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1. Ca2+ doped ZnO

Fig. S1 shows SEM and XRD patterns of different concentration of Ca doping on the basis of
the experimental conditions of ZnO synthesis in this experiment. In the figure, it can be clearly found
that the morphology of ZnO grown on the 3D backbone is quite different from that grown under the
experimental conditions. Due to the hydrophilicity of the backbone itself and the different Ca2+
concentration, an environment conducive to the growth of nanospheres with larger specific surface
area is formed near the skeleton on the basis of the original experimental conditions. It can be seen
from Fig. 1 SEM that the morphology of ZnO crystal changes gradually with the increase of Ca2+
concentration. When the concentration of Ca2+ is more than 10 mol%, the morphology of ZnO
crystal grows from flat to spherical. The XRD pattern shows that with the increase of Ca2+ doping
concentration, the peak of XRD first moved slightly to the lower 20 direction and then gradually
moved to the higher 20 direction. Compared with the XRD peak in the text, it was found that the
XRD peak in the text shifted slightly to the lower 20 direction, and there were indeed Ca2+ mixed
and the concentration was between 1-15 mol%, which was conducive to the formation of small

nanosphere ZnO on the 3D backbone surface.
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Fig.S1. SEM images of ZnO doped with different calcium ion concentrations: (a), (b)0 mol%;
(c), (d)1 mmol%; (e), ()5 mol%; (g), (h)10 mol%; (i)15 mol%; (j)20 mol%; (k) XRD peaks of

different samples.

2. Adsorption kinetics fitting

Several kinetic models were used to study the adsorption mechanism of RhB. They are pseudo-
first-order kinetic model, pseudo-second-order kinetic model and intra-particle diffusion model. The
formulas are as follows:

Pseudo-first-order kinetic model equations: In(g, —q,) =Ing, -kit 3)
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pseudo-second-order kinetic model equations: 9, kq. 4. (4)
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intra-particle diffusion model equations: g, =kyt"+C
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Where qe (mg-g-1) is the adsorption amount of the adsorbent when the solution reaches the
adsorption equilibrium, qt(mg-g-1) is the adsorption amount of the adsorbent at a certain time, and
k1 and k2 are the adsorption equilibrium rate constants. Kid (mg-g-1-h1/2) is the internal diffusion
rate constant at different stages, i is a different stage, and the magnitude of C value reflects the
thickness of the boundary layer.

The pseudo-first-order kinetics usually refers to the kinetics of the reaction rate determined by
only one factor. The pseudo-second-order kinetics assumes that a chemical reaction occurs in the
adsorption process, or that there is electron sharing or electron transfer occurs between the adsorbate
and the adsorbent, which provides the best correlation adsorption mechanism.It can be seen from (a),
(b) in Fig. S2 and Table S1 that the correlation coefficient after fitting the pseudo-second-order
kinetic model is higher than that of the pseudo-first-order kinetic modeland the calculated adsorption
capacity (qe, cal) of the pseudo-second-order model is more consistent with the experimental
adsorption capacity (qe, exp).Therefore, the pseudo second-order kinetic model is more suitable for
the adsorption of RhB by ZnO-ATC and ATC adsorbents. By referring to the literature, it can be
concluded that chemical adsorption is the main process, which is caused by exchange valence and
electron transfer between adsorbate and adsorbent.

In order to further study the adsorption mechanism of RhB by backbone, the adsorption process
of the chemisorbed heterogeneous adsorbent was further explained by intraparticle diffusion. From
fig. S2(c), (d) and 3, it can be seen that the correlation coefficients of the intraparticle diffusion

model are larger than 0.97, which indicates that the intraparticle diffusion model is suitable for the



adsorption process. As can be seen, there are two steps in the curve, the first part represents
instantaneous or external surface adsorption, which is due to high initial RhB concentration and a
large number of active adsorption sites. In the second part, the decrease in the adsorption rate is
considered to be gradually slow adsorption until the equilibrium stage, and the intraparticle diffusion
is further slowed down because the residual RhB concentration in the solution gradually decreases to
a very low level. In addition, the figure does not go through the origin, indicating that the adsorption
process is controlled by multiple adsorption steps, and is divided into three stages. In the first stage,
RhB+ migrates to the surface of the backbone under electrostatic traction. In the second stage, RhB+
moves into the pores and adsorbs to the internal position of the adsorbent, which is called intra-

particle diffusion. In the third stage, RhB diffuses through smaller pores, called inter-particle

diffusion.
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Fig.S2. Fitting curves by (a)the pseudo-first-order,(b)pseudo-second-order and (c)intra-particle diffusion for RhB

adsorption onto different simples



Table.S2. Kinetic parameters for pseudo-first-order, pseudo-second-order models and intra-particle diffusion

qe, Pseudo-first-order Pseudo-second-order Intra-particle diffusion
exp(
Sample mgg ki/(h qe/ R? K (g Qe R? Kig(mg R?  Kyy(mg: R2
n h (mg* g mg! hl)  (mg o1+ h12) gl -h12)
g

Zn-

2248 0.172 1.714 0.997 0.449 2237  0.998 0.578 0.998 0.189 0.941
ATC

ATC 0487 0.101 0.414 0.980 0.168 0.482  0.996 0.094 0.975 - -




