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IRTRODUCTION - 215

In the genersl part of %he last report concerning the -constitution
of lubricating oil (April Report III, 5), we suggested ths development =
of the method of meaguremeat for temperature-viscosity procedure as the point
to be carried out first.

, Tae following problems above all are to be solved by this investige-
tion. '

1. thich type of viscometer is most suiteble for our purpose?
5. How can we obtaln o ccnstantly high tempersture?

(to 1,)  For the viscoslty deternination of lubricating oil and such, of
vhich only a limited emount is at our disposal and which determination has to

be over the greatest possible temperature range, in our opinion the only ones
' 0 be considsred are: ‘ '

a. Apparatus with a cepillary flow
b. A&pparatus with a falling body.

_ In order to get an idea sbout the advantagse and disedventages of
these two types of viscometers, one would bave to determine tc which order
of magnitude the viscosities ghich are to be measured belong. ‘

: Thsrealfier the measurement for toth types of visconeters 18 celculated
snd the errors to be expected with these viscometers estimated.
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SUMMARY OF THE FXPERIMENT

‘Erk and Eck® have proved that the temperature-viscosity curve
of oil can best be described by the von Vogel equation:

log)j - log C = acaliam

With this equation for viscosity flow, the constent was calculated
between 20 and 100 C end after that extrapolated to about 38 C for Golden
Shell, Heavy and two pure hydrocarbons. Differentistion of this equation
givea the temperature coefficient of viscosity at this highest temperature.

' III-8

Although extrapclation over o great a temperature range is 2814
dangerous, it is to be agsumed, however, thet the determined value can-be
of use in the calculation of the calibration of the necessary apoaratus.

250 C %60 C
1 1dn
U it N e
~
Golden Shell Heavy | 1.5 cop. 010 o6 cope o006
18 N Butylhetriacontane Cggfi7g .8 006 .5 0004
Dihydrodiisoamylanthracene Cogliza o4 012 .15 007

For the measurement of & viscosity of about 0.1 centipoise 8
capillary flow with 0.2 mm dlemeter cen be used. In case both the difference
in heighth between the levels end the capillary length are sbout 10 em, the
flow time amounts to about 8 minutes (cslculated according to Poiseuille Rule.)

~ The measurement in the spparatus with a faPing body csn be calculat-
ed according to the following formule (Soe Heinze 8)

ad®

)L\ = t(Yv - yo)g

o [xa s o ; w2/

A = viscosity 8 distance of fall

= flow time a diemeter of falling body
vy = density of felling body 4§ = clesrunce

o = density of oil

vhore

(13 1

» The cleavance, needed for the neagurement of low viscosity at
high temperatures 1is 0.08 mn, vhen & magnetically reised felling body of

(1) Phys. %. 5, 113, 1986
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4von has.a 4 = 1 mn, & falling distence of 20 cm, end the least falling
time of 30 seconds. ' -

The capillary is mede for practical reasons of gless; on
account of the smellness of the clearance, between 20 and 350 C the valus
of the fractionsl expreseion in the ebove formula chenges about 10 per
cent. A falling body with a grester diemeter was selected, so thet this
deviation was still greater. S "
CONCLUSTON ' : b
From the calculation it results that elther & capillery flow
type apparatus or a falling body apparatus remain technically feasible
for the determination of the expected vigeosity. In the latter esse, however,
on account of the mmall clearance rigid requirements are pleced on the

construction of the falling body and sirrounding capillary, whereap more-
over the coefficient of expansion muet be as nesrly the seme as possible.

_ PLAVS FOR WIDER INVESTIGATION

It is to bo proved how & constently high tenperature 15 to be-
obtained for both types of viscogimeters.
I1I-27

 INTRODUCTION - 8%

From the -celculation it resulbs thet for the expected low
vigcosities the capillary flow viscosimeter as well as the falling body
viscosimeter are technically feasible. Experimentally it is to be proved,
vhethor each of the two types can be easily hendled at 350 C.

The menner in which the constently high temperature is naintained
best depends again on the typs of viscosimeter. A viscosimeter with a falling
body cen be so simply designed that a metal block cen be built in. Both
types of viscosimeters cen be placed in either a liquid or & vapor bath,
since the former, however, mst be renewed often in order to obtain & good
visibility we have disregarded this soluticn and new only the use of the,

vapor bath will be taken under consideration.
SUKMARY_OF THE INVESTIGATIO

Phe vigeasivy of Spindle oil J2 was measured at various temperatures:
up to about 1€l C, where the temperature by means of the vapors of a boiling
liquid remained constent. A B.S.I. viscosimeter, that is a viscosimeter
with capillary flow wes used. With the same viscosimeter placed in an
exactly regulated oil bath, the viscosity in the seme temperature renge was
neegured once more. The last mensurenent was made by means of a curve
log | ~ log C = A/t § t. MNoreover 1t was calculated which temperatures
are be placed in this equation in order to obtein that viscosity which
pas measured with tho veper bath. These temperatures displayed the folloving
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variations of the temperature which pi'evailed acc&rding to the thermometer
in the vapor bath: at 37 C { 0.3 C; at 65 C 4 0.7 C; 2t 100 C 4 0.6 C;
at 1168 C § 0.9 C; at 261 C - 1.8 C. : ‘

: These variations wers such that for the higher tamperatures
it was necessary to obtain another vapor beth, with a second glass wall
surrounding the wall of the vapor space. The vapor of the inner space
£o be cooled flows between the two walls, thereby assuring that the

viscosimeter was less strongly cooled dowmn.
o 11118

Such a vapor be.th", for which however no viscosimeter with 2825
e suitable looped plece was made, was subjected to a first experiment.

The two junctions of the thernocouples were brought into the
vepor bath, that is from different heights =nd distance from the wall. The
thermocouple in the vapor of benzophenone at 305 C showed temperature
differences which varied according to the outer wall of the vepor beth
even though it was provided with asbestos insulation. A smell hole in the
insulation made possible the handling of the viscosimeter.

CONCLISION

A vapor bath gives - at least for oriented measurements -
a satisfactory constant temperature.

PLAN FOR FURTHER EXPERTMENTS

A capillary flow viscosimeber and a £21liug body viscosinmeter
mere made ready to be placed into the vapor bath. Difficulties such 2s

oxidation, evaporation, ete. occur at highest beuperatures.— - e

INTRODUCTION 2832

In last month's regort viscosiiy neesurements were described
which were carried out with a B.S.I. viscesimeter in a vagor bath up
to a temperature of 16l G, These experiments lead to the conclugion that
a vapor bath is very suitable at highest temperatures, supposing, that -
precautions heve been taken to avold heat losses; to that end & double
wall around the vapor space has proved useful .

4 question still open is which type viscosimeter has the ad-
ventage at higher temperatures. For the test a viscosimeter with eapillery
flow and a viscosimeter with a felling body exist. Ve will now report
about the first measurement with 2 capillary flow viscosimeter at a temperae-
ture above 300 C.

STMMARY OF THE INVESTIGATION

A B.S.I. viscosimeter was placed in a vapor bath in which the
boiling liquid was benzonphenone (diphenylketone) . in order to avoid the
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oxidation of oil a suitable accessery apparatus mekes it possible to
evacuate {he viscosimeter, then to fill dropwise with oil and thereafter
introduce nitrogen sbove the cil. The oil level wes stopped ab the
exact helght by means of drawing off the excess oil with a fine capillary.
As for the rests the rormal hendling of a B.S.I. viscosimeter was made
difficult in our case because of the fact that no air was allowed in.

- The f£irst oil, that we filled in this wsy end heated to about
the boiling point of bensophenone, BLS, a Venezueleen oil with ESO =
about 26, proved to be wolatile at 800 C. 4 part of it evaporated which
condensed again on a colder place of the viscosimeter. The evaporation
on the surface of the oil already suggests am errory which may be more
inherent to the viscosimeter with cepillary flow then the falling body
viscosimeter. With pure materials this error is of glight significanoce,
since with slight evaporation tho viscosity remains constent, so that only
the influence of the smount of liquid plays a part.

For the first measurement over 300 C it was ccnsidered expedient
to eliminate the source of error ceused by eveporation and a less volatile
oil be used. Such an oil was Elk Bright Stock, A Peansylvania oil with
E50 = about 32,

At the temperature of boiling Lenzophenone, three series of
measurements were made with this oil, for each series fresh oil was used.

Series I  Temperature: 305 C - : 11123
Flowtime in seconds: 164.8; 184.8; 165.2; 166+23 164.8; 2833
Series II Temperature: 8504.5C ’

Flowtime in seconds: 166.4; 165.8; 164.8; 166.2;

Sories II1 Temperature:s 305 C

Flowtime in secondss 164.8; 165.2; 164.2; 164.6.

The differences between the various meagureneats of each series
are less then 1 per cent.” Also the memn value of the measurements agree well.
From this good reproducibility, it may be concluded that the marke on the
viscosimeter are eharp enough to be observed in gpite of the blur caused by
the flowing benzophenone along the partition, and the emallness of the window
in the insulation. The agreement between geries moreover shows that the
adjustment of the level, which occurred in the absence of air was accurate

enough,
CONCLUSIORS

The measurement of the flowtime of Elk Brigat Stock at the tempsra-
ture of boiling bengzophenone was found to give good veproducibility.

