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THE VISCOSITY OF ISOBUTANE AT HIGH PRESSURES

N. A. Agayev and A. D. Yusibova

In literature there is a series of works devoted to the study of

the viscosity of liquid and gaseous isobutane [3-7]. The comparison

of experimental findings given in these works showed that they

differed from one another substantially, therefore a study was made

of the viscosity of liquid and gaseous isobutane (including the line

of saturation and the area close to the critical point) in the

interval of pressures from 1 to 700 kg/cm 2 and temperatures of 072750C.

Unlike the procedure applied earlier [l] in this investigation

liquid thermostatic control was used [8]. The temperature of the

experiment was measured by a model resistance thermometer to within

0.020C, pressure was measured by manometers of the type MP-60 and

PM-600, class 0.05. The timing of escape was conducted automatically

with a P-30 electric timer to within 0.1 s.

The main unit of the installation - a capillary viscometer - was

made from "Supromaks" brand glass and it had the following geometric

dimensions: diameter of capillary d H = 0.008818 cm, length of

capillary IH = 5.170 cm, volume of the measuring balloon VH = 1.133 cm
3,

3
the drop in the level of mercury in the viscometer AHH = 5.743 cm

Chromatographic analy.is of the substance investigated by us showed

that it contained 99.87% isobutane, 0.005% propane, and 0.08% n-butane.

FTD-MT-24-1605-71 1



Experiments were conducted based on isotherms with the temperature

interval after every 10-Z50, and in the area close to the critical

point after 0.5-2.00.

The step of pressure measurement in the beginning cf every
2 2isotherm comprised 5-10 kg/cm , at a pressure above 100 kg/cm the

step was changed after every 50-100 kg/cm2. In the area close to the

critical point pressure on isotherms was changed with a step of
2

0.5-1.0 kg/cm

The viscosity of isobutane was measured on the following

*isotherms: 0, 10, 25, 50, 75, 100, 111.67, 125, 130, 132.6, 134.98,
137, 1I0, 150, 175, 200, 225, 250, and 275. Here the limit of pressure
measurement comprised 1-700 kg/cm. For the determination of the

viscosity of liquid isobutane on the line of saturation and in the

area close to the critical point measurements were made at pressures

up to 50 kg/cm2 on isotherms 131.2, 132.6, 133.3, 134.0, 134.5, and

135.5.

At the assigned temperature and pressure the measurements were'

made at each point 2-3 times; here tbh reproducibility of the ex-

periments did not exceed 0.2%. A control measurement was conducted
2on the isobar 50 kg/cm . The isobar data coincided with measurements

on the isotherms with an accuracy of 0.2-3%.

The adjusted values of the viscosity coefficients of isobutane

are given in Tables 1-3. The possible error of the experimental

findings is estimated at ±1%.

The diagram depicts the dependence of the excess viscosity

(np,TnT) of isobutane on the density p for the limits of temperatures
and pressures indicated in Tables 1-3. The values of density ha',e

been taken from works [9-10). Values (np,T-nT) at all temperatures

and pressures are arranged in one general curve; deviation does not

*exceed ±1.0%.
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2
Table 1. Viscosity of isobutane (adjusted values), 10-  N's/im

4 4 , . o., .5 . ,~T .®, ! ,.,,
0 to 2$ I 7S" tool WI 125 M"'' 13. 81 W I is 1 I 13 10 120 226 1 2302.1

1 0.69 0.72 0.75 0.8 0.8 0.124 0.947 0.98 0.991 1.002 1.007 1013 1.038 1,02 1.148 1.205 1.262 1.318
5 19.821 t7.80 15.201 0.83 0.88 0.9.4 0.966 1.000 1.012 1 .023 1.027 1.033 1.056 IMt2 1 .168 J.2.24 I 1.28 3.16

0 19.95 17.93 15.33 1178 .90 0.964 0.986 .020 I.I 1.043 1.048 f.054 .077 1.13 1.189 1.245 1.301 1.136

15 20.08 18.05 15.46 11.91 9.09 0992 1.015 1.048 1.059 1.070 1.075 1.082 1,04 1.158 1.23 1.267 1.32 75
2D 20.221 839tO MSG.58 04 9.27 6.725 1 .054 1.084 1.095 1 .104 1.109 1.114 M~35 1.187 1.239 1 .291 1 1.3 95 ,3.

25 20,358.M2] ISM7 f2.16 0.42 6,951 5.922 1.145 M52 M.59 IJt62 1.166 1.181 1,.*6 J.27tl t.320 1.367 1.4%

30 20.50 t8.46 15.82 12.29 9.58 7.149 .160 1.23 1.264 1.257 1.255 1.252 1.248 1.272 1.38 1.3 1388 1.434

35 20.62 18.57 15.94 138 9.7t 7.320 6.38 4.84t 4.137 1.514 1.462 1.419 1,363 1.334 1.351 1376 1.410 t.45.3

36.5 20.65 18.63 15.98 12.43 9.76 7.390 6.455 4.990 4361 2360 1.651 .537 1.421 I.360 1.366 1.386 1.416 1.456

40 20.34 18.70 16.06 12.50 9.85 7.496 6.583 5,200 4.690 3.984 3.660 2.754 t.590 .422 1.402 J.A6 1.440 .170

