2 -
HO 3.0 go| 80| S
Fluorescence
CH aux. filter ii“’ ‘3'? 3‘0 rﬁg
‘GV aux. filter 35 4‘0 3-0] <0
Filter fact. for GH/GV . / ( ’




Project 2097
August 5, 1968

LIGHT SCATTERING DATA FOR COMPUTING Z AND (1/Z~1) Page 60
Date: ¢ 0/7/6-5-. Solvent: (@Q’J’a Name: Project: ,'Z.ﬂ?7
Polymer: 2¢77-/958~72  Sample:
! (\1) Number of concentrations /
(2) ‘Solvent G45 s~g 9
(3) Solvent GO 790
(4) Solvent G135 .o —
(5) Solvent filter factor for G-90/GO WFD&' ro""
(6) Solvent filter factor for G45 4‘- 7 A /O'—,
(7) Solvent filter factor for G135 .72 xio™
Concentration - . 1 2 3 4 5 6 7 8 9 10
cus bep| 789 (b4 89| %o
_/ GO 7?*0 77;0 3.0 1.0 ,‘S’
G135 [(&8’ 82| 24:3 200 [3.9"
Filter fact. for G-90/G0 1"3,{’0-{ / / / i
Filter fact. for G45 $.7x10'| 7 / _/ /
—i
Filter fact. for G135 %7)«0 [ / / [
1(:.,7. Solpe T 95[ ST '
Cp__T2.5CH0O
. af J‘a/deodl_ /é'f‘ro &
) T e 3y | af) 5
of daba. olues LY 3 &3/ 00 146336 04-3177
\U\l.’fc Poprsdat g5 r;;o i__ss‘f__go 32‘8433_ 199,431 fo7h7]
o] of Cpssobt 945162 ‘ TP SERT
I 956z 24877

o 00.1?7/”0

o‘ntﬁ%g »~ SO

(W>




Project 2097
Avgust 5, 1968

Page 62
4, Molecular Weight Calculation (M = 7—)—)
A. Indulin A in 90% dioxane and 10% water at 14 minutes:
7 , o 1a-13 :
M = §.315 x 10 x 303 x 8.9628 x 10 - 153,978
[1-(.7768 x 1.027605)] 7.2675 x ;0'7
At 22 minutes: 8 13
M = 1.2485 x 101 x 3OO Z  gp g
T+5545 x 10
At 32 minutes: _
-12 :
n_ 1l 9060 x 10™°°
= 1.2485 x 107 x &= X 10T 453,268
B. G. I. in 90% dicxane and 10% water,
At 2) minutes:
-12
y - 8:315 x 107 x 303 x 1.1k x 107 = 104,756
[1- ( TO43 x 1.026129)] x .9923 x 10”
At 29 minutes: -
S : -12 :
M = 9.0855 x 1070 x ZENOX 10T g3 03
.9292 x 10
At 39 minutes:
13
M = 9.0855 x 1070 x 223929 x 10~ = 92,945
9.1815 x 10
C. VBM in 100% dicxane
= 8.315 x 107 x 303 x 5.7219 x 10713 = 63,893
(1 - (7225 x 1.026129) ] x 8392 x 10'6
D. Indulin A in 100% dioxane
T -12
M= 8:315 x 10" x 303 x 1.1853 x 10 —— = 243,180

[1-(.7243 x 1.026129)] x 4782 x 10

"E. VBM in 100% benzyl alcohol

o835 x 107 x 303 x 4.351 x 10713 - 182,843

" [1-(.7237 x 1.041673)] x 2.436 x 1077
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Edward J. Jones

GAMMA TRRADTATED WOOD MEAL LIGNIN
(Suppiement to Reports 2 and 3)

Samples of gamma irradiated wood meal lignins were prepared
following the general teachings of Garnett and Merewether (Reference 15 s

Report Two.

Alr-dried black spruce wood meal from the same benzene-ethanocl
extracted batch described in Report Two was sealed in ten No. 2 tin cans
and irradiated in the spent fuel rod facility at Argonne National

Laboratory to the levels indicated in Table I.
TABLE T

Can No. Dosage, rads

lO8.31
l08.&2
los.ul
lO8.29
lo8.00
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107'00

106.81+
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The contents of Cans 1, 2, 3, and 4 were mixed and coded 2097-
The contents of Cans 6, 7, 8, and 9 were mixed and coded 2097-

Extraction procedures for lignins were similar to those used for

milled wood lignin {(Report Two). Allowing for losses, the lignin yield

for 2097-GI-45-2 was 2.2% of total lignins. The lignin yield for 2097-GI-

45-1 was estimated to be 6.0%.

Identification of samples available from work in this report:

-30.

-31.
-32,
-33.
-3k,
-35.
-36.

Samples 2097-1858-26-VBM spruce -30

- 1 _31
BT' 1t 1 _32
_ n m - 33
28_ ] i - 35
30- 1 1" -36

Series run with 2Q97-1704-60 black spruce meal extracted, 60-mesh

Wiley mill, dried over PéOS'

VBEM eguipped with new shaft and bearings. Eccentric at extreme.
7 mm. amplitude. No toluene. 5 g. for 16 hr. 11.63% soluble
lignin.

Repeat of (30) with toluene. 3.34% soluble lignin.

48-hr. milling in toluene. 11.76% soluble lignin.

3 g. milled dry 16 hr. 23.22% soluble lignin.

2 g. milled dry 16 hr. 33.95% soluble lignin.

1 g. milled dry 16 hr. 27.62% soluble lignin.

2 g. milled dry 16 hr. 26.22% soluble lignin.



Project 2097
Page 3
July 2, 196k
Sample 2097-170L-156-P&G/T

Received from Mr. Norman A. Bates, Proctor and Ganmble (letter

to Jones, Nov. 13, 1959).

Black spruce wood meal twice through 60-mesh Wiley mill, dried

over PQOS.

shipped to us under toluene. Tound to be completely soluble

Milled in their VBM with toluene for 48 hrs. and

in 2N NaOH. Extracted. 17.5% soluble lignin.

Sample 2097-1704-55-VBM Runs 1 and 2 - Aspen
Aspen wood meal, EtCH-venzene extracted, 5.23% MeO, obtained

from Busche (1727-25—B). Dried over PO Run in toluene in

2°5°
Lampen mill. 5.5-g. charges run in VEM in toluene. Combined

and extracted. MeO lignin - 20.72%.
Sample 2097-1704-111VBM-19 (For comparison with VBM-24-28

6.20 g. dried, unextracted wood meal milled in toluene with
original VBM moumt, full eccentric (2-3 mm. amplitude) for
25 hr., 2.42% soluble lignin.
Samples: 2097-170k-131-VBM~-2k
-140-vBM-25
-135-VBM-26
-151-VEM-27 )
-155-VBM-28
This represents a series in which the spring mounting of the

VBM was changed to give increased amplitude and meal was run

for different treatment times.

On VBM, leaf springs were reduced to two each side and suspension

spring added, with rubber tubing damper. Amplitude 6-7 mm.
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Milling without toluene:

-VBM-2k .

-VBM-25.

-VBM-26.
-VEM-27.

-VBM-28.

2097-1704-60 extracted black spruce. 6 g. air-dry run
8 hr. Increased but not complete solubility in 2N
NaOH. Run in VBM for additional 8 hr. (Total 16 hr.)
Completely soluble in NaOH. 7.58% soluble lignin.
5.01 g. desicecator dried and 60-mesh Wiley milled meal,

milled 8 hr. 5.30% scluble lignin.

5.g.as (-25), milled 16 hr., 12.54% soluble lignin.
5g. as {-25), milled 32 hr., 27.84% soluble lignin.

5 g. as (25), milled 48 hr., 29.06% soluble lignin.
Also sample of unextracted meal.

% MeC

-VBM-25 15.h2
-26 15 .60

-27 15.32

-28 14,90

-1T704-60W .M. meal 5.20
-VBM-28 meal (before extrac.) 4.93

Samples 209T7-170L-128-22

)
-23 )
-FPL-AD ) Residual meals after dioxane extraction
-FFL-DD )
-FFL-M/T )

Comparison set VBM cur lab and Forest Products Laboratory, all

from extracted spruce 2097-1704-60.

-22. Mill eccentric at extreme position, 3 mm. amplitude.

meal dry. No toluene. Milled 8 hr., product cloudy and

yellow in 2N NaQH. 2.08% soluble lignin.

5.73 8-
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-23. 5.03 g. dry meal through 60-mesh Wiley mill. Run without
toluene, 3 mm. amplitude, 8 hr. Product cloudy and yellow

in 2N NaO. 2.58% soluble lignin.

-FFL-AD. Milled air dry by Mr. Pew in FPL VBM without toluene, 9 mm.

amplitude, (?)hr., clear amber solution in 2N NaOH. 8.49%

soluble lignin.

-FPL-DD. Desiccator dried by Mr. Pew over magnesium perchlorate.

Milied same. Clear solution in 2N NaCH. 19.96% soluble

lignin.

-FPL-M/T. Dry (?) meal milled 8 hr. under toluene. NaOH solubility

as 22 and 23. 2.30% soluble lignin.

Two small samples labeled -22 and -FPL-M/T may be soluble

lignin.

Sample Ex.M-3-4-2097-1704-73

Residual wood meal after extraction of soluble lignin, air dried.

Lignin yield-3.75% (total lignin)
Extraction with aqueous dioxane.

VBM runs - Lampen mill product divided into two parts (3 and 4).
BEach placed in VBM with 3080 g. SS balls and jar 80% filled with
redistilled toluene. Run for 48 nr. (p. 62). Amplitude of jar

later measured at 3 mm. (p. 72).

Lampen mill run - approximately '10 g. {p. T1) dried, extracted
spruce wood meal run with 800 ml. redistilled toluene in Lampen

mill for 48 hr., using pulp gasket coated with FVAL. (p. 61).
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log
Wood meal - black spruce (Picea Mariana), 31-yrs (p.58),

barked, reduced to sawdust, air dried. Wiley milled tc 20-mesh.

610 g. extracted in large Soxhlet with 1:2 ethyl alcohol:benzene,
followed by 95% EtCH. Washed with distilled HEO' Alr dried.
2097-1704-60. Portions to be milled dried in vacuum desiccator

over P205.

Analysis (p. 65):

Methoxyl - 5.26%
Klason lignin - 28.00%
Moisture - 6.56%.