PLANS FOR INVESTIGATION

To determine the flowtime of Elk Bright Stock in vapor bath at
other temperatures and in so far as possible also in & very religsble liquid

bath.
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The viocosimetor which has beem in a flame in order to mount
& looped pleoe shall bo caldbrated enew,

IRTRODYICTIIO ' ‘ III-29
I 2859
The conclusion of last month's report wes, that at the
temperature of boiling benzophenone good reproducibility of flow time
recults with a B.S.I. viscosimeter, Now we shall establish that this is also
the cose at the temperature of boiling naphthalene, eniline, monochlorobenzéne
and benzeme, The circumstance, that some measurements made in a precisely
regalated oil bath agree closely with those mentioned above, increases
confidencs in the reldability, es does likewise the fact that the measure-
pents lie on a smooth curve over the whole temperature rangs, which is extend-
od by means of a measurement in & water bath at 30 C.

Sinco the meagurements correlate satisfactorily end no further
modifications were necesssry. The calibration was accomplighed.

SUMMARY OF THE EXPERIMENT

Elk Bright Stock was exemined with a B.S.I. vigkosimeter at the
tenperature of boiling naphthalene, miline, monochlorobenzene and benzene,

Boiling naphthalene: Temperatures 217.8 C.

Flowtime in seconds: 358.8; 569 -

Boiling eniline (enhydrous): Temperaturs: 179.2 or 173.7 C.
Flowtime in geconds: £87.0 or 583.8 :

Boiling monochlorobenzene: Temperature 131.6 C.

Flowtine in seconds: 1378; 1375

Boiling bensene: Temperatures 80.6 C.

Flowtine in seconds: 6111; G095,

The above values increased to give 2 flow time of 8592.0 seconds
when placed in the middle of & water bath ab %0.0 C. :

Bosides the messurements in the vapor bath the seme measurements
wore carried out in an oil bath where the temperatures chosen were as close
s possible to boiling eniline and boiling monochlorobenzene.

0il bath: Temperature: 179.6 C. ITI-30
Flowtime in secondss 588.2; 584.4; 587.0 2840
041 bath: Temperature: 131.6 C.
Flowtine in asecondss 1385; 1380.

The meagurements in the vapor bath and in ths o1l bath are in
very good egreement. Since the meagurements thruout the whole temperature
renge wore carried out without appreciable difficulty, the viscosimeter cen be

considered useful to carry out the calibration.
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This celibration was carried out at 15 C with two oils, Thsrebj
it results, that in order to obtein the number of céntistokes, the number
of seconds is to be multiplied by the following factor:

10 0il: 0,009195; 0.009208; 0.009195
20 0il; 0,009215; 0,009203.

The multiplication factor is dependent on the temperature end
varies proportionally with the linear expsnsion of glass. Since the viscosi-
meter is mede from Pyrex glass this mesns an increass of only 1 per cent
betwoen 25 and 205 C. Over the whole temperature renge therefore, we calculetn
with o constant multiplication factor of 0.0082L.

For the viscosity of Blk Bi'ig]at Stock we obteined the following

resultes
%0.0 C 791 centistokes
80,5 56.2 "
131.6 12.7
179.5 5,39 -
217.8 3.50
206.0 1.52.

From the above illustration Number 5659-5-B2 it is evident that
when the viscosity is plotted on ASTM paper with log(100Vg & 0.8) apainst
log T, one obteins nearly a straight line. The measurad viscosities at the
highest temperatures ere somevhat higher then would follow from the rectilinear
extrapolation of the measurementis at lower temperatures.

CONCLUSION

A vigcosimeter with capillary flow was used for the measuring of
viscosities at the higher temperatures. The highest temperature, at which
viscosity cen be measured is limited by the volatility of the oil.

PLANS FOR FURTHER INVESTIGATION 111-51
- : 2842

Several representative olls were examined over a wider temperaturs
renge. The viscoslty-curve on ASIM paper (viscosity log peper) agnin in these
cases varies & little from the streight line; so the number of measurenents

cen be limited.

In thé neanvhile a falling body viscosimeter vas deliwared to the
laboratory. With such a viseosimeter the eveporation of the oll was less
troublesons.

INTRODUCTION III-52
28475

As ennounced, the viscosity of a limited number of oils was measured
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over a wide temperaturs range. We have obtained the following results
with & synthetic Bright Stock. ‘ S

SUMBARY OF THE INVESTIGATION |
The viscosity of synthetic Bright Stock TC 8225 was found to be:

37.8 C 706 centistokes
. 80,1 . 218

98.7 8.1

151,8 20.7

183.2 8,06

244.6 5.83

308 L 2,28

At temperatures around 100 C end beyond, the vapor bath end the
viscosimeter with the factor of 0.00921 were used; at temperatures below 100 C
we used & liquid bath end a viscosimeter with the factor 1,58.

The viscosity-curve makes nearly & straight line on ASTY paper.

PLARS FOR FURTHER INVESTIGATION
Aromatic end naphthenic oils are to be investigated.

I1I-35
INTRODUCTION 2844

The viscosity-curve was systemicatically determined on an aromatic
and naphthenic oil, Evaporation wes troublesome with naphthenic oil. With
castor oil such was the case to a still greater degree. Oriented measure-

.ments were made with a falling body viscosimeter, & viscosimeter tyve which can

‘prevent evaporation.

SUMMARY OF THE INVESTIGATION

the viscosity of & B.P. oil (THMC €396) was determined at several
temperatures below 100 C in the middle of a liquid bath, with a viscosimeter
wlth a factor of 0,0634, The following values were found:

37.8 G (100 F) 182.5 centistokes
60,7 G 42,9
98.8 C (210 F) 9,69,

The viscosity was determined at severel temperaturss above 100 C
in the middle of & vapor bath with a viscosimeter with & factor 0,00921.

In order to control the agreement of both viscosimeters, measursnents were
nade with the latter one at temperatures below 100 C as well. Of course
it was found to have a very long flow time, for exemple, more than 5 hours

@ 7.8 C,
57,8 C (100 F) 183,09 centistokes
88.5 (210 F) 9,72
152.0 4.%8
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184.3 € 1,96 centistokes
245.2 ‘ 1,058
506.3 0,677

Plotted on ASTM paper, the viscosity-curve shows a clear devietion
from a straight line. The viscosity at higher temperatures.is higher than
may be expected from the measurements carried out by mems of extrapolation
@ power temperature. . o

During the determinations of the viscosity of the Venezuelan oil BDy
indications were found of the loss of wolatile components. A brown deposit
became ovident on the somewhat colder parts of the elde of the viscosimeter.
The discoloration raises the question of whother oxidation also occurs with
evaporation. On this basis the nitrogen, which was analyzed by passing
it through a pyrogallol-XOH solution and over CaCl, end PgOg. The anelysis
showed that the oxygen content amounted to only 0.66_-0.,07 per cent.

I11-34

Since measurements at 280 C are in many cases unreliable owing 2845
to possible evaporation, it was decided to meke e series of measurements
up o about 240 G and after that to repeat some of the first measurements
of the series. This repetition of measurements at a lower temperature
necessitates that a 1ittle fresh oil be added in order to maintain the
proper level.

For the viscoeity of BD, the following values were found.

37.8 ¢ (100 F) 46.6 centistokes 183.5 C 1.51 centistokes
98.9 ¢ (R10F ) 5,574 244.4 0.89%
131,7 C 2.98 : 98.9 ¢ (210
‘ 'F) 5.619

Plotted an ASTM paper the viscosity curve of the Venezuelan oil BDy elso
deviated from a straight line.

1, the determination of the viscosity curve of gestor oil over a
large temperaturo range, the evaporation was even mors &nnoylug. then in the
case of BD]. The difficulties experianced on account of the vaporisation of
olls in the viscosimeter with effluent capillary has lesd to the result that
the development of the falling body viscosimeter, which we have discussed a
fow times elready, will now be taken into consideration. There is at our
disposal for the menufacture of & tubs with uniformly round cross-section a ) 4t)
tubet, with a diameter of about 1 mm and & linear coefficient of expension of
4.8 x 10~6, Calculations in the My report have already proved, that it is
desirable that the f£alling body end tube have nearly the same coefficient :
of expansion. On this basis a falling body waes rolled from a special metal cell-
ed "Fernico® which the N. V. Philips Gloeilempenfabrieken (Incondescent ,
Lamp Works Company) in Eindhonem placed at our disposal and which has a

# g precision capillary molten from metel bolts.
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coefficient of expension of 4.4 x 1076 at 120 C and 5.0 x 10-8 at 270 C.
S:_lnce the instructions showed that the metal is attached in the oil et
higher temperatures, the surface of the falling body wes nickel plated.

