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I?f1'BODUC'fIOlt 

'fhree independent and almost airmlltu.eoua application.a tor 

paten.ta desorib1:ag processes tor manutactunn.g etl!y'l, cellulqse 

and cellulose ethers were •d• in 1912. Leuchs (40} applied in 

Germa.n.T ud described a process u:tng uy aotiua cellulose u.cl 

eth7l Chloride. Lilieiifeld (.ftl), no applied in lngl.u4, used 

dry sodium cellulose and etayl aultate. Dreytua (12) alao uaed 

dry aodiu. cellulose and ethyl 811ltate 111 hia :rrach patent. In 

1923 a Ui:dted states pata:t iaaued to Baokhaua {$) deaoribed a 

aathod tor DBkUig plastic oom.poai t1ona ot ethfl cellulon com-

bined 111th n.rious al.ky'l-acetoacetatea 111 a aui table solvent. 

The aae year a patent na isaued to OlN11 (5'1) uJ.oh propoa:ed 

the uae ot films ot eth7l oellu1oae as wrappiag tiaaue. 

Rowuer, 1 t waa J10t u'lil 1936 th.at ethyl cellulose na 

first used in this OO\lntrT in the tom ot aheets and powders. 

Since 'that time, th.e production ot ethyl oellw.oae has increas-

ed yearly as new uses tor this plastic haTe been exploited. 

Ethyl cellulose is flexible even at low temperature•; ud 

this propert1 combined With excellent insulating qualities, 

touglmeas, and com.patibilitT with many other substances :makea 

it one ot the moat versatile ot the cellulose deri vat,i Tea. 

Fabric coatings, artificial leather, adheaivea, tilma and toils, 



lacquers, and electrical inaulAt.tiou are a tew ot ita a.-roua 

application.a in thia day" When a plaatic nmat atand up 11lt4.er ue 

and _also must be produced oheaply-. 

STA'l'.IDllDr.l' Ol!' PBOBL'ID(. 

A.a will be o:plaiaed in a later aectioa, JDIUlY' ot tae Jroper-

·uea ot eth.Tl oell\1.lose that u1ce: it useful ill. 41ttaru:t 11117a ue 

a result ot the 'Ya1"Ying lengths ot the oelluloae ohaiu arnnged 

within the chain lnm,4le•• 'fhia inTeatigaticm. was Wl4ertaktm 1.D. 

order to tind a method ot separating theae etJql cellulose ehai.D.a 

into more homogeneeu poup1:aga act to determiu.e tu cliatributioa. 

ot chau. lengU.a. 'fh• oondi tiona ud procedure an to be ao u-
termined that the :results ti-om one traotionation 11&1' be dtl.pl1-

oated 1a succeeding oua. 



Lr.1'.IRlfOlm UVID 

Con.si4er.ation allould De giTen to the pnae11t clay coaoept 

ot the a.t:ru.otura ot calluoae cd ot ethyl oellw.lo-., u wall 

as the methoda ot traetio:aation ot high polymeric Rbste.:1uiea, 

betore a diaouasioa ot the uveriip:tion 1a WldmalceQ.. 

STBDCTOBE OJ' CBLLUU)SB. 

All cellulose had i ta origi:a ill 80Jlllt plu.t, the :mon 

CODIIIOU examples being tl.x, ootto11, aa4 wood :p11lp. so tar, 1u1 

one knon how to make cell'l.iloae in the laboratory, a.d Hither 

is it kn.on exactly h.ow the plut Pl'Ocluoes oelluloN. SC.. 

:rllther recent atudies 'by Ruben (65,66} indicate that aarbon 

dioxide reacts in the absence ot ligat with whateTer type ot 

sugars are in the plant and that this oarl>o:ryl then reao1;a 111. th 

BH+002 BOOOR 

mu,~ :molecule ot water in the presence ot chlo:ropqll aur 

the iu:tluence ot light. '!'he cycle is repeated a1.il long oarbo• 

BCOOH+HaO Chlo:L"OPA7ll )' BOHaOH +02 

hydrate obaill.a are tor.m.ea.. 

lbi.denoe tor u.d again&-t the TU'iows tla.eories u to cella-

loaic structure ia too Toluminous to be ocmside:red here. A 

complete resume ot the data may be toWJ.d 1D. one ot th• studard 

works on the subject (26.,49,61). However, some ot the be.aio 



principle• ot tke aoclera oonoe:,t will be 11..- w11m.o11t 4iao•u11tc . - - -

tlle naaaa or evicl11>,4ea to-. tum . 
.lS earl.y aa l&Sa l"~ig (14.) olt~aiaet gl.•to• ~- •tt•:. 

@8-lllll.oaa. Dwo:rth (IO) ill 1985 re:p:reaated clll•o• u • --- -

um'lteret rug. The gluooae oldaiae4 t:r• ••11"1.o• iii aallel 

beta gluco .. to dininpi• it trom al.pu. gluooae ootai..« tl'Oll 

atuca••• !Jae )Q'Uo~l pou.Ja attaoae«. to tu •--r l •·-, 

C&l"DOJt atQJIUI ot )et._ gluoaa &re Ol\ •~att• aiiea_ Of tu ._ .... 
ot the riag. s,01u,ler ai Do" ( '18) st•tel tht •Uulo• -.-

siste4 ot 1011& ,ualhl thaias at cluoa nai«• .. -1',abel IT:· 

~ima%7 •al•cn ad Jlel.4 togetlt.er IT aeocmclaT Yal-.••· 
Jra:wortll (al} aotitiN this by-- ahowi.Dg t:tlat the p~ nleuea 

are 'iet•• tlle maer 1 oarlloa et ou gheoa• wt aad ta• . --
oz;rgea ot the D.lUQ&J" -l OU)Ga ••• ot tlla djoiaqg ClUON -

residue. lf.b.ia requiraa illYttrsioa ot eyer,- other on ot tlaa 
gl.Jooae tm1 ta. ~• the nructun.l tonatla tor • oai1-.10 .. _ . -

chaia may- )e np:reaaatri as in npn l. Ia tata, U. X o-11. 
. -

laaYe Ya.luea et tra 25 to &000 • 4'000. ft.ta 1n4i o-.tes tnat 

celluo .. ia a geaeio naa tor a luaologou aenea ot coqoa4a 

DiCh UY. the ... O.-mioal pnpen1•• 'but wlu, .. Jhy'aioal PHP!IJl'-

tiea depead upon tlle leagth ot tu chaill. ft.ft pi-e;pu-a·Ucm. e>t a 

tri-aoetate oellu.loaa as tll• llligl\eat aoetate obtaiultle ($9) 





establiaaed the preaeno• ot the three hydroxyl groups per glucose 

residue. 

aspection ot ncure l . allows that at each end ot the otllu-

loae chain, :r:ega:rdleaa or i ta la~h, there ie. u. addi tioaal · 

hydroxyl group. When tha cluliu are -rery long, ta• .. two OH 

groups clo not attect the average D.UDL'bar ot lll'drox;rl sro•P•• Ba-

terrillg again to ngue 1, it 1a nu to aoie tha:t tlt.e OH gJ."OllP 

on the mna rigat is a latet alA.ehyda grou.p and a• auea ia 

a :r:eclucin.g group. Ad-rant.age ia taken. ot thia in tu end gro11p 

methods tor daterminiDC moleouar wights (77). The mtlll'ber ot 

cllai11a (end.a of chain.a) divided in.to the total wight gi-rea the 

aTerage :molecular weight of the oellul.ose cuina. Tb.a OH group 

on. the extreme let1i ia Juat another alooholic OK group aa far 

as Us activity is concern.ad (7'1). It has )een au.gg9ated that 

the end groups uy- loop uoucl, ao to speak, to to:rm large .,.-olic 

molecules (22}. Thia •Y aooo1m:t for some ot the appare:a.t chami-

cal inactirtt;y of oelluloae. 

Tb.a cellulose chains are held together by aeoonda1"T T&l.enoea 

11b.ioh by modern interpretation means hydrogen 'bon.41:a.g )et-- the 

ohains. These form. the S11ln1croaoopic tibrila. Rowner, the 

chains are aot all pertectly aligned. aa there are alternating 

c:ey-stalline and amorphous regioJls Within. the fib1:1la (.f.S,47). 
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Th.ass aubmio:roaoopio til>rila are helcl togeth.er 'bf hyd.Ngn. 

bondings to tom mioroacopio ti'brila which in. turn eombille to 

tom the •o:ro tibara. J.a the aise ot the til>ril 1n.ereaN4, · ta• 
n\UII.Hr ot hy'4roxyl groups oloae ooup to each otller to tom -

'bonds betNen the fibrils deonans. 'fhe:reton, th• larger the 

fibril• the weaker ere the tore•• holcling them together. 

'fhe eatiates ot cryatall.ine portion.a ot the tilaers iD.41-

cate nmltiplea ot a crystal ui t Wh.ich Meyer and lrfinh (5a) 

reprenated aa 111 J'ipre a. In th.is figure they g:I.Te t:b.e aiu 

u.4 ah.ape ot the crystal. 

~OB OF OJ:I.Lm.OSI 

ft.a early' patmta tor JIIIJIUtacture ot et?Q-1 eelluloae re-

quired aod.ium cellllloae to 'be treated. Iii th an ester ot eth7l 

alcohol. Not only ia the aou. oelluloae more l'&aoti va toward 

tlle ester than utraatad cellulose, but th.a alkali treatmaat 

ot celluloaa looaeua the )ly'uogn 'bonds 'bet•en the ohaill• ot 

cellulose, th.ua ~rm. tti:ag a ure :aearly com.plate addi tiOZL to 

the hy'4roxyl groups. Beoauae ot ita high aurtaoe ten.s:l.011, nter 

is able to penetrate o:ru.y the •crocapillary sratem. Thia ac.;. 

counts tor approximately- 3~ ot the h1'dro2Yl grou.pa preae:llt ia 

the oellt1loae. tightean per cat aodiua b;Jdltoxide aolutioa will 

penetrate the microeaptllariea ancl also the chaia l>un.Uaa. fhl.a 
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peuet:ratien cu.Na •• Rel.ling llhioh allows •ter to paetra:te 

further into the tiber. Howeftr, 1't llll&t ut •• co:n.stnei. th.at 

this tol'IU the tri-aodia alooholate ot celluloae. SOllerer aa4 

Russey { 70} made the tri-ao4iWll alcoaolate ot oellulou ia 

liq.uid 81111lC)Jilia as solvent. Exactl.7 how nch sodium hydroxide 

ia coml>iD.ed with. the eellul.oae haa been tlle au.bJeet ot DID1' ia-

Teatigations. qt these, D' Ana and .Tager ( 9) inate that • ..,. 

pou.4 With a oompom.tio:n. cornspondiag to (c6:a,_0Q5)z11a0ll ia 

to:med llhen the initial oonou:tratio:n. ot ltaOH is 'be:$1reea 16 ad 

24~. !he compound. C6R10of1iaOH appevs at a ooacatration •t 
• JfaOR. Ress, 'l'rogus ad SChwuzkopt (25) atated tilat 

ci:a:,0 O.s.J.la.OH may- possess -l-8 aolaculea ot cllemioal.l:y 'lto1md. nter 

lib.ieh th.ey called "lla.Oe-l.l. I". !ha awr-:tree oapovad thq 

called "JfaGell II•. It 1• pro kble that greater amou.ta ot 

aodi\111 hydroxide are absorbed, thus obscunag the chnioal re-

action ( 6'1, 71, '12.) Which ia confined to on.q a rela.tiTely- tn 

ot tae total :a.uber ot bydrox:y-1 groupa. 

