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HISTORICAL

fung oil (or Chinese wood o0il) is now recognized
as dne of the best of drying oils, and holds & place both im-
portant and unique in the varnish industry of today. . It was
probably first investigated by the French Chemist, clo6z(1)
about 1875, who "expressed" the oil from the seed of the "elaeo-
cocca vernica™, imported from China.

(loez found that when this oil is heated to 200°C, it
solidifie§ to a transpsrent jelly having totally different
properties from the oi)] itself. Oon exposure to the air the
0il dries in a few hours to & white, frosty-appearing film,and
on saponification with an alcoholic solution of potassium hy-
droxide gives a crystalline soap. He also found that this soap
is easily decomposed by phosphoric acid, yielding & white, sold,
fatty acid, m. 4800., resinifying rapidly on exposure to air.
To this compound, which he called "elaeomargaric acid", Clogz

(2)

/
assigned the formule 01733002, He also determined the

physical and chemical ¢onstants of the o0il, besides preparing

() the lead, silver, and barium soaps, to which

and analyzing
there will be later reference.
Moreover, he discovered that when exposed to the light,

tung oil is changed to & crystalline mass,‘a phenomenon 8lso

shown by solutions of the elaeomargaric acid in organic solvents,

and due to the rays in the violet end of the spectrum. From

this crystalline mass, formed by photo-chemical change, Cloez

isolatei an acid, m. 7100., isomeric with elaeomargaric acid,






ama which he termed "elaeostearic acid."”

- (4)

In 1902, liarquenne, after repeating a part of

Cloez's work, assinged the formula C__H 002 to the éo-called
"elaeomargaric acid",;“v;hrféi.sﬁ;; kéi?ﬁzs’geggécr}’}'e’%‘z;{;feﬁ‘:u

Both Clogz and Marquenne based their formulas of this
principal acid derived from tung oil on the elementary analysis
of the acid itself, but owing to the rapid exidation éf this
compound, their formulas were open to criticism. However, in
1903 Kamataka(S) prepared a very stable tetra-bromo-derivative
of the acid, and found by analysis that it corresponded to the
formule c1 H 0 Br , indicating that «- elaeostearic acid has

g 322 4
the formula C_ H O . He further found that the principal

18 32 ¢
oxidation product of this acid is sativic acid which is also the
principal oxidation product of linoleic acid; and is.alsgffge
tetra-bromo derivatives of o- elaeostearic and linoleic acids
have the same melting points. Kamataka thus showed that «—
elaeostearic acid belongs to the linoleic acid family; and his
empirical formula of this acid, together with the theory of its
stereo-isomerism with linoleic acid, is generally accepted.
ée ) s .I...O"'"‘f‘.“ A

Majima concluded that thkis acid has the structural
formula:- cnz-(cnz)s- CH :cH%cHE)a- CH=CH~(CH2)7-COOH. having
the double bonds between the fifth and sixth and between the

nirfthe and tenth carbon atoms, since by the action of ozone he

obtained azelaic and normal vépric acids.

SCOTE OF INVESTIGATION

Lead, manganese, and cobalt linoleates are well known

"driers" of linseed oil, and the drying prorerties of oils boiled

with litharge and manganese dioxide are thot due, at least in






part, to the formation of linoleates in the oil. Because of
the isomerism existing between linoletic acid, and «- elaeostear-
ic acid, and also because of the rapid drying properties of the
tung o0il, the following investigation was undertaken:
1. The preparation and purification of the«Elaeostsar-
ates of lead, manganese, and cobhalt,
2. A study of the "drying"™ properties of these soaps
dissolved in linseed oil as compared with étandard

driers, e.g., litharge and manganese dioxide.






EXPERIMENTAL

Constants of the Oil.

The following physical and chemical constants were
determined for this sample of tung oil, (which was obtained thru
the eourtesy of the Standard Varnish Works) are listed below
in the first column. The constants of tung oil as given by

(7)

Lewkowitsch are given in the second column.

Duncan Lewkowitsch

0.936}  0.9330-0.9418
Specific Gravity at 19 C. at 15.5°cC.

1.5226 o 1.5030
Refractive Index at 12.6°C. at 19°c.
Saponification Number 190 166.6 - 211
Iodine Number (Hubl) 186.5 149.7 - 1656.7
Acid.Number 7.325

D e e e I I N e e

In addition, the o0il gelatinized on heating to 190°C.,
and when exposed to the sunlight in a sealed glas tube for a
few days formed a crystalline mass. Both of these tests are
charactericstic of tung o0il, and serve to distinguish it from

the other drying oils.






TREFPARATION AND PURIFICATION OF SOAFS.

Potassium So&ap

Tung oil was saponified by heating for thirty minutes
with & bare exess of an approixmately twenty percent alcohol-
ic solution of potassium hydroxide, the reaction béing carried
on in a darkened flask in an atmosphere of hydrogen. On cool-
ing, the soap crystallized out, was filtered off and washed
several times with 95 per cent alcohol, then dissolved in
hot alcohol, filtered hot, and agdin allowed to crystallize.
It separated in the form of radiating clusters of white
needies. After five recrystallizations, the potassium «-
elaegtearate was filtered off and dried. It was considered
practically free from potassium oleate, which is very soluble
in alcohol. .

Drying this soap was &ifficult as it resinified rapid-
ly in light and air, but after trying several methods, it was
found practicable to dry it at IOOOC. in a darkened Drexel
bottle in an atmosphere of hydrogen.

The potassium «-elaeostearate was found to be slightly
soluble in cold alcohol, very scluble in hot alcohol, and
easily soluble in water with the formetion of a strong lather.
On exposure to air it darked and resinified. On hydrolysis
with HC1l it gave a solid white crystalline, fatty acid with
& melting point of 44°C, which wae practically identical with
that found by Kemataka and by DeNegri and Sburlati for the

£~ elaeostearic acid isolated by them.






ANALYSIS OF POTASSIUM SOAP.

The percentage of potassium in the potassium -~elaeo-
gstearate was determined both by decomposing the soap with di-
lute hydrochloric acid, filtering off the fatty.acid, and
precipitating the potassium as the chloroplatinate_in the usual
way, and by decomposing the soap with dilute sulfuric acid,
filtering and weighing the potassium as the normal sulfate.

The determinations I, II, and III listed below were made con
a gcar that had been kept for about four months in a dissica-
tor with 2 vacuum of 1-2 cms., while IV and V were made @&n

another sample of freshly prepared rotassium soap dried in

vacuuo.
Wt. Sample Wt K2804 'percent X
I 1.4076 grams 0.3454 grams 11.01
II 1.4070 grams C.4806 grams 10.86
............................ o e .
111 1,00C0O0 grams 0.6690 grams 10.73
v 1.0000 grams 0.6686 grams l10.72
v 1.0000 grams 0.6660 grams 1C.86
n ‘5)
Cloesz found 12.12 % potassium in his corresponding

soap, which is slightly less than the theorectical percentage

for the compound 0181{5102 K, which is 12.29 .






Lack of time prevented us from deteréing why the per-
cent of potassium in the potassium . -elaeostearate isolated
by us varied so considerably from the theoretical percentage,
and from the percentagefound by Clogz, who closely checked
the theoretical. The soap may possibly have contained an
alcohol of crystallization, for the theoretical percent of
potassium in CIBH OIK.E C H 0d is 10.74 which almost exact-

ly coincides with the percent of potassium in our soap. The

prresence of alcohol in the soap was not determined experiment-

ally.
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HEAVY METAL SO0OAPS

The heavy metal soaps were all made in the same gen-
eral way by dissolving the purified potassium soap in a large
volugmeof water (600-700 cc.) filtering, and precipitating the
lead, manganese, and cobalt soaps by the adition of dilute sol-
ution of lead acetate, manganous chloride, and cobaltbus chlor-
ide respectively. The lead soap came down as & very fine grain-
ed white precipitate, the manganese soap & curdy white precipi-
tate, and the cobaltous soap was curdy, light pink at first,
but rapidly deepening to a purpid.

Various methods of washing the precipitated soaps
were tried, such as washing with water and subsequently with
alcohol and ether. 1t was found however, that washing with
water alone until the soaps were free from inorganic matter and
salts. was the most aatisfactory method, the alcohol and ether
in the c#se of the cobalt soap having a very marked solvent
action. In 8ll cases the washing was carried out as rapidly
as possible to insure iminimum oxidation.

