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REPLACEMENT OF BENZENE AND CARBON 
TETRACHLORIDE WITH LESS HAZARDOUS 
ELUANTS IN CHROMATOGRAPHY FOR THE 

DETERMINATION OF SATURATES CONTENT 
OF HYDROCARBON OILS 

Z. H. Khan and K.  Marron 
Pe tro 2eum Tec hnobgy Depart men t 

Petroleum, Petrochemicals and Materials Divisw n 
P. 0. Box 24885 

131 09 Safat, Kuwait 

ABSTRACT 

The method for the separatlon of heavy petroleum hydrocarbons Into 
structural types-saturates, aromatics and polar materlals has been modified. 
The eiuants. carbon tetrachloride and benzene that are carclnogenlc and toxlc, 
were successfully replaced with dichloromethane and petroleum splrlt mixtures 
(35:65 and 82:18, respectlveiy). The modifled method was successfully applled 
to rafflnates, extracts, hydrocracker products, heavy dlstlliates, atmospherlc 
and vacuum bottoms and other deasphaited residues (maltenes). 

An improved handilng technlque was developed for hydrocarbon olls con- 
talnlng asphaltenes utliizlng a preliminary deasphalting step with n-pentane. 

The precision of  the technique was established for the saturates meas- 
ured at f 0.4% for a wide range of hydrocarbon oils. 

I" 

High-bolilng petroleum cuts have been separated into saturates, aromatics 

and poiar/resln fractions by traditlonal open-column chromatographic techniques 
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1606 KHAN AND MARRON 

for many years (1 - 4). These methods are. In general. too time consuming 

(taklng from 4-8 hr) for reflnery quallty contro), and attempts are behg made 

to  develop automatable high performance llquld chromatographic (HPLC) tech- 

niques to replace them. In the absence of a satisfactory mass-detector, how- 

ever, response factor variation wlth crude 011 and sample boiilng range has 

proved to be a stumbling block to  the HPLC analysls of unknown samples. Prlor 

large-scale separations are stlil requlred to obtaln callbratlon materials for the 

quantification of HPLC separations of routine refinery samples. Work in the last 

decade (5. 6). led to  the development of a compromlse in technlque (7) whereby 

preparative scale HPLC Is Utliised for the lnltlai separatlon of the sample 

according to hydrocarbon type, wlth a subsequent gravimetric flnlsh following 

solvent evaporation. 

Since fully automated HPLC techniques for analyslng high-boiling petroleum 

fractions have not yet been developed, the traditional open-column methods can 

be expected to be UtlllZed for some years to  come. Unfortunately, when some 

of these methods were developed, the potent carcinogen benzene (8) was utl- 

iized in the elutroplc series. This laboratory has been concerned wlth reducing 

the usuage of hazardous materials as much as possible and therefore work has 

begun on finding a relatively safe elutropic series for the separatlon method (3) 

that has already been well established. Initial work was carried out using 

toluene to replace benzene because of Its similar structure. However, it was 

found that incomplete elution of the aromatlcs resulted and the toluene was 

slow to  strip from the 011 fractions. Therefore, a detailed study was undertak- 

en using a range of more volatile eluant mixtures. An alternative elution system 

was developed employing solvent mixtures equivalent in solvent strength to 

those in the original. Basellno data generated using the original method was 

utilized to  show that the separatlon efficiency was not changed. This paper 

describes the development of the new eiutropic series, mixture of dichlorometh- 

ane and petroleum splrlt. and its subsequent appllcatlon to  a wlde range of 

petroleum products. - 
Eluants 

The foibwlng (A.R.), grade solvents were used for the chromatographic 

separatlon: 
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BENZENE AND CARBON TETRACHLORIDE REPLACEMENT 1607 

Petroleum spirit (6O-8O0C), benzene, toluene, dlchloromethane. methanol 

and acetone. 

Adsorbents 

F20 alumina actlvated at 4OO0C for four hr were utlllzed. 

Fresh Davlson 923 silica gel actlvated at 15OoC for four hr, and Alcoa 

Cplumns 

Glass chromatography columns, 1.4 cm x 50 cm. were used In thls study. 

SamDles 
A wlde range of  25OoC + bolllng range products were studled. These 

Included straight run dlesel 011, heavy diesel 011, gas 011, hydrocracker products, 

Ilght, medium and heavy aromatic extracts, deasphalted atmospherlc and vacuum 

resldues. 