The composition ot the socla cell:u.lose u.d its uit'ormi'Q' 

is caretully- can.trolled. iD. oo-..rcial produc1;1oa et eiql cellu-

loae. Water ia neoea&al:'7 'both. aa a aolTeai tor the kOH and. •• 

a sol Ta ting or nelling ega. t tor the soda oelluloae. An in-

crease iD. 1ihe KaOH:HiO :ratio :ln.creaaea both the l"Ge ot e"tlQ'lation 
and the degree ot su.bstitu1;10JL. A. low Ba,0:eallulosa ratio alae 
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iacraaaea the degree of aubatitu:Uon. !he two ratios attect 

the aount an.d kind of 'by-products.. .l. higl. JiaO:eel.lul.ou n.tio 

incraasea tlle aide :rea.otiona, act a aigll RaOR:RaO ratio gi.Tea 

predCIIBillatel,7 diethyl er-I.her; waen tb.e latter ia l01J, alcohol 

predominates ( 42) • 

'.Sven in the aolTated tor.m. the oellul.oaic hy-droxyla are 

generally in the Gild.. phaae au. nrrouaded 1JT the aodia hy-

ctro:rlde. The etheritying agent JID1&t diuolTe iJI. 't1le alkali 

· solution to ~t to the ll1'4roxyl gnu.pa (l.S). .Although the 

ethyl 'bromide 1a :more reactive, etll:Tl ohlor14• ia preterred. •-

cause it is less expeaaiTe. ft.e high ooat at l11gJa :rate ot ea-

ponitioatioa ot all:J'l av.ltatea a.4 ph.oapha.tea ltaTe llm1t•« their . 

use aa etlle:rityug ageata. 

Dietayl sulfate ia extensively used ill tu luoratory- pro-

duction ot ethyl celluloae. ne. soda oell.ul.oae ia cJ."UlldM4 u.4 

aged. properly 'before a large exoeaa ot the cUethyl aulrate ia 

slowly added at temperatures below o0 c. (10). '1'.b.ia eueaa of 

die'tlQ'l aultate in turn. requires a higb. eoacen.tra'tioa ot IaOR 

to preTent the aolutioa tl'Om lDeooaiag too acid aea .-thenti-

catioa CM•••· !'ha in1 tial d.egree ot subnitut1-. ia 'bet•• 

l.5 ad 2 etll:Tl grQllpa per gl.uooae lULi i. Re:,eti Uen ot 1b.e 

process will increase the degree ot mbatitution b11t aot to the 
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CQllp.letely- substitutecl torm. The principe.l :reactioa :may be 

:repreeent ed. as . 

CellONa + (C21fsla8'J4, CeUOCzHs + Kao ;,soa 
. Ca~O 

and the siu reactions u 

xao ') so2 + cr15ox (Caffs) ,P + :tl&HSG• 
CzHsO .. 

D'.b,71 chloride is the etheri:tying agnt. used COllllll8l"OiallT• 

~• almoat d:ry soda celluloae is heated 1mder preuure at 130° 

tor eight hours 111:U1 three part,i ot ethyl ehl.oride (baaed cm 

the original cellulose) (-'O). 'fhe excess e"thyl chl.oride ia 

removed by- distillation, and the 'by-product Alta are leacaet. 

out. As stated aboTe, ethyl ether and ethyl alcohol are also 

f'o:i:med as by-products. 'J!b.e principal reaction may be ahowa as 

CellONa + C1Calf5 CellOOaH5 + NaCl 

and the aide reaction.a as 

liaOH + ClCzaH5 NaCl +- CalfsOR 

Ca!f50H + MaOH + c1ca55 Cz,HsOOaH5-i-NaOl +J!aO 

By this method the degree of aubetitut ian will go as ll1gh aa 

~, although th.a aYerege CClllllercial e.thyl cellulose has 'be-

tween 43.5 u.d etho3Y contan:t (BS). trnally 46.8 to 48.~ 



etlloxy co:atent etay-1 callul.ose is the tor.in uaed. Torld.ng 111 tll 

medical cotton in sealed glass tubes Berl u.d SCh.upp (4) were 

able_ t.o ge'li an ethox;r- con.tent ot 54. 76~ when. 54.87~ is theoreti-

cally- the tri-ethy-1 ether ot cellul.ose. 

J:xoept for the tri-etbyl ether ot cellv.loae it net :aot be 

construed that su.bs'tiitution occurs in an. tmitorm. manner. ft• 

callul.oae chain. ia a large OJte along •hich the ethyl groups will 

'be distributed am.oag the avail.alale poait.io:as i:a a pv.rel,y- ru.tom. 

JIUUUl&r. spurlin (79) did :aot consider the ratio ot the reactivi-

ties ot the D.1111lber 2-, s-, or 6-hy'droxyl gi-oup affected lty- any-

prior aubstitution, either along the chain or 1~ the aam glucose 

unit, when he ealculate4 the statistical distribution ot imbstitu-

ent groups. .Any u.nitoX'-lllity a.long the chain is probably due to all 

hydroxyls being equally availaile {45). Kxperiaental evid.ence 

aaows that ether groups are not aa u.nifoxmly cliatributed over the 

chains of cellulose as are eater ~ou.ps ach as acetate ud nitrate. 

The lower the degree ot substitution the more evident the non-

uniformity becomes. It has been possible to separate the low de-

gree or substitution cellulose ethers into tractions h•ving dif-

ferent alkoxyly content (27}. However, Okamura {56) working with 

commercial ethyl cellulose of ,9.4~ eth.y-oxyl content obtained 

tractions varying in the molecular weight but not in ethoql coa•nt. 
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The degree ot sul>stitution ot' ethyl cellulose is therefore the 

average ot' substitution on all the cellulose chains present. 

THEORIES OF SOLUBILiff 

It is well mown that like dissolves like or that a polar 

solTent will be more liktly to dissolve a polar compound than a 

non-polar aolvent would, and Tice versa. With some cellulose 

derivatives solvation occurs between the polar groups on the 

cellul.ose derivative and the polar consti tuenta ot the solvent 

and similarly between the two sets ot non-polar groups. But in 

the case ot cellul.ose ethers evidence does not support the theory 

ot solvation ot the alko:x:;yl group. It seems more important to 

have the same internal pressure in the solvent and cellul.osa de-

rivative (29). By i.nternal pressure is meu.t the <lifterence ill 

the tree energy necessary to separate solute molecules from their 

neighbors and solvent molecules tram their neighbors and the tree 

energy gained when solute molecules come in contact with aolven.t 

moleeules(53). 

It has been tound that ethyl cellulose with 0.6. etho:xyl 

groups per glµcose residue uniformly distributed, as prepared in 

quaternary ammonia. base, is soluble in nter (5). 'l'hia is •x-

plained by the assumption that an. uniform. distribution of th• 

etho:xyl groups permits a better separati0J1 ot the cellulose chains, 

thus giving water easy access to the hydroxyl groups. Both methyl-



encl ethy'l-cellulose or low 4.egree of lllllbatU;u:tion are aoluale ia 

cold ater but insolulDle in hot •ter. .la tlaa taperature ia-

creaaes, the kinetic energy of the solvated water aolecv.lea in-

creases until they are able to eeak away troa tlle oellulou 

chaia. The long cell.uloae ohe.i1u1 are then abl• to coagulate 

to a gel. J.t the aaae Uu the viaoosi v or the solution ie-

creasea (28). Thus, aeating a cold. aqueous aolu:UOD. ot ethyl 

cellulose Will cause preoipita;fiioa, u4 oeoling the auapeneion 

will bring about rediuolution.. Thia precipUatiQD. ed rediase-

lnion may 'be repeatet in4et1D.i tely" ( 10} • 

When the iegree ot abatitutioa ia leaa than 0.6, the atlql 

cellul.oae is not solulale in water aut ia aolul>le in dilute alkali. 

In thia oase, the muaier of etho~l groups is iasv.ttieient to 

waige the cellulose ohaina apart an.cl. to permit the u.tranoe ot 

agglomeratei water aolecules. J.ctu•o•• alkalies clo not tom the 

molecular aggregates, :aor do they have the nrtace tension of 

water; thereton they can enter the abmicroaoopio capillaries. 

AboTa 0.6 degree ot substitution ethyl cellulose again baoomea 

insoluble in •ter due to the hydrophobic nature ot the in.creas-

ing number of etho:xyl groups ( 69) • 

'fl:lree theoriee aa to the state ot cellulose derivatives in 

solution wera presented and discussed pro '1Jl,d con tor some time 
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betore the proponent.a ot the tirat two tb.eoriea tin.ally agreed 

1ri th the third theory. It •s assumed by' Haaa {M) that the 

cellul.oae derivatives ot hip molecular nigld nre aot11all7 

complexes ot low molecular weight 11.ol.eoulee h.elfl toge-th.er by 

aome torce peculiar to J.yophilic colloids. The second theory- ac-

cording to Meyer and llark(51} asamaed that the oelluloae •le--

cul.ea were grouped in 'bundles or JD.icellea. !he theory which ia 

now gen.erally- accepted is th.at ot Staudinger (82) who aintaine4 

that each aolecule ia molecularly' dispersed and that e:r occaaioaal 

association ot two or more :molecules ia aocm. broken ap by thermal 

agitation. A discnuiaion ot these theories would be too l•ngthy 

to be undertaken here, although thia :illveatigation ia tepedeD.'l 

upon the truth ot the last theory-. 

VISCOSI.ff-CQNCElffllA.TION m.A.TIONSHIPS 

By viacoaity ta aeut the resistance ottered 1-J' oae portion 

ot a liquid to aaother ponto:n mariag over 1 t. J(o:re apecitically 

it may- be detined •aa the torce per a.it area required to maill-

tain a uit velocity gradient between two parallel plates kept a 

constant distance apart.• (Sl). The u:ait ot viscosity, the poiae, 

1• 4etined as •'1'.b.e Yiacoaity ot a hypothetical liquid such that a 

toree ot one dyne ca.uaea two parallel llq,uid. aurtacea on• square 

centimeter in area and one centimeter apart to slide past one 

another 111th a velocity- ot one centimeter per second• (18). irwe 
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other importut definitions are speeitic viaeoaity 

11 sp = :! solution - 3/ solvent 
· 1 . 7 solvent 

and intrinsic viscosity 

where C is the concentration ot solute. Intrinsic Tiscosi ty ia 

often calculated trom graphical extrapolation ot the line?/ ap/C 

versus c. 
From a study ot the effect ot the shape ot the aolute JIOle-

eule upon the viscosity it was :round that it the solute molecules 

are larger than those ot the solvent and it the Br0111'11an :motion 

has a greater effect on the distribution ot solute J10lecule ori-

entation than doea the velocity gradient, the ratio ot specific 

vi•cosity to concentration is a constant tor spherical solute 

lllOleeules, is proportional to the square ot the number of rod-like 

solute mol.eoules, and is proportional to the nu:m.ber of randomly 

kinked solute molecules (32). '!'he last relationship is the basis 

of staudinger's equation which will be discussed in a later aeetion. 

