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ABSTRACT
Chemical recycling of polystyrene (PS) by high-temperature pyrolysis can recover styrene monomer, but conventional processes

require substantial energy input and generate complex, nonrecyclable byproducts. Here, we report an additive-free continuous-

flow depolymerization of PS using localized microwave (MW) heating. A toluene solution of PS was passed through a quartz

cartridge packed with spherical activated carbon beads (CBs), which concentrate MW energy and create a confined high-

temperature reaction zone. Using a temperature-controlled single-mode MW reactor, the effects of backpressure and feed delivery

were examined with reagent-grade PS and postconsumer PS products, including takeout trays and containers. Backpressure was

found to be essential for stable styrene production. Without backpressure, channel occlusion occurred and the styrene yield

reached only 19% after 4 h, whereas 0.5 MPa backpressure enabled 70%–76% styrene yield after 24 h. Postconsumer PS feeds also

afforded 67%–76% styrene yield, comparable to reagent-grade PS. The coproducts were mainly limited to dimers and trimers,

supporting distillative styrene recovery. This cartridge-based MW-flow system provides a simple route for direct styrene recovery

from diverse PS waste streams under low-power, localized heating conditions.

1 | Introduction

Polystyrene (PS) is widely used in packaging and constitutes a nota-
ble fraction of plastic waste streams; however, closed-loop mechan-
ical recycling is often challenging because aging and reprocessing
can deteriorate the appearance and mechanical performance,
while contamination and legacy additives further compromise
recyclate quality [1–11]. The chemical recycling of styrene by
high-temperature electric furnace pyrolysis has been demonstrated
to be a viable method for monomer recovery. However, steep
temperature gradients can promote undesirable processes, such
as overcracking and char formation. Consequently, the reported
monomer recovery typically plateaus at approximately 60 wt%,
necessitating downstream distillation for further processing

[12–17]. Photothermal depolymerization using carbon black under
concentrated sunlight has emerged as a promising alternative to
conventional pyrolysis. Although this process demonstrates opera-
tional attractiveness, the reported conversions vary significantly
(approximately 30%–80%) and remain sensitive to the feed compo-
sition [18]. More broadly, recent advances in plastic waste recycling
and upcycling encompass diverse thermal and heterogeneous
catalytic strategies, including photothermal, Joule heating, and
microwave-assisted processes, highlighting the growing interest
in alternative modes of energy delivery for efficient polymer con-
version [19].

Microwave (MW) heating offers the advantages of compactness
and rapid, on-demand energy delivery. In MW-assisted
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chemistry, powdered activated carbon (AC) is a prevalent suscep-
tor; nevertheless, close particle–particle contacts can induce
microarc discharges (“sparking”) under fixed-frequency irradia-
tion, eroding the AC surface and abruptly terminating absorption,
thereby complicating reproducibility and scaling up [20–23].
To address this issue, powdered AC was molded into spherical
beads (CBs) with a diameter of approximately 0.3 mm as a fixed
bed, and platinum-supported CBs (Pt/CBs) were used as the cata-
lyst. This method combines theMW-susceptor role of the CBs with
Pt catalytic sites. In this configuration, the desired outcomes of
continuous hydrogen abstraction, cyclization, and hydrogenation
were achieved under MW irradiation [24–27]. Subsequent experi-
mentation based on the aforementioned platform presented a low-
power, continuous-flow route to depolymerize PS solutions and
recover the styrenemonomer in a selective and locally MW-heated
CB cartridge. As illustrated schematically in Figure 1, a metal-free
CB fixed bed concentrates the MW energy within the beads, cre-
ating a confined hot zone (>300 °C) at <35W. The systematic vari-
ation in backpressure delineates a practical operating window that
reproducibly increases styrene monomer formation without high
MW power and enables uninterrupted operation. The method was
found to accommodate reagent-grade to postconsumer PS after
simple preparation, which included the removal of non-PS parts
(labels/adhesives), identification as PS, and dissolution into tolu-
ene with filtration of insoluble parts as needed and did not require

deashing, additive extraction, chemical cleaning, or thermal pre-
treatment. Notably, the nonstyrene monomer fraction displays
a narrow coproduct slate, predominantly composed of styrene
dimers and trimers. This characteristic facilitates the distillative
purification of styrene monomers, thereby retaining carbon in
oligomers that are conducive to subsequent conversion pro-
cesses. Collectively, these results define a cartridge-based
approach that pairs MW heating with a continuous flow for
monomer recovery from diverse PS streams and motivate fur-
ther studies on solvent recycling, energy-intensity metrics,
and valorization of the oligomer fraction.

