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0 perat ing Conditions** 
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Times 
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Summary 

The Golay-Giddings and Poiseuille equations are used to derive 
equations for the calculation of the maximum plate number and 
minimum time conditions for given columns at fixed, but selec- 
table, outlet pressures. In addition, expressions are presented 
for the determination of minimum analysis times for separation 
problems requiring given plate numbers. In this instance, the 
optimum column length can be calculated as a function of outlet 
pressure. A Basic computer program, incorporating the equa- 
tions for the various optima, together with the H - l  curves, is 
described. Input variables are either column length or desired 
plate number, column diameter, film thickness, capacity ratio of 
the solute, column outlet pressure, separation temperature, and 
carrier gas. The carrier gas viscosity is automatically calculated 
in thecaseof hydrogen, helium, or nitrogen. Forthesegases, and 
if the solute is a n-alkane, the diffusivity of the solute in the 
mobilephaseiscalculated. In thiscase, thecarbon numberof the 
solute is needed in the computation. 

For high molecular weight polydimethylsilicone phases (e.g. SE- 
30), the program can approximate the diffusivity of n-alkanes in 
the stationary phase at the given temperature as a function of 
the carbon number. Of course, manually entered valuesof visco- 
sity and diffusion coefficients can be included in the calcula- 
tions. 

1 Introduction 

As a result of advances in column technology, the chroma- 
tographer nowadays has a wide-ranging choice of open 
tubular columns. The column diameters are between “nar- 
row-bore’’ and “wide-bore’’ (typically 10 pm and 530 pm), 
and the stationary phase film thickness can be anywhere 
between Oand 10pm.Thesecolumnsc:an be operatedover 
a wide temperature range at outlet pressures from vacuum 
up to tens of bars. 

In order to compare the actual performance of a column 
with that which can be theoretically achieved, the “coating 

** Dedicated to Professor Kurt Grob in recognition of his invaluable 
contributions to capillary gas chromatography, particularly his work on 
column quality testing. 

efficiency” is often used. In this comparison, the pressure 
drop correction factors (fl, f2, see below) and the 
influence of the liquid phase are neglected. Therefore, the 
“coating efficiency” is meaningless for narrow-bore andlor 
thick-film columns [ l ] .  Moreover, in many publications 
dealing with the speed of analysis obtainable by various 
columns, the plate numbers are often not constant. There- 
fore, exact equations for various optimum chromatogra- 
phic conditions were derived, taking all pressure factors 
and the liquid mass-transfer term into account. 

A computer program was developed for the calculation of 
these optimum conditions. This program can also calculate 
plate-height curves, again without neglecting any factors. 
This contrasts with the computer-constructed plate-height 
curves as published by lngraham eta/ [2]. 

The Golay-Giddings plate-height equation for open tubular 
columns reads [3]: 

In this equation the following symbols are used: 

Bo =2Dm,o  (2) 

11k2+6k+ 1 r2 .- 
Cm,o = 24(k+1)2 Dm.0 

2k d2 
3(k+1)2 Ds 

cs =-. 2 

(3) 

(4) 

Dm,o is the binary gas diffusion coefficient of a component 
in the mobile gas phase at column outlet pressure. 

D, is the diffusion coefficient of the component in the 
stationary liquid phase. 

k is the capacity ratio of the component. 

r is the inner column radius. 

df is the film thickness of the stationary liquid phase. 

uo is the linear gas velocity at the column outlet. 
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Defining P = pi/po as the ratio of column inlet over outlet 
pressure: 

f = -  9 (p4-i)(p2-1) 
8 (P3-l)2 1 (5) 

If P ---f 1, both fl and f2 approach the value of 1. If P ap- 
proaches infinity, fl + 918 and f2 --f 3/(2P). 

