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S1. Species Definition

As described in Section 2.1 of the main text, the present model introduces several lumped
and real species to describe the polymer pyrolysis. The functional groups introduced to
describe high molecular weight species (HMW) are schematically represented in Table S1 for
both polymers.
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The species considered in the present mechanism are functional groups of Nc=21 as HMW,
Ci-Cip as RLMW and C;s, Cai, C3o, C39 as LLMW for a total of 74 species for PE. For PP the
same HMW and RLMW are employed while the LLMW introduced due to the head and tail
configurations are Cy7, Cis, Ci9, Cz6, Ca7, Cas, C3s, C36, and Cs7 resulting in 126 species. The
choice of the considered species affects the model predictions both in terms of mass loss
profiles and product distribution. The division of species in RLMW and LLMW also affects
computational costs as introducing LLMW species also increases the number of radicals. Fig.
S1 shows the comparison of model predictions in terms of mass loss and product distribution
varying the considered species for HDPE at HR=5°C/min. The 1% model has been described
in the main text, while the others differ by the range of distribution lumped as LLMW species
and the number of LLMW species employed (Section 2.1). The 2" model simplifies the
product distribution neglecting reactivity for Nc<12 and evaporation for Nc>36, resulting in
70 species, while the 3™ and 4" model account for an increased range of reactivity although
further reducing the number of species (54 and 42 respectively). The 5™ and 6™ models involve
the highest number of liquid-phase species (162 and 172 respectively) but describe with high
accuracy the reactivity of LLMW products.

The mass loss profile (Fig. Sla) is affected if evaporation of long chains is not considered.
For instance, the 4™ and 5™ models predict a mass loss profiles shifted at higher temperatures
by ~10°C as they do not consider evaporation of chains in the range Cso-Cs9. Considering
evaporation of C30-Css as the 2™ and 3™ models shifts the mass loss profiles closer to the
presented model (C19-Cs2, 4 LLMW). The mass loss profiles of the 3™ model are slightly
delayed compared to the 2™ model because it does not properly account for evaporation of
small species in the Cs-Cs36 range as it introduces only 2 LLMW. Similarly, the 4™ model does
not properly account for the reactivity and evaporation at Nc>Ce.

Considering the product distribution (Fig. S1b-d), all models similarly describe the chain
distribution within a ~20% error margin except for the 3 and 4™ model which significantly
underestimate C¢ formation due to the simplified description of LLMW and their backbiting
reactions. The 5™ and 6™ models are the ones describing the impact of backbiting reactions
with the highest accuracy, as they account also for decomposition of the formed short chains,
but at a significantly higher computational cost. The models with a sharp decrease in predicted
distribution (i.e., 4™ and 5™) are the same ones predicting a mass loss profiles shifted at higher
temperatures.
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Fig. S1. HDPE pyrolysis at HR=5°C/min, predictions of the present model considering a different
number of reactive lumped light molecular weight species (LLMW) to describe different parts of the
distribution. The first carbon number in the model label represents the maximum RLMW, while the
second number represents the minimum HMW. Comparison for: a) predicted mass loss profiles (lines)
with experimental data (Budrugeac, 2010; Ceamanos et al., 2002; Kayacan and Dogan, 2008; Ranzi et
al., 1997) (marks), b) final olefins gas molar fractions, c¢) final paraffins gas molar fractions, d) final
diolefins gas molar fractions.

S2. Model Validation

With respect to Section 4 of the main text, additional validation targets from literature are
reported in the present section. The model performances are compared with the ones from
Faravelli et al. (1999) and experimental data employing the Curve Matching (CM) Score as
quantification (Pelucchi et al.,, 2019). Because of the different x-scales, physical
interpretations, and way data are reported, CM scores from dynamic and isothermal runs
cannot be compared in an absolute value. Indeed, while for dynamic experiment a CM<0.9 is
unsatisfactory, in isothermal runs CM>0.85 represents good agreement. Fig. S2 shows the
comparison of mass loss profile for HDPE and LDPE at different operating conditions. For
non-isothermal conditions (Fig. S2a-c), the lumped model predictions agree with both the
model of Faravelli et al. (1999) and experimental data with an error <10°C in terms of
temperature. The only exception are experiments at heating rate (HR) 50°C/min and
experiments of Kumar and Singh (2011) which exhibit significantly different behaviors that
neither model can predict. The proposed model underestimates the onset temperature at low
pressure by ~20°C (Fig. S2c) which is possibly due to overestimation of bubble pressure
(Section 3 and 5 of the main text). In general, for dynamic conditions the models have similar
Curve Matching scores representing comparable quality in model predictions. Considering
isothermal conditions (Fig. S2d-f), the lumped model is in line with the model of Faravelli et
al. (1999) but predicts a higher apparent activation energy compared to experimental data.
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Indeed, at low temperatures the models predict a lower reactivity compared to experimental
data, while the predicted reactivity is higher at higher temperatures. With respect to Fig. S2f,
neither model is able to describe the measured mass-loss profiles, as highlighted by the null
CM score. Indeed, the authors measure considerable formation of char which is in contrast
with other studies (Dogu et al., 2021; Faravelli et al., 1999; Poutsma, 2003) and not accounted
for by the models, which may explain the lower reactivity at high conversions. Fig. S2g-h
show model predictions for LDPE at 10° mmHg and different isothermal conditions. As with
Fig. S2c, the proposed model is not able to properly describe evaporation, possibly due to
evaporation of chains with N¢>42 or high bubble pressures. Nevertheless, increasing
temperature (Fig. S2h), the agreement of model predictions with experimental data improves
considerably. The differences between samples at the same nominal temperature is due both
to different molecular weights and different real operating temperatures reported by Jellinek
et al. (1949). As discussed in Section 5 of the main text, the proposed model has a low
sensitivity to the initial average molecular weight as the model from Faravelli et al. (1999),
while experimental data have a slightly stronger effect. In general, both models predict a
higher effect of temperature than initial molecular weight while experimental data measure
similar reactivities as observed considering the differences between the 412°C 23k MW and
400°C 16k MW (blue and green lines in Fig. S2h),
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Fig. S2. Mass loss profiles of PE at various operating conditions for: a-f) HDPE, gh) LDPE.
Comparison of the present model (solid lines), the model from (Faravelli et al., 1999) (dashed lines),
and experimental data (symbols) from (Aboulkas et al., 2010; Al-Salem and Lettieri, 2010; Anderson
and Freeman, 1961; Budrugeac, 2010; Ceamanos et al., 2002; Jellinek, 1949; Kayacan and Dogan,
2008; Khaghanikavkani et al., 2011; Kumar and Singh, 2011; Ranzi et al., 1997; Rychly and Rychla,
1989; Sezgi et al., 1998)

