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- SUMMARY |

. I‘rom a series of 1nternat10n11 testmg programmes, the pre01s1on 'tttamable in
. the analyses of hydrocarbon mixtures with components present in the range 0.001I-
.30% has been established." Only the minimum standardization of procedure and

" equipment has been ‘demanded in these programmes. Conclusions.are drawn on the

" relative precision of katharometers and flame ionization detectors, methods of chro-
matogram- assessment’ and methods of cahbratlon Recommendations are made on
" procedures necessary to minimize errors in gas—hquld chromatographlc techmques
v "w1thout complete standardlzatlon of equlpment and procedure :

- INTRODUCTION

R To obtaln the hlghest possible precmon in gas—llquld chromatographlc (GLC)
'analyses, it is not unreasonable to assume that all factors that may effect the precision
“-should be rigorously standardized. The result should be a single apparatus, deﬁned
_in'detail, and a carefully described procedure for each: appllcatlon of .the: technique.
Unfortunately, this doctrine of perfection often proves to be 1mpract1cal partlcularlyI
j:;l:when comparatlve tests may be on an international basis. With this situation in
.. mind, the International Conference of Benzole’ Producers (ICBP) has: completed an
i'extenswe series of cooperatwe testmg programmes with the ob]ect of ‘determining
"~ the precnsxon att'unable with the minimum standardlzatlon of apparatus and pro-
. cedure. ,
R Smce 1962, there have been nine such programmes, all of whlch have beenv
;j-f';concerned with - the analysis of hydrocarbon mixtures of the’ types encountered in
“the aromatic. hydrocarbons industry. The first ‘programme in this series has already,
jj;’;f' been descnbed in detail' and the: others have followed a smular pattern. ,_The srxteen;
f"""ivlaboratorles ‘that have part1c1pated are 10cated in Austrla, Belglum, I‘rance" Ger-
1any, Great Br1tam, Italy, The. Netherlands, Spam and Sweden: -
,‘Each testmg programme has been planned and the results an’alysed St'ltlstl-
cally'and _the preclslon has been calculated as follows
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GLC ANALYSIS OF HYDROCARBON MIXTURES 239

The repeatability () is the difference between duplicate results on the same
sample, by one operator using one set of apparatus, that would be equalled or ex-
ceeded in the long run in only one case in twenty.

The reproducibility (R) is the difference between a single result by one operator
at one laboratory and a single result on the same sample by another operator at
another laboratory that would be equalled or exceeded in the long run in only one
case in twenty.

The samples, which ranged from two to five per programme, were sent to each
of the participating laboratories, where they were tested in duplicate by the same
operator using the same apparatus. The apparatus was not specified in detail but
it was required to give a specified resolution for the components being measured. An
indication of the range of apparatus and conditions used can be judged from Table I,
which refers to the ninth programme. In earlier programmes, other types of detector
were included. ’

When response factors were required, they were obtained from blends of the
components to be determined and the standards. Four chromatograms were run on
each blend. The mean response factors for the four runs were calculated and used in
the calculations for the sample.

No test results are included in this report, but detailed reports of each pro-
gramme have been submitted to members of ICBP. This report summarizes the main
features of each programme and presents the precision figures obtained. It also makes
certain recommendations on the preferred techniques. :

Throughout the course of the ICBP programmes, there has been halson in
Great Britain with the Standardization of Tar Products, Tests Committee (STPTC)
and the Institute of Petroleum (IP), and particular note has been taken of ‘‘Principles
of Gas Chromatography’’2 and ‘‘Specification for Gas Chromatugraphic Methods’’3.

MIXTURES EXAMINED

The hydrocarbon mixtures that have been exXamined can be summarized as
follows.

A. Main component = benzene

Olher components Concentration Programme no.  No. of samples
range (%, w|w) "

Toluene 0.0I-0.03 4 3
Cyclohexane 0.4

Toluene 0.7 1 1
Ethylbenzene 0.8

Toluene 0.36

n-Hexane 0.40 3 1
n-Heptane 0.15

n-Heptane s 05-1.8 2 3
n-Hexane 0.0I -0.03

i\:{ethylcyclopentane 0.001-0.05 8 and g zand 3
.Cyclohexane - 0.002-0.01 ¢ ‘ , 2
n-Heptane 0.00I-0.04 .

Methylcyclohexane 0.002-0.05 .
J. Cliromatogr., 67 (1972) 237-245
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B. Main component = loluene

Other componenls Concentration Programme no.  No. of samples
range (%, w]w)

Benzene 0.2-0.9 6 ‘ 5

Benzene 0.11

n-Octane 0.48 3 I

n-Nonane 0.27

Benzene 0.5 —1.0

Ethylbenzene 0.08-0.2 2 3

p-Xylene 0.19-0.25

Benzene 1.8

Ethylbenzene 2.7

p-Xylene 3.7 . r

n-Nonane 1.1 ]

C. Main component = p-xylene

Oiher components Concentration Programme no.  No. of samples
range (%, wlw) '

0-Xylene 3.1-30.0

Mesitylene 2.1- 5.0 2 3

Isopropylbenzene 2.1-7.75

Toluene 0.5-1.5

Ethylbenzene 4.0-6.0 : 5 3

D. Cg-arvomatic isomers :

Component  Concentration Programme no.  No. of samples
range (%, w|w)

Ethylbenzene 15-20 '

P-Xylene 16-20

m-Xylene 4449 - 7 ‘ 2
o-Xylene 15-22

The dates of the programmes were as follows: programme no. 1, 1962; 2 and
3, 1963 ; 4, 1964; 5, 1966; 6, 1967; 7, 1968; 8, 1970; and 9, 1971.