The selectlon of  the correct eluant Is a maJor task for a sultable 

adsorptlon chromatogrpahlc separation system. Three bask factors contribute 

to  eluant strength: (a) lnteractlon between eluant molecules and a sample mol- 

ecule In solutlon; (b) Interaction between eluant molecules and a sample molecule 

In the adsorbed phase; and (c) lnteractlon between an adsorbed eluant molecule 

and the absorbent (9). To achieve the separation, the sample molecules already 

adsorbed have to  be displaced wlth a sultable eluant. The thermodynamics of  

adsorptlon have been dealt wlth In detail by Synder (9). The Interaction 

between the eluant and the adsorbant, the solvent strength denoted by 6' Is 
the adsorptlon energy per unlt area of  standard actlvlty surface. By conven- 

tion, e" IS taken as zero for pentane and thls leads to posltlve values of eo In 

the range 0-1.0 for other more polar eluants. 

The solvent strength parameter eo was calculated by Synder (9) for a 

variety of  pure eluants and several adsorbents. and relevant values are shown 

In Flg. 1. A 82:18 V/V mlxture of  dlchloromethane pentane has the same e0 as 
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Fig. 1. The relationship between the solvent interaction para- 
meter (EO ) and eluent composition for water deactivated 
silica (a = 0.7). 0 - pentane (A)-benzene (8) mixtures; 
- pentane (A)-dichloromethane (B) mixtures. 

(After Snyder, 1964) 

benzene (0.25). To study the sensltlvlty of the chromatographlc separation to 

the dlchloromethane ratlo, three eluant mlxtures (851 5; 82:18; 80:20) centerlng 

on the co - 0.25 value were used to replace the benzene. 

A hydrocracker product with a relatively high content of aromatlcs and 

high-bolllng range was selected for the basellne study. This material was of 
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BENZENE AND CARBON TETRACHLORIDE REPLACEMENT 1609 

very low sulphur and nitrogen content and would result In negligible chromato- 

graphic Interference by heterocyclic materials. Work was carrled out accordlng 
to the orlglnal BAM 74 procedure (3) t o  establish the basellne data and then 

separatlons were made uslng the three systems (Table 1). 

The results of all three solvent mixtures are comparable wlth the results 

obtained uslng benzene as an eluant (Table 1). Recoverles are good and the 

yields of saturates, aromatics and polar hydrocarbons are wlthln the repeatablll- 

ty llmlts. The dlchloromethane/petroleum Splrlt mlxture 82:18 V/V was selected, 

since any mlnor fluctuatlons In Its preparation would not affect the separation 

results. 

Upon the successful replacement of the benzene. two mixtures o f  methy- 

lens chlorlde-petroleum splrlt (35:65 and 10:90) were used as potential replace- 

ments for carbon tetrachlorlde, and separatlons were made for a range of  

petroleum products (Table 2). The results were comparable and the carbon tet- 

rachlorlde was replaced wlth the 35:65 V A I  mixture of dlchloromethane/petroleum 

splrlt due to  the posslble hlgher overall recoveries. - 
Approximately 1 g of sample In 5 ml aromatlc-free petroleum splrlt 

(60-80°0 was adsorbed on a slllca gel (40 g) column and elutlon was continued 

wlth the petroleum splrlt. The flrst two fractlons (40 and 20 ml) were collected. 

The elutlon was then contlnued with 50 ml of dlchloromethane - petroleum splrlt 

(35:65 V/V) and 50 ml of dlchloromethane- petroleum splrlt (82:18 V/V) to elute 

total aromatlc hydrocarbons. Polar hydrocarbons were eluted wlth 150 ml of 

acetone. Each volume of the solvent was added when the prevlous solvent level 

was Just disappearing into the slllca gel. After the evaporation of the solvents, 

the weights o f  the hydrocarbon cuts eluted were determlned. The correctlon 

for the aromatlc hydrocarbon contamlnants In the flrst two fractlons was again 

made by measurlng the adsorbance at 220 nm In Iso-octane solutlon. as In the 

orlglnal procedure. For deasphalted residues, a pad of alumlna (5 g) was placed 

on top of the slllca gel and the polar hydrocarbons were eluted wlth methanol. 

on of the Tachnlaue to Qfiher Hvdr(LEarb0n 011s 
The appllcation of the technlque was tested and extended by uslng a 

variety of samples ranging from light diesel to extracts, and short and long 
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* A: Carbon 
3: Carbon 

s p l r l t  
C: Carbon 

s p l r l t  
D: Carbon 

s p l r l t  

** Eluted by 

te t rach lo r l de  and benzene (basellne case) 
te t rachlor lde followed by dlchloromethane-petroleum 
(80:20) 
t e t rach lo r l de  followed by dlchloromethane-petroleum 
(82 : 18) 
t e t rach lo r l de  followed by dlchloromethane-petroleum 
(85:15) 

petroleum s p l r l t .  