The dessication of the heavy metel scape was even more
difficult then in the case of the potassium soap, as they decom-
posed at a temperature as low as 50°-60°¢C. They were finally
dried in vacuuo (1-2 cm.s pressure) over fused calcium chloride;

All three soaps changed rapidly on exposure to air,
the mangenese soap darkening very quickly. But the cobalt
8oap proved to be the most interesting, for besides its color

changes, it showed other curious phenomens. When dissolved
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in ether, and the ether allowed to evaporate, a dark red varn-
ish remained, and on long standing; unless at a very low
pressure, the dry soap changed to a dark red, ill-smelling
resin. Also on being precipitated from its alcoholic sol-
ution with water, or even on being allowed to stand in contact
with the solution from which it was first precipitated, the
cobalt soap separated into what appeared to be two soaps, one

purple and the other white.

ANALYSIS OF THE HEAVY METAL SOAPES.

The lead in the lead soar wgs determined by decompos-
ing the soap with dilute hydrochloric acid, filtering hot,
adding an excess of sodium acetate, and then precipitating the

lead as the chromate.

I 0.8288 grams 0.3633 grams 28.00
I1 0.8288 grams 0.3662 grams 28.01

Ll R e e el e e et e e T S S ———

Cloez's results on this soap show 27.74 % of lead,

while the theoretical f C 27 9 .
etical for ( 18H3102)2 Pb 1is 06 % of Pb

The manganese in the manganese spap was determined by
decomposing with dilute hydrochloric acid, adding sodium phos-
rhate and ammonia, then igniting to the pyrophosphate.






Wt. Sample Wt. Mn P O % Mn
227
I 1.0000 grams 0.25672 grams 9.96
II 1.0000 grams 0.2572 grams 9.96

The theoretical for (C_ H 0 ) Mn is 8.97 4 of Mn.
18 31 2 .
The percent of ooﬁ}ét in the cobalt soap was determined
by strongly igniting the soap in air or in oxygen, and then

reducing to metallic cobalt in an atmosphere of hydrogen.

wt. Sample #t. Co.(metal) % CO0.

1 C. 7152 grams 0.0640 grams © 9.06

I1 0,7412 grams 0.0670 grams 9,64
The theoretical for (C18 31 ) Co would be 9.56 %

of Co.

The barium and sil ver soaps prepared by Clo;z did not
show the theoretical percent of metal. The results of this
analysis together with the theoretical for (C. H__0 ) Ba

18 31 2°2
and 018H“102 Ag, are given in the following table.

SOAP THEORETICAL FOUND
Barium 19.76 % 20.24 %
Silver 27.88 % 28.81 %

D T D TRy WP G WD WD T WD WP WD D M T WD WD WD WP WD GD GP D D WP VS G P WP WO WD W D WP MD W We > > WS WD VD W WS WS W GO S GE AP WD GO W e WS e o we W

The failure to obtain pure, normal x—elaeostearates
of lead, cohalt and mangenese was not entirely unexpectead,

altho a satisfactory explanation for this non-success has not
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hes mot been found. It will be noted that cloez'a (3

lead, silver,and barium salts of the same acid did not check
the theoretical metal content. Whether the soaps formed are
in reality mixtures, or complexes of fairly constant composi-
tion or whether the results are due to changes caused by

rapid oxidation are questions requiring further investigation,

and are beyond the scope of this paper.
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DRYING TESTS

Behavior of 0ils on Drying.

8 (9
Several years ago‘Kissling( ) and Lippert ) showed

that as an oil film dries to a hard elastic surface, i.e., &as
its unsaturated components absorb oxygen, it increases in
weight to a maximum, followed by & subsequent gradual decrease.
However, an oil film is ordinarily assumed to have "dried" when
the maximum weight is reached. Sabin(lo) has drawn curves
representing this drying process, and has shown that the de-
crease in weight continues for several months until most of

the gain weight has beén lost. Moreover he has shown that

the drying process is accompanied by a considerable shrink-

age in voluéme, And recently Gardner (L) has proven that
immediately on exposure to the air, a drying oil film begins

to give off considerable quantities of CcO , traces of Co,

and some other organic suhstances. ?

Very little is definitely known of the chemistry in-
volved in the drying of oil films, and for the sake of unity,
all discussion of the theories will be omitted from this
paper. It is generally accepted however, that the drying
is due to an absorptkon of oxygen and a liberation of vola-
tile compounds, and it is believed that the weight at any one
time is perhaps, as Sabin says, & result of parially balanced
gains and losces. As previocusly indicated the solutions of
certain metallic oxides and metallic soaps ih hot linseed oil

give rise to so-called "bdiled oils™ whose thin films "dry"

far more rapidly
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than a film of the same o0il heated for the same length of
time at the same temperature. However, the theories and
speculations regarding this phenomenon are generally vague
and not well formulated, and will not be included in this

paper. (12 & 13)

PREPARATION CF BOILED OILS.

The treated, or "boiled" oils prepared for the dry-
ing tests (which form the bulk of the present investigation)
were made as follows: Commercial raw lineeed o0il was mixed
with such amounts of the soaps as to contain 1 % of lead or
an equivalent amount of dobalt or manganese, i.e,, in each
case the ratio:

atomic weight of metal
weight of metal in amount of soap taken.

was constant. The formulas for these boiled oils are shown

in the following table.

(Linseed) (wt. of Metal
..... SOAR Wb, of Scap Wb, of oll _ cale- fEgp Wi-of
Mn (-elaeostearate 0.2957 gr. 10 gr. (0.02656 gr.)
P A 0.3695 gr. 10 gr.  (0.1000 gr.)
co ' 0.2990 gr. 10 gr.  (0.028] er.)

Besides these, two boiled oils were made up using
litharge and manganese dioxide for use as standards in the
drying tests. Such amounts of the oxides were taken as would
contain the same amounts of metal as the corresponding soap

mehtioned above. The formulas for these "boiled"™ boils are
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given in the following table:
(Linseed) (wt. of metal in oxide

OXIDE Wt. of Oxide Wt. of 0il cddc., from wt. of oxide)
PbO 0.1072 gr. 10 grams. (0.1000 grams )
Mno,, 0.0420 gr. 10 grams (0.0265 grams )

Two sets of tubes were prepared containing the five
0il mixtures described above, together with a sixth tube
containing raw linseed oil alone (for control). The open tubes
were heated for six hours in a freas electric oven, set I
being heated to 350°-375°F, and set II from 225°-250°F. The
0il mixtures were well shaken, both before, and at intervals
during the heating.

After cooling and settling, &he oil boiled with lith-
argerhet (1) was very thick and dark, while the boil boiled
without a drier, and that treated with Mn0 had dxédkened very
little. The color of the boiled oils madi with the three
soaps lay midway between these extremes. The respective
colors of the oil mixtures of Set II were not changed to the

same extent, altho darkening had taken place in about the same

order.

METHODS OF TESTING.

The respective rates of drying of the boiled oils con-
taining the eoaps were studied by the following methods:

l. By a comparison of the time required for a film
of the boiled o0il being tested to become "tackT with the time
required for a film of boiled oil made with a standard drier

o

under identical sonditions to becoma*tacky.
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2. By a comparison of the time required for a
thin film of the boiled oil being tested to reach its
maximum weight with the time required for a thin film
of a boiled 0il made with a standard drier under identical
conditions to reach: its maximum weight ( according to

the method suggested by Lippert(g)).

APPLICATION OF METIODS

When the oils were treated according to method
No. 1, the films of those oils treated with litharge
and the three soaps became tacky in a few houré, and
tho the manganeese soap éeemed slightly in the lead,

a satisfactory differention could not be made.

