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COMPUTERIZED AUTO-CONTROL OF ON-LINE PROCESSES OR LABO-
RATORY GAS AND LIQUID CHROMATOGRAPHS

C. L. GUILLEMIN

Direction des Recherches et du Développement, Rhéne-Poulenc Industries, 12 et 14. rue des Gardinoux, 93308-
Aubervilliers ( France)

SUMMARY

The deferred standard concept can help the operator in controlling on-line the
reliability of any process or laboratory gas or liquid chromatographic apparatus. How-
ever, more sophisticated auto-control of the chromatograph can be achieved by com-
puterizing the interpretation of some chromatographic quantities for the deferred
standard such as peak area, peak height and retention time, and can discriminate
among the sample injection, the separation or the detection systems as sources of
problems. This approach has been made possible owing to a commercial computing
integrator which, in addition to quantitative information, displays messages about
the status of the chromatograph. )

This permanent auto-control suggests what the control unit of a modern pro-

.cess gas or liquid chromatograph, which has to be included in a closed loop control,
should be.

INTRODUCTION

The concept of the deferred standard which has been published several times'
has already succeeded in the on-line measurement of process chromatograph reliability
and could be a real enhancement for both gas and liquid chromatographs, especially
with the advent of microprocessors as control units of process or laboratory chroma-
tographs used in routine control.

The deferred standard has three capabilities: alarm, calibration and mainte-
nance functions. The purpose of this paper is to show ljow the first aspect, the alarm
function, can be emphasized by using a microprocessor and what a future process gas
or liquid chromatograph might look like.

DEFERRED STANDARD CONCEPT

The deferred standard (D.S.) is a pure compound, injected in each analytical
sequence, the injection of which is deferred or delayed with respect to the injection of
the sample to be analysed in such a way that the deferred standard elutes within the
analysis time of the sample, but Wlthout interfering with any component of the mix-
ture (Fig.-1). .
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Fig. 1. Continuous checking of the reliability of a process chromatograph by the deferred standard con-
cept.

As an alarm function, the reproducibility of the D.S. peak from one injection
to the next indicates the good working order of the chromatograph, and the quantita-
tive results for the sample to be analysed can be taken into account with confidence in
the process control. In addition, this continuous checking of the reliability of the
process chromatograph allows the plant operator to discriminate immediately be-
tween the analyser or the chemical process in cases of failure.

EXPERIMENTAL

This work was carried out with commercial equipment including, a Carlo Erba
Model GT laboratory chromatograph automated with Spectra-Physics 4100 a com-
puting integrator which offers, for the first time in this kind of appliance, part of the
RAM memory to be programmed in modern computer language by the user himself.
The interface between the chromatograph and the computing integrator was a home-
made device, set up for the control of automatic injection, switching valves of the
chromatographic circuit and different solenoid valves of the sampling line.

The equipment was installed on-line in a pilot plant forthe continuous nieasure-
ment of hydrogen in a chemical process. The chromatographic conditions were
limited to a molecular-sieve column fed with argon as the carrier gas. For accuracy
in quantitative measurements, pure hydrogen was choosen as the D.S., and was
injected through the same injection valve as the process sample. Both the sample and
the hydrogen D.S. were fed alternatively through a three-way solenoid valve and
equilibrated at atmospheric pressure for 30 sec before injection.

Fig. 2 is a schematic diagram of the sampling and chromatographic circuits.
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Fig. 2. Schematic diagram of sample and deferred standard circuits. 1 = Seléctor valve; 2 = stop-valve
{atmospheric pressure); 3 = injection valve.

Primary alarm function of the deferred standard

Forquantitative measurements, in which the peak area is linked to the amount
of Injected solute, the D.S. peak area rather than peak height is chosen as the most
suitable parameter to trigger off an alarm when the value exceeds upper and lower
fixed limits. These limits for the D.S. peak area are set first according to the stan-
dard deviation of the D.S_ peak repeatability and second according to the requirements
of the accuracy of quantitative measurements of solutes with regard to the D.S. peak.