A series of meesurements was made with the falling body, where
the tube was suspended in a vapor bath. Formerly the addition of the
deacrated oll was at the bottom of the tube. The rising oil carries
the falling body with, it is fixed in 1%s highest position by meens of —
an electromagnet. After a few minutes in which the oil should be & constent
temperature, theflling body is released. Orginally at a temperaturs
fall times were obtained with variations of 1.3 per cent, In this case
we obtained fell times with 2 variation of only 0.3 per cent by not ocutting
out suddenly the alternating current thourgh the clectromagnet, but =
snsteed allowing a regular decline in current intensity and so demegnetiz-
ing the falling body. ‘ ‘

X I11-.35

Idkewise good results cen not be attained when the tempersture 2845
rises to 245 C; at this temperature the reproducibility was good. Repetition

of the measurement at 184 C givas an snoreased value of 8 per cent. The
viscoslmetsr was dismounted. It turned out the nickel plating hed peeled
off the falling body. The experiments were continued with a gold plated

felling body and a glass falling body.
COVCLUSION

Plotted on ASTH paper the viscosity curve of Balil Papen oil and
Venezueclan oil BDy deviate clearly from & straight line. The viscosity
at higher temperetures 1s higher than would be oxpected from the extrapolation
of the messurements at lower temperatures. With the Venezuelan oil the
measurenents must be 1imited to temperaturss below 245 C, since at higher
temperatures the volatilization becomes troublesome. Ia tho oriented measure-
ments with the falling body viscosimeter good reproducibility of fall tine

was obtained
PLANS FOR FURTHER INVESTIGATION

The viscosity of several oils are to be exzminec over & wide {eupersa-
ture renge. Ihe jnvestigation of naterials which contain in addition to
carbon end hydrogen many other atons will begin simultaneously. For exemple,
an other with a long carbon chain will be consldered. Such a meterial
celled dicetylether is alyeady reported. A gearch through the literature
concerning the viscosity of ether supports the experimental worke

Tae experiments on the development of a vgeful falling body
viscosimeter will be continued.

T TRODUCTION 11I-49
9861

The experiments for the development of a useful falling body
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viscosimetor are to be continued. In the last reporﬁ the first re

with a vigcosimeter of this type were given, 7This viscosimeter conqggis
of a precision capillary with ebout & 1 mm eross section in which is
loceted a metal falling body, which esn be raised to its highest\ position
with en electromagnet. After the atteinment of tempereture eqnllibrlmn,
the f£olling body is set free by meens of swift and regular lowering of the
current intensity in the electromagnet. Tre body passes in its fall .

tmo marks end cen after that be prought up again by the introduction of
fresh oil in the capillary. The surface of the falling body, which wes
mede from a metel with 1oy coefficient of expansion, was nickel 'plated.

After a number of favorable meagurements had been cerried outy -
the nickel coating began to peel off, e oxperimented with gold plate to
obtain better results. The falling body was newly polished, carefully
cleaned of grease and hung in. & gold bath., This bath contained 2 g.
gold chloride, 1 g- potassium cyanide, 15 g. sodium sulfabe and 60 go of
disodiumphosphate per 1iter of water. It gives 2 good gold plate of
0.001 mm thickmess. The repeatibility proved. to be very good on &
series of measurements carried out with the gilded £alling body, After
e while however, the gold plate just es with the nickel plate begm to
peel off, Fortunately, ‘better results were obtained almost gimulteneously
in another directlon, &0 that further experiments will be glven up wntil
g Gurable falling body cen be made from metal.

The better results were obtained with e falling body mads from
glass. The use of a felling body which cannot be ralsed by an electro-
megnet is made possible by & modification to the viscosimeter such thet
not much observing time it necessary for tas standardization of temperature
equilibrium. The glass felling body was originally cut from 2 golid plass
rod, end the end plene ground. Such a felling body vibrated to some
degree and the reproducibility of falling time wes not as zood as @&
falling body with a somevhat pointed head. However, when our expert
mechanic mede & falling body of the required form, this last difficulty
was elgo removed. In what follows we did not carry out agein the
measarements with the gilded folling body, but.limit ourselves to the
description of the final form of the viscosimeter with 2 ralling body

' made of glass.
CUMMARY OF TIE INVESTIGATION . ITI-50

2862

 The final form of the falling body viscosimeber wes ghown in tho

foregoing {11lustration 19094-Ad. The most important parts are the
falling body end its proper precision captllary. A short distence from.
the end a second capillary opens into the tube (surrounding the felling body)
in vhich the oil is kept under a slight pressure of nitrogen. As long es

the glass stopper at the ead of the tube ls raised, the oil flows in,
thereby reising the £alling body with iv, as sooa as the falling body is
up, the stopper is allowed to drop. The felling body them level, begins
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to fall. Thig however, preseais no difficulty because the oil is slready

in the feod capillary which hes reached the proper temperature. It may be
necessery to walt e few minutes between double determinations when the fall tims
ig short. 9The time, necessary for the serminal face of the falling body

to pess the distance between tho upper and lower mark, is noted as the fall timeo.
The terminal face is platinized in order to assure good visibility. Goocd
reproducibility was obtained with the fall times. .

CONCLUSION

Toe experiments in the development of & useful falling body
viscosimeter lead %o the namufecture of & viscogimeter with & glass falling
body. We now have ab cur disposal an apparatus which cen effect good service
when the measurcments with the capillary flow viscosimetor is made difficult
by meens of the evaporation of oil.

PLANS FOR FURTHER INVESTIGATION

A few oils are to be meésured with both the £21ling body viscosimeter
end capillary flow viscosimeter.

I11.-54
INTRODUCTION 2860

In the last report was described a falling body viscosimeter, waich
£inds use when the measuremente with a capillary flow viscosimeter are
troublesone becauss of evaporation of the oll, A this time a few oils are
being investigated with both viscosimeters.

SUILIARY OF THE EXPERIMENT

Pann. Feutral end LCT Penn. Eright Stock were tested with a capillary
flow type viscosineter (constant 0.00921) .

The Hageabach correction

w - _volume per unit time = 100%
83T x capiliery length kinemetic viscosliy -

vas applied vith /7] = 1.00 and at the meximm emounted to 0.9 per cent.

Penne Neubral TRC 748 LCT Penn., Bright Stock TIC 364
152.,7 G 2,124 ceantistokes 80,6 C 59,6 centistokes
184,7 C 1.658 n 132.2 C ©13,29 2
246.1 C .984 L 183.5 C 5.32 w
284,55 C - T75 '8 245.5 C 2.606 w

n 307.0 C 1,542 n

506!:7 c c 0661
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Both oils were tested in the falling body viscosimeter, whereby
the viscosity was found when the density differmce between the falling
body end the oil was muliiplied by & calibration constent. The o1l density
15 determined simulteneously with the viscosity by henging near the viscosi-
meter in the vapor bath a 5 cc pycnometer with a long calibrated stem. For
the calibration constent eipght values wers obtained by means of comperison
of every two meagurements at the same temperature with both viscosimeters,
Since the falling body and surrounding tube have the same coefficient of
expansion, the ealibration constent will change only slightly with the
tanperature, that is, no more then corresponds to the linear expansion of
glass.

-~ Op this basis a single calibration velue wes averaged from the
meny and from it the viscoslty caleulated below.

111-.55
Ponngylvenis Nentrel TMC 743 28869
Penp, Density Dynemic Kinematic Deviation
Viscosity Viscosity
¢ CoDs C.Bo A
132.2 0.7865 : 2,487 - 5.18 1 0.4
184,2 0.7540 1,264 1.667 Lo
245.4 00,7154 0.713 0,997 } 0.8
285.5 0,6913 0.527 0.762 L 0,5
. 5.C.T. Pennsylvenia Bright Stock THC 564
Temp. Dengity Dysnmic Kinematic Deviation
’ ) Viscosl.ty Jiscosity
c CoPo CoB. %
80.8 08557 £0,2 58.8 ~ 0.5
18505 0.7905 4016 5u27 hd luo
24406 097553 lcgsl 2¢59° - 102
- 805.8 0.7148 ' i 1,354 3 0.2

> s

in the last colum of the above table ere jndieated the deviations
i1 viscosity which were found vhen the messurements with the felling body
vigcogimeter were compered at the same torporatures with the measurenents
wlth the other viscosimeter. Alihough the agreement batieen the viscosimeters
15 feir, it can be said that the moasvrements with the capillary flow type
viscosimeter are not subetantlelly influencsd by evaporation.

CONCLUSION

Two oils were investigated with a capillary flow type vigcogimetor
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and alao with e falling body type viscosimeter. The agreement of the
measyrements show thet eveporation has no influence. There are still a
few 0ils more volatile than the ones mentioned before to be tested
comparatively in both viscosimeters. The testing of pure materlels has
elready begun. |

Pebruary 1943
I11-64
INTRODICTION : 2380

The investigation of the viscosity of pure materials was teken
in hend, The first measurements were carried out with n~-hexadecans, after
that p~dicetylbenzene was investigated. Both materials were placed’at
our disposal by Prof. Wibeut. The preparation of n-hexadecans was deseribed
in Recuell des Traveux Chimigquis dg% Pays-Bas 68, 329 (1939). The velue
reported therein for the density d 20/420,77387 1ies betwoen the value
of Evens d 20/¢ = 0.7752 end the one of Deensley & 20/4 = 0.77335. The
semple of p-dicetylbenzene wes tested as to purity by Mr. Ir. J. Verheus,
for that a cooling curve was determined. 1t proved that the temperature
decroase between the solidification limite smounted to only 0.2 C. If one
rojects the possibility of & mixed erystel formation with an isomer,
which hes nearly the same freezing point, on account of the improbability,
1% can be concluded, that the preparation hes a purity > 99 per cent. The
fraeszing point is 53.0 C.

SUNMARY OF THE INVESTIGATION

First the density of n-hexadecane was determined with the help of
a pycnometer of about 5 ¢c capacity with a long calibrated stem. Two £illings
wore used, in order that two series of measurements would be obtained.

