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&JMMhRY 

Prom a series of, international testing programmes, the precision attainable in’ 
the analyses of hydrocarbon mixtures with components present in the. range o,oo,r- 

., 30% has ‘been established. Only ,the minimum standardization, of procedure and 
equipment his been ‘demanded in these progrgnimes. Conclusions. are drawn ‘on th,e 

‘. relative precision of katharometers and ‘flame ioniiation detectors,. methods of ‘chro-. 
:. niatogram. issessnient and metho’ds of calibration; Recommendatio,ns ‘are made on 

procedures necessary to mini&tie errors. in gas+quid chroniatographic techniques 
without,. complete standardization of equipment and, procedure.. 

. 

/ INTRODUCTION 
‘. 

To obtain the highest possible precision in ‘gas-liquid chromatographic’ (GLC) 
analyses, it is not unreasonable to assume that all factors that may ef@t the precision 

,’ 

.‘;~~should, be rigorously standardized. The result should be a single ,apparatus, defined 
.ina’detail, and a carefully described procedure for each .‘applic#ion of .the: technique. 

, ‘;Unfortunately; this doctrine, of perfectiqn’often proves to he’ impracticali &rticularljr’ 
,“, when’ ‘comp,+rative’ tests rnz$y ‘he on an international. basis. With this’ situation, m 
I: ,, mind; the~~Internationa1, Conference of’Renzole ‘Producers, (ICBP) has”completed an 
. . :extensive ‘series of cooperative testing programmes .with the “object ‘of, determining 
“, the precisioti attainable with the miniinuin standirdization ‘:of”apparatus and’, pro- 
,, ce,dure., ,” 

,/ I,, ‘,’ .,‘., ,,’ .,“‘. 
,,, 

,;,, Since xgc$, there have ‘been nine ~such programme&. all~ofwhich ‘;Ihave been, 
I : .: 

.,’ 

I,,:-‘i$ncerned ,with the, analysis ; of hydrocarbon, r&ures.‘of, the types encountered~in, 
‘::$h_ ‘iromatic hydrocarbons industry. ‘The .first @rograrnme in this series, has, (alread$. .‘.‘, 

&been ‘describd&:in det@. and thei:‘otliers, have, followed:a sir@il+.r .l&t’&rn:.,The .s$cteen 
.’ 

;~‘~~~i$6ti@wi~s; _!b‘;it I&@ $articip&te,d, .ar&. located ,iu ,.Austri~;,: Bel&$$“I Franc,e,,,:Ge& 
:~~:mn~l,i:Gpeat,,,Brieain;~:?ta;ly,' ,T@ ,$J&erlan'$'; ':Sp'& ,,&sd :S@~d&~. 'IfIl;:;: ‘,l.“,,:,,‘, ‘*(:,; .,:‘, :“’ 1.1 :,,:‘L:, 
;’ :,.:.I’ ,” ,‘,‘, 

‘. ,. ;;,: : V,,.i. ,,,:,~,I@h testing,~,prog$amn& h~,s,,,,bken:‘,pianned’ ~nd’:the~,reful~s:,anc4lysed;slE~~~~~ 
,::;‘ic~~y,~,and:_lhe.~precis!o~, has b&u’. &alculate,d jas follow,s j’ .:,., 1,. ;,: ‘, ! 1. f ;, :, .:,: : I_ :;j ‘. :. :.y, :,,, ,.,yT,, !:,, I.: :l 
‘;;;:,;,:;~y,~.;: ..,,, ::., I,’ “1, :. 
::,:,: ,,“, :,; lTs. :;; .; ,,,.,_’ ,‘: i,, ,’ q.; y ‘:I’;;;>.::,,‘; ;i (;I:‘. :;,:,,: :: I/; ,:,‘I :J ,j:‘,, ‘,; ‘,,:y,,,: 

