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Experimental section
Chemicals and reagents

Magnesium ethylate, aluminium isopropoxide, and sodium carbonate of
analytical grade were from Sinopharm group Co. Ltd., China. They were used as
received.
MgAI-LDHs preparation

The MA-LDHs-x samples were prepared by a one-step solid-state
mechanochemical method. First, 3.36 g of magnesium ethylate and 2 g of aluminium
isopropoxide (in molar ratio of 3:1) were mechanically ground for 30 min, then x mL
(x=1, 3, 5, and 7) of sodium carbonate solution (1 M) was added, and the mixture
was further ground for 30 min. The resulted paste was transferred into a teflon liner
autoclave (100 mL), and then heated to 150 °C at a heating rate of 10 °C/min and
held at 150 °C for 1 h. The process is simple, time saving, and does not consume
much solvent. Furthermore, it is easy to scale up the production. It was
demonstrated that under the defined conditions, MA-LDHs-5 generation could be
increased by a factor of 2 or 5 following the same procedure without causing any
degradation of product crystallinity and morphology (Figs. $15-S17). The product
was collected by suction filtration using deionized water, and dried at 100 °C
overnight, and is denoted herein as MA-LDHs-x. It is worth pointing out that grinding
the raw materials separately before mixing would result in poor formation of MA-
LDHs-x. It is hence deduced that the frictional heat generated in the grinding of pre-

mixed materials is essential for successful formation of MA-LDHs-x.

S2


javascript:;
javascript:;
javascript:;
javascript:;

MA-LDHs-water-free: It was prepared using a one-step solid-state
mechanochemical and solvent-free method. First, 3.36 g of magnesium ethylate, 2 g
of aluminium isopropoxide and 0.53 g of sodium carbonate were mixed and
mechanically ground in an agate mortar for 30 min. Then the mixture was
transferred into a teflon liner autoclave (100 mL), and then heated to 150 °C at a
heating rate of 10 °C/min and held at 150 °C for 1 h. The obtained product was
collected by suction filtration and dried at 100 °C overnight, and is herein denoted as
“MA-LDHs-water-free”.

MA-LDHs-HT: First, 3.36 g of magnesium ethylate, 2 g of aluminium
isopropoxide and 0.53 g of sodium carbonate were mixed in a beaker (50 mL water
solvent) with stirring for 60 min. Then the mixture was transferred into a teflon liner
autoclave (100 mL), and then heated to 150 °C at a heating rate of 10 °C/min and
held at 150 °C for 24 h. The obtained product was collected by suction filtration and
dried at 100 °C overnight, and is denoted herein as MA-LDHs-HT.

MA-LDHs-cp: The MA-LDHs-cp sample was prepared by co-precipitation method.
An aqueous solution of Mg(NOQs),-:6H,0 and Al(NO3);-9H,0 (Mg/Al molar ratio=3/1)
was added under stirring into a beaker containing an aqueous solution of sodium
carbonate at room temperature. The pH of the solution was adjusted and kept at 10
+ 0.5 using an aqueous solution of sodium hydroxide. The suspension was then aged
at 90 °C for 24 h. The precipitate was filtered out, washed several times with de-
ionized water, and dried at 100 °C for 12 h.

Scale-up preparation of MA-LDHs-5: The production of MA-LDHs-5 sample could
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be scaled up following to the one-step solid-state mechanochemical method. To
increase production by a factor of 2, 6.72 g of magnesium ethylate and 4 g of
aluminium isopropoxide were mechanically ground for 30 min, then 10 mL of sodium
carbonate solution (1 M) was added, and the mixture was further ground for 30 min
in a mortar (10 cm in diameter). The resulted paste was transferred into a teflon
liner autoclave (100 mL), and then heated to 150 °C at a heating rate of 10 °C/min
and held at 150 °C for 1 h. The obtained product was collected by suction filtration
using deionized water, and dried at 100 °C overnight, and is denoted herein as MA-
LDHs-5(2). Similarly, the production of MA-LDHs-5 could be increased by a factor of 5.
First, 16.8 g of magnesium ethylate and 10 g of aluminium isopropoxide were
mechanically ground for 30 min using a big mortar (18 cm in diameter), then 25 mL
of sodium carbonate solution (1 M) was added, and the mixture was further ground
for 30 min. The resulted paste was transferred into a teflon liner autoclave (200 mL),
and then heated to 150 °C at a heating rate of 10 °C/min and held at 150 °C for 1 h.
The obtained product was collected by suction filtration, and dried at 100 °C
overnight, and is denoted herein as MA-LDHs-5(5).