If a pressure gradient exists, decompression of the gas 
along the column causes its velocity to increase from inlet 
to outlet. For an ideal gas, both its linear velocity, u, and the 
binary solute/carrier gas phase diffusion coefficient D, 
vary inversely with pressure: 

u p = uipi = u,p,= uopo (7) 

DmP= Dm,iPi = D m , A  = Dm,oPo (8) 

with subscripts i and o denoting inlet and outlet, and x any 
position in the column. 

Introducing the (time-)average linear gas velocity U = f2uo, 
the (length-)average pressure f5 = p0/f2, the atmospheric 
pressure Pa (e.9. Pa = 100 kPa = 1 bar), and Ua as the linear 
gas velocity at unit pressure pa, eq. (7) can be extended to: 

& = uipi = uopo = U p = uap, (9) 

Under constant operational conditions E is a constant. 
Combination of eqs. (8) and (9) shows: 

with Dm,a denoting the binary gas diffusion coefficient at 
unit pressure pa. Giving B and C, the same subscript as the 
corresponding D,, eq. (1) can now be rewritten as: 

L 

or: 

Note that the square root term represents u,, the velocity 
at atmospheric pressure. 

Eq. (1 1) shows that H = f(U) cannot be straightforwardly 
evaluated, because E, p ,  and fl cannot be expressed 
generally as simple functions of U .However, eq. (1 1) can be 
rearranged to: 

which can be considered to be exclusively pressure de- 
pendent, because E is given by the Hagen-Poiseuille 
equation for viscous flow of ideal gases through open tubu- 
lar columns: 

r2 2 2  
& = rPo (P2-1) = ~ (pp- p;) 

16qL 16qL 

where r( is the dynamic viscosity of the carrier gas, and L is 
the column length. 

Fora given column operated at constant outlet pressure po, 
and otherwise constant conditions, the values of fl, f5 = 

po/f2 and E are determined by pi only, see eqs. (5), (6), and 
(14).Therefore, H/U =f(pi) can be evaluated. Subsequently, 
for any value of pi, U = &/p can be calculated from eq. (14). 
Hence H = f(U) can be obtained by multiplying eq. (13) by U. 

Eq. (14) can be rearranged to: 

By combination of eq. (1 1) or (1 2) with (1 4) or (1 5) various 
optimum conditions can be calculated. 

2 Optimum Chromatographic Conditions 

Cramers eta/. [3] derived the minimum of the H vs. u, func- 
tion (at constant po) by differentiation of eq. (1) with respect 
to u,. The derivatives 6fl/6uo and 6f2/6u0 were calculated 
as (8f16P) (6P/6uo). [The latter derivative follows from eq. 
(14): 6uo/6P = uo2P/(P2-l).] These authors found an 
"optimum" outlet velocity, corresponding to minimum 
plate height, of  

After elaboration, their y-factors appear to equal: 

Note that f2P = pi@ and 1 < f2P < 3/2 for 0 < P < w 

Using eqs. (9), (1 0), (1 7), and (18), eq. (1 6) can be rearran- 
ed into: 

BafPP( 2fl -f*P) 

[cm,a [2f,-fpP(2fl-f2P)] + c 
Emin H = Pa 

The same authors showed that y1 << fl for all practical pur- 
poses, meaning that fl = f2P(2fl-f2P), see eq. (17). (yl 
reaches a maximum of 3.19% of fl at P= 2.56.) Eq. (19) can, 
therefore, be simplified to: 
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Often, chromatographers are more interested in minimum 
time operation. Since the retention time tR = (l-tk) L/S, and 
L= NH, where N represents the columri plate number, the 
ratio H/S= tR/N/(l+k) should be minimized. Hence, eq. (13) 
should be differentiated. For a given column (L= constant), 
6(H/i)/6< = 0 yields for po = constant. 

In deriving this result 6P/6i and S@SU were calculated as 
the reciprocals of the respective derivatives of eq. (14), 
using S ~ / S P  = P(~~P-I).~P/(P~-I). 