Fig. S3 shows the predicted mass loss profiles for PP at different operating conditions.
Considering dynamic conditions (Fig. S3a-d), the present model predicts a higher apparent
activation energy with respect to experimental data, but lower than the detailed model of
Faravelli et al. (1999) because of the different kinetic constants employed. Indeed, while it
overestimates the experimental onset temperature by ~10°C, it underpredicts the final
experimental decomposition temperature by ~5°C. With respect to isothermal conditions
(Fig. S3e-f), the models predict different apparent activation energies and different
reactivities. Indeed, as highlighted by the CM score, according to the experimental conditions
one model appears better than the other, but overall they exhibit similar behaviours. Fig. S3f
shows the comparison between APP and IPP in terms of both model predictions and
experimental data. For both APP and IPP the model underestimates the experimental low
temperature reactivity. Nevertheless, the model agrees with experimental data of Fig. S3e
which are in the same temperature range of Fig. S3f. The model requires also further
validation at non-atmospheric pressure conditions.
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Fig. S3. Mass loss profiles of PP at various operating conditions for: a-d) IPP, e¢) APP and IPP.
Comparison of the present model (solid lines), the model from (Faravelli et al., 1999) (dashed lines),
and experimental data (symbols) from (Aboulkas et al., 2010, 2007; Azizi et al., 2017; Ballice and
Reimert, 2002; Das and Tiwari, 2018; Dawood and Miura, 2001; Kiang et al., 1980; Kim and Kim,
2004; Kiran and Gillham, 1976; Marcilla et al., 2003; Ranzi et al., 1997; Rychly and Rychla, 1989;
Sogancioglu et al., 2020; Sousa Pessoa De Amorim et al., 1982; Wu et al., 2015)

The model has been also assessed with experimental data on product distribution. However,
as discussed in Section 2.2. of the main text, the model inevitably predicts a paraffin, olefin,
diolefin molar ratio of 0.25:0.5:0.25 satisfying the hydrogen balance. On the other hand,
experimental results predict equimolar amounts of paraffins, and olefins as discussed by
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Poutsma (2003). Fig. S4 show the comparison of the gaseous products normalized molar
fraction for PP and PE at different operating conditions. The model correctly describes the
spiked product distribution of PP, except for experimental data of Kim and Kim (2004) (Fig.
S4a-c) which exhibit different peaks. The model predicts preferential release of Co and Cs
hydrocarbons due to 1-5 backbiting reactions consistently with the other experimental data,
while Cg forms from 1-4 backbiting which however is favored only at temperatures >700°C.
Considering experiments of Kiang et al. (1980) (Fig. S4d-f), the simplified approach
introduced to model tacticity does not introduce any product selectivity for APP and IPP. The
model shows good agreement with predictions of the model and experimental data of Kruse
et al. (2003) (Fig. S4g-1) for both paraffins and olefins distribution, although it underestimates
Cg paraffin, possibly due to the high selectivity towards Cs paraffin. As mentioned in Section
4 of the main text, the authors also report data on dialkenes which the present model
significantly overpredicts and are not reported in the present work. Furthermore, while the
model correctly describes the product selectivity, compared to the model of Kruse et al. (2003)
it overestimates mass loss profiles as it also predicts the release of species with a higher carbon
number. Fig. S4m-n shows comparison of model predictions with experimental data on
paraffin formation at high temperatures for PE. As with APP, the model does not introduce
any selectivity towards branched or linear products from PE pyrolysis but is nevertheless able
to describe the total carbon distribution (Fig. S4m). Considering the effect at increasing
temperatures (Fig. S4n), the model predicts similar distributions for the three cases, although
the model predicts that unzipping, leading to C, formation, becomes dominant at 920 °C. The
model does not describe the experimental increase in Cs formation since it forms from allyl
reactions which are favored at low temperatures.
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Fig. S4. Gas mole fractions normalized on the shown products for: a-1) IPP and APP, m,n) HDPE and
LDPE. Comparison of the present model (solid lines), the model of Kruse et al. (Kruse et al., 2003)
(dashed lines), and experimental data (symbols) from (Kiang et al., 1980; Kim and Kim, 2004; Kruse
et al., 2003; Michajlov et al., 1968)
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