Kauppi and Bass (37) made a study of the viacosity-coneeutration 

relationship of ethylcelluloae. From Philippoft's (63) equation 



11b.ere C ia th.e conoeatration th.ey calculated t.u alt.-olute 

oosity- aa 

or u,reaaed ill uother tom 7/ abs == K' +- KC. Thia last tom 

should giTe a straight line nan the conoentration is plotted 

against tae eigath l'OO't ot 'the abaolu'ie Tiacoait7. ft.en such 

curves were draa for solution.a rangiag in concentration tl'Ul 

l to 15~ atqlcel.l.uloae, it as tou.i tllat the Un.a as straight 

aboye ~- At~ a. break occurred, u.d. 1Mlow that cono-.tration 

the slope ot the liae in.creased. 'fb.ey ala.a •ti.a Tiacoai ty-

aeaaurau.ta oa low Tiacoaity atql cellulose ad. tou:acl that 

the reaultillg line na. straight all the •Y 11:p to 2&.' concetra-

tion. In nmch the -- -,- they tou.cl that ohangi:ng the solYot 

simply moTed the 11• up u.d doD. without ch.a:ngi:ag ita ga.eral 

ah.ape. The intrinsic viseoai ty •• ditterent with ROA aolTant 

used. Whan aimiler cunea were dre.Wll tor Tisooaitiea JDN.aured 

at clittarant temperatures, they toUllcl that the curTes -..re agaill 

displaced due to a change in the intrinsic Tiscoait7. They- also 

toun.d that au.plea u.via:g dittereat ethoxyl con.tent gave curv-aa 

which again Tariad only in poaitiou. 

Karrer, Berl, and Umatatter (36) aloag nth other illTea·u-

gators noted that an i•crease in temperature caused a decrease 

in the viscosity and vice versa. 



.locorii:ag to ilf'rey (1) tae i:ntrinaie viaeosity ot a hl.gh , 

polymer in a solvent-:noasolvent mixture is lower than that ot 

the polymer in pu-e solvan.t. As more nonaolvent ia adied, the 

intrinaio viscosity eon:U:aues lo decrease to a ti:u.l T&lue, tlle 

limit ot aolu&ility, which ia also the poi.Jlt where precipitatioa 

occara. Thia critical illtrinaic Tiaooaity ahollld have the 8Ul8 

value regardleaa of the aol'vent and :aon.solYent u.aed as long u 

taa com.poa1t1on of tlla solute is the 88Dle in. all aolventa. fte 

nature ot -t.he solvent determines the ettect ot temperature on 

the intrinsic Tiacosi ty. In a poor sol'Yent an 1:no:nase 1:a t•-
perature would gl.Te rise to D>re Dcurllng ot tha moleellle ad 

tau.a increase the b.tri:asie Tiacoaity. on the other au.4, ill a 

good aol•ent the •re enen4ed oon.tiguration. ot tit.a moleftle 1• 

favored ao that an 1:ncr•ee in temperature woud lower the in• 

trin.aic Tiscoaity. 'rheae gene:raliza"liiona hold tor dil11te n-

lutiona ot tle:nl>le polymers, lDUt a.a the cellulose chain ia 

relatively aore rigicl the ehuge in intrin.aic Tiacoait'1 is leaa 

notioaal>le. 

From the above discussion, it is eTident that the aolvet, 

concentration. ot solute, u.d teaperature ••t be given lllum re-

porting the viscosity or any related property calculated trom 

the viscosity betore that report will have deti:nite aean.1:ag to 

later inveetigatora. The early reports do not giTe this 
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intorma:tion. and some ot the more recent papers also aeglect to 

lls't thia importu:t data. 

FBAC'fIOHilION B!'RODS 

The methods tor traetion.atiou .,- lae claaai:tiecl ucler two 

general heatings, ana~ical and preparative (8). ~• u.al:y'Ueal 

methccls are thoae that enable the detend:u:tio:a ot moleeular-

night distribution in the heterogeneous aubatanoe without the 

homogan.eou.a tractiona 'being aeparatecl. The preparatin method.a 

are those that enable the preparation an.d aeplll"ation ot traction.a 

thai approach h.omogeneity with respect to molecu.lar nigllt . 

.A.nether clasaitication ot fractionation methocll.a _,.- be 'baaed o:a. 

the principle ot separation involved. (8). 'fhese are aolubilit7 

methods which inoluies fractional precipitation, !'raetioul ae-

lution, the ultraoentrituge method, eh.roma:tographio method, al.tra-

tiltration me'\hod, u4 molecular distillation. Ot taeae, the 

solubility methods are the ones more commonly used, and frac-

tional precipitation ia the :moat important•••· 

The lonr molecular-night or the shorter chai:aa or anero-
geneous polymers are more aoluble in a given. l.iquicl 'tho an 

thoae ot higher molecular weight. The aolven.t power ot a 'binary 

liqui4 mixture ot solvent and ao:a-aolven:t. depends upoa tu ratio 

ot the two components. Upon the.- two tacts the aol.u'bili ty :methods 

are based. Bronate4 (6) suggested that with members ot e. si:agle 
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homologous aeries of polymers the potential energy ot the :mole-

cule is proportional to the molecular aight and that the leas 

mobile large molecules collect in the phase 111th the loar po-

tential energy llhich ia the pneipitated. phase. In the..- •Y 

the amaller and more mobile ones would collect in the phase ot 

high.er potential energy, the superaatent liquid. 

ID. traction.al precipitation b~ aon-aolvent the he"rcgenaoua 

polymer is dissolved in a auitable liquid and then partially pre-

cipitated by the addition of a non-solvent liquid • .A:tter 'the 

precipitate has settled, the supernatant liquid is decanted and. 

the prooeaa is repeated. It ia also possible to cause fractional 

precipitation by lowering the temperature ot the solution without 

the addition of a non-solvent. Vary often a combination ot the 

two methods ia uaed. Tb.a choice of solve:n:t and aon-aolvent will 

depend upon the eonditions controlling the fractionation, and the 

inTeatigator should consider the pessibilitiea oaretuJ.J.y-. -.,.,ia 

addition ot non-aolTent will eauae an increase in the turbidity 

of the solution. This increase has been considered as *h• end-

point in the titration and uy be observed directly" ($5} or in-

strumentally (68). However, nei;ther way proved sa:Usfaetory 1:n 

this investigation as will be explained when discussing experi-

mental procedures. 
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Korey u4 lfam.blrn (55) state that in the 1:mi tial ooaleanuoo 

oaly a tew cross links are necea&a17 to tom. a nucleus er emibryo 

aggregate. 'l'he probability ot establishing theae first lints ia 

relatei to the chain lu.gth. HowaTer, 'llla JI.Wilber of lillka re-

quired tor coaleacen.ce is practicallT iaupent•t ot the chain 

length. The formation ot initial aggregates 11a7 'be aotei ex-

perimentally- lay the tirat sign.a ot optical hue. It ia eYi4u.t 

that low molecular-night moleculea •1 atart coagulating u4 

tom. a precipitate batora the high molecular-uigllt on.ea, it the 

concentration. ot the form.er is much greater than the concentration 

of the latter. Therefore, the heterogeneity or homogeneity ot the 

precipitate ia determined in part bT the distribution ot the nri-

oua molecular weight particles in the original 88lllple. When the 

different weight particles are present in. equal amounts, the 1.ow 

weight on.es may precipitate first; this is lmon aa the true-

reverse-or4er • .1a these aggregates ot •aa11• molecules increase 

in. size, larger molecules are •'ble to,·torm agpega.tes, ud theae 

latter on.ea actually torm the precipitate. 

J.Tery good 4iacussion of the three theories explai:aing the 

aelectiTe preeipitation ot molecules haTiRg tittereat molecular 

weight may be found int-he :report ot lrfOreT and 'l'amblrn {55). J'or 

the purposes ot this inTestigation. much ot their paper is too 

theoretical anl'l inTolTed to warru:t a h.11 iiscussion. HoweTer, 
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a brief statement concerning each would indicate the theoretical 

approaches which have been made to the problem ot fractional pre-

cipitation. Schulz (75) based his theory on the Bronsted-Boltzmann 

expression for the distribution ot a substance in two immiscible 

liquids. Theoretically, these immiscible solvents may be replaced 

by the solution and precipitate it the latter may be considered a 

fluid. SChulz assumed that the activities in the two solvents 

could be replaced by the actual concentration and that the con-

centration in the precipitated phase is a constant. He then ar-

rived at the equation 

where K, .A, and B are constants, k is the Boltzmaun oonstant, Py 

is the per cent of precipitant, and c y is the aaturat1on concen-

tration of a polymer with a given molecular weight. Flory (15), 

Gee (17), and Huggins (Z3,34) have developed the thermodynamic 

approach from the entropies and heats of mixiug tor the solution 

and precipitate phases. Morey (64) considered the start ot the 

growth of the precipitate as a reversible reaction in his treat-

ment of the mechanics of aggregation. 

The fractional solution procedure calls for bringing the 

polymer into intimate contact with a solvent-nonaolvent mixture 
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and allowing the system to reach eq.uilibrium. The supernatant 

liquid is decanted and a trash mixture ot aolTent and aonaolvent 

is added to the residue. This second mixture and each succeeding 

mixture is made richer in solvent than the preceding one. Thus 

the process can be repeated until all of the residue has been 

dissolved or until no more of it will dissolve. In this method 

the low molecular weight fractions are the first ones removed. 

It has been found (50) that the solubility ot cellulose depends 

on the amount of undissolved solid in contact with the solution. 

Th.us, the solution may be saturated with respect to the high-

molecular-weight molecules but not 111th reapeet to the low-

m.oleoular-weight ones; and i:t more aolid :material is added, more 

of the low-molecular-weight material will diaaolve. 

Fractionation by means ot distribution between two immiscible 

liquids has been used to fractionate polyetb.y-lene oxide by Schulz 

and Nordt (76) and to f'ractio:u.ta lipin by Lovell and Hibbert (43). 

They have f'ound that distribution of the polymer in the two liquid 

layers depends upon the molecular weight ot the particles .• 

The rate-ot-aolution method ot fractionation depends upon 

the difference in rate or diftusion ot the large and small molecules. 

The smaller molecules di:f'tuse the more rapidly and are the first to be 

separated. This difference in rate of diffusion is to be distin-

guished from the difference in solubility ot the large and small 



:molecules. In thia mathod. the solvent is r•oved trem the reai• 

due atter a definite time intenal betore equillbl!'iwa at• in • 

.A.a u. analytical method ultncemtritugation ia perha;pa tu 

beat metllod ot traotionation available. earothere ('1), llark {48}, 

and. sta11dinger (84) are a:mo:ag those no reoOlllll.9Jl4 it. JJl ult:ra-

cantritu.ge ia aver, eo:mplex u.d costly piece ot equipment 'llhioh 

tn laboratories can obtain.. It cu be und to measure the re:te 

ot settling ot a particle in a given cu.tritagal field o» t• 

meuaff tae conen:tration. graclien.t atter ecpailibr.l.Wll 1• :naolle4 

between Adimu.tation an.4 dittuaioa. Ill the eentritagal tieli 

the higb. u4 low molecular weight part.iclea will Httle at iit-

tera:nt ratea acoordi:ng to their size. 'f.b.e lleavier, or larger, 

particles being the tirst to settle • .18 the pertiolea nttle 

more an.d more; the boundaries bet••• the hip .-d low aolecul.ar 

weight on•• will apread out. Fl-om 1illia spread the diatriblltia 

ot high ad low :molecular niglt aolecnalea eu •• caleulatri. 

In chromatographic adsorption the selutioa ot the hetero-

geneous polymer is filtered through a column. eontaining ••• a4-

aorb•nt in which the aaller molecules are preferentially adsorbed 

and remain :Ln the upper part ot th& colU111D.. Whan cellulose or 

oelluloae derivativ•a are cllro•togram.ed, there are no separate 

bands but a gradual transition troa loHr to higb.er tractions. 
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How the column is divided determines the constitution ot 

the fraction obtained. Those poorly adsorbed may go on through 

the column and appear in the filtrate. 