EVOLUTION OF PREFERRED TECHNIQUES

In the course of the nine years of joint testing programmes, a variety of tech-

mques have been examined, the precisions compared and the proccdures modlﬁed
to minimize the errors.

Delectors

In programmes 1 and 2, only katharometers were used; in programmcs 4, 8
and 9, only flame ionization detectors were used. In the other programmes, both

types of detector were used and the prec1s1ons obtained were compared There was

no significant difference between the precisions of the results obtained with the two

types down to- the 0.1% (w/w) level. I{atharometers were not smtable below this
level.

T -‘Chro’mdt‘bg;‘.’, 67 (1972) 237-245
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Standardizalion

It was demonstrated that a substantial proportion of the reproducibility error
was associated with the addition of internal standards and the preparation of volatile
synthetic mixtures either for the determination of response factors or for com-’
parison. This information was obtained by comparing the precision of the results
obtained when each laboratory when each laboratory prepared its own standards
with that obtained when the same laboratories used standards prepared in bulk and
circulated by a single laboratory.

Provided that the errors associated with the preparation of standards are
eliminated, there is little difference in the precision obtained by using internal
standards or by comparing the chromatogram of the sample with that of a similar
synthetic mixture.

Recommendations on determining response factors are mcluded in this paper.

In programmes 8 and g, comparisons were made between the precisions ob-
tained when internal standards were added to the sample by weighing and by use of
a mlcrosyrmge There was no significant difference in prec131on and the mlcrosyrmge
procedure is therefore preferred because of the saving in time,

Pealk assessment

Comparison of the precision of results showed that it was more prec1se to use
peak area than peak height. Area assessment using the product of peak height and
peak width at half-height has proved satisfactory.

PEAK RESOLUTION

If two components are separated sufficiently to permit a satisfactory determi-
nation of their peak widths and the curves are approximately Gaussian, as shown in
IFig. 1, then the resolution is

24y
Ya - Yb

where Y, and Yy are the peak widths of peaks A and B, respectively, and 4, is the
horizontal distance between the verticals through the peak maxima.

The minimum resolution that is necessary to avoid significant interference by
either of the peaks on the other depends on their relative peak areas and on the
method of peak measurement. A minimum resolution of 1.5 should be sufficient for
area measurements of peaks differing by a factor of up to ten in their respective areas.

v
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Iig. 1. Peak resolution,

J. Chromatogy,, 67 (1972) 237—245
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The numerals refer to the prograrmme
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Concentration of cornponent,% W/W

Fig. 2. Repeatability.

PRECISION

An over-all analysis of the results of all the programmes has not been attempted
and the value of such an analysis would be limited owing to the improvements in
technique from programme to programme. The repeatability and reproducibility
figures for programmes 1 to 5 have been plotted in Figs. 2 and 3. If a generalization
on the precision obtained in these programmes were required, the values would be:

Repeatability (») = 59,
Reproducibility (R) = 109,

In programme 7, most of the improved techniques were used and the precision
was better than that for the earlier programmes.

} of the concentration being determined.

30
The numerals refer to the programme

g
o

Regroducibility (R), % W/W
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Fig. 3. Reproducibility.
J. Chromatogr., 67 (1972) 237-245
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TABLLE IT
PRECISION DATA

The precision figures are quoted in the units of the test, i.c., % (w/w) (no parentheses) and as a
percentage of the mean concentration determined (in parentheses).

Component Level Repealability  Reproducibilily
(in ovderv of elution) (%, wlw) (v) (R)
Ethylbenzene 15—-20 0.4 (2%) 1.1 (69,)
p-Xylene 16-20 0.5 (3%) 1.4 (8%)
m-Xylene 44—49 1.3 (3%) 1.5 (3%)
o-Xylenc 15—22 0.5 (3%)

I.4 (8%)

The results are given in Table II.

Programme 6 was concerned with the determmmtlon of ben7ene in toluene.
Unfortunately, the reproducibility was inflated owing to errors in the preparation of
standards. In view of the interest in this particular analvs1s however it seems
desirable to quote the results obtained.

Over the range 0.2-0.99%, (w/w) of benzene, the precision valties were:

Repeatability (») 4%
Reproducibility (R) = 129,

]» of the concentration being determined.

l

Programmes 8 and ¢ providcd precision data for the concentration range

0.001-0.X%,. These are presented in Tables I1I and IV and comp'u'ed with published
precision data for some IP and ASTM methods.

.