MA-LDHs can also be synthesized using a ball-milling machine (designated as
BM-MA-LDHs-x). First, 3.36 g of magnesium ethylate and 2 g of aluminium
isopropoxide (in molar ratio of 3:1) were ground for 30 min using a ball-milling
machine, then x mL (x = 3 and 5) of sodium carbonate solution (1 M) was added, and
the mixture was further ground for 30 min. The resulted paste was transferred into a

teflon liner autoclave (100 mL), and then heated to 150 °C at a heating rate of 10

S4



°C/min and held at 150 °C for 1 h. Finally, the resulted BM-MA-LDHs-3 and BM-MA-
LDHs-5 were collected by suction filtration, and dried at 100 °C overnight. Notably,
the MA-LDHs-x samples (41.3%~45.1%) show crystallinity similar to those of BM-MA-
LDHs-x (41.3%~42.6%, Fig. $18).

For comparison, commercial MA-LDHs (denoted as C-MA-LDHs), supplied by
Aladdin reagent co. Ltd., was characterized and tested for COS hydrolysis and H,S
oxidation.

Characterizations

The X-ray diffraction (XRD) patterns of the as-prepared samples were recorded
on a PANalytical diffractometer (X’'PertPro, Panalytical Corp.) with an X'Celerator
detector, using Cu Ka radiation (A=0.154 06 nm) at 45 kV and 40 mA.
Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were
performed on a NETZHCS STA2500 Regulus TG/DSC system under flowing N, with a
ramping rate of 10 °C/min. Fourier transformed infrared (FTIR) spectra were
recorded on a Nicolet 6700 FTIR spectrometer, and the MA-LDHs-x were prepared in
the form of KBr pellets. The solid state Al NMR spectra were collected on a Varian
Infinity Plus-300 spectrometer. The morphologies and microstructures of MA-LDHs-x
were studied by scanning electron microscopy (SEM) (S-4800, Hitachi, Japan).
HRTEM images were collected on a Zeiss Libra200 TEM at 200 kV (acceleration
voltage). Atomic force microscope (AFM) studies were conducted on a Nanoscope
IVA electron microscope.

COS hydrolysis
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The hydrolysis of carbonyl sulfide (COS) over MA-LDHs-x was performed in a
fixed-bed reactor at atmospheric pressure using 200 mg of catalyst (20-40 mesh). At
the steady state of reaction, a flow of N, containing COS (110 mg/m?3) was
introduced into the reactor at a total flow rate of 20 mL/min. H,0 was injected into
the reactor from a thermostatic water bath through a controlled saturator. By
adjusting the temperature of the water bath (25, 40 and 60 °C), the relative humidity
of the reaction gas (water vapor contents were 2.91%, 6.54% and 13.79%,
respectively) was controlled. The concentration of COS in the reactor effluent was
monitored on-line by a gas chromatograph (FL 9720 IlI) equipped with a flame
photometric detector (FPD). The conversion of COS was determined on the basis of
the initial and the current temperature-peak areas of COS. In this study, the COS
conversion was calculated as follows:

COS conversion (%) = (Co — C;)/Co x 100% Equation 1
Where, Cy and C; is the peak area of COS at the initial temperature and a particular
reaction temperature, respectively.

The Arrhenius plots of COS hydrolysis over MA-LDHs-x were obtained in specific
experiments which were performed at the conditions of low temperatures (30-90 °C)
and high WHSV (48 000 mL/(g-h)).

Meanwhile, the effect of WHSV on COS hydrolysis over MA-LDHs-3 was
obtained through changing the mass weight (25-200 mg) of catalyst at a total flow
rate of 20 mL/min and 40 °C water temperature.

In addition, the effect of water contents on COS hydrolysis over MA-LDHs-3 was
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obtained through changing the water temperature to 25, 40 and 60 °C at a WHSV of
12 000 mL/(g-h).
H,S selective catalytic oxidation

Selective catalytic oxidation of H,S over MA-LDHs-x was performed in a
continuous flow fixed-bed reactor at atmospheric pressure. First 100 mg of catalyst
(20-40 mesh) was placed in the central section of the reactor. A mixture gas
containing 5000 ppm of H,S, 2500 ppm of O, and balance gas (N,) was introduced
into the reactor at a total flow rate of 20 mL/min (WHSV=12 000 mL/(g-h)) for
reaction in the temperature range of 90-210 °C. At the outlet, the effluent stream
was analyzed by a gas chromatograph (FL 9720 Il) equipped with a FPD and thermal
conductivity detector (TCD). A condenser was located at the bottom of the reactor to
trap sulfur in the effluent stream. Instantaneous fractional conversion of H,S, sulfur

selectivity, and sulfur yield are defined as follows:

(H2S)in - (HaS)out ,, 100%

H2S conversion (%) = ;
(%) (H:S)n Equation 2

(HZS)in - (HZS)out - (SOZ)out
(HZS)in - (HZS)out

H:S selectivity (%)= *100% Equation 3

Sulfur yield (%) = (H2S conversion)*(H.S selectivity)*100% Equation 4
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Table S1 Preparation parameters of the MA-LDHs obtained by different methods.

