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IN STYRENE BY SOLID PHASE EXTRACTION 

A N D  HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHY 

E. H L A V A C K O V P ,  0. M L E J N E K ~ ,  
AND D. B E R E K ~  

'Cables and Insulating Materials Research Institute 
Tovrirenskli 14 

815 7 1  Bratislava, Czechoslovakia 
2Polymer Institute CCR 

Slovak Academy of Sciences 
Dhbravska cesta 

842 36 Bratislava, Czechoslovakia 

ABSTRACT 

A solid phase extraction procedure has been developed 
to iaolate and preconcentrate 4-tert-butylpyrocatechol and 
its oxidation products from styrene. The eluted amount of 
4-tert-butylpyrooatechol from the cartridges was determined 
by reversed phase HPU. External calibration method wa13 used 
in the concentration range between 3 and 80 ppm of B-tert- 
-butylpyroaatechol and mean recovery was found to be 97 % 
with a relative standard deviation of 3.4 $. 

IHT'RODUCTIOB 

Monomeric otyrene is an important material for manufacturing 

many polymer products including electrical insulations. 

However, this monomer is sensitive to heat, light and various 
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impmitied that can lead to undesirable polymeri5ation durhg 

shipping, storage and technological processes. Consequently, 

inhibitors nust be added to styrene. One of the most common 

inhibitor8 is 4-tert-butylpyrocatechol (TBC). The concentration 

of TBC in styrene is an important criteria of its stability, 

Colorimetric methods (1,2) determine the total amount of both 

TBC and its oxidation products (3) .  

The Imowledge of the amount of the original unchanged 

TBC i8 therefore important for practice. Domens et al. (4) 
have proposed the reversed phase liquid chromatography f o r  

the determination of TBC in butadiene. However, the direct 

injection of the styrene samples into an HPIC oolumn is 

problematic owing to the low concentration of TBC and the 

undesirable effects of the high excess of styrene alone. 

Solid phase extraction (SPE) technique was applied to solve 

this problem. A method for determining IBC in styrene based 
on the combination of SPE and reversed phase HPLC i s  described 

in the present paper. 

MATERIAIS AND KETHOD 

HPLC 

The chromatographic system included the RPLC pump, 

model 364.00, the Spectrophotometric detector with the IemWa 

Belector, model 87.00 all from ICNAUER, FRG, the valve-loop 

injector with a twenty microliter fixed loop RHEODYNE, USA, 

model 1125 and the integrator SHIDdADZU, JAPAN, model C-RU. 

The W detector was set at a wavelength of 280 nm. A silica 

gel based reversed phase glass column (150 mm x 3.3 mm 
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Separon SGX C 18, 5 /um IESSEK, Ceechoslovakia) was used. 

The mobile phase consisted of a mixture of methanol, water 

and acetic acid, 67:32:1 by volume. External calibration 

method was used as a quantitatian method. Calibration was 

done by injection of the solutions of a TBC standard in the 

mobile phase, concentration ranging from 3 to 80 ppm. 

Chromatography was carried out at ambient temperature at 

a mobile phase flow rate of 0.5 niL/mb. 

Reagents 

Styrene, technical grade, with TBC in the concentration 

w e  from 10 to 40 ppm, determined by the colorimetric 
method (2) was obtained from the Company KAUGUK KRALUPY, 

CZECHOSWVAKLAo Inhibitor-free styrene samples were prepared 

in two steps. First, technical styrene was extracted with 

1 I sodium hydroxide of analytical grade from LAc3lEMk, 

CZECHOSLOVAKLA (2:1), then it was vacuum distilled in an 

inert atmosphere. Analytical grade TBC was obtained from 

FLUKQ, SWITZWLBND. Solvents for HPX and SPE, analyticel 

grade, were obtained from LACHEMA; acetic acid was used as 

received without any purification; methanol, chloroform and 

heptane were glass distilled; water was distilled twice. 

SPE 

Diepoaable cartridges Separcol were supplied by Polymer 

Institute CCR, Slovak Academy of Sciences, Bratislava. 