The continuous checking of the peak area of the D.S. provides invaluable in~
formation about the overall status of the process gas chromatograph, but this per-
manent auto-control may be more sophisticated in order to make easier the diagnostic
of any chromatographic failure and decrease the cost of maintenance.

Secondary alarm function of the deferred standard

By computerizing parameters of the D_S. peak such as peak area, peak height
and retention time, discrimination between the detection, the injection and the sepa-
ration systems as possible sources of problems is now possible and could be very
helpful to the chromatographer searching for a malfunction or a failure of the process
chromatograph. In addition to the main functions of an ordinary control unit of
either a PGC and PLC, i.e., timing of the analysis and chromatographic data reduc-
tion, the Spectra-Physics 4100 computing integrator also carried out the auto-control
of the chromatograph and in this way acted as a modern control unit for both the
PGC and the PLC. .

Fig. 3 shows the algorithm built up on the three parameters peak area, peak
height and retention time of the D.S. peak for failure diagnosis. The D.S. is logically
identified by the absolute time from the beginning of the sample run to its peak
maximum, as this deferred injection is ignored by the SP 4100. This time (7, ; ) must
be within a certain range specified by the operator; if it is outside the specified limits a
~D.S. not found™ message is displayed.

The next parameter checked is the peak area (S) and the peak height (H) of the
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D.S. As previously pointed out, peak area depends on detection conditions, whereas
peak height is related mainly to the injection conditions. To make the retention
parameter more sensitive to chromatographic variations (carrier gas flow-rate,
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Fig. 3. Algorithm of the alarm function of the deferred standard.
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column temperature, etc.), the selection of the difference in retention times between
the D.S. peak and a reference peak has been chosen:

N =| I — TD.S.! (1)

where TV is the difference between the absolute retention times as shown in Fig. 1 and
T, and T, 5 are the absolute retention times of peak X and D.S., respectively.

Any peak in the chromatogram may be a reference peak provided that it is
always present in the sample. However, the larger the retention time of the reference
peak the more sensitive it is to fluctuations in the operating conditions.

Limiting values of these parameters (7 5, S, # and TN) are entered via a Basic
dialogue before starting the routine analysis.To make the trouble-shooting software
more understandable, values 1 and 0 have been attributed to these parameters when
they are inside or outside their limits, respectively. Table I gives the various logical
cases encountered when variations of these three parameters occur.

The meaning of possible variations occurring in the D.S. peak area may be some
change or drift in the detector operating conditions, i.e., variation of the d.c. current
or block temperature for a thermal conductivity detector or variation of the flame
temperature for a flame ionisation detector owing to changes in the flow-rate. Another
meaning of increases in the D.S. peak area could be an unexpected peak eluting close
to and interfering with the D.S. peak. In this case the D.S. injection must be delayed
turther so that the D.S. peak elutes at a suitable position not subject to interferences.

If the D.S. peak height is outside the specified limits, the injection function is
first involved: the causes of this failure may be blockage of the injection valve, mal-
function of the pneumatic actuator owing to a lack of air pressure or variation of the
vaporization temperature in the case of a liquid sampling valve for PGC. Also,
variation of the temperature of a gas sampling valve may cause enlargement of the
peak owing to diffusion of the solute when the volumetric flow-rate of the carrier gas
fluctuates. For instance, Table II and Fig. 4, show the effect on the peak height of a
lack of air pressure in the actuator of a commercial liquid sampling valve for PGC. As
the injection is not sufficiently instantaneous when the air pressure varies, the peak
height is affected while the peak area remains constant. Halving the air pressure leads
to a decrease of 139 in the peak height and 0.8 9] in the peak area.

Variation of TN means that some alterations in the separation conditions
(column temperature, mobile phase flow-rate, elution of stationary phase, etc.) have
occurred. Considering the peak area, S, the remarks made about the primary alarm
function also apply here.

To illustrate the Basic program for the Spectra-Physics 4100 computing inte-
grator. some examples are given below.

The procedure based on a conversational dialogue is as follows: Entry of PH =
1 on the SP 4100 before starting a run makes a report on peak heights while peak
areas are stored. Afterwards an additional report on peak areas is obtainable for those
peaks in peak storage by entering PH = 2 and pressing the REPRT key.