2 | Results and Discussion

2.1 | Effect of Backpressure

To perform a preliminary assessment of backpressure in
continuous-flow PS depolymerization, a CB-packed quartz car-
tridge (i.d.: 4.6 mm, length: 10mm, and CBs: 80mg) was used
under MW-irradiated conditions. A solution of PS (1a,
Mw� 2.6 × 105; 0.05 M in toluene based on styrene monomer)
was introduced at 0.5 mLmin−1, while the CB surface tempera-
ture was maintained at 350 °C by closed-loop MW power control
(≤35W; IR thermography feedback). The yield of styrene mono-
mer (2) is reported as a percentage of the GC yield and quantified
by GC-FID using tetralin as the internal standard. The PS feed
concentration (0.05M) was established on a styrene-unit basis.

At an initial pressure of 0MPa, the toluene underwent partial
vaporization on the CB bed, resulting in the precipitation of
1a and the subsequent clogging of the narrow flow channel
(Figure 2). During the uninterrupted-flow interval, the profile
attained 19% of 2 after 4 h.

To more precisely determine the pressure required for stable
and efficient operation, additional experiments were conducted
at 0.1 and 0.3 MPa. Although continuous operation was main-
tained under these conditions, the styrene yields remained rel-
atively low and reached only 35% and 38%, respectively, after
12 h. In contrast, increasing the backpressure to 0.5 MPa pro-
duced a pronounced increase in styrene formation, affording
74% of 2 after 12 h.

Further increases in backpressure to 1.0 and 1.5 MPa afforded
comparable yields of 71% and 70%, respectively, at 12 h. Thus,
a clear increase in styrene formation was observed between
0.3 and 0.5MPa, whereas no further improvement was obtained
above 0.5 MPa. These results indicate that 0.5 MPa represents a
practical threshold for the present flow system rather than an
intrinsic optimum pressure for PS depolymerization.

We therefore attribute the effect of backpressure primarily to sta-
bilization of the solvent/feed state within and immediately
upstream of the locally heated CB bed. At insufficient backpres-
sure, local vaporization of toluene can decrease liquid holdup
and effective contact of the dissolved PS feed with the heated
CB bed and, in the limiting case of 0MPa, induce PS precipitation
and channel clogging. Once a backpressure of 0.5 MPa is applied,
these effects are sufficiently suppressed to maintain efficient and

FIGURE 1 | Localized concentration effect of microwave energy on

spherical activated carbon beads (CBs) and an overview of this study.

Top: The CBs (average particle diameter: 0.50± 0.05mm) enclosed within

the quartz cartridge selectively absorb MW and, as demonstrated in the

thermographic images, generate a localized high-temperature reaction

field (300 °C or higher) even under MW irradiation of 35W or less within

the flow channel. A conceptual diagram of the CB cartridge utilized in

this study. PS solutions from reagent-grade and postconsumer sources are

processed in a continuous flow without additives to recover styrene. The

recovery process has been demonstrated to achieve up to 76% efficiency,

with a relatively small amount and a narrow slate of byproducts domi-

nated by styrene dimers/trimers.
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uninterrupted feed delivery. The absence of a systematic pressure
dependence above 0.5MPa provides no indication that further
pressurization significantly alters the intrinsic depolymerization
pathway under the present conditions. Accordingly, 0.5 MPa was
employed as the minimum practical backpressure for subsequent
experiments (Figure 3).

2.2 | Scope of Substrate for the Continuous-Flow
Depolymerization of Polystyrene

In order to assess the versatility of the feedstock, in addition to 1a,
we examined reagent-grade PS (Mw� 1.2 × 105; 1b), a takeout
food tray labeled “PS” (Mw� 3.2 × 105; 1c), and an expanded
PS container (Mw� 4.6 × 105; 1d) after simple preparation (label
removal, cutting, and dissolution). To better define the nature of
these postconsumer feedstocks, samples 1a–1d were character-
ized by ATR-FTIR spectroscopy, thermal analysis, elemental
analysis, and GPC (see Section S4). The ATR-FTIR spectra of
1c and 1d exhibited the characteristic absorption bands of PS,
while thermogravimetric analysis showed broadly similar major
high-temperature weight-loss behavior for all four feedstocks.
Elemental analysis further revealed differences among the feed-
stocks; in particular, 1c showed lower carbon and hydrogen con-
tents (C, 89.61 wt% and H, 7.37wt%) than reagent-grade PS,
whereas 1d (C, 92.07 wt% and H, 7.75 wt%) was close to the theo-
retical composition of PS. Together with the thermal analysis and
GPC results, these data confirm that 1c and 1d are PS-based post-
consumer materials while also revealing feedstock-dependent

