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data reduction, correlation and classification as well as artificial intelligence
procedures for decision making and/or inference.

Whereas the development of information processing techniques based on
artificial intelligence for m.s. data with potential applications in process
control is just getting underway, substantial progress has already been made
in the area of algorithmic approaches. Five to ten years ago, pyrolysis m.s. of
biological materials and other complex organic samples was primarily a
"fingerprinting" method, a black box technique capable of identifying
materials without providing much interpretable information about the
(bio )chemical structure and composition of the samples analyzed. Since
then, major advances have been made with regard to the qualitative and
quantitative interpretation of pyrolysis m.s. patterns. As a result of the
development of sophisticated factor analysis [3, 4] and related multivariate
statistical methods, it is now in principle possible to solve a range of different
problems. Sets of mass spectra can be classified into groups ("clusters") of
more or less closely related mass spectral patterns and the underlying chemical
components or tendencies responsible for the observed clustering behavior
can be "extracted" numerically. Unknown mass spectral patterns (or numeri­
cally extracted subpatterns!) can be identified by comparison with known
groups of mass spectral patterns. Incidental differences can be detected in
sequentially obtained mass spectral patterns representing more or less related
samples ("objects"), and the underlying differences in chemical composition
can be deduced. Moreover, trends in sequentially obtained mass-spectral
patterns can be monitored and underlying changes in chemical composition
determined. These four modes of operation are schematically depicted in
Fig. 4. Selected examples of the use of pyrolysis m.s. techniques and multi­
variate analysis in applications to quality control and process monitoring are
given below.

EXAMPLES OF NOVEL APPLICATIONS IN PROCESS CONTROL

Curie-point pyrolysis mass spectra of two samples of poly(ether urethane
urea), representing two different batches of Biomer, are shown in Fig. 5.
Whereas the upper spectrum shows the expected pattern of polytetramethy­
lene glycol fragments, diphenylmethanediisocyanate peaks and 1,2-diamino­
ethane chain extender signals [16], the lower spectrum reveals an entire
series of additional mass peaks. This series represents an unknown additive,
tentatively identified as a quaternary amine-type antistatic agent [17],
which makes up as much as 7% of the bulk sample. Nevertheless, this addi­
tive was not readily detected by nuclear magnetic resonance (n.m.r.) and
infrared (i.r.) techniques because of overlapping peaks from other components.
Analysis of a series of different Biomer batches delivered to University of
Utah customers between 1979 and 1985 revealed the additive in all samples
except those obtained in 1982. The batch difference shown here was first
discovered when it was found that the left artificial heart ventricle retrieved
from an implant patient produced a different pyrolysis m.S. pattern than the
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different in profile attribute scores from the control draught beer.) The
specific results were:

Multi-1 Index
DI
8.3

Filled
8.3

ICG
8.0

Finished
7.8

MSD
4.3

The different results for the DI and ICG cans indicate that in-process heating
may have destroyed some of the volatile, flavorful chemicals, because the
ICG and finished cans have gone through the decorating and heating steps.
No significant effects were indicated between cans kept at room temperature
and those heated at 1210 C for 15 min.

Another significant and unexpected finding was that the normal washer
condition produced significantly lower scoring cans than either the high or
low washer conditions. These results suggest that there is no advantage to
higher levels of acid frequently used or additional secondary treatment. Cans
produced from the six coils did not differ significantly at the 95% level of
confidence. In addition, it could be concluded that coil flavor did not predict
can flavor.

Chemical analysis
Early in this program, a series of "different" coil samples (i.e., samples

with varying levels of impact on draught beer) were identified. These samples
were then used to screen a wide variety of chemical techniques for their
general utility in differentiating "good" samples from "bad" (in terms of
their flavor impact). Throughout the program effort, flavor panel results
were used to guide the analytical team by defining the most useful and
meaningful samples for laboratory study. The techniques initially studied for
applicability to coil stock and cans included some general screening approaches
as well as analyses for specific components and types of compounds. For
example, coil stock samples were examined by a variety of direct optical
techniques, such as ultraviolet (u.v.) reflectance, infrared (i.r.) reflectance,
thermal imaging, and fluorescence. Data obtained from all but the infrared
approach were inconclusive.

Infrared attenuated total reflectance spectrometry [2] initially appeared
to be useful. Organic material could be detected on the coil surfaces, although
it was not uniformly distributed on a coil, i.e., the spectra obtained from
samples at the beginning of a coil differed from those taken at the end. Table
3 shows typical ranges for such direct i.r. observations.

The possible evolution of volatile organic compounds was studied by
headspace gas chromatography. Although the results obtained initially
appeared promising, upon further testing it became evident that high can-to­
can variability precluded meaningful interpretation of results obtained on
single cans.

In order to determine the residual organic compounds by other analytical
methods, extraction techniques were developed for the efficient removal of
those materials from the metal surface. Two analytical methods appeared to
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Fig. 3. Recorded peaks corresponding to ten repeated analyses of a steel sample containing
0.072% (wjw) soluble aluminium. Electrolysis conditions: 10 s, 200 mA.

Fig. 4. Effect of the electrolysis time. Peaks a, b, c and d correspond to electrolysis for 5,
10, 15, and 20 s, respectively, with a current of 200 mAo Soluble aluminium content was
0.072% (wjw). The hollow arrow indicates the instant of commutation and initiation of
electrolysis. The small arrows indicate the times of commutation to direct the reverse
wash flow through the debubbling well.

situation is approximated. With 10 s of electrolysis and a 200-mA current, the
peak heights were in the range of the spectrophotometric method. The simpler
flow-injection system without commutation permits the analysis of about 20
samples per hour.

The time required for each determination was reduced to 1.5 min by using
the commutator. The decreased wash-out time emphasized in Fig. 5 is mainly
due to the diminished mean sample residence time in the debubbling well
caused by the addition of the intermittent reverse flow. It should be noted
that the sample insertion is better accomplished when the commutator is in
the position associated with the intermittent flow addition. In this position,
the possibility of any aluminium contamination reaching the analytical mani­
fold is diminished.

The proposed system is quite stable. After a full B-h working period, no
baseline drift was observed and only slight variations (less than 5%) were noted
in the coefficients of the calibration equation. Beer's law was not obeyed, a
second-order calibration equation being used. For N = 5, the regression
coefficient was always better than 0.999. No aluminium concentration gra­
dients were detected in the samples; this was confirmed by parallel experi­
ments involving successive electrolysis of the same sample, both in the same
geometry or covering the entire polished surface. The accuracy of the proposed
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