Method No. 2 was then tried in the following
manner :- Smooth films of the boiled oils were spread
upon carefully weighed glass plates of uniform size and
about 25 gms. weight. ( The exact area of 5.2 cms.x 8.26
cms .had been previously marked off with a glass cutter,
leaving & margin of about 1 cm. around the film.) The
plates were weighed quickly,placed in a ventilated,dust-
free glass box exposed to diffused daylight, and weighed
at rather frequent intervals. The time of drying in hours,
the temperature in degrees Centrigade,the weights of oil
films in grams, etc.,are given below, duplicate drying
tests being made in each case. For the sake of brevity,
simply the name of the active drying agent in the boiled
0il, and the number of the set of drying‘tests are given

at the head of each tabulation.
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. Set”
—— D~0XIDE FIIM ¥&.l.
Hrs.of| Temp.ofWt.of O1l [WT. m WE.0T OLL|0C.rilm B
Drying| Room Film A Standard-| Film B Standard-
ized ized
0 25,5 0.,1343 0.1000 0.,1407 0.1000
8 17 #0.1370 #0.1021 0.1439 0.1023
12 17 0.1406 0.1047 0.,148C 0.1062
16 16 0.1450 0.1080 00,1526 0.1084
19,5 115,.5 0.1486 0411C7 0.1663 0,1111
23 14 0.1506 0.1121 0.15856 0.1127
34 ° 19 0.15622 0.,1133 0.1602 0.1139
21 215 Q1522 0.,1138 0.1606 0.1142
41.5 20 0.1526 0,1136 0.1604 0.1140
47 16 0.1522 0.1133 0.1600 Q0 11ET
59,56 £1 0.1520 0.1132 0.1598 0.11356
66 20 |1 0,15620 0.1132 0.1600 0.1137
71 19 0.1618 0.1130 0.1699 ° | 0.1136
82.b6 21 0.1616 O.1129i: 0.1597 0.1124
94,5 20 D.,1520 0.1132 0.1600 0.1137
107.5 |26 0.1518 0.1130 0.1600 0.1137
121.5 [22Z 0.1505 0.1121 0.1582 0.1124
ko
132 22 0.1503 0.,1139 | 0.1582 0.1124
143.5 123 0.1503 0.1118 0.1588 0.1124
156 24 0.1602 0.111% 0.1588 0.1123
268 R 3 0.1600 0.111% 0.157¢ 0.1122
-+80 21 0.1498 O.llwg’ 0.1576 0.1120
193 232 ¢9.149O 0.11089 0.15%0 0.1116
217 2 0.1489 0.1108 0.1568 0.11156







Hrs. Temn.

24

AL SR L B—

A

480

0
r AeL?

a5 1o lo.amo lo.1oss | o.15a8

‘tan&ard-

O

19

ized
1106
02
104

Set
LEAD-OXIDE FILM ¥&.1.

¥ .. 2 Y ° 3
B Standard-
ized
AL .
0,1564 _0.1112
0.1556 0.1107
0.1560 0.1110
0.1101

~——
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-------------- e e
Hrs. Temp. A Standard- B Standard-

...... F (PRI | EUNPO W. 1+ . o N WHRPRR W | - S——
_0____| 23.5_| 0.1727_| 0.1000 _| .0.1885_| 0.1000 ______
8oL .0.1723_ | 0.0997 _ | _C.1352_1.0.0997_ _____.
12 1l 17___.L.0.1723_| 0,0997__ | _0.1358_J 0.1002_ ______
Y 16___.[.0.1725_1 0.0999__ | _ 0.1388_J_0.1002____ . _.
_19.5_| 15.5__| 0.1727_| 0.1000__| 0.1360_ ] 0.1004 ______
R3S U . S 0.1725_].0.0999___| _ 0.1388_1_0.1002_______
B4 118 L. 9:1332-__9:1991---+-9;l§§§-._Q:lQQQ .......
- G O - Y 0.1735_4_0.1005___| 0.1369_]_0.1010 ______
J4l.5_1.20____| | 0.1729_1.0.,1007___| _0.13873_1_.0.1013_____ -

I AN U X . .-Q;l2é§-ﬁ-941999-_---93152.7-4.-Q.:lQlﬁ ........
_59.5 (.21 ____|_Q0.17B7_ | 0.1017___| _0.,1392 | _0,1027_______
66 __1.280____. 1021768 | 0.1083_ __|_0.1404_1_0.1036 e
B B O - S .041778.1.0.1029. . 00.1414_]_0.1043_______
82.5 121 1. 0.1788_ | 0.1035_ __| _0.1438_| ©.1060_ __ ____
-24.5_1.20____1_ 0.1825_ | 0,1086___1_0.1474_{ 0,1087 ______
-107.51_25____1.0.1866__{0.1081___L._ 021012 | Q21116 ..
121,54 23 . 1.0.1933__[0.1119_ __1 _0.1884_| Q.1147_ ______
188488 ... 0.18028..1.0.1120.__1. 0a1860_L_0a1188 ..

_145.5.-23----4-0.1950---o.1135---+-o-1551;--0.1155? ......
196, 124 ___. 0,1960_ 1 0.1135___| 0.1561 [ ©.1183 ______
168 123 ___|. 0.1960__| 0.1235___|_ 0.1561 | 0.1183 ______
180 el . 0.1958_ | 0.1134 __|_ 0.1558 | 0.1180_ ______
193 _1.23____10.1953_ _|C.1131 _ | 0.1564 | 0.1147 ______
W27 ez | 0.195C__1 0.1129__ _I_ 0.1861 | 0.1145_______
............... i oo s o b R e S S
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et
Wt. Film |[Wt.A Wt. Film |Wt. B.
Hrs. Temp. A Standard- B Standard-
L. ized ized.
241 23 0.1949 0.1128 0.1547 0.1142
287 20 0.1941 0.1124 0.1537 0.1135
363 20 0.1945 0.1126 0.1541 10,1138
445 19 0.1929  |0.1117 0.1526 0.1187
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: Set
- Mn-SOAP PILM —
Wt.Film |Wt. A Wte Pilm |VUt. B
Hrs. Temp. A Standard- B Stendard-
e e e iw‘ ian.
0 23.58. 82 Q 2
8 117 0.1285 1 0.1036 1 0,1370 10,1035
2z | 0,1269 | 0.1090 | 0.1436 10,1085
16 16 0,1304 ] 0.1103 | 0.1450 10.1096
19.5 16.5 0.1308 0.1107 0.1454 0.1099
O R R TR S
23 14 C.1308 0.1107 0,14532 O,}098
T A R SR T A A TS T A T S
34 19 0.1312 0.1110 0.,1460 01103
o eon
37 21.5 0.,1316 0.1113 0.,1462 0.1106
41.§1 20 0.1312 0.1110 L O.%&éB 0.1102
47 16 0.1310 0.1108 0.1458 0.1102
o e S s
59.5 |21 0.1312 | 0.1110 0.1460 [0.1103
csim s *:. e
66 20 0.1311 0.1109 0.1460 0.1103
e -
71 19 0.1311 0.1109 0.,1462 0.11056
e -
82,5 21 0.1308 0.1107 0.1460 0.1103
o o r
94,5 20 0.1306 0.11056 0.1467 0.1108
ol s s
1C7.5 | 256 0.1306 0.1105 0.1467 0.1108
121.5 | 23 0.1208& 0.1103 0.1454 0.1C99
122 22 0.1204 0.1103 0.1454 0.1C99
R
143.5 | 23 0.1306 0.1105 0.1456 |0.1100
156 24 0.1304 0.1103 0.1455 LLIIOO
T e e ——
168 23 0.1304 0.1103 0.1456 0.1100
180 21 0.1302 0.1101 0.1454 0.1099
i o e o .
193 23 0.1300 0.1100 0.1450 0.1096
s . * —
217 20 0.1298 0.1098 0.1449 0.1095
. cvvsmones







Mn-SOAP FILM %6.1

23
Set-

[} . .

Bt. Pilm |Ut. A B Standard-
%- A Standard- Ized
0.1296 0.1096 0.1447 0.1093
W " oot
0.1289 0.1090 0.1441 0.1088
-
0.1096 0.1448 0.1C93
0.1086 0.1438 0.1086

oo oa






24

Set
Pb-SOAP FILM ¥8.1

WE.Film [ WE A Wt.Film [ Wt. B

Hrs. Temp. A Standard- B Standard-
d ized ized.
0 23.5 0.1354 0.1000 0.1250 | 0.1000
8 17 ,0.1398 001033 0.1295 |0.1036
12 17 0.1446 0.1068 0.1340 |0.1072
16 16 0.1504 0.1111 0.1392 |0.1114
19.5 15.5 0.1E32 0.1231 0.1415 |0.1132
23 14 0.1544 0.1140 0.1422 |0.1137
34 19 0.1556 0.1149 0.1436 |0.1148
37 21.5 0.1558 0.1151 0.1436 |0.1148
41,5 20 0.1552 0.1146 0.1430 [0.1143
47 16 0.1546 0.1142 0.1426 |0.1140
59,6 21 0.1546 0.1142 0.1426 [0.1140
66 120 0.1546 0.1142 0.1426 |0.1140
71 19 0.1546 0.1142 0.1424 [0.1138
82.5 21 0.1541 0.1138 0.1420 0.1136
94,5 20 0.1546 0.1142 0.1427 0.1141
107.56 |25 0.1544 0.1140 0.1424 0.1138
121.5 |23 0.1526 0.1126 0.1410 0.1127
132 |22 0.15626 |0.1126 |0.1410 |0.1127
143.5 |[23 0.1526 0.1126 0.1406 0.1125
166 24 0.1524 0.1124 0.1406 0.1125
168 23 0.1520 0.1121 0.1402 0.1122
180 21 0.1518 0.1120 0,14082 0.1122
193 23 0.1512 0.1116 0.1396 0.1117
217 2 0.,1510 0.1115 0,1394 0.1115







Pb-SOAP FILM No. L

s e o S R LT 0

——
Hrs. |Temr. | Wt.Pilm |Wt.A. | wt. Film*Wt.B.

