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T H E R M A L  PROPERTIES OF JOJOBA WAX 
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The thermo-oxidative stability of Jojoba wax (Simmondsia chinensis) was studied 
by differential scanning calorimetry in a dynamic oxygen atmosphere. The thermo- 
oxidation activation energy (Ea) was calculated by determining the maximum reaction 
temperature (Tm) at different heating rates (Hr) and using mathematical models pre- 
viously proposed for dynamic systems. The value obtained was 21.84 Kcal/mol. The 
oxidation enthalpies (AHo• were also calculated and a lineal relationship was found 
with the square root of the heating rate and the initial temperature of thermo-oxidation 

Jojoba (Simmondsia chinensis) [1 ] is amongst the plants of the Sonoran Desert 
with the greatest possibilities as an important source of raw materials. Interest in 
this shrub is based on the fact that its seeds contain approximately 50 ~ of a wax 
which is liquid at room temperature and made up of lineal esters of eicos-11-enoic, 
docos-13-enoic acids, and eicos-ll-enol and docos-13-enol alcohols. These re- 
present about 8 0 ~  of the wax's composition determined by different techniques 
(gas chromatography, liquid chromatography, mass spectrometry) [ 2 -4 ] .  The 
double functionality of this wax (the ester function and the double bond) as well 
as its symmetry and linearity, give it an importance which, because of its lubricat- 
ing properties [5], make it a potential substitute for sperm whale oil, as well as a 
raw material for the obtention of various derivative chemical products with such 
applications as lubricants, adhesives, factices, tenso-active agents, anti-foaming 
agents, etc. [ 1 -  6]. 

In spite of its importance, the thermal properties and polymorphous structure 
of Jojoba wax has received scant attention. There are some reports of DSC stu- 
dies [7] which stand out, and another using X-rays in which the crystallization 
properties of the hydrogenated wax are studied [6]. The literature on the thermo- 
dynamic properties of this material is particularly scarce with the only reports 
being on fusion enthalpy [1 ], heat capacity [7], etc. The thermal and thermo-oxi- 
dative stability is one of the great potential advantages of Jojoba wax, as it is an 
effective lubricant at high pressures and temperatures. However, it is difficult to 
find reports which mention experiments done on this particular aspect, and to date 
there are accelerated evaluation which show its behaviour resistance to thermo- 
oxidative degradation. 
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Differential scanning calorimetry (DSC) has been used for several years to study 
the oxidation of polymeric material under accelerated conditions [8, 9] and its 
use has allowed the calculation of activation energies, oxidation enthalpies and 
other dynamic parameters, such as evaluation chemical stabilizers [10, 11] (anti- 
oxidants in natural and synthetic rubbers). Frequently, and because of its experi- 
mental simplicity, the dynamic method is used, which consists of subjecting the 
material to programmed heating in a dynamic oxygen atmosphere. In this way the 
material is brought into contact with an aggressive oxidizing medium in a grad- 
ually accelerated way, and the heat evolved in the process is determined simul- 
taneously. 

Some authors, amongst them Kissinger [12], Ozawa [13] and Barton [14], 
have developed a mathematical framework which allows the calculation of kinetic 
parameters, such as activation energy (Ea) from a series of experiments carried 
out in the manner already described. Equation 1 shows the mathematical rela- 
tionship between the experimental parameters, heating rate, Hr; maximum reac- 
tion temperature, Tin; and the activation energy, Ea: 

in Hr = C - E a / R T m  (i) 

where C is an arbitrary constant, Ea the activation energy in Kcal/mol, R the uni- 
versal constant of the gases expressed in calories, Tm the maximum exotherm 
temperature and Hr  the heating rate in K/min. 

The determination of thermodynamic parameters is affected when the experi- 
ments are made at different masses and heating rates; displacements are found in 
the initial temperature due to thermal lag of the calorimetric cell (R). From the 
theory of flow calorimeters it has been deducted that the error A T is proportional 
to the square root of the heating rate of the melt heat or the dead mass. For this 
reason, to determine the real transition temperature with exactitude, it is impor- 
tant to carry out the determinations at different speed and extrapolate to Hr = O. 

As well as being able to see a lineal relationship between ~/Hrr and Tm the extra- 
polation will give the true transition temperature. 