Sample 2097-1858-40

VBM spruce lignin, combined Runs 37-50

Sample "Combination of Lignin from VBM Runs 3-8"

2097-170k4- TL-VEM spruce 3- 4
" 11 it it 5 6
11t n H " it T 8

Preparation and extraction of black spruce meal, Lampen and

48-hr. VBM milling as describéd for Sample Ex.M.-3-4-2097-1T704-73.

Extraction of lignin all as for 2097- lTOh T - 39h (p. 6T)_
Toluene decanted off meal

Standing in 100:% aqueous dloxane overnlght, centrifuged [50 cec.
to 2.5 g. meall].

Fresh lots aqueous dioxane 2 days
L} 1 1t 1 5 days

Extracts combined and taken to dryness in a Bong evaporator at
50-60° ,
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Residue dissolved in 20 ml. 90% acetic acid, ppt. into 200 ml.
distilled EQO, centrifuged, air dried. Dissolved in 20 ml.
2:1 1,2 dichloroethane-95% ethanol. Ppt. into 200 ml. ethyl
ether. Centrifuged. Washed 3x ethyl ether, 1lx in L.B. pet.

ether. Vacuum dried over P,0_ and paraffin.

275
Yield Wood Lignin, %
Run 3-k4 0.1062 g. 3.75
5-6 0.07hhL (Part lost)
7-8 0.1353 3.97
0.3159

Sample Fx. M-5-6-2097-1704-73

Same process as EX.M-3-4
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PHYSICAL CHEMISTRY OF LIGNIN FREPARATION

PREPARATICN OF EXTRACTED WOOD MEAL

Source of the wood was a 30-year old black spruce {Picea mariana)
tree*, Two-foot logs were debarked and freelof knots. The bare logs, 10—1/2
tc 12 cm. in diameter, were chipped in the Carthage chipper. The chips were
air dried one to two weeks and put through a Wiley mill having a screen plate
with 0.040-inch holes. 'The black spruce wood meal was air dried one.week and

stored in closed containers.

The wood meal (6592 grams) was extracted L5 hours (after 1.5 hours'
warmup)'in a continuous extréctor as shown in Pig. 1 with a 2 to ; by volume
mixture of benzene and 95% ethyl alcchol (15 gallens total). The benzene-
alcohol solvent was drained from the meal and otherwise removed from the
equipment, A second extraction was made, this time 22 hours with 95% ethyl
alcohol (12 gallons). The solwvent was drained from the wood meal and
replaced with fresh ethyl alcohol (7 gallons). The suspensioﬁ was mixed in
the extractor with a paddle and the solvent again removed. Suspension washing
was repeated four times using distilled water. The extracted meal was air
dried eight days (95% nonvolatile at 100°C.) and stored in closed containers
having polyethylene film liners. Portions to be milled were dried in a
vacuun desiccator over calcium chloride. Porticns to be hydrolyzed at

elevated temperatures were used without the additional drying.

*Collected April 18, 1960 by Dr. R. E. Kremers and Miss B. Reeder from the
Jennie Webber fire lane, Rhinelander Paper Company experimental forest,
5 to 10 miles north of Rhinelander, Wisconsin.

THE IMSTITUTE OF PAPER CHEMISTRY
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VIBRATION BALL MILLING

The Institute of Paper Chemistry vibratory ball mill (1) was charged
with 3000 g. l/h-inch stainless steel balls and the eccentric plate adjusted to
give 6 to 7 mm. amplitude vibration. Three grams of dried wood meal were

. : . o] + o
charged and processed 16 hr. in a room maintained at 4O F. (- 5° ). The balls
and milled meal were poured in small lots onto a screen over a pan and the
meal separated as much as possible with a brush. The vibrafory ball-milled
black spruce wood meal was siored in a glass container and kept dry over

caleium chloride in a vacuum desicecator.
STEAM HYDROLYSIS OF EXTRACTED WOOD MEAL

" The Institute of Paper Chemistry isothermal digeéter (g, 3) was
modified so that steam instgad of superheated liquid was blown from preheater
to digester. (Schematically shown in Fig. 2.) Two.lOO-mesh stainless steel
wire baskets were made to slip into the existing shielded basket. Wire
basket dimensions were 2-1/4 by 4-1/2 inches oval cross section by 12 inches
high. The 200-g. charge of ext¥acted wood meal used in each basket filled

it to within two inches of the top.
e

Before each cock, vacuum was applied to the digester and the walls
heated for a limited time to minimize preheating the wood meal. At the
start steam from the preheater was blown to the digester. During hydrolysis
additional steam was metered in to maintain temperature. At the end steam
pressure was discharged from the digester and the baskets removed. Volatiles

in the hydrolyzed wood meal were reduced by air drying.
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Pour steam hydrolysié cooks were performed on the extracted black
spruce wood meal, Table I. Of these 2097-1.858-86 and -92 were the best. In
each cook the lower temperatures and pressures occurred near the end of the
heating cycle as the available steam in the preheater was giving out. The

hydrolysis materials all had a scorched odor and were brown in color.

TABLE I

OPERATING CONDITIONS FOR STEAM HYDROLYSIS COOKS
OF EXTRACTED BLACK SPRUCE WOOD MEAL

Code

2097~ . ‘Duration, Tempgrature,a Pressure,

1858- min. C. p.s.i. Remarks

8h-1 9 217 ‘ 295-310 Partially washed by
L _ cooling water

86 2.5 228-243 450-500

88 10 . ca. 190 150-260 Many problems

92 10 226-235 375-410

aThermocouple located: between baskets
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ISOLATION OF BLACK SPRUCE LIGNIN BY GAMMA IRRADIATICN
SUMMARY

This is Project Report Three on Project 2097 concerned with the physical
chemistry of lignin. The first two reports have been concerned with the isolation
of lignin using a vibratory ball mill, and osmotic pressure determinations of the

molecular weight of thils milled wood lignin,

In the present experiment, two portions of 20-mesh extracted black spruce

8.36 6,93

wood meal Were irradiated at average doéages of 10 rads and 10 *" " rads. After

extraétion with dioxane and subsequent purification, the yield of lignin from the
heavily dosed meal was about 100 times that obtained from the meal with lesser
dosage, These results confirm previous data concerning the effect of high-intensity
irradiation of wood on the extractable lignin., The quantity of lignin obtained was
not nearly that obtained in another similar experiment, but demonstrated that a’

certain dosage must be reached before the effect on the extractable lignin is

appreciable,

The lignin yield from the heavily dosed meal Was comparable to the milled
wood lignin yield for only those milling runs made at the begimning of the project.
The yield is only about one-fifth of the milled wood lignin obtained when milling

was standardized at optimum conditions.

THE INSTITUTE OF PAPER CHEMISTRY



Project 2097
Page 2
Aupust 29, 1980

REVIEW OF PREVIOUS WORK

It is quite generally known thst cellulose is profoundly affected by
ionizing radiation (3). Lawton, Balwit, and Bueche (7) found that cellulose is
degraded by high-energy electrons, In other experiments, Lawton, Bellamy, et al.
(8) found that, whereas the cellulose in natural wood is almost completély resistant
to the enzymatic action of rumen microbes, the cellulose in Wood irradiated by high-
energy electrons (dosage of 108‘52 rontgen units) is digestible by rumen contents to
about the same degree as hay, They found alsoc that irradiated ball-milled filter
paper was 89% soluble in hot water, and noted that, at this stage, the cellulose was
probably degraded to molecules approximately six 0‘51005 units long, Lawton,
Millett, and Saeman (9) found that cotton linters were 44%'decomposed at 108’7
rgntgens. and were made water soluble, Blouin and Arthur (2) noted a number of
offects on purified cotton while working with dosgges from 105 - 10B rgntgens. |
Among these were: Formation of carbonyl group, formation of carboxyl groups, and

chain seission in the approximate ratio of 20:1:1; increased solubility in water

and dilute alkali; decrease in tensile strength of fibers.

Although much data has been collected on irradiated cellulose, little is
known about the effects of comparative dosages on the lignin in the wood, Lawton,
Bellamy, et al., (8) noted during their experiments on irradiated wood that the
effect on the Scholler lignin seemed to be very slight, if not negligible. They
also noted that the behavior of the wood seems to confirm the theory that lignin .
is linked chemically with the carbohydrates in wood, and is not an "“incrusting
substance! as thought by some (4), The effect of irradiation is to break this bond,
freeing the lignin for extraction or the cellulose for attack by biochemical agents,

as in their experiments,
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Recently, Garnett and Merewether (6) attempted the isolation of lignin

from Eucdlyptus regnans by gamma irradiation, Little radiation effect was noted

8.25

at or below 10° rads. At maximum yield (10 rads), the soluble lignin was

16.8% of the total wood; about half of this was extracted with ethanol, and the

remainder with 0,12N NaOH,
GENERAL EFFECTS OF IRRADIA TION

Little (10) found that the initial effeet of pile and Van de Graaff

radiation on linear high polymers is the breakage of bonds, forming free radicals,

Further effects depend on whether these radicals form: (In oxygen) low molecular

welght compounds and carboxyl end groups; (in vacuo) different end groups and
low molecular weight compounds; the original bonds; end-linked units; cross-

linked wbalns, It was found that samples exposed to the air generally are

sciesiéned; whereas reactions in yacuo have resulted in formation of covalent or

dipolar bonds for greater polymer stability. ILittle found that the presence or
formation of unsaturated rings is a factor in preventing the scission expected
for a given dosage, This was demonstrated by Barton and Patrick (5) for small
molecules by radiolysis of a mixture of cyclohexane and bengens-d.. By
measurement of the yields of Hy, HD, and Dp, it was shown that the benzene-da

actually protects the excited cyclohexane from decomposition, the mechanism of

Protéction being energy transfer and dissipation, Alexander and Charlesby (1)

demonstrated this effect for polymers by comparing the irradiation effects on
unsubstituted polymethyl methacrylate and the polymer with 10% substitution of
alkyl thiourea, aniline, or dimeta-tolyl-thiocurea, finding that the energy
required for one main chain break increased from 61 electron volts to 143, 152,
and 227 e.v,, respectively, It was also found that, whereas polyiso butylene
required 17 e.v. for/main chain break, a copolymer of 20§ styrene and 80% iso-

butylene required 32 e.v,
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APPLICATION OF RADIATION DATA TO WOOD

These findings should be kept in mind while comparing the structures of

cellulose and lignin, cellulose being generally accepted as:

n

Brauns (4) notes that although many structures have been proposed for
lignin, a generally accepted building stone is the phenyl-propane unit, incorporated

below into one possible structure:

ocH; , N M OCH,
/'\H\('-/‘.: N CHy
| o l
l )“| | H-C-OH
7 o 207 | ¢ o_
H och, M

It is easily seen that if the data concerning aromatic groups in
irradiated material can be app}ied to lignin and cellulose, it should be possible
to separate the lignin from wood, quite unchanged, by extraction with neutral
solvents after the wood has been subjected to high intensity radiation in order

to degrade the cellulose and break the lignin-carbohydrate bonds,
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EXPERIMENTAL PROCEDURES
PREFARATION OF WCOD MEAL

A 3l-year-old black spruce tres L__géf'mriam) with a bese diameter of
8,6 - 9,2 em, was cut, peeled, and’ aectiomd. It was then ground to sawdust and
air dried six days, after which it was Wiley-milled to pass a 20-mesh screen, The
meal was then extracted for 45 hours in a Large Soxhlet extractor over 1:2::ethancl:
benzene, after which it was extracted: for 20 hours over 96% ethanol, This was
followed by one washing with ethanol. and four waehings with distilled water, after
which the meal was air-dried for six days before storage in polyethylene bags until
fur?her use. | o
IRRADIATION DATA

P TR
AT
.'t .