A [standara-T B Stgudgrd-
21 |23 0.1508 | 0:11114 | 0.1392 | 0.1114

. o st BB
287 |20 0.1497- | 0.1105 | 0.1382 | 0.1106
353 |20 0.1504 | 0.1110 | 0.1390 | 0.1113
445 |19 0.1488 [ 0.1099 | 0.1376 | 021103
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Sef"

CQ-SOAP  FILM -6, 1.

Hrs. Temp. [Wt. Film |Wt.A Wt. B. Wte B
A Standard- Film Standard-
jzed ized .

0 23,5 0.1240 0.1000 10,1092 0,100Q
8 17 0.1295 0.1044 0,1137 10,1041
12 17 C.1359 C.1095 o.uggs_____w_
16 16 0.1399 0,1127 10,1238 10,1132 _
19.5 [15.5 0.1407 0.1134 0.1250 0,1143
23 14 ° 0.12408 0,1135 0,1252 0.1145
34 19 0.1416 0.1142 0.126C 0.1154
37 21l.5 0.1416 60,1142 0.1260 0.1154
41,5 20 0.1412 0.1140 0.1254 0.1148
47 16 0.1409 0.1138 0.1250 0.1143
59,5 21 0.1410 0.,1139 0.1252 0.1145
66 20 0.1408 0.,1137% 0w1281/ 0.1144
71 19 0.1406 C.1136 0.1250 0.1143
82.5 21 0.1404 0.1134 Cel246 C.1141
94,5 20 0.1408 0.1137 0.1250 0.118&2
107.5 |26 0.1402 0.1132 0.1244 0.1139
121.5 |23 0. 1384 0.1116 0.1226 0.1123
132 1227 10.1282 0.1114 0.1224 |0.1121
143.,5 |24 0.1382 C.1114 0.1224 0.1121
156 24 0.1278 01111 0.1218 6.1116
168 23 0.1376 C.1110 0.1216 0.1114
180 21 10.1376 0.1110 G.1215 0.1113
193 23 0.1370 0.1105 0.,1208 0.1106
217 22 0.126§ 0.1103 0.12C6 0.1105







————————
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Set

COZSOAP WILM %®S.1

- - - ——

E em = e e o e

0,1265

0.1356

Wt. A Wt. Film [Wt. B.
Standard- B Standard-~

SN VY VA, SO L1260 e e
. 0.1102 __|_ | 0.1202 |_ 0.,1101 _____
_0.1096 _[__ 0.,1194 | 0©0.1094 _____
. 0.1108 | _ 0.,1202 | 0.1101 _____
_0.,1094_ _|_ 0.1188 | 0.1%89 _____
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Set
UNTREATED OIL FILM ¥#e. 1 J
- - WtAFilm EE.A& N Wt Film ‘WEE'.B: :
L Standar B [Standard
izad —izid
0 23,6 | 0,1528 0,1000 0.1221 _ 0.1000
8 17 0.1529 0.1001 | 0.1219 é 0.D998
12 1% 0.1529 0,1001 0.,1221 | 0.1000
16 16 0.1531 0.1002 0.1223 0.1002
19.5 15,6 [0.1530 0.1002 0.1223 0.1002
23 14 0.1529 0.1001 0.1221 0.1000
34 19 0.1535 0.1005 0.1227 0.1105
37 21.56 |[0.1537 0.,1006 0.1229 0.1007
41.5 20 0.1539 0.1007 0.1231 0.1008
47 16 0.1538 0.1007 0.1231 0.1008
59.5 21 0.1547 0.1013 0.1242 0.1025
66 20 0.1555 0.1018 0.1252 10,1025
71 19 0.1561 0.1022 0.1257 10.1050
82.5 21 10.1575 C.1031 0.1273 10.1043
94.5 20 0.1603 0.1050 0.1305 FO.1069
107.56 | 26 0.1628 0.1072 0.1346 | 0.1103
121.5 | 23 0.1673 0.1085 0.12681  6.1131
132 22 0.1681 0.1100 0.1287 0.1136
143.5 | 23 0.1692 0.1107 0.1397 | 0.1144
156 24 0.1700 |0,1112 0.1401 |0.1147
168 23 0.1708 [0.1117 0.1409 |0.1154
180 21 C.1713 |0.1120 0.1411 [0.1156
193 ;+25 0.1720 [0.1125 0.1409 |0.1154
21Y 22 0.1735 [0.1136 0.1409 [0.1154







Set
-UNIREATE) OIL RILM ®HO.1____.

29

-------------- Tvﬁt . Film Nt " A -
Hrs. Temp. A Standard
........................ _.dlzed___
241 ___123____1QJd7458_] Q1142 __
287 ___ * 20____|. 0.1741 | 0.1139 _
353___f20 __|. 0.1748 | 0.1144 __
445 ___|19 ____L_ 0.1731 _J__0.1132 __

Wt. Film

fe o - - - - - - -

hoe v > " - - -

---------------
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set
LEAD-OXIDE #&., 2
Tro. |Temp. | Wt. Film [Wt. A IWt. Film [Wt. B
A Standard- B Stendard-
i izad

0 23 #.&h&ﬁlﬁ...,ﬂalﬂgg Q20007 __1.0,10C0
324 | 0.0632 | 0.1026 |0,0674 | 0.1026
7 24 0.0658 | 0.1068 [0.0704 | o0.1072
10 | 24 0.0684 | 0.1110 |o0.0732 ]0.1114
21 23 0.0710 | 0.1163 |0.0767 | 0.1152
24 24 0.0712 | 0.1156 |0.0758 | o0.1154
28 21.5 | o.0710 | 0.1153 |0.0768 |0.1154
31 21 0.0710 | 0.1153 [0.0768 |0.1154
34 21 0.0707 | 0.1148 |0.0766 |0.1151
45 24.5 | 0.0704 | 0.1143 |0.0763 |0.1148
48 23 0.0702 | 0.1140 |0.0751 0.1145
52.5 | 23 0.0702 | 0.1140 |0.0749  |0.1141
57.5 |19 | 0.07008 0.1137 |0.0747 |0.1138
87.5 | 22 0.0698 | 0.1123 |0.0742 |0.1129
70.5 | 2° 0.0697 | 0.1151 |0.0744  |0.1133
79.5 | 25 0.0696 | 0.1129 [0.0744 0.1133
89.5 | 25 0.0696 | 0.1129 [0.0742 [0.1129
97.5 ]26_ | 0.0694 | 0.1127 |0.0740 |0.1126
Tor a7 0.0693 | 0.1124~ [0.0780  |0.1126
112 | 27 0.0691 0.1122 [0.0739 |0.1124
126 |18 0.0684 | 0.1110 [0.073C  [0.1111
139 {20 0.0684 | 0.1110 [0.0751 0.1113
150 121 0.0684 | 0.1118 [0.073%  [0.1113
1673—1 21 ~ | 5.0686 | 0.1113 |0.0722  |0.1114
209 {18 0.0686 | 0.1113 [0.0730  [0.1111
259 |22 0.0680 | 0.1104 [0.0726  [0.1105
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set
e Film [Wt. A WE. B Wt Be
Hrs. Temp . A Standard- Film |Standard-
ized ized
0 23 0.0463 | 0.1000 | 0.0485 0.1000
+—1.2¢ | 0.0465 | 0.1004 | 0.0485 0.1000
n 24 0.0464 | 0.1002 0.0486 0.1002
10 24 0.0464 | 0.1002 | 0.0486 0.1002
21 23 0.0464 | 0.1002 | 0.0486 0.1002
24 | 2a 0.0466 | 0.1006 | 0.0489 0.1008
28 21.6 | 0.04656 | 0.1004 |0.0490 0.1010
31 21 | 0.0468 |0.1010 |o0.0401 0.1012
34 21 0.0468 | 0.1010 |0.0491 0.1012
45 24.5 | 0.0474 |o0.1024 |0.0496 0.1022
48 23 0.0475 | 0.1026 [0.0498 0.1027
s

