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material had an average D. P. of 183 and its distribution had been
— determined (9), the average D. P. of the blends was kept reason-
ably close to this value. The other restrictions were that the .

· blends must give smooth curves when the percentage composition -
was plotted against the D. P. of the components, integral distri-
bution, and that the differential distribution curves should be » ·
different.

”(-/M,
_ * A

In order to determine the theoretical composition of the Q
blends trial integral distribution curves were drawn and the per- I ·
eenéage of each fraction determined. The average D. P. of this l
theoreticaljpomposition was calcu1ated·statistically_and if with- d

in the arbitrary limits for the blends, the theoretical differ-
ential distribution curve was drawn and checked for similarity

with those previously calculated. If these were different, the q
amount of each fraction was calculated to give a total of 60 _
grams of ethyl cellulose to be dissolved in sufficient benzene e
to give the concentration desired. l .
DISTRTBUTIOE CUPVES

The distribution curves shown in this report were drawn ·

from experimental data rather than from the theoretical com-

position although the theoretical and experimental curves often
coincided. The method of analyzing the blends and fractions

has already been described.
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When the accumulative percentages of Table I were plotted.
against the corresponding degree of polymerization, the in-
tegral distribution curves were obtainedl The slopes of the ‘

p tangents to these integral curves as read on the”scÄle oféae*VW· N
_ d

tangentometer were plotted against the D. P. to give the differ- Ä
» _ ential distribution curves as shown in Graphs_II through TVIII. .

1 These curves may be convefted to the percentage curve by esti- ” l —

mating the area under the curve according to Simpson's Eule and
thenädividing the area of the increments by the total area.
These values when plotted against the D. P. will give a normaliz—I
ed curve from which the percentage of each chain length present
may be read directly from the ordinate.
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COHRELATIOE OF TEE MECEAEICAL PHOPEETIES WITH THE SHAPE OF TEE

· DISTHIBUTION CUBVES O
5

Since each blend and fraction had itséown peculiarly shaped

‘distribution curve, it was évident that the development of a _ .
W _. mathematical equation to express the various distributione would.

V ' sg difficult if at all“possible;.thereforeEa@graphical_correla-fd s
d S

vtion«of the data was developed.l“ I r „Ä}d dj,
uw.

p

’ A.study of the mechanical properties of the blends showed

that there was some correlation between the height of the maximum

and fhe location of the maximum. The fact that less heterogeneity ’

gives better properties is noted when comparing Fraction 5 with
l

the origina} material, and when Blend U is compared with this ·° ‘ '

same fraction it is noted that Fraction_5 has the better pro— ‘

perties. Examination of the distribution curves shows that the ~ ·

maximnm of Fraction 5~is higher and~much narrower than that of
A

— Blend 4, and that the curve~for3the;original}material is very, ·~_
A .w

broad and flat. In other words, the sharpepythe maximum theén

« _J less heterogeneity within the sample and thegbetterrthe properties. s
l

s dTheoretically the differential distrihutionrcurve ofda
in

I
cellulose derivative containing chains of one length only would

be a vertical line. When some material of slightly different

chain length is added, the curve changes from a single line to

a pencil-like curve. As more and more varied chain lengths are
M

added the curve widens out md the maximum may drop. Thns any
d
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' measurement of the ratio of the width of the curve to the height
„ of the maximum would represent the heterogeneity within the

sample. On the basis of this reasoning,Vmeasurements of the
width of the peak were taken at 0.9, 0.8, 0.6, O.4,~and 0.2 of
the height of the peak since the success of this method of
characterizing the curves depended wat; the width of the peak

rather than the width ofathe base. The average of these widths
was calculated and then divided by the maximum height to give a
measure of the heterogeneity.

