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The residual error is typically negligible. This can be seen
in Figure 4, where the methanol signal is displayed with
the corrected and uncorrected H,S signal. However,
when a very low (i.e. the background) concentration of
H-S is to be measured, a residual error in methanol
correction leads a large relative error. This contributes
significantly to the noise level in the H,S background
and therefore deteriorates the method LOD. In PTR-
instruments with a high resolution time-of-flight mass
detector such interferences are averted [21].

2.4 Stability

From the measured data, we can also evaluate the stabil-
ity of the system. The short term stability of the system
can be estimated from the measurement of a stable con-
centration, e.g. a step in a calibration experiment. We
have chosen the HCN calibration as a worst-case

TABLE 3
Natural isotopic distribution of protonated methanol (CH,OH ")

mjz (Th) %
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34.0 1.12
35.0 0.207
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example, since the HCN signal shows strong surface
effects and therefore drifts in the data. Table 4 shows
mean concentrations of HCN at different calibrations
steps and the relative standard deviation at each
step.

Long Term Stability (10 Days)

The long term stability/reproducibility could be affected
by drifts in the instrumental parameters (voltages, trans-
missions, mass-scale-calibration). To estimate this effect,
we compare two calibrations performed at the beginning
and end of the measurement campaign.

The calibration performed on 19.10.2009 was a full
calibration, while the calibration on 30.10.2009 consisted
only of a quick two-point calibration during the course

TABLE 4

Mean concentration and standard deviation of HCN in a calibration
measurement. The value in the first cell represents the offset value

at m/z 28 Th
HCN (ppbv) Rel. standard deviation*
0.6 £ 0.5
553 £ 5.0 0.9%
1504 + 13.5 0.9%

* Standard deviation over 20 measurements ( ~ 50 minutes).

35 H,S + Methanol isot.

200 250 300 350

Time (min)

The measurement of H,S is affected by the methanol signal. The isotopic contribution of the methanol signal at m/z 33 (circles) has been
subtracted from the signal at m1/z 35 (triangles) to obtain the pure H,S signal (squares).
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of a setup test. Nevertheless, we find excellent agreement
(<3%) between the results, which demonstrates the sta-
bility of the instrumental parameters over this range
(see Tab. 5). The higher deviation for acetonitrile is
attributed to surface effects and insufficient equilibration
in this quick calibration.

2.5 Monitoring Example

Figure 5 shows the measured methanol concentration
for the different streams. This nicely exemplifies several
advantages of the applied method. The concentrations
of stream 1 and 2 are significantly different from the con-
centrations in stream 3 and 4. We observe a general trend
towards higher concentrations downstream of stream 2,
indicating that methanol is formed in these process steps.
Nevertheless, the trend over time is similar for all, which
is not surprising, since they resemble different steps in
the same process.

The sudden changes, as are observed on Oct. 22nd
and Oct 24th, could be attributed to intentional
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manipulation of the process, which seem to affect the
formation of methanol. This exemplifies the valuable
information that can be gained from this continuous
monitoring.

2.6 Filter Break-Through

Between the sampling points of stream 1 and stream 2,
the process gas passes through a filter. As can be seen
in Figure 6, we initially observe a working filter, which
efficiently reduces the concentration of the measured
sulfur compound. After Oct 23rd, we observe the
break-through of the filter for this compound. The data
has been normalized to the overall maximum. Measure-
ments at stream 3 and 4 (further downstream of the pro-
cess and not shown in Fig. 6) were below the determined
method-LOD, of 1.3 ppb. Even after the change over
several orders of magnitude in stream 2, we did not
observe elevated concentrations in stream 3 or 4, which
demonstrates that we do not have cross-talk between
the streams.

TABLE 5
Comparison between two calibrations
Compound m/z (Th) Sensitivity 19.10.09 Sensitivity 30.10.09 Rel. diff.
(neps/ppb) (neps/ppb)

Acetonitrile 42.0 20.4 19.8 —2.9%
Acetone 59.0 19.1 19.2 0.4%
Benzene 79.0 10.1 9.95 0.4%
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Figure 5

Monitoring of methanol at different gas streams over the
course of 8 days.

Figure 6

A filter break-through can be observed after the 2009-10-22
for stream 2 while monitoring the concentration of a sulfur
compound. Data (y-axis) are normalized to the observed
maximum.
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CONCLUSION

In this study, we have employed PTR-MS for the real-
time monitoring of trace compounds in an industrial
Fischer-Tropsch process. With minimal modifications,
a PTR-MS system could be used to measure trace con-
centrations of several organic, inorganic and organome-
tallic compounds in syngas. The use of a multiport valve
allowed for the multiplexed measurement of trace
concentrations at several process steps.

We have thoroughly characterized our system. We
found that the stability of the measurement was on the
order of 1%, which is more than sufficient. The long
term stability (reproducibility) was found to be better
than 3%. We found that the LOD for the presented com-
pounds are around or below 1 ppb. The limitations in
this case were imposed by the experimental setup, since
the LOD imposed by the instrument were found to be
much lower. Based on the experience gathered in this
project, we have been able to compose an optimized
setup for this application. This optional box can be con-
nected to the PTR-MS and includes a multiport valve
and Silconert™?2000 treated mass flow controllers,
which allow for a fully automated measurement. This
system will be a subject of future publications.

Here, we could already show examples, which demon-
strate the added value that can be gained by the informa-
tion from real-time monitoring in such a process. This
can be used for safety to detect the formation of toxic
compounds. The break through of a filter can easily be
detected in its onset, which could be used to protect sen-
sitive parts in the process, like the poisoning of a cata-
lyst. We have also exemplified, that manipulating the
process, like changing process parameters, directly
reflects in the formation or elimination of volatiles. This
information can be used to gain a much deeper under-
standing of the process and its various steps. Ultimately
this could open the door to a new efficiency in process
optimization.
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