Entry of RUN initiates a special dialogue (see Fig. 5). The program asks for the
name of the analysis, then the number of the D.S. peak as the SP 4100 identifies peaks
by chronologic figures. Quantitative calculations need the D.S. concentration to be
entered. Then the “*‘windows™ (limits) are requesied for peak area, peak height and
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TABLE 1
TROUBLE-SHOOTING DIAGNOSTIC

Deferred standard parameter Acrions

Tps. H TN S
Alarm:

0 D.S. not found. No calcula-
tion of component
concentrations

1 1 1 i Good working order.

Calculation of component
concenirations carried out
with respect to D.S.

1 0 1 1 Calculations carried out
with respect to D.S.

Care of injection system

1 o [3) 1 Calculations carried out
with respect to D.S.
Care of injection and
separation systems

1 1 0 1 Calculations carried out
with respect to D.S.
Care of separation system

Alarm:
! 1 1 0 No calculations reported.
Care of detection system

Aiarm:

1 1 0 0 No calculations reported.
Care of detection and
separation systems

Alarm:

1 0 i 0 No calculztions reported.
Care of detection and
injection systems

Alarm:

1 0 0 0 No calculations reported.
Care of detection. separa-
tion and injection systems

retention time of the D._S. peaks, labelled as Max S, Min S, Max T, 5 and Min 7.
A reference peak number has to be entered with the upper and lower values of TN as
defined previously:. Each peak whose concentration is to be calculated with respect to
the D.S. peak has its number entered, then its relative response factor and name. To
end the dialogue, the letter E (for END) is enteved.
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TABLE I1

EFFECT OF VARIATIONS IN AIR PRESSURE IN THE ACTUATOR OF A PROCESS LIQUID SAMPLING
VALVE ON PEAK AREAS AND PEAK HEIGHTS

Injection of 1 ul of carbon tetrachloride. Injection frequency: every 10 min. Vaporization temperature: 120°C. Peak
areas and peak heights measured by computer.

Number Air pressure Peak area Peak height

of on valve

injections  actuator (bar) S (average ¢ Difference from H (average ¢ Difference from
of iast previous of last previous
10 runs} measurement (%,) 10 runs) measurement (%)

3168 6 2655 0009 — 15.76 015 —

5184 3 2676 0.008 038 13.90 03 13.4

5760 4 2679 0.009 0.1 14.40 0.1 35

Queries and peak height and peak area reports are displayed in Fig. 5. Fig. 6
shows several messages displayed when the parameter ““window’ was changed artifi-
cially to test the program. Message A indicates that D.S. has not been found, as peak

4 does not exist in the chromatogram. Message B displays the calculated concentra-
tions for neaks X1 and X2. the values of the checked narameters. the chromatoesranh-
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Fig. 4. Effect on peak shape of variation of air pressure in the pneumatic actuator of an automatic liquid
sampling valve for a process gas chromatograph.
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RUN

EFERRED 3ITANDARD — RLARM AND

SHRLYSE:

7IC DS 2

tonc 1S 198

®3xX 5 DS 25289

2*T4 S DS 2zZ8v0e

3 H DS Tove

BIN H DS S¢68

#RX T DS 49

BIM T BS ==

£iC REF =

202 TN L7

MIN TN 23

o FIC 2

RF .3

YRME N1

io FPIC =

?F . 2%

4AME <2

$o PIC F

END ODF DIALOG

PH=1

FILE = METHOD -

PEAKY BT
2 S1.186 2e.
2 28. 267 25,
2 26. 572 51

TGTAL 1656,

PH=2

RRERAX
1 28. 23282 28.
2 28. 692 36.
2 23.384 51.
TOTAL 13@.

312354 82
22337 92
27524 82

Fig. 5. Queriss for the alarm function of the deferred standard.

CALIBRATION FUNCTIONS

da
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Concentrations are calculated according to the following well known equation:

where Cy is the concentration of solute X, Cpg is the concentration of D.S.,
Sxmps. is the relative response factor of solute X with respect to D.S.. expressed in
volume or weight units, and 4y and Ay ¢ are the peak areas of solute X and D.S_,

respectively.

