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Estabilidad térmica de jabones metal-palmitalo con
diversas aplicaciones indusiriales

Sg han preparado jabenes de lierras alcalnas y slemantos ge
Trangicin y arbitales “1° complalos par &l metada de la descom-
poscicn doble madiante a reaccaan entre sales meslicas v pal-
milals sddeo, La estabilidad drmica oa esios @bones ge etudia
can gl fin de armojar luz sobre su idonaidad para sU US0 GOMG Ca-
inlizacoras o lubncanies Se encontnd que los jabones da las 1ie-
s alcalings son mas astables que log de lransicién v qua los
[abones Gon la capa “d" completa.

FALABRAS-CLAVE: Catalirador = Esfabiigad lgnmice — Ja-
ban matal-palmitan — Labricanie

SUMMARY

Thermal stability of some metal-palmitate scaps
which find various industrial applications.

The saaps of allkaling earth’s and iranaition earmants and
closed 'd° orbitals were prapanad by the doubée dacompositian
mgthad by the reaction belwean matallic salis and sodium
palmitate. The thermal stability of these scaps was studied in
cear 1o thoow tha light on their Butability lor using as catalysts or
lubricanis. The soaps of aloaling aanh's wara found 10 be more
siala than trarston and 'd cosed shell soaps.

HE¥WORDS: Catalysf = Lutcant — Maral-padmitale soap -
Tharma statwily

1. INTRODUCTION

Metallic soaps are a group of waler-insoluble
compounds comtaining alkaline earih's or heavy
metals combined with monobasic carboxylic acids of
7 oio 22 carbon atoms, These soaps find wide
applications in various fields. They are used as
stabilizers for plasties (1-3), as fungicides (4),
catalysts (5), driers (6-7) fuel additives (8) as additive
for lubricants and some pharmaceutical formularies
(9) and as oil spil absorbent materials [ie for
remaoving of patroleum from water (10)].

The acid or anion portion of a metal soap can be
varied. Typical anions currenthy used are rosin and tall
oil fatty acids, saturated and unsaturated naturally-
oocurring long-chain monocarbaxylic tatty acids with

¥ 1o 22 atoms, naphthenic, 2-athylhexanoic, and the
nawwer synihelic tertiary acids.

Ao spaps contain free acid (positive acid number),
whereas neutral {normal) scaps contain no free ackd
(zero acid numiber), That is, the ratio of acid eqguivalents
to metal equivalents iz greater than one in tha ackd
50ap and aquals o ona in he newiral one. Tha basc soap
is charactenzed by a higher metal-to-acid equivalent
ratio than the normal metal soap where particular
properties are cbtained by adjusting the basicity.

The present siudy deals with a number of neutral
metallic soaps prepared and characlerized by
several thermal and speciroscopic techniques such
as infrared spectra and X-ray diffraction patterns.

The present study amed to investigate their
molecular structure and their stability fowards heat,

2. EXPERMENTAL

Preparation of soaps

The studied soaps were prepared by gradual
addition of tha stechiomatric amounts of a warm
solution of 10% sodium palmitate dissched 0 10%
athanol water mixture, while stirfing, 10 5% agueous
solution of chloride or nitrate of Mg, Ca, Sr, Ba, Mn,
Fea, MNi, Cu, Zn, and Ag until complete precipitatan of
the desired metalic soap. The proposed sequence
for addition was inllowed 1o avoid the precipifation of
thie correspondeng metal hydrossdes.

The precipitaled metallic soaps were washed
thoroughly with water until the wash was frea from
chioride or nitrate ions .The resulted producls were
dried, at 40°C for several days until constant weight
was achieved o use.

Techniques and measuremenis

The mfrared absorption specira, IR were
measured using Lambda 40 and FTIR Specirum
1000 respectively (11-13).