‘, II ,’ , .;> ,’ _, .- ,,; ; +. ,i::. I ,,,‘.‘:; ,.,, :.A:: ;‘:, ” ,. I,, L ,,, .y y:: ;.;;y 
:,, ‘,. ..t’ ~~~t$&hat~& ‘! ‘t$:. ~~,~j@3;~&,~~~~ ‘.’ ‘.‘,.‘, ,,’ >..,~:‘,~,‘:, ,.: ,,” ,, I,._ :’ ,F., ,,,_, ,’ .’ ‘, ,,‘,.x ‘k’,,, >‘,’ ,,.: _/ ,a ,., I .,_ ,,..I :.‘!‘:‘. ..,‘,p,.. :; ;’ ‘, .;:: ‘,: (I’ ,. ::_., ,. ., .I,, “) ( .; ,L, < . ,I,, : : ;:’ : ,( ,, ., ,:. 1 .) ‘*,l, ,” ,,, 1’. :’ “.:,c, ,,I ,<:.: 1.‘~,..,., ,“. .;,.;, /,‘,. I’., ,,, ,,,, 
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GIaC ANALYSIS OF HYDROCARBON MIXTURES 239 

The rc~catability (r) 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 rejwodzddh’ty (R) is the difference between a single result by one operator 
at one laboratory and a single result on the sam.e sample by another operator at 
another laboratory that woulcl 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 rcqulred 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 clnomatograms 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 themain 
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 liaison in 
Great Britain with the Standardization of Tar Products,Tests Committee (STPTC) 
and the Institute of Petroleum (II’), and particular note has been taken of “Principles 
of Gas Chromatography”2 and “Specification for Gas Chromatographic Metllods”3 . 

MIXTURES EXAMINED 

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

A. Mai com~omm! = bc~azcne 
Other co?npone?lts Conce~atration~ 

yang@ (%, zvlw) 
Toluene 0.0x-0.03 
Cyclohexane 
Toluene 
Ethylbenzene 
Tolucne 
It-Hexane 
Iz-Weptane 
n-Weptane * 0.5-1.8. 

92-Hexane 
, ~etl~ylcyclopentane 

.,.Cycloliexane , 

+Weptane 
Methylcyclohexane 

Progra~mw 210, No, of savq!des 

4 3 

I I 

3 I . . 

2 3 

8 and g and 2 3 

4 

J. Chvot~tatogv., 67 (1972) ,237~245 



240 IC. I-I. V. PRENCN 

8. Main coq5onent - lohmte 
Other cona$032enzls Concentration 

rauge (%, ze! jw) 
Renzene o.z-0.9 

Benzene 0.11 

+Octane 0.48 
wNonane 0.27 1 
Benzene 0.5 -1.0 
Ethylbenzene 0.08-0,~ 
$-Xylene O.Icj-0.25 I 
Benzene 1.8 
Ethylbenzene 2.7 \ 
$-Xylene 3.7 
n-Nonane 1.1 I 

C. Mni9z com~50mm? = P-xylene 
OtJter com$omnts Conce?atmtio~z 

range (%, w/w) 
o-Xylene 3.1-30.0 
Mesitylene 2.x- $0 

Isopropylbenzene 2.x-7.75 
Toluene 0.5-x.5 
Ethylbenzene I 

1 

4.0-6.0 

Programme no. No. of snnz@es 

G 5 

3 I 

2 3 

I I 

Programne no. No. bf sanafdes 

2 

5 

3 

3 

D. C,-aronaatic isonaevs 
C0wijb072cn.t 

Ethylbenzene 
$-Xylene 
,?n-Xylene 
o-Xylene 

Conce~atratl:on 
range (%, w/w)) 
15-20 

16-20 
44-49 
15-22 I 

I~~og~manae 920, No. of sanafdes 

7 , 2 

The dates of the programmes were as follows: programme no. I, 1962 ; z and 
3,x963; 4,. 1964; 5,Lg66; 6,1967; 7,1968; 8, 1970; and 9, 1971. 

RVOLUTION OF PREFERRED TRCHNIQUES 

In the course of the nine years of joint testing programmes, a variety of tech- 
niques have been examined, the precisions compared and the procedures modified 
to minimize the errors. 