The studies done on waxes or triglycerides using DSC to determine their thermo- 
oxidative stability are few, however because of the simplicity of the method it is 
possible to apply this technique to the study of stability of unsaturated materials. 

Experimental 
Materials 

The Jojoba wax used in these experiments was supplied by the Scientific and 
Technological Research Center of the University of Sonora (CICTUS). The liquid 
wax was mechanically extracted from the seed, the liquid filtered to eliminate in- 
soluble impurities and used in this state. (As mentioned earlier, the composition 
of the wax has been studied and reported in previously weighed aluminium capsules 
with a microsyringe, weighed again and the weight of the wax calculated. The 
capsules were placed on the sample carrier.) 
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Thermal analysis 

The instrument used in these studies was a Dupont  990 Thermal Analyzer cou- 
pled to a differential scanning calorimeter module. The calorimeter was calibrated 
periodically using synthetic sapphire for the AH quantitative determinations. The 
temperatures were corrected using indium, mercury, zinc and tin standards. 

Different dynamic atmospheres, inert or oxydizing, were used during the ex- 
periments and gas flow (nitrogen or oxygen) was maintaned at 100 ml/min, pre- 
viously dried by circulating over calcium chloride traps. 

The thermo-oxidation enthalpies, AHox, were determined at different masses 
and heating rates. The masses varied between 1 .1-2 .5  mg and the heating rates, 
Hr, fluctuated between 2 - 2 0  K/rain. Calculation of the thermo-oxidation en- 
thalpy was carried out using the following equation: 

AH = 60 ABE Ags/m 

where AH is the enthalpy used in mcal/mg, A is the total area in square inches, 
B is the recorder's speed in rain/in., E is the calibration constant, Ags is the sen- 
sitivity in mcal/seg-in., and m is the sample mass in rag. 

The activation energies of the thermo-oxidation reactions were determined using 
samples with masses in the 2.0-t-0.5 mg range; heating rates, Hr, were varied be- 
tween 2 - 5 0  K/rain; and sensitivity oscillated between 0 . 2 - 4  mcal/seg-in. Be- 
cause duplicating this type of reaction presents serious problems each step is an 
average of a minimum of five determinations. The oxygen or nitrogen atmosphere 
used was maintained at a constant flow of 100 ml/min, using a Nupro valve. Flow 
measurement was carried out using the soap bubble method, a technique commonly 
used in gas chromatography. 

Results and discussion 

The effect of the atmosphere on the stability of Jojoba wax is shown in Figure 1. 
All the determinations shown in this Figure correspond to a heating rate of 10~ 
A pronounced endotherm can be seen when pure nitrogen is used, starting at 
approximately 543 K with a maximum of 653 K. This endotherm corresponds to 
the evaporation of liquid wax and no original exothermic reaction is seen. When 
the nitrogen is contaminated with small traces of oxygen the evaporation endo- 
therm diminished considerably and an exotherm which corresponds to oxidation 
reactions, appears. The initial and final heating capacities in both materials are 
not coincident because the nature of the components varies. The endotherm begins 
at the same temperature as the one previously described, however the maximum 
is 20 K less than that of  pure nitrogen. Using oxygen the endotherm disappears 
leaving only the exotherm corresponding to the thermo-oxidation of the wax, 
which starts around 433 K and has a maximum temperature of 533 K. In the same 
way as the previous curves the heating capacity of the products and reagents be- 
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fore and after the reac t ion  vary  not iceably,  indica t ing  some a l tera t ion  in the char-  
acterist ics  of  the residual  mater ia l  with respect  to  the original .  Table  1 shows some 
of  the results ob ta ined  in oxidizing a tmospheres  at  different heat ing rates,  H r .  The 
results ob ta ined  for  the the rmo-ox ida t ion  en tha lpy  oscillate between 1434 to 1456 
calor ies/g;  depending  on the heat ing rate,  the t empera ture  at  which the oxida-  
t ion  react ions  begin vary  f rom 156.6 ~ at  a heat ing rate o f  2~ to 198.3 ~ at  a heat -  

o 

100 200 300 ~00 500 
Temperature ~ ~ 

Fig. 1. Thermal behaviour of Jojoba wax in atmosphere of - -  high purity nitrogen, 
-- �9 commercial nitrogen, -- � 9  oxygen. Heating rate 20 K/min 

ing rate of  50~ Trac ing  the square roo t  o f  the heat ing rate agains t  the ini t ia l  
ox ida t ion  t empera tu re  a l ineal  re la t ionship  is seen which can be expressed by  the 
fol lowing equat ion" 

H r  1/2 = 0.1356 T -  20.016. 