52.5 | 23 0.048Q |0.1038 |o0.05C2 0.1035
57.5 | 19 0.0486 |0.1060 |0.DE09 0.L029
67.5 | 22 0.0496 |0.1073 |0.0521 0.1073
70.5 | 22 0.0504 |0.1091 |0.0529 0.1090
79.6 | 256 | 0.0518 |0.1119 |0.064% 0.11%8
89.5 | 25 0.0626 |C.1137  |0.0547 0.1126
97.5 25éf 0.06528 |0.1141 [0.0553 0.1138
Tor |25 0.0530 |0.1146 |0.0565 0.1143
112 27 0.0534 |[0.1155 0.0559 0.1151
126 | 18 0.0526 |0.1137 |0.05517 0.1135
139 | 20 0.0629 |0.1144 |0.0556 0.1145
150 | 80 0.0633 |0.116% |0.0558 0.1149
167 |21 0.0532 [0.1148  [0.0557 0.1147
209 |18 0.05630 |0.1144 [0.0565 - | 0.1142
269 | 22 0.0526 |0.1136  |0.0661  |0.1135







»SOAP. NO, 2 )
s e TIig Wo. AWt Fiim lit. B
Hrs Temp. A Standard- B Standsrd-
c---#m-—n--nn.nnun-nunu-niﬂﬁdnn&  TUT-Y: NS—
0 23 0.049"7 0.,10C0 0,0 Q.LQQQ
24 C.0500 0.1006 0.0ﬁéé Q.lggg
7 24 0.,0546 0.,1098 00,0503 O.;lme v
10 24 0.0568 0.1142 0.0515 O.;&é4
unuunnhn-—--Tn.-n-.-
21 23 0.0560 0.1126 0.0506 0.1124
o= AP Wi trtiegb =t -
2 24 0.0E6 0.1128 0.0507 0.1126
4 1 ]
28 21.5 0.05860 0.11%6 0.0505 0.11282
it
31 2l 0.056568 0.1122 0.0505 C.1122
e et et T
34 21 0.0557 0.1120 0.0503 0.11%8
A B o pood
45 24,5 0.05562 AlO.lllO 0.C8CC C.1112
——
48 23 0.05562 0.1110 0.0600 |0.1112
52.5 |23 0.0650 |0.1106 0.0498 |0.1108
e
0.DL06 0.0495 0.1102
S
0.0b64%7 0.1100 0.0495 0.l1l102-
70.5 22 0.0b846 0.1098 0.0495 0.1102
0.1102 0.0495 ~0.11C2
I e S
89.5 25 0.0b46 0.1098 0.0493 0.1C98
--n-bn--—+u UREC U TN DR ————
97.5 25 0.0544 0.1094 0.0491 0.1094
n-un.q-n—lgu*i o amb
101 25 0.05423 0.1092 0.0491 0.1C94
v v rrrone
112 2% 0.0544 0.1094 0,0891 0'1094,
125 18 0.05&4 0.1074 0,0482 0.1074
usnat A - | LT ‘_J__
139 20 0.0536 0.1078 0.0485 0.1.080
e,
150 20 0.0538 0.has82 0.0487 0.1084
o me s st s s
167 18 0.0536 O.loia 0.048% 0.1084
VPSP Sweo— wamencis
201 18 0.0536 0.1078 jLO.O485 0.1.C80
259 22 ‘0.05636 '0.1023 0.0485 0.1080
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Pb-SOAD Nomber 2

— | Wt. Film fit. 4 SR T
Hfs.| Tenp A Standard- B Standards,.

. ized ized
0 23 0.0288 | 0.1000 | ©.0%14 | 0.1000
3 24 0.0398 0.1084 0.02248 | 0.1082
7 24 0.0312 | 0.1084 | 0.0%2a2 | 0.1080
10 24 0.0326 | 0.1131 | osBps 0.1141
21 23 0.0330 | 0.1145 | 0.0361 | 0.1151
24 24 0.0332 | 0.1162 | 0.0361 | 0.1151
28 21.5 | 0.0332 | 0.1152 | 0.0360 | 0.1148
31 21 | 0.0332 | 0.1152 | 0.0360 [0.1148
34 21 0.0329 | 0.1142 | 0.0357 | 0.1138
45 24.5 |0.0328 | 0.1138 | 0.0356 |0.1135
48 23 0.0327 0.1135 | 0.0355 |0.1132
B2.5 | 23 0.0326 | 0.1121 | 0.0355 |O0.1138:
57.6 | 19  |0.0324 | ocz12a |o0.0354 |o.1128
67.5 | 22 0.0322 | 0.1117 |0.0352 |0.1122
70.5 | 22 0.0324 |[o0.112¢4 |0.0354 |o0.1128
79.5 | 25 0.0325 | 0.1127 |0.0353 |0.1125
89.5 | 25 0.0328 | 0.1117 |0.0350 |0.1115:
97.5 | 25 0.0324 |[0.112¢ |C.0380 |0.1115
101 | 25 0.0323 |0.1120 |0.0350 |0.1115
112 27 0.0323 0.1120 0.035% 0.1118
126 |18 0.0314 |0.1089 |0.0%242 [0.1089
129 | 20 0.0316 |[0.1096 |C.0Z44 |0.1095
150 | 20 0.0318 [0.1102 [0.0346 |0.1102
167 | 21 0.0318 |0.1102  [0.0346 |0.1102
209 | 18 0.0214 |0.1088 |0.0344  |0.1094
259 | 22 0.0318 [0.1102  |0.0246  [0.1102







34 set
CO-SOAP REMBER 2.

"""""""" Wt.Film Wt. A 7. Film  ut. B
fre. Teme A igedri P . Strederds
o____]. 2% ____] r.@. .0310 __| 0.1000 __ l 0.0326 __ | « 0.1000 _____
3____|. 24 ____]! 0.,0314 __| 0.1C13 _ | ¢ 0.0328 _ | ( 0.1006 ___
S 24 _ ____]! 0.0320 __| 0.1082 __]10.0224 _ | 0.102¢4 ___
10___]_ 24 ___ |« 0.0332 | 0.1071 | ¢ 0.0346 _ | « 0.1060 ____
g1 __ |23 ]« 0.0360 | 0.2160 ___| 0.0378 __ | 0.,1156 ___
24 __|. e ____| . 0.08£9 | 0.1160 | 0.0378 _ | | 0.1156 ____
28___|21.5 __|e.o359 _|[0.1157 _ 10.0378 _ | 0,1156 ___
31 |21 ____|o.0359 _|0.1257 | 0,075 _ | 0.1147 _ _
g4 ___|J 21 _____|0.0%55 | 0.1144 | 0.0872 __| 0.1138 ____
45__ | ¢ 24.5 __|0.0%50 | 0.1128 | 0.0372 _ | 0.1138 ___
48__ | 23 ____|0.oz52 |O.1134 | Debete . I 0.1138____
2.5 | 23 | 0.0350 | 0.1128 . | 0.0367 | 0.1123 __
57.5 119 ___|0.0%48 [0O.1122 | i, S C.1120 ___
67.5 |22 ___[0.0246 |0.1116 __ | 0.0%62__ | 0,1108____
70.6_ | 22 ____|0.0347 _10.1119 | 0.,0364 | 0.1114____
79.6 | 8 ____|0.0847 [0.1119 = ]0.0364 | 0.1114
89.5 | 26 ____|0.0346 _ | 0.1116 ___ | 0.0%62 | 0.1108_ ___
97.6 | 25 ___ | 0.0846_ _ | 0.1116 __ [0.0360 | 0.1102 ___
101 |26 ___[0.0345 |0.1113 __ | 0.0360 | c0.1102 ___
112 )27 ____|0.058 |0.1113 __ |0.0%62 | 0.1108____
126 | 18 ___[0-08%5 10.1081 ___[0.0352 | 0.1D78____
189 120 | 0:0386__|0.1084 __ 10.0354 | 0.1084 __
150 20 ___| 0.0838 __|0.1090 ___|0.0254 | o.1084
167 |21 ____ | 0.0326 _ |0.1084_ ____|0.0854 | 0.1084 __
209 |18 ____| 0.02%6 _ |o0.1084_ ____0.0354 | o0.1084 __
269 |22 ___| 0.0328__ |0.1090_ ____|¢ 0.0%54 | 0.1084 ___
..... o o, o e e e 6