Ultrafiltration, or tiltration. through graded membranes 

of cellulose or nitro-cellulose,offers a means of fractionation. 

The membrane selected must not react with the solution. Thia 

method is satisfactory nth spherical shaped particles; but the 

long cellulose chains find it rather difficult to pass through 

the pores. The coiling of the chains would retard their progress 

once they started through, and unless the solution above the 

membrane was agitated occasionally, many of the chains would 

settle flat against the membrane and not be in position to pass. 

Molecular distillation is more useful for the purification 

of a high polymer than for the separation of fraetions. It in-

volves distillation at very low pressures. The distance from 

the distilling to the collecting plate ia llhorter then the man 

tree path of the evaporating molecules which eliminates col-

lisions in the vapor phase. The lighter molecules distill :t.'iret 

thus leaving a purer residue. 

Of all of these methods, only fractional precipitation has 

been used for the fractionation of ethyl cellulose, and a search 

of the literature reveals only three reports of such traction-

ations. The first of these was ma.de by Okamura (56) in 1933. 
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From a 1% solution of ethyl cellulose in glacial acetic acid he 

obtained three fractions by the addition ot water. '!'he tirst 

of these he retractionated, by the same method, into tour frac-

tions, and from the other two he obtained two fractions each· 

tor a total of eight tractions. He found that the Tiseosity ot 

tractions obtained from acetic acid solution dropped very npid• 

ly in succeeding fractions. This ia what would be expected from. 

the discussion above. He also maintained that a partial acety-

lation of any free hydroxyl groups in the ethyl cellulose di4 

not take place as subsequent treatment with aqueous UIII.Onia did 

not change the viscosity as would have been the case it the am-

monia has caused a splitting off of any acetyl groups. In the 

same report a very brief description of a similar fractionation 

of ethyl cellulose from a benzene solution by the addition ot 

hexane ia given. 

In 1938 staudinger and Reinecke (85) obtained three trac-

tions ot ethyl cellulose by precipitation with n.ter trom a 

dio:mne solution. These three tractions had identical chemical 

com.position but varied in molecular weight. Ushakov and Geller 

{88} in 1959 used gasoline to fractionally precipitate ethyl 

cellulose from a 4% solution in alcohol. They reported that 

these fractions differed chemically as well as in molecular 

weight. 
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DETEBMINA.TION OF MOLECOLA.R WEIGlff 

'rhe ueual method tor determining molecular night ot u 

organic aubstance in a suitable solvent is the :measu.rement ot 

the depression ot the freezing point or of the elevation ot tae 

boiling point. In the case ot eelluloae derivatives the freez-

ing point method will likely give erroneous result, because ot 
I 

their tendency to cause delayed crystallization as well aa the 

probable presence ot small amounts ot short chains (16). In 

order to get measurable results relatively high concentrations 

ot the solute are required. However, concatntions ot O.l to 

2.0% are the highest desirable tor an accurate extrapolation 

to infinite dilution necessary tor aolecular weigb.t determina-

tions. At this low concentration the lowering of the freezing 

point would be so little as to made it practically indeterminable 

even with the most careful experimental technique. 

Extrapolation to zero oonce».tration. a.a also toun4 neces-

sary tor aatistactory moleculu-weigat determ.iution by the 

osmotic-pressure method (60). Dobry (11) showed concluaivelT 

that the molecular weight is independent ot the solvent. Various 

types or os:mometers have been designed and used, but the one de-

signed by Schulz (7~) has been used more than uy ot the othera. 

This os:mometer consists ot a metal vessel containing the 

solution and provided with a capillary. A membrane supported 
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by a perforated plate is clamped over the open face of the metal 

container. When the assembled unit is filled with solution, it 

is plunged into the solvent i:n such a .ranner that the m&mbrane 

is maintained in a horizontal position. Oollodion or cellophane 

membranes are sufficiently semipermeable tor use with large mole-

cules such as found in cellulose. Low molecular night 1.Jll.puri-

ties diffuse through the membrane and do not affect the osmotic 

pressure as measured in the manometer. 

Generally a linear relationship exists between the concen-

tration (C) and the oamot-ic presaure (P) divided by c. In the 

low conce.tration range th.is ia true, and extrapolation is rela-

tively simple. However, curved lines a.re obtained and Dobry (11) 

and Schulz (74) claim that though the curvature is not always 

prominent it is real and is not due to experimental errors. It 

has been found that in pure hydroearbcm. solTe.ta three or tour 

molecules of ethyl cellulose are strongly associated (86). A.t 

concentrations below O. l~ the P/C Tarsus C lines tend to curve 

up118.rd. 'flle P/C versus Clines tor solutions of nitro-celluloae 

bend downwards (ll,74}. No completely satistactory explanation 

tor curving up or down has been presented, but the problem is 

simplified in that the curvature becomes less as the concentra-

tion approaches zero (80}. Thus, the extrapolation should be 

carried out from data obtained trom very dilute solutions. It 



111 alao recom,.ended that the solTen.t used be o:aa in which associ-

ation is held at a miniamt. 

lfb.e determination ot the aedimentation eqt1ilibrium ot a 

very- dilute solution in the ultraeentritaae 1• the meat satis-

factory method tor determuing molecular weight. 'fh• uu ot the 

ultracentrifuge haa been discussed 1n the section ot tracticm-

ation methods and need :aot be repeated hare. Accor41ng to Kraemer 

(38) the ultracentrituge haa the tollowing adTantagea OTer the 
" 

other methods tor 4etermining molecular weights: 

•1. It ·has the same t:O.ermo~amic toun.dation,:aa os-
motic p:resaura or vaporpreaaure metllots. 

2.. It is aecordi:agly not influenced by ,article 
ah.ape. 

3. In general, it is not attecte4 by solntion. 
4. Its senaitiTity in.cree.aea w1 th increase ill 

i,article aiP. 
5. It oan. be used nth complex aolTents like 

cupftDIDlOllium 111 th which o•otic pressure 
meaauremen.ta would be clittieult. 

6. It aToicl.s ditticuliiea associated with the ••• 
ot semipermeable mU1.bren.ea. 

7. It permits recognition ot the uniformity or 
nonunitoraity ot particle size, and it can. giTe 
a q,iWltitative rating ot the degree ot a.cm .. 
uif'or.mity-. 

a. For solvents containing relatively aaall :molecu-
lar weight oontamin.atea, it ia meh leas adTerae-
1.y- attected than oam.otic pressure and other 
methota• (38}. 

According to staudi:ager {8S) th.e molecular weigat ia pro-

portional to the apecitic viscosity C1 811 ) of a very ti.lute so-

lution. Tb.is :may be expressed as 



11 = ?J _ 1 : ,Z solution _ 1 = m.u, 
/ ap / rel o/ aolvu.t 

in which Km ia the co:a.stu:t ot propo:nionalit7, JI 1• the moleou.-

lar weight, and C is the coD.cen.t:ration ot aolut.e 1a grams :per· 

liter. The x_. •• oaloulated )y aubstitlltillg ill the above equ.-

t1on B1.0lecular waighta detemilled l)y cr;roaeopic methods. J.t 

first there was some 4ouat aa to accuracy of thia equation nen 

applied to high-molecular-night polyaera, ~or it ia ltase4 'tlJOll 

several aaaumptiona. One ot hia assumption.a •• th.e:t 1lil solu-

tion• the :molecules ot cellulose ucl ot cellulo.ae 4er1ntivea 

are aeparated and e.re incUTidu.l molecules. He alao aa8U119d 

that the aolTent and the phenomena of aolntion io :a.ot attect 

the viscosity measurements. Another assumption was that the 

cellulose chain molecules are rod-ah.aped u:aita w.hith retain their 

ahape in solution. ill ot tuae aaawaptio:as have 'been cWlu.ged, 

but 11b.en the ultraeu.trituge ud oaotio method.a nre 

applied to high molecular-weight-polymers, the validity of tb.e 

equation ns established tor certain aratema. Kraemer (38) states 

that the particle in solution should. be coaaidered.aa a single 

molecule until the existence ot some akin substance or cementing 

material which is capable of hol~ing u aasembly ot -,leculea to-

gether in the same manner through etherif'ication, eateritication, 

bleaching and hydrolyzing reactions either without being atf'ectecl 
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or at least not causing a change in intrinsic viaeoaity can 'be 

proved. This was his conclusion. after using the ultra.centrifuge 

extensively for molecular wight determination. 

Huggins (30) states that staudinger's equation is not 

generally valid as plots ot the intrinsic viscosity [JJ against 

average molecular weight i deviate from the straight line llh.iah 

would be expected from a theoretical viewpoint. 'fheae deviation.a 

depend on the tightness or looseness of the coiling of the kinked 

ciouble-chain molecule as well as 011 other'., :factors which a.re not 

itemiz.ed. He also states that :tor the measurements ot the rts-

cosi ty of solutions of polymers to be used to estimate the molecu-

lar weight the course of the [fJ verna M curve should be kn.on.. 

It has been touad that the K:m, obtained :tromf fJ = Ko -t- K,Jl-v, 

where K0 is a constant but ia negligible except tor small values 

of M, and ?J is a constant that Ta.ries lit'tle trom UD.itT, gives 

better agreement with the experimentally determined curves. Since 

the deviations are relatively slight and since the ealeulated 

molecular weights are only average weights and not absolute weights, 

the Staudinger equation is the one most often used. 

Various types of viscometers have been used (62}. !'he short-

tube efflux: type is used principally in the petroleum industry. 

The rotational type does not give accurate results when the vis-

cosity is below 100 centipoises. The falling-ball method is used 
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tor liquids ot high Tisoosity. lfh• capillary-tllbe method hae, 

MEUl used more otten tor viscoai ty- measurements ot aolutioaa of 

high-molecular-weight polymers. The beat kn.on. ot these is tl!l.e 

Ostwald viscometer wb.ioh consists ot a capillal'Y' which Uaollargea 

into a wide U-tuba. By adding the aaae amount ot •terial eacll 

time the ettect ot liquid leTel in the wide tuba ia ••• aegl.1-

gible. 

It two liq,U:ida having vi•ooaitiea 1 au..11 , d.eaaitiea Dan.cl 

D1 , and time ot flow through the cap1J.lu7 If an.d ir1 , then 

1 tr, = ~/D1T1 

when equal Tolumea ot liquid ia placed in the viaeOJ1.eter. Thia 

equation requires knowledge ot the time of tlow and ot the da-

aity. At the very dilute concentrations used tor molecular 

weight dete:rminations the density ot the solution Taries little 

from that or the aolvent so the density terms may oe neglected. 

The time of flow or each may be :measured. i'h.en. 1-t the viaeosity 

ot the solvent ia mown the viscosity or the. aolution can. 'be 

calculated. S\lbstitution ot these values into the staudi:pger 

equation along nth the I':. tor the polymer in that particular 

solvent malces possible the calculation ot the moleeular weight. 

At this point, it would be well to note the difference in 

average molecular weight determined by number :methois and the 
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aTerage molecular weight calculated trom •ight methou. Tlle 

numlDer average ot the molecular nights is the ordinal'7 aritheme-

tie average base4 on the number ot molecules present. Cl'7oacopic 

and osmotic-pressure methods depend upon the number ot particles 

preaent, and from them the number-average molecular weigat is ie-

termined. In these the number ot low molecular weigllt particles 

affects the calculated moleeu.l.ar night. The Tiscoaity and cen-

trifuge methods depead upon. the weight of the particles 'lhua 

giYing more importuee to the high molecular weight parUcles. 

