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Kinematic viscosities of acetone, vinyl acetate, crotonaldehyde, acetic acid, acetic anhydride. 
their binary mixtures a"nd two ternary mixtures (acetone- vinyl acetate-acetic acid and vinyl 
acetate-acetic acid-acetic anhydride) were measured. The values of coefficients of the Linke, 
McAllister, and Chandramouli- Laddha equations were calculated. The temperature dependence 
of the coefficients of last two equations can be expressed in terms of a function in exponential 
form, coefficients of which are tabulated. 

Acetone, crotonaldehyde, aJ;d acetic anhydride are formed as by-products during 
the vapour-phase synthesis of vinyl acetate from acetylene and acetic acid. For calcula­
tions concerning the separation part of thi s technology it is necessary to know vis­
cosities of the mixtures consisting of these substances. For this reason the tempera­
ture dependences of kinematic viscosities of acetone, vinyl acetate, c:.otonaldehyde, 
acetic acid, and acetic anhydride, the temperature and concentration dependences 
of their two- and two three-component mixtures (acetone-vinyl acetate-acetic acid 
and vinyl acetate-acetic acid- acetic anhydride) were measured. 

The dependence of kinematic viscosity of pure liquid on temperature can be expressed in terms 
of the equation proposed by Linke 1 

v = A exp (BfT). (I) 

Kinematic viscosities of binary mixtures are correlated best by the equation which was derived 
by McAllister2 on the basis of Eyring's theory of absolute reaction rates: 

In VOl = x~ In Vi + 3x~ Xj In vij + 3xixf In vji + xJ1ln Vj -

- In (Xi + XjMjfMJ + 3x;xj In [(2 + MjfM;)f3] + 
+ 3x;xf In [{1 + 2MjfMJf3] + xJ In (MjfM;). 

In a similar way, Chandramouli and Laddha3 derived the equation for ternary mixtures 

(2) 

1n vm = xf In v; + xJ In Vj + x~ In Vk + 3x~xj In vij + 3x i xf In vj; + 3X~Xk In V;k + 
+ 3x;x~ In vk ; + 3xfxk In Vjk + 3xjx~ In Vkj + 6x;xjxk In V;jk -
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- In (x;M; + x/11 j + xkM,) + x: In 1.1; + X~ In lH j + x~ In Mk + 
+ 3x~xj In [(2M; + MJJ3] + 3x ~x, In [(2Mi + Mk )!3] + 
+ 3xJx i In [(2M j + Mi)/3] + 3X;Xk In [(2M j + M,)!3] + 
+ 3X~Xi In [(2Mk + Mi)!3] + 3x~ .\·j In [(2M, + MJJ3] + 
+ 6x;xjxk In [(Mi + M j + MJ/3] . 
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(3) 

In the equations given above. A. B are the pure-component COn~tant S which. in a certain range of 
temperatures, are independent of temperature T, Xi' Xj' x k • Vi' Vj' I', . Mi ' M j • Mk denote the mole 
fractions, kinematic viscosities, and molecular masses of pure substa nces. respectively . The visco­

sity coefficients Vij ' Vji' I'ik' I'ki' I·jk • I'kj ' and I'ijk do not depend on composition but only On tempe­
rature. and like the pure component constants A. B mu st be determined from experimental data 
On viscosities . The results of this evaluation are given in this work. 

EXPERIMENTAL 

The substances used for the measurements were purified and stabilized in ad vance by standard 
procedures described in the literature. Acetone. acetic acid . and acetic anhydride (all of A.R. 
purity) by the method s according to the literature4 . 5 • vinyl acetate and crotonaldehyde (Ouslo, 
Sala) by the literature6 .7 . All the substances were rectified before the stabili7..ation it selfon a forty­
-plate packed column (in case of crotonaldehyde under vacuum) at a reflux rati o 60: I. The 
purity of substances obtained in this way was checked chromatographically. 

The experimental determinations were carried out using the Ubbelohde vi~cosimeter. the 
temperature of the sample measured being determined with the accuracy of ::l: 0'025°C, Kine­
matic viscosity was calculated from the relation 

v = O·OJ T - 2'808JT , (4) 

where T is the time of the pa ssage of a liquid sample through a certain length of capillary. Each 
measurement was repeated 8- 10 times. and then only average values were evaluated. The mea­
surements of kinematic viscosities of pure substances served simultaneously to verify the justi­
fiability of employing Eq . (4) for calculating kinematic viscosities from the data measured. This 
verification was carried out for 17 kinematic viscosities of acetOne. vinyl acetate, acetic acid, 
and acetic anhydride at different temperatures. The data on kinematic vi scosities calculated 
from the values of dynamic viscosities and densities published in the literature8

-
24 were used 

for comparison. The mean value of absolute values of relative deviations of our viscosities and 
those calculated in this way is 0'52%. the maximum deviations are - 1' 35% and + 1'04%. The 
dependence of the crotonaldehyde viscosity on temperature was not found in literature. 