For a given column (L and r constant) and a given carrier 
gadstationary phaselsolute system at a given temper- 
ature (q, Dm,ar k, Ds, df constant) and outlet pressure (po = 
constant), the optimum inlet pressure:; can now be calcu- 
lated numerically by interation from eq. (15), using the 
optimum E values given by eq. (19), (20), or (21). 

Using i j  = po/f2 and U = d p ,  the corresponding H values can 
then be calculated from eq. (1 1). 

In addition to maximum plate number and separation 
speed foragiven column, there isa third optimum: the mini- 
mum analysis time for a given separation problem requiring 
N plates. For this purpose eq. (15) can be rewritten as: 

and hence the optimum value of HE has to be determined. 
Corn bination of eqs. (1 1) and (1 2) yields: 

(23) 
H - Cm,ap fl/pa 4- Cs - numerator 
u 1 - Bapafl/(HE) denominator 
- - --___ - 

Substitution of HE from eq. (22) yields another pressure- 
dependent plate height equation. Therefore, minimum 
time conditions for N = constant are best calculated (for po 
= constant) via: 

6(H/ij) - G(numerator)/GP - numerator . 
6P denominator denominator2 
~- 

G(denorninator) 
6P 

Hence, putting the result equal to zero: 

- H - - G(numerator)/GP 
u G(denominator)/GP 
- 

Eq. (25) can be evaluated as: 

Combination of eqs. (23) and (26) yields: 

Using eq. (22), pi can now be numerically calculated by 
iteration. Once pi,opt is determined, all pressure factors can 
be calculated and E is found by substitution of eq. (27) into 
eq. (1 2): 

3 Vacuum Outlet 

The equations derived thus far are generally valid for open 
tubular columns. At po + 0, or P --t 00 in general, most equa- 
tionsare greatlysimplified. UnderP-m conditions,f, -9/8, 
f2P --f 3/2, 6 + 2pi/3, and eq. (14) reduces to: 

Using these limiting values, eq. (1 1) can be written as: 
r 

with X= 1 6qL/r2. Eq. (30) was already derived by Myers and 
Giddings [4]. 

As an alternative, 

Both the exclusively pressure or velocity dependent eqs. 
(30) and (31) are of practical importance for high pressure 
or vacuum outlet chromatography. (Computer) fitting of 
these expressions to experimental data is preferred over 
fitting of eq. (l) ,  because u, and Bo are extremely large at 
vacuum outlet, while Cm,o and f2 are extremely small. 
Moreover, pi and U can always be measured conveniently. 

3.1 Optimum Conditions for Vacuum Outlet 

The four eqs. (19), (20), (21), and (28), giving the E expres- 
sions for the various optima, reduce to a set of three 
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expressions, eqs. (19) and (20) leading to identical results 
for P-: 

which after substitution of eq. (1 1) yields: 

1 

E P - ~ ,  L, min t = Pa 

Eq. (27) reduces to: 

Insertion of the three E values from eqs. (32)-(34) gives: 
(33) 

A similar result was already presented in 1962 by Giddings 

Pc: 
[5], who introduced the concept of “critical inlet pressure” 

Pi,N,mm 2 t = 3p,2 ~ ~ ‘ a ’ ~ c s l  (46) 
pa Cm,a 

p? = 1 8qNBapa/r2 = 9 Bapa X/H (36) 
8 For thin film columns (Cs<< Cm,a), eqs. (44)-(46) reduce to 

The relation between HE and pc is given by: 

2 HE = - 9 Bapa [{a] 
8 

pf= n.pz with n = 2 (minimum H), n = 4 (minimum t, L 
constant) and n = 3 (minimum t, N constant). Note that pc or 
L are generally not equal in these instances. 