Samples Reaction time (h) Yields (%)? Solvent (mL)
MA-LDHs-1 1 97.6 1
MA-LDHs-3 1 98.9 3
MA-LDHs-5 1 95.3 5
MA-LDHs-7 1 95.1 7
MA-LDHs-HT 24 85.8 50

Mg-Al-CO5-LDHsP 1 80.7 5
MA-LDHs-cp 24 77.5 200

2 The yield percentage is defined as “actual production mass/theoretical production
mass x 100%”.

b Mg-Al-CO;-LDHs was prepared according to Ref. S1.
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Table S2 Structural parameters of MA-LDHs obtained by different methods after

Rietveld refinement.

Sample Crystallinity a(nm) b (nm) c(nm) d(003) d(110)

(%) (nm) (hm)

MA-LDHs-1 41.31 0.308 0.308 2.319 7.768 1.526
MA-LDHs-3 43.69 0.306 0.306 2.391 7.940 1.536
MA-LDHs-5 45.10 0.307 0.307 2.340 7.842 1.530
MA-LDHs-7 43.46 0.308 0.308 2.357 7.850 1.530
C-MA-LDHs 39.29 0.309 0.309 2.315 7.626 1.525
MA-LDHs-HT 40.15 0.305 0.305 2.309 7.843 1.531
Mg-Al-CO5-LDHs 39.97 0.306 0.306 2.378 7.834 1.524
MA-LDHs-cp 38.85 0.308 0.308 2.311 7.740 1.528
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Table S3 Data of thermogravimetric analysis over MA-LDHs-x, C-MA-LDHs and MA-
LDHs-cp.

Sample 1st mass loss (%) 2nd mass loss (%) 3rd mass loss (%)
MA-LDHs-1 14.2 7.02 36.3
MA-LDHs-3 13.8 8.53 34.6
MA-LDHs-5 12.7 9.93 33.9
MA-LDHs-7 12.3 8.21 37.1
C-MA-LDHs 11.6 11.0 32.5
MA-LDHs-cp 16.2 12.8 26.9

The calculation method (Taking 1 g of MA-LDHs-x as reference) is as follows:
OH- content (mmol/g) = {[1 g x (2nd mass loss/100)/(17 g/mol)] x (1000 mmol/mol)}/
(1g)
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Table S4 Comparison of catalysts used for H,S selective oxidation.

Feed gases Catalyst WHSV Temperature Sulfur Sulfur Ref.
(mL/(g-h)) (°C) capacity yield (%)
H,S, 5000 ppm MA-LDHs-3 12 000 90 97.2 This
02, 2500 ppm work
H,S, 5000 ppm MA-LDHs-5 12 000 90 99.3 This
03, 2500 ppm work
H,S, 3000 ppm Mn/Active carbon 3000 180 0.14 [S2]
0,, 3000 ppm
H,S, 1000 ppm Macroscope N- 190 68.1 [S3]
0,, 2.5% CNTs
H,S, 5000 ppm 7Fe;03-Al,04 12 000 100 78.4 [S4]
0,, 2500 ppm
H,S, 5000 ppm Al,O3 10 500 180 63.2 94.6 [S5]
0,, 2500 ppm
H,S, 5000 ppm CNU-P600 3000 90 45.3 [S6]
0,, 2500 ppm
H,S/0,=1/2.5 6%V,0s/Zr-PILC 10 000 300 93.4 [S7]
H,S/0,=2 5%V,05/TiO,-PILC 10 000 220 97.5 [S8]
H,S, 5000 ppm NH,-MIL-53(Fe) 3000 90 92.6 [S9]
0,, 2500 ppm
H,S/0,=2 7%Fe/Al-Lap 7000 180 95.3 [S10]
H,S/0,=2 5%V,05/Ce0,-Lap 7000 180 98.7 [S11]
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Fig. S1 Structure diagram of MgAl hydrotalcite-like materials.
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Fig. S2 XRD patterns of (bottom to top) MA-LDHs-water free, C-MA-LDHs, MA-LDHs-cp and MA-

LDHs-5 samples.
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Fig. S3 Powder XRD patterns of MA-LDHs-3 (left) and MA-LDHs-5 (right) with Rietveld

refinements using different structural models.