Med lum 
aromatlc Y 2 10.0 85.6 4.4 
extract  Z 2 10.1 85.2 4.7 

98.9 
99.6 

L igh t  
aromatlc Y 2 7.4 88.1 4.5 99.0 
extract  Z 2 7.3 88.6 4.1 99.4 
......................................................................... 
* Y: Dlchloromethane petroleum s p l r l t  (1O:QO) followed by 

z: Dlchloromethane petroleum s p i r l t  (35:65) followed by 

dIchIoromethane/petroIeum s p l r l t  (82:18). 

dlchIoromethane/petroIeum s p l r l t  (82:18). 

** Eluted w l t h  petroleum s p i r i t .  
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BENZENE AND CARBON TETRACHLORIDE REPLACEMENT 1611 

residues. The data obtained were compared with recoveries obtained using car- 

bon tetrachloride and benzene as an eluant (Table 3). All the results, without 

exceptlon. were comparable with those obtained with the original eiutroplc serles. 

The low recovery (95%) obtalned for the stralght-run llght dlesei oil (bolllng 

range between 166' and 382OC) was due to the volatilization of light end 

materials. These light end losses could be significantly reduced by stripping the 

solvent at a lower temberature (4OoC), but thls was not consldered or tested in 

the present study. 

it was found necessary to introduce an initlai deasphaiting step with an 

appropriate solvent when reslduai materials were to be separated. in the 

present study, an atrnospherlc residue (>400°Cf was deasphalted at a 1:30 ratto 

with n-pentane, n-hexane and n-heptane giving 12.0%. 7.8% and 6.2% by weight 

o f  asphaitenes. respectively. These results show that the co-precipitatlon of 

other crude components is an Important effect and solvent should be noted 

when reporting the yields of asphaitenes. This is in accordance wlth the find- 

ings of Cotte and Caideron (10). The removal of the maxlmum quantlty of 

asphaltenic materials was found to be most convenient for sample charging to 

the column during the saturates content determlnatlon. However. even with 

deasphaited samples, low recoverles were obtalned due to irreversible adsorp- 

tion. Similar effects were observed by Sawatzky et al.. (11) who had to  use hot 

pyridlne to  elute the final polar. hetrocyclic materials during the chromatographlc 

separatkn of residual materiais. 

Praclslan 
The precision o f  the method was establlshed from the standard devlatlon 

for duplicate analyses of ten different olis, including resldues, with saturates 

contents ranging from 7 X to 77 %. The data were evaluated statisticaiiy. 

employlng the Student'p t approach (12). and the repeatability of the saturates 

was established as f 13.4%. at the 95% confidence level, ldentlcai to that of  the 

original elutropic serieg. 

h summary, a eafe eiutroplc system utilizing volatile solvents was estab- 

lished for separatlng and quantlfying the saturates and aromatlcs In hydrocar- 

bon oils boiling above 250OC. This revised method yields preclse results compa- 

rable with the original procedure. 
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TABLE 3 

The Appllcatlon of the Revlsed Elutroplc Serles to a Range of 
Petroleum Products 

Hydrocracker 
01 I 

Straight run 
dlesel oil 
Straight run 
heavy dlesel 
oi I 

Aromat I c 
extract from 
deasphaited 
brlght stock 
Aromat lc 
extract 
from medlum 
distillate 
Aromat i c 
extract 
from light 
dlstlllate 
Deasphalted*** 
long residue 
Deasphaited**** 
short resldue 

A 
2 

A 
Z 
A 
Z 

A 
2 

A 
2 

A 
Z 

A 
Z 
A 
Z 

8 
8 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

77.4 
76.5 

50.7 
51.7 

43.1 
43.5 

7 . 8  
7.9 

10.2 
10.1 

7.5 
7.3 

26.1 
26.4 

11.9 
12.1 

22.2 
23.2 

48.1 
47.8 

54.2 
54.2 

85.5 
87.7 

84.2 
85.2 

87.5 
88.6 

55.9 
57.5 

59.0 
58.8 

0.4 
0 . 3  

1.2 
1.1 

2.7 
2.3 

6.7 
4.4 

5 .6  
4.7 

5.0 
4.1 

6.0 
4.1 

6.5 
6 .5  

99.7 
99.1 

95.0 

99.5 
100.0 

94.8 

97.4 
98.0 

100.1 
99.6 

99.5 
99.4 

92.1 
93.7 

91 .o 
90.3 

* A: Carbon tetrachlorlde and benzene 
Z: Dlchioromethane/petroieum splrit (35:65) followed by 

dichloromethane/petroieum splrit (82:18) 

** Eluted wlth petroleum splrlt 
*** Originally 12.0% asphaltenes 
**** Orlglnaily 22.6% asphaitenes 
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