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Suppression of water evaporation by monolayers of octadecyl
alcohol, glycol mono-octadecyl ether in petroleum ether

S. C. BHATTACHARYA
Meteorological Office, New Delli
(Received 15 March 1964)

ABSTRACT. Experiments on suppression of evaporation were conducted during 1963-64 at New
Delhi in the open in eight USA “A’ pans by using varying quantities of the solution of octadecyl alouhol
and glycol mono-octadecyl ether in petroleum ether. The results of these experiments have been reported
in this paper. It is noticed that the effect of the above suppressant is more pronounced at comparative-
ly low air and water temperatures. It is also seen that octadecyl alcoholand glycol mono-octadecyl ether
are more efficacious for the purposes of reduction in water evaporation than cetyl aleohol.

1. A number of experiments under semi-
field condition of evaporation suppression
from water surface by employving mono-
layers of long chain molecule has been
conducted during 1963 and early 1964 at
New Delhi. The experimental set up and
the procedure adopted were those deseribed
in a paper presented at the Symposium on
Water Evaporation Control held at Poona,
during 17-20 December 1962 (U. K. Bose,
UNESCO/NS/9, Report of the Symposium
on Water Evaporation Control under publi-
cation). The arrangement, briefly, consists
of eight USA ‘A’ pans nearly symmetrically
placed in a circle of diameter of about 38 ft
and the ensemble is protected from extra-
neous interference by a chicken-coup conical
tent. The USA ‘A’ pans were maintained
according to the prescribed standard pro-
cedure wide U.S. Dep. Agric. Tech. Bull,
No. 271, 1931 and India met. Dep. Agrimet.
Tech. Circ., No. 5 (Revised). In one out
of the eight pans, a fixed point gauge has
been employed and the others have a hook
gauge for recording measurements of the
level of the water. The water employed in
the pans was from municipal filters. In
the present set of experiments the monomo-
lecular layer produced was of octadecyl
alecohol and glycol mono-octadecyl ether
mixed in different proportions. The subs-
tance was dispensed as a solution in petro-
leum ether. A definite number of drops of

the solution were dropped on the water
surface. In all experiments, control observa-
tions were taken by keeping untreated
pans next to treated ones, readings of which
enabled one to work out the extent of sup-
pression of evaporation expressed as a
percentage. All pans were stabilized before
commencement of evaporation suppression
experiments. With this arrangement, the
values of suppression of the evaporation
for a period of 24 hours were obtained with
considerable degree of accuracy.

2. One case of particular interest and
gignificance is reported here in detail. A
solution of 0-165 gm of octadecyl aleohol,
0-333 gm of glycol mono-octadecyl ether
in a solvent of 33-3 ce. of petroleum ether
was prepared. At 1100 hrs of 19 December
1963, 120 drops, 80 drops and 40 drops
of the solution were dropped in three different
evaporimeter pans (these are numbered
for our convenience as 63, 61 and 65), The
alcohol and ether in solution rapidly spread
on the water surface, which consequently
acquired a very characteristic glassy appear-
ance and later became mirror-like flimsy
patches, It was noticed that the fluid
spread rapidly to produce the film covering
the entire surface and remained intact for a
number of days till it partially collapsed
due to rain and hail on 29 December 1963,
The photographs (Figs. la to le¢) show the
treated surface,
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3. The extent of suppression of evaperation
due to monolayer expressed as percentage
(for periods of 24 hrs—(i) from 1030 hrs
of the day to 1030 hrs of the following
day and (#) from 1630 hrs of the day to 1630
hrs of the following day) from 20 December
1963 to 3 January 1964 are shown in Table 1.

4. On 29 December 1963, there was a sharp
shower accompanied by hail from 1805
to 1830 -hours.  The shower affected the
film surface as could be seen from the
evaporation suppression of  the 3lst.
However, the evaporation suppression
reappeared  after a lapse. of over
24 hours. No fresh dose of suppressant
had been added to any of the pans during
this period. Fig. 2 shows the record of the
rainfall intensity recorder on 29 December,

It will be seen from this that the highest inten-
sity of 32:3 mm (1.27") per hr was confined
only for a short period of time. The total rain,

fall on this day was 20-7 mm (0.81"). It
appears that the rainfall could not com-
pletely wash away the film from the surface
of water because the film seems to have
reappeared from the residual film pushed to
the sides of the pan. The suppression of
evaporation continued for a few more days
after the rains even though no fresh solution
was added to the pans. The water tempera-
ture also showed a rise and might have aided

the reappearance of the mono-molecular
film,

5. On some days the values recorded in
the afternoon by the hookgange in pans
treated with 120 and 80 drops were found to
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(a) Percentage reduction in water evaporation from 1030 hrs of the day to 1030 hrs of the following day
(h) Percentage reduction in water evaporation from 1630 hrs of the day to 1630 hrs of the following day

he more than or equal to the values recorded
in the morning. This seems to be due te the
fact that the water level fell by only a very
small amount due to very high percentage
of t‘\-‘:l]ml’altiun sll[:]n‘c's.\‘inn. Therefore, the
difference in the levels was well within the
experimental error. It must be pointed
out that we can detect only the cases of
positive errors (level being read too high),

6. Another experiment to study suppres-
sion of evaporation
octadeeyl ether and aleohol »is a vix that
of ecotyl alcohol under conditions of very
low water temperatures  was  undertaken
hetween 6 to 13 Febrnary 1964 which is as
detailed  below—

A solution was prepared in 16-6 ce of

petroleum ether with 0-0825 gm of octadecyl
alcohol, 0-1665 gm of glycol mono-octadecyl
ether und another solution was prepared

by  monolayers  of

with 0-5 gm of (‘('t'}'l aleohol dissolved in
333 ce of petroleum ether. At 1000 hrs
ol 5 February 1964, 120 and 80 drops of
octadecyl solution were dropped in two pans
Nos. 63 and 65 and 80 drops of cety] solution
were dropped in pan No. 61, Mirror-like
flimsy patches formed in pan Nos, 63 and
G5 but a very thin film (not showing the
mirror-like effect so prominently) appeared
in pan No. 61. Table 2 gives the values
of the percentage reduction in water evapora-
tion for the different cases.

