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The Ijmiting viscosity numbers of linear polyethylene SRM 1475 were determined at 130 °C in 
1,2,4·tri chloro benze ne, l ·chloronaphth alene, a nd deca lin . Tec hni que, inc luding use of a nove l solution 
transfer method, is described. 
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1. Viscosity Measurements 

Limiting viscosity number is a readil y measured 
physical property which can be related e mpirically to 
molecular weight. A number of e mpirical relation
ships between limiting viscosity number and molec
ular weight of polyeth ylenes have been published 
[1--6]. 1 

The limiting vi scosity number [1)] is defined as the 
limit as the concentration c ap proaches zero of th e 
viscosity number, (1)8 - 1)o)/(1)oc), where 1)8 and 1)0 are 
the viscosities of the solution and solve nt , respectively, 
in the limit of zero shear rate. Thus, [7)] may be 
determined by measuring the viscosity number over 
a r ange of finit e concentrations and extrapolating to 
zero concentration , provided the solution and solvent 
viscosities are independent of s hear rate. 

The limiting viscosity number of SRM 1475, de
scribed in P art I of this series [7], has been determined 
in seve ral solvents so that data can be compared with 
tha t already published , and also so that the sample 
can serve as a basis fu interlaboratory comparison 
of technique. 

Viscosity measurements were made in a Ubbelohde 

I viscometer fitted with a removable sintered glass filter 
in the neck through which the viscometer is filled. 
S uch a visco meter is described in ASTM D 1601- 61,2 
Solutions were made up by weight in 25 cm3 flasks. 
The solvents used and their densities at 130 °C 
were : l-chloronaphthalene, 1.098 g/cm3 ; 1,2 ,4-tri
chlorobenzene, 1.323 cm3 ; and decalin , 0.801 g/cm3. 

I 
The polymer was weighed on an electric microbalance. 
Di ssolution of the polymer was accomplished by 
heating at 140 °C with occasional vigorous agitation by 

I magnetic stirrer. Usually an hour of heating and 
. stirring sufficed. 

The l-chloronaphthalene was carefully purified 
a nd appeared to be about 99.5 percent pure by gas 

I I Figures in brac kets ind i cat~ the l i te ~ature referen~es at the end o~ this paper. 
2 Availabl e from the Amenc an Society fo r Tes tmg and Maten als, 19 16 Race Street. 

Philadelphia . Pennsylvania 19103. 

chromatographic a nalysis. The 1,2,4-trichlorobenzene 
was technical grade a nd appeared to be about 98.5 
percent pure by gas chro matograp hi c analysis. The 
decalin used was technical grade which had been 
subjected to a simple vacuum distilla tion to re move 
gross impUrItIes. An assay showed approximately 
equal proportions of cis- and trans-decahydronaphtha
lenes. 

All solvents used contained 0.1 perce nt 2,6-di-tert
butyl-4-meth ylphenol (Ionol) as an antioxid ant, and 
the automatic viscometer used kept the solutions 
under nitrogen during measure ment. It is believed 
that degradation of the polymer was negligible under 
these conditions, since little change in the fl ow times 
occured even when the solutions were left in the 
viscometer as long as overnight. Also, dilutions were 
not made, but rather a separate solution was used for 
each concentration. Under conditions suc h as long 
heating to dissolve high molecular weight fractions, 
significant degradation can occur. This is usually 
e vinced by much larger scattering of points in the plot 
for the extrapolation to limiting viscosity number , 
since the extent of degradation is likely to vary fro m 
sample to sample. 

The solutions were transferred into the viscometer 
by a wash-bottle -like si phon (see fi g. 1) which was 
found to be more conve nient than a heated pipette. 
Due to the low thermal mass of the fine glass tubing, 
it was found unnecessary to preheat the siphon. The 
viscometer was rinsed twice with about 4 cm 3 of the 
solution,then about 10 cm3 was siphoned in for the flow 
time measurement. An automatic vi scometer timer 
(He wlett-P ackard Model 5901B Autov i scometer ~l) 
was used to operate the viscometer and measure the 
flow times, while the viscometer was thermostatted in 
a Hewlett-Packard 5901A Constant Te mperature 
Bath. 3 

3 Certain commercial equipment , instruments, or materials are identi fied in this paper in 
order to adequately specify the experimental proced ure. In no case does such identi fica tion 
im ply recommendation or endorsement by the National Burea u of S tand ards, nor does it 
impl y that the material or equipment ide ntified is necessaril y the bes t available for the 
IJU rpose. 
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rlGURE 1. Solution transfer siphon. 