The extracted wood meal used in this experiment was sent to Argonne

National Laboratory, Lemont, Illinois. to be' proceaeed in the ganma irradiation
facility there. The amounts of irradiation received by the various portions of meal
are noted in Table I, After the meal vas received following treatment, the No, 2

cans in which the meal had been irradiated were opened and the meal weighed, The l
meal from cans No, 1, 2, 3, and 4 was ccmbined in a,3-1. b beaker (Meal A), and that
from cans No, 6, 7, 8, and 9 was mixed in a secor;d ;3:1. beaker (Heal B). Cans No,

5 and 10 were not included in this experiment, because the dosages received by
these portions of meal were significantly below those received by the other portione
in their respeci'.ive batches, Rather, they were emptied into separate glass jars

and stored, after a moisture determination was made on each portion with the

following results: Can No, 5--7.95%; can No, 10--7,22%,
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TABLE I
DOSAGES RECEIVED BY PORTIONS OF BLACK SPRUCE WOCD MEAL

Can Weight, Dosage, Can Weight, Dosage,

No. e rads Ko, Ee rads
1 140,642 1083 6 79,794 105+
2 79,539 1098442 82.883 107+
3 79,763  105% 72,005  10%°97
4 74,945 108429 78,750 105484
5 80,870 108400 10 69,959 106458

36 93

Av, dosage rec'd by No, 1-4 = 108' . Av, dosage rec'd by No.6-9 = 106'

%The meal in this can was extremely wet, as indicated by approximate
weighings aef the meal following extraction and air drying

Meal A Meal B

Approximate weight before extraction 374 g. 33 g,
" " after " 209 g, 07 g,
Apparent weight loss during extraction 75 g. -

The appearance of Meal A was a uniform yellow color, exeept for dark
brown agglomerations in Can 1. After extraction and alr drying, a small portion
of Meal A was placed in a test tube and covered with concentrated HCl., To this
was added a few drops of K,Fe(CN), solution, giving a bluish hazé, When the
same treatment was applied to large flakes of the dark brown material,originally
from Can 1ywhich had settled to the bottom of the extraction beaker, a heavy blue
precipitate was formed, These tests indicated that the dark material in Can 1

was iron deposits in some form, and not carbonized meal as thought at first,

The appearance of Meal B seemed to be no different from that of wood

meal which had not been irradiated.
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EXTRACTION AND PURIFICATION OF LIGNIN

The procedure for extractingand purifying the lignin was much the same as
that described in Project Report Two {11), with the only significant difference being
in the gquantity of wood meal extracted. Approximately 2300 ml, of 96% dioxane was
poured into each of the two beakers containing the irradiated meal. The thick slurries
were thoroughly mixed three or four times a day, and at three-to four-day intervals
the supernatant liquids were poured into Erlemmsyer flasks, and fresh dicxane was
poured into the beakers, The extraction of Meal B was discontinued after about 4400
ml. of dioxare had been added, About 3500 ml. of this reclaimed, with the rest being
lost through evaporation, absorption by the wood meal, samples removed for analysis,
and one spillage, All of the dioxane solution was centrifuged (2000 r.n.,m, for 40
min;) of suspended wood meal before being evaporated to dryness on a Borg rotary
evaporator, Aboﬁt 7100 ml, of dioxane was used for Meal & (extraction was continued
- longer because of higher yield) with about 6000 ml, of this Being raclaimed, cleared

of suspended matter, and evaporated,

Only enough 90% acetic acid #as used to just dissolve the evaporator
residues, and 20 ml, of the solutions were precipitated at a time with mechanical
stirring into 200 ml, of distilled water. The material from Meal B was dissolved
in 20 ml. of HAc, While that from Meal A required 200 ml, for solution, The
precipitate in each case was dissolved in 1:2::95% ethanol:1,2 dichloroethane, with
this solution being precipitated into diethyl ether, After two washings with
diethyl ether, the lignin was washed with reagent grade petroleum ether (B.P, 30-60°C.)
and dried under a gentle stream of dried alr before being placed in a vacuum
desiccator over P,0, and paraffin.shavings. In the precipitations of the lignin
from Meal A, all precipitations at each point of procedure were made into the same
centrifuge bottle to minimize the lignin loas on eventual transfer to a weighing

bottle. =~ : Bme precipitation at each point was required for the lignin from Meal B,
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PENETRATION OF SOLVENTS

The solvents used were purified as described in Project Report Two (11).

LIGNIN YIELD

The amounts of lignin obtained are listéed in Table II. The percentage of

Klason lignin is given on a basis of Klason lignin being 28% of the total wood.

TABLE II
LIGNIN ISOLATED BY GAMMA IRRADIATION

Source Weight, g. Klason Lignin, § Total Wood, ¢
Meal A 4,8935 5.8 (4 of 85 g.) 1.6 (% of 305 g.)
Meal B 0.0246 0,028 10,0079
Corrected Meal B® 0.048 0,055 = . 0.016

8corrections were made for losses of lignin through spilling, After the
precipitation of the acetic acid solution into water, the centrifuge bottle
was upset, and a large portion of the suspension was lost, The corrections

were made as follows:
amount in centrifuge bottle before spilling

Corrected yield = (weighed 1lignin) (&= m T - aftor .

. .total dloxane reclaimed 230 ml 4000 ml
e e e e ettt } 22 i1 — e SR

( ) = 0,0246 g, (135 ml.) (3500 ml,

dioxane reclgimed minus spilled

approximately 0,048 g,
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THE FHYSICAL CHEMISTRY OF LIGNIN PREPARATIONS

EXTRACTION OF LIGNIWN FROM BLACK SPRUCE WOCD MERL

This report éovers work done under Project 2097 approximately
four years ago. Pressure of other programs has prevented its issuance
until this time. However, we are actively engaged in physical chemical
studies of the preducts secured and this report is essential to identifi-
cation of the materials being used. The following report was largely

prepared by James Modeen.

SUMMARY

Black spruce wood meal was solvent extracted and milled in the
vibratory ball mill to obtain lignin samples for molecular weight deter-
minations. Numerous conditions were changed on the ball mill and modifi-
cations were made at€ordingly for more efficient operation. The lignin

yield was significantly improved after the modifications were made and

. by using constant conditions, lignin was accumulated for future studies.

Wood meal solubility in alkali greatly increased with increasing
amplitude (vibratory action) of the mill. Methoxyl content, an indication
of the lignin present, decreased with increased milling time, while the
lignin yielid increased, indicating extraction of carbohydrale material
in addition to the lignin. A decrease in charge weight alsc improved the
vield indicating a critical mass is required in the mill for optimum

operation.

. THE INSTITUTE OF PAPER CHEMISTRY
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The osmometry work detailed in, Project Report No. 1 was partially
extended. The data collected was inconclusive, possible because of

variations in the constant temperature bath. Polyvinyl alcohol films were

cast to be used as osmometer membranes but have not yet been evaluated.
s

INTRODUCTION

This 1s Project Report Two on the physical chemistry of lignin
preparations. Lignin has heen studied quite extensively over the past
half century but the exact nature of the material i1s still rather
speculative. The uncertainty of lignin chemistry arises from attempts
at isolation of the lignin through chemlcal means which invariably alters

11‘,

the basic structure of the unit. Thgsﬁ @%fferent‘lignlns are cbtained
¥ \,,‘ el n, Q_\ )

13 :*'!r‘l\

depending on the method used 1n the isolatlon (nLikewise, since the exact

"- ' \.g.,u,
z ‘ ' r"‘ "t‘,v

structure is somewhat questlonable, synthe31s of’the molecule is equally
difficult. The difficulty in obtaining llénin.ls explalned by some as
being due to strong chemical bonds between the 1ignin and carbohydrates,
or from a very high molecular weight polymér having a three dimensional

network within the wood, or possibly %y weaker forces such as hydrogen

A2}

bonding (such forces making cellulose insoluble in water, for example).
One means of obtaining the original, or protolignin, 1s by
disscolution in neutral solvents. One of the early successful attempts
was made by Brauns (;Q) who extracted a small percentage of the available
lignin from wood meal with ethyl alcchol. Since the percentage was small,

1t was argued that the product was probably not representative. The small
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yield may have been due to inaccessibility of the solwvent to the lignin and
means to disintegrate the wood have been comtemplated or attempted. Among
such methods are the vibratory ball mill (especially at low temperatures
when the wood is brittle), "explosion" of the wood after building up
pressure, biochemical decomposition, uwltrasonics, and thermophilic
fermentation (4). Recently, gamma irradiation methods have been used to

render lignin more soluble in ethanol and alkalil (;2).

The scope of this project is to carefully establish the adapt-
ability of such techniques as light scattering, ocsmotic pressure, spectro-
graphic, and ultracentrifugation to lignin materials, and the application
of these methods to lignin preparations. The possibility of securing a
lignin sample by one of the methods mentioned previously renders the study
of'such a preparation by physical means of great interest and impo;tance.
This phase of the project, then,was concerned mostly with obtaining a

representative sample of lignin.