XK-ray powder diffraction for the examined
compounds  patterns were obtained at room
lemperature using a Siemens diffractometer (I S04)
employing Mefilteared Cu Ko radiation (4=1.54044)
The X-ray tube was operated at 36 KV and 20 ma
samples were fingly ground and packed in a plastic
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Table |
The frequencies (cm’') of absorption maxima in the IR spectra of alkaline earth’s palmitate form
Mgl aldic -0k Aliphatic N 00 paym  CH- -CH, Progressive c-0
sirelched -CH,
7
Suap 1M,0) bands -CDO~ sym
MigiPal| 3413 2060 1580 1380 1460 1990,1300, 1110
aazo 75 1430 1 280,136,
ZH5D 1240
Ga{Pal) HA20 fbr) b 1] 1700 1583 1380 1460 14001350, 11040
2m7 1430 133015320,
2848 13801358
1230,1210
Tead 1120
SnlPal| 3433 br) 2B80 1700 1513 1370 1468 1534,1314, 1009
T 1&03 1292, 1232,
2048 13001187
HaiPal|, 3420 2060 1700 1509 1370 1464 1319.1297, 1088
M5 1403 1276,1332,
PRAE 1211 1187
Tabée I
The frequencies (cm™) of absorption maxima in the IR spectra of transition element's palmitate form
MAgtalic o Blighalie B0 oH,- -EH,  Progwsshe 00
sirenhad -:J-"': o LH,
Sasp ) [ L£O0 wym
WPl ETTR il 18 1580 LT 157 1367, 5500 1114,
%0 F4 1 T42T 1o Sl E1id
2883 1730, EE 10
FaiPn|, ATET (b et O] 158 nima Tl LETEAT 1] 1
918 1434 108, 1m0
2ean 1E¥0. 00
%
Ha{ P, A i ] THE 1580 n3ma 1487 :;;:-,':n;l 1113
Fidl Taal 1280, UFn
1R T30, 0F10
¥
Ca[Rai A 293 153 Lk | 8E7 .::!u:usm ]
il 1840 1280, 1250
SEah 12304210
1130
ZriPal|, IR TR 1538 1578 1883 13420, 100 110
FETEH 1738 1280, 1500
] 1238, 1213
1150
Ag -Fal {IFe] T 1558 13C 1471 1350,17035 408
418 180 F 113, 1700 LERIT |
et a4k 1B 15T
1230, 1208
1180

holder, The diffraction angle (20) was scannad at rate
of 26 min"' (14).

The metal soaps are subjected to thermal
analysis using Perkin-Elmer, 7 series thermal
analysis system with a differential scanning
calorimeter cell, The rate of heating was 10°C/min in
a stream of air with a flow rate of 30 em’/min.

3. RESULTS AND DISCUSSION
Infrared spectra of palmitates

The difterent palmitates were characterized by
means ol recording of their infrared spectra (Tables |
and Il). They possess the following characteristics:

(@ Presence of characteristic progressive
{CH:} bands which lie betwaen 1150 and 13%0 cm’™

1121 and a deformation one which lies at{1455-1467)
oM.

{b} Presence of three sireich bands lie in
2960,2915 + 4.and 2846 + 4 cm’' of the alphatic
chain ,

{c) Presence of characteristic COO sym and
COO asym bands at 1420 + 20 & 1570 + 10cm’
respaeciively,

(d) Appearance of characteristic bands for methyl
group at 1370 or 1380 cm’ depending on the nature
of the metal .

Thermal gravimetric analysis of some melal
palmitates

The different paimitates suffer from stabilty on
heating at redatively high temperature and transform
to oxide or carbonate depending on the identity of the
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Table |11

Characterization of TG and DTG curves for
alkaline earth's soaps

Nawliz: ool Themal T
Soap Rarge Therral Progust
Achal  Calouled
WgFal,  ehpdrabos CRET w
siep
decamposiion  0-MD 1T 15 MgC,
EELLE] (3 T.51 Lr )
CaFM, cebyduban 5140 =
L
ecompmiion WS EETT M 165 o
DRCNT DL P1ERE W) 10 a
EiPa),  BeEiba Y T TR
5 1
ferpmbos  WRESIZ ME M 300,
Ferrdd wablly 512800
e T4 173 210
BaPdl, denyaen MEEE -~
Wi
o e ME WM EaCD,
metal as clarified in Table |l. The resulting

compounds were characterized by means of x-ray
difffaction paftterns where they show the
characteristic ‘d’ spacings according to ASTM (15)
cards N° 4-829, 28-775, 6-520, 41-373.41-1442,

119

BaCQs, Mn:0y, Fe:0s, ZnO, NID, CuO, and Ag
respectively (Tables IV and V).

The soaps of barum palmitate and magnesium
palmitale were taken as a represeniative example for
investigation of the tharmal behavior of alkaline earth
soaps. The courses of TG (Thermal Gravimatry) and
DTG (Derivative Thermal Gravimetry) plots of bariurm
palmitate clarified that the soap starts to loss s
water of hydration at 50.8°C ending at 180.8°C with
formation of an anhydrows soap. The last compound
suffiers from stability at higher temperatures and
transiorms to the corresponding carbonate at B00°C,
The last compound transforms to the owide at
termperatures higher than 856°C (Figure 1),

By analogy the thermal behavior of 1he palmilates
of Mg,Ca and Sr ware more or less the same as that
of barium palmitate. In case of heating of Magnesium
palmitate (Figure 2) the resulting of Magnesium
carbonate at 400°C and MgOD resulied at = 443 °C,
MgD was confimed by appearance of thiir
characteristic d spacing published by ASTM {15),
cards N" 4-829 (Figure 3).

