











DISCUSSION OF RESULTS

Comparison of the averaze degree of polymerization of‘the
fractioﬁs obtzined from é five gallon batch with the zverzge
D. P. of the composites of the eight fractions as listed in Table
I shows that the fractlonatloﬁ;nrocednre’n;;d gives renroduclble
“esults. The ethoxy content was Iound to be the same for all the
ffa&tions so the degree of substitution did not enter into the
o o o S ,
sevzration. ?*amlnatlon of Graphs XIII through XVIII shows that
this>original Ifractionation waé nbtb§ery Sﬁarp espécially on the
loY;D. P. side (the curves are‘skewedta fhe right) ﬁhich means
th;t there was-conside' zble en; shlng of short chains by th
lonéer ongi-during the period o;kcoalcscence and settling.
Fraction 1, vhich wés refractionated, shows é sharper distribu-
tion then Go the others. The method of fractionzting the blends
and fractions gave 2 cleaner separatibn of fhé chzin lengths fhan
obtained in tke original procedure as’wiii be.explaineévlater.
Ezemination of Teble III znd Graph I shows fﬁat there is an
improvement of mechanical propeities of‘the films witi‘an increzse
in the sversge D. P. of the fractions from 6k to about 200.
Lbove this the properties remzined ﬁearly constent within the
. rznge tested. Extrapolatica of the lower end of these
curves indicates that the mroperir in cuestion vourld not be

mezsuresble should ithe aversge D. 2. fz2ll below 50. These curves



follow the general shape of those exverimentally deternined by

Zass and Xaupoi (1) who also worked with ethyl cellulose, by

Sookne and Harris (11), who worked with cellulose acetate, and

.

o~

by Spurlin (12), who fractionated 2nd tested half-second cellu-
lose nitrate. This lower limit at which mechaniczl properties
are measureable falls within the limits of 40 to 80 predicted
by Mark (6, 8).
It is noted in Greph I that the mechanical properties of
‘
the origi 1a1 naterial fell below thet of the fractions of the

samé or higher average D. P., ané that only the last fraction

with an average D. P. of 64 hed poorer values for 211 the vro-

'g

erties th§§ ¢id the criginal materizl. This corresponds to the
fintings of Sookne and Earris (11) that the frections hed better
mechenicel oroperties than the originzl matérizl. The Schopover
fold and internal tear resistance values for the first fraction
fell belovw the maximum although it had the highest average D. 2.
probably because of the impurities present in that fraction.
These impurities, which gave the dried meterial a slightly grey-
ish color, were enmeshed du rlng the formatlon of the zggregates
end could not be rermoved by washing with veter.

The poor mechaniczl pronerties of the &4 D. P. materizl show
very clearly the lack of flexibpility zné strengih in material com~

sosed of short chains. Some of this brittlenecss nay also be cdue

to the accumulation of impurities in this resicdue fracticn



particularly in the form of degracdation $roduéts formed during
the evzporaticn.

Except for Blends 1, 2, and 6 the percentage of experiment-
a2lly determined low D. P. material exceeded that theoretically
put in the blend. This is another indication of the enmeshing
of the low D. P. materizl with the long chzins end the sccumtla-
tion of the short chalns from all of the Iractlons used to make
the blenas. This also indicated that a sharper separation of
the chain lengths was obtained when using a 1.5% rather than a
3% éolution of ethyl cellulose. Large cuentities of both 64
and 349 D, P, materialwere placed in these three blends to pro- .
duce two-?é%k distributions while keeving the average D. P. the
same zs fcr tae other blends.

A practiczl and rather simple metho@upfrcharacterizing the
shzpe of the distribution curves was developed when it was ob-
served in Grapihs II through XVIII thet Fractions 1, 3, &, and
Blends 3, &, 8, 9, 10 had the better propverties ané that the

a2ks of their maxima;were.slightly_high;r‘tpan_those,of the.
other fractions and blends. It was also noted ??at vhen the D.P.
0of the meximum was 180 or better the values of the proverties

were a little higher. Fraciion 5 hzé petter properties then

Blend L znd the originel materizal althouzh the averzze D. P. was

the same; Frzction 5 was more homogeneous in its comsposition than
the originsl msterial and it had o sharper ezl than Blend L.



Some of the pertirent data has been collected from treced-
ing tables aznd summarized in Teble V in order to facilitate the
correlation of the curve characteristicszand mechanical pro-

-perties. S S CoElne

EE © EABIE V

CURVE CEAPACTERISTICS AED,PHYSiCAL'PROPERTIES

B 3 BL ¢« 35 B8 B9 Oriz. T §

Height 21.0 21 . 17.3  20.7-= 22.2 1.l 2.5
D.Pi of Kax. 150 180 130 250 230 200 180
Avg. Width 101 g7 1k 116 o7 238 .57

% D.P. below 91 19.4  16.9 23.7 19.2 21.5 2k .7 2k .5

Tensile Stz. 77L0 73€0 70L0 7470 8200 6440 7670

% Elongetifn 20.6 19.7  17.p  19.7 22.2 17.2  19.5
Folding Endur. 16L 166 142 163 -142 163 229
Internal Tear 17.7 28.0 23.5 2k .5 26.0 25.5 32.5
Zursting Str. 62.6 70.9  60.1  71. 4.z 61.7 757

" In Teble V it is observed thzt Blend 9 has, except for
Sckopoer Folds, the best mechanical properties; and that it has
the greatest maximum height, second highest D. P. of the maxirum,
next to smallest aversge width, and next to the greatest amount
of low D. P. materigl., That there is no direct correlatioz
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between the zmount of lcw D. 2. rial and the »hysical pro-

o

. P. is 2eld constant partizlly con-
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ne avercze
tradicts the conclusion reazched by Marl: (), "The shzpe of the

Cistribution curve seexs to have no definite effect on the
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titimete strength excent thel 2 compzrziively small amount
(between 10 and 15 ver cent by weizht) of constituents having
2 velymerization degree below 150 zre definitely .detrimenial to
the mechanical properties of the sample." Study of Tables I
and III gives 2 broader view and supvorts the conclusion that
the amount of low D. P. material (91 or below) has to ecusl

about 30% of the total weight before it avprecizbly lowers the

mechznical properties. !

