Influence of the temperature rise time
on pyrograms in analytical pyrolysis
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is not widely recognised that the time it takes to reach the equilibrium temperature of the pyro- —e | L pyrolysis. This is illustrated in figure 5, which

lyzer, the temperature rise time, can have a significant impact on the actual pyrolysis tempera- OO —_— shows a calculation of the mean pyrolysis tem-

ture of the sample, and thus on the pyrolysis results. The temperature rise time must be small in perature as a function of the equilibrium tem-

relation to the half-decomposition time in order to reach the intended pyrolysis temperature. perature of the pyrolyzer for different tempera-

mean pyrolysis temperature [ ° C]

Furthermore, with a cooling off time of the same order of magnitude it is possible to halt the wi o ture ramps. At low temperatures the actual py-

pyrolysis, and the same sample can then be pyrolyzed again. This is the foundation of the : : rolysis temperature will be equal to the equilib-
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methods of fractionated and sequential pyrolysis, as well as pyrotomy [2]. S . e o i rium temperature. However, if the temperature

equilibirum temperature [°C]

increase is slow, the sample will be pyrolyzed

. . Figure 5. Mean pyrolysis temperatures for degra- completely before reaching the equilibrium
I n ﬂ u e n C e Of te m p e ra t u re rl S e 'L_I m e dation of POM for different temperature ramps. temperature. In general the temperature de-
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: . : .1 . . . iven temperature ramp is unknown. For slow ramps the actual pyrolysis temperature will re-
rhenius equation. This means that it is linear in a logarithmic scale versus the inverse of the 5 P P P PYIOY P

temperature, see figure 1. The formation rate of monomers at different pyrolysis temperatures main uncertain. In order to have well-defined
was determined experimentally for five polymers with a Pyrola pyrolyzer [1]. 10— Besracation of POM: pyrolysatime a5 » uncton oftemperature ram pyrolysis conditions it is important to have
| | | a very short temperature rise time.
rec) Alternatively the degradation rate may be ,
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perature ramp. The peak width is defined as the 5, where the pyrolysis temperature can be read.

time it takes to pyrolyze 95% of the sample.
Figure 1. Arrhenius plot of pyrolysis of 5 polymers: PTFE = poly(tetrafluoroethylene), POT = poly(octylthiopene),

POM = poly(oxymethylene), PMMA = poly(methyl methacrylate), PaMS = poly(a-methylstyrene). Formation of mono-
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The temperatures during a pyrolysis may be de-

, , o ) A lacquer of polyurethane-vinyl hybride polymer was pyrolyzed with different temperature time

scribed by a temperature time profile, see figure 2. 3 Temperature ramp q PO y .y POy py. y _ P .
y profiles, see figure 7. The upper diagram shows the fractionated pyrolysis of the same piece of
The temperature starts at a chamber temperature, ¢ —
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, et e sample at 200, 400 and 600 °C. The lower diagram shows the pyrolysis of four different samples:
increases to the equilibrium temperature. The
time it takes is called the temperature rise time.
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Figure 2. Temperature time profile. Typical values for

GC: Varian 3800
Pyrola is 8 ms temperature rise time, 2 s pyrolysis.
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MS: Varian 4000
Column: DB5 30.025

The influence of the temperature rise time may be investigated by a numerical experiment, with

the following assumptions:

Column temp:

40°C (2)-320° (25°C/min)

.. : 0 1 2 35 4 5 6 78 9 10 11 12 13 1
. The pyrolysis is a first-order reaction.

30 — ,

ramp 40 (11°/5) | Carrier gas: He
ramp 16s (27°/s)

. The reaction rates given by the Arrhenius equation are valid for all temperatures.
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. The temperature is the same in the whole sample and follows a given temperature time pro- Flow: 1 ml/min

file.

The thermal degradation is calculated by solving the first-order differential equation.
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Chamber temp: 175 °C
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The result of a calculation for pyrolysis of POM, poly(oxymethylene), is shown in figure 3. An
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isothermal pyrolysis with 8 ms temperature rise time is compared to three temperature ramps.

o

The temperature and the formation of pyrolysis products are shown in the same diagram. Retention time [minutes]

Two effects may be observed: With the slower temperature ramps the sample is pyrolysed before | . | | | L | ,
Figure 7. Pyrolysisis of lacquer sample. Upper diagram: fractionated pyrolysis of one sample (8ms rise time, 2s pyrolysis). Lower di-

the equlllbrlum temperature 1s reached. A slower ramp also has the consequence that agram: four samples pyrolyzed: isothermal (8ms rise time, 2s pyrolysis) and temperature ramps 175-600 °Cat 16s, 41 s and 71 s.

the pyrolysis products are formed at a lower intensity over a longer period of time, making the

peaks wider. isothermal pyrolysis with 8 ms rise time, and three different temperature ramps to 600 °C. The
: : . . fractionated pyrolysis shows the volatile components at 200 °C, and separates the fractions at
Experimental results with the same temperature time profiles are shown in figure 4, although PYTOty P P

ot & E(EFerent: sammpie dham fin Haume 3, pyelss of a Laee e The euliput fem e [mess Spee higher temperatures compared to the isothermal pyrolysis. The ramps show a delay and widen-

i (T0) it widerand lovwaras predierd by dhe dhaoratie sl ing of the early peaks, see also figure 4. There are some additional peaks, such as at 8.2 minutes,

that may be secondary effects.
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500/ The temperature rise time will influence the actual pyrolysis temperature of the sample, and

200} = may be as important as the equilibrium temperature of the pyrolyzer. Long rise times will give

2 ool e 5779 | g 15 e . undefined pyrolysis temperature and broader peaks, whereas a short rise time and cooling off
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oL . | " 10| i time will make advanced pyrolysis techniques such as fractionated pyrolysis possible.
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