The method chosen for obtalning the lignin was the #ibratory
ball mill. This machine was used for student thesis work (11) and was
similar to equipment described in other reports (E, l;). The procedures
used in the milling of the meal, and the extraction and purification of
the lignin followed the methods used by BjBrkman (4). Unfortunately,
parts of the report were rather inexpliicit or possibly erroneous. Because
of this, additional work was necessary and a change in concept of the
oxiginal milling intentions had to be made. However, the series of articles
published (§:§) describe the procedures used and the results obtained so

that comparative work can be done and the methods evalwm ted.
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The effect of the vibratory ball mill is quite different from regular
ball mills. In the process of milling, the methoxyl content decreases
(indicating an increase in the carbohydrate content), the decrease being
dependent on the milling conditions. The possibility of a lignin-carhbohydrate
complex is raised with the subsequent question of the nature of the lignin-
carbohydrate bond in wood. The lignin-carbohydrate complex was investigated
by Bjbrkman (Q:Il and by Lindgren (2&). A literature survey of recent
investigations on the lignin-carbohydrate bond has been made by Pearl and
Rowe (Ei) and a literature review of the isolation and structure of lignin

has been made by Kremers (23).

It is believed by some (é) that protolignin can be categorized
into two main fractions (with respect to its association with hemicellulose).
The first fraction has few or no bonds with hemicellulose and is located in
the middle lamella where the lignin content is high. This material may he
extracted from coarse meal under rather mild conditions and is the substance
known as "milled wood lignin'. The remaining fraction is more rigidly
bonded to the hemicelluloseland is isolaéed only by rather drastic measures.
This material is the so-called lignin-carbohydrate complex. Apparently,

there is no distinct boundary between the two fractions.

The lignin obtained by milling wood meal is referred to in this
report as milled wood lignin (M.W.L.) as differentiated féom ethanol -extracted
lignin commonly known as Brauns® native lignin (ﬁ.N.L.). The lignin-carbo-
hydrate complexes (L.C.C.) constitute some undertermined ratio of lignin
and carbohydrate materials. The yields of lignin obtained in this labora-
tory are calculated as a percentage of the 29% Klason lignin in the wood
meal expressed as total lignin. The yields have been corrected for loss,

wherever possible.
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EXPERIMENTAL

PREPARATICN OF WOOD MEAL FOR MILLING

A 3l-year old black spruce tree (Picea mariana) was freshly cut

by Dr. Kremers near the Jennie Webber fire lane, east of Highway 1T,
north of Bhinelander. The log was sectioned, peeled, and ground to sawdust.
The sawdust was air-dried and put through a Wiley mill to reduce the size
to 20-mesh. The first portion passed through the 20-mesh sieve s0 no

further attempts were made to process the remaining sawdust.

Approximately 600 g. of the meal were placed in az large Soxhlet
extractor and extracted with a 2:1 ratio ol benzene:95% ethanol for 45
hours. The solvent siphoned at the slow rate of aﬂout once an hour so
distillation was interrupted daily at a point that would keep the meal
immersed in solvent overnight. After the benzene-alochol process, the meal
was extracted for 20 hours with 95% ethyl alcchol, washed in fresh ethyl
alcohol and then in distilled water. The meal was filtered on a large
Biichner funnel and the water washings repeated four times. The solvent-
extracted meal was finally alr dried for approximately one week before

storage in closed containers.
t
LAMPEN MILLING

For the first few vibratory ball mill runs the meal was ground
in the Lampén mill. After thorough drying over phosphorous pentoxide
in vacuo, 6 g. of the meal were placed in the Lampén mill. To this 800
to 850 ml. of toluene were added and the contents then milled continuously
for 48 hours. The meal was recovered by carefully tiiting the chamber to

cateh the slurry.in a pail and then removing the brass ball. The chamber
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and ball were wiped with glass wool and rinsed with tocluene. The slurry

was centrifuged at 2000 r.p.m. for 10 minutes in a Ho. 2 International

Centrifuge, (Model V¥, Head Wo. 277), and the excess toluene decanted.

MODIFICATION OF THE VIBRATORY RBALL MILL

The ball mill wvsed was a modifiled version of the mill designed
by the National Bureau of Standards (13). Certain changes were made in
the original design to accemodate work proposed in a graduate thesis (};).
Essentially, the mill consists of a milling Jar rotating freely in a
housing containing an adjustable eccentric weight. The weight is on a
shaft connected with a flexible coupling tc a constant speed{ direct-drive
motor. The housing is suspended by means of leaf springs connected to the
base of the machine. When fully loaded, and with eccentric in the extreme
outer peosition, up to 10 mm. amplitude in the front part of the mill Jar
was possible under certain conditions. A more normel condiftion gave .
6 to 7 mm. amplitude. At an intermediate position, the jar would vibrate

3 to 4 mm.

The changes mentioned consisted of equipping the milling jar
with a Jacket for externai cooling. This, in turn, necessitated changing
the originsl clamping device. The ecgentric was also changed in size and
weight from the original dimensions. The extra inertial mass gained
through modification distributed the vibration not only to the jar but
alsc to the other parts of the machine and placed an overload on the shaft
bearings. The normal life of the bearings as expected under average use

was thereby reduced. If the bearings were not replaced in time, a certain
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amount of damage to the motor, housing, or shaft often occurred. After
numerous attempts to rectify the situation, it was found that an additiocnal
hardened steel jack shaft placed in two outboard pillow-block bearings
between the motor and flexible coupling that was conrnected to the housing
shaft prevented excessive vibration on the motor. Removing some of the leaf
springs and suspending the housing by a coil spring alsc aided in isolating

the vibration to the jar. Heavy-duty, preset bearings were placed in the

housing.
MILLING THE WOCD MEAL

The first milling trials used 6 g. of the dried meal with toluene
added to within one inch of the top of the l-liter jar. Approximately 3000
stainless steel, 1/4-inch diameter balls were used in the jar. The length
of time for milling was 48 hours. A fan was used for external cooling of

the jar.

In later trials the toluene was omitted and the meal was milled
dry. The milling time was also reduced tc 16 hours and the charge weight
to 3 g. In all cases, the meal was recovered by dumping the contents of the

Jjar onto a No. 10 screen, catching the material in a pan beneath the screen.

The screen was vigorously shaken to Tree the meal adhering to the balls. The

Jar was wiped down with glass wool (if toluene was used) or with a brush (if
the meal was milled dry). When the dry procedure was used the inside of the
jar was cleaned with sodium hydroxide; the averagle loss of meal was

0.42 g./3 g. charge (loss was not determined when using toluene) .



FProject 2097
Page 8
April 20, 196k

EXTRACTION OF THE LIGNIN

The meal and toluene from the ball mill was centrifuged at
2000 r.p.m. for 10 mnutes and the toluene 5oured off. Aqueous dioxane

solution, 50 mi., was added to each df‘two'separate portions of the ground

e

meal 1n 250-ml. centrifuge Bp%ples and griawéa-to stand overnight. The
contents were centrifuged the following day ﬁnder the same condations and
the dioxane collected. The process was repeated for a second extraction
of two days' length, and for a third extr;ctlon of an additional five days.

The combined extracts were then evaporated to dryness on a Borg rotary

. XN Jb
. \

evaporator using the laboratory line vacuwum and a water bath at 50 to 60°C .

PURIFICATION OF THE LIGNIN

.
:

O T

¥ "1‘ ‘-s-‘"

The dioxane residue was dlssolved in 20 s of 90% acetic acid.

'(

The acid was added dropwise, with stlrrihg{ o distllled water in a 250-

11y \r‘! & (l
EFEHA

ml . centrifuge bottle. The llgnln—préclpitated cut at this step in a light
tan-colored floc. With stirring this changed to a powder which was cen-
trifuged at 2000 r.p.m. for 40 minutes. The water was decanted and the
lignin spread on the sides of the botﬁle £efore drying with a stream of

dry air {two hours or longer). The'dried lignin was then dissolved in 20
ml. of a 2:1 ratio of l,2-dichloroethane:95% ethanol. The solution was
added 1in a fine stream, with stirring, to ether in a 250-ml. centrifuge
bottle. Again, the lignin precipitated ocut 1n a light tan floe which was
collected by centrifuging at 2000 r.p.m. for 40 minutes. The ether was

decanted and the lignin suspended in fresh ether and allowed to stand

overnight. The washing was repeated with ether and once with petroleum
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(low bolling, 30 to 6000.), centrifuging at the same speed and standing
overnight in each case. The purified lignin was then dried by a stream of

dry air and set over phosphorous pentoxide and paraffin shavings, in vacuo,

Tor a period of about five days.
PURIFICATION OF SOLVENTS

The toluene used was refluxed with sodium for three hours and then
distilled over sodium. The p-dioxane (1, 4-dioxane) was refluxed with
sodium for at least 11 hours before distilling over sodium. Distilled
water was added to the dioxane immediately after distillation to give a
4:100 water:dioxane dilution ratio, by volume. The diethyl ether, U.S.P.,
was distilled over sodium without refluxing. The b.p. range in each case
was within 0.3 to l.OOC., depending on the sclvent being distilled. 1In
later distillations, the solvents were fractionally distilled threugh a
Vigreux columm. The 1,2-dichloroethane, petroleum ether, benzene, and 95%

ethyl alcchol were used without further purification.

CSMOMETRY

Preliminary work on the use of Zimm-Myerson osmometers, the
techniques, and the membranes used were described in an earlier report (§§).
The unreliability of single readings made it desirable to determine the
best method for taking osmotic pressure measurements. Readings were taken
in a number of ways; at each capillary, at the bright line of the meniscus,
at the bottom of the meniscus, and by focusing on each capillary. It was

found that an average of five consecutive readings on one cgpillary,
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turning the telescope on its spindle and then fefocusing on the other

capillary before taking five more measurements resulted in more reliable

data.

For the molecular weight determinations, lignin was weighed %o
the nearest 0.1 mg. and dissolved in 90%“ﬂioxgne. Successive dilutions
of the stock soiution resulted in conéentrations of approximately 0.1 to
0.k g. lignin/kg. solution. Leakage tests and osmotic pressure runs were
made using the first two solutiqns”qulbwea concentration in osmometers

having polyvinyl alecochol, "super-dense", and'féfollen super-dense"

membranes (cf. 28).