Separcol minicolumns containing 400 mg of bare silica gel 

were conditioned by passing 30 ml of chlorofom with 300 

/"z acetic acid. Then 5 ml of the sample was added and the 
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TABLE 1 

Recovery Data r o r  TBC added t o  Styrene 

Sample TBC-added TBC-f O U d  S.D. Recovery 

No . bpml CPPmI I: % I  I % I  

1 3.0 3.0 2.65 99 
2 5.0 5.1 4.30 1 02 

3 10.1 10.0 3.51 99 
4 20.0 18.6 1.81 93 

5 30.5 29.3 2 028 97 
6 39.9 37.6 2.34 95 
7 76.9 71 08 1.89 93 

column was flushed with 15 m l  of heptane t o  wash out 

interfering substances. The retained compounds were eluted 

with 10 ml of chloroform containing 100 ,ul of ace t ic  acid. 

Finally, this effluent was evaporated under a stream of 

i n e r t  gas and the residue was redissolved in 2 m l  of the 

mobile phase. 

RESULTS AND DISCUSSION 

Table 1 ehows the results of the anaiyses of various 

concentrations of TBC performed in 9 paral le l  d e t e e t i o n a  

together with absolute recoveries and re la t ive  standard 

deviations. Satisfactory repeatabil i ty was confirmed by the 

sample aaalysfs containing 39.9 ppm TBC in 9 parallel 
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T B C  T B C  

III - 
0 5 10 0 5 10 

TIME (MINUTES) 

FIG. 1. Chmm%ograms of TBC in styrene. Chronnstographic 
conditions: Reversed phase glass column Separon 
SGX C 1 8 ~ 5  150 x 3.3 mm. Mobile hase- 
-methanol: G&:acetic acid (67:32:17, flow rate 
8.5 ml/min,vP detector: 280 nm, injection 20 /u1 
with fixed loop. 
A. TBC adtled to inhibitor-free styrene 
B. TBC in technical grade styrene. 

determinations the following days; the relative standard 

deviation and recovery found were 2.34 % and 95 % 

respectively. Fig. 1I shows the chromatogram of the 

inhibitor-free styrene with 76.9 ppm TBC added. The call- 

bration graph was conatmeted by plotting the peak area 
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0 20 40 60 80 
TBC ppm 

FIG. 2. Calibration graph. Y I 0.924% + 0.0593 
Reasonable reeponae linearity is indicated by correlation 

coefficient of 0.9998. 

of TBC versua its concentration in ppm as demonstrated in 

FQz* 2. 

The above method we6 applied to the determination o f  

TBC in technical styrene. Fig. 13 shorn an example of thiB 

separation. The amount of TBC in technical styrene was 

analysed by the described HPLC and colorimetric methods 
(2). Reaults are ~unrmarieed in Table 2. Apparent differences 

can be noticed bebeen the results of the two methods ueed 

that can be explained by the different principles o f  the 

methods. By the colorimetric method, nod only the amount 

of TBC alone ia determined, but a lso  its oxidation products 

i.e. quinone mixture. On the other hand, SPE/€WLC method 

preaented here gives o n l y  the amount of wzchfmged 'PBC. 
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UBLE 2 

D e t e h t i o n  of TBC in llechnical Styrene 

Sample 'EBC HPU: [ppm] TBC colorimetry 

Ho . average S.D. [ % 1 [: P m l  

1 18.3 4.75 

2 18.2 3.81 

3 18.2 5.91 

4 23.0 4.92 

5 24.2 2 089 

6 25.3 5.93 

7 25.6 2.30 

0 25.4 1.14 

25.3 

24.9 

24.7 

40 

40 

40 

40 

40 

TBC is known to undergo chemical reactions in the 

presence of air sad alkalis to form various oxidation 

products (4,5). A different situation may arise when 
TBC in styrene enters the inhibition reactions ( 6 , 7 ) .  

Fig. 1B shows, in comparison with the chromatogram in 

Pig. 1A a number of new peaks which nay correspond to 

the transformation products of TBC. 

The authors would like to thank T. MACK0 f o r  valuable 
discussions and I. U O v .  for colorimetric analyses. 
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