35

_______________ JRUTREATER, Q L.:ﬁéo--z---%-_—-B---m-,--g—---------
A TE . Temp. Film %tandard- Film  Standard
g T T ized 3 ized = ____
o [??___?:‘3_'_0_1_9_5_ L it_)_ 1000 | 0,0238 |« 0.0000 __
s [2a | 0.0196  [0.1000 | 0,0235 | 0.1004 _
. |ee | o.0197  0.1006 | 0,0225 |« 0.1004 __
10 [ea  [oowr  o.oos [o.omss | o.00s
o fes  [ooass  f0.9995 | o.0ms | o.1008
24 | B4 ____pO-020 01020 |o.0238 __ |o 21007 ___
28 ___ [ 215 [O-0800 01020 | 0.0289 __ | o0.1021 __
s e [0:020 foaoe0 | om0 | o.0ms
s |21 [0:0200 101020 | o.0240 | oyroes _
s | 24.5 | 0.0209  |0.1066 | o 0248 0,1060 _
w_Jeo 0009 fo1ose [o.0sas [o.10s0
ses |25 [0:08  Jouoar |o.oeee [o.10r
67,5 | 19 0-018 __|0:1122 [l o.0266 ___|0.1008
75 |22 |00 Tomiss | oomen | 0.3z
L o T Y
.0 |2e ___|o.0230  30.1178 | o.0z70 | 0.1154
9.5 |25 fo.oz0 01178 | o.0ere  Jo.er
8.5 |25 Joomes  [01168 | o.cenz  [o.11ez
w1 |z Jowomes  qome Joera  lomee
i A X S Y A
25 |8 Jo.ome  goauz  [o.oses  [oaase
e 2o [o.oeee Aoz | o.omss o,z
0 |0 [oozes o lo.ceer [ omuse
18 ‘“".Ei""“é’éééi"*' o.1142 | 0.0266 0.1136 _
S T Rt 0.1222 | o,0268 ___|. 0.1128___
"l lo.oeez _[0:13%2 | o.0mes ] o.1128
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PLOoTTING OF CURVES

, The weight time curves for these films were plotted,
using 100 milligrams as the standard initial weight in each
case. This standardization of the weight of film disreg&rds
the difference in the rate of drying that might Ee due to dif-
ferent thicknesses of the films, That standardizations of
this type were justifiable was shown by the following feets:

Several films of the litharge boiled oil of sgt 11

dud allowred 5 el

varying greatly in thickness were weiched .as in the previous
Adr1§
tests. The data for this comparative-thickness teet is tab-

ulated below [Sefs)






G _THICKNESS TEST (3

Hrs. Temp. a 1 "’ éténdard- ‘ .2 gténdard-

ized ized
0 23 0.0126 ] 0.1000 | 0.0221 | 0.1000
1.5 24 0,0130 10,1032 | 0.0238" | 0,1048
5.5 21.6 10,0135 |0.1072 | 0.0221 | 0.1046
8.5 21 10.0138 ]10.1096 | 0.0240 | 0.1087
2.5 |21 10,0143 10,3140 10,0247 |0.1119
23 23 0.0146 |0.1164 | 0.0255 [0.1158
25 27 0,0146 _|0.2164 _10.0256 _|0.1161
30 23 0,0146 |0.1164 |0.0254 |0.1162
B5.5 119 0.0145 _10.1166 10,0251  [0.1139
47 122 0,0144 10,1148 10,0250 _ |0.1135
50 22 0.0145 _10.1156___[0.0263 |0.1148
59 25 0,018 _ |0.1180 _|0.0255 _ |0.1148
70.6 126 _ [0.0146 |0.1164 _ 10,0261  |0.1139
79 25 0.0146 10,1164 _ [0.,0261 _ |0.1139
84 25 0,0146  [0.1166  [0.0250  |0.1135
95.5 |27 0.0146  |0.116&  10.0251  ]0.1139
108 18 0.0137 _10.1088 _ |0.0241  ]0.1093
122 20 0.0140 _ 10.1112 _ 10,0243 _ [0.1102
132,56 120 0,0142 o.ilzs 0.0245 _ [0.1111
147.5 124 __ l0.0142 10,1128 _ |0.0244 __ 10.1107
180 18 0,0140 __J0.1112 10,0244  [0.1107 __
250 22 0.1128  0.0245

0.0142

0.1111
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COMPARATIVE THICKNESS DRYING TEST (3)

“WTTTIIMNETD mte FYIm Nt 2
Hrs. Temp. 3 Standard- 4 Standard-
ized ized
0 23 0.0326 | 0.1000 | 0.0485 | 0.1000
1.5 24 0.0%33 | 0.1021 | 0.0485 | 0.1020
5.5 21,56 | 0.0344 | 0.1054 | 0.0520 | 0.1050
8.5 21 0.0352 | 0.1078 | 0.0522 | 6.1075
11.5 | =2 0.0364 | 0.1114 |o0.0541 | o0.1113
23 22 0.0379 0.1159 0.0562 | 0.1158
25 27 0.0377 | 0.1153 | 0.0662 | 0.1158
30 23 0.0376 | 0.1150 |0.0569 | 0.1152
25.5 | 19 0.0374 | 0.1144 | 0.0556 | 0.1144
47 22 0.0273 |o0.1241 |o0.0554 [o0.1142
50 22  |0.0374 |0.1144 |0.0556 |0.1146
59 25 0.0%76 |[0.11560 [0.0857 |0.1148
70.5 | 25 0.0372 |0.1138 |0.0553 |0.1140
79 25 0.0272 |0.1128 |0.0553 |0.1140
84 25 0.0372 0.1138 0.0553 0.1140
95.5 | 27 0.0370 |0.1122 |0.0553 |0.1140
108 18 0.0261 |0.1105 |0.0543  |0.1118
122 20 0.0364 |0.1114 |0.0544 |0,1120
132.5 | 20 0.0264 |0.1114 [0.0545 |0.1122
147.5 | 24 0.0%64 |0.1114 |0.0645  |0.1122
180 18 10.6364 |0.1114 |0.0545 |0.1122
250 22 0.0362  0.1108  0.0641  0.1114
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It is obvious from this data that the percent gain in
weight within the same time 1imit is practically constant and
independent of the thickness of the 2il film, and also that the

sfpproy ol

maximum gain is reached in the same time. Thie confirms the
[

work of Muhier‘lV) and that of Lippert (9{ showing that for

thpin films the differences of thickness can be disregarded,

and that plotting the curves to the same standard ie justifiable.



23

i g R i HEHHHHH H
i i AR i i i
HiE

i
Y

prt




T

i
i

i s
sais s




HiH

il
S
umm.mmmaunna

G
.