Detectors 
In programmes I and 2, only katharometers were used; in programmes 4, 8 ,,*, 

and g, only flame ionization detectors were used. In the other prdgrammes, both ,~,., 
types of detector were used and the precisions obtained were compared; There was 
no Significant .difference between the precisions of the results obtained hith the two 
types down to ,the 0.1 y0 (w/w) level. Katharotieteis were not suitable below this 
level. I. :I; 

., 

g; ~ChroiYllYilbgi., 67 (W72) 237-245 
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It was demonstratecl tlu~t a substantial proportion of the reproducibility error 
was associatecl with the addition of internal standards and the preparation of volatile 
synthetic mixtures either for the determination of response factors or for corn-” 
parison. This information was obtained by comparing the precision of the results 
obtainecl 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 associatccl with the preparation of standards are 
climinatecl, 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 cletermining response factors are included in this paper. 
In programmcs 8 and 9, comparisons were macle between the precisions ob- 

tained when internal standards were addecl to the sample by weighing and by use of 
a microsyringe. There was no significant difference in precision and the microsyringe 
procedure is therefore preferred because of the saving in time. . ‘. 

Penlz assessment 
Comparison of the precision of results showed that i.t was more precise 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 ROSOLUTION 

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 
Fig. I, then the resolution is 

2Ay 

yn - Yb 

where Y, and Yb are the peak.widths of peaks A and,B, respectively, ancl dz/ is the 
horizontal clistance 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. 

Fig. 1. ‘Pcalc resolution. 

J. C%tWmz~Og~., 67 (1972) 237-245 



242 I<. N. V. FRENCH 

ale nurncrals refer to the vaarar’nme 
I 

1.3 - 
1.2 - 
1.1 - 
1.0 - 

-.- 
Cofuewatian of component,% W/W 

Fig. 2. Rcpoatnbility. 

PRIXXSION 

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 I 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 (Y) = 5% 
Reproducibility (R) = 10% 

of the concentration being determined. 

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

the nuwwrals refer ta the programrne 

Fig. 3, Reproducibility. 

,fe ChYOWZUtO@'., 67 (1972) 237-245 



GLC ANALYSIS OF HYDROCARBON MIXTURES 243 

PIZIZCISION DATA 

The precision figures arc quotcd in the units of tltc test, i.e., O/o (w/w) (no parcnthcses) and as R 
pcrccntagc of the mean concentration clcterminocl (in parentheses). 

Ethylbcnzcnc 15-20 0.4 (2%) I,I (6%) 
+XyJcnc 16-20 085 (3%) I-4 (8%) 
wz-xylcnc 44-49 I.3 (3%) r.5 (3%) 
o-Xylenc 15-22 005 (3%) I.4 (8%), 

The results ark given in Table II, 
Programme 6 was concerned with the determination of be&qe in tolucne. 

Unfortunately, the reproducibility was inflated owing to errors in the preparation of 
standards. In view of the interest’ in this particular analysis, however, it seems 
desirable to quote the results obtained. 

Over the range o.z-0.9% (w/w) of benzene, the precision valties were: 

Repeatability (Y) = 4% 
Reproducibility (X) = 12% 

of the concentration being determitiecl. 

Programmes 8 and g provided precision data for the concentration range 
O.OOL-o,I%. These are presented in Tables III and IV and compared with published 
precision data for some II? and ASTM methods. 

bPBATAI3ILITY 

mm? of fivccision data 
--. 