Denslty of n-‘Hemdecg;e

100 ¥ 0.7621 g/em® 70.9C  0,7326 g/end
80.2 € 0,7321 15,5 C 0,6959
151,8 C 0.6365 - 183,5 C 0,6577
188.7 C 0.8577 244.2 © 0.611

For the determination of viscosity of n-hexadecene a capillary flow
type viscosimeter vlth-a narrov capillary wes used, this was so that the
Hagenbech correction emounted to no more them 0.1 per cent. By means of the
calibration with water and oil it was ‘established, thet in order to obtain
the kinsmatic viscoelty in centistokes the flow time in seconds ig multiplied

by the factor 0.000201,

Vigcosity of n-Hexadegemo I1i-65
(capillary flow) 28381
25.0 C 4,01 centistokes %.09 centipoise
80.2 1.538 - 1.16%
181.8 0.917 0.638
185.7 00612 . . 0.402

244.8 0.416 0.254
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At spproximately the seme temperatures n-hexadecene was investigated
vith the falling body viscosimeters A falling body whose calibration was
ostebliched with water, was used, so that the £all time in seconds must be
multiplied not only by the density difference between glass end liquid but
algo by the factor 0.00434, in order to obtain dynemic viscosity in cemti-
poise, Celibration with an oil geve exactly the same value for the fuctor,

Viscosity of n-Hexadecens

(Falling body;
25.0 C 3.07 centipolse
79.9 © 1.161
131,56 C 0.638 .
183.3 C .o 0,399
244.2 C 0.252

One finds in literaturs & few values for the viscosity of n-hexa-
decene at temperatures lower than 100 C according to Evans® s Ubbelehde and
Aghte found in the year 1913, 1,136 centipoise for the viscosity at 80 C, while
Bvens himself found 1.172 centipoise, This new value lies between the two.

It 18 often recommended in literature to compare different viscosities
of, for exsmple, homologous materiels with the same density. A similar point
for discussion ig also the comparison with materiels of tie same rolatility.

Thile viscosities ars almost slways determined betwsen O-and 100 ©
such consideration remeined lLinited on adjacent homologs. . This is now chegad
because o? the meesurements on n-hexadecane at higher temperatures. In the
foregoing dlagram the viscosity wes plotted as a function of the c¢ensity end
vapor pressure respectively.

On the viscosity-deasity dlagram (5731-1-B3), the viscosity of
n-heptane is also plotted, here the values vhich Eawms™ had celculuted for O,
50, and 100 ¢ from the measurements of Thorpe end Rodgers wers used. with

aimilar densitios, the viscoisty of n-hexadecane end n-heptane differed widely.

On the viscosity-vapor pressure diagrem (5731-2-B5) are plotted
at the seme time the viccosities of Bheptene and n-pentane, for which eome
measurenents of Thorpe md Bodgers 11 yere used. Vith similar vapor priasure
the dynemic viscosity of such widely separated homologs as n~pentane, n-teptane
and n-hexadecane varied enly a little.

' TIl-68

After hexadecens, p-dicetylbenzene was investigated. The 286854
density wap determined with the above nentioned pycnometer of about 5 ce
capacity with a long calibrated stem end tho viscosity with the falling
body viscozimeter. The density velues in the table indiceted 23 calculated
were fownd with the formula d” = 0.86407-6.175 x 10-%(-8.75 x 10-8¢2,
which was calculated with the help of the method of small quadratics.

1 J. Ipgtr. Petm. Techn. 1938, 24, 38
1 Phil. Trans. A. 1895, 186, 397.




Density of g:Dicetzlbmza‘ng

Meagured
67,5 C 0.8225 g/emd
785 0.8152
100.6 \ 0,8017
132.2 0.7820
153.8 i 0,7492
306.3 . 0,6715

Viscosity of p-Dicetylbenzeno

(Pslling body)

_ Reported Dynanic
Templ Density Viscosity
80,6 C 0,8141 8.90 cope

132,2 0.7818 3.50
184.,0 0,7492 1,848
245,35 0.7304 1,062
306.3 0.6715 0,676
GONCLISION
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Computed

0.8224 g/em®
0.8156
0.8016
0.7818
0.7495
0.6715

Kqnematic
Visgcosity

10,93 c.8.
4.48

C R.47
1.496
1,007

The viscosity of n-hexadecmne sas measured with both a-capillary
flow and falling body viscosimeteT. The agreement of the measurements
is seticfactory. No parulculer difficulty was experiemced with the
investigation of p-dicetylbenzenes polting point 53.0 7 0.1 C.

PLAIS FOR FURTHER INVESTIGATICN

The investigation of pure orgenic materials
The snall gemples of principally wbrenched pareffins,
dsseribed by Dr. Hazeo in Report 8975 are still remelning,
Petween the viscosity-
es may be found

bo investigated with the falling body viscosimeter.

temperature curve to be gained in this wey, the missing on

will be continued.
whoge investigation

w11l probably

by interpolation. The vigcosi ty--vapor pressure diagram appears to be a
veluable aid for this interpoiation. The finel group of viscosity-
temperature curves of unbranched paraffins to be obtained were of great
value in the valuation of the viscoslty curves of organic materials.

THTROICTION

The viscosity of octadscylbenzene snd 1,l-diphenylhexadecane

were dotermined. The octedecylbenzene sample nvmber

88/2088 was Te-

celved from Prof. Wibaut on Hay 5, 1938. The melting point according

to specifications was 22.4 C.
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SUMMARY OF THE INVESTIGATION

The density of octadecylbenzane was determined with the help
of an epprox. 1 cc pycaomeber with long calibrated stem, the viscosity
was measured by & falling body type vizcosimeter. The density values indicat-
od 4n the table as calculated were found vith the formula d* = 0,87217- ’
6,606 x 10~4t ~ 2,75 x 10~812, uhich was calculated from the measurements
with the help of the method of smell quadratics.

111-80
Density of Octadeqvibenzens © 2899
Heasuzed Computed
43.6°C 0.8433 g/en®  0.8433
81.0 ) 0,8185 0.8185
i32.4 0,7843 0.7842
184.¢ 0,7496 0. 7497
245.6 0,7083 0.7083
Vigeosity of Octadecylbenzene
(Falling body)
Temp. Reported Dynamic Kinematic
Density Viscosity YViscosity
40,0 C 0.846 7.8% c.p. 8,74
8l.0 C 0.819 : 3.00 - 3.66
132.4 0.734 1,440 1,837
184.0 0,750 0.851 1.135
245.6 0.708 0.552 0,737
- £85.8 0.682 0.404 0.592

Before the lact mescurement at 2835.8 G, due to & small repair t‘nf
constant of the viscosimeter wes 0.00488 instead of 0.00484, Also Mikeskz
hes measured the viscosity of octadecylbengene st other temperstures. 153
order to make possible a couperisca between the first and sscond above
mentioned measurcments, the line log log (number of c.8. x 0.8) =
8.51830 ~ 3.33695 log 7 was Qrawne By memb of ths second end third the
1line log log {number c.s, & 0.8) = 7.96655 - 3,19861 log T was dram.

Ia this woy one can interpolate betweea the individual measurs-
ments at the temperatures applied by Fikesks.

133.6 ¥ 1472 F 170 F 210 F
Mikeska (c.5.) - 5.87 5,05 3.90 2,78
New interpolated measurements 5.87 5,03 3.92 2.7

The density of 11 diphenylhexadecane was determined with a 1 cc
_pycoometer et the seme time the vigcosity was determined with a falling body
“type viscoeimeter.

T Mikeske, Ind. Mng. Chem. 28, 70 (1936)
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Density snd Viscosity of 1-1 Diphenylhoxadecons -
(Felling body)

Temp. Density Dyn. Viscosity Kin. Viecosity
25.0 C 0.9070 gfen® (34.9) cp (38.5) co
80.6 0.8707 5,57 6.17

132.4 0.8364 2,116 2.5%0
184.4 0.8014 1,133 1,44

245.8 0.7607 0,665 0.87¢

506.5 0.7085 . 0.431 0.602

‘ ‘ The measurement at 25 C was taken with 2 B.S.I viscosimeter
with K = 0,0834. The new viscosity velue lies about $ per cent lower then the
velue of Londa and Cech 2, '

PLANS FOR FURTHER INVESTIGATION

The measurements on pentatriscontane are almost finished. We
will begin with some other unbranched paraffins.

: 111-85
TNTRODICTION 2005

The viscosity of n-tetracosane (02 H 0), n-pentatriacontane
(CzgHyo) and n-tritetracontane (Cqglga) was ﬁegamined. The lasttwo hydro-
cerbons were prepared in the lsboratory of Prof. (Dr.) H, Bocker in Groninger.
The n-tetraecosane ceme from the laboratory of Prof. (Dr.) Wibaut.

Details about the preparation and further purificetion can be
found in Report Number 8875 of Dy. W. li. Hazee. A semple of n-pentatrie-
contane whose preparation was deseribed by Dr. Verberg in the Hnrch '
report (see III-75) was elso investignted. Sinee this semple wes lerge, it
was possible to use both the falling body 2nd capillary flow vis:osimeter,
end in this way the reliability of the first mentioned viscoslmeter een

be tested once more.

The measured results for the named unbranched paraffin hydrocarbons
and the even earlier investigation of n hexadecane vers trested in verious

WayS o e "~

SUMMARY OF THE mvzsmmom

The densities of the~ nornal pacaffins vere determined with the
help of a pycnometer of 1 cc capecity, with a long calibrated stemy
the viscositles were measured with the falling ody viscosimeter.

