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Fig. 1. The removal efficiency of toxic element As (a, b, c), residual
concentration of As (d) and loss efficiency of valuable metals W, V
and Ti (e) by bioleaching under different pulp densities from 5.0% to
10% at altered temperatures from 35℃ to 80℃.

Fig. 2.

The SEM-EDX images of the raw sample (a), chemical-

leached sample (b) and bioleached sample (c) under a pulp density of
5.0% at 35℃ after 24h of contact.

Fig. 3. The XRD image (a) and Raman spectra (b) of the raw sample,
chemical-leached sample and bioleached sample at a pulp density of
5.0% at 35℃ after 24h of contact.

Fig. 4. The TG (a) and DTG (b) curves of the raw sample,
chemical-leached sample and bioleached sample at a pulp density
of 5.0% at 35℃ after 24h of contact, and the SEM images (c, d, e,
f, g, h) of the raw sample by calcination under different high
temperatures from 200℃ to 1000℃.

Fig. 5. The contact angels and surface chemical properties of the
raw sample (a, d), chemical-leached sample (b, e) and bioleached
sample (c, f) by the water test (a, b, c) and the ethylene glycol test
(d, e, f) under a pulp density of 5.0% at 35℃ after 24h of contact.

Fig. 6. The BET (a) and NH3-TPD (b) curves of
the raw sample, chemical-leached sample and
bioleached sample at a pulp density of 5.0% at
35℃ after 24h of contact.
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Fig. 7. The FT-IR spectra (a) and HPLC image (b)
of the cysteine (100 ppm) and the active
bioleaching liquor derived from A. thiooxidans.

Fig. 8. Three-dimensional (3D) ﬂuorescence spectrometry of the cysteine
(100ppm) (a), and the active bioleaching liquor under different incubation
time of 5, 9 and 12 days (b, c, d), and the change of 3D-ﬂuorescence
spectrometry before and after bioleaching at a pulp density of 10% (e/i, f/j,
g/k, h/l).

Fig. 9. The concentration change of As5+ and As3+ in the
solution during leaching of the regenerated products by
H2SO4-leaching (a), bioleaching (b) and cysteine-added
(100ppm) enhanced bioleaching (c) as a function of contact
time.

Fig. 10. The XPS spectra of different kinds of catalyst samples, full
spectra (a), As 3d of raw sample (b), As 3d of bioleached sample (c) and
As 3d of cysteine-enhanced (100ppm) bioleached sample (d).