All the data on kinematic viscosities v, viscosity coefficients Vij' Vji' vik • vki ' vjk , vkj , and vijk 

are given in units mm2 /s. 

RESULTS 

The experimentally found values of kinematic viscosities of pure substances were 
evaluated in terms of Eq. (1), the best values of the constants A and B having been 
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so ught. The method of least squares was used, the computation being performed 
in two alternatives: by using the linear (L) and nonlinear (N) regression analysis. 
For the nonlinear regression analysis, the procedure by BOX25 was chosen. In Table I 
we give the calculated values of constants A, B, along with the temperature interval 
in which the measurements were carried out, the number of experimental points 
(n), with the results of statistical evaluation, and with the designation of the way 
of regression analysi s which has led to lower values of deviations. 

The mean relative deviation £ was calculated as 

(5) 

a nd the root mean square deviation a as 

a = (2)i!(n - 2))1 /2 , (6) 
1 

where the relative deviation £1 equals 

(7) 

The experimental values of kinematic viscosities of binary mixtures were cor­
related by Eq. (2). The coefficients Vij, Vji were calculated by the -same alternative 
procedures as in the foregoing case. They are given in Table II along with the results 
of statistical evaluation. The viscosities of pure components at temperatures above 
their boiling points, needed for inserting into Eq. (2), were extrapolated in terms 
of Eq. (1). 

TABLE I 

Coefficients of Eq. (1) 

Substance r,C A B e,% a,% Bmax Method 

Acetone 10 - 50 0·04211 665·1 0·273 0·364 0·373 L 
Vinyl acetate 20- 68 0·02243 877-4 0·088 0·125 0·180 L,N 
Crotonaldehyde 20 - 90 14 0·03469 825·0 0·262 0·353 0·660 L,N 
Acetic acid 20-85 8 0·01725 1239·2 1·20 1·69 2·87 L 
Acetic anhydride 20-85 0·02341 1045·0 0·645 0·910 1·18 L 
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TABLE II 

Coefficients of Eq_ (2) for bina ry systems 

(, oC 
"ij vji C. ~~ G, I~ l: .n:lx' % Method 

Acetone(i)- vinyl ace tatc(j) 

20 16 0-4216 0-4402 0-139 0-184 0 -331 L , N 
30 16 0-3845 0-4005 0-216 0-284 0-447 N 
40 16 0-3531 0-3697 0 -204 0-329 0-802 N 
50 16 0-3323 0-34 17 0-158 0-238 (j-5 87 N 

Acetone(i)-c rotonaldehyde(j) 

20 I I 0-4594 0-5453 O-J8J 0-280 0-534 L, N 
30 II 0-4222 0-4952 0-226 0-326 0 -654 L 
40 11 0-3911 0-4592 0-275 0-392 0 -668 L 
50 11 0-3711 0-4 172 0-242 0-367 0-639 L 
60 9 0-3462 0-3836 0-228 0-320 0-416 L 
68 0-3311 0-3599 0-136 0-232 0-324 L 

Acetone(i)- acet ic acid(j) 

20 12 0-6038 0-8 656 0-356 0538 1-21 L 

30 12 0-5430 0-7781 0-355 0-455 0-705 L 

40 12 0-5019 0 -6860 0-310 0-449 0-683 L 

50 12 0-4544 0-6279 0-461 0-609 0-808 L 

60 8 0-4431 0-5545 0-224 0-338 0-539 L 

68 0-4381 0-5087 0-460 0-713 1-07 L 

Acetone(i)- acetic a nhydride(j) 

20 11 0-5464 0-6979 0-518 0-819 1-78 L 

30 11 0-4872 0-6319 0-516 0-660 0-988 L 

40 II 0-4459 0-5706 0-376 0-588 1- 18 L 

50 11 0-4152 0-5199 0-506 0-676 1-02 L 

60 9 0-3937 0-47 15 0-366 0-648 1-31 N 

68 0-3634 0-4409 0-148 0-256 0-494 N 

80 0-3475 0-3937 0-039 0-068 0 -091 L, N 

Vinyl acetate(i)- crotonaldehyde(j) 

20 11 0-4935 0-5326 0-130 0-204 0-475 L 

30 II 0-4446 0-4851 0-329 0-477 0-904 L 

40 11 0-4092 0-4433 0-290 0-440 0-845 L 

50 11 0-3685 0-4134 0-384 0-555 1-08 L 

60 11 0-3437 0-3793 0-365 0-544 0-985 L 

68 11 0-3250 0-3558 0-279 0-384 0-590 L , N 

80 0-3056 0-3311 0-299 0-456 0-710 L,N 
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TABLE II 

(Con/iI/ lied) 
---------------.----------.~-.---------------~----. 