HHHE T

i

HiHi ..%ﬁ.mm%

T
i

i -
SIS S
A i i m

i

G g

u“ﬂ.n

H ummm. .nmu:m.m
Hils e

HBHE T

i S

bt &
s

L
HH
mwm H




B AR s . = & LERE Sas s = - o
- + : 3 s
al e | X I " 5 & . . gEm » < T *
g : : : NI * ¥ i
13 1
. it RS IR AR SSLNS 88 gRs
- + 1 1 K. 1F Lod BN sspnni
+ 3 4 a, 4T rwr RESEEESEw e e
. i L : HH : . Banas) - - : ’m .ﬂ Ve
- -se BRUSS 4e R r 4 4 "y 4 i o TLEs
== R supes o : g + 1 HH e t 3
i HEr -+ R SN RNy - e g uansansunn e n ] . I e
=asa -1 ‘) san - - 4 H 5 H
: 1 ¢ . . uh e B H4T - b -
-t HEH B HT F FNasidsceaiiiasaias LT i . u8% aaa BEUE Y N H : ERadumn. ReauEaRAn ¢
H e 3 H I+ e ka7 a
HHE o 1 H i .z sunaps - 11 T H - e i+ 8 3
= - seusos NS aa 134 H - & SebuswRunENESSREDE S "e . . »
: i e Hog : . E ; Saaaaun : . H i : :
T . nae sgane % au r Arean e anes nau T TavaEaRNSRANNSARAREAEN ananc
RS SRR . . H1 Y
8 3 i 1 PR T .
S . = o - ¥ . 1] .
] " - 41 (4 oR &
- vird v 1t » . . & - s . |4 “
. 2 .. = * e B 8 aw: 1 e - 1 Bieastasasssehoatansss TR
- s o fasna B37 A% - t i 1 : J iRbRususaAsinanELaN T
4 I " o 11 + emesumn EMs GRS cARaN G0N .- = . NasasEans
H . H H - H us e " :
= - e 2 &% o S8 sau . + BHE SumUREAS b AREARANSARRIEARTREAS RS +H
H e sEan 11 3 S ganpsaanan s ] noe.
8 - sassuas
2 & HH o H .
naeE e 5 . * e o
Sssanndng H suszacs
f- -4t z 1 4 - -4 - “
5 S H .
1t H H 1 . (T3
n H 4
1 :
THH H : 3
H- 14 : H
-
T
{1 O +143 e
G ihEnns - =
1 - -
3L ‘“ﬁ Boesdsasne r 4t
- bt - 13-4 3 he 3
= SESE s 1 Tt
{ - - e, ase 3
HH 145 ¢ i [T
£ T3 1 HEH :
- 3 -
zen gy
*
£
t
b5 Hey T
% a) EaeE
T it 82 T
. new ewe e 1 I3 L
18 pin ks
3 LHE - a8 s
¢ 1t
i1 e ik
. b &4
3
a8
] I ,
T
iE + e
» 113
. H = . e
i m-. s e mgu 2 rt 328 13 we
‘s =13 s . & H 1
- T Y REa H
» T e PARNES 1 8 ¢ INaANE :
- aazw o ; T 51
11 - b o b 4
- ] {1 ﬁ... e SR
L 84 — I8 Ras b
aah ;b
, ~ Sxe == 1
=
s =+ e suan
emnnafle 3 - e 3
3 =
1T H am ~ Es .
1
14 | - r4-y .54 ¥ -
ey 3 pétd 3
$ise 3is 0 = ...m
3 L ] 4 5
b4
¢ - 113
sees T yuus
o : L s
e
: T £sess :
| e HH :
»
-
i - FEHEHHO : )
3 (- o T
8
] Biaaill 8 . . S
| L cee o
1 Hit
T " e
o
b ] zass2
i 3 | 2 Sene » e 1 + .
- 23 1 Ht
Fr 332 sacess i g i
* »e p
a8
l it f f
: Hi 15
‘i
ittt
: - + . o5 T
Eagasen
- e ™ ..
i ‘ 3 T
. ++ ittt b asemuseny
- - N el & T
s T3




HHH R
HER S

HE R
fHiH

EE el
A
e
e

syany




e Swn res dsee) ISPENAES SN O S RS e oo s " + N " ,
IEIIL I ) = =35 > e » 1 T H s
» o “ ¥ 17 ol . + ¥ &
» <+ 1 L i v <4 T
. % 3 s i > § T
+1 saEay ¥ " 3 - Ht it IS SUNEEUBEOEBERY U]
11 s HE T aus . ] FHOEHIHET
wanre BRRRED . RREREN: HH : as e v
R H RE B +14] 8§ 1 < . anaeRze
H-H H ? o T s . 5 z
13 - - " . §ess cune 1w - B mn oo ey “ T4 "o 8 L] i
SRR Sastat - - e FhisiEATIIIAIIERILICNL IREAES T H sasisi giagise ]
sueesE . a5 iausunnassuE) 1 s 1 1 saausive sy 3
i3 15 o easl H » aREaEEEE SEREANEENE H EESsVEREEREENAL aun mSERRES L
_ + baneuss ou WEEUS AEBE T auun :
4 : T ' R IS aaes + pas HIHTE T HHH e e HHH T 434 e asne st ses §
T . R & 31t 3 1 F H1Y 13 o e . sEaazes
HtHT EEEsmewswaRen NuR Eal 3 auay S i e weasan: s +1 i
Ees dusrpuw Bessk Hi1H - k. - » wan sassugns paan et -+ H . Teasaunan Sans wa ¥ eew e
— 9 - - uss T 1 - - siusesannsasnn sauey AT SNBNE 3
. - ‘ = e "o 4 22 i2 o E . . 4 I 8
] 1 & . ] = b 3 3 BaNn oy i
: : - - H : : T
-+ it v Bans seuwe: 22 T y t
- . -+ 4 T H uwes fURES S
r s t "3 3 y e 1 ses 25 sinngs H H : " eEuusT dum’ wvaus
s i 4 s s y e 1t Tt -
: b EERysysEsvevay SR T sasEEtizey H u
: ey b 11 = + R R " 4 o “nee s &t 4
- - $4 4 SNeS b by opebs e +
SaEvu. L ')
exsa ’ R mus” Ses o
T HittHt v e uns " 8 whaaEn . dwsanssed o A
T i Susid E : sEus a8 - 1
58t ¥ » i8i e 3
- Py 4= * Sens - 3 "8
| : sEia o 3 HH HH i
- e +4 3 B 5 n 4 .
ne. > ¥ FHIEH s - HHH H ‘ .t
et s a5 aw i +-
IE5as? . Sansn Tt . assepuEs & W umaER R tH T
T+ t
- 1 wee gy FususEEnes
. ¥ $ H 4
=t mEs sx e e
gan t e
4 p) i i -4
4 A4 an { H 4 T+
. 3 waw I3 1 :
Ie St - auym ]
8 -
1 3 BE - 2o rasusesennw ¥ S
‘-~ 4 4
¥ " L 4
1 St
T ves
: . IS M ) .
.s
55 i as
++ 1
Reazany -+ 1 Sunwn sswe 3
T s FEEER HE I : i e sisiast
11 | [
= b - “u"“
o e 1+ o o
® ¥ a8s
iaens s8&
1 - syEmasay s
e s 8 - 1 HHHH
- ks o sununs saas - ‘-_...
| aeuw teer
A . b4+
F Laed g 4 4
b % 2
3 1es
S RB
r 4 A
ies
i =SS
335
1 ]
aer
44 1424
e o
1 ot g manw
K 44 4+ 4
1Tt H
53 :
" 4 " .
g i3 -
‘el s
1 + T i £5e 8 ! < e
1- o se3renes e}l ] =2 : = »ou s swuy 2
* - -
o s .H = » — = = . :
sw
T
2aes 3 o
3 e 14
4 .4 dy
Tt
: e suww
) - 1T H
1t .
4 y L
1 i + v
* T % 15 ‘e
. ES A .
. +
it X T A
1
e 4 . H
i .
T TH
nay a5 4 1t 5 sazineal
H H T e
1t $ + Tt
it woe 5 ¥
- H = =i n» - SuRus; + .
—
s 3 = ssiassaeet : :
1 = 2
e ++ it . aee
H .
¥ u s 1 e 1
- 111 T 1
] 1 peast 1 HH sens .
b o3 31 — & H Sk - SEREIEC e i
s TET] TEEES i {113 :
sadw - i ate e o - :
T mae e = L
. H — a8 e
. — T
. 111t
§es e u 1+
H £ i 3
1 11
i1 11 Feea
"
suns 1t I
shan . yax y
! » 3 «,
= e
1 H HH s | i} it i
T
u b 3 bt bt
1 ::
jas H s & e A T SREENeNR . 1 1 1t 15 .
s - o ST s 9o T ann
sensasavis u it Sear b e anay 4 ] ! a8 8t =3 35581 y jsasy 1 T o Tt BTt eseansasanaas
Exaneen ¥ wune e iy 444 t 1







, 1 :
adsn seas 3 % i i 3
8 - 4 4 + 4
H +4- T o 2 > + + L]
it s +H it . H
1 H t e 4 3 H
L3 - # =
4~ 4 { $ .“
8 3 1w » <. i 1
b ke seean
i : jin :
1 san
-] T ‘4]
e “III b 7 4 - {4414 8 H - u('. 4 44 L4 4+
s 1 bl e ¥ = b SOSES FEERS b g
¥
11343 4 v ; ,
.
1 :
-
T 1
. }
Hit o
R 4
-
T
111 > “m
e o . |
H
+- .
HH i 24 / : H
- i3
3 i
Y
.
s
] =8
=5 s Abavaas -
%
'+
1 3
x(ﬁ s
4+ Ly
13 i
11
T
L]
. s
I
”
.
d
:
+ A
+ 7
T
i ) 2 e
-t et pnd am 1
t
+
1
1 ,
4
*
Tue =t
1. =
T =e n. - $ 1 :
i 13
Seaw — ~— ﬁw
1 " - b . deded
-
-
- 4 - 1
™ - te 4
b (3
- ==
Y s
o |
Fne s s
* sey
sus
H ]
* son |
* ll"
4]
vt 444
b ¢ ssax
T
eoas bt L
o ue & » * 8
W - o8 s Sl SSASE A5 ] .
S22
1 . - 4
{ 1
¥
&







