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Analysis of a Residual Wax  

By S. ELBADRAWY and G. HEINZE 

Summary 
This work deals with t h e  chemical structure of i~ microcrystalline was obtained froin a 

Soviet Tuirnasa deasphalted oil resiclue. Fractional cn;stallisat,ion of the wax was carried 
out and the obtaincd fractions were further separated using silicagel adsorption chromato- 
graphy column and urea adduction. It was found, that  the ringSo. and the branchirig of the 
molecules increased with descrease of the cryst,allisation temperature. 

Methods arid Results 
1. The wax obtained was deoiled at  a temperature of -30°C using an 

acetone, henzene. toluol (30:35:35) mixture in a ratio to  the oil of 4:l by 
weight and further fractionated by rrpstallisation. The temperatures of 

Table 1 
P h y s i c a l  c o n s t a n t s  of t h c  r r y s t a l l i s e d  f r a c t i o n s  

I 
? ( I  40.6 1 69.0 21.0 16.0 1 65$).3 0.8231) 0.8023 I 1.4360 1.4681) 
10 I 18.0 48.0 

13.U ' 36.4 , 
1.18 1 29.6 

23.5 1 18.0 i 709.0 0.8383 ~ 0.8198 ~ 1.4607 1.45% 
23.8 I 18.0 I 730.0 1 0.8313 ! 0.8273 1.4626 ~ 1.4545 
24.6 1 20.4 , 762.0 0.8616 , 0.8357 I 1.4635 1.4564 
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Table 2 
S t r u c t u r a l  a n a l y s i s  by  d i f f e r e n t  m e t h o d s  

I 

s\ 8, 
' 5  ' from I from Rv As, 1 r,loo"c Fraction 

molecular 1 ~ 4 x 0 ~ ~ 1  
veipht f o r m d i  

cI ystallised cSt , from 1 froin 1 from 
viscosity viscosity viscosity i at "C 1 
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crystallisation were + 20, 4- 10, 0, - 10 "C. The physical constants of the 
fractions are given iii table 1. From tlie physical constants the structure of 
the fractions was found F,v calculatuon of the ring-, assymetry- and sum- 
valucs after GRODDE and from the structural group analysis (n-d-M-method). 
The results arc given in table 2 and 3 .  

Crystal- 
lisation R, 
temp. OCI 

I 

I 1 z 
L~RODDE n. d. M 1 RA 

As, 

I I 

2. A combination of elementary analysis with the n-d-M-method was 
applied to find the number of carbon atoms in iiaphthenic structure X,, in 
aromatic structure X, and paraffinic structure X,. The number of carbon 
atoms per ring was also calculated. The results are given in table 1. 

I 
Fr. 20°C ' til.6 60 0.8239 0.8023 1 1.4560 1 1.4480 ' (i79.G 83.63 
add part 56.0 74 0.8267 0.8020 1.4621 1.4449 ~ 801.0 1 85.68 
non add. part 40.2 , 34 0.83157 0.8047 1.4693 1.4.313 I677 86.53 

"C 

20 
10 
0 

- 10 

- 

s 

14.18 
14.29 
13.84 

83.7 114.011 1 0.3 I 709 30,G 119.96 0.06 0 
86.98 /13.96 0.4; , 730 1 52.3 101.-5 
K5.8 113.6 0.7 I i ( j 8  34.6 101.4 

= number of carbon atoms in the molecule. 



Table ci 
E l e m e n t a r y  a n a l y s i s  of t h e  f rac t ion  +-20GC before and a f t e r  urea a d d u c t i o n  

Fraction "C Y i n  , RingXo. I RingNo. formula 

, $- 20 C18.5HB6.5 - -2 .5  I 2 1 1 . 7  
C57.1H11t.2 0.0 1 1.3 

9 5 1 -3.1 2.7 I. 