/, "C Vij Vji e,% 0",% emax ' % Method 

Vinyl acetate(i)- acetic acid(j) 

20 II 0-5428 0-6136 0-55 1 0-838 1-47 L 
30 II 0-4886 0-5444 0-487 0-706 1-27 L 
40 II 0-4408 0-5000 0-439 0-624 0-960 N 
50 11 0-4081 0-4443 0-283 0 -514 0-996 N 
60 II 0-3750 0-4068 0-63 1 0-917 1-46 N 
68 II 0-3404 0-3990 0-390 0-632 1-28 L 
80 10 0-3292 0-3451 0-406 0-607 0-942 L 

Vinyl aceta te(i)- acet ic anhydr ide(j) 

20 II 0-5696 0-6895 0-329 0-508 0-947 L 
30 I I 0-5077 0-6184 0 -355 0-506 1-09 L 
40 11 0-4618 0-5529 0-253 0-387 0-74 1 L 
50 I I 0-42 19 0 -5029 0-138 0-205 0-4 11 L 
60 .II 0-3901 0-4611 0 -117 0- 188 0-4 10 L 
68 I i 0-3684 0-4277 0-275 0-450 0-934 L 
80 9 0-3332 0-3909 0-407 0-630 1-12 N 

Crotonaldehyde(i)- ace t ic acid(j) 

20 II 0 -7910 0-9414 0-202 0-305 0-6 15 L,N 
30 I I 0-7056 0-840 1 0 -152 0-242 0-476 L 
40 11 0-6397 0- 7645 0-230 0-352 0-816 N 
50 11 0-5769 0 -668 1 0 -250 0-367 0-739 N 
60 11 0-5269 0-6132 0-200 0-312 0-6 17 L , N 
68 11 0-4967 0-5722 0-290 0-43 6 0 -734 L 
80 11 0-4522 0-5078 0-284 0-449 1-03 L 

Crotonaldehyde(i)-acet ic anhydride(j) 

20 13 0 -6764 0-7654 0-106 0- 178 0-3 10 N 
30 13 0-6097 0-6708 0 -229 0-332 0- 763 L 
40 13 0-5518 0-6106 0-241 0-325 0-574 L, N 
50 13 0-5070 0-5476 0-253 0-33 7 0-552 L 
60 13 0-4618 0-5 162 0-339 0-46 1 0-860 L 
68 13 0-4294 0-4709 0-230 0-333 0-804 N 
80 13 0 -3965 0-4263 0-140 0-195 0-422 L ,N 
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TABLE ]( 

(Colllilllled) 

l' ij 

-----------

Acct ic acid(i)- acel ic anhydridcQ) 

20 11 1·0227 0 ·9236 0·247 0 ·379 
30 11 0 89~5 0·8 100 0·239 0·379 
40 11 0·8002 0·7093 0 -214 0·328 
50 11 0·7144 0 ·6371 0 ·294 0 ·45 1 

60 11 0 636 1 05790 0·204 0 ·303 

68 11 0· 5837 0·5350 0·165 0·230 

80 11 O· 5328 0-4722 0 ·063 0 ·011 

_. __ .-._-_ .. _----. ------- -
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0·765 L 

0·825 N 
0555 L 
0·947 N 
0 ·589 L 
0·335 L 
0·164 L. N 

- --------

The temperature dependeJ~ce of the coefficients I"ij and vji obtained from experi ­

mental data for individua l binary systems was exrressed in term s of Eg. (8) 

"ij(ji ) = (/ij(ji) exp (hij(ji) / T) . (8) 

The values of the coefficients (/jj(ji) and bjj<ji) calculated only by the linear procedure 

along with the results of stat istica l evaluation are in Table 111. 

f; and (J have been calculated in terms of Eqs (5) and (6), [; 1 being here equal 

(9) 

where K is an arbitrary coefficient of Eq. (8). 