ImIcE (%. w{w) 
-_ 

0.001 0.002 0.01 o.org 0.02 0003 0.07 0.10 
he--.---_____ -_I_-~--_____._-__-__.._- ____-.-._-_.____--- _- 

:DP Programmc cj Wa 0.0001 
Ion-aromatics in benzcnc) iMh 0,ooor 
BP Programmc 8 - 
Ion-aromatics in bcnzcnc) 
BP Programmc 4 - 
bcnzcnc in tolucnc) 

STM D i600/67T - 
waazcnc. in non-nromstics) 
3 2G2/70T 0.0001 
wzmzcnc in nondwomatics) 
P ~a.~/66 - 
Ion-aromrctics in crude oil) 
P 2 I 4/66’J: - 
sopropylbenzcnc in xylcna) 

0.00025 0.001 0.0015 
0.0003 0.001 O.OO‘j. 
- - 0.002 

- 0.001 - 

- 0.0015 0.002 

0.0002 0.001 0.002 

- - - 

- - - 

0.0025 0.002 

0.0025 0.004 
0.003 - 

0.002 - 

0.003 O.OO;l 

0.0025 0.004 

- - 

- - 

o.oo.+ 
0,005 
.- 

- 

0,010 

o.oog 

- 

- 
*. . 

0.01 I 

0.010 
- 

- 

0.015 

0.075 

0.03 

0.03 

--- --. .-_.--__----~-.~-___- . . ..__. _^_---.--.-.. ___.-- 

RW 
” M 

z- intcrnnl stnnharcl icclclccl by weighing. 
= internal stanclnrcl sttlclccl. by microsyringc. 
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TkWLE IV 

Sowee of precision data Level (o/o, w/w) ,..! “$ 
___- _----___- 

0.00.1 0.002 O.OI o.org 0.02 0.03 0.07 0.10 

ICBP Programme 9 
(non-aromatics in bcnzcnc) 
ICBI? Programmc 8 
(non-aromntics in bcnzcnc) 
ICBP ProgrsLmmc 4 
(bcnzcnc in tolucnc) 

ASTM D zGoo/G7T 
(benzcnc in non-aromatics) 
II? 262/7oY 
(bcnzcnc in non-aromatics) 
II? 184/GG 
(non-aromatics in crude oil) 
II? 214166’~ 
(isopropylbcnkmc in xylcnc) 

W” 0.000~~ 0.0005 O.OO‘l. 

IV1 ‘J 0.0003 o.oooG 0.003 
,4vev- - - - 
a&p 

- - 0.002 

- - 0.002 

0,000‘~ o.ooog 0.0045 

- - - 

0.0065 0,007 o.oog 0.or.G o.os7 
0.006 cl.0055 o.oog 0.014 0.020 
0.00,2 0.005 - - - 

- 0.OO.l - - - 

0,003 0.00‘~ o.ooG 0.014. 0.020 

0.0065 o.oog 0.015 0.030 0.045 

- - - - 0.11 

- - - - o.oG 

* W = internal standard addccl by weighing!. 
1’ n/r L- internal standard aclclccl by microsyr6ngc. 

RECOMMENDATIONS ON GLC PROCEDURES 

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

(I) 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. 

(5) When synthetic mixtures of volatile hydrocarbons are prepared (c.g,, for 
the determination of response factors), there must be full duplication, including 
weighing 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 provided that the over-all accuracy and precision are ob- 
tained when the procedure is checked with a synthetic mixture. 

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

(I) Results suf%ciently precise for most commercial purposes can be obtained 
by GLC analysis of hydrocarbon mixtures utithout detailed specification of the 
equipment to be used. 

(2) Katharometers and flame ionization detectors give equally precise results 
down to the 0.1% (w/w) level. Flame ionizati.on detectors give satisfactory precision 
down to O.OOI% (w/w). 

(3) Peak assessment methods based 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 determining response factors. Special precautions are required, 

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

(6) There is no significant difference in the precisions obtained when internal 
standards are added by microsyringe or by weighing. The former is the quicker 
procedure. s 

(7) At concentration levels above o.zO/~, a repeatability of 5% and repro- 
ducibility of 10% 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 3% 
and 8o/O, respectively. 

(8) At concentration levels in the range o.oo~-o.~o~/~, the precision of the 
ICBP results compares favourably with the corresponding precision figures for II? 
and ASTM standard methods. 

I 
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