compositional and molecular-weight differences. Quantification
was performed via GC-FID with tetralin as the internal standard.
Unless otherwise noted, the values described below correspond
to the product composition and GC yield determined for the reac-
tion mixture sampled at the 24 h time point and do not represent
the cumulative isolated yield of products collected over the entire
24 h operation. Two different metrics are presented in Figure 3.
Figure 3A shows the GC-FID yield of styrene 2, whereas
Figure 3B shows the relative product distribution of the con-
densed organics normalized such that the sum of products 2–5
equals 100%.

At the 24 h time point, the GC-FID yields of 2 were 73%, 75%,
67%, and 76% for 1a–1d, respectively (Figure 3A). The normal-
ized product compositions are shown in Figure 3B. In all cases,
styrene 2 was the major component of the condensed products,
while α-methylstyrene 3, styrene dimer 4, and styrene trimer 5
accounted for the remaining identified products. Thus, the post-
consumer PS samples 1c and 1d afforded styrene yields compa-
rable to those obtained from reagent-grade PS samples 1a and 1b
while maintaining a similarly narrow coproduct distribution.
These data suggest that, within the current operating range, a
product equivalent to reagent-grade styrene monomer can be
obtained from spent PS. Furthermore, byproducts consisting pri-
marily of relatively small amounts (35% or less) of the styrene
dimer simplify the styrene monomer purification process (distil-
lation of the toluene/2 stream) while providing low-molecular-
weight substances suitable for further chemical transformation
as organic synthesis intermediates.

2.3 | Reusability and Stability of CBs

The spherical AC used throughout this study was A-BAC MP
(Kureha Corp.), a petroleum-pitch-derived, binder-free spherical
AC employed as the MW-absorbing material. According to the
manufacturer, A-BAC MP has an average particle diameter of
0.50± 0.05 mm, and representative properties of the BAC prod-
uct family include a BET surface area of 1100–1300m2 g−1 and an
ash content of ≤0.05%. The reusability of the CBs was evaluated
over three consecutive 24 h runs under the standard conditions
(Table 1). The styrene yields at 24 h were maintained at 75%, 75%,
and 72% in the first, second, and third runs, respectively, indicat-
ing no substantial loss of performance upon reuse. SEM analysis
of the CBs after 24 h of operation showed that the spherical mor-
phology was largely retained, although localized surface deposits
were observed. Elemental analysis revealed an increase in the
hydrogen content from 0.26 wt% for the fresh CBs to 1.18 wt%
for the spent CBs. Consistently, thermogravimetric analysis of
the spent CBs showed a greater weight loss than that of the fresh
CBs, together with a distinct thermal event at approximately
252 °C. These observations are consistent with the deposition
of hydrogen-containing organic species derived from the reaction
on the CB surface. The resonance frequency of the CB-packed
bed showed only a negligible change from 2437.2 MHz before
use to 2437.0MHz after 24 h of operation. Overall, although
localized surface deposition occurred during operation, no pro-
nounced deactivation or macroscopic structural deterioration
of the CBs was observed under the present conditions (see
Section S5, Figures S10–S13, and Tables S5 and S6).

FIGURE 2 | Effect of backpressure on the formation of styrene (2)

from polystyrene 1a under continuous-flow conditions. In the absence

of backpressure, partial solvent vaporization at the CB-bed inlet induced

PS precipitation and eventual channel clogging. At 0.1 and 0.3MPa, con-

tinuous operation was maintained, but the styrene yields remained 35%

and 38%, respectively, at 12 h. Increasing the backpressure to 0.5 MPa

markedly increased the styrene yield to 74% at 12 h, whereas further

increases to 1.0 and 1.5MPa afforded comparable yields of 71% and

70%, respectively. These results identify 0.5 MPa as the minimum practi-

cal backpressure for high-yielding and stable operation under the present

conditions.
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2.4 | Role of CBs and MW Heating