POLYVINYL ALCOHOL FILMS
\":“:‘)-.\

Du Pont "Elvanol” 71—30415 mgafﬁﬁ}ﬁfgéﬁsiﬁy>polyvinyl alcohol ,

was made up into a solution by diépéréiﬁé.%héfbﬁ%ﬁé% in cold water, heating
to 950C. with stirring, and maintgining.tﬁié%ﬁ;g;éfatpre for 25lminutes.
Different percentage solutions were prepared to;égﬁ&y thé effect of solution
viscogity on film thickness. The scolutions were cast on polyethylene or
glass plate surfaces by using a 0.012" elearance Bird bar, by "puddling",

or by using a Gardner Ultra applicator at different clemrance settings.

The glass or polyethylene surfaces were thoroughly scrubbed with Alconox,

rinsed with distilled water, rinsed with absolute ethanol, and left to

. dry before casting the solution.

The most satisfactory method was found to consist of casting a
6% solution on the clean glass plate using the Gardner applicator with a
clearance of 0.040". Strips of Scotch tape were placed on three sides of

the pool to form a rectangular area to contain the solution. .After drying,
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the films were stripped from the plate and l-l/h" diameter circles were
cut from the fiimg for use in the osmometers. The circles and scraps
were stored in atmospheres of 75.5, 53.5, 43.9, and 32.9% R.H., prepared
by making saturated solutions of sodium chloride, magnesium nitrate,
potassium carbonate, and magnesium chloride, respectively. The film was
allowed to tondition at the different relative humidities for a period
of at least five days and then sent to the Anslytical Group for Karl
Fisher moisture determination. Because of the resulte on the first
samples, the films of 43.9% were allowed to condition for a ionger period
of time andéd the moisture will be determined at some future date. The
caliper of the films before conditioning varied from about 1.2 to 2.0

mils, averaging sbout 1.6 mils.
RESULTS AND CONCLUSIONS
THE EFFECT OF MOISTURE ON MILLING WOCD MEAL

A considerable amount of time was spent in obtaining a satis-
factory methed for milling the wood meal because the first trials of
milliﬁg in toluene produced extremely low yields (2 to 4%) by comparison
with published data (30 to 50%) (6). Consideration was first given to
the drying of the meal since great stress was placed on.this subject by
others (E). The presence-cf meoisture or cther wood swelling agents

during milling supposedly swelled the wood and reduced the milling efficiency.

There was 5 to 6% moisture in the black spruce meal before drying.
By spreading the meal in a thin layer in large Petri dishes over phosphorous

pentoxide in a vacuum desicecator, the meal dried sufficiently in a period of
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three weeks if the surfaces of the meal and %he desiccant were renewed
occasionally. The desiccator was first evacuated by using the laboratory
line vacuum, but later the vacuum was improved by using a vacuum pump.

There was no further loss in weight oflfhe'meal with continued drying or

by heating in an oven at 105°C. "

After no apparent improvement in lignmin yield, consideration
was then given to the solvents used. Solvenps were 1nitially dastilled
by ordinary methods, but as an extra p;é@aﬁtion the solvents were
fractionally distilled. Toluene was Fihally stored over sodium to preclude
any possibility of mdsture. At the same time, the ball mill jar and steel

i
¥

balls were stored over phosphorous peﬁtsxidp,ig vacuo before using, to

-
_, -~
IJ‘

remove any moisture from -that source‘“}Fuch;preeautions failed to increase
PRY:

' ; '3‘;\ Tl Furh
* u;all

the yield appreciably. The llgnin dbtainéa however, was often gummy on
removal of dioxane rather than flaky‘if moiét;re was' present duripg the
m1l1ling. The extent of moisture regarded as dgtrimental may be of the
magnitude of 5 to 6%. An indication of’the effect of moisture at this

level may be seen from the first two samples in Table II.

The moisture content, then, was not entirely responsible for
the low yields obtained. Milling of aspen meal, dry, (1l) produced higher
yields (approximately 10%) on the same machine with the same eccentric
setting. By comparison, the yields from the first few runs are given 1n

Table 1.




Project 2097
Page 13
April 21, 1964
TABLE T

YIELD OF LIGNIN OBTATNED FROMMILLING BLACK SPRUCE WOOD MEAL¥

Run No. Yield, %
3-4 3.75
5-6 2.23
T7-8 3.97

9-10 3.48
11-12 2.12
15-16 3.33

17 . 5.89

*

A1]l runs were made in toluene, 48 hr. milling time with

3 mm. jar amplitude. Runs 3 through 12 were Lampén

milled prior to ball milling. Runs 15-15 used fractionally
distilled toluene. Run 17 was made with 6 mm. jar amplitude.

THE EFFECT OF TE MILLING MEDIUM

It was apparent that for a given set of conditions, milling in
toluene hampered the vibratory action in this modified mill and that the
high yields reported in the literature could not be practically attained.
Inspeetion of a mill located at the Forest Products Laboratory (F.P.L.)
at Madison, Wisconsin also made it evident that the machine at the I.P.C.
was not performing at highest efficiency. Samples of wood meal milled
at the F.P.L. (27) and at the Proctor and Gamble Laboratories (P&G)(2)
were extracted and compared to the results obtained at this laboratory.

The results are tabulated in Table IT.
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TABLE IT

YIELD OF LIGNIN FROM MEAL MILLED AT OTHER LABORATORIES

Wt. of
Sample Description Mea.l, g. Yield, %

FPL-AD Air-dried meal milled, at FPL dry .

8 hr. _ o 5.7 8.h9
FFL-DD Desiccator-dried (magnesmum .

perchlorate) meal milled.at FFL,

dry, 8 hr. 3.19 19.96
FPL-M/T  Desiccator-dried {magnesium

perchlorate) meal milled. at FPL, “in

toluene, 8 hr. 7 3.90 2.30
P&G-M/T  Wiley-milled, 60 mesh, desiccator-

dried meal milled at P&G in

toluene, 48 hr. _ 6.0(est.) 17.50

Magneelum perchlorate may be a more efficlent drying agent than
phosphorous pentox1de but. it would not tdhllyqeipieln such a large increase
in yield (FPL-DD). The difference between the first two FFL sanples is
partly explained by the difference in charge weight used. The high yield
of the second sample is due to the more efficient action of the mill on
the dry meal when toluene is not used. The third semple (FPL-M/T) bears
out the findings at I.P.C., thet high yields werenot possible when milling
in toluene. The high value from the P&G sample must be attributed to
some other factors, probably a very efficient, high amplitude, milling

action. The low yield reported by Bland (2) is, undoubtedly, due tc much

of the same kind of milling trouble experienced at I.P.C.

The milling medium, then, obviously affects the vibratory actiocn
to a very large extent. Bjbrkman investigated at length, the effect of
the milling medium on yield but feported little on the effect of the medium

on the milling action (E, é). Tt was Bjbrkman'’s contention that (1) grinding
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would be promoted in a suitable, low viscosity iiquid, (2) the temperature
increase would be reduced by the liquid, and (3) the atmosphere of oxygen
greatly excluded. Theoretically, the milling mediumshould not swell the
wood as the swelling supposedly hindere@ milling action. Toluene was
selected as a liquid for milling because it was satisfactory under the
conditions in use. Cther ligquids were better but the corrosive action of
some prevented their use. The best yield was obtained when the meal was
ground first in toluene and then in dioxane, but this combination was not
used because the methoxyl content in the lignin was lower. OSurpiisingly,
milling in water gave Bjbrkman a much higher lignin yield than anticipated.
This, by itself, would raise some doubt as to the validity of his milling

theories.

The effect of temperature and oxidation caused by milling in a
dry atmosphere was studied by others (l;). Dry milling of cellulose caused
a reduction in the chain length with a rapid conversion to amorphous cellu-
~lose. The oxidation was negligible,-however. Infrared analysis revealed
no structural changes although there was a small increase in carboxyl
content. It'was therefore concluded that the degradation was hydrolytic
rather than oxidative. A similar conclusion was reached by Grohn, et al
(16-18). The degradation of cellulose in the ball mill during milling was
also studied by others (gg,g;). In a study of the efficiency of the milling
method, Batel (l) claimed that air currents created by the throwing move-
ments would push the meal particles from between the balls and reduce the

grinding action. Operating in a vacuum was said to improve the process 100%.
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THE EFFECT OF PARTICLE SIZE AND AMPLITUDE

From the results of the above runs, consideration was given to
milling without toluene and further reducing the size of the meal before

milling. The results of these effects are given in Table IIT.

TABLE IIT

YTFELD OF LIGNIN FROM SAMPLES MILLED DRY

Wt. of
Run Description Meal,g. Yield, %

20 Coarse meal milleddry, 8 hr. 3 mm.

amplitude 5 .46 2.08
23 Wiley-milled meal, 60-mesh, milled dry,

8 hr., 3 mm. amplitude IS | 2.58
2k Coarse meal milled dry, 16 hr., 6 to 7 .

mm. amplitude 3.94 7.58

Grinding in the Lampén mill before milling did not improve the
yield (see Table I). As seen froﬁ the above table, size reduction of
the meal in the Wiley mill did not help increase the yield to any extent.
Except for Run 24, however, meal was ground in the Wiley mill to keep this
factor constant in future extractions. A screen analysis was made on the
Wiley-milled material and the data is repofted in Table IV. Actually, a

large portion of the meal was finer than 60-mesh.

TABLE IV

SCREEN ANALYSIS OF WILEY-MILLED WOOD MEAL

On Screen ﬁ

50-mesh 0.0
100 " 17.9
200 " 45.5

pan 36.6
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Between Runs 23 and 24 the ball mill was modified as previously
described; i.e., leaf springs were removed, the jar suspended from a
spring coil, and the eccentric placed in an extreme position to give

greater amplitude. The increase in yield between Runs 23 and 2k ‘is

partly due to this increase in amplitude.

Ancther effect of amplitude {and milling action) was noticed
in the alkali solubility (26). Samples from meal milled in toluene at
3 mm. amplitude (Runs 22 and 23} were not soluble in 2 N sodium hydroxide
whereas Saemples FPL-M/T and P&G-M/T, Table II, were immediately soluble.
Run 24, Table III, on the other hand, was partially soluble after 8 hours
milling but completely soluble after 16 hours. Microscopic examination
of the ground meal by the Fiber Microscopy group failed to distinguish
significant differences between different samples of meal of varying
alkali solubility (see Institute File Nos. 183527/530 and 183667).
Bjbrkman (6) reported particle sizes from 1 to 60 sq. mu using the
electron microscope. However, the experimental techniques used, such as
passing the meal through a colloid mill, may have affected the actual

particle size.