Thus, the two values are not numerically the same. It is im-

portant that the method of' dete:m.ining the molecular weight be 

given along nth that weight. 

DISTBIBrrION CURVES 

As stated previously, the purpose of this investigation is 

to separate ethyl cellulose into fractions each of' which will•• 

composed of' chains ot approximately the same length. such a pro-

cess might be pictured as reaching into a solution of' ethyl eellu-

loae and picking out all the chains with a certain degree of' poly-

merization. It it were possible to do this and to lay them with 

the longer chains on the bottom and those with gradual decreasing 

length on these, a smooth curved line could be dra11n. through the 

ends of the Chains. Any point on this curve would give the number 



ot chains which. have that degree ot polymerization plus those 

which are longer. '!'his would be the integral distribution curve 

tor that sample. 
' Ditterentiation ot this integral distribution curve may be 

done mathematically lfh:en the equation ot the curve is known, or 

may be done mechanically by drawing the tangent to various points 

along the curve it the equation is unknown. Plotting the al.opes 

of these tangent lines against the degree ot polymerization givea 

the 4itterential distribution curve. J:fJ.7 point on this curve 

gives the percentage ot the aample having that degree of polymeri-

zation, i.e., within a ve::ey,'.mu.11 range ot that clegree of polymer-

ization. 

The degree of polymerization ot a cellulosie substance ia 

commercially important because it cleterminea: 

"l. The percentage ot the material lost on treatment 
with reagents aaving some solvent action, such 
as mercerizing baths or nitrating mixtures; 

2. The tlow and mitting charaoteriatiea ot ihe 
material in solution or during a molding oper-
ation; 

3. The type of interaction with other ingredients 
ot a uaef'\11 composition; 

4. The nature ot :film-easting or filament spinning 
process, espeeiallT if partial coaglllation ia 
involved during the initial steps; and 

5. The physical properties ot the prod.uct• (81). 



EXPDIIOBT.I.L 

MA.'l'EBH ts USED 

The ethyl cellalose used t.hrougaout this 1».vestigat1011. was 

a commercial grade t;n,e N200 with 48. 7f. ethoxy oenteat and wi tit 

a Ti.acosity ot 169 ceatipoisea 1a si aolutiOD. obtainecl trom 

Hercules Pow:4.er Company ot Wilmi.D.gton, Del.an.re. Betore being 

used, the granular ethyl cellul.on was dried tor 24 hours in a 

torced draft oven set at 50°a. and•• dried over calcium. chloride 

in a desiccator tor at least 24 houra. 

'Ille 'benz.-ne used 1ras 99-lOOJ' purifiei and was obtained trom 

Balter and Adamaon ot Marcus Hook:, PelUl.aylvuia. 

The normal heptane used was 99 mol. i minimum. obtained troa 

Phillips Petroleum Company-, Banlesville, Oklahoma. 

'!'he acetone used was chemically pure and obtained tram Com-

mercial Solvents Corporation of Baltimore, Maryland. 

The ethyl acetate, commercial grade, was also obtained mm. 
Commercial Solvents Corporation ot Baltimore, Jiilryland. 

Two grades of glacial acetic acid were used. First, 99.~ 

technical grade as :manufactured and sold by Arthurs. LaPine and 

Company, Chicago, Illinois, waa used. Then 99.5" chemically pure 

acetic acid which met .American Chemical Society specifications 

na used. The latter was oetained from J. T. Balter Chemi.cal Com-

pany of Phillipsburg,••• Jersey. 



'fhe chemically pure potassium acid phthalate was also ob-

tained from J. T. Baker Chemical Company, Phillipsburg, Na• 

Jersey. 

'!'ha sodium hydroxide solution na prepared trem reagent 

grade sodium hydroxide in pellet form. aa obtained :tl"Om Baker an.d 

Adamson, Nn York. 

The an.il~e, chemically inu,-e, na obtained trc:a :r. 'l'. Baker 

Ohemioal Company, Phillipsburg, ••• J•rNT. Si:aoe this hat a 

yellow color, it was distilled, an.d the distillate, recoTere<l 

between 1116° and 178° c., was used in the teat tor tur:tval. 

Chemically pure butyl acetate n• obtained from Kastman 

Kodak Company of llooheater, New York. Before being aaed thia 

was diatilled through a packed oolwm and the diatillate between 

ll8Q and 120° c-. was recOTered and used. 
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'11.BE BJ!NZENE-HEPT.ANE · SYSTEM 

Okamura (56) reported successful fractionation of ethyl 

cellulose from al~ solution of ethyl cellulose in b8llzene with 

hexane as precipitating agent. He added sufficient hexane to 

produce a turbidity, ~ut gave no indication of the en.ct pro-

cedure used nor of the amount of precipitate obtained. There-

fore, it was decided to investigate this sy-atem further ex.capt 

that heptane, which was available, would be used in place of 

the hexane. 

In order to conserve solvent and non-solvent an attempt ns 

ma.de to use a 5% solution ot ethyl cellulose in banzene, but this 

proved to be too viscous for accurate measuremGta ot aliquot 

portions. It was found that a~ aolutton na suf'ticiently' tluid 

to pour easily, so this concentration was used throughout the rest 

ot the study of this system. 

The addition of heptane caused the solution to become turbid 

whereas the benzene solution originally had a clear yellow color. 

A series of tests ns run to determine the degree of turbidity 

which would give the desired amount ot precipitate, but with a 

Hellige Nephelomater this could not be done. It was tound that 

the B8lll8 amount ot heptane would not give identical readings on 

ditteran:t samples and that when the nephelom.eter readings were 

the same the amount of p:recipitate varied as sh01111. in Table I. 



Sample 

TABLE :r 

NEPHELOMETER RlWlmGS ARD 'fD .&.MOUn' 
OF PRECIPIT.A.ft OB'f.AINED 

(25 grams of eth7l cellulose ware 
dissolved in 1100 :ml. ot benzene.) 

ml. Heptane l"ilter Neph.elometer 
J.ddecl Jieacling 

Original solution Milk .19 

l 625 lllilk 26 

2 600 X.,lk 26 

Ieigb.t 
Preoipi ate. 

-
8.19 

5.20 

Marscbner and Cropper (46) found. that benzene and heptane 

tor.m. an azeovopic mixture with the f'ollori.ng oo:mpoaition: 99.l~ 

benzene by volume, 99.3~ bemzene by weight, or 99.5 al~ bea-

zene. Since the benzene and heptane wre being recovered by dis-

tillation, it was decided to ad4 1tnough heptane to the c0lllll18rcial 

benzena t,o give the azeotrope; the results could than 1,e duplicated 

later when the recovered benzene and heptane would be uaed. The 

addition of' such a small amount ot heptane did not impt,de, the dis-

solution of the ethyl cellulose, nor did it noticeably attect the 

color of' the solution. 

The precipitates obtained from the azeotropio mixture and 

heptane were soft gels which would flow down the side of the 



tlaak during the decanting ot the n.pff•n&tu.t l.iqllid. so.-

times a sharp separation ot liquid u.d precipitate•• possible, 

but at other times it was not. Thia m.ean:1i tut duplicate results 

coald. not be obtained when the solutions stood overnight at ···.10° O. 

At this time it became apparent that a atudar<lized p:rocedure 

waa neoeaaary so the tollowiu.g plan waa followed th.rougho•t thia 

atudy unless otheniae stated. 'fhe ethyl oelluloae as alowl.7 

pound into lhe flask containing the a~c mixture which was 

constantly agitated. The cliasol11tion. was Tiauall7 complete after 

about 30 ndn.utea ot oon.aiant uaki:ng. 'ft.• solution was allowed 

to atant 18 hours at a5° c. to inaure a complete &ll4 homogeneous 
" " 

solution. '!he weighed amount at heptane waa adcled rapidly, and. 

the solution as again aha.ken util it appeared to be hOIIIOgeneoaa. 

The ND1.ples were then m.aintaiaed at i:;0 c. tor a period ot 

20 hours, and the supernatant li(lllid decanted.. '!he flask eo:n-

taining the precipitate waa then placed on a water bath ud the 

bea.zene and heptane were remoTed by a n:rea ot air udar • 

added to the tlaak, an.cl in a few m.inutea the ethyl cell'1:1loae 

tilm oould be easily removed. It was then thoro\lghly dried at 

105Q c. and weighed. 

EY• wi:th the 10 degree teDq)eratare drop reproducible re-

sults nra not obtained. Upon using larger batches ot solution 



it was noted that the addition ot heptane caused a drop in the 

temperature. 'fo overcome this drop, the solution was rewarmed. 

to 25° C. and Dlaintained at this temperature tor two houra De-

tore cooling to 15° c. The results trom these teats coald not 

be duplicated ao the solutions •r• heate4 to 50~ e. tor the 

same period ot time an4 then ooole4 to 151 c. J.p.in reproducible 

results were not obtained. 

The 10 degree drop in tempera:tn1n •• tried again lut tllia 

time the aolutien na maiatai:aed at 15° c. tor 42 hours. The 

reaulting precipitate na slightly order than prertoualy ,ut 

at ill ta> aott tor aati s:f'actory decuting. It had. been tou:ad 

that using ethy'l acetate as solvent an.d heptane as precipitating 

agent gave a ha.rd precipitate when cellulose nitrate ia fraction-

ated (6'). 'fllerefore, it na decided to try adding amu etbyl 
' 

acetate to the solvent and observing the type ot precipitate ob-

tained. After a series ot experiments it ns found that 30 ml. 

ot ethyl acetate added to the solvent aomewhat hardened the pre-

cipitate without appreciably increaaing the amount ot heptue 

required. Illen :more than 30 :al. of ethyl acetate•• added, the 

amount ot heptane required tor a precipitate inereaaed r•pidly. 

It was also tound that 11b.em the solution was •intained at 150 c. 
tor ~7 hours the precipitate ns firmer and that the aa:me amomt 

ot precipitate could be obtained :from similar samples. 



Ho"RYer, the other tractions Taried as ah.oa in Table II. 

Sin.ca a rigid tim.e sohed.u.le along 'Iii th the temperatu.re drop 

gaTe ·good reaulta with the tirst t»aotion, a rigid tiae aohedule 

•• nt up tor the other tractions. Tlil.e npernatu.t lica.uid was 

d.ecanted and heated to· 25° e. and :maintaine4 at that temperature 

tor t1ro hour• 'betore the heptane was adde4. Attar the ad.clition 

ot heptane the solution. waa again •intained at 25° c. fort• 

hours before being cooled and :maintaiaei at 151 c. tor t._ty 

hours. 

Yet, this ii.cl not enable the duplication or raaulta to a 

aatistactory degree. Then it was noted that the •ight ot pre-

cipitate plus the absorbed buzee and heptane Taried gi-eat~ 

eTen between two otherwise similar aamplea. As tll.e amout ot 

precipitate ns almost the aama in the two 118.11.plea the UlOUt 

of absorbed aolTent and non-eolTent could not be oontroll.e4. 

~•refore, the ratio of aolTent to non-solvent tor the aama 

tractien in aocessive run.a would not b• the RD1e. Table II 

shows these discrepancies in 1reight. 'l'heretor-J, it was app1trent 

that a system of solvent and non-solvent llhich would give hart 

precipitates, i.e., precipitates with var, little absorbed l1qu14a, 

would be the one which should also giTe reproducible results. 