The retention time is given by: 
(37) 

H tR = N ( l+k)z 
U 

Using eq. (29), eqs. (32)-(34) can be rewritten as functions 
of p:. Neglecting the Cs-term in eq. (32) the results are (47) 
condensed as: 

Hence, combination with eqs. (39)-(41) yields for vacuum 
outlet operation of thin-film columns: 

(49) 
P 
Pa 

with n = 1 for minimum plate height conditions, n = 3 for 
minimum time conditions for a given column (L= constant) 
and n = 2 for minimum analysis time for a reauested date 

tR,L,min t = N 2c %,a 

number (N = constant). Substitution of eqs. (32)-(34) in 
eq. (1 1) yields: 

9 P  
8 Pa 

h,N,min t = N (l+k) - fi -5 Cm,a 

The factors 3 e l 2  : 2 : 9 <3/8 are 2.1 2 : 2 : 1.95. 
Substitution of eqs. (36), (2), and (3) in eqs. (48)-(50) gives: (39) 

- - -  where n represents the above-mentioned factors from eqs. 
(48)-(50). Combination of eq. (51) with the well-known 
resolution equation [6]: 

(41) 

The inlet pressures can be expressed as a function of pc. 

pi Cm,a + CS 

Eq. (37) can be converted into: 

by elimination of N yields: 
(42) 
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3 (k+1)2 (1 1 k2+6k+l) a3 
tR = 16nR r - x -  

k3 
r 1 1  

(53) 

where a is the relative retention of two peaks separated 
with resolution R. Eq. (53) has been published before by 
Guiochon [q and Leclercq et a/. [8]. The constant 16n equals 
24 fi (= 33.9), 32, and 18 fi (3 = i31.2) for the three 
optima, respectively. Minimum retention times are obtain- 
ed for k = 1.76 [q. 

4 Computer Program 

A Basic program was designed to calculate H-u curves and 
the various optimum chromatographic conditions. The 
input required is: 

- L given (in meter) or N required; the program automati- 
cally selects the appropriate mode. If Y = input > 1000 then 
Y = plate number. This is very convenient, because eqs. 
(1 5) and (22) can be interchanged throughout the program. 

- r, df, the separation temperature T (in Kelvin) and k are 
requested. (It isadvised to employ temperatures at which k 
is between 1 and 2, i.e. around the optimum value of 1.76.) 
The carrier gas is asked for. For hydrogen, helium, or nitro- 
gen, the program calculates the viscosity according to Ettre 
[9]. (His equations 27, 21, and 23, respectively.) 

For other gases, or upon the user's request, the program 
asks for a value of q at a temperature TI. IF TI # T, q is 
calculated as: 

= V, ( T / T ~ ) ~ . ~  (54) 

- If the carrier gas is H2, He, or NP, the program will ask for 
the carbon number of the solute, provided it is a n-alkane. A 
subroutine then calculates the binary gas phase diffusion 
coefficient according to Fuller et a/. [to]: 

1 1 

Dm,a = - ~- ~ +14c+2]2 - -_ (55) 
10 [V1'3+ [16.5C+ 1.98(2C+ 2)] 1'3 1' 

where M and V are the molecular weight and diffusion 
volume of the carrier gas, and C = carbon number of the 
n-alkane. (The dimension of Dm,a is nim2/s.) 

For other carrier gas/solute combinations, or if the user is 
not satisfied with the result, Dm,a at T2 is inputted. If T2#T, 
the program calculates: 

Dm,a = Dm,a,T2 (T/TZ)1'75 (56) 

- D,, T3 is requested. The program can extrapolate D, 
values if T3 # T, but the result is only meaningful for n-al- 
kanes on SE-30 phases and within a temperature range 0fT3 
f 50 K. 

If T3 #T the program will calculate Ds as [I 1,121: 

(57) e(225-250C)(1 IT-1 IT3) Ds = Ds,T~ ' 

- Finally, po is asked for. 

The program now calculates Ba, Cm,a, and C, according to 
eqs. (2), (3), (4), and (10). Then the optimum conditions can 
be calculated for a given column (Y = L) or a requested 
plate number(Y=N). FirstX= 1 6qY/r2iscalculated,afactor 
needed in eq. (15) or (22). Next all pressure factors (P, fl, 
f2P, is) are calculated by a subroutine, using a starting value 
for the inlet pressure of pi = po + pa. 