.? By a tYial and error method it was found that when the D.?. I
I

cf the maximum was divided by the logarithm of the "heterogeneity"

and this ratio or "shape factor" plotted against the values of

the properties, the points were so grouped that smooth curved T'

lines could be drawn through them as in Graph XIX. The essential
measurements and calculated values for characterizing the l7

distributions tested in this investigation are listed in Table IV.
” It is noted that the differential distribution curves for

l

T Blends l, 2, and 6 have two peaks which indicates that large ~—

quantities of low and of high D. P. material were used to make
these blends. Thus they are the result of merging two separate

distributions, and their "shape factors" were also merged. Since
two maxima existed the average D. P. was obtained by dividing the

I
difference in D. P. by two; the two logarithms of "heterogeneity" ·

were added; and these combined values used to calculate the "shape

factor".
Q
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TABLE IV —1 .F
DATA FOR OEARACTERIZIEG TEE DISTEIBUTIOH CUEVES

Height D. P. Avg. Width ..1L0g.8—} -- Shape
Samvle of Max. of Max. Width' Height Heter.,·4,.Factor

1 ‘— V. F}1, 25.1 300
W

64.8 2.582 0.4119 728W W 'F62 15.4 260 173.4 11.260 1.0515 247 W
F 3 25.5 270-/~·“"75-8 2.973 O-4731 E 571 .1* 4 23 .6 210 60.6 3.367 0.5297 · 397 1
1* 5 24.5 180 57.0 2.326 E 0.3666 . 491
F 6, 22.2 140 87.4 3.940 0.5951 235 -

Original 14.4 200 238.0 16.527 1.2182 164 I
B 1 14.3 — 280 112.4 7.860 0.8954

13.0 20 109.0 8.384_ 0.9235 72 ~
B 2 16ü7 225 121.5 2.586 0.4125

15.2 12 39.3 7.275 0.8618 85B_3 21.0 150 101.0 4.809 0.6821 220
B 4 21.0 180 87.0 4.143 „ 0.6163 2921
B 5 17.3 130 144.0 8.323 W 0.9203 141

B 6 22.3 280 56.6 2.547 0.4060 .16 .0 20 71 .4 4 .463 0 .6496 113
B 7 17.1 . 200 158.0 9.239 0.9656 207 ·
B 8 20.7 250 116.0 5.603 0.7484 334 .6 9 22.2 230 97.0 4.369 2 0.6404 359 E
B 10 20.6 150 107.0 5.195 * 10.7156 210 ..
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DISCUSSIOI_Q§ PESULTS

Comparison of the average degree of polymerization of the „

fractions obtained from a five gallon batch with the average 4D. P. of the composites of the eight rractieng as listed in Table
I shows that the fractionatiohprocedhreünsädlgives reproducible 4
results. The ethoxy content was found te bg the same for all the

T · fractions so the degree of substitutien did not enter into the e

separation. Ezamination of Graphs XIII through XVIII shows thatl
this original fractionation was not very sharp especially on then
lowFD. P. side (the curves are skewedto the right) which means ·
that there waS—c¤¤S16esab1e enmeshing of short chains by the

longer one§—during the period of coalescence and settling.

_ Fraction l, which was refractionated, shows a sharper distribup

tion than do the others. The method of fractionating the blends
h

and fractions gave a cleaner separation of ts; chain lengths than -
Vobtained in the original procedure as will be explained later.

Ezamination of Table III and Graph I shows that there is an

improvement of mechanical properties of the films with an increase
in the average D. P. of the fractions frhm 6Q to about 2GO.
Above this the properties remained nearly constant within the ~ l
D. P. range tested. Ertrapolation of the lower end of these

curves indicates that the property in question would not be ·

measureable should the average D. P. fall below 50. These curves
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follow the general shape of those experimentally determined by

Eass and Xauppi (1) who also worked with ethyl cellulose, by

Sookne and Harris (ll), who worked with cellulose acetate, and

by Spurlin (12), who fractionated and tested half-second cellu-

i lose nitrate. This lower limit at which mechanical properties

are measureable falls within the limits of 40 to BO predicted
I

·

by·M.arl: (6,6).‘

It is noted in Graph T that the mechanical properties of

the original material fell below that of the fractions of the

same or higher average D. P., and that only the last fraction

with an average D. P. of 6# had poorer values for all the pro-
‘

perties thah did the original material. This corresponds to the

findings of Sookne and Harris (ll) that the fractions had better

mechanical properties than the original material. The Schopper

fold and internal tear resistance values for the first fraction

fell below the maximum although it had the·highest average D- P. ,

probably because of the impurities present·in that fraction.

