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PS1: Adsorption time of rGO membranes at different concentrations

We studied the change of the adsorption amount of Au®" ions with time in different
concentration solutions. As shown in Fig. S1, these rGO membranes were immersed in
the Au*" solutions with concentrations of 0.5 ppm, 50 ppm, 100 ppm, 200 ppm, 500
ppm, 1000 ppm, and 2000 ppm, respectively. At regular intervals, 3 ml of the immersion
solutions of all concentrations were taken out for ICP-OES tests, and then the mass of
Au*" adsorbed in the rGO membranes was calculated. The adsorption capacity of rGO
membrane increases with the increase of immersion time at the very beginning, and
stays as a constant after the adsorption amount was close to the maximum value around
36 h. In low concentration solutions (0.5 ppm, 10 ppm, 50 ppm, 100 ppm), the rGO
membranes adsorbed almost all the gold ions in the solution within 4 h. At low
concentration, there is still a gap in the adsorption rate of the rGO membranes compared
with Li et al . who completed 60% adsorption within the first 10min using the

graphene solution. However, in high concentration solutions ( > 100ppm), the rGO

membranes have completed 40% of its adsorption capacity within the first 4 hours, and
with the time increases to 10 h, the rGO membranes had completed half of its own
adsorption capacity, which is a generalization of the work of Li et al [! at high
concentrations.
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Fig. S1 Adsorption efficiency of rGO membranes for Au** with different equilibrium

concentration (0.5-2000 ppm), shown in the illustration is the adsorption efficiency of
0.5ppm.

PS2: Adsorption efficiency of rGO membranes at S0ml of different

solution concentrations from 0.50 ppm to 300 ppm

Fig. S2 shows the adsorption efficiency of rGO membranes at 50ml of different solution
concentrations from 0.50 ppm to 300 ppm. In the solution with ion concentration of 0.5
ppm, 10 ppm, 50 ppm, 100 ppm and 200 ppm, the adsorption efficiency of rGO
membranes can reach up to 97%, 96%, 94%, 96%, and 97%, respectively, which means
that almost all the Au®" ions in the solution were adsorbed in the rGO membranes. With
the increase of the ion concentration from 200 ppm to 300 ppm, the adsorption
efficiency of rGO membranes decreased gradually from 97% to 82%. Taking a
commonly PCBs as an example, a typical computer circuit board, the gold content is
about 250 ppm, the adsorption efficiency of rGO membranes is about 96% 2. This
means that the rGO membranes can achieve an excellent Au*" adsorption efficiency
when it used as an adsorbent in the PCB leachate. By limiting the concentration of Au**
solution (50 ml) shows that the rGO membranes can also be used as a quality adsorbent
even if the total amount of gold in the solution is not high.
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Fig. S2 Time-dependent curves of the adsorption capacity for Au>" ions in different

concentration solutions.

PS3: The selective adsorption capacity of rGO membranes in the

mixed solution of Au** and other ions(Co**, Mg?*, Na%)
We studied the selective adsorption capacity of rGO membranes in the mixed solution

of Au*" and other ions(Co?*, Mg?**, Na"), and found that rGO membranes also have

excellent selectivity for Au*" in solution (Fig. S3).
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Fig. S3 (a-b), Time-dependent curves of the adsorption behavior for Au** ions in
Au*/Co?" mixed ion solutions. (c-d), Time-dependent curves of the adsorption
behavior for Au** ions in Au**/Mg*" mixed ion solutions. (e-f), Time-dependent curves
of the adsorption behavior for Au** ions in Au**/Na* mixed ion solutions.

PS4: Adsorption capacity of rGO membranes and GO membranes

We studied the adsorption capacity of GO and rGO respectively, with the Au** ion
concentration of 100 ppm, the Au*" ion adsorption capacity of GO film was 0.04 g/g,
while the Au ion adsorption capacity of rGO film was 0.50 g/g (Fig. S4). The adsorption
capacity of rGO membrane is about 10 times higher than that of GO. Thus, we chosen
rGO membranes as adsorbent to adsorb Au** ions.
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Fig S4. Adsorption capacity of rGO membranes and GO membranes

PSS5: Stability experiments of rGO membranes

It is well known that GO membranes are easy to swell when immersed in aqueous
solution, and this feature hinder the potential ion filtration applications of GO
membranes. The rGO membranes were soaked in water for 1 day, 2 days, 5 days, 10
days, 15 days and 30 days. After stirring with a glass stirring rod, the morphology of
the rGO membranes in water were recorded by photograph. As shown in Fig S5, the
rGO membranes were found to be very stable after prolonged soaking. This indicates
that the swelling of GO membranes in water can be well resolved to a certain extent by
thermal reduction of GO membranes.
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Fig. S5 Drastically different stability of GO and rGO membranes in water. (1): 1
day, (2): 2 days, (3): 5 days, (4): 10 days (5)15 days and (6) 30 days. The photos were
taken after the solutions had been stirred with a glass stirring rod