e
¥ amE e

i

bt HiH
HH i i T T
JEisE

i

%‘giﬁ"i : i i .gﬁ SR :gix%







-t p -
R HEHH :
HHT HH R R T S T T H
<=3 .
T FRANNAY N NASRYREERE R ONE b el
5 ean e e 5aas )
: T H
daead tHH H :
yeH HHH ] i H
e usw :
<3 ‘41
qt_m:m H 1]
IS URRPY NS e a3
4
1 ot 1
T 1
o
s
‘
1
14 .
+ " s
it
3 1
L = H =5
H i i s . HH
e e
san
» nas
B
S
: ¢ H
- 2
.
i e Mm
Fid
3 H
nanu
e 44
T
sEREsse
- . #an - 3
a !
- 3t sa
2 {:
.. St ¥
44 vyt =z
3T
. IS &
os 1 e
%
13 +
HHE £} L gessprsssansy ses
o s - - -- -
% Tt
il
s
e e |
2 |
|
+
2!
+H
H =
1 . e s
i + o ST a8t aE) pans
¥ H o |
sad: sas
s
3 t HHH
¥ 1y .
1 444
smen
T % o o ..umu |
31 b 1U IuEy
' IS
e
s 4 H
b 1 Buss
. 11
$1 s &
. 4 t <+ 4
- - - e
|
:
4 S8 2 |
,
15 -4 |
it H ,
HH |
4
”.' >‘4\.l ‘A_rVAv.\. HH- 4 AA4X = e ‘i - 34 44 -
EHHE R T R HE R T HHHEH ;
¥ s mmEn T = .1 . .y ey wasas 3 waa ,.A.A...L“_,.,m T m
3 3 : i 13 % 3 -t 1
: 1 Tiiitt 1 : 1 w 1 3







. T i e ane $ -
1 T * (ks AERNESRORD B 11 s Tt 1 HEtT
- Lo ¢4 -4 s L4 +d $-4- 4 -4 44
g » s - BwESi % i =2 == =
=x x gers
T
+t
]
T+ M H
2% 1t L
4
. e 13
i e e 4
- " . -
$ v sTuNs ¥ & »
T -y . 4 S
20 susas L H
1 H 3
o
3 1+ +i4 ! 44444 N
Ee 4 .. LIl 4 '
4 4 INS Ew . '
4 "o d -
: Jrew
T o " aeey = -
y i
T e
. .
*
-
+
ﬂr
o
i
5 a9
1
55
.
= 3
1t u ewx
k 441 ]
=]
. H
LI
wEuun e
e
e
i
: e
1
1 we
a 1HTH
... - g
iss =
+ =
SEREsE! S {14
+ = — e
Tt RES AN - _
44 Fisus EEA A
i ) e u r+14- v 44
~ SESRL » o6 Sl 1
2 SESHEEE 5 » T 7
o I — 3 HHH
44 i — H B
H
Saue e m
-
3 = 5
4 ron
1
1 ne ]
H H W
T HH e H
e e
T
$ T HH
. -
1 -
ee ey v H
nee
xee
HE
o {
43 . was e |
m1
3 |
Tt
] e ] ] : 4
. . e 4o — - =SS IREESIRa by stne SEERRESS - |
5 1
‘ 43 T
: et 3
3t
1t
t+
ERzaasEiziaaiisasas, 1 T e
! : i ¥ : REaEEinasisais:
Fhtt 3 3 £ 3 : s w3 - w 9. ¥ $
- - 1 & 1 s 3 & - 4 1 5 1 TIT



















“ 1 .n‘l!il ™ 4 ol i EoS . PR T ¢ o L Ve - L BT A T i o g | ) -z el wa g BT -
- - =, A Lo - = > 2 =
Ll w ENACQEANE SRR RE W) It AERRRYERA ' 63 nuy —
fe - ++ st -~ M :
T ot
+ SRS H : i A
o Lo i1
zens ey i e = s
= o :
Sanw . & ' >
: T
T t
+ ¥ ywnsi :
- i) - -
; b Bax it
1 e bgi ) k3
) ! 1
} 1 T I 1 3 I I +
+ $ T 1 wes
T yuman : $ 1
m > = Tt T +
tH aa B 7
1. ~ 5 -+ s 3 Y
s :
»e e
3 4 T
+H T 3 2313 -
: y HH R .
- > o4 3% I 1
<t T :
111s * e .r
e —
s + - - e
~ 4
} H
- - e
t !
: 3
saen
3
'y - - Wu
T X ¥
1
nlun-
3 anse
It T
I8
b §: +
+
H
:
:
. . -
+
+
4 '
- »
& 4
lhnn P
T + : raw
3 - : -y
) o
3 : HEH
T ~ - >
- + o
+ )
. 14 + Sl
< Sl
$ { s
+ R
} - - - ' g2 ‘s
. 3 r+ 1+
e ==
: T ’ *
< Syesiaas
s 3 sieEs
— : saTaned
b bt v s
. .. 3 - .y
v 2 ' 9 4 b -
t - ~ - xn& -
N H g £
i T ~. : : ; I8 EET 4 SRuwn S uuE
&8 1888 e e : -~ s 9 e
< - ' 7 . .
: T
! T : s / sis FE
o oo 1/
- 2 - ) g - 3 3 . b
2 I 1 i n T
1 ; 3 1 o :
- 1 e 3 3w .3
: ¥ ~ T !
= + -
+ : :
%
= o fe : : |
* yw s
5 : s
t iaie 1 T e Ees
of iids »
I+ ::
o a1 -
e HiH: sun &
e 3 e
-
-~ s -1 s
o
. - »
s ‘sas
:
T .
" . =
3 :
Saes: : +H
t + - ase
‘ ¥ ww 1 ]
- R + .
t
:
t
» .
1
z
v e . . .
~ $ . v
8 e :
: H F Sahs T t
11 (S S SES A ACEE NIRRT NII A ANSSE SRADT ATHER A C s saaw b EBEE e + 3 14 % .
. -- ~ B & SusmssE z Iy
o - rirs . % o o + 1 - ¥+ = -







03

DISCUSSION OF CURVES

The above’curVeé were drawn to represent the weight
changes under average, constant atﬁospheric conditions and minor
irregularities believed to be due to changes in thesé-conditions
have been neglected. '™Mhe sudden drop in all of the curves of .
set II at 125 hours was simultaneous with a sudden temperature
change,'and occurs in set IIIvat 1C8 hours; ( the two sets hot
having been started simultaneously.). st 1. was not weighed at
this time. 'There'is every evidence that‘this drop was due to
meteofblogical changes and need not be considered in the curves
of sets II and III.

Film 1 of set III was not piotted, Because of its
extreme lightness it was believed that all errors would be un-

duly magnified in standardization. However, & single curve

Q

serves very wedl for any of the three curves plotted, and this
curve correspbnds closely to thoee of the same o0il in set II.

on the whole, it seéms that the duplicates of the
faetest drying oils give the more closely checking curves, but
it must be remembered that each division on the vertical scale
corresponds to & weight of but 0.0001 gm., and that in the
majority of cases all errors have been increased by standardiza-
tion.

Altho there is probably no definite point on any of fhe!
ourves‘at which the drying action of the o0il can be said to be
complete, we are.inﬁlined to agree with Lippery(g) that the
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point showing maximum gain, i.e., the highest point on the curve,
may be used in judging the relative rate of drying. In other

hra gt
words, the time reaquired to reach §B§A§a£=$ is %hortest in the

case of the most rapidly drying oil film.

No equation for the above curves has yet been derived,
but owing to the many factors involved, the equation is probably

very complex,
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SUMMARY AND CONCLUSTIONS

The conclusions drawn from this investigation are
the following: |

(1) That the manganese, lead, and cobalt x~elaeostear-
ates cannot be prepared in the pure state by the ordinary methods,
even with unusual precautions in preparation.

(2) That the soaps madedin:the manner described con-
tain a percentage of metal that is somewhat hicher or lower than
the theoretical percent of metal in the corresponding
elaeostearates, depending on the nature of the soap.

(2) That the manganese, lead, and cobalt soaps herein
described are "driers" and resemble the corresrondiné isomeric
linoleates in their drying action.

(4) That since the maximum absorption in the case of
the linseed o0il treated with the manganese soap is reached more
rapidly than in the case of the "boiled 0il™ made with the
equivalent amount of litharge, the manganese sowap may be con-
sidered a more efficient drying acent.

(56) That the lead and cobalt soaps, ju&&ng from the
drying curves, are approximately ecual to litharge as driers.

(6) That the "boiled oils" made from the lead, mengan-
ese, and cobalt soaps may beg,owing to their lighter color,
commercially more valuable than that made from litharge.

(7) that the shape of the curves of the hoiled
oils dependes partly on the manner, i.e.. temperature, etec.,

of hoiling.
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