Based on the value of Y, the program diverts to the appro- 
priate section. If L is given (Y< 1000), & is calculated from 
eq. (19). The result is substituted into eq. (15), yielding a 
new value of pi. This value of pi is used as input to the before 
mentioned subroutine which recalculates all pressure 
factors. 

The results are used to recalculate E from eq. (19) and sub- 
sequently a new value of pi from eq. (15). In this way the 
optimum E is iteratively approached as long as the latest 
value of pi differs more than 1 Pa (i.e. pa) from its last- 
but-one value. 

Having optimized E, pi, and all pressure factors, another 
subroutine is used to calculate li from eq. (9), H from eq. 
(1 I ) ,  N = L/H, t R  from eq. (47), NIL and N/tR. 

Next the E from eq. (20) and subsequently E from eq. (21) 
are calculated by iteration in exactly the same manner as 
described for H. 

If N is given (Y > lOOO), EH is optimized by iteration using 
eqs. (27) and (22), again by repeatedly using the pressure 
factor subroutine as described above. This iteration con- 
verges slower than those for a given column, especially at 
elevated outlet pressures. Moreover, the repeated calcula- 
tions of EH (eq. 27) and pi (eq. 22) sometimes lead to an infi- 
nite loop when the exit criterion is p,,new - pi,last < 1 Pa. 
Therefore, in this case the optimum pi is approached to 
within -t 5 Pa. Upon exit, the resulting pi and pressure 
factors are substituted in eq. (28) to calculate E ~ , ~ ~ ~  t. The 
subsequent program flow is the same as described above 
for L= constant, but using L= NH in the various equations. 

Upon completion of the optimization procedures, the 
H-ij curve can be computed from eqs. (13) and (14), as 
described under eq. (14). The H-i7 curve is calculated and 
printed on request, for inlet pressures in the range of about 
6 min H to 2Pi,min H. Finally, one or more of the input data can 
be changed and the program restarted. 

5 Results and Discussion 
As an example, the program was used to predict the various 
optimum conditions for a wide-bore, thick-film SE-30 
column, operated with hydrogen carrier gas at atmospher- 
ic (Table 1) and vacuum outlet conditions (Table 2). 
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Table 1 

Comparison of calculated and measured optima. Atmospheric outlet 
conditions. 

In  .53 in m 
11 f 2.65 CI m 
T 453 h 453 I\ 
V '  : ! I  0 
ETA 11 + 7783 uFa.s 12.8 lP '3 .5  

OPrINUH CHROMllTiIGh'APHIC CONLIITIONS F1lK PO = 100 kf',,: 

N/L 1571.62 B 1 - 1  
N / t [ K )  123.133 =,',-l 
cc (GIUDINGS) 29.8791 kPa 
P1/PC 3 60554 
P1 1.00046 
f l  .962338 
P ( 3 v e r a 4 e )  103.914 I Fa 

N 38504.4 
N IL  1571.61 
N / t (R )  123.105 
PC (GIDDINGS) 29.879 
P I / * =  3.6057 
f l  1.0004A 

MINIMUM TIME CONDITIONS 

PI 137.4138 
u ( a v e r a g e )  1.131 

t ( R )  64.YU7 
N 14441.4 

ti 1.69651 

N/L 5 8 Y .  444 
N/ t (Fo 222.119 
PC ( G I D U I N G S )  18.2985 
PZ/?C 7.51364 
P1 1.0081 
f 2  .a35213 
P (ave raye )  119.73 

k t'd 
n/s 
m m 
5 

",^-f 
S--l 
C. Pa 

P Pa 

P t ' a  

The H-ii curves of this column were measured with n-dode- 
cane as a test compound. The separation temperature of 
453 K was tuned to a capacity ratio of k= 2.0for this solute. 