To make the Basic program simpler and more elegant, a contrivance has been
introduced: instead of values of I and 0 occording to the status of the parameters,
values of 4 or 0 are now attributed to S, 2 or 0 to H and 1 or 0 to TN, written with the

A

DS =4
RLARM n. 5. NOT FUOUMD
MEME Ho WEIGHTI
1 1. 5. 73
2 S. 22. 76
i= 4. H= Z. To= 15. Tn= 1.
PESR{DS>»= 2Z3=Z7. PSR(DBS>= &£888. PST<DS>= 38,
FST{PR>= 31.

300D WORKING ORDER

Fig. 6. Examples of displayed messages (checked parameters varied artificially, see text).
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Fig. 7. Examples of reports and messages.
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INJECT TINE 511:26:82

""Tr}"

Hon No POIDS X
H2 2. 25,17
5= 4. H= 2. TN= 493, Tn= 1.

PSR(DS)= 2757286. PSA(DS>= 576368. PST(BS)>= 113,
PST(PRM= 162.

0« TOUT wAR BIEN
IHNJECT TIME J11:41:82
NOM No POLDS X
H2 2. 86. 37
S= 4. d= 2. TH= 58. Tn= %.

PSRCDS>= 375665L. PSACDS»= §75957.33PST(DS>= 113,
PSTIPR)= 163. - )

. i a K ! TEUT vA BIEM

| [ e

{Contirued on p. 374)

Fig 8.
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INJECT TIME 511:56:82

TF"\

3113, Ho POLDS Z
H2 2. 26.28
3= 4. H= 2. TN= 56. Tn= 1.
PSR(DS)= Z762B79. PSR(DBS>= 578462.67PST(DS)= 112,
PST(PR2>= 162.
g K TOLT %A/ BIEN

M

NN No POIDS 2
H2 2. 25.38
S= 4. H= 2. TH= 58. Tn= 2.

PSR(BS)>= 27638B54. PSACDS>= S576813.33PST(DS>= 113,
PST(PR>= 163.

g K TOUT vA BIEM

Fig. 8. Series of analytical sequences of an on-linc chromatograph permanently checked with the deferved
standard concept.



COMPUTERIZED AUTO-CONTROL OF CHROMATOGRAPHS

&
"
o
-

TTDEFESRRED STANDARD — RLARM & CRLID FUNCTIOMSY:
INPUT "PHRL%:IS 2, An

INFPUT “PIC
INFULUT “HAX
InPUT "HAX
INPUT “RAxX
INPUT “REF

3@ INPUT “HAX N ¥ IHPLT TMIN TH ".HN1

"

HPYT “Conic DS “.Cd
INPUT “MIM T DS *, S

INFPUY “MIN A4 3§ *,H

INPUT "MIN T 28 ". T1

LU U B b
WoODOMOW

28 I=%
188 INPUT 'PIC
118 IF RXIJ <>
128 INPUT “RF
13 INFUUT "HAM
149 I=I+d: G557
139 I1V“END 2F 31ia I-1: =ND:z 1%
1E8 IF P3TLDSIC= D3+<C=71 THEN L1T2 ELSE 238
172 12
129 SEAPH 558,356, :1: -
193 ¢ ALARHM 3 S 3T SJUNDR": =OTQ c8e
2388 1"HNAME Mo MEIGHT vz 8
219 FER I=% TO Hsf
228 Ci{I>=Cd=Fi- I>= PESRI¥iCI: FSRCDS
238 ! $S.8B2 NofIl); $2E.35 Ni-IxtTRBZJ C:raI
248 HEXT
zoe 1t
z5a T

SLSE Tn=1
“xTHzTARESE"Tn=""Tn
‘ESQKDb

128 ﬁl'S+Ran

438 ' PLGCT O

<48 ZRAPH 339,=53,1: &2

$390 ON Al+l GOTO 4S2. 475, 486,392, 300.5148. 522,58

268 ! ALARN indection-Seraration-TDetection™: Q270 <S94
72 ¥ ALAarn Indection—Retection": S6TG sea