5 S. Londa and J. Cech, Coll. Trav. Chim. Tchecoslovoque: 6, 423 (1934)
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p-Tetracosane Gpslc, -

Temp. Density " Dm. Vis. - Kin. Vis.
56.2 C 0.7757 g/en’® 4,61 c.pe 5,94 c.s.
80.2 0.7600 2.872 + 378

151.6 0.7264 1.365 - 1.878°

184.0 0.6015 0,790 i.142
244.8 0.6501 _ 0.482 0.741

306.0 0.6041 0.814 - 0.520

Density end Viscoslty (Felling body) of
p-Pentatriacontene g59‘172.

Temp, Density \ Dyn, Vis. Kin. Vis.
80,5 C 0.7778 g/enm® 6,68 C.De 8.59 c.s.
110.4 0.7592 3,85 5.04
1319 . 0.7459 2.778 3,72
184.0 - 0.131 1.495 2.096
245.0 0.6748 0.868 : 1,286
305.,7 0.6342 0.556 0,877

il

Density and Viscosity (Fallinc body) of
n-Tritetracontane 045588

Temps Density " Dym. Vis. Kin Vis.

90.0 0,7808 g/em® 8.6 c.p. 11.03 c.s.
112.4 0.7669 5.66 7.38

132.1 0,7543 4,15 5.50

184.2 0.7223 2,126 2.942
245.5 0.6350 1.195 1.745
308.2 0,6474 0,750 1.158

. : : " I11-86
A sample of n-pentatriacontene prepared bv Dr. Verberg was 2906

investisated with a capillary flow viscosimeter (No. H21-40, Factor =

(=)

0.002685) as well as with the falling body viscosineter,

Denpity snd Viscosity of n-Pentatricontane 6551{72

Temp. Density Dyn. Vis. Kin Vis.
80.4 C 0.7783 6,74 c.p. 8.66 C.8.
184.0 0,7133 1.494 2,004
245.6 0,6740 0.863 1,281

506.5 0,6539 "~ 0.5563 0.872
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Falling Body Viscogimeter

Tempe Dynemic Viscosity Kinematic Viscosity
80.5 C " B.T4 CePo 8.66 ¢.8.

111.4 3.79 4,95

132.0 2,777 8.72

184.2 1,493 - . . 2.024

245.8 0.870 : 1,201

306.1 0.555 _ 0.875

pifference in Viscosity Measurements after Conversion to
the Same Temperature, Expressed in per cent of the Measurgnent.

Prepared by gregare& by Dr= VQrbgrg
Tenp. Prof. Wibaut Falling de Viscosimeter Hm 40
80.5 C - 1.3 0 - 0.2
m«;é had _0q7 g :
132, - 0.1
184.2 - 0.1 0 - 0.1
245.3 -~ 0.5 0 - 0,6
308,1 0 0 - 0.2

The agreement of the measurements with both viscosimeters is good,
 close as the agreement with the results of Prof. Backer with n-pentatrio-

contane.

The results for the normal paraffins obtained up to now are drem

graphicelly in various ways.
111-87

. 2807
1. The kinematic viscosity of n-nexadecane, n-tetracosane, n-pentatria-
contane end n-tritetracontane are plotted on ASTH paper (See diagram 5758-1-B2) .
The measurements at the highest temperatures are o more off the line than the
viscosity curve made ab lower temperatures.

2. The logs of the kinematic viscosity are plotted @ at the logs of

the vapor pressure (See diagram 5768-2-B3). In an earlier report, the dynamie
viscosity was used for this kind of plotting. However, all the data at our dis-
poseal shows that the agreement between various homolog3 is better whem the
kinematic viscosity is used. The pumber at the measuring point gives the
pumber of ¢ atoms in the concerned paraffin hydrocarbon. The data for
n-penteane, n-heptane, and n-octane comes from Thorme and Rogers, and compiled
#ith other data into e table by Evenst. The viscosity of methene at 90 c

wes borrowed from a publication by Bussler and Landermannll,

1 J. Inst. Petr. Techn. 1958, 24, 38
11 J. Exp. Theor. Physics 1940, 10, 250 (Russizn)
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5. The logarithns of dyamic viscoelty were plotted against the logeri thms
of the number of C atons for several temperatures (See diagram §758-8-B3) .,
The points 1ie on a fairly good straight line. The meacured results teken
grom Report No. 8876 of Dr. Magee for n-Cojfigq up to end including n-Cqsflgs
1ie on the straight line for 80 C. : .

4. 'The temperaturss at which the dynenic viscosity reached 1, 2, 3, 4,

end § wers elgo plotted againet the number of C atoms. (See Diagram 5758--4-B8)

Zhae c{ela{ion was indicated egain by a atraight line, n-Cagllggs however, deviat-
carly.

Tne regulsrity described under 3 and 4 leed us to the attenpt to
deseribe by a single formula the viscosity of various unbrenched pereffing with
nelting points up to 300 HA

log B = AT log) % BT ¢ Clogntd
in vhich the molsculer weight M 4g used instead of the number of C atoms.
The coefficients A,B,C and D were determined by mesns of the applicrtion of
the method of small quedratice to the d@ifference of both parts of the equetion;
thus resulting from the Report 8975 of Dr. Magee on the viscosity of n-Cpiflyy
up to end includin n-C,figg at 70 Cy 60 C and 90 C, end from the Fehruary
report (See 171-65) on the viscoslty of n-hexadecene at 25 up to 245 C, and
from the above report on the viscosity of n-tetracosene and n-pentatrie~
contene up to 506 C. The vigcosity of n-tritetracosans at higher temperatures
wes 8t1ll not knomn or sufficient at the time of the calculation, as 11188
was later proved, the regulerity was not as good that described under 2908
3 and 4. The method of the small quadratic geve ths following values

et

for the formula:
' log i = 0.001410 T log‘l’\!f 0.002530 T - 0.0605)L‘$ 1.4%42,
vhere T is in %% and ) in centlipoise. \

Tho, emounts that the molecular welghts caleuleted by the formula
vary from the true velue are given in the table below.

Hydrocarbons Molecular Wt Peviation Formula
: . at 70 C at 80 C at 90 C
Heneicosane 296.3 A0l % - 0.4 % -0.86%
Tricosens - 524,4 £ 0.0 ~ 0.3 - 0.9
- Petracosane 338.4 # 0.2 - 0.3 - 2.8
Octacosene 394.5 4 0.5 - 0.2 ~ 0,8
Tricontens 422.5 /1.8 £ 0,5 /0.l
Hentricontene 436.5 F 2.1 £ 1.4 F 0.4
Tetratriacontane 478.6 - 0,5 - 1.8
Pentatriacontens 492.6 S 7 § ~ 0.7
Hexatricontane 506.8 - 22 - 1,0
7ri tetracontene 604.7 - 1.0

(Continued )
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(Continued)
Hydrocerbons Molecular Wt.
Hexadscane 226.5 et 25C at80C 132C 184 C |
| F21% f0.4% [09% £0.7% illegible
Tetracosane ' 5584 at 56 C 80C 132C 184C
'1  Fle% -0.2F -0.6% 40358
Pentatriacontene 92,6~ at80C 110C 152C 1840 245 ¢

~08% «18% -17% 0.0% /f26%

g

If for a single temperature the viscosities of branched paraffins
or cyelic hydrocarbons are introduced, the formula gives a graph in which
case the viscosity-temperature curve of these hydrocarbons cut the group
of curves of normal parsffins. However, it should be borne in mind, thnt the
formula veries considerably for normal parafffins with more than 35 carbon
atoms.

- CONCLUSION

The viscosities of n-paraffins at higher temperatures are lower
than would be expected from a straight line extrapoletion on ASTH paper at
lower temperature measurements. i

The kinemetic viscosity from methens up to end including n-tri-
tetracontane at the same vapor pressure are nlarly the same.

The viscosity from hexadecane up to and including n-pentatriacontans
cen be expresced over a wide temperature renge in a sinple formula.

PLANS FOR_FURTHER INVESTIGATION

To meastre the vigcosity of a few branched hydrocarbons.

May 1943 : I11-99
© 2924
\TRODUCTION

In last month's report were mentioned the viscosities up to 2bout
300 C of s few aromatic hydrocarbons and a seriss of pormal peraffins. The
only viccosities of aromatic hydrocarbons determined were namely diisobubyl-
naphthelene, end in addition the brenched paraffin hydrocavbons 5-ethyl-
pentane, 10-nonylnonadecane and 7,12-dimethyle-Q,londi-nmhexylactadecane.,

The diisobutylnephthalene (Sample No. 40/4885) came from Prof.
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Wibaut; Ir. Verheus determined d 20/4 = 0.9323 and n20/d = 1,5413 (Lerer 1)
gives the following numbsrs: d /4 = 0.9424 and n 13/d = 1.5410.

The 3-ethylpentane, comes from Dr. Keulemaus; has a boiling
point of 93.5 C (Edgar 2) suggested for it 93.3 G. :

Report No. 8375 contaeins more about the 10-nonylnonadecane of
Prof. Backor end about the 7,12-dimethyl-9,10-di.n-hexyloctadecane of Prof,
Wibaut.

In order to determine the influence of structure on viscosity,
the viscogity of branched paraffins -are.compared with the normal peraffins.
With regard to the structure of Z-ethylpentane (triethylmsthane) and
10-nonylnonadecane (trinonylmethane) the comparison may be drawm from
some other materials.

