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1 Materials and Methods
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Fig. S1 Setup employed in present study
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2 Results and discussion

2.1 Characteristics of fresh NiO/Al,O5 catalyst
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Fig. S2 XRD patterns (a) and H,-TPR curves (b) of fresh NiO/Al,O3 with 0% and 10%

Fig. S2a shows the XRD results of the home-made fresh NiO/Al,O5 with different Ni

Ni content

content (0%-10%). Two types of substances, NiO (spade) and Al,O; (diamond) can

be found according to the diffraction peaks. Particularly, PDF card (JCPDS 78-0643)

reveals that the characteristic peaks of NiO species mainly occur at 20 = 37.3°, 43.4°,

63.0°, 75.6" and 79.6°, which are index to (1 1 1), (2 0 0), (22 0), (3 1 1) and (3 2 2)

NiO [1]. Ni content in fresh NiO/Al,O5 is further detected by AAS and the result is

presented in Table S1. It can be seen that Ni content (myi/map03) of fresh NiO/ALO;

(0%) and fresh NiO/Al,O3 (10%) are 0 and 100.38 mg/g, respectively. This indicates

that the real Ni content in fresh NiO/Al,O5 (0%) and fresh NiO/Al,O3 (10%) are 0%

and 10.04%, respectively, which is highly closed to theoretical ones (i.e., 0% and

10%).

Table S1 Ni content in fresh NiO/Al,O; catalysts detected by AAS



Ni content? Ni content®

mg/g % mg/g %
Fresh NiO/Al,03 (0%) 0 0 0 0
Fresh NiO/Al,0O5 (10%) 89.01 8.90 100.38 10.04

a is the ratio of my; to mio+an03), bis the ratio of my; to mapos

The H,-TPR curves of fresh NiO/Al,O; with different Ni content (0%-10%) are
showed in Fig. S2b to clarify the interaction between NiO and substrate (i.e., AL,O;).
Reduction peak related to NiO can not be found in fresh NiO/Al,O3 (0%) due to it
contains no Ni content. Whereas fresh NiO/Al,O; (10%) exhibits several broad and
asymmetric H, consumption peaks, which can attribute to the reduction of NiO
possessing varying strength of interaction-bonding with Al,O;. In detail, the
pronounced H, consumption peak centered at 428 ‘C assigns to the reduction of NiO
species, which have a weak interaction with Al,0;. By comparison, two relatively
weak H, consumption peaks occurred at 508 and 660 ‘C  correspond to the reduction
of the Ni*" ions in strong octahedral and tetrahedral coordination with Al,Os,
respectively [2]. It is reported that peaks at 400-500, 500-600 and > 600 ‘C can be
assigned to weak, medium and strong interaction between NiO and AlLO;,
respectively [3]. A weak interaction between active component and substrate would
result in the migration and aggregation of active component when the catalyst is
employed in a catalytic reforming process. While the catalyst possesses a relatively

stable structure when the active component and substrate exhibit a medium or strong



interaction.

d)  Fresh NiO/AI203 (10%)

Fig. 2 SEM images of fresh NiO/Al,O3 with different Ni content, (a-b) 0%, (c-b) 10%

The morphological features of fresh NiO/Al,O3 with different Ni content (0%-10%)
characterized using SEM are presented in Fig. S3. It can be found that Al,Os
employed as substrate in NiO/Al,O; catalyst shows a round cake-like structure with a
diameter in the range of 2-6 um and a thickness ranging from 0.5 to 1.2 um (Fig. S3
a-b). After the treatment of Ni (fresh NiO/AL,O; (10%)), a large amount of nano NiO
particles with a diameter in the range of 40-120 nm uniformly dispersed over the
surface of Al,O; can be observed in Fig. S3 c-d. Good dispersion and uniform
particle size of NiO would provide fresh NiO/Al,O; (10%) a superior catalytic

capability. The textural properties of fresh NiO/Al,O; with different Ni content (0%-



10%) is shown in Table S2. The specific surface area (SSA), total pore volume (TPV)
and average pore diameter (APD) of fresh NiO/AL,O; (0%) are 23.29 m?/g, 0.07
cm’/g and 13.24, respectively. According to the SEM results as shown in Fig. S3, the
pore structure of fresh NiO/Al,O; (0%) may be originated from the randomly stacking
of the round cake-like Al,O;. The introduction of nano NiO particles via an
impregnation process in combination with a calcination process causes the evident
decrease of SSA and TPV due to the presence of nano NiO particles that might block
the porous structure.

Table S2 Pore characteristics of fresh Ni/Al,O; catalysts with different Ni content

SSA®  MP SSAb  TPVe® MPV4 APD¢

(m*g)  (m%g)  (cmYg) (cm’g)  (nm)

Fresh NiO/Al,O3 (0%)  23.29 4.07 0.07 0.002 13.24

Fresh NiO/AlL,O5 (10%) 1.71 1.32 0.01 0.0006 18.68

a is specific surface area; b is micropore specific surface area, c is totap pore

volume; d is micropore pore volune; e is average pore diameter.



Table S3 Comparison of the maximum capacity of Pb(Il) adsorption by CNTs-

related adsorbents

Adsorbents Adsorption capacity Conditions References
(mg/g)

Pristine materials

Acetylene-derived CNTs ~ 2.05 pH 6.0, at 20 C, 48 h [4]

Propylene-derived CNTs  17.44 pH 50, at room [5]

temperature, 6 h

Commercial CNTs 2.94 pH 6.2, at 25 °C, 200 min  [6]

Acetylene-derived CNTs ~ 17.54 pH 6.0, at 20 'C, 24 h [7]

7-ALO; 12.64 pH 3.0, at25 C (8]

ALO5 22.4 pH 4.0, at 25 C, 24 h [9]

Composites

CNTs/bagasse composite  56.6 pH4.5 at28 'C,24h [10]

Oxidized CNTs-Cl, 87.57 pH5.0,at45°C,2h [11]

composite

CNTs/CoFe,04 140.4 pH6.0,at30 C, 12 h [12]

composite

CNTs@SiO,-NH, 147.1 pH5.2,at 45°C,24h  [13]

composite

CNTs@zeolite composite  55.74 pH5.0,at40 ‘C, 12 h [14]

Organo-functionalized 92.0 pH6.5,at25°C,2h [15]

Si0,-Al,05

2.4- 100.00 pH5.0,at25C,1.5h [16]

dinitrophenylhydrazine-
modified y-Al,04

Al,Os-supported iron 29.01 pH 5.0,at45 °C, 48 h [17]
oxide
PE/LG-CNTs-Ni/Al,O4 146.077 pH5.0,at25°C,8h Present study

composites
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