PS6: The results of ICP-OES

The filtrates were analyzed by inductively coupled plasma optical emission
spectroscopy (ICP-OES) to determine the adsorption capacity, Q. (mg/g). It was
calculated as @, = W/mwhere Co is the initial concentration of Au (ppm), Ce is
its final concentration in the filtrate (ppm), V is the volume of the used suspension (L)
and m is the mass of dry rGO membranes (g). The results of ICP-OES in a tabular
format in Table SI

Table S1. The results of ICP-OES

Sample Name volume Mass Au: Co-Ce Cu: Ce
’ (ml) (mg) (ppm) (ppm)

Au: Cu=1:1 50 .4 . .

(100ppm) Oh .

Au: Cu=1:1

(100ppm) 1h 50 7.7 30.8000 0.2494

Au: Cu=1:1

(100ppm) 2h 50 7.7 39.0328 0.4620

Au: Cu=1:1

(100ppm) 8h 50 7.7 56.7058 0.7700

Au: Cu=1:1

(100ppm) 10h 50 .7 58.5307 1.0780

Au: Cu=1:1

(100ppm) 12h 50 7.7 59.1406 1.3860

Au: Cu=1:1

(100ppm) 24h 50 7.7 72.6926 1.5400

Au: Cu=1:1

(100ppm) 36h 50 7.7 72.6926 1.5400

Au: Cu=1:1

(100ppm) 48h 50 7.7 72.6926 1.5400

Samble Name volume Mass Au: Co-Ce Cu: Ce
’ (ml) (mg) (ppm) (ppm)

Au: Cu=1:1 50 . . .

(0.5ppm) Oh .

Au: Cu=1:1

(0.5ppm) 1h 50 8.7 0.0616 0

Au: Cu=1:1

(0.5ppm) 2h 50 8.7 0.0924 0

Au: Cu=1:1

Au: Cu=1:1

(0.5ppm) 10h 50 8.7 0.2772 0




Au: Cu=1:1

(0.5ppm) 12h 50 8.7 0.3234 0.0052
Au: Cu=1:1
(0.5ppm) 24h 50 8.7 0.3460 0.0104
Au: Cu=1:1
(0.5ppm) 36h 50 8.7 0.3672 0.0121
Au: Cu=1:1
(0.5ppm) 48h 50 8.7 0.3880 0.0121
Sample Name volume Mass Au: Co-Ce Fe: Ce
(ml) (mg) (ppm) (ppm)
Au: Fe=1:1 0
(100ppm) Oh S 8.3 0 0
Au: Fe=1:1
(100ppm) 1h 50 8.3 39.4831 3.4544
Au: Fe=1:1
(100ppm) 2h 50 8.3 57.1720 4.3375
Au: Fe=1:1
(100ppm) 8h 50 8.3 67.1586 4.6310
Au: Fe=1:1
(100ppm) 10h 50 8.3 72.6831 4.9086
Au: Fe=1:1
(100ppm) 12h 50 8.3 77.2530 6.2299
Au: Fe=1:1
(100ppm) 24h 50 8.3 80.9233 6.8906
Au: Fe=1:1
(100ppm) 36h 50 8.3 88.7884 8.6120
Au: Fe=1:1
(100ppm) 48h 50 8.3 88.7884 8.612
Sample Name volume Mass Au: Co-Ce Fe: Ce
(mi) (mg) (ppm) (ppm)
Au: Fe=1:1 50
(0.5ppm) Oh 9.2 0 0
Au: Fe=1:1
(0.5ppm) 1h 50 9.2 0.0736 0
Au: Fe=1:1
(0.5ppm) 2h 50 9.2 0.0920 0
Au: Fe=1:1
(0.5ppm) 8h 50 9.2 0.2392 0.0184
Au: Fe=1:1
(0.5ppm) 10h 50 9.2 0.2833 0.0368
Au: Fe=1:1
(0.5ppm) 12h 50 9.2 0.3404 0.0552
Au: Fe=1:1
50 9.2 0.3661 0.1104

(0.5ppm) 24h




Au:. Fe=1:1
(0.5ppm) 36h 50 9.2 0.4066 0.1472
Au:. Fe=1:1
(0.5ppm) 48h 50 9.2 0.4471 0.1840
Samp | volu | Mass Au: Cu: Ce Fe: Ce Na: Ce | Mg: Ce
le me (mg | Co-Ce (ppm) (ppm) (ppm) (ppm
Name (ml ) (ppm )
) )
mixed
ion
. 50 9.1 0 0 0 0 0
solutio
n Oh
mixed
N | 50 | 91 | 476112 | 53508 | 10.7562 | 3.185 | 3.3488
solutio
n 48h
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