Control experiments were performed to clarify whether the CBs
participate directly in PS depolymerization or primarily serve as a
MW-absorbing heating medium. Variation of the A-BAC particle

size grade (SP, MP, and LP) and HCl pretreatment of A-BAC MP
produced no substantial change in the styrene yield under MW
conditions. Moreover, under conventional electric-furnace heat-
ing at 350 °C, similarly low styrene yields were obtained irrespec-
tive of the presence or type of bed material. Increasing the
furnace temperature to 500 °C markedly increased the styrene
yield to 63%, approaching the 67% yield obtained with the
MW–CB system at 350 °C. These observations indicate that PS
depolymerization is predominantly thermally driven and that
a major catalytic contribution from the carbon surface is
unlikely. Rather, the spherical CBs primarily serve as a MW-
absorbing heating medium that provides an effective localized
heating environment under MW irradiation (see Section S6
and Tables S7–S9).

2.5 | Proposed Reaction Mechanism

To examine whether nonvolatile components in the effluent
remain convertible to 2, the postreaction liquid from a 24 h stan-
dard run (with 1b at 0.5MPa, CB surface 350 °C, 0.5 mLmin−1,
and 0.05M in toluene) was concentrated under reduced pressure

FIGURE 3 | The substrate composition ratios determined at the 24 h time point for the reaction of 1a–1d. Data were obtained from the condensed

organic fraction collected at the 24 h time point and do not represent cumulative yields over the entire 24 h operation. (A) GC-FID yield of styrene 2

determined using tetralin as an internal standard. (B) Product composition of the condensed organic fraction, calculated by normalizing the GC-FID-

determined amounts of products 2–5 such that Σ(2–5)= 100%.

TABLE 1 | Reusability of CBs in the continuous-flow

depolymerization of polystyrene 1b.

Run GC-FID yield, %a (2:3:4:5)

1st 75:3:8:21

2nd 75:2:3:11

3rd 72:2:3:11
aGC-FID yields at 24 h was determined by GC-FID using tetralin as an
internal standard.
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to remove toluene and 2. To evaluate whether the major identi-
fied products could undergo further conversion under the reac-
tion conditions, the reactivity of isolated 2 (styrene monomer), 4
(styrene dimer), and 5 (styrene trimer) was examined using the
same MW–CB cartridge under otherwise identical conditions.

Figure 4A shows a synopsis of the results derived from the con-
trol experiments. When 2 was supplied, 96% of 2 was detected in
the eluate after a 24 h continuous reaction. However, only trace
amounts of low-boiling-point byproducts were present. When 4
or 5 was supplied, more than 80% of the respective substrate was

recovered, and small amounts of 2 and 3 were detected (GC-FID,
tetralin as an internal standard). These observations indicate that
2, 4, and 5 are relatively stable under the present reaction con-
ditions and are therefore consistent with their accumulation as
major products rather than rapid secondary conversion.

Additional radical-scavenger experiments were performed to
probe the possible involvement of radical intermediates. Under
the standard 6 h conditions, the styrene yield decreased from
67% in the absence of an additive to 45% in the presence of
1,1-diphenylethylene (DPE, 0.5 equiv) and to 33% in the presence

FIGURE 4 | Reactivity of each isolated product and the proposed mechanism. (A) In accordance with standard conditions, the incorporation of 2 led

to a 96% recovery of 2 after a 24 h uninterrupted reaction. When 4 or 5 was introduced, recoveries of 80% or more were achieved in each case, and

cracking was minimal (2 and 3; GC-FID, tetralin internal standard). (B) The proposed pathways under MWheating include random scission, followed by

chain-end unzipping to 2. Intramolecular H-atom transfer (1,7- or 1,5-HAT) during depropagation accounts for 4 and 5, respectively. Notably, within the

confines of the present window, 4 and 5 function as kinetic endpoints.
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of galvinoxyl free radical (0.5 equiv). The product distribution
was also perturbed; for example, the trimer yield increased from
6% to 11% in the presence of DPE. Although unambiguous
radical-trapping adducts were not detected by mass spectrome-
try, the pronounced suppression of styrene formation by two dif-
ferent radical scavengers is consistent with the involvement of
radical intermediates in the depolymerization network (see
Section S7 and Table S10).