~able II shows the results obtained trom two a1multueoua 

run.a. Both batches contained 22.5 grams ot ethy-1 cellulose 
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TABLE II 

llSUilfB OJ' J'ltlCTIOJU.TIOH OJ' :m'RYL 
CELUJLOSI J'BOJIA BEIZEN.l SOLUTIOB 

:rrao- Wt. ft. of ft. ot wt. ot Coatitioa J 
tion Sol.a. pp'Ci. &li4 lleptu.e pJt. ot ppt. ,,i. 

abaor'bed per II$ 
aoluti,on. gram.aot 

solutio:a -
I 900 llf.5 l.5$9 nn 7.0 

900 U7.5 a.sis very aott 10.$ 

II 1Sil9.4 60.i 10.0 &.969 ntt 1:s.1 
lSill.9 68.l 10.0 1.9:57 aott 8.'1 

III 1351.5 '1'1.8 'l .S a.au. aott 10.0 
15".9 5i.S f.5 a.aos sen 9.8 

151'1.4 58.5 lS.5 S.$43 aon 14.8 
l.Q2.0 6'7.'7 lS.5 S.4ll aott 15.1. 

T 131'1. 'l 68 • ., 10.5 1.978. tinter 8.8 
lMl.f 59.6 10.5 0.,1, f1:nlff a., 

VI 1$51.4 $6.$ 1,.0 0.687 tira $.l 
1381.7 15.6 1,.0 1.808 tin. s.1 

TII 1"39.l 14.4 a,.o 8.125 tira 9.5 
1462.S :u.a 2?.0 a.157 tirm ,., 

TIII 1580.i Si.O 62..0 a.1« tint 9.5 
1608.0 $5.$ 61.0 a.168 ti:J.'11 9.6 

IX Be:azene and uptue "·''' - aa.1 
'boiled ott 4.51.S ao.c 





d.isaolTad in 7 grams crt he»tan.e, 24 grams et ethyl acetat•, and 

846.5 grams of benzene. 'flle time schedule and taJQerature 

ohlmgea ••r• rigidly adhered to ts.rough.out the testa. Grap- 1 

ahowa the spread in percentage ot 1.ou.l •1ght olltain.ed trom-

eight su.ooeaaiva runa_.hucllad aa explaiaed above. 

'rBZ" J.OETOB-~ S'YS'.rD 

' 

!'so and one-halt percent aolut1ona ot ethTl celluloae ill 

acetone and •ter ( by weight) were prepared. The aam.e pro-

cedure tor temperature control•• tollond as llaa been described. 

J'ive percent 'by night of •tar waa added to acetoae ao the aol-

v.ut ,_would have the same oom,poai tion ill all A11Ples. I.t has 

been tound that acetone al)aorbe4 'l1U7il1g aull amounta o-t nter 

vapor from the air, 4.epending upon. time ot atuding in a seeming-

ly- closed container and u.pon atmospheric conclitioas (8'7). Pare 

water waa added. as preoipi ta ting agent u4 precipitates tra 

Which deoantation was easy nre o'btaiJled.. A.bout~ 'by night 

of the ethyl cellulose i:n solution was precipitated.. ill at-

tempts to reduce this ~o l~ in the tirat traction reaulte4 1a 

loose tlocculent preeipitatea being toraed trom which collll)late 

decantation was impossible. 

'this looae-tloceulent precipitate could not be filtered 

rapidly- through a tlutred tilter. Slow filtering would pemit 

1.b.e eTaporation of considerable uiounte ot acetone, ad aa this 



-44-

evaporation could not be controlled trom day to day due to the 

changes in atmospheric conditions the compoaition of the super-

natant liquid could not be oontrolled. J.s ns sho1111 in the case 

of the benzene-heptane system, the aeme eapoaition ot aoluti-on 

is essential tor duplioati:ag weights ot precipitate. When the 

precipitates were tiltered through a Bu.chDter i'ulmel under re-

duced pressure, the flocks proved to be sutticiently' colloidal 

tor the ajority ot them to go through the tilter paper • 

.A misture ot acetone and water by weight ns used 

as precipitating agent and still loose ~loeculent precipitates 

were obtained when the percentage ot precipitation tell below 

~. The same results were obtained when the original solution 

contained 5, 4, 3, or 1%, ethyl cellulose. 

'?BE: ETB.YL .ACETATE-HEP.rJNE Sisr:&:M 

Six per cent solutions or ethyl cellulose ware prepared in 

ethyl acetate and heptane waa added aa precipitating agent. The 

addition ot a weight o-r heptane nearly- equal to that o:t the origi-

nal solution. was aeceasary to obtain a precipitate. Thus, tha 

concentration o-r ethyl cellulose was actually- about 3". Precipi-

tates ranging from 50 to 10~ ot the total weight or ethyl cellu-

lose were obtained. 

In order to reo.u.ce th.e volume ot solutions lumdled, so-

lutions of ethyl cellulose were prepared in mixtures ef ethyl 



acetate and heptane. It -..a tound that a SOO gram solution ot 

a 50-50 mixture (b7 weight) requind 250 g:rama of hep-tan• to 

giTe a&~ precipitate. A aimilar 300 gra aamJl• of~ hep-

taue an4 40i( ethyl acetate aolu.tion requ.irecl l?O grams ot·Jaap-

tan.• to give a precipitate ('b-y weip:t). traiag a 6?~ b.ep-

tue an.a. =~ ethyl acetaie mixture aa aolvu.t, em at'\em,pt •• 

JU.ie to reduce the amount ot preeipita1a obtai:aed fa the tirat 

:traction. In. both a 3 and 1~ ethyl eaUlll.oN aolutioa, a aofi 

gel or a loose tlocculent precipitate •• obta1:ae4 nu 58 and 

50 grams, :respectively', ot :Uptan.e na adiei. Coaplete uoan-

tation from these precipitates•• impoaaihle ao taia ayn• 
•• a'budon.ecl. 

MISCELL&DOUS SYSTEMS 

The type ot ethyl celluloae uaed in this iaTaatigatioll is 

soluble in alcohola, eaters of acetic, formic and laotia acids, 

ethers, symmetrical an.cl aa,....trioa.l Jcet.cmea, aromatic hy(lro-

carbona, ,cblorinated hydrocarbons a:ad. eertain mixed aolveata (23}. 

It is 1naolullle in aliphatic hydrooar'bona ud •ter. ~ua, while 

there ia a wide cliloice ot solvent.a, only- 'lh.aae whioh are lliaoi'ble 

nta the non-solvents can•• uaed. 

staudiD.ger and Reineck• (85) 41Yided. ethyl cellulose with 

2.6 etho:xyzoontent into three tractions by dissolrtng the com-

mercial grade of ethyl cellulose in diODll.8 and slowly adding 



water as ncm-solvent. 'fb.ey 41.d not describe their metho4 in 

detail, but they did show that they obtained tractions or de-

creasing molecular weigh.t without any noticeable change ill 

the ethoxy content. A. 51' solution ot ethyl oelluloae as p;i-e-

pared in dio:nne and •ater was added. J. sort gel was tor.med. 

trom which complete decantation was impossible. 

A solution of' ethyl cellulose in acetone was prepared aa 

described in the section on acetone-water system. Reptane was 

added as precipitating agent, but before tilOUgh was added to 

cause precipitation two immiscible layers nre tormed. This 

a.a due to the alight mia.oibility of' .heptane and the water 

present in the acetone. 

A. 3"' solution of ethyl cellulose was prepared ill :metbJ'l 

alcohol. Tke same procedure tor temperature control•• ~ol-

lond as has been previously described. To one au.ch aampla, 

wa.ter waa added and a aott precipitate was obtained. As thia 

waa no i:mproveaent over the banzane-heptan.e system no further 

atucly was :made ot it. '?'o another sample heptu.e waa added, 

but betore a precipitate was torm.ed, the methanol and heptane 

became immiscible and separated into two la~era. Therefore, 

methanol •s elimated as a possible solvent, u.d al.cohola as a 

class of solvents were eliminated. 



A.* solution. ot ethyl cellulose•• pN1pared in a minve 

ot by night ot be,ze:ae and I&.' by, weigat of acetone. .&gain 

th.e same method ot tempera1nu·e cont:rol was tollond. To thia, 

heptane•• added and a precipitate too aott tor accurate decra-

tation was obtained. Jro tu.rther study et "this qatea •s ud.er-

tak:en. 

'fRl!: J.O:&TIO J..CID-'l'A!l'ER SYST.11:tl 

As atated previously, Okf1Jl1llra (56) did n.ot clescribe hia 

method ot fractional precipitation ot ethyl oelluloae from a 

glacial acetic acid aolu"tioa; therefore, this system na 

lected tor atu4T. War surplus technical grade glacial acetic 

acid was tirat ueed tor this iuTeatigatioa as a large supply 

ot it na available. 'ft:i.e aolutiona ot ethyl oelluloae ia this 

acid nre hazy and had a yellow color. Pl.renter when aclcl.ed 

slowly- immediately gave a hard precipitate ao that it•• 

aeceasary to ahak:e the tlaak aeTeral llinutea in order to re-

dissolTe-"the precipitate. Thia agitation llhipJed in mi:aute 

bubbles ot air, 80 it ns necessary- to wait about tive mi:nutea 

tor the solution to clear up 'b~fora taking tur~idity r-.4inga 

on the Klett-SU.eraon Photoelectric Colorimeter. J'or all 

teats Which required its uaa the colorimeter was aet at zero 

with distilled water in. the cell and with the blue filter ia 

place. 
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:ey- using a 50-50 :au.xture by volume ot water ud aceUo 

acid as precipitating agent, the amount ot iJ&ediat• precipi-

tate ns :materially reduncl. It •• alee tound that th• tur-

bi41ty ot the solution decreased •pon ad41tion ot the pNo1p1-

tating agent \Uttil ao mu.ch ha4,beu. added that the ethyl cellu-

lose could not be redissolved • .A.t th.is point the turbidity in-

creaaad rapiclly. i'he amount ot precipitate olDta.ined. Q.s •ell. 

larger thu the deairei l~, ao it na nill c.onsidered posai ble 

to tetermine the precipitation e:a.d-poi:a.t 'by nepheloutrio m.ea.s-

ureme:nta. 

Since a turbi4 solution. indioatea that not all ot the 

particles ha:ve bean 4iaaolved, a aeries ot tests na l'W1 to 

determine the concentration ot acetic acid which wouli be the 

beat solvent, i.e., the ooncaatration which would give the 

lo•eat nephelometer reading. 'f'he ethyl cellulose oonteat na 

the same in all tests, ai1t by weight. It •• found that 95~ 

acetic acid as aolvent gave the clearest aolutioa and oouli be 

considered the beat solvent. 

'?he :f'ollowiag procedure waa used to determine "the atrengta 

ot all the acetic acid solutions used throupout thia illY•ati-

gation.:, 45 grams ot sodium hydroxide pellets ore dissolved i:a 

one lite~ ot boiled distilled water. Then a little barium chlor-

ide as added to remon any carbon dioxide that might be present, 
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and the entire mixture was :f'ilterad while hot. 'fb.e clear so-

lution was stored in a glass bottle with a cork stopper. This 

solution was titrated against a fourth normal potassium acid 

phthalate solution prepared by dissolving 204.22/4 = 51.055 

grams o:f' dry potassium acid phthalate in boiled diatilled water 

and making up to one liter of solution. Phenolphthalein was 

used as indicator in all the titrations during this investigation. 

Having determined the normality- of the sodium hydroxide aolutio:n, 

the strength of the acetic acid solution could be found. From 

the volume o:f' acetic acid and sodium hydroxide used the grams per 

liter of acetic acid could be calculated. Then t'rom the specific 

gravity table given in a handbook (19) the percentage co111position 

of the acid could be calculated as ahon. below. 