The computer program calculated a good value of the car- 
rier gas viscosity, but the diffusion coefficients were off by 
about 20%, as expected for this solute [lo-1 21. Therefore, 
literature data of the diffusivities [lo-1 21 were entered 
manually as listed in Table 1. 

The experimentally acquired data were fitted to eqs. (1) 
and (31), for atmospheric and vacuum outlet, respectively 
[ 131. The results from these fits are included in Tables 1 and 
2 in the columns "measured". 

As can be seen, there is a good agreement between calcu- 
lated and measured data. Another conclusion is that the 
approximation of minimum plate-height conditions by 
Cramers eta/. [3] is indeed very good. 

Optimum Performance of Capillary GC Columns 
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Table 2 

Comparison of calculated and measured optima. Vacuum outlet 
conditions. 

Ha / 6 . 8  ",,"-2/s , ' ; . ! j  mn, ' . ' I  , 
Cma 4 ~ 2 . 5 ~ 4  I J 5 4 1 '> mu', 
c s  866.975 '15 I ' i i  'i , .  

pi/pc 1.6649 
l-1 1.125 
P2 4.  238OilF-05 
P (ave rage)  23.5Y3h r P r, 

t ( R )  91,0241 
N 17491.2 
N/L 795.558 
N / t ( R )  214 .132  
PC ( G I U D I N O S )  21.2584 
PI/PC 1.6649 
r i  1.11'5 
P2 4.23FJOUL-05 
P ( a v e r a g e )  23.3156 

MINIMUtl TIME CONDITIONS I OR THl? ClIlL1JMN (LECLEKCO): ( € X I S .  2 1  X 11) 

PI 67.4004 k.f.,a 
u (avPrase) 1.53772 m/s 
H 1 * 83334 11, rn 
t . l H )  47.798 5 .. .. 
N 13363.6 
N/L 545.451 ",---t 
N / t (R )  3791504 5--1 
PC (GIOUINGSI 17.4024 P F43 

Pi/Pc 3.82904 
fl 1 * 12:; 
f 2  
P (ave raye )  44.9336 P t',7 

2 .  222 5 1 E--O!i 

Minimum analysis time is achieved only at vacuum outlet 
operation [5,8]. As a test, the plate number calculated for 
minimum time conditions with the given 24.5 m column at 
po = 0, (N = 13364), was inputted to the program instead of 
the column length. The results of the calculations are 
shown in Table 3. The calculated column length is 22.8 m. 
As expected from the presented theory, and particularly 
demonstrated for thin-film columns, viz. eqs. (49), (50), and 
(53), these results define the real minimum time conditions. 
the values of NitR to be compared from Tables 2 and 3 are 
279.6 and 281 .O plates per second, respectively. The dif- 
ferences between the minimum retention times for a given 
column and for a required plate number under similar 
conditions cannot yet be fully comprehended, however. 

Table 4 exemplifies a plate-height curve print-out for the 
column of Table 2. 
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Table 3 

Calculated minimum time conditions for N = 13364 plates. (cf. Table 2). 
I ~ W J T  m i n  IU I :  r ! i i ? i  td i . :o r  COI  iui.i~: 

N 
I l l  

il I. 
R i m  

'111, 

4:):s h 

11 . 77fl.j 

. .  

I. 

0'  , 

10!)4.1Y 
.l053. Lt.1 

:? . 1 b 
1.14 
O r  I 3  
9.11 
8 . 1  
7 . 0 8  

1396.07 

The program and its subroutines were found to be very 
reliable in numerous calculations. Widely varying input 
data, and particularly po = 0 (vacuum outlet) conditions are 
treated without problems, yielding accurate results. 
Vacuum outlet data produced by the program (using the 
general equations) are identical to those obtained by 
employing the eqs. (32)-(35) and (29) derived for P+m. 