A variable not studied in.this investigation was the frequency
of rotation of the motor. The motor used had a constant speed of 1750 r.p.m.
Some motors in use in other laboratories are equipped with a variable speed
attachment and may be run at different speeds which would affect the
vibratory action of the mill. Bjbrkman used a motor having a speed of

1410 r.p.m. (b).
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THE EFFECT OF MILLING TIME

Run 24 indicated as did Bj¥rkman's.work (4, 6), that an increase
in milling time would increase the lignin yield. It was reported that 48
hours milling of a 1l-g. sample gave a 56% yigld in only 14 days extraction
time, while 12 hours milling of the same wéight gave only a 20% yield
after 3 months extraction. Simlarly, fhe effect of milling time can be
seen in Table V.
TABLE V¥

MILLED WOOD LIGNIN (K.W.L.) OBTAINED FROM
TWO MILLINGS OF PICEA ABIES (6 g: wood)

MW.L., ng.
Time, est. from As Purified M.W.L.
days at 280 mmu g . EMe0
'1;?;:’:":’
2 630 "L60 15.08
12 930 , o 990 1hk.g92

*Data obtained from Reference 6.

In order to substantiate the findings in Table V, runs were

made for different milling periods. The yields are shown in Table VI.

TABLE VI

EFFECT OF MILLING TIME ON LIGNIN YIELD*

Run M1lling Time, hr. Yield, %
25 8 5.76
26 16 13.63
27 32 31.03
28 48 29.06

*1ley-milled meal, 6 to 7 mm. amplitude, milled dry.
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The decrease in the percentage of yield of Run 28 was possibly due

to interruption of the milling at the beginning of the period hecause of

bearing trouble. The amount of "play" in the machine at the end of Run 27
evidently increase the amplitude and gave a higher yield than would normally
be obtained. Likewise, the new bearings installed at the beginning of Run 28

decreased the amplitude (as compared to Run 27) and lowered the yield.

The meal and the lignin obtained were analyzed and compared. The

results are given in Tables VII and VIII.

TABLE VII

ANALYSIS OF WOCD MEAL

Sample MeO, % Ash, %
Meal, 20-mesh 5.26 -
Meal, 60-mesh 5.20 0.16

Meal from Run 28
before dioxane
extraction 4.93 0.68

TABLE VIII

METHOXYL, CONTENT COF M.W.L.

Sample MeO, %

Lignin from Run 25 15 .42
" " "6 15.60

" " Y 15.32

" " "8 14.90
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The methoxyl content of the 26-"2£af6Q-mésh samples 15 virtually
the same. The decrease in methoxyl with corresponding increase 1n ash
after 48 hours milling, on the other hand, indicates a certain amount of
degradation of the meal, as well as ﬁhe;pgés%ﬂFe of some metal from the

1’y .

i g '
machine. The lower percentages of me%hoﬁxg.iﬁrtheﬁ}ignln mi1lled for

we ot

longer periods also indicates the extractidn'of larger amounts of L.C.C.

The effect of mliing time was also demonstrated by milling a
5 g. charge in toluene under conditions similar:to Runs 25 through 28.
The yield of lignin obtained (Table IX) was greatly increased over the
runs previously made i1n toluene and probably demonstrates mlling

efficiency more dramatically than the efféct of milling time.

4

TABLE TX % .0
EFFECT OF MILLING TIME ON LIGNIN,YIELD
’ Time, Lignin
Run hr. Yield, %
g1l 16 3.64
32 48 11.76

-

THE EFFECT OF CHARGE WEIGHT

The amount of meal charged to the jar was shown (6) to affect
the yield of M.W.L. obtained. After Run 28 when the final modification
of the ball mi1ll had been made, the relationship of charge weight to yield
was determined. All other factors were kept constant by milling 16 hours

without toluene at 7 mm. amplitude. The results are given in Table X.
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TABLE X

THE FFFECT OF CHARGE WEIGHT ON LIGNIN YIELD

Charge Yield,

Run Wt., g-
26 5.0 13.63
33 3.0 23.22
3h 2.0 33.95
35 1.0 27.62

The milling efficiency evidently reached a maximum at a charge
weight of 2 g. This was in contrast to reported values (é) in which the
highest yield was obtained at a charge weight of 1 g. (See Table XI.

In this table, the yield increased progressively with decreasing charge
weight. The large difference between the estimated and the actual
percentage of lignin was due to removal of L.C.C. during the purification
process.)

TABLE XTI

INFLUENCE OF AMOUNT OF WOOD CN MILLING

Charge, Extracted Lignin, Kason Lignin
g- Est. from Ag Weighed After
at 280 mmp . Purification,
25 9 p
P o bk 33
1 92 54

*Data taken from Reference 6. The meal was milled for
L8 hours.
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The large difference in yield for a l-g. sample between Tableg X
and XI lies partly in increased milling time (Table XI), but mainly on

greater vibratory action.

SELECTION OF OPTIMUM CONDITICNS FOR MILLING

Weighing four or five samples of meal after milling showed that
the average loss amounted to 0.42 g./3 g. charge. Because of this loss,
too small a charge weight would not produce a sufficient guantity of lignin,
even though the yield would be higher. It was also apparent that greater
degradation would cccur as well as increased extraction of L.C.C. PFrom
the data obtained (Tables V and IX) it was felt that a 3.0-g. charge
weight milled without toluene for 16 hourslwould produce a representative
lignin sample in sufficient quantity and ﬁithout excessive degration. Under
these conditions, 2 g. of the M.W.L. was accumulated, ground and blended in
an agate mortar, and set gside for future use. The amcount of lignin obtained
in each run is shown in Table XII. The gradual increase in yield with the
later runs may indicate more "play" due to bearing wear. The static in the
lignin was overcame during blending by using the steam cone in a hood to
supply a moist atmosphere. The lignin was then dried again over phosphorous
pentoxide in vacuo.-

TABLE XII

YIELD OF M.W.L. UNDER
CONSTANT MILLING CONDITICNS

Run Yigld, %
37-38 23.32
39-40 23.13
h1-k2 ol .27
h3-Lh 23.65
45-L6 26.26
47-48 28.93

49-50 28.51
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PURIFICATION AND EXTRACTION OF LIGNIN

The purification and extraction procedures were standardized
and no variation from Bjbrkman's method (&) was abttempted, although the
solvent is known to affect the amount of L.C.C. extracted (6). The length
of dioxane extraction changed by a few days on occasion, but the greater
part of the extraction was completed with the first few days. The extract
was a deep amber color, becoming lighter as the solvent was replaced and
the extraction time continmued. A vigual observation of the first days
extract would enable one to estimate a high or low yield. When milling dry
tThe licuid that condensed in the safety flask .on evaporation of the dioxane
was essentially clear and colorless, but when toluene was used in the
milling, this ccondensed liguid was light-yellow.io amber in color.
Phtoroglucinol tests, however, indicated that lignin was not being carried
over in the condensate and it was assumed that the color was due to coloring

matter only.

The liquid above the precipitated acetic acid lignin was also
often light-yellow to amber in color and undoubtedly, some of the lignin
complexes mentioned by BjSrkman (2) were present. No attempt at this point
was made to analyze the solution or recover any of the lignin present. The
lignin obtained after purificetion was a light tan colored powder containing
a great deal of statlc electricity after drying that made it quite difficult

40 handle without some loss.
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MOLECULAR WEIGHT STUDIES

The work with the osmometers for molecular weight determinations
has been previously reported (gﬁ). The work described was contlnued, in
part, as time permitted. Leak tests were run again on the osmometers
containing polyvinyl alcohol, super-dense, and swollen super-dense membranes.
These curves were similar to the ones presented in Report 1 and have not
peen included here. Molecular weight determinations were made using 0.1
and 0.2 g./kg. lignin solutions. The data obtained was erratic and
inconclusive, possibly due to fluctuations in the watér bath temperature.
Time did not permit further evaluation of the membranes at different lignin

concentrations.

The literature (12) and previoﬁs work (28) indicate that the
membrane used will greatly affect the molecular weight calculations. Too
permeable a membrane will allow small solute molecules as well as solvent
to diffuse through the membrane. Up tc the near present, osmotic pressure
' molecular weight determinations on polymers having a molecular weight
below 15,000 have been discouraged because of the permeability of most
membranes to molecules in this size range. Osmotic pressure determinations

reported for B.N.L. from Picea mariana gave En values from 2,800 to 6,700

with L200 as a value for the unfracticnated sample (19). A method has
been described for determining osmotic pressure of a solute which can diffuse
through the membrane (;&). Such a method may overcome some of the difficul-

ties encountered with osmotic pressure determinations.
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The work completed in Report 1 of this project showed that "very
dense" membtanes were not suitable for lignin determinations. On the other
hand, the long time required for some determinations makes it desirable to
use a membrane that will allow guick results. It has been reported that
polyvinyl alcohol membranes attain equilibrium in a matter of howurs (gg).
They are also reported to be suitable for polymers with molecular weights as
low as 2000. The "speed" of the membrane varies with the relative humidity
at which they are conditioned. The values of the per cent water retained
(an indication, inversely of the speed) at various relative humidities are

reported in Table XITI.

TABLE XIIX

MOISTURE DETERMINATICON OF POLYVINYL ALCOHOL MEMBRANES

Reference 22 I.P.C.
RH., % HoO, % R. H., % H0, 7
( 8.86 5.5 12.1h4
W 29 535 7.75
32 1.5 32.9 6.08

The favorable data in Reference 22 indicated that faster
determinations could bte made without sacrificing passage of the small
solute molecules through the membrane. The reason for the large differences
between reported valﬁes and I.P.C. moisture figures has not yet been
ﬁetermined, but may be caused from masture pickup during analysis of the
sample. Others have reported satisfactory results with "Ultrafein”
membranes and it has been claimed that the more selective of these are

capable of retaining molecules of greater than 1500 M.W. (22).
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The viscosity of the polyvinyl alcohol sclution played a major

role in the casting of the films. With too thin a solution it was impossible

to obtain any control over the fluid and this invariably ended up as a
"puddie” on the glass plate. A thick solution cast more favorably but the
presence of air bubbles made it less desirable than a solution of lower
viscosity. The film thickness was alsoc dependent on the sclution viscosity
as well as on the depth of the cast solution. The depth, in turn, would
affect the permeability. The adaptability of these membranes for lignin

molecular weights will bé determined in future experiments.

