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1. Comparison of earlier reported catalysts for the ROP of e-CL with the composite
catalytic system of APTES-P-h-HNTs-SnCl,

To study the advantages of composite catalytic system, a series of work had been carried out. In our
earlier work, the catalytic activity of HNTs and SnCl,, which were two important components of the
composite catalytic system, on the ROP of e-CL were studied respectively as the control groups.
Subsequently, as the experimental groups, the ROP of -CL catalyzed by the composite catalytic system of APTES-
P-h-HNTs-SnCl, were studied.

As shown in Table S1, HNTs, which had been purified, calcined, and activated by acid or base, had certain
catalytic activity for the ROP of e-CL. The polymerization process was that chain initiation occurred on hydroxyl
groups on the surface of HNTSs, and the active hydrogen on the hydroxyl group attacked C-O bond of -CL to make
the chain grow." 2 The mechanism of the ROP was cationic polymerization. However, the ROP of £-CL catalyzed
solely by HNTs led to the low conversion rate (CR) of e-CL and PCL products of low molecular weights. In
comparison, SnCl,, which was one of the traditional tin-based catalysts for the ROP of e-CL, significantly increased
the conversion rate of &-CL and the molecular weights of PCL products. The mechanism of these ROP was
coordination-insertion polymerization. Finally, the composite catalytic system of APTES-P-h-HNTs-SnCl, was used
as the catalyst. The mechanism of corresponding ROP included cationic polymerization and coordination-insertion
polymerization. Specifically, hydroxyl groups and physically supported SnCl, on the surface of modified HNTs, and
alkoxy-tin generated by the above two active sites reacting with each other led to the ROP of e-CL.3 Because of the
synergistic catalysis of HNTs and SnCl,, as well as the new groups of alkoxy-tin, the catalytic effect of the composite
catalytic system on the ROP of e-CL was better than that of pure HNTs or SnCl,, in terms of the conversion rate of
€-CL, molecular weights and physicochemical properties of PCL products.

Table S1 ROP of e-CL with different catalysts (APHS represents APTES-P-h-HNTs-SnCl,)

M,
n catalyst I/M synthesis process T(°C) t(h) CR(%) (g-mol
Y)
1 HNTs 1wt% HROP 140 24 11.1 -
2 HNTs 1wt% HROP 140 36 27.3 -
3 HNTs 1wt% HROP 140 48 75.7 12094
4 SnCl, 0.1mol% HROP 150 24 85.8 17124
5 SnCl, 0.1mol% HROP 150 36 85.4 30054
6 SnCl, 0.1mol% HROP 150 48 83.2 21947
7 APHS 1wt% HROP 150 24 92.4 28190
8 APHS 1wt% HROP 150 36 89.8 33417
9 APHS 1wt% HROP 150 48 88.5 25466
10 HNTs 1wt% MROP(400W) 250 1 9.8 13935
11 SnCl, 0.1mol% MROP(400W) 250 1 88.8 28669
12 APHS 1wt% MROP(400W) 250 1 93.9 52088

2. The recyclability of APTES-P-h-HNTs-SnCl,



Homogeneous catalyst had high activity and selectivity, but it was difficult to separate from the reaction
system and reuse, so the catalyst cost was high. In contrast, heterogeneous catalysts had the advantage of being
easily separated from the reaction system and could be reused. As a heterogeneous catalyst, the active component
of APTES-P-h-HNTs-SnCl, is SnCl,, and the cocatalyst and support both were modified HNTs. The recyclability of
APTES-P-h-HNTs-SnCl, was studied. The sample used was PCL-HNTs (1wt%), and the specific research process was
to dissolve appropriate amount of PCL-HNTs (1wt%) in dichloromethane and centrifuge them at 10000r/min. The
solid component obtained by centrifugation was dissolved in dichloromethane for the second time and centrifuged
at 10000r/min. Then the solid component obtained by the second centrifugation was then dried and ground. It
was tested by XRD and compared with APTES-P-h-HNTs-SnCl,. As shown in Figure S1, they were the same
substance, that was, the recycled solid component was APTES-P-h-HNTs-SnCl, (cycle 2). The recycle rate (RR) of
APHS obtained by this method was 78.0% (Table S2). Because part of APTES-P-h-HNTs-SnCl, generated alkoxy-tin
in the reaction, and PCL catalyzed by alkoxy-tin was grafted to HNTSs, resulting in the failure of recycling part of
APTES-P-h-HNTs-SnCl, (cycle 1).

As shown in Table S2, using APTES-P-h-HNTs-SnCl, (cycle 2) as the catalyst, the conversion rate of £-CL and
the molecular weight of PCL products were similar to the ROP of €-CL using APTES-P-h-HNTs-SnCl, (cycle 1) as the
catalyst, which proved the excellent recyclability of the heterogeneous catalyst of APTES-P-h-HNTs-SnCl,.
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Figure S1 XRD spectra of APHS(cycle 1,cycle 2) (APHS represents APTES-P-h-HNTs-SnCl,)

Table S2 The recyclability of APTES-P-h-HNTs-SnCl, (APHS represents APTES-P-h-HNTs-SnCl,)
M,

cycle catalyst I/M  synthesis process T(°C) t(h) CR(%) (g'mol- RR(%)
1)

1 APHS 1wt% MROP(400W) 250 1 93.9 52088 78.0

2 APHS 1wt% MROP(400W) 250 1 90.5 56728 72.7
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