I 
added part 
iion added part j C4,,6H,,, 

Discussion 
Fractional crystallisation of the wax under investigation separates it in 

to different fractions of different structural properties (see table 1 ). This was 
confirmed by the assymetry values. which are a measure of the branching 
of the molecules (table 2). It increases in the fractions from 21 to  53.5 by 
the decrease of the crystallisation temperature. This proves, that  the alkyl 
chains present in the separated fractions become more branched by lowering 
the fractionating temperature. The ring values also increase with the de- 
crease of the crystallisation temperature. 'Phis is further confirmed by the 
11-d-M-method values (table 3), where y' C ,  and Yo C, increased with the 
decrease of the temperature of crystallisation. T t  could be also concluded, 
that  the wax is of naphthenic nature 

A combination of elementary analysis with the n-d-M-met hod was 
applied to find the number of carbon atoms in naphthenic structure XK, 
aromatic structure xA and in paraffinic structure xP. The number of carbon 
atoms per ring was calculated, troni which (table 4) the decrcasc of the 
average number of carbon atoms per naphthenic ring indicates a higher 
grade of condensation of the rings by decrcaning of the crystallisation 
temperature. By further fractionation of the crystallised fractions using 
urea adduction. i t  wa4 found, that the lqt  fraction crystallised a t  -!-2O"C 
formed 56 wt. added part, the Yd a t  + 10 "C forms 8.6 wt.% added part 
and the other two fractions form no adduct with urea. This means. that  the 
long straight paraffinic chains are mostly concentrated in the first fraction 
(at - 20') due to their higher solidification point. From structural group 
analysis (11-d-AI and Grodde analysis) and elementary analysis (see table G ) ,  
i t  is clear, that the added part of fraction 4- 20 "C has one ring in the averagp 
molecule with a long side chain. The non added part has from 2 to 3 rings 
per average molecule. The ring values obtained from the n-d-31-method are 
confirmed by the ring values calculated from Y in the general formula 
C,H,,_Y. The calculated values from the elementary analysis depend upon 
the fact. that the formation of one ring causes a difficienry of tv7o hydrogen 
atoms. An Y-value of + 2 means n-paraffin. a value of 0.0 means one ring 
l5* 
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(or double bond) and a 17alue of -2  meafis two rings and so on. Further 
fractionation of the fraction + 20 ”@ was performed over a silicagel column 
of one meter hcight and 3 cm diameter. The silicagel had a particle size of 
of 0.1 to  0.4 mm arid the column was thermostated a t  .?0”C. Elution was 
carried out with n-heptane. It was found. that the first fraction eluted had 
the properties : 

I 
I 

Formula 
I I Solidification 1 )vt. 0; i 

point ”(” I I 

39 73 ~ 697 ’ 14.43 85.61 ~ C49.7 H 100.4 I + 1 

This means, that, this fraction contains n-paraffinic hydrocarbons besides 
one riaphthenic ring per average molecule. 

Conclusion 
Fractioiiation of this type of wax bv fractional crystallisation and urea 

adduction was not efficient enough to separate the different components 
of the wax, therefore the authors suggest the fo!lowinc separation methods. 

1 . Separation by fractional crystallisation, where by the long chained 
paraffinic constituents accumulate in the first highmelting fractions. The 
fractions could be differentiated in the branching dcgree of the side chains, 
in the ring values and in molecular u eights 

1. Further separation of the crystallised fractions by adsorption chroma- 
tography, where separation depends on the molecular weight and on the 
polarity of the different molecules in the fraction. 

3.  Further xeparatioii of the chromatographic fractions by urea adduction, 
where the n-paraffinic hydrocarbons and long straight side chains can be 
se parated. 

4. Distillatioil of this type of wax a t  a pressure of 0.5 Tom causes the 
decomposition of the product. Tliereforc separatioii should bc carried out  by 
molecular distillation, where a t  very low pressures (1 O-’ Torr) the decorn- 
position might be avoided. 

Cai ro /  1’AR, Petroleum Research Unit, National Research Centre. 
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