In light of these controls and considering the prior precedent for
PS depolymerization, Figure 4B delineates a plausible working
hypothesis: random backbone scission followed by chain-end
unzipping to 2 [28, 29], with intramolecular H-atom transfer
(1,7-/1,5-HAT) during depolymerization accounting for the for-
mation of 4 and 5 [30, 31]. The restricted coproduct distribution,
the persistence of 4 and 5 under matched reaction conditions,
and the perturbation of the product distribution by radical scav-
engers are consistent with a radical-mediated depolymerization
pathway involving chain scission, unzipping, and H-atom trans-
fer. However, because the trapping adducts could not be directly
identified under the present high-temperature conditions,
Figure 4B should be regarded as a mechanistic model consistent
with the available experimental evidence rather than a definitive
elementary-step mechanism. Direct characterization of transient
intermediates by time-resolved and/or in situ methods will be
required for further mechanistic verification.

3 | Conclusion

A cartridge-based, microwave-driven flow platform was estab-
lished in which a CB-packed bed enabled the continuous depo-
lymerization of PS solutions into styrene monomers. A notable
feature of this MW cartridge is its absorption of MW energy
locally, creating a high-temperature zone (300 °C or higher)
exclusively in the CB region at power levels of 35W or less; this
enables efficient depolymerization reactions within a compact
flow channel. A systematic variation of the backpressure was
employed, which revealed a moderate operating window that
reproducibly formed styrene. However, further increases yielded
little additional benefit under otherwise fixed setpoints. This
approach has the capacity to accommodate both reagent-grade
and postconsumer feeds with simple preparation, which involves
the removal of non-PS components, such as paper labels on prod-
ucts, and identity confirmation. Across various feeds, the nonmo-
nomer fraction was characterized by a narrow distribution, with
a predominance of dimers (4) and trimers (5). This configuration
facilitated the distillative purification of 2 and preserved carbon
as a small-molecule byproduct conducive to subsequent conver-
sion processes. The stability and uninterrupted operation of the
system are attributed to localized MW absorption within the CB
bed at low power rather than to bulk resistive heating. The pro-
tocol utilizes standard hardware, straightforward separation (dis-
tillation of the toluene/styrene stream), and a fixed-bed geometry
that can be scaled up by numbering up. These collective features
delineate the innovation and pragmatic efficacy of integrating
CB-mediated localized MW heating effects with a continuous
flow for monomer retrieval from a variety of PS streams.
This integration provides a foundation for subsequent studies,
including solvent recycling, energy-intensity benchmarking,

and valorization of the small-molecule fraction. In addition,
the integration of these processes with downstream repolymeri-
zation is facilitated.

4 | Experimental

4.1 | Instrumentation and Materials

The substrates and solvents were purchased from commercial
sources and used without further purification unless otherwise
noted. 1H NMR and 13C NMR spectra were recorded using
JEOL JNM ECA-500 (500MHz for 1H NMR and 125MHz for
13C NMR) and ECZ-400 (400MHz for 1H NMR and 100MHz
for 13C NMR) spectrometers. CDCl3 was used as the solvent for
the NMRmeasurements. The chemical shifts (d) are expressed in
parts per million and internally referenced (0.00 ppm for tetrame-
thylsilane and 77.0 ppm for CDCl3 in

13C NMR). The continuous-
flow MW reactor (EYELA, MR-2G-100) was developed by Tokyo
Rikakikai Co., Ltd., Tokyo, Japan; see the product URL: https://
eyela.actibookone.com/content/detail?param=eyJjb250ZW50Tn
VtIjoyMTY4MX0=&detailFlg=1&pNo=44. Straight glass and
quartz tubes used as the CB cartridges were obtained from
Saida FDS Inc. and Tokyo Rikakikai Co., Ltd. An LC-20AD
(Shimadzu Co., Kyoto, Japan) was used to flow the reaction solu-
tion. A backpressure regulator (BPR-1000A, EYELA, Tokyo
Rikakikai Co., Ltd.) was used to maintain the system pressure
during the flow reactions. Conventional heating control experi-
ments were performed using an economy tubular electric furnace
(ROM-500P, AS ONE Corp., Japan). The GC-FID analyses were
performed on a SHIMADZU GC-2010 system (Kyoto, Japan)
equipped with a flame ionization detector (FID) and an
InertCap 5 capillary column (0.18 mm i.d., 20 m in length,
0.28 μm df; GL Science, Tokyo, Japan). The spherical AC used as
the standard MW-absorbing material was A-BAC MP (Kureha
Corp., Japan), supplied by N.E. CHEMCAT Co. (Tokyo, Japan).