50 21.01 18.97 16.31 1276 10.11 7.810 6.9-7 5.605 5.299 4.875 4.689 4.420 3,221 1.735 1.575 1,558 1.S 1.575

60 21.27 t9.23 I6.56 12.99 10.33 8.100 7.252 6.N 5.,730 5.362 5.233 5.041 4.199 2.365 1.850 t.770 .710 .720

70 21.52 9.46 16.8t 13.20 0,.57 8&350 7,.533 6.444 6,102 5.771 5.644 5.488 4.793 .3.107 216 2,030 1.890 1.871)

80 21.,78 19.73 .04 13A4 10.78 8594 7,.801 6.740 6.41O 6.130 5.960 5.815 5.193 3.675 Z591 2,270 2.100 2.010

IO 22.32 20.23 17.53 03,89 1.20 9.053 8.322 7.280 6.983 6,675 6.560 6.397 5M23 4.508 3.435 2780 -.470 2.310

120 22.82 20.70 17.98 1. 11.60 9.470 8.773 7,750 7 70 7.180 7.005 6.90 6.321 5.075 4.075 3,270 2.910 2.650

150 23.59 2t.45 18.64 14.94 1220 10.050 9.400 8.410 8.50 7.85 7.730 7.580 7.030 5346 4.882 3,980 3.500 3.160

200 24.,68 6 19.76 15.98 13.13 10.970 10.270 9,374 9.091 8,827 8.710 0,55 8032 6,822 5.858 5.020 4.400 3,950
250 26.20 23.85 20.84 16.95 H.03 t.840 - 10,.220 9.900 0.653 9.54 9.376 6.878 7.651 6.675 5.900 5.1740 4.6.W
300 27 25.03 21.93 17.92 1.92 12.700 - 10.990 i0690 10.420 10.300 10.12 9.603 8.415 7.413 0.60 5.S 5.295

400 30.06 27.42 24.10 19.80 M.63 14320 - 12.45012 1501 M910 11.750 11.50 I.040 9.781 8.689 7.750 7.005 6.450

500 32.66129,71 26.26 21.63 125 15.760 - 1.800 13.48013.180 30412, 123200990 998201880150 7,520
600 35.32132.06 28.40 23.45 19.80 t7.0501 - 15.05014.700 14.30 4.2W0 1480 13.490 2.120 10.9 0 9.8701 9.1.50 8.550

700 37,95134.35 2,321, 31 18,370 - 16..V 15,8l05.48 53,5.11, 55013.150 2.11837 110.070 9,520

KEY: (1) Temperature, 0C; p, kg/cm
2

Table 2. Viscosity of isobutane

(adjusted values) 30
- 5 N's/m2 .

(2) I (1) T. aw .C C

t 31.2 02.0 133,0 -. 1 134.5

35 &055 3.785 3.,,3 - - -

36 4.100 3.%05 3.770 3.50 - -

38.2 4,130 3,003 & 3815 3.525 3.3-30 -

37 4.225 4.05 3,9%0 3.723 3.585 3.90)

37.5 4.282 4 .80 4015 3.815 3,700 3.350

38 4.= 4,230 4.0 3.900 3,7901 3.500

39 4.450 4.310 4,20P, 4.030 3.040 M,30
40 4,545 4.435 4,.0 4.145 4.070 3.900

45 4,915 4.830 .S.725 4.615 4.570 4.455

V0 5 5,200 5,130 5.01o 4.955 4,910 4.825

KEY: (1) Temperature, 0;

(2) p, kg/cm2

FTD-MT-24-1605-71



Table 3. Viscosity of isobutane
on the line of saturation (adjusted

values) 10O5 N-s/m 3.

f I -MkA

0 M8 t9.700 01i00
p2.223 17,724P 0.72

20 &.039 1800) 0.751
30 4.073 1440 0.718

40 SAN5 I2.g*) 0.806
50 61927 01.700 0.83
0 8M0 t0.*8) 0.80

90.,0 5s') 0,000
80 13.71 ION3 0.037
g0 M679 7AD)3 0.979

I1 0 to 2.33 0.211 1.03
110 2438 wit1') I.100
120 2807 4.952 1,216
123 31e%8 4.175 12

05 37.2 M.6 2.30

KEY: (1) (liquid); (2) (gas)S

(3) -p, kg/cm2

*-*

x-IZto--

C-M

" _P KEY: (1) s/rni
(2) saturation line;

(2 . (3) g/cm.

V 9 4f.0 0. 44* PS 45

Data found in the literature for the gaseous state at atmospheric

pressure [1] and data given in work (3) for liquid isobutane on the

saturation line are respectively 2 and 9% higher than that obtained

by us. It should be noted that the ccmparative analysis of the data

on the viscosity of liquid saturated hydrocarbons of a normal series

and their isomers at atmospheric pre~sure showed that th viscosity

* of isomers as a rule ic less. And only the data given in work (3]
*FTD-MT-2 14-1605-71



are an exception. The latter gives grounds to doubt their reliability.

The comparison of data on the viscosity of isobutane at increased

* temperatures and pressures shows that the data of the authors of work

(6] are 8% lower than ours. The divergences of our data and data of

work [7] on all isotherms do not exceed 2.5%.

The sufficiently satisfactory coincidence of our data with the

data of work [7], obtained by the capillary method, and the large

divergence with the data obtained by the method of the rolled ball

[6], again confirms the inadequacy of the method of the rolled ball,

which was already indicated earlier [1, 11].
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