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Note 

Natural magnetite 2s an akorbent in g2s-soiid chrom2togr2phy’ 
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Although the introduction of porous polymers in gas-solid chromatography 
(GSC) has solved many analytical problems, there is still considerable interest in ’ 
inorganic adsorbents and in their practical and theoretical applications. Particular 
interest is devoted to metal oxides, which are temperature stable, with surface prop- 
erties covering a wide range of basic&y, homogeneity and specific surface area. They 
can also be easily modified by ,heat, special chemical treatment, inorganic salts or 
organic compound s, leading to the different adsorptive properties of their surfaces. 
Such treatment generally lowers retention times, eliminates tailing and improves 
separations. 

The application of modi6ed alumina, silica and alumina-silica adsorbents was 
well described over 10 years ago by Phillips and Scott’, and most subsequent papers 
dealt with those oxides_ Peue eb uZ.L examined the deactivation of silica surfaces using 
monomolecular polymer films. Cook et aL3 used several transition metal salts for 
modifkation of silica gel. Lykourgbiotis et ac ‘.’ described the cbromatograpbic prop- 
erties of antimony pentoxide, while Kolasnitsyna and Petrovas used rutik for a 
similar purpose. Of the iron oxides, to our knowledge, only haerhatite (a-Fer03) has 
been used as an adsorbent in GSC6, mainly for analytical applications. 

In this work we studied natural magnetite modified in several *ways and con- 
sidered its possible application in GSC. . 

EXPERIMENTAL 

A Perkin-Elmer Model 881 gas chromatograph equipped with dual hydrogen 
flame-ionization detectors was employed. The flow-rate of the carrier-gas (nitrogen) 
was 20 ml/min in all experiments. The carrier gas was dried prior to entering the 
chromatograph. A Hitachi/Perkin+lmer Model 159 strip-chart recorder with a chart 
speed of 10 mm/min and 2-mV full-scale response was used to record the ehromato- 
grams. Adsorbate samples were injected as vapours using a lO-~1 Therumo LAMS-10 
syringe. Retention times were determined to within f 0.2 see using a stop-thatch. 

l Presented in part at the Second Yygodav Congress OR 1ndrrrraiI C&mistry, Skopje, June I-4, 
1976. 
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Materials 
The experiments were performed with natural magnetite kindly supplied by 

the Baljevci na Ibru coal mines, Serbia. The magnetite was ground and sieved, the 
60-SO-mesh fraction being used. The fraction was washed with water and dried for 
24 h at 110”. 

The composition of the initial natural magnetite used in the work was deter- 
mined by chemical analysis to be as follows: FezO,- Fe0 80.10%; SiO, 8.40%; Al,@ 
0.79 “/‘,; CaO 1.02%; NiO 0.16”,/,; and rvlg0 0.99 %. 

The surface area of the fraction used was determined by the B.E.T. nitrogen 
adsorption method and a value of 2.0 m’/g was obtained. 

AI1 organic compounds (obtained from various commercial sources) were of 
analytical -reagent grade. 

Column preparation 
All of the columns used (2 m x 2.2 mm I.D.) were made of stainless steel. 

They were filled with magnetite treated in five different ways. Also, for comparison, a 
column with initial (untreated) magnetite was prepared. 

Column 1 was filled with 18.62 g of untreated magnetite. 
Column 2 contained 17.20 g of material coated with Carbowax 2OM (1% from 

chloroform). 
Column 3 was packed with 17.85 g of magnetite silanized with DMCS in the 

usual way_ 

Column 4 contained 19.80 g of material treated as follows: 25 ,g of Fe;04 was 
equilibrated with 100 ml 3 M hydrochloric acid for 24 h, then the magnetite was 
washed until neutral with deionisecl water and dried for 24 h at 110”. 

Column 5 was filled with 17.80 g of magnetite treated by the following pro- 
cedure: 20 g natural magnetite were equilibrated with 180 ml of 3 M hydrofiuoric 
acid in a polyethylene bottle for 72 h, then the product was washed until neutral with 
deionised water and dried for 24 h at 1 IO”. 

Column 6 was packed with 14.25 g of magnetite re-treated as follows : column 2 
was heated under 2 stream of nitrogen at 300” for 15 h, then the contents were trans- 
ferred into a polyethylene bottle and 100 ml of carbon tetrachloride were added in 
order to extract Carbowax 20 M. After several washings with carbon tetrachloride, 
the material was dried at room temperature. 

After packing, the columns were conditioned overnight in a stream of nitrogen 
at 200”. 

Procedure 
The corrected retention volumes were measured by injecting each adsorbate 

at least three times on to the column. The corrected retention volume, V,, was 
calculated from the relation 

V, = CR * $. -j-f 
A 

(1: 

where tR is the corrected retention time, Tc and TA are the column and Blow mete: 
temperatures (“IC), respectively, j is the James-Martin gas compressibility correctior 
factor andf is the volume flow-rate at ambient temperature and pressure. 



where CT,,, and Cc,, are the cm~~~tions of adsorbate in the soiid &d gzseoUs 
p&es, respecfively. The varia$on of & from adsorbent to qdso+en~ for .$h.e same 
adSOFbate molecule indicates di.%erences iti ditiributick $ehatiour,’ due solely. to 
changes in the properties of the adsorbent. -~ .- .: __, 

.:-:. 
RESULTS AND DISCUSSEON .: : .._ .I ;. 