Generally  speaking fthe transformation  of
carocnates mto the commesponding oxides in case of
alkalkne earth soaps depends on the heating
lemperature and the basicity of metal, since it s
known  that the carbonates of basic metals

4-755, 5-664,4-835, 5-661,4-783 for MgO, Ca0, S0, decomposed at higher temperatures ie ihe
Table IV
Characteristics of d°A spacings of the heated metal paimitat product and of silver palmitate
g0 G 50 Bal0,_ WD 0 ND Gl Aghal
Fh_ WS dh W fh W dA W oA W oA W dA W @A W &AW @A W aA W
4 135 A W0 30 56 45 @ 185 M3 286 416 & BB 241 &1 2118 129 2® 0 215 W
M 25 1M 28 48 37 M 2T 0 28 0 281 G329 100 22 0 205 X b Bd
T a2 28 ME IR0 2B &5 28 M4 28 191 45 10 47 W 2B M3 1M B9 O09 48
tROME 200 X 1B R AR M 2@ =S OITE W3 1M ONA ¥ A 1 M 13 X AN g9
B2N5 1 N7 18 % oam 1@ B 1 W6 18 M8 M 18 LM 88 14 86 T3 16T
WX 1M OB 2M 1R 1B 17T 1A X 14 @ 15 M43 55 95
I % 2B 5S4 1H K] 141 6R 150 &5 481 35
1@ B4 1307 12 14 a8 18
26 189 1% us 13 7 45 4B
28 189 13 B8 13 &7 45 49
3 M 121 68 1
2
28 148
a0 M3
164 51
1| B
16 &
17 W
1B &
18 &
18 162
15 108
15 135
13 162
¥ s
L3 14

" 17 Shows the raiio of the height of the given paak i e haight of ihe most intensa peak in e given patiarn
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Table v
Characteristice of dA spacings of some metal oxides, silver and of silver palmitate as astm cards
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Figura 1 Figure 2

T3 and DTG of Barium pakritals healing rabe = 10 "Cimin)

decompasilion temperatures of alkaline earth
carbonate increase in the following sequence
MgCOy=CalC0y < SrC0y<BaCo, (16).

The identity of carbonates was also confirmed by
the presence of their characteristic CO,*, C=0 and
-0 bands (Table V) and disappearance of that
characteristic for methyl group, progressive - CHa
groups and aliphatic chain,

As can be seen from Table [Il and Figures 1 and 2
the temperature of convarsion of such compounds to

TG and DTG of Magnesaum paimitate (heating rate = 10 “Cimin)

the corresponding carbonates and oxides was found
o increase with increasing the bascity of the alkaling
earth’a metals as could be expected.

The palmitates of transition elemants and closad
'd’ orbitals sufier from stability by heating and show
different decompaosilion steps noi isclated with a
reasonable range of constancy.

The heating process of different transition
glements leads to formation of the corresponding
owide FesOi, Mn:D;, NiD, CuQ and Zn0 as end
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Figure 3
X-Ray diffraction patern of Magnesium Cxide (Mg
Table VI
The frequencies (cm™') of absorption maxima in
the IR spectra of alkaline earth’s carbonated form
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Figura £

TG and DTG of Mickal palmitate (healing rats = 10 "Simin]

products {Table VIl and Figure 4) except in case of
siver palmitate that produces silver metal upon
heating. This phenomenon may be laken place dug
to silver oxide fransformation into silver metal upon
heating at temperature higher than 600°C. X-ray
diffraction of silver and sibver palmitate were
confirmed by appearance of their characteristic ‘d
spacing published by ASTM cards N° 4-783 and 4-34
respectively (Figures 5.6 Table IV).
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Tabda Vi
Characterization of TG and DTG curves for
transition elemeant soaps
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£-Fay dffraction pattarn of Skear Palmidahs



322

4. CONCLUSIONS

1. The thermal behavior of different types of

palmitates s considered as an excallent guide belore
their use in ditferent applications such as catalysts,
and as fuel additives .

2. The palmitates of alkaline earth’s specially of

barium were found to be more stable than those of
fransition elements so that they can be used as
lubricanis due o their stability towards healing
during manidasturmg wine drawing .
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