The good results are produced because the program does 
not workwith extremevalues (except in the pressure factor 
subroutine). In the iterations mostly f2P, with a value 
between 1 and 1.5, is employed although f2 and P might 
approach zero and infinity, respectively. 
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h l  
h 3 
6 4 
67 
hl?  

I t  
73 
75 
7 7  
7 Y  
13 1 
8 3 
85 
f l  I 
8 9  
Y 1  
9 3  
9 5  
f? 7 
9Y 
101 
I03 
10'5 
107 
109 
111 
t 1 3  
1 1 5 
117 
I l Y  
121 
173 

770 

154 3.02 
1592.01 
1641 
163'). 98 
1738.77 
1787. Y S  
1'136 . 9 , 5  
1 88 :I * '? '2 
1934.9 
1983+F!9 
2032.87 
2081 .86 
2 130. H 4  
1 1 7 9 , 83 
2728.81 
2277.8 
2326.78 
2375.77 
1'424.75 
2 4 7 3 - 7 4  
2512.12  
2571.71 
2630 .SY 

2718.46 
2767.65 
78 1 6 6 53 
2865.62 
:!(? 14  . 6 
2963.59 
3012.57 

2669.68 

1.1814 
1.18091 
1. 181.31 
1.18248 
1.18431 
1 A 10673 
I .  1HY64 
1.193 
1 t 1Y673 
1 *:100tl 
1.20517 
1 .20Y81 
1 .?I468 
1.21975 
1.22501 
1.23044 
1 + 23602 
1.24173 
1,24757 
1 ,253: i  1 
1 t 25955 
1 4 2656U 
1 + 2 7 1 8 9  
1.17818 
1 t 10453 
1 +290Y5 
1.29742 
1 .30394 
1 ,31051 
1431712 
1 ,32378 
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Table 4 

8 2 2 ,  0 3  

YYR.37 

2121.81 
2185.3 

2249.89 
2315.56 

2381 + 26 \ 2449.47 

1588.28 
26513. HY 

2730.33 
1802.7 

2875.95 
2950.07 
3025 + 04 

3i00.85 
3177.49 

3254.96 
3333 * 24 

3411.53 
3491.11 

3'i7:! *8(? 
3654.35 

3736.551 
3U19.61 

Example of a plate-height curve print-out. Column and conditions: 3'?05 I 4 1 
see Table 3. The minimum time conditions are indicated. 39:!7.YU 
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Summary 

The characterization of heavy petroleum fractions is essential 
for the design and improvement of cracking plants converting 
heavy feedstock into valuable “white” products. Conventional 
simulated distillation methods using packed columns are 
unsuitablefor this purposes, being limited to boiling points up to 
about 600OC. The method presented is able to cover a boiling 
points interval ranging from about 150°C up to around 800OC. It 
employs a short, nonpolar, highly thermostable capillary column 
routinely operated at temperatures around 430OC. The analytical 
system is based on a high temperatureversionof a fullyautoma- 

Dedicated to Professor Kurt Grob on his 65th birthday. 

tic, capillary dedicated gas chromatograph. The experimental 
data demonstrate that cold on-column injection is the sole sam- 
pling system suitable for such heavy compounds. The conver- 
sionof theretentiontimesinto boilingpoints, basedontheuseof 
low molecular weight polyethylenes, is extremely reliable, as 
demonstrated by the excellent retention time reproducibilities. 
The lower part (up to 550-600°C TBP) of the boiling point distri- 
bution curves of heavy petroleum fractionsobtained on capillary 
columns fits well with the corresponding distribution curves 
based on packed column data. For the petroleum fractionsfully 
eluted from the column the quantitative results obtained either 
using internal standards or by direct processing of the elution 
curves are in excellent agreement (less than 0.3 weight YO differ- 
ences). The method has been applied to the determination of the 
true boiling points corresponding to short path vacuum 
distillation (DISTACT) cut points over 300OC. 
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