The cor re la t ion  index ob ta ined  was 0.98 and  the tempera ture ,  Ti ,  for  a heat ing 
rate  equal  to 0 is 147.6 ~ 

Table 1 

Utilized masses (mg) and sensitivities ((mcal/seg)/in) at each heating rate, as well as areas 
(in2), enthalpies (mcal/seg) and initial temperatures of oxidation of Jojoba wax 

Hr K/rain 2 5 10 10 20 50 

Mass, mg 
(mcal I 

Ays,  ~, seg ) in 

Area, In 2 
A H ,  mcal/mg 
Ti  Ox, K 

1.3 

0.2 

13.09 
1456.01 
429.5 

1.1 

0.2 

27.41 
1441.26 
440.8 

1.3 

1 

12.9 
1434.8 
441.2 

2.5 

1 

29.88 
1439.8 
441.2 

1.4 

2 

14.06 
1452.19 
455.4 

m 

m 

471.3 
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The studies of thermo-oxidative characteristics of Jojoba wax were continued to 
determine the activation energy corresponding to this process. As already mention- 
ed, the experiments consisted of determining the maximum temperature of the 
thermo-oxidation exotherm at different heating rates and using the model pro- 
posed by Barton (Equation 1) to calculate the corresponding activation energy. 
Figure 2 shows the exotherms obtained at the different heating rates indicated and 
it can be seen that they are bimodal, becoming even more noticeable at higher 
heating rates. In Table 2 the corrected temperatures are shown for the two maxi- 
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Fig. 2. Effect of  the heating rate (K/rain) (indicated in the ma ximum of each curve) on the 
shape and position of the exotherm of thermo-oxidation of Jojoba wax 
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Fig. 3. Plots of  In Hr vs. 1/T for the two maximums of the exotherm in the thermo-oxidation 
of Jojoba wax 
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mums that appear in the thermal profile of  the oxidation, as well as the corre- 
sponding heating rates. In separate columns the values corresponding to the in- 
verse of  each temperature seen, are also shown. With the results shown in Table 2, 
Figure 3 was drawn using the logarithm to trace the heating rate against the in- 
verse maximum temperature of the corresponding exotherm. It  can be seen that 
with both maximums a straight line is obtained from whose slope, using Equation 
1, the corresponding activation energies were obtained and were 21.84 Kcal/mol 
in both cases. 

Table 2 

Temperature maximums (K) and inverses at each heating rates (deg/min) 

Maximum 1 Maximum 2 
Hr, K/min 

Ten, ~ 1IT K-1• a Tin, ~C I /T  K-I• a 

2 
5 

10 
20 
50 

176.7 
196.3 
210.6 
221.8 
246.4 

2.222 
2 .130  

2.067 
2.020 
1.924 

199.2 
220.5 
243.8 
249.6 
275 

2.117 
2.025 
1.934 
1.912 
1.824 

Although to date no mechanisms have been proposed for the thermo-oxidation 
of Jojoba wax, it is possible to suppose that due to the insaturation of the carbon 
11 it would be here where the degradation reactions start. Likewise the ester groups 
can present active places in this type of reaction. The contribution that DSC makes 
to the elucidation of the thermo-oxidation mechanisms of this type of material is 
reduced, limited to some kinetic and thermo-dynamic data which can be used in 
a complementary way for a better knowledge of this type of phenomena. For this 
reason works such as the present should be complemented with deeper studies 
on the reaction mechanism, using other techniques, such as gas chromatography 
for the elucidation of reaction products. However, the practical value of this type 
of  experiment is indisputable as it can also be used as a tool for the elucidation 
of thermal or thermo-oxidative stabilities of materials which, like Jojoba wax, 
will be subject to drastic deterioration conditions. DSC could become a useful, 
rapid, quantitative tool for predicting behaviour through accelerated tests as pre- 
sented in this paper. 

