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High coke deposition resistance by Cr®" loading on zeolite defects:
reduced regeneration in low-density polyethylene cracking
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Theincrease in plastic waste has induced critical
environmental problems, thereby plastic waste
should be managed better than ever. Chemical
recycling (CR) hasrecently been considered as
an attractive candidate to solve this problem'. In
CR, plastic wastes can be converted into valuable
products (e.g., monomers or petrochemical
feedstocks). Recently, there has been much
research on the catalytic cracking of polymers
using zeolites. However, the deactivation of
zeolites due to coke deposition is a serious problem.
Although significant efforts have been devoted
toward coking inhibition, the previous methods are
not suitable for polymer cracking. Therefore, new
approaches are needed to inhibit coke deposition
without degrading catalytic performance.
Recently, it has been reported that Cr¢*
connected tosilanol groups in zeolites is stable
and promotes the dehydrogenation of light
alkanes?. Since many alkanes are produced in the
catalytic cracking of polyolefins, these alkanes are
considered dehydrogenated during the reaction.

Moreover, aromatics, which are coke precursors,
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are decomposed via hydrogenation on acid sites
of the zeolite. Therefore, hydrogen is generated
from the alkanes in the product at the Cr®" sites,
and the hydrogenation and decomposition of the
coke precursor at the zeolite acid sites are thought
to have inhibited coke deposition. In this study,
Beta zeolite was doped with Cr®", and the effect of
the synthesized catalysts on coke inhibition was
examined by the catalytic cracking of low-density
polyethylene (LDPE).

We prepared Cr/Beta(x) samples at a mass ratio
of Cr/Beta=x/100 (x=0.1,0.5,1,5,and 10) by the
impregnation method.

UV-Vis spectroscopy was conducted to
investigate the valency of Crspecies in zeolites.
The absorption band derived from Cr** was only
detected for Cr/Beta(5) and Cr/Beta(10), indicating
the presence of Cr,Os. Moreover, the peaks derived
from Cr® were detected for all Cr-loaded samples.
We conducted FT-IR spectroscopy to investigate
the detailed chemical states of the Cr®" species.
The Cr/Beta samples showed peaks attributed to
the Si-O-Cr®" vibration. Moreover, the weak band
assigned to the Cr-O or Cr=0 vibration in the Cr¢
species was observed. Thermogravimetric (TG)
curves for the catalytic cracking of LDPE under N,
flow at a heating rate of 5 K min™ were measured to

investigate the catalytic performance of Cr/Beta.

The decomposition temperature increased slightly
when the Crloading was higher than 5 wt.%, but
the Crloading did notsignificantly decrease the
catalytic activity of Beta zeolite.

In the reaction, Cr® species connected to
silanol groups performed as a catalyst for
the dehydrogenation of light alkanes in the
products, and aromatics were decomposed
via hydrogenation at the zeolite acid sites. In
the ethane dehydrogenation reaction, Cr/Beta
generated H, atalower temperature than pristine
Beta. And it was confirmed that coke precursor was
decomposed at zeolite acid sites by using toluene
and cyclohexane. Therefore, the synergetic effect
of the H, generation by Cr®" and the decomposition
of coke precursor by zeolite acid sites led to coking
inhibition. As aresult, it was possible torecycle
the obtained catalysts several times without
regeneration during the catalytic cracking of

LDPE.
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