2.11 ml. NaOH were required to neutralize 10 ml. N/4 KHC8~o4 • 

2.13 X N = 10 X 0.21) 

N = 1.185 aormal NaOH 

14.87 ml. NaOH nre required to neutralize 2.00 ml. acetic acid. 

14.87 60 
2 x 1.185 x Iooo x 1000 = 528. 6 grams/ 11 ter 

·According to the handbook a. 50% solution o:f' acetic acid contains 

528.8 grams per liter, and a 49~ solution contains 517.8 grams/ 

liter. By interpolation, the above acid ns calculated to be 

49.981b acetic acid. 
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A series ot teats was also run to determine the most aatia-

taetory water-aoetie acid combination to use as aon-solvot. J. * ethyl cellulose solution in. 95~ aeatie acid was used tor 

these tests. It ns found that 5oi acetic acid gave the least 

amount of immediate precipitate od also that it gave a large 

range of nepaelometer readings. 

Another series of tests ah.owed that the time the solutions 

were stirred after the non-solvent was added affected the amount 

of precipitate formed. In order to atudardize the procedure, 

each sample was stirred mechanically for ten minutes. Tb.is im-

pl"Oved the technique, but still there waa no correlation ~•tween 

colorimeter readings and the amount of precipitating agent added 

or nth the amount or precipitate obtained. ~able III, page 51, 

shows the results of these tests. 

One possible reason for the lack of correlation between the 

nephelometer readings and the amount of non-aolTot added or with 

the percotage of precipitate obtained may be foUlild in the size 

of the particles of the solute. 'fhe addition of the non-solvent 

ca.used an immediate increase in the turbidity of the solution 

which gradually disappeared when the solution was agitated. By 

the time the solution was free of air bubbles, the colloidal 

particles had started to form. the larger aggregates prior to 

settling. These larger particles being fewer in number than 



Sample 

l 
2 
3 
4 
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TA.BLE III 

NEPHELOMETER READINGS .AND THE. 
PERCENT OF TOT.AL PRECIPITATED 

ml. Non-solvent Nephelometer 
Added Rea.ding 

193 66.5 
195 76.5 
205 56.0 
2.1.5 58.0 

TABLE IV 

Percent 
Preeipita:te 

19.t 
24.9 

PRECIPITATION OF ETHYL CELLULOSE FROM 95% ACJ1'TIC 
ACID 5~ ACETIC ACID USED Af3 PRECIPITANT 

ml. Non- Percent of Total PreciRitated 
Solvent Test 
Added l 2 3 4 5 

203 0.26 2.5 
205 6.33 5.46 0.38 
207 3.75 24.5 12.6 
208 4.85 0.62 
209 6.05 
210 19.4 10.1 2.42 
212 9.75 23.0 19.4 16.9 3.24 
214 19.0 
215 21.l 7.85 9.83 

6 

10.8 
8.8 

9.57 

9.76 
12.2 

9.0 



tho•• in the original solution did not absorb or reflect as 

much light as did the numerous small partioles. The rate ot 

aggregation could not be controlled; tharatore, the tvbid.ity 

readings could not be controlled. 

'.t'he prooe4ure at this point was to prepare 95~ acetic acid 

and to 9'75 ml. ot ii add 25 grams ot ethyl oellul.oae. 'fhis 

gave a* ethyl cellulose solution ey weight. iliqUot portions 

ot this solution were taken when dissolution appeared to be com-

plete, and the non-aolTant was added imm.&dia,tely. The solutiOJl 

•as then stirred 10 minutes before being cooled and maintained 

at 15° c. tor ao hours. i'he precipitates obtained by this 

method were hard, and it na believed that oo:m.plete aeparation 

ot solution and precipitate was obtained by deoantu~. A aall 

portion ot 9~ acetic acid was used to redissolve the precipi-

tate. '!'hen an excess ot water was addedi ud the ethY'l cellulose 

tor.med a white fibrous precipitate which could be easily filter-

ed, dried at 105q a, and weighed. 

A series ot six teats was run as described above except 

that varying amounts ot non-solvent nre added to the samples. 

The results did not duplicate each other aa shown in ~able IT, 

page 51. 

A poaaible reason tor these discrepancies might be touad 

in the technical grade of acetic acid used. It was noted tnat 



a bottle ot this acid attar being opened and exposed to the 

air would change :t'rom water clear to a yellow. Thia 1ndioate4 

the praeen.ce o:t' an oxidiaable substance. Scott (73} listed . 

possible impurities in acetic acid as tormic acid, turtural, 

acetone, sulfuric acid, aul:f'u.rous acid, hydrochloric acid, and 

matala. O:f' these, tu.r:f'U:ral was 'the moat likely to N oxidized. 

Scott also described the tollowing teat tor t\U:'tural in acetic 

acid: 5 ml. ot aniline ia dissolved in a ml. ot C.P. glaoial 

acetic acid and this solution is added to 100 ml. ot the sample. 

The development ot a red color indicates the preaeace ot t'urfural. 

The stock solution.a, 95 u.ct 5~ a.catio acid, u wall aa 

several bottles which had not been opened gave a positive teat 

tor :tur:t'ural. .A. blank teat on C.P. acetic acid did aet gi.ve a 

poaitiva teat tor :t'ur:t'ural. At thia time,~ acetic acid•• 

being recovered b7 diatillation tra the used acid, and thia 

too gave a positive teat for turtural. AD. attempt na made to 

pur1f'1 the acetic acid by refluxing tor an. hour and 418-'billi:ag 

from. av-er ot ita weight ot po11aasiuri!l pe:rman,ganate (44,58). 

'fhe distillate also gave a positive teat tor turtural. 

The following test was uaed tor acetone (2}: 3 to 5 41-opa 

ot 10% sodium hydroxide are added to 2 ml. ot acetic acid and 

half normal iodine solution ia than added dropwiae UD.til a 

taint yellow color develops. If the purplish red color ot 
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iodotorm develops, the presence of acetone ia indicated. All 

ot the samples listed above gave a negative teat tor acetone. 

Since the acetic acid could not be oonvenia.tly puriti8'; 

a change was •de to chemically" pure acetic aci4. From this 

aource the 95 and 5~ •oncentrationa ware prepared as deacrib• 

ed. SOmewhat the same time achedlll.e and temperature control 

aa that set up for beuene was followed. It was also foWJ.d 

that 42 hours at 15° c. were required to give a reasonably 

hard precipitate tor the first traction. 

From one test it was touad: that 84~ of the original eth.yl 

cellulose could be recovered by adding a total of 7&2 gr8.1l4 ot 

50% acid to a 300 gram sample of Z% ethyl cellulose in 95~ 

acetic acid. Ten tractions were thua removed. BT adding an 

excess ot water to the above, the total solute recovered a.mou.at-

ed to 9~ of the original. Simultaneously, distilled •ter was 

added to a siJailarly prepared sample and approximately the aame 

amouat ot ethyl cellulose was recoTered when only 161 grams of 

water were added. However, the difficulty of immediate local-

ized precipita'Uon upon the addition. of pure •ter was .-till 

present. Also, the amount of water added to bring about the 

precipitation of an additional l&.' •• so BD1all that any slight 

error in weighing the samples would result in a large Tariation 

in the amount of precipitate obtained. 
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It was decided to reduce the atreagth ot the aolTent ati4 

to aee it 'better control ot the precipitates could be obtained. 

It na tou.n.d that although,~ acetic acid aeem:Ln.gl.y 4issolye4 

the ethyl ce1lul.oae, upon atB11din.g 18 hours at 25• c. 8Qlle 

aettling out lla.d occurred.. 'fheretore, 8~ aoetic aoid ns 

chosen aa sol.Tent. To a ZOO gram IIUlple containing 3~ ethy'l 

celluloae pure water was add.ed aa non-aolvent. It was tou:a.4 

that when. a total of 50 grama ot •ter had been add.e4, '1~ ot 

the original ethyl cell.u1ose •• recovered.. Thia meant tha, 

it wou1d still &e ditticult to eo:atrol the amouat ot precipi-

tate obtai:nei. A. similar aam.ple gave a recoTerJ"' ot 81~ whft 

860 grams ot acetic aci4 ••r• acl4e4. Thia meut the volae 

ot aolution would nearly do'l1l>le during the period ot tra.etion-

ation. 

Since the addition ot 5~ acetic acid did not cause 07 im-

metiate looalized precipitatiOJ1, it•• decided to••~ aci4 

as noa-aolvent tor the first tew tractions aad the:a change to 

distilled ater t.or the last part ot the tiactionatioa. It u.4 
'been aoticed throughout that the tirat tff precipitates •re 

somewhat sort and that co:iaplete decantation •s almost impossible. 

Without complete decantation, control ot the amount or precipitate 

o'btaiaed is impossible. Therefore, 1\ was decided to "try pouring 

ott the same amount or supernatant liquid from each 88.lllple ill. 
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orier to control the em.ount ot precipitate. Th.a aout to h 

poured ott wae determined by decanting aa CJom:pletel;y as possi 'bla 

one aan@la an.d then pouring ott the aame: weight troll the ot~ra. 

J:x.parienoe showed that aometimes this •ant part ot the t1liok, 

hea~ precipitate would be decanted trom one sample while in the 

next sample some ot the thia n.pernatan:t liquid nu.ld 'be lett 

with the precipitate. 

1'.llis combination ot precipitating agents and the method ot 

decanting a Jmon weight ot aupen.atant liquid was tried on one 

set ot three aamples. The results are ahon. in Graph II, page 

57. It oan 'be seen that the change in precipitating agent trom 

50% acetic aoi4 to distilled water took place when 6~ ot the 

original luld been recovered. Thia ie approxi:ma:t,J.;y the poiat 

at whic11 it wae neoeseary to add :relatively large quantities ot 

5~ acid to o'btain. turther precipitation. Thu.a, by adiing water 

at this point, the up••rd ,wing ot the ourve was continued until 

so,& had bean precipitated. 

Th• tirat :traction ns decaated to a lmon weight, but the 

next two were not. By then the ditteranoe in the weight ot 

aupernatant liquid had become so great that it took a couple ot 

adjustmeu.ts to bring the three samples back to constant weighl. 

The precipitates from these _samples were the one• used in de-

termination of degree ot polymerization and distribution llhioh 
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will be 41.scusse!l later. A. OGlllPU'iSOll of G'ra:,h I w1 th Gl"aph II 

shows that a great improv8118D.t in the control ot preoipitatioa 

has bean acquired. 

Jnot13.er set ot three Mil.Plea was traction.ate« under the 

toll.owing schedule an4 condition&:: Mt grams ot driecl ethyl. 

cellulose nre 4.isaolved in. 7'16 grams ot 8~ acetic aoU.. Th.• 

solution waa :maintained at 859 c. ter 18 houra betore the first 

addition. ot 5°-' acetic acid was Mde. A.f'ter alight agitaticm 

to give a Tinal.l.T Jaomogeneoua mixture, the solu:Uoaa were maiJl ... 

taiaed at 25, c. tor one more llou:r. 'fhen tb.ey were cooled ud. 

:maintained at 150, c. tor 42 hours. A. 4etin.ite weight of •per-
natant liquid us poured off and warmed to 251 c. tor three kours. 

'fb.e non-solvent was added, ud the aolut1on held at 25Q C. for 

uother hour before cooling to l5q c. J.tter 20 houra at 15° c. 
a definite amount of Stlpernata:nt liCJ.U.id na again poured ott. 