Conclusions 

Atmospheric influence on Jojoba wax degradation was studied by DSC and it 
was seen that when the oxidizing properties of the atmosphere rose the evaporation 
endotherm was gradually substituted for the thermo-oxidation exotherm. It  was 
also found that the thermo-oxidation exotherm of Jojoba wax has bimodal char- 
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acteristics which indicates that they are made up of two clearly distinguishable 
steps of thermo-oxidation. For each of these the maximum temperature at differ- 
ent heating rates was determined and from these results the corresponding acti- 
vation energies were found to be 21.2 kcal/mol. Finally the lineal relationship 
between the square root of the heating rate and the initial thermo-oxidation reac- 
tion temperature could be seen. 

This work has been partially supported by the Consejo Nacional de Ciencia y Technologia 
and  the Comisi6n Nacional de las Zonas Aridas. 
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R~SUMI~ -- On a 6tudi6, par analyse calorim6trique diff6rentielle dans une atmosph6re dynami- 
que d'oxyg6ne, la rdsistance ~t I 'oxidation thermique de la cite Jojoba (Simmondsia chinensis). 
On a calcul6 l'6nergie d 'activation (Ea) de l 'oxydation thermique en d6terminant la temp6ra- 
ture maximale (Tin) de la rdaction ~t diverses vitesses de chaufl'age (Hr) et en utilisant les 
modeles math6matiques ddj/t proposals pour des syst6mes dynamiques. La valeur obtenue est 
21.84 kcal/mole. On a calcul6 6galement les enthalpies d 'oxydation (AHox) et on a trouv6 
des corr61ations lin6aires entre les racines carr6es de la vitesse de chauffage et la tempdrature 
initiale de l 'oxydation thermique. 

ZUSUMMENFASSUNG - -  Die thermooxidative Stabilit/it yon Jojoba-Wax (Simmondsia chinen- 
sis) wurde durch Differential-Abtastkalorimetrie in dynamischer Sauerstoffatmosphare unter- 
sucht. Die Aktivierungsenergie der Thermooxidat ion (Ea) wurde durch die Bestimmung der 
maximalen Reaktionstemperatur (Tin) bei verschiedenen Aufheizgeschwindigkeiten (Hr) 
unter  Anwendung der vorhergehend f/Jr dynamische Systeme vorgeschlagenen mathematischen 
Modelle berechnet. Der erhaltene Wert betrug 21.84 Kcal/Mol. Die Oxidationsenthalpien 
(AHox) wurden ebenfalls berechnet und lineare Zusammenh~inge mit der Quadratwurzel der 
Aufheizgeschwindigkeit und der Anfangstemperatur  der Thermooxidat ion wurden gefunden. 
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Pe3toMe -- MeTOjIOM )lgqbqbepem~am, nofi cKaHr~pyromefi Kanop~IMeTpI~tl 6bIna n3y~eHa TepMo- 
oIcHCnnTenbHa~ yCTO~maBOCTb Jojoba BocKa (Simmondsia  chinensis) B ~ri~aMnaecKo~ aTMOCqbe- 
pe xncnopo~Ia. ~HeprrIg aKTI~Bat~r~a TepMO-OKI,ICYII/ITe.qI~HO~ peaK~uI~ (Ea) 6bIaa Bbi~HcneHa nOC- 
pe)~CTBOM orIpe)lezIeHrIa MaKcnMyMa TeMIIeparypbI peaKt~Hr[ (Tin) npn  pa3nn~R~ix cKopocT~IX 
HarpeBa r~ ncnom,3y~ MaTeMaTnqecI(He Mo)lenH, npe~l:io~enHbIe paHee 2x~ ~riHaMiiqecRvlx 
CnCTeM. IIoYlyqeHHOe 3HaqeHne COCTaBJIfl~IO 21.84 KI~aYI/MOYlb. ]]t, IYI!~I TaKme Bl~ltlltCYleHbI 3Ha~tettttfl 
3HTaYlbIIH~ OKI/ICYleHI, I~I (A/r/ok) 14 ycTanOB~eHa I~X ~nHe~Hafl 3aBHCHMOCTb Merely rop~eM r(Ba~- 
paTHblM cKopocTH n a r p e B a  n Hanansr~o~ TeMnepaTypo-~ TepMOO/C~IC~IeHttg, 
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