The experimental values of kinematic vi scositi es fo r the ternary mixtures acetone­

-vinyl acetate-acetic acid and vinyl acetate- acetic acid- acetic anhydride have been 

evaluated by means of Eg. (3). The values o f ternary coefficients Vijk together with the 

stati stical evaluation are given in Table IV. When calculating the ternary coeffi­

cients Vjjk at temperatures 35 al;d 45°C, the values o f vi sco ~ ilie s of pure substances 

and the values of binary coefficieJ; IS calculated from Egs (1) and (8) have been used. 

The calculated ternary coefficients V ijk have been correlated as a funct ion of tem­

perature in terms of Eg. (10) 

(10) 

The values of coefficients Qjjk and b jjk for both the ternary systems (calculated only 

by a linear procedure) along with the stati stical evaluation are given in Table V. 
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TABLE III 

Values of coefficients of Eq. (8) 

Component 

aU blj E,% Bmax ' % aji b ji E, % Bmax.' % 

() 
Acetone-vinyl acetate 0·03157 758·6 0·520 0'79 0·02907 796·1 0'160 0·32 

0 Acetone-crotonaldehyde 0·04569 675·1 0-428 0·87 0·02860 865·5 0-452 1·22 
G Acetone-acetic acid 0·05560 692·2 1·96 4·22 0·02006 1 106·7 0·870 1 ·86 !l g Acetone-acetic anhydride 0·03774 777-9 1·33 1·90 0·02454 984·0 0·583 1'12 

~ Vinyl acetate-crotonaldehyde 0·02767 842,1 0·877 1·73 0·03185 825·7 0·338 0·82 

i Vinyl acetate-acetic acid 0·02553 894·3 1·11 3·17 0·02224 971·6 1·07 2·39 
Vinyl acetate-acetic anhydride 0·02547 908·7 0·477 0·79 0·02288 995·1 1·306 2·02 g Crotonaldehyde-acetic acid 0·02913 966·7 0·389 0·65 0·02502 1065 '3 0·727 1·73 

~ 
Crotonaldehyde-acetic anhydride 0·02830 930·5 0·320 0·84 0·02610 987·5 0·856 2·01 
Acetic acid-acetic anhydride 0·02089 1140·1 0·616 1·18 0-01860 I 143·5 0·547 1-06 

? 
b' 
3 en, 
3 '" c C 
::J 0-

~ 
F' 
~ 

$ 
~ i 5' 
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DISCUSSION 

All 10 binary systems exhibit a relatively simple viscosity behaviour : The viscosity 
curves show either negative deviations from the quas iideal (linear) course or are 
linear. In this way one may explain relatively good fit of the measured and calculated 
viscosity data when Eq.(2) describes 89 '2% systems from the total number of 65 
isotherma l systems studied with lower mean devia tion than 0'5% and 64'5% systems 
with lower mean deviation than 0'3%. The majority of isotherm al systems have 
lower deviations between the measured and calculated values of viscosities when the 
coefficients of Eq. (2) have been calculated by the linea r method of least squares 
than when using the nonlinear procedure. The difrerences in relative deviations, 

TABLE IV 

Values of the coefficient vijk in Eq . (3) for two ternary systems 

e, % a,% emax ' % Method 

Acetone(i)-vinyl acetale(j)- acctic acid(k) 

30 27 0·6346 0-499 0·673 1·28 
35 27 0·6051 0-471 0·591 1·24 
40 27 0·5813 0·654 0·809 1·54 
45 27 0·5569 0·546 0·690 1-66 
50 27 0·5374 0·616 0·700 1·47 

Vinyl acetate(i)-acetic acid(j)- acctic anhydride(k) 

30 36 0·7168 0-489 
35 36 0·6595 0·342 
40 36 0·6221 0·559 
45 36 0·5958 0·496 
50 36 0·5788 0·432 

TABLE V 

Values of coefficients of Eq. (10) 

Component 
j k 

Acetone-vinyl acetate- acetic acid 
Vinyl acetate- acetic acid-acetic anhydride 
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0·599 1-49 
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0·04312 814·6 
0·02277 1 040·6 

N 
N 
L 
N 
N 

N 
L 
L 
N 
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e,% 

0·16 
1·29 

0·20 
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however, have been very small, and differ mostly in the third and se ldom in the 

seco nd decimal place. These findings are in harmony with the conclusions by Musu­

lin 26 who reports that the nonlinear method of least squares gives better result s 
when the deviations between the measured and calculated values are larger, which 

may occur e.g. in the case when the measured system does not satisfy assumptions 

under which the functional rela tion was derived, and , on the other hand, with sma ll 
values of deviations, the differences between the results obtained by the linear and non­

linear methods a re very small, next to negligible. 
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