It has alrezcy been pointed out a2nd is observed zzzin in

¥
%

-able T that the average vwidth of the distribution curve does
heve some effect on the physicel properties as noted with the
originel mgterial, Blend 5 znd Frection 5. There is zlso soze
cerrelation Detween the vosition and height of the mexirmm znd
the premerties; these charazcteristics of the curves deternmine
-thelr shepe whick in turn has a definite effect on the ultimate
strength and this is znother contradiction of Mark's stztement
es quoted zbove. Svourlin (13) also states that "the optimunm
physical properties may be obtained by increazsing the molecular
veight regerdless of the degree of polymoleculzrity; the degree
of polymoleculsrity is then not an important consideraticn.™
Eowever, when tkese characteristic proverties of 2 distritution
curve are combined znd Tlotted agzainst the Tive mechznical
vronerties es in Gravh ZIX the eifect of the shape of tze éis-~

7/ -

tribution curve upon tne mechzniczl wronerties becomes very

zpnarent.



The smooth lines drawn through the points in Graph XIX zive
the best correlation between the shape of the distribution curves
and the pecharnical properties that has been develoned to date.

It is realized that the correlation is not so good in the case of
the folding endurance test z2nd that the correlationof tensile
strengtn with the shzpe fzctor could be improved. At the same
time it is noted that only seventeen ¢istribqtions have been so
characterized =nd that-this is too fe# to zive =& complete picture
of the correlation. .However, a'start has been mede and some con-

clubions can be dravn from these curves.

In Greph XIX it is observed that the properties improve =zs

=]

the "shape factor" increased up to 2 value of 450 excent fo
P
the elorngztion vhich leveled off 2t 375. These curves zre
similar to those observed in Grash I, dbut in this case more than
the averzge D. P. is considered since four of the blends (4, 5,
8, and 9) have the same zverage D. P. Combined in the "shape
factor" is the "heterogeneity" of the materizl and the position
of the maximum.

The effect o 7 is especially noticeable in
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Grzrh ZIX, vparticulerly in Slends 1, 2, 2nd 6 vhich contain

large cusntities of boithx nigh znd low D. 2. materizl; vet accord-

ing to thie aversge D. 2. of tie samnle the number of folfs snould

7 - ~ -~ < . - - . - - )
nhave heen 50 to 1C0 higher. Sooime and Harris (11) noted tihis



earme sensitiveness of fold resistance to the molecular hetero-
ceneity, znd Swmurlin (12) found thet when the distribution curve
contzined two mezks only zhout half of the expected number of
Schooper Folds was obtainéd. e

Examinstion of Table III shows that the percent elongation,
tensile strength, znd bursting strength are élsé séhsitive to
this heterogeneity while the intern=l tear re;{étaﬁcé ﬁf Blends
7

"1, 2, =2nd 6 is nearly the seme as for the other dlends.

3 ron
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the velues of the "shape factor" gziven in Teble IV and an exam-

instion of Graoh XIX, it is noted that these three blenés fall

zlong the lower ends of the curves. The fect that these two-

ezl blenés fit into the curves of Gradh XIX so well is good
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e method of characterizing the shape of the éis-
tribution curves developed during this investigation is sound and
thet there is a correlation between the shave of the distribution

curves and the mechanicel proverties of ethyl cellulose films.



COXCLUSIONS

Fractionation of ethyl cellulose solutions in five gallon

batches has been controlled so as to givéfreproducible Te-
sults according to the average degree of polymerization.

The mechanical properties of the films }mproved with increas-
ing D. P. of the fractions up to ZOO-ZSCgand then exhibited
little improvement for aﬁ§/£urt§§r increase in the averzge

degree of polymerization. By neglecting the effect of shape

of @istribution curves, the mechenical properties may be

3
¥

predicted vhen the average degree of polymerization is kmown.
It is poss%ple to prevare znd to test films prepared from
ethyl cellulose having an average D. P. of 6L vhich is in
the D. P. range where it was predicted the mechaznical pro-
perties could not be measured.

It is necessary té refrzctionzte the fractions in order to
reduce the polymolecularity within the fraction.

Prediction of the mechanicel proverties depends upon three
factors, the average D. P. of the material, the D. P. of the

meximum, ané the polymolecularity.
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(pelow 200-25CY , crediction of tke mechznical preoperties de-

pence upon the polymolecularity znc D. P. of the meximun.



The correlation so far cbtainec limits predictions to z few
generslizations.

There is no direct correlation between the zmount of low D. P.
material (D. P. of 100 or less) and tﬁe mechanical proverties

vhen the everage D. P. of the semples is the same until

_about 30% of the total weight has been added.

When the average D. P. and the position of the mexima are

the same, the sample wWith the sharper peak will have the

v

better properties.

# chift of the mexirum to a higher D. P. without increzsing

‘the average D. P. will not necessarily mesn en improvement in

the mechsnicel properties.
# .
The mechanical properties depend more upon the gross character-

istics of the curve thazn upon fine detalils such as smoothness

and general contour.
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