ABLE III

EPEATABILITY

ource of precision data

Level (%, wlw)

0.0071

0.002

o.0r

0.015 0.02 0.03 0.07 0.10
BP Programme 9 Ww  o0.0001 0,00025 0.001 0.00I§ 0.0025 0.002 0.004 o0.0I1
lon-aromatics in benzene) Mb  o.0001 00003 0.001 0.004 0.0025 0.004 0.005 0.010
BP Programme 8 — — —_ 0.002 0.003 —_ — —
lon-aromatics in benzence)

:BP Programme 4 — — 0.001 — 0.002 - — —
)enzene in toluene)

STM D 2600/67T — —_— 0.0015 0.002 0.003 0.004 0.010 0,015
ienzene: in non-aromadtics) :

2 262/70T 0.0001 0.0002 0,001 0.002 0.0025 0.004 0.009 0.015
lenzene in non-aromatics) '

P 184/66 — —_— —_ — — —_ — 0.03
ion-aromatics in crude oil)

P 214/66T — —_— — —_ —_ — — 0.03

sopropylbenzene in xylene)

 » W = internal standard added by weighing.
b M = internal standard added by microsyringe.

J. Chromatogr., 67 (1972) 237~245
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TABLE IV

REPRODUCIBILITY

K. H. V, FRENCH

Source of precision dala

Level (%, w|w)

0.001

0.002 0.0r 0.0I5 0.02 0.03 0.07 0.0
ICBP Programme g Wt 0.0003 0.0005 0.004 0.0065 ©0.007 0.009 0.0106 0.017
(non-aromatics in benzenc) Mb»  o0.0003 ©0.0006 0,003 0,006 0.0055 0,009 0.014 0.020
ICBP Programme 8 Aver- — — — 0.004 0.005 — — —_
(non-aromatics in benzenc) age

ICBP Programme 4 — — 0.002 — 0.004 — — —
(benzene in toluene)

ASTM D 2600/67T —_ — 0.002 0.003 0.004 0.0006 0.014 0.020
(benzene in non-aromadtics)

1P 262/70’1 0.0004 0.0009 0,0045 0.0065 ©0.009 0.015 0.030 0.045
(benzene in non-aromatlcs)

IP 184/66 — —_ — —_ —_ — — 0.11
(non-aromatics in crude oil)

IP 214/66T —_ — — — — — — 0.06

(isopropylbenzene in xylenc)

& ¥ = internal standard added by&mighing.

b M == internal standard added by microsyringe.

RECOMMENDATIONS ON GLC PROCEDURES

ICBP consider that detailed specifications of equipment and procedures are
unnecessary when describing a GLC method. It is recommended, however, that the
following general requlrements are met in a manner appropriate to the particular

analysis.

(1) If an internal standard is used, it must be adequately resolved from the

components being determined and impurities in the sample under test.

(2) An internal standard should, whenever possible, be so chosen that it is not
present as an impurity in the sample.
" (3) The quantity of internal standard must be such that the peak it produces
has an area of the same order as that of the components being determined. A peak
at least 5.0 cm high and 0.5 cm wide at half-peak height is preferred. ,
(4) The purity of internal standards and components of synthetic mixtures

must be specified so that any impurities have a negligible effect on the result. o
(5) When synthetic mixtures of volatile hydrocarbons are prepared (¢.g., for .

the determination of response factors), there must be full duplication, including -
welghmg or pipetting by microsyringe, to enable rogue results to be eliminated and .
to minimize the errors associated with this stage. '
(6) Response factors should be the mean of values calculated from chromato-

grams on the two synthetic mixtures and should differ by less than 4%.

(7) The peak resolution required should be defined.
(8) The peak assessment can be made by any established measurement pro-

cedure or by integrator prov1ded that the over-all accuracy and precision are ob-
tained when the procedure is checked with a synthetic mixture.

J. Chromatogy., 67 (1972) 237-245
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CONCLUSIONS

(1) Results sufficiently precise for most commercial purposes can be obtained
by GLC analysis of hydrocarbon mixtures without detailed specification of the
equipment to be used.

(2) Katharometers and flame ionization detectors give equally precise results
down to the 0.19% (w/w) level. Flame ionization detectors give satisfactory precision
down to 0.0019% (w/w).

(3) Peak assessment methods b'Lsed on peak area are preferable to those
using peak height.

(4) A major source of error can be associated with the preparation of synthetic
mixtures for dctermining response factors. Special precautions are required

(5) Methods using internal standards and those mvolvmg comparison with a
synthetic mixture are equally precise.

(6) There is no 31gn1ﬁcant difference in the preasxons obtained when internal
standards are added by microsyringe or by weighing. The former is the quicker
procedure,

(7) At concentration levels above 0.29%,, a repeatability of 5%, and repro-
ducibility of 109, of the concentration being determined can be obtained without
detailed specification of the equipment to be used. By following strictly the instruc-
tions for the determination of response factors, these figures can be reduced to 39,
and 89,, respectively.

(8) At concentration levels in the range 0.001-0.109%,, the precision of the
ICBP results compares favourably with the corresponding precision figures for IP
and ASTM standard methods.
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