'?his schedule was tollo11&d throughout the rest ot the fraction-

ation. 

J. am.all am.out ot glacial acetic acid was added to the pre-

cipitate in order to soften and dissolve 11;. An excess ot acetic 

acid was avoided as then a colloidal suapenaion would be form.ad 

when an excess ot distilled water was added. Besides being hard 

to tilter, the colloidal particles are not in a form that can be 

easily handled in later teats. 'lb.en water was added to the 
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softened precipitate; a ti't@:rous precipitate na formed tra 

which amall samples could easily- 'be taken tor other teats. Tb& 

fibrous ethyl cellulose•• separated iy filtration, dried at 

105, e., desiccated, ud weighei. 

'!'he only deviation t:r<>m the above procedure occurred in 

the last traction When some ot the precipitate n• feud float-

ing in the 81lpernatant liqu.1d. .u axoeu ot water laad 'beu. 

added, ud as no attempt would be made to obtain another trae-

tion, the precipitate ns separated by tiUration without beiD.g 

redissolved. While this f'orm.ed a heavy cake on the tilter paper 

when wet, upon drying, the ethy'l cellulose had a tendency to 

crumble. Thia indicated that only , lo• degree ot polymeriza-

tion products •ere in this last traction. 

'fhe results trom thi a aacond set ot samples are ahoq in 

Table T, page 60, eel Graph III, page 61. In these renlta, 

_i~ can be seen that com.plate control ot the amount ot precipi-

tate has been acquired. 

DEGREE OF POLnmBIZA'l'IOli 

In order to ahow that the ethyl cellulose h.e;d actall.J' 

been separated into more hOlllOgeneou.a groupings according to 

chain. length, viscosity measurements nre :made. 'fhe clata ao 

obtained was substituted into ~audinger'a equation, pd the 

degree ot polymeri~tion ns calculate4. 
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staudi:nger and Bei:aecke (85) had use4 butyl acetate aa 

the aolvent and had al.so reporta4 tha 1 ap/c and degree ot 

polymerization obtained trom the atuq ot etlayl oelluleq at 
0 2.0, ~, ad 60 c. '1'1:J.eretore, it•• decided to use butyl 

acetate as the aolven:~ and. to opeate the eonatu.t tempera-

ture water bath at -'Oto.1° c. 

The viscosity determinationa nre ad• in Oatwa.li Tia-

cometera, eiae 80-100 noonda, by ••nri:ag the time tor am1. 

of' solution to tlo11 through the capillary. The tilu ot ettlu 

ot t:b.e solvent and ot th.a aolution Taried. trma Tiacometer to 

Tiacom.eter ao the time ot ettlwc tram each one used J:&ad to be 

4etermi:aed. Thia 'became the aolvqt, viaooaity ot aolT8Jlt, 

1n the equatio:as below. 

~e following pracedure was used tor the Tiaeoaity deter-

minations: The samples ot ethyl cellulose were driet at 105' e. 
tor at least l hour, 4eaiccated, an.d then about 0.05 gram waa 

accurately weighed in a large teat tube. J'itt;y :ml. ot n-but;rl 

acetate 11aa added :Crom a pipet, and the mixture was ah.alre:a until 

solution 118.S complete. It 118.8 found that a tew glass bead.a ill 

the teat.tube would preTent 'ihe ethyl celluloaa tra atieki:ag 

to the aides of the tube aa it was shaken. When coaple.tel;r clis-

solvei, the solution as maintained at ,ot c. tor at leae-t l 

hour to insure .h.omogenei ty-. The solution as then filtered 
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through a sintered glass tilter in.to another test tube. 'fhia 

removed any dust particles or pieces of cork which might inter-

fere with the accuracy of the viscosity measurements. The corks 

used had preTiously been extracted for three hours at 50Q C. 

with butyl acetate so as to remove any nxes or other soluble 

material 11:b.ich might affect the viscosity of the solution. Five 

ml. of the solution was transferred to the Ostwald viscometer 

which was placed in the 40° C. bath and about 15 minutes nre 

allowed tor the solution to reach temperature equilibrium atter 

11:b.ich the solution was raised through the capillary and allowed 

to efflux. This left a thin film of the solution on the sides 

of the capillary so that in succeeding l'UlilS the flow of the so-

lution would be against this film and not against the sides at 

the viscometer. The solution was raised, through the capillary, 

an.d allowed to flow out again as often as it ns considere4 

necessary to get an accurate measurement of the time of efflux. 

All the test tubes, viscometers, and other apparatus with which 

the solution was handled were scrupulously cleaned with acetone 

and dried before being used again. 

From the measured time of efflux, the degree of polymeri-

zation was calculated as ab.on in the following sample calcu-

lation. Staudinger and Reinecke {85) stated that at 40° C. a 

solution of ethyl cellulose in butyl acetate had a "(sp/C ot 



0.192 encl a 4egrea ot polymariza"tiion ot 180, u.4 that an.0th.er 

au.pl• had a 1 ap/C ot 0.263 and a degree ot polym.e:rlu;Ucm ot 

2'10. 'fh.eae Taluea were au.bati tu.tea in stauttnger• s equatio 

I(_ - .1.!l. -p ... CxP 

where Ir, ia the oonatant ot proportionality, C 1a the oonou.-

tratton in grama per liter, Pis the hgree ot polymerization, 

and 1/ ap/C ia the specific vieoosit7 as deti:aecl Delo.-. The X, 
waa determined as 

~: 0:,.1::: 10.48 X 10 ... 

-4 Tb.a average ot tll.eae two values, 10.5'1 x l.O , as uae<I. ill all 

the calculations ot D.P. or d.agree ot polyaerizati••· The 

B.P•cifie viscosity; 11 Q = 1 solution. -1 aolTftt ( · 1 aolvu.t 

or solution _ 1. 
solTmt 

'l'he tiaa ot ef'tlux et the solvent •• 62. 9 uconda, arul 'Ule t!Dl 

ot efflux of the solution us ,a. 7 nconda llhen O. 6'04. grams ot 

ethyl cellulon were dissolved in 50 :ml. of butyl acetate. !Ilea 

ap : 1!:.! - l = 0.8:56 
/ 62.9 

'rha known values were then -.batitutad into stau.di:nger'a equation 

0.2H 
P= -+ ~=181 10.57 x 10 x .0404 x ao 

I 
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Th• 20 appears in the ianud.nator in order to give the concan.-

tratio:a in grams per liter men the wight ot ethyl cellulose 

na actually 41.saolved ill 50 ml. ot 'butyl acetate. Th• Talue 

caleulated above was that of the average degree ot polymeri-

zation tor the original ethyl cellulose aa obtained troll the 

:maautaetw:-er. 

DISI'BIBU'l'ION CURVES 

The results of the 4egree ot pol.ymeriza'tioa ot tlle three 

NII.plea, .&., B, u.d C of 'teat 1, are ab.on. in. Table VI, page 66, 

and Graph IV, givea the integral distribution cune, page &f. 
The degree ot polym.erization ot the tirat traction. we.a found 

to 'be leas than that ot the third tract.ion.. The second. trac-

tions in this teat wr• ao small, aa ahollll in Graph II, page 

57, that it was not considered neceaae.ry to :measure their via-

cosi ty. Thia contention. was supported in the third fl!action 

ot sample C when 19.~ precipitate ab.owed a degree ot polyaer-

iatio». ot 239 as compared to ta.e Mt2 oorreapondiag to as.a~ 
ot sample B. The low values are not ah.own in Grapl1. IT sin.ca 

they were probably- due to large amouta ot low :molecui.r weight 

material being enmeshed 'by tlle heavier au. l.onger chairia aa 

they settled to the bottom ot "the flask in the precipitate. 

All ot the su.penatan.t liquid ad aom.e ot tlle aott precipitate 

wen aeoarited when these tirst traetiona nre separated. 'l'hua, 
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TABI.-n 

Dl!XmD OI' PQJ:nt:lfflWfiO?i AlfisBMilRD J'OB !RI 
J'!WJffOl(S OJ' . S&JIPl.'IS. At B, .. JBD C. 

,..1· -, ., •. ·1. i !rjl• J. ~l• B 1o,!f1~ Total Totii 
Precipitate !&. ~eoipl\ata D.P. rn,~111 tate -
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the ea.ll chain parti cl.ea oouli not haTe ,.. ia · UT •»era.at~. 

11._,u1d left 111.lh the pnoip1tate. 

G.i"ap. V, Differential Diatri'bution C1tlNe, .page.,,; ·•.• •-~•ia~ 
ed lly plot\in.g tlle elope ot the tangen:ta 10 tlle •~v• ot GnJ,lit: 

IV agai.ut the tepee ot :pol.ymeriza:Uoa. To 1, thi•, tug-.:ta to 

tlle n.rYe ••re 4ftwa ucl 1-he al.ope caloula'\et mm the at;aema'ti• 

cal nlationahip 

" ' . . .,•·., 

.ucortin.g to Gn.pb. Y, t1ie 0 ajority ot the etllyl eell\lloae ·eqiaa 
nve a degree ot pol.ym.e:riatio:n. ot a'Nv.t aoe. . .l.boYe thia Talv.e 

'. 
the Jlllllll>er ot chai:aa tall• ott rapiilT •11e Delo• tli.1• Yalu• 

the decline in 11umber ot ehaiu i'a gratue,l:.' ·· 





CONOLUSIONS 

l. A csc11111lareial gl'84e ot etql eelluloae can •• r:nctio:aate4 

aecording to leagth ot the chain, c1.egree ot pol.ymerizatio:a, 

DY' the method. worked. out in this investigation. At the 

present time it ia n-ot mown. •at et:fect lliaaolrtmg tllt.e 

ethyl cellulose in aoetie acid and the su.baeq,ue.nt 

treatD181lta haTe had 01t the etlloxy content. It ia possible 

tor the degree ot au.bstitutio:a to decrease trom the tirst 

. through the laat traction, b\lt 't:td.a is :aot conaiderri. like-

ly- in vie,r ot the di1Jtrib11tion au.:rTe olttaiaecl. 

2. It •• possible trom the relationships al:unm in Graph. II 

to predict, within a reaeonable degree ot accuracy-, the 

amount ot precipitate llb.ich a.a ahon. in Graph III. Tau, 

it would be poasi'ble :tram. Graphs II, III, ud IT to deter-

mine the conditions tor precipitation ot ethyl cellulose 

ot the desired degree ot polymerization. 
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SUGGES?IOlfS FOR J'O'rOBI S'!'DDY 

1. There are many otller aolvu.t-nonaolvent qatam.a which might 

ba investigated as poasi'b.ilitiea tor ooatrolled traction-· 

ation ot ethyl ealluloae. 

a. The benzene-heptane qat• could H atuiied again ainca a 

method tor controlling the a.out ot liquid. d.aca:ated u.a 

been used au.cceastull:y-. 

a. A. Mthod tor r•oving a Tery amall tirat traction, and w1 th 

.it the low J10leoular weig)lt partiol.ea niell l.onr the average 

degree ot polymerization ot the tirat traction, would peru.pa 

change the shape ot the distribution curTea. 

4: • .l tem,paratu.re 41.ftarential greater than 10° C. wouli likely 

give harder precipitates, thua simplifying the fractionation 

procedure. When means ot uintaining a temperature lour 
<> than 15 c. ia available, thia- possibility should be investi-

gated.. 

5 • .1.1.17 claan.ge in the etho:xy- content in the aeries of franiona 

ab.ould al.so be determined. 

6. Possibility ot acetylation of tree OR groups when acetic acid 

ia uaed. should be investigated. 
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