338 1" ALARN Separatron-detaciticon: 3IGTO Sgd

%2 1" flarn Jevection™: 30T See

38e !THBZ"C K ARtrentions Indzscticn-Serparation™: 0TO 88
SL8 tTRB3I"D < f~tention: Incection': Z0TC S88

T28 $TRAB3IVEC K Ritention: Seraration™: 3810 588

S2a !TABZI"D K 300D MHORKINEG 3RDER™: &GTO see
688 FESTCRE €23: FOR I=1 70 T + REHD X, C

5.2 CRAPH H.%¥,Z: NERT = 13: =CHDL

523 DT ¢.388. 1. 386:388.8.562' 259, 5,93, 356.5,8, 88,9

<39 DATA B:w,S 1,586, 39S, 3

£48 PLOT J’UTOC

558 END

2¢88 S=&CZaL: K=8C38O: INPUT "LINE 7" Lz LISTIL»

2882 I=2C0+2PEEXK(PEEKRCIAZ+S.: FOR T=% T3 S+64

2898 IF C{>43 THEN 1=I+1: C=PEEX¥ I RND #7F: F.r: 1,0C
2851 NEXT : PGKE K,9.82,5: END

3828 B=BT: IF D{T1 THEH B=7T41 ALWAY¥S IF MK=8 THEN S208
4856 POKE #%£2CD,8: DISP : GOTD 169: END

Fig. 9. Basic program for use with the SP 4100.
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Tnlabel. PSR(D.S.), PSA(D.S.) and PST (D.S.) are the SP 4100 parameters indexed
in order of detection for peak area, peak height and retention time of the D.S. peak,

respectively, to access the peak storage in the core memory of the computing inte-
grator. In the same way PSR (PR) is the retention time of the reference peak. All of

this information is displayed in the second part of message B.
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On the other hand, the first part of the framed message gives the overall status
of the process chromatograph, and the second part displays the secondary alarm or
diagnosis.

As can be seen in Fig. 5 or 6, the normal SP 4100 report, which is no longer
useful. has been suppressed through the Basic software (see below).

Fig. 7 shows two more reports and messages in which some windows have been
changed, as indicated on the left-hand side of the report, with the corresponding
message.

Finally. a series of analvtical sequences, reports and messages for the measure-
ment of hydrogen in the pilot-plant process are given in Fig. 8. Reading the analytical
bulletins. the plant operator and/or the control computer of the unit takes the suc-
cessive calculated concentrations of hydrogen as valid and reliable for controlling the
process. as the status of the on-line chromatograph remains in “‘good working order™.

It is obvious than a more detailed and precise diagnosis might be developed to
increase further the capabilities of the alarm function of the D.S. concept. For in-
stance. in addition to the previous parameters, peak asymmetry, peak shape, etc.,
may reveal more about the performances of the different parts of the chromatograph.

The D.S. Basic program for use with the SP 4100, is given in Fig. 9. It should
be noted that after obtaining any D.S. chromatographic quantities required for an-
swering the program dialogue. the own SP 4100 report is no longer necessary and can
be suppressed. Line 3020 of the program has to be modified as follows: instead of the
number 5200 which ends the line, put 4850. as shown in the program in Fig. 9.

CONCLUSION

It is obvious that the recent advent of microprocessors in analytical instrumen-
tation makes the operator’s task easier. However, the real improvemsnt seems to lie in
th= portion of the computer core memory which has been devoted to the operator for
various programs or for subsequent calculations. This trend should be encouraged
for the benefit of both the technique and the operator. the technique because it
increases the capabilities of the apparatus and the operator because it enhances the
status of his work.

The alliance of the deferred standard concept and the microprocessor is a good
example of such a trend. particularly with on-line process GC or LC apparatus. On-
line checking with a deferred standard, allowing any process chromatograph to fit the
main criteria of process monitors (reliability, credibility and low maintenance),
should allow the process gas or liquid chromatograph to be included in a closed-loop
control with more confidence.
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