These impurities, which gave the dried material a slightly grey-
T

ish color, were enmeshed during the formation of the aggregates _ _

and could not be removed by washing with water.·”lW
ul

The poor mechanical properties of the ée D. P. material show

very clearly the lack of flexibility and strength in material com-

posed of short chains. Some of this brittleness may also be due
(

ß to the accumulation of impurities in this residue fraction
(
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particularly in the form of degradation products formed during

the evaporation.

Except for Blende l, 2, and 6 the percentage of experiment-

ally determined low D. P. material exceeded that theoretically _

put in the blend. This is another indication of the enmeehing

of the low D. P. material with the long chains and the accumula·
U

tion of the short chains from all of the fractione used to make
,

the blends. This also indicated that a sharper separation of

the chain lengths was obtained when using a 1.5% rather than a

3% solution of ethyl cellulose. Large quantities of both 6Q I
” _

and 3Q9 D. P. materialwere placed in these three blende to pro-.

duce two·péhh dietributions while keeping the average D. P. the

same as for the other blende. VU
A practical and rather simple method of eharacterizing the, —

shape of the distribution curves was developed when it was ob- u n
served in Graphs II through XVIII that Fractions 1,.3, Q, and

Blende 3, Q, 8, 9, 10 had the better properties and that the_

_ peaks of their maxima.were.slightly higher than those of the. ~ .

other fractione and blende. It was also noted that when the D.P. ‘

of the maximum was 180 or better the values of the properties

were a little higher. Fraction 5 had better properties than

Blend Q and the original material although the average D. P. was

the same; Fraction 5 was more homogeneous in its composition than

the original material and it had a sharper peak than Blend Q. 4
V
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Some of the pertinent data has been collected from preced-

ing tables and summarized in Table V in order to facilitate the

· correlation of the curve characteristicspand mechanicalWpro-
I

_
I ·p¢1"‘cies. ‘ * . · · ij

IW.

._ v ~ ,
W CUEVE CHAEACTEBISTICS AED.PHYSlCAL·PBOPERTIES

-· . B 5 B 4 ' B 5 B 8 _B
9I

Orig. F 5

Height 21.0 21 .. .17.3 20.7 ~~&22.2> 14.4 24.5
D.P€ of Max. 150 180 130 250 230 200 180
Avg„ Width 101 87. 144 116 · 97 238 ,57
5 D.P. below 91 19.4 16.9 23.7 19.2 21.5 24.7 24.5

12655116 sg;- 771+0 7360 701+0 71+70 8200 6440 7670‘5 Elongatiöh 20.6 19.7 . 17.4 Il9.7
22.2 17.2 19.5

Folding Endur. 164 166 142 163 -142 163 229
Internal Tear 17.7 28.0 23.5 24.5 26.0 25.5 32.5

p Bursting str. 62.6 70.9 60.1 71.1+ 71+.2 61.7 75.7

I ·i* In Table V it is observed that Blend 9 has, except for ,

Schopper Folds, the best mechanical properties, and that it has
I «I1

the greatest maximum height, second highest D. P. of the maximum,
I

next to smallest average width, and next to the_greatest amount
I

of low D. P. material. That there is no direct correlation

between the amount of low D. P. material and the physical pro-

perties when the average D. P. is held constant partially con- _

tradicts the conclusion reached by Mark (6), "The shape of the

’/Idistributicn curve seems to have no definite effect cn the
I
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ultimate strength except that a comparatively small amount

(between 10 and I5 per cent by weight) of constituents having

a polymerization degree below 150 are definitely.detrimental to _

the mechanical properties of the.sample." Study of.Tables I
W

and III gives a broader view and supports the conclusion that

the amount of low D. P. material (91 or below) has to equal(
about 30$ of the total weight before it appreciably lowers the Y
mechanical propertiesl '

l · { It has already been pointed out and is observed again in

Table V that the average width of the distribution ourve does ,

have some effect on the_physical properties as noted with the

original mgterial, Elend 5 and Fraction 5. There is also some

correlation between the position and height of the maximum and _

the properties; these characteristics of the curves determine _

.their shape which in turn has a definite effect on the ultimate
• strength and this is another contradiction of Mark's statement

as quoted above. Spurlin (13) also states that "the optimum

_ physical properties may be obtained by increasing the molecular .

weight regardless of the degree of polymolecularity; the degree —

of polymolecularity is then not an important consideration.”