The solvent also has an effect on the molecular weight determina-
tion. fThe trials in ﬁeport 1 were made using 100% dioxane. Differences in
moisture content between the solvent and the sclution would be accentuated
and adversely affect the results. To counteract tﬁis effect, the Qioxane
was diluted to 90% with distilled water. As stated before, however,
temperature or other variables probably overshadowed the solvent factor and
a true value was not determined. Solvents other than dioxane may possibly

be used in future experiments.
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INTRODUCTION

The purpose of this project is twofold; to establish the
applicability of various physical chemistry tools to finding the
molecular structure of milled wood lignin, and to use these tools in

determination of the molecular weight of milled wood lignin,
PREVIOUS WORK

Before attempting to establish the applicability of osmometry
to the determination of the molecular welght of lignin, an investigation
was made into the results of other experimenters who worked with variously

prepared lignins,

Previously determined molecular weights vary widely according to
the methods used to prepare the lignin, Bjorkman and Person (1l)found from
their observations that molecular weights for Brauns' "native® lignin were
less than half of those found for "milled wood lignin®. Hess (2) made
similar observstions when he found molecular weights of from 280C to 6700

for fractionated samples of 1lignin (Picea mariana) prepared according to

Brauns' procedure, with an average for the unfractionated lignin of 4200,
Bjorkman's value for "milled wood lignin" (Picea abies) was 11,000, Hess

also gives a number of other experimenters with their results.
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CALCULATIONS

The calculation of Molecular weight from osmotlic pressure depends
on the following equation: !IAEO = RP/Md,g (Van't Hoff's law), where M =
number average molecular weight, R = gas constant, T = absolute temperature,
Ml = osmotic pressure in g./sq. cm., ¢ = concentration of solute in gifcc, of
solvent, d; = density of the solvent, g = gravitational constant, with all
figures in CGS units, The subscript (o) indicates that yt/c is to be taken
at infinite dilution, i.e., when cPO. This can be done by plotting w/c

vs. ¢ for various concentrations and extrapolating to zero concentration,

By using H, the osmotic head in em,, and w, the concentration in
g./kg., the above equation may be simplified to E/Eo = 265,700/ for 30°C,

Lim E/E(w—wo) may be plotted in the same manner as plotting w/c vs. c.

A more accurate explanation of this theory is given by Doty and

Spurlin (3}.

MEMBRANES

Part of the program of this project is to evaluate the membranes
used in making the osmotic pressure determinations, since the entire success
of any osmometry hinges on the selection of satisfactory membranes. In
general, work in osmometry with polymers having molecular weights below
15,000 is discouraged in the literature. The reason given is that most
membranes are permeable not only to solvent but also to solute of the size

mentioned or less, Two factors offset this objection,
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The first is that a slow rate of diffusion of sclute through the
membrane can be compensated for by plotting the decay in *he osmotic height
after it has reached a maximum value and extrapolating the best straight
line back to the time of filling. This is explained more thoroughly by

Doty and Spurlin (3). Of course, if the desired equilibrium plot of zero

slope is attained, this is unnecessary,

The second factor is-that new methods of reducing the average
pore diameter have been devised in order to render membranes more nearly
impermeable to low molecular weight polymers. Doty and Spurlin (3) note
that "Ultracellafilter allerfeinst", supplied by Membranfilter Gessellschaft,
Gottingen, Germany, gives satisfactory results with well-fractionated
polymers down to 10,000 molecular weight, The membrane referred to is the

same as that called "super dense™ in this experimentation.

Hess (2) determined his values for "native" lignin using
300PT62 and 600PT cellophane membranes, supplied by E. I. du Pont de Nemours
and Co., Inc., after swelling them in various media, among them 1:1::5tO0H:H,0

and 10% by weight KOH solution.

Doty and Spurlin also note that membranes made from polyvinyl
alecohol have given excellent results with molecular weishts down to 2000.

It might be wortnwhile to attempt to make such a membrane and work with it.
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EXPERIMENTAL MATERTALS
LIGNIN

The material used in this experimentation was lignin taken from .

black spruce (Picea mariana) which was first ground to sawdust after

peeling and then to 20-mesh meal, The meal was then extracted for 45 hours
in a 1:2::EtOH: benzene mixture. This was followed by a 20-hour extraction
in 95% EtOH, followed in turn by generous washings with distilled water.

It was then air dried for six days and placed in dessicators over Pp0s. The
meal was then ground for 48 hours in a Lampen mill followed by 48 hours in a
vibratory ball mill, The lignin was then extracted by repeated centrifuging
and redissolving in aqueous dioxane., The lignin finally placed in a

dessicator over P;O, was a light cream color,
OMOMETER

The osmometers used were of the Zimm-Myerson type (see Fig. 1).
Their chief virtue is déimplicity of construction and assémbling. Each is
an all-glass, one-piece unit, thereby making it impossible for air bubbles

to go unnoticed and eliminating any crevices from assembling,

Each unit consists of a cylindrical glass cell (A) with a volume
of about four ml,, to which are attached a filling tube (B) and the
capillary tube (C) for measurement of the osmotic head, A reference
capillary (D) of the same bore, with open ends, is attached to the primary
capillary. The osmotic head is the difference in levels of the menisci in

the two capillaries,
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Fig. 1. Zimm-Myerson Osmometer
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The membranes are attached tn the osmometer by means of two
perforated brass plates (®) which are fitted with Teflon gaskets (F).
Filling 1s easily done without creating air hubblss hy using a hypodermic
syringe with a 30 cm, nzedle which is inserted through the filling tube

almost to the bottom of the cell.

After the osmometer is filled, a +ight~fitting stainless steel
rod (G) is inserted into the filling tube. By manipulation of this rod the
level of the meniscus in the capillary can be adjusted, The mouth of the
filling tube is then sealed with a few drops of mercury, and the entire
assembly is set into a large culture tube "jacket" (H) filled with pure
solvent to a depth of about five or six em, (so that the lower end of tﬂe
reference capillary is below the surface), The "jacket" is fitted with a
polyethylene stopper (J) with a hole for the stainless steel rod, and is

placed in a firm mount in a bath thermostatted to + .005°C.

Polishing the Osmometer Surfaces

To minimize the possibility of leaks through the interface
between the cell and the membrane, the faces of all the osmometers were
polished. When the osmometers were received, the faces of the cells were
in a medium coarse ground glass state. By using emery (275 mesh) on a
polish%ng lap of paraffin poured over plate glass, the cell faces wére
polished to near transparency; i.e., using a 10 X lens, no continuocus

pittage could be seen across the polished faces,
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SOLVENTS

The solvent used in all work described in this report was
p-dioxane, refluxed over sodium and distilled. Future work will he done

also with methyl Cellosolve and dimethyl sulloxide.
PREPARATION COF THE MEMBRANES

The membranes used were "ultracellafiltzr" brand, grades "very

dense" and "super dense", and were supplied by Membranfilter Gessellschaft.

Conditioning the Membranes

The "very dense" membranes had already been cut to size
(1-1/16 in. diam.) and conditioned to vure acetone before commencement of
this project. They were then conditioned to dioxane by successive dioxane-
acetone washings of 25, 50, 75, and 100% dioxane. After conditioning they

were kept in a dessicator in a dish of dioxane over dioxane,

Six'%super dense" membranes were cut from a 15-cm, diameter sheet
which had been kept in an EtOH-water mixture of unknown proportions. After
cutting, the membranes were immersed in distilled water and then conditioned
to dioxane hy step-ﬁisa conditioning through water-dioxane mixtures. A
better proceddre might have been to first condition them to acetone and then

to dioxane.

Another six "super dense" membranes were cut and immersed in
distilled water. They were then immersed for one-half hour in 10%¢ by weiglit
KOH solution in an attempt to tighten the pores. This procedure was followed
by gradual dilution to distilled water through successivé one-half hour

washings in increasingly dilute solutions until they were immersed in



Project 2097

Report 1

August 28, 1959

Page 8
distilled water. After repeated washings in distilled water to remove any traces

of adsorbed alkali, the membranes were conditioned to dioxane as before.

However, it was found that the swelling procedure reduced the diameter
enough to make it extremel: difficult to fit the membranes to the osmometers
without large leaks. Consequently a new set was prepared, cut to 1-1/4 inch

diameter and econditioned as before,

EXPERIMENTAL PROCEDURES

LEAK TESTS

The assembled osmometers were tested for leaks by filling with solvent
and adjusting the meniscus head to about six or seven cm. Periodic readings were
taken to determine the decay in AH (the pressure head of the osmometer), The log
of Aﬂ/bﬂo was plotted vs. time on semilog paper (subscript ko) indicates initial
AH)}. A straight line over a 20 to 30 hour period was evidence of negligible

*
leakage.
The results of the leak are shown in Appendix B,

Bath Temperature

The temperature of the thermostatted bath was kept at 20°C. & L005°C.
for the leak tests and the ensuing osmotic pressure runs. Tﬁis control was
necessary since the osmometer is essentially a sersitive thermometer because of
its large cell volume comparaed to the volume of the capillary. (See also

"Observations--Osmotic Heights! in section following,)

*
e to the worker's inexperience in osmometry at the beginning of this project,

he erred by not taking readings of AH, but rather of the absolute height of the

rimar ) ; .
E;sts.y capillary. This resulted in err?neous plottings for the first four leak
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Selection of Membranes -

In this work, as in work raported by other experimenters, an
unexplainable phenomenon, the tembrane correction”, or "membrane constant”
occurred. A finite equilibrium height was noted, even with solvent on both
sides of the membrane. 'In this experimentation, some membranes which exhibited
too large a3 "membrane constant" were replaced., For further elaboration, see

"Observat’ ons--Evaluation of Membranes?,

Data concerning the membranes used will be found in Anpendix B with

the leak test data,
PREPARATICN' OF SOLUTTONS

After estimating the solution strength needed to attain the desired
osmotic hend, by assuming the material to have a molecular weight of 5000, a
bulk sclution was prepared, and aliquots were taken from it and diluted to the

various concentrations desired, Details are given in Appendix C,
CONDITIONING ASSEMBLED OSMCMETERS

After the osmometers were leak tested and the membrane corstants
established, it was necessary to condition them to the solution used for
making an osmotic pressure rﬁn. This was done according to the nrocedure out-
lined by Alvang and Samuelson, (4).