SUMLARY OF INVESTIGATION

The denslties given below were defermined with the help of a1 ce
pycaoneter with 2 long celibrated stem. The viscosities were measurad
with a falling body viscosimster. .

Denslty end Viscoglty jFalling body) of
Diisobutylnaphthalene C. H

18 42

Temp, Density Dynemj.c_Viscosity Kinematic Viscosity
19,9 C 0,9524 g/cm® _ -

5508 ’ 099082 - naze c°p° 12040 Cofls

4,71 5,28

79.7 0,8915 4., 1786
1312 0,8550 1,527 o 950
183.1 0,.817L 0,767 “565
244,2 0,437 . 0,

45.1 0,7723 .
SBS.O ‘ 0,316 0.426
83,2 0.7408

II7-100
The measured viscosities are much higher than the values 2925
given by Lerer, for example 7 c.p. at 54.8 C.

Depsity and Viscosdty (Felling body) of
3-Iithvlpentans Q']Hle

Temp. Density ‘Dynamic Viscosity Kinematic Viscosity
20.0 C 0.6973 gfend® 0.380 c.p. 0,545 c.8.
37.8 0,6823 . 0.316 0.464

(Continued)

1 W, ®. Leres, Ann. Off. Combust. lig. 8, 681 (1933)
2 Edgarp J.‘ Am- chemo S)Coé:’__;) 1483, 15449 (1929)
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Density and Visgopity of 3. Ethylpentane (Continued) '~

Temp. Density Dynemic Viscosity | Kinematlc Viecosity
50,0 . 0.6711 : 0,280 c.p. 0,417 Cato
65.0 0,8530 0.246 0,373
80.0 0.6441 0.215 0.334

The density and dynamic viscosity at 0 C agree fairly well
with the value of Edgar: 4 20/4 < 0,6984 and YL 20 = 0.377.

Density end Vigeosity {Felling body) of
10 Nonylnonadecans Coglisg

Temp. Density Dynemic Viscosity Kinematic Viscosity
20,0 C 0.8085 g/cm®
80,2 0,7631 3,25 ¢opo - 4,23 Co3,
131.9 ' 0,7587 1.431 1,945
184.1 '0,7008 - 0,799 1.140-
245.2 0.6597 0,481 0.729
283.3 (0.654) 0,566 o 0.87T.

~ The viscosities agree well with those in Report No. 8975 for
0.80 C; for 80 C the report glves 3.26 cop.

Density eud Viscoslty (Falling body) of
'z‘,12-=Dime‘thyl»QJ,lO»di-‘n»Hexyloctadecsme

Cacligg
Jempo Density Dynemic Viscosity Kinematic Viscoslity
20,0 C 0.8280 g/cad 59,8 C.ivs 8.4 co8.
50,0 (0.805) 11,55 14,35
80,6 0.7833 ' 4.87 ‘ 8,22
132.8 0,7481 1.83 2,45
184.4 0,7147 0,945 1,319
246.0 0,6733 0.533 0,792
284,3 0,6475 : 0.%91 0.604

The viscosities agree well with those in Report No. 8975 for
40 C and 30 C; the value given thereln for 80 C is 4,92 e.p.

The density wes measured after a necessary repair and subsequent
new calibration of the pycnometer.

The new results are treated in various ways.
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ITT-101

. S ‘ : 2926
l. For valuation of viscosity-temperature curve of hydrocarbons with
aromatic nucleus in graph 5773-1-B3 the log of the dynamic viscosities of
diisobutylnaphthelene and the further investigated p-dicetylbenzens,
octadocylbenzene end 1,l-diphenylhexadecane are plotted ageinst temperaturs.
For comparison one finds on the same graph the curve for the normel
para{fins hexadecane, ltetracosane, pentatriacontane snd tritetracontane.
For p-dicetylbenzene and octadecylbenzene with en aromatic nucleus and long
paraffin chain, the influence of temperature on thelr viscosity is similer
over the entirs terperature renge to the normal paraffins. 4 greater
influence of temperaturé is noticeabls with 1,l1-diphenylhexadecane with
two aromatic nuclel and especially diisobutylnaphthalene with two condensed
rings outside of the branched peraffin chain. _

2. For valuation of viscosity-temperature curves of branched paraffins
in graph §773-2-B3, the logaritbme of dynamic viscosity of 10- nonylnona-
decans, end 7,12-dimethyl-8,10--di-n-hexyloctadecane ars -plotted against
the temperature. As comparetive materiel one finds on the same graph the
curves of the normal paraffins hexedecanz, tetracosane, pentatriacontane
and tritetracontane. The influence of the temperature on the viacosity is
noticeably greater for the brenched paraffins then for the normel; least
et the lower temperatures. At higher temperctures the difference is not
greet, over 200 C the curve of 1l0-nonylnonadecane nearly coincides with
the curve of n-tetracosaune.

5. The kinematic viscosities of diisobutylnaphthalene, 1O-nonylnonadecans,
and 7,12 dimethyl-$,10-di..n-hexyloctadecane are plotted on ASTM paper .
graph 5773-3~B3. In addition to the velues in this report for 10-nonylnona-
decane wers used the viscosities at 0, 20, 40 and 60 C from Report No. 8975
by Dr. W. M. Hazee.

The viscoslity varies slightly from a straight line with both
branched peraffins, but only in the sease thet at higher temperatures the
experimentel value is lower, walch was elso the case with normal paraffins.
With diisobutylnephthalene, however, the viscosity varied markedly from’
the straight line. Here the viscosity at higher temperaturss was higher
then would be expected from the straight line extrapolation from the
measurcments at loyer temperatures.

This was also esteblished in the Oct.-Nov. 1942, Report (See III-
83 £f) with Balik Papan oil and Venezuelam oil BDy which contains many carbon
atoms in ring structure, while from the Report of August 1842 (See III 29 ££)
end Sept. 1942 (See III-52), it is seen that the viscosity curves of Elk
Bright Stock and synthetic Bright Stock are nesrly a straight line on
ASTH paper. 111202
4, For the branched paraffins 3,-ethylpentane, 1J-nonylnonadecane 2927
end 7,12-dimethyl-9,10-di-n-hexyloctadecane the logarithms of kinematic
viscosities were plotted ageinst the logarithms of the vapor pressure.

The gemple of 3-ethylpentane obteined from Dr. Kevlmans added
the folloving vapor pressure data: 0.66 atm. at 80 C; 0.40 atm. at 85 C;
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0,‘22 atm., at 50'C. thrapolaﬁion from a log p against 1/T diagram '
still gives 0.134 atm. at 37.8 C and 0,056 atn. at 20 C. The vapor
pressure of both other branched paraffins was tzken from Report No. 8975.

Graph 5773-4-B3 ghows that the viscosities of the named bramnched
paraffing are somewhat lower than the normal paraffins with the same
vapor pressure. This is not the case with all branched paraffins, for
example, not with 2,2,4-trimethylpentsne whose viscosity was dstermined
by .Evans and vhich lies above this line for normal paraffins in the graph.

The 3-ethylpentane and the 10-nonylnonodecene, which have the
same structure give points on the viscosity-vapor pressure graph, from which
an almost striaght line could easily be dram.

5, On graph §775-5-B3 is the viscosity for a large number of hydrocerbons
at 80 C plotted egainst the number of corbon atoms. For the normal
peraffins there is a curve which was used for tabulating data for each

one with less than 16 carbon atoms (from Evens 3). The isoparafi‘i:is and
olefins on the table of figures (from Evens 4,5) cre indicsted by a line,
the aromatica end naphthelenes by a point., Reavy (off thick) lines were
drawn for 3-ethylpentane and 10 -nonylnonodccane and likewise other substences
which included oxygen or nitrogen, yet possess a structure with 5 long
chains. For tricaprin, trilaurin, trimyristin, tripalmitin and tristearin,
the date from Joglekav and Wetson® was used, for tri-n-butylamine end tri-
p~enylemine, the deta from Bingham and Spooner 7 was used.

From the graph it is ovideat thet on the one hend the viscosities
of the hydrocerbons differ from ons another and-on the other hend the
points, which represent the molecules with three long chaing lie very regular
in relation to the line of the normal paraffins., Branch esad ring formations
have more influence on the viscosity then a single esief group or a nitrogen
aton in a large moleculs. The rest of which is mede up of corbon =nd
hydrogen. It is @ifficult to decide whather the jinfluence of the temperature
on viscosity is greater for the knowm tiiglycerido 2s well as the trinoayl--
methane than for the normel paraffins for the measurements of Joglekav
and Watson only go up to 85 C, that is about up to the melting polnt of the
like viscous normel paraffins., Norecver the temperature coefficient of the
viscosity of triceprin varies so much from the other triglycerides that such
an inaccurate statement should not be used.

CONCLUSTONS

The branch hydrocarbons 10-nonylnonodecane and 7,12--dimethyl-9 530~
di-n-hexyloctadecene arz &t the higher temperatures ?ssentially less viacous
than the corresponding normal paraffins. The viscosity-temperature curve?
which at room temperature is evidently steeper than thet of normal parafflns,m _‘

3 Evang J. Inst. Potr. Techn. 24, 38 (1938)
A ® " w0 24,32 élgss

" A m n 24 537 (1978
g‘ R. B. Joglekav end H. E. Vatson, Journ. Soc. Cheilo Ind. 47, 365T (1_928)
7 E. C. Binghem end L. W. Spocners J. Rheology 3, 221, (1932).
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is not a little higher. So the curve for 10-nonylnonodecsne, which
at room temperature lies over that of normal Cogligg, converges et higher
temperatures with the curve of n-Cogligy.