PS (atactic, flakes; Mw� 1.2 × 105 according to the supplier;
Polysciences, Inc., Warrington, PA, USA; Cat. No. 23637; CAS
registry number 9003-53-6) was utilized in its original state with-
out undergoing additional purification. The supplier has reported
that the polymer has a refractive index of 1.59 and a softening
point of approximately 125 °C. In addition, the polymer is soluble
in toluene, MEK, dioxane, and xylene. PS (atactic, white beads;
averageMw� 2.6 × 105 g mol−1 by GPC; Sigma–Aldrich, Cat. No.
182427; CAS registry number 9003-53-6) was used in its original
state without undergoing additional purification processes.
According to the supplier, the polymer is amorphous, with a
glass-transition temperature of approximately 100 °C, a density
of 1.05 g cm−3, and a refractive index of 1.59. The polymer is sol-
uble in toluene, chloroform, and tetrahydrofuran but insoluble in
alcohol and water.

The spherical activated carbon beads (CBs) used throughout this
study were A-BAC MP (Kureha Corp., Japan; average particle
diameter: 0.50± 0.05 mm, manufacturer-reported representative
value), hereafter referred to as CBs. A-BAC MP, a petroleum-
pitch-derived spherical AC manufactured by Kureha Corp.,
was used as the standard MW susceptor. According to the man-
ufacturer, A-BAC MP has an average particle diameter of
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0.50± 0.05 mm; representative properties of the BAC product
family include a BET surface area of 1100–1300m2 g−1 and an
ash content of ≤0.05%.

4.2 | General Procedure

4.2.1 | Condition A (Figure 2)

The entire flow path was fitted with the CB (80.0 mg)-packed
EYELA reaction tube and filled with toluene. The solvent was
pumped through the reaction tube at a constant flow rate and
temperature under a maximum MW irradiation of 35W for
5 min. A constant back pressure was applied using a backpres-
sure regulator. PS (Mw� 2.6 × 105) 1, dissolved in toluene
(0.05M) and then pumped into the reaction tube for 12 h. The
MW irradiation was stopped, and ethyl acetate/toluene (1/1,
40 mL) or dichloromethane (40 mL) was pumped to further wash
the entire flow path. The whole reaction mixture and washing
solution were collected and analyzed by GC-FID using tetralin
(55.1 μL, 0.4 mmol) as an internal standard.

4.2.2 | Condition B (Figure 3)

The flow system was assembled with an EYELA reaction tube
packed with CBs (CB, 80.0 mg), and the entire flow path was
primed with toluene. Toluene was first pumped through the reac-
tor at the prescribed flow rate and reaction temperature while the
CB bed was irradiated with MWs (maximum output, 35W) for
5 min. A toluene solution of PS feedstock 1a–1d (0.05M based
on the styrene repeating unit) was then introduced into the reac-
tor under constant back pressure and continuously processed for
24 h under MW irradiation. At the 24 h time point, the condensed
organic fraction was sampled and analyzed by GC-FID using tet-
ralin (55.1 μL, 0.40 mmol) as an internal standard to determine
the GC yield of 2. The product composition of the condensed
organics was normalized to Σ= 100% for 2–5. These data repre-
sent the product distribution and GC yield at the 24 h time point
and do not correspond to the cumulative yield of materials col-
lected over the entire 24 h flow operation. After completion of the
run, the flow path was additionally washed with EtOAc/toluene
(1:1, 40mL) and CH2Cl2 (40mL).

4.2.3 | Condition C (Table 1)

The flow system was assembled with an EYELA reaction tube
packed with CBs (CBs, 80.0 mg), and the entire flow path was
primed with toluene. Toluene was first pumped through the reac-
tor at 0.50 mLmin−1 and 350 °C, while the CB bed was irradiated
with MWs (maximum output, 35W) for 5 min. A toluene solu-
tion of PS 1b (0.05 M based on the styrene repeating unit) was
then introduced into the reactor at 0.50 mLmin−1 under a con-
stant backpressure of 0.5MPa and continuously processed for
24 h under MW irradiation. At the 24 h time point, the condensed
organic fraction was collected and analyzed by GC-FID using tet-
ralin as an internal standard to determine the GC yields of 2–5.
The reported yields correspond to the fraction collected at the
24 h time point and do not represent cumulative yields over
the entire 24 h operation. After completion of each run, the flow
path and CB bed were washed with EtOAc/toluene (1:1, 40 mL)
and CH2Cl2 (40 mL), and the same CB bed was subsequently

reused under otherwise identical conditions. This procedure
was repeated for three consecutive 24 h runs.
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