7. It will be seen that the suppression of
evaporation to the extent of 60 per cent
and above persisted for a number of days in
the case of octadeeyl alecohol and ether
and there was no reduction in evaporation
after 4 davs in the case of cetvl aleohol,
There was a short spell of rain on the night
of 9 Febrnary 1964 which seems to have
had some adverse effect on the films,
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TABLE 2

Pan No. 63
120 drops of octadecyl

Pan No. 65
S0 drops of octadecyl

Pan No. 61
30 drops of cetyl aleohol

aleohol and ether solution aleohol and ether solution solution
—r—— —t —— A T
Date (a) Temp. (h) Temp. () Temp. (b)  Temp. (1) Temp. (b) Temp.
(°C) (") (") () (°C) ()
Febronary
1964
h 80 1-1 s 9-4 5h 17 G5 -4 48 1-1 il 10:0
7 78 1-1 5 10-0 72 1-7 59 10-6 (] 1-1 60 10-6
] 78 2.8 70 10-6 G0 2.8 60 -1 58 3.2 a7 L-1
9 0 Hel 70 12-2 63 el 65 12-2 o6 TRl G0 117
10 Yained at night of 9-2-64 and moraing of 10-2-64. 1-5 mm ol rain rec rded. Fresh ohservations
were taken.
11 G5 SRt 67 13:3 3 50 10 13-3 4-4 G 12:2
12 a5 4-4 3] 12:2 16 4-4 21 12.2 39 1 11-7
13 32 3-0 - 10-0 20 3-9 10-0 — 33 —~ 10-6

(a) Percentage reduction in water evaporation from 1030 hrs of the day to 1030 hrs of the following day

(b) Percentage reduction in water evaporation from

1630 hrs of the day to 1630 hrs of the following day

TABLE 3
Pan No. 61 Pan No, 65
80 drops 4 drops

=" e R - — S e -
(a) Temp. (b) Temp. (a) Temp. (b) Temp.

(°C) ("0 (°C) (°C)

- — G2 30-6G - G0 A1

33 22.7 0 272 33 23-3 a5l 27-2

32 21-1 ! 21-7 25 21-1 7 21-7

1-8-63 h 20-0 0 200 0 23-9 Q0 23-9
1,863 0 20)-4) 0 a0 0 23:3 0 23-3

(a) Percentage reduction in water evaporation from 1030 hrs of the day to 1030 hrs of the following day
(b) Percentage reduction in water evaporation from 1630 hrs of the day to 1630 hrs of the following day

8. Similar experiments made in the months
of June and July 1963 with the same com-
pounds in solution were interesting. ~ One of
these experiments done in July isas follows—

At 1100 hrs of 26 July 1963, 80 and 40
drops of the solution were dropped in pan
numbers 61 and 65 respectively. The
monomolecular film in this case remained
for 3 days till they were completely washed
away by rain on 29th as can be seen from
Table 3,

9. It will be seen from Tig. 3 which shows
the record of Intensity Recorder on 29 July
1963 that the highest intensity of 63-6
mm (2.7") per hr lasted for a longer period.
The total rainfall of this day was 53-1
mm (2.13"). In this case it seems the rainfall
was so heavy that the entire film was comp-
letely destroyed and there was no reappea-
rance of the film.

10. Similar experiments were conducted
three times in summer months of June
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and July 1963 (29 June to 1 Julv, 5 to T
Jll]_\' and 26 to 28 ']Hl.‘." and 1t was found
that although the range of suppression of
evaporation was within the limit of 70 to
h per cent on the first il;l}' and 26 to 7 per
cent on the third day with the temperature
of water at .'1|a|||'nxim:||vl_\' 26-0 to 21-6°(C,
the power of suppression of evaporation of
the monolayer ceased completely after 3 or
4 days in all eases.

11. Tt appears from these experiment s
that the suppression of l'\':l])()]'allirﬂl due to
mono-molecular layers of long chain ethers
and aleohols is very effective at comparatively
low air and water temperatures when not
only the value of the percentage reduction
in water evaporation is very high but the
period for which this suppression is main-
tained with treatment of extremely small
quantity of the solution is also long Parti-
cular attention is drawn to this dependence
on the temperative of the water surface
even when the initial monomolecular laver

is formed

from solution in petrolenm ether,

12. It will be seen from the experiment
of February 1964 that the short spell of
rain on 9th has been able to wash away
completely the films produced by cetyl
aleohol which did net again produce any
suppression  of  evaporation  after rains,
whereas films of glycol octadeeyl aleohol
and ether regained its power of suppression
of evaporation. From these experiments,
it may be inferred that monolayers of glycol
octadecyl alcohol and ether are more effica-
cious and are more stable on water surfaces
than for example, cetyl aleohol.

3. The compounds octadeeyl alcohol
and  glyeol mono-octadeey] ether used in

these  experiments  were  obtained  from
National ~ Chemical ~ Laboratory, Poona

throungh the kind courtesy of Dr. A. B.
Biswas, I am thankful to the Direetor
Gieneral of Observatories for the kind interest
he has taken in this work.
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