The viscosity of diisobutynaphthslene at the higfmer tempsrature
is higher than expected from a straight line extrapolation of the ‘
measurements at lower temperatures on ASTM paper, 2933

. From the investigation of Sfethylpenﬁane and 10-nonyinonodsecane,
it is probable that hydrocarbons of this structure with similar vepor pressures
have similar kinematic viscosities. '

PLANS FOR FURTHER INVESTIGATION

There are still a few branched paraffins on hand to be investigat-
ed. Meanvhile Dr. Verberg will test Trioctodecylmethene., The viscosity time
of these hydrocarbons, 1f they can possibly be purchesed, will be com-
pared with that of the triglycerides. '
TII-127

2955

INTRODGCTION

Hitherto only viscosity measurements of hydrocarbons at high
temperatures have teken place. In this report that follows, first the -
information about the acid containing substences will be discussed, after
that the further trecztment of the hydrocarbon information. This further
work included the instellation of a new geging thermometer and the small
correction that follows, the conversion to round off temperatures and the
ordering of a single diagrem.

The acid containing substence, whose viscosity will be discussed,
is dicetylether. This ether with a melting point of §2.5-53 C. came from
the laboratory of Herrn Ir. yerhaus. Its viscosity was compared with
the viscosity of normal paraffins. In this pemperison only the lower values
mentioned in the literature refer to ether.

SUMAIARY OF THE EXPERIMENTS

For ell the viscosity meansurements an Anschfitz thermometer with
standard calibrated graduations was used, It had been standardized so thet
the calibrations had changed very little in the measurements of the past
few years. The density eand viscosity of the examined substance, bagxed on
the new calibrations and corrected to pure grade celsuis, were compiled in

a table.

The density was plotted ageinst the temperature in a diagrem
(Abb, 5800-1-B4), This made a line which deviated only a little from the

straight line.
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: Tomp. Dichts OymeVisk, Mino¥isk” | Floidieds | Speruvol,
. ’ in °C in /a8 in op An o inpoies~d | inmS/g -
y et
g n.Hexadoken 25 (0,771) 3,07 3,09 3,% 82,6 L@ o
8 Gy 37,8 0,721 - - y - T
' 80 0,7328 1,161 1,167 1,383 86,1 ‘H3S
' n2 0,69% 0,634 0,636 0,911 157,7 1,457
4 184 0,6573 0,597 - 0,40 0,604 m 1,31
' s 0,610 0,25 0,253 0,411 38 1,639
0. Tetrakosan % 0,77% 4,68 9 . | a,6 1,269
' Gy, 80 0,7602 2,886 3,80 34,7 1,318
1R 0,7260 1,388 1,866 7,8 1,37
184 0,6914 0,79 1,101 126,7 1,06
25 0,6495 0,479 0,737 209 1,540
306 0,608? 0,318 0,518 319 1,656
r.Pentatr ia- 80 0,7781 6,7 6& 6,81 8,69 14,86 1,268 .
, *entan P 0,787 5,% 3,81 4,9 6,5 [ 138
Cyatnn |1 0,7457 2,768 2,769 5N 36,2 1,341
118 0,7130 1,40 1,494 1,49 2,09 67,0 1,408
: s 0,6784 0,864 0,868 0,863 1,261 118,7 1,483
ki 306 0,6337 0,358 0,354 0,882 0,673 160,8 1,57
{? 1. Tritotrakondian 90 0,7609 8,63 11,08 1,% 1,281
; y
jC. B 11 0,767 5 . % 17,38 1,308
B 132 0,7842 e 8,49 2,2 1,326
i 184 0,724 2,127 2,94 a0 | 1384
: .45 0,6849 1,19 1,743 8,8 1,460
: 306 0,6472 0,748 1,158 18,7 1,545
1]
’ - v -
i 3 Athylpentan 20 0,6973 0,390 0,545 26 1,4
: 37,0 0,6823 0,316 0,463 316 1,466
: 50 0,6711 0,280 0,417 3w 1,490
H 65 0,6%1 C,246 0,37 407 1,520 -
; 80 0,6442 0,21 0,334 463 1,5%
i 10 Nonylnona- 20 0,0085 - - - -
dakan 80 0,7693 L1 4,28 30,6 11300
/ 132 , 0,738 1,47 1,940 7,1+ 1,360
184 0,7008 0,7%9 1,140 23,2 1,427
, 245 0,6%94 0,480 0,728 28 1,97
23 (0,634) 0,366 0,577. 73 1,577
E » ..
7,12 dimcthyl 20 © 0,8230 39,8 @, _ 2,{ 1,215
{9710 dioncHoxyl] S0 - "~ (0,804) 11,% 14,36 . 8,68 1,244
L Lt dokan : & 0,737 4,94 6,3 . . 20,2 1,2%
@— 1% { oM 1,841 248 | 843 1,333
; 184 0,749 0,948 1,36 77 108,98 1,399
; i 213 0,676 0,938 0,74 166,9 1,489
: l 23 0,845, (394 0,600 2% 13843
] . . . 4
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The reciprocel of tha dynamic viscosity, whose fluidity is
plotted ageinst the reciprocal of the density is then plotted against the
specific volume. According to Batschinkil these would fell in a straight
line. That, however, does not apply for hydrocarbons.

It wes noticed in this reference that if at the seme temperature,
yot ascertain and at various pressures (von Wilk and Mitarbeitein 2) the
kinematic fluldity was plotted against the specific volume. The hydro-
carbons with low molecular welghts would give a straight line and the
hydrocarbons with high molecular weights would give a curve.

I17-130

Recently measurements have been carried out and results 2958
obtained for hydrocarbons, now first attention will be given to in-
vestigating the acid containing substances namely dicetylether.

‘ ]
The density was ticosured with the help of & pycnometer of ahout
1 cm® with a long calibrated stem, the viscosity was measured with a
falling body viscosimeter. :

, After repeir of the steambath with a suitable ground piece; the
viscosimeter was calibrated for each measurement the calibration constant
was found to be a value of 0.00487, which agreed very well with the earlier
found velue of 0.00488.

Density end Viscosity for Dicetylether
C52H660 (Falling body)

Lemp. Density Dysnmic Viscosity Einematic Visecosity
56,9 C = 0.8067 2,04 copo 11921_. C.8.

80,6 0,7208 5.26 6.65 -

132.2 0,7576 2.282 5,01

184.1 0,723 1.285 1,747

245.0 0.6842 0.748 1.083

282.6 0.6586 0,571 B 0.867

After rounding off the temperature
The converted values

56,0 0,8073 9,24 11,45

80.0 0,7912 5,33 o 6.74
132.0 0.7577 2,238 3,02
184.0 0,7240 1,266 1.749
245.0 0.6842 : 0.748 1,09%
285.0 0.6583 0,569 0.864

1 A. Batschinki, Z, physik. chem. 1913, 84, e3
2 W. R. von Wijk, c.8. Physica 1940, 7, 45
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The diagram {Abb 5880--3-B3) compares the viscosity time of
dicetyether with the viscosity time of normal paraffins. For n-hexadecane
the higher paraffins, the date from this report was used; for the lower
paraffins; the viscosity values from Evans™ tsbles were employed. Also
in the figure are the viscosity values for di-n-omyl ether and di-n-butyl
other (Bingham and Spooner?) end from Von Thorpe and Rodger (3,4) the
viscosity values for di-n-propyl ether, di-ethyl ether and ethyl propyl

ather ars ylotted.
oL- 134

Timmermens snd others (5, 6) examined various others 2959

at 15 and 30 C found for di-n-emyl ether 1.188 and 0.992 c.p.; for
di-n-butyl ether 0.74L end 0.€02 c.p., for di-n-propyl ether 0.448 and
0,376 c.p.; for diethylether 0,270 and 0.247 ¢.p. The agreement with
the first mentioned values is good, with the exception of the yleld of
the diethylethers. For ethylpropylether Hilditeh and Dunstan (7) with
0,3393 c.p. at 25 C found a higher viscoslty than Thorpe and Rodger,

From the Figure (Abb, 5800-3-B3) it is clearly proved that
temperature slope of the viscosity for the ethers with branched chains
is about the seme as that for normal paraffins. (Mesnvhile the lower
ether viscosities are more than the paraffins with a earbon atom.)
Di-n-butylether and di-n-amylether are somewhat less viscous en@ dicetylether
has about the same viscosity as the paraffin with the same number of -
carbon atoms. ‘

. The ethers had lower melting points then the peraffins with
same numbar of carbon atoms for example, di-n-emyl ether -63 C as comparzd
with n-decane 32 C and dicetylether about 53 C, again p-Czliee about 70 C.

CONCLUSION
' The density of the earlier investigated hydrocarbons follows al-
most a straight line with the temperature. The fluidity of the seme
‘hydrocarbons was plotted against the specific volume, as recommended
by Batshiaskil, forming lines, which distinctly dewiate from the straight
line, ) :

“ The temperature slope of the viscosity for the straight chain
ethers ig nearly the same as for the viscosliy ol the nowmal paraffins.

PLANS FOR FURTHER INVESTIGATION

v The hydrocarbons concerned must be furnished finally by several
synthesis. Dr. Verberg has investigated the existing progrem with good .
prospecis of success, This synthesis of aliphatic hydrocarbons, with a number
of carbon atoms (if possible, congecutive) without hydrogen on account of
double or triple bonds, can be added.