Compound 

OJ65 .oJ7g - n-Pentme 36.2 0.115 O.Ls4 OSIS #.);u3 

n-Km= 69.0 0.222 0.171 0.165 1266 ‘0.214 dz33 
nKept2ne 98-4 0_47f O-f97 a.174 2.527 0.365 ’ 0_233~~ 
&e L25.8 - 0243 O-IS3 IL54 O-436 O-233 .- 
CycIohex2ne 81.4 - a214 0.165 - 024(? a241 
huetime 116.0 0.187 0.188 0.165 - a-347 pz49 

Bemene 80.1 - 0.446 0.x92 0.657 = 0.347 02sF 
Toluene 110.6 - 0.677 0.2s 1.7ks 0.780 0.342 
mXykne 139.1 - l.072 - 42.53 - 2447 -0.$67 

1. * Chon tetmchloride 76.8 - 0.334 - 03EO’. c?23I 0.233: 
Chloroform 61.3 0.177 0.548 - .0.339’ -. 0.2.57: 
Methylene chloride 40.1 - 0.368 - 0.x381’ 0249 0.233 

The influence of the chemical treatment is evident from the results. T&e l&zest 
X&ES of the specific retention vohn~~es are obtained on cohmm 4 &nagnetite trea@2 
with 3 M hydrochloric acid). Also, it-is evident that Vz increases with imxease in the 
number of carbon atoms in n-fines, with the exception of column 6. ; = 

Cycloalkanes me generally retained longer than the cmresponding n-ties 
in gas-liquid chromatogrrtphy @XC), but shorter than in GSC. This generality is 
lot valid in cdl instances; thus, at NW’ cycbhexane is more retained than n-hkane. 
- iowever, with column 4 cyelohexme is eEu&ed prior to. rr-hexane, This beha~our is 
‘iscmed later . 
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TABLE IL 

P’; VALUES (ml/mf) AT DIFFERENT TEMPERATURES ON COLUMN 4 

COmpoUtZd EL-P. (“C) P (0) Tetn~ercmue of column ( “C) 

I.20 135 250 270 
-- 

C&bon tkxhloride 76.8 0 1.314 0.488 0.310 0.274 
Chloroform 61.3 1.0 0.318 0.555 0.339 0_286 
Methyleae chloride 40.1 1.6 0.574 O-41 1 0.281 0.257 . 

The retention of representative chlorinated hydrocarbons on several forms of 
natural magnetite was studied. It can be seen (Table r) that the specific retention 
volumes increase with increasing number of chlorine atoms up to chloroform, and 
then decrease. The same results were obtained by Datar et aL8, who e_xamined the 
retention of chlorinated compounds on kaolinite. 

The effect of temperature on the retention of chlorinated hydrocarbons is 
shown by the results&n iabie II, which were obtained with coiumn 4. Only at 120” 
do the retentions follow the order of boiling points and the reverse order of dipole 
moments (Fig. 1). At all other temperatures, the results obtained are in agreement 
with those obtained on the other columns examined (Table I). 

The aromatic hydrocarbons have retention volumes higher than those of 
aliphatic and alicyclic hydrocarbons with the same number of carbon atoms (Table I), 
as they interact with the adsorbents specifically. 

In general, magnetite treated with 3 M hydrochloric acid (column 4) shows 
the greatest interaction with all of the examined adsorbates, in comparison with the 
other materials used. This result may be due to a change in the acid-base- surface 
properties of magnetite. Treatment of magnetite with 3 M hydrochloric acid leads to 
a decrease in the point of zero charge (z.p.c) from pH,.,.,. = 6.5 to 3.8 (ref. 9). Such a 

I I 

Fig. 1. Specific retention volumes of chlorinated hydrocarbons as a function of their dipole momer 1 
01% 
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decrease in z.p.c. values is caused by a change in the coordination of the Fe3* ion in 
magnetite. According to KittaW”, a value of pH,.,.,. = 4.0 curresponds to tetra- 
hedrally coordinated Fe3 i, while higher values of z.p.c. are ascribed to 0ctahedralEy 
coordinated Fe’+ and Fe?+. 

A good separation. of it-a&anes and isooctane is achieved on column 4 (mag- 
netite treated with 3 M hydrochloric acid) at 170”. However, untreated magnetite 
(column 1) did not separate the corresponding components in a trial mixture. Using 
magnetite treated with E o/o Carb~wax 20M (column 2), n-alkanOls (methanol to 
I-butanol f 3-methyl-l-butanol) were separated without significant tailing at 100”. 

The above rest&s indicate that iron oxides containing primarily tetrahedraily 
coordinated Fe ions deserve further analytical study. 
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