Advantages o.f an auto.matic visco.meter timer are 
that the same amo.unt o.f liquid is auto.matically drawn 
up to' each time and that the flo.w time is measured to' 
0.001 seco.nds. The fo.rm er co.ntributes to' the unifo.rmity 
o.f the measurement, the latter makes po.ssible the use 
o.f very dilute so.lutio.ns , which greatly facilitates reli
able extrapo.latio.ns to' zero. co. ncentratio.n. A third 
advantage is that the cleanliness o.f the vi sco.meter can 
be judged by the repro.ducibility o.f the flQW times. 
Ordinarily, flo.w times will fall in a range o.f 0.03 
seco.nds o.r less. In the presence o.f lint o.r dust the flo.w 
time will drift o.r will be rando.mly errati c with a 
range o.f up to' 0.2 seco.nds. 

Kinetic energy cQrrectio.ns were made in all cases 
[8]. These amQunted to' abo.ut 1.2 percent fo.r 1,2,4-
tri c hlo.ro. benzene so.lutio.ns, and abQut 0.3 percent fo.r 
the decalin and 1-chlo.ro.naphthalene so.lutio.ns. The 
rate Qf shear in the Vbbelo.hde visco.meter used was 
abo.ut 1000- 1500 secQnds- l . Measurements o.n a 
higher mo.lecular-weight linear po.lyethylene fractio.n 
(Mn=355,300, M w=688,000) at shear rates fr o. m 
20 to' 1500 S - I reveal no. depende nce Qf measured 
visco.sity number o.n shear rate. We therefo.re assume 
that the measured visco.sity numbers o.f SRM 1475 
exhibit no. shear-rate dependence in this regio.n. 

Since the flo.w time (co.rrected to. allo.w fo.r kinetic 
energy o.f the e fflue nt frQm the capillary) in a Vb
belo.hde visco.meter is pro.po.rtio.nal to. so.lutio.n visco.s
ity, the visco.sity number can be written (ts-to)/(toc), 
where c is co.ncentratio.n and t s and to are flo.w times 
fo.r so.lutio.n and so.lvent respectively. The standard 
deviatio.n in the visco.sity number o.f aliquo.ts o.f the 
same so.lutio.n was fo.und to' be slightly less than 
0.3 percent. The visco.sity numbers were htted- by 
least squares to' linear functio.ns o.f cQncentratio.n ; 
the limiting visco.sity numbers were o.btained as the 
resulting co.nstant terms. The results are given in 
table 1. The visco.sity numbers are plQtted against 
co.ncentratio.n in figure 2 , which also. sho.ws the straight 
lines o.btained fro.m the least-squares analysis. 

Co.nsiderable care must be exercised in making vis
co.sity measure ments when decalin is used as the so.l-

Solve nt 

TABLE 1. 

S lope of viscosity 
Limiting viscosity number versus 

numbe r, dl/g concentration, 
(d l/g)2 

l -chloronaphthalene .. . . ........... " 0.890 ± 0.0032 0.48 
1,2,4-trichlorobe nze ne .. .... .. .. . .. 1.010 ± .0086 .55 
decahydronaphthale neb .••.....• . . 1.180 ± .0032 .72 

"Uncerta inties quoted are estimat ed standard deviat ions obtained from linear least 
squa res fit s of viscos ity numbe r versus conce ntration. 

b Technic al grade. which assayed at approximate ly equal proportions of cis- and trans
decahydronaphtha lenes. 
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r l GURE 2. Limiting viscosity numbers ofSRM 1475. 

ve nt. Erro.rs can easily arise due to. the widely differing 
pro.perties o.f the cis- and trans-iSQmers o.f decahydro.
naphth alene. The cis-iso. m er has a bo.ilin g po.int abQut 
10 °C higher, a density abo.ut 3 percent greater, and a 
visco.sity abo.ut 20 percent higher than the trans-iso.mer. 
If the so.lutio.ns are made up by weight, de nsity must be 
measured fo.r each batch o.f sQlvent. Since the iso.mers 
differ in vo.latility, cQndensatio.n in the uppe r part o.f 
the visco.meter can change the iso.meric co.mpQsitio.n in 
the so.lutiQn. The resulting errQr in flo.w time can cause 
erro.rs o.f 5 percent o.r mQre in the visco.sity number. 
These erro.rs were minimized in he present wQrk by 
re peatedly equilibrating the viscQmeter with fresh 
po.rtio.ns Qf so.lvent. After repro.ducible so.lvent flo.w 
times were o.btained, the flo.w times o.f the so.lutions 
were measured. We believe that by the use o.f these 
techniques, the errors due to. the variable compo.sitio.n 
of decalin have been reduced to. less than 1 percent. 
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