1. Evens, J.I.P.T. 24, 38 (1938) :

2, Binghan and Spooner, Journ. Rhenology, 3, 223 {1932)
3, Thorpe and Rodger, Phil. Trens. 185 4, 397 (1894)

4, Thorpe and Rodger, Phil, Trens. 189 4, 71 (1897)

=u

5, J. Timmermens and F. Martin, Jour. chim. phys. 25, 411, {1928)
6.. 3. Timmermens and Hennent Roland, Jour. chim phys. 27 401 {1930)
7. “Hilditch and Dunstan, 2t. Elek. Chem, 17, 929 (1911).. '
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In the meentime the investigation of substaneces, which contain,
not only cerbon and bydrogen but also acid, will be continued. . Another
determination of the vapor pressure curve for dicetyl ether will be worked

on.
2975

INTRODUCTION

The preceding report included the accumulated information on
viscosity measuremsnts for hydrocarbons. This information has beem
greatly enlarged upon, The logarithm of the viecoslity was plotted against
the reciprocel of the value for the temperature. For the normal paraffins
hie deviation from the straight line is not very large. This led us to
interpolate the viscosity of the paraffins (with help of a method of
smell "quadratic) celculated from the linear relation between the logarithms
of the viscosity and the reciprocal of the value of the absolute temperature.

SUMIARY OF THE EXPERIMENT

‘The viscoslty of the twelve investigated hydrocarbons was plotted
cn hyperbole-logarithm paper. From drawing 5326.-1--B4 1t is evident that
logarithms of the viscosity plotted ageinst the resciprocal values of the
temperatures give no straight iines in general. The viscosity time for
hydrocarbons -over a large temperature range cannot be described with the
formule ¥ = & £ b/t. For the normal paraffing the deviation remains such
that the formula, complete with 2 deviation curve, is useful for inter-
polation purposes.

Using the method of the small quedratic) the following viscosities
were computed for n-hexadecene, n--tebrucosans, n péatatrizscontane end n-
tritetracontane.,

n-Gy e, logh = 2.0663 £ 758,26/T
n-Coaflgy log N = -2.0316 [f 832.81/T
n-Gefog logn ~ -1.9435  971.95/7
-Gyl logy ~ --1,9063 lozegqs/?

The differances betwzem the computed watues for log/ and the
experimentel velues are plotted againsi the temperature in drawing 58258-2-B4.
With the help of the formule and the accompanying deviation curve were the
values {of log )] and elson ) for rounding off temperatures computed.

The figures enclosed in parenthesis in the table are extrapolation
from a streight line, whose nuibers however were obtained by interpolation.
In diagram 5826-3.-B2 the logarithms of the viscosities of n-hexadecane,
n-tetracosane, end n-pentatricontene and n-tritetracontane are plotted
against the logarithms of their molecular weighte. The measuring points
for like etmperatures are comnzcted by a straight line. The handbook of
ngler and HB8fer states end Uhbelohde and Aghte egree that the viscositier
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Ino¢ {19 T [Ninop (D 1n cs | log N M tn co| & tn o5 g M mn;r‘-s log " Minos [Nines

ITI - 142
TASEALE,
v
»
- nHexodekan ", Tolr‘dnom n,Pontatrickonten A, Tritotrakontian

é

4 d

PO RS tecn b av . aermaent e mncamnnan

SEB8SFEFsESE

210
220
230
240
2%

20
280
3¢

300

38833g84n

{0.5360)1(3,44) | (4.45)
0.4410 § 2,76 3.60
0.3%15 | 2,23 2,96
0,269 | 1,862 | 2.47 10,7200 {3.%) 1(6,74)
0,199 | 1.57%0 | 210 l0.6290 a2 | 5%
0,12% {1.34¢3 | 1817 'o.scxa 3.40 | 454
C.0852 § 1,162 { 1,387 ;0,4806 ;2,89 | 3,80 {00204 | 6.74 0,68 r
0,007 11,017 { 1,408 !0,30% $2,44 | 3.24 j0.707 | 5.% {715 lo.s3ss | a.es 11,08
0.9540-§ 0.900 § 1,29 }0.3199° 12,09 | 2,80 70,6608 { 4.9 {599 {0.850¢ | 2,09 9.13
0.9038 {0.601 | 1,127 10,2%0 11.806 | 2.44 }0.5853 | 3,88 {s.07 0,290 { 5.87 7.64
0.8563 ] 0.718 | 1,018 [0,1980 !1,578 | 2.15 {0.50 | 3.3 {437 fjo.0073 | 498 6,54
0.8110 ] 0,647 | 0,927 {0,1420 {1,380 } 2,908 {0,4%41 { 2.65 3,80 lo,e302 | 4,27 5.68.
0.7662 [ 0,586 | 0,648 10,012 L2534 | 1711 10.3943 | 2,48 [3.35 10.5668 | 3,69 4,92
0.72273 | 0,534 ; 0,782 {0,0430 1,104 | 1546303391 | 2,8 {2.97 {0.%07 | 3.21 432
0.6877 | €.487 | 0.720 }0.9974-1{0,99¢ | 1,406 10.2670 ¢ 1,936 12,66 §0.4508 | 2.82 3,88
0.6498 | 0,447 | 0,669 }0,9542 10,900 | 1,284{0.2388 | 1,72 {2,40 {0.975 | 2.%0 s.e
06132 § 0,410. | 0,620 $0,9132 10,819 } 1,18010,0924 | 1.5%8 {2.18 !0.347 | 2.2 3,08
0,579 | 0.378 | 0.5% (0,67 10,749 | 1,090§0,2485 ! 1,400 1,908 {c.2090 { 1,994 2,78
0.3435 } 0.3%0 ; 0,54 lo.8362 {0,686 ! 1,007{0,2067 § 1,27 {1,816 {0.2582 | 1.000 2,8
0.5101 : 0,324 | 0.509 10,7997 10,631 : 0.93610.065 | 1.165 }1.6M §0,2127 | 1,692 a3
0.4775 | 3,300 ) "0.476 {0,744 ;0.%01 | 0.87110.0229 | 1.086 }1.%43 f0,173 | ).a87 212
0.44%9 | 0,27 | 0,449 {07301 {0,537 | 0,814 !0.9906-3} .9% 1,431 §0.1934 | 130 | 1.960
0.4149 | 0,260 | 0,423 }0.6967 [0.497 | 0,761} 0.950 { .900 |1327 {0,008 | 1.208 1,811
10.3040-110,28) | (o.401)i0.6641 {0,462 | 0.714] 0.9196 81 {La710.c%1 | 1,148 1.68C
0.6323 10,429 | 0,611 0,88% 8 {L1% {0,085 | 1.0% 15
0.601¢ {0,399 | 0.631}0.8894 | .7me |1,085]0.900-1 aom | 1%
0.5715 10,378 | 0,598 0,6216 665 {1,01710,95% { 0,908 | 4.362.
€.5418 [€,34 ! 0,%4) 0,907 610 {0.9%8{09235 { o.038 2,273
o518 {0326 | 0.535] 0,7605 5% 0,98 §0.6921 | 0,70 1,200

Die in dor Tabelle eingoklammerten Ziffern sind
durch Extrapolation ilber cinige Greden, die ibrigen Ziffern
lurzk Tuterpolation eérhalten. Im Diagramm 5826 - 3 = B 2 aind _
fie Lrgarithmen der VigkositSten von n.Hexadokan, n.Tetrakosan,
n.Péntatriakonten un. n.Tritetrakonton gogon die Logerithmen
der Molekulargewicht« rufgectragen worden. Die Messpunkto bei
gleicher Temperatur =ind dwrch Ceraden verbundon. Die im Hende
buch von Engler und :8fer ') nngegebenen und von Ubbelohde und

 Aghte herrithrendon Viskositfiten von n,Tetradekan und n.0Okta-

dekan liegen nicht ¢uf dieren BGeraden, die viel rezenteren
lessorgebnisso von Evans '') fdr n.Dodekar abor wohl. Aus

der Tebellen von Bvans .st seiter ersichtlich, dass die nie-
drigen Paraffinkohlenwasserstoffe abweichen. Obwohl nattirlioc¥F
nicht f.statoh*, dag9 die Visxosititen hSherer Homologen wohl
ruf den jersdin .‘egen ver.an. haben wir diese doch nach

') Engler-Hofer, Das Brdsl 191;, Vol. I, Soite 33.

') E.B.Evans, J.I.P.T. 24 (1958,, 38, :
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of a-teiradecane, n--octadee do lie on a straight line and sccording to
recent neasurenents of Evans™- the seme applies for n-dodecanv. From

the tables of Evans it is also evident that the lower paraffin hydrocarbois
may., Although it has not been established thaet the viscosities of the -
higher homologs probably lie on & straight line, we have drovn these out
for the higher molecular weights, because we could use that diagram for
the purpose of valuating the viscosity time of other substances.

CONCLUSTON
Through the most technical research we hed found thet for the
normal prraffins of dodscene end tritetrecontene thers exists a lineer
associavion bsetween viscosity and molecular waight,

PLANS FOR FURTHER INVESTIGATION

The viscozity time for verious substences will be esimated
with the help of drawving J626 3-BR2. The investigation of seversl estery,
which has alvezdy started, will be finished.