However, when these characteristic properties of a distribution

curve are combined and plotted against the five mechanical —
properties as in Graph XIX the effect of the shape of the dis-

tribution curve upon the mechanical properties becomes very

apparent
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The smooth lines drawn through the points in Graph XIX give .

the best correlation between the shape of the distribution curves
Y

A and the—mechanical properties that has been developed to date.
‘ It is realized that the correlation is net so good in the case of

the folding endurance test and that the·correlation of tensile

strength with the shape factor could be imprcved. ;At.the same

time it is noted that only seventeen distributions have been so
Y

characterized and that-this is too few to give a completepictureof

the correlation. .Hbwever, a start has been made and some con-
‘ cluéions can be drawn from these curves. V V

YY
In Graph XIX it is observed that the properties improve as

Y

the "shape_factor" increased up to a value of @50 except forYP
the elongation which leveled off at 375. These curves are

‘ similar to those observed in Graph I, but in this case more than Y

the average D. P. is considered since four of the blends (4, 5,

8, and 9) have the same average D. P.. Combined in the “shape

factor" is the "heterogeneity" of the material and the position '

of the maximum. AY
The effect of polymolecularity is especially noticeable in

Y

the correlation of Schopper Folds with the "shape factor" in

Graph XIX, particularly in Blende l, 2, and 6 which contain

large quantities of both high and low D. P. material; yet accord-

ing to the average D. P. of the sample the number of folds should

/have been 80 to IOO higher. Soohne and Harris (ll) noted this
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V same sensitiveness of fold resistance to the molecular hetero-

geneity, and Spurlin (l2} found that when the distribution curve

contained two peaks only about half of the expected number of

Schopper Folds was obtained.
¤” _

Examination of Table III shows that the percent elongation,

. tensile strength, and bursting strength are also sensitive to

_ this heterogeneity while the internal tear resistance of Blends

v l, 2, and 6 is nearly the same as for the other blends. From _

·
A

I

the values of the “shape factor" given in Table IV and an exam-

ination of Graph XIX, it is noted that these three blends fall

along the lower ends of the curves. The fact that these two- '

peak blends fit into the curves of Graph XIX so well is good
$4**

evidence that the method of characterizing the shape of the dis-

tribution curves developed during this investigation is sound and

„ that there is a correlation between the shape of the distribution

curves and the mechanical properties of ethyl cellulose films.
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COKCLUSIOIS

l. Fractionation of ethyl cellulose solutions in five gallon

batches has been controlled so as to give reproducible re-

_ sults according to the average degree of polymerization. '

2. The mechanical properties of the films improved with increas-

ing D. P. of the fracticns up to 200-250 and then exhibited

_ little improvement for any/further increase in the average
-‘

degree of polymerization. By neglecting the effect of shape ·

E
of distribution curves, the mechanical properties may be

predicted when the average degree of polymerization is known.
I

3. It is possiple to prepare and to test films prepared from ·

- ethyl celluloee having an average D. P. of 64 which is in

the D. P. range where it was predicted the mechanical pro- ‘ '

7 perties could not be measured.
4. It is necessary to refractionate the fractions in order to

i reduce the polymolecularity within the fraction.

· 5. Prediction of the mechanical properties depends upon three

( · factors, the average D. P. of the material, the D. P. of the _

_ maximum, and the polymolecularity.
l ~“ Vip

6. then the average degree of polymerizaticn is held constant

(below ZOG-25C), prediction cf the mechanical properties de-

pends upon the polymclecularity and D. P. of the maximum.
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7. The correlation so far cbtained limits predictions to a few

generalizations. ·

There is no direct correlation between the amount cf low D. P.
l

material (D. P. of 100 or less) ana the mechanical properties
D

when the average D. P. of the samples is the same until
—L

_about 30% of the total weight has been added.

When the average D. P. and the position of the maxima are
NQ

the same, the sample with the sharper·peak will have the .·
1

properties. Q

Ä shift of the maximum to a higher D. P. without increasing

läthe average D. P. will not necessarily mean an improvement
in!

the mechanical properties.
l W

l
The mechanical properties depend more upon the gross character-

istics of the curve than upon fine details such as smoothness —
l

Qand general contour. nv- _ Q
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