1. Three rinsings of osmometer with solution to be used

2. Fill osmometers with new solution and let siand in jacket for
four hours,

3. Refill with new solutinn and let stand overnight
4, Fill jacket with fresh solvent; refill osmomester with new sclution

and begin run,
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OBSTREVATIONS

EVALUATTON OF MEMBPANES

The observations made both during the leak tests and the osmotic

pressure runs bear out the general tone of the literature concerning various

types of membranes,

No evident differences in slope could be noted during the leak tests
(Appendix B). However, during the first two osmotic pressure runs (Figures 2
and 3), the difference of diffusion rate of the lignin through the "very dense"
and "super dense" membrznes became apparent. It can be seen that the extrapo-
lated lines plotted on the "super dense" membranes have much less of a slope
than those lines plotted on the "very dense" membranes, One can note that,
in the second osmotic pressure run, the diffusion of solute through the
"very dense" membranes became so great that a negative osmotic height was
observed on one osmometer; the second osmometer was well on its way to a

like reading,

As a consequente of these data, it may safely be said that membranes
of the "very dense" type are valueless when used with polymers of the same
molecular weight as lignin, These "very dense" membranes were remnoved from

the osmometers after the second osmotic pressure run,

MEMBRANE CORRECTION

The membrane correction proved to be very real as can be seen by
comparing the extrapolated values of osmometers no. 4 and no, 7 in all osmotic

pressure runs. MNo absolute criteria were set to determine which membranes
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would be replaced during leak testing. Originally, "very dense¥ memhranes
were placed on osmome“ers no, 2, 3, 4, and 7. After the memhrane constants
were established with those membranes, the membranes on osmometers no. 4 and 7
were replaced-with "sgper derse" membranes. Membrane constants were established
for these units ané the osmotie pressurs runs were begun. Mo changes were made
of nemhrgnes ~fter this point unless a hols was detected in one of them. Swollen
"super dense" memhranes were placed on osmometers no. 1 and 4a when it bescame
apparent that the ®very dense" membranes were glving poor dnrta, After the
membrane constant for osmometer no. 44 was established, the unit was accepted

for use., The membrane constant for osmometer no. 1 exceeded one c¢m,, and the

osmometer was not used,

It is possible that unreasonable merbrane constants are caused by

absorption of water by the solvent in the sleeve. It would be well to determine

this when work on this.project is resumed,
OSMOTIC HEIGHTS

There were two factors having an important effect on the extrapolated
vallues of the osmotic heights. The first of these was diffusion of the lignin

through the membranes.

*
Osmotic pressure run no, 3 was cut off after 20 hours when apparent leakage
effects were observed,
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To adequately correct for such diffusion, it was necessary that
LS
the best straight line be fitted to a portion of the data and extrapoloated
to the time of filling. Vhich portion of data to be extrapolated frem

depended largely upon the Jjudgment of the observer,

*
The extrapolations made on runs no. 4 and 5 (Figs. 4 and 5)

were different from those mrde on runs no. 1 and 2 (Figs., 2 and 3), The
basis for the extrapolations made on the first two runs was the experience

of students at The Institute of Paper Chemistry, who:fitted a line through
points taken over a period of from 100 to 200 hours. The basis for the
second series of extrapolations was the prevailing practice in the literature,
which advocates a much closer watch of the osmotic head and the extrapolation
of those points plotted during the first three to teﬁ hours following the

maximm point of the curve,

The second factor affecting the observed osmotic helghts was that
of temperature. During the days that observations were.made. the.bath was
eontrolled to within : 2005°C. However, during a period of extreme fluctuations
in room temperature between day and night, the bath would drop or rise in
temperature up to a maximum of P degrees. A more common variation was about
¥ .5 to ¥ 1 degree. On the days following re-establishment of the bath
temperature, the osmotic head was observed to have a thermal lag of about
eight to ten hours, depending on the degree of variation on the previous night,
The effects of this thermal lag can be seen quite well on the chart of osmotic
pressure run no. 1 (Fig. 2). Note the periods from 20 to 30 hours and from

46 to 52 hours on the plots of osmometers no. 2 and 4,

*
See Appendix D
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Fig. 4, Osmotic Prassuré Determinations, Spruce Milled
Wood Lignin
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Another thermal lag was that of the solution coming to thermal
equilibrium after it was placed in the osmometer and the unit returned to
the hath, This effect is in evidence on the charts of osmotic pressure runs
no., 4 and 5 (Figg, 4 and 5). Note that it, too, covers an initial period of

about ten hours,
MOLECULAR WEIGHTS

At the conelusion of the experimentation described herein, the
molecular weight of lignin could not be determined with great precision.
Error was inherent in the diffusion effects, the membrane constants, and the
temperature effects, The range of molecular weights determined was from
approximately 9000 to 16,000 which agrees well with Bjorkman's value of
11,000 (see Fig. 6). It is hoped tﬁat greater precision can be c¢btained in

the contimuation of this project.



1,

Iroject 20¢7
Paport 1

fusest 28, 185°
Faze 18

BIBLIOGEAPHY

Biorkman, A. and Person, B., Svensk Paperstidning 60, no, 5:158-169
(March 15, 1957).

Hess, €. L. An investigation of the homogeneity of isolated native
black spruce lignin. Doetor's Dissertation. Appleton, Wisconsin,
The Institute of Faper Chemistry, 1951,

Doty, P. M,, and Spurlin, H. M., Osmotic Pressure, In Cellulose and
Cellulose Derivatives, Part TII, 2nd Bd., Interscience, New York -
London, 1955, p. 1137.53,

Alvang, F., and Samuelson, O., Journal of Polymer Science, 24, no, 107:
353-66, (May, 1957),




Project 2097
Peport 1

August 28, 1959
Page 19

APPENDIX A
TECHNIQUES USED

Certain techniques were developed and adopted for use in the work
described herein. The points made in the following paragraphs are small

details which made the work easier or the results more reliable,
FILLING THE OSMMETER

When the osmometer was filled, the operations were done in a 4C0-ml,
beaker with a height to diameter ratio of approximately two to one, This was

filled with solvent so that the cell of the nsmometer was completely immersed,

‘ In filling the osmometer, enough solution (or solvent) was used to
fill both the cavillary and the filling tube after the hypodermic needle was
withdrawn. The stainless steel rod was then inserted nearly to the bottom of
the filling tube. After sealing the osmometer with mercury, the tip of the
capillary was wiped off with filter paper which was then held there as the
meniscus was lowered by raising the stainless steel rod., If the osmometer was
being filled with solution, the outside was rirsed off with clean solvent
before it was returned to the jacket. These precautions were not taken during

conditioning of the osmometer to a given solution,

After the osmometer was returned to the bath ir the jacket, the head

(for an actual osmotic pressure run) was set one or two cm, below the expected

equilibrium head, After about one-half hour, the head was reset to a few mm,

below the expected equilibrium point, Readings were begun at any time after that,
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. ASSEMBLING THE OSMCMETER

One of the brass plates in each set has the screws soldered to it,
This plate was placed in a Bakelite jar cap about one cm, in depth which was
filled with enocugh solvenf to cover the plate, The gasket and membrane were
then inserted and the osmometer set over them, The other membrane and gasket
were set on the osmometer and the second plate set over the screws, During
this operation and the subsequent tightening of the plates, the second membrane

was kept wet by pouring a few drops of solvent on it from a small (50 ml,) beaker,
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APPEIDIX B

LEZAK TEST DATA

MEMBRANE CORRECTICNS

Figs, 6 through 14
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Leak Test Determinations, Osmometer No., 1
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Leak Test Determinations, Osmometer No. 1
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Fig. 9. Leak Tesi{ Determinations, OsmometersNo. 2 and 3.
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Fig, 11, Leak Test Determinations, Osmometer No, 4a
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Leak Test Determinations, Osmometer No, 4a
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Leak Test Determinations, Osmometer No, 7
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AFPENDIX C

PREPARATION OF LIGNIN SOLUTIONS

Two stock solutions of liegnin in dioxane were preparsed, one in a
50-ml, volumetric flask and the other in a 100-ml, flask, Aliquots were
pipetted into other 100-ml, volumetriec flasks and diluted to 1C0 ml. with pure

dioxane,

All of the flasks were cleaned by first allowing them to stand for a
day with potassium dichromate cleaning solution in them, This was followed by
four rinsings with tap water, four with distilled water, and four with reagent

grade acetone, They were then allowed to air dry,
STOCK SOLUTICNS

The 1ignin used in preparing the stock solutions was taken from the
blended portion coded 2097-1074-124.U (Notebook 1704, p, 124), the lignin

extracted from the meal not subjected to benzene-alcohol refluxing,

0,1998 g, 1lignin/100 ml, dioxane 0.0998 g, 1lignin/50 ml, dioxane
Based on coefficlent of expansion of dioxane of 0.00108/00. and density

of dioxane 1,0353-20°/4, solutions by weight are:

0,1998 g,/103,217 g. 0.0998 g,/51.609 g.

(22.8°C.) (22.8%C.)

‘ DILUTE SOLUTIONS

Prepared at 22.800., concentrations by weight are:

0.1936 g. lignin/kg. dioxane 10 ml. dil. to 100 ml,
0,3871 g. lignin/kg., dioxane 20 ml, dil, to 100 ml,
0.5807 g. ligninfkg. dioxane 30 ml. dil, to 100 ml.
0,7743 g, lignin/kg. dioxane 40 mi, dil, to 100 ml,

0,9669 g. lignin/kg, dioxane 50 ml. dil. to 100 ml.
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APPENDIX -D
Footnote to Page 14

It ean be seen that the plot of osmotic pressure run no, 5 (and
also no. 6) cannot be extrapolated as indicated in the body of the report,
The statements on page 14 were made before conclusion of these runs, in

the expectation that the results would be similar to those of run no, 4.

A number of hypotheses can be proposed to explain the steady

rise of the osmotic head in these runs. Among these are:

1. Absorption of water in the system
2., "Degrading of the lignin .
3. Begrading of the dioxane to a corresponding peroxide

4, An air bubble discovered in the system

Repeats of these runs must be made, making sure that no air bubbles
exist in the systems, and analytical studies can be made from that point if

the same phenomenon occurs.,