S14



250 0.5
- |A B
S0 ot MA-LDFls- 1
” —e—MA-LDIls-3
E 200 @ 045 e MA-LDHs-3
~ et MA-1LDHs- 1 nE —v—MA-LDHs-7
= === MA-T.DHs-3 e C-MA-L D1
-g 150 e MA-LDHs-5 Z 0.3 ——MA-LDHs-cp
=9 ——MA-L.DHs-7 a
= e C-MA-LDHs =
@ 1004 ——MA-LDHs- 4
= 100 iy _c 0.2
& =
g >
504 14
= = 0.1
=
S
048 0.0
T T T % T T T

00 01 02 03 04 05 0.6 07
Relative pressure (P/Pn)

08 09 1.0

"6 8 10 12 14 16 18

Pore diameter (nm)

Fig. S4 (A) Low-temperature N, adsorption-desorption curves and (B) pore size distribution
curves of MA-LDHs-xs, C-A-LDHs and MA-LDHs-cp.

S15



12 18
100 100 lLis
10
31 14
90 286 g 207 _
- 350 r 55 L 12 én
2 3
S DSC
<80 5Q L6 80- F10
2 =
n
£ ]
= 704 4 704 =
_6 u
L2 P
60 6[° 60 .-
Lo -2
50 : ; v ; 50 . . ; ; 0
C 200 400 600 800 1000 D 200 400 600 800 1000
20100 18
1001 L .
- 232 e
L 16 3
904 223 e 90 F14 "
& 350 L2 €
= 350 12 : =
< 804 DSC $0- e 0B
2 [ 10 % =
»n
< [s -8 =
= 70 704 [6 ©
L6 wn
=
604 TG_4 60 TG
Ly 2
50 T T T T o S0 T T T T 0
E 200 400 600 800 wo | 200 400 600 800 1000
16 16
100 [, 1001 14
239 L F12 =
90 bsc [12 904 198 )
& psc [10 B
X 10 &
<804 350 80 [s =
P ls 350 s
= le £
= 70 6 70 3)
j o b 4
= L
I s =
60 : TG
TG [, Lo
50 T T T T 0o 50 T T T T 2
200 400 600 800 1000 200 400 600 800 1000
Temperature (°C) Temperature (°C)

Fig. S5 TG (black) and DSC (red) curves of MA-LDHs-x: (A) MA-LDHs-1, (B) MA-LDHs-3, (C) MA-

LDHs-5,

(D)

MA-LDHs-7,

(E)

C-MA-LDHs,

S16

and

(F)

MA-LDHs-cp.



200 nm

Fig. S6 SEM images of (a, b) C-MA-LDHs and (¢, d) MA-LDHs-cp.
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Fig. S7 Effect of temperature on COS hydrolysis over various kinds of catalysts. Reaction
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COS +H,0—>CO0, +H,S

Fig. S9 Possible reaction pathway of COS hydrolysis over MA-LDHs-x.
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H,S/0,/N,=0.5/0.25/99.25 (wt%), WHSV (12 000 mL/(g-h)).

H,S conversions over MA-LDHs-xs versus reaction temperatures are displayed in
Fig. S9(A). It is noted that the catalytic activities of MA-LDHs-3 and MA-LDHs-5 are
higher than those of MA-LDHs-1 and MA-LDHs-7 in the temperature ranges of
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90~210 °C. It is apparent that the OH" contents have an effect on H,S conversion. For
instance, H,S conversion over MA-LDHs-5 was nearly 100% at 120 °C, whereas the
conversions of H,S over MA-LDHs-1, MA-LDHs-3 and MA-LDHs-7 are 89.1, 97.6% and
95.2%, respectively. All the MA-LDHs samples exhibit a decrease of H,S conversion
with increased reaction temperature to 150 °C (MA-LDHs-1) or 180 °C (MA-LDHs-3, 5
&7), which could be caused by the partial loss of OH" content. It is understandable
because H,S adsorption ability is strongly dependent on the availability of basic OH-
sites.>12513 Furthermore, the basic sites can promote the adsorption of O, due to its
strong electron donating ability.>1#31> A high concentration of adsorbed oxygen and
enrichment of H,S are beneficial factors for H,S selection oxidation. Therefore, MA-
LDHs-5 shows the best performance in H,S selective oxidation as well as S selectivity
among the MA-LDHs samples.
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Fig. S11 XRD patterns of MA-LDHs-3 and MA-LDHs-5 after COS hydrolysis at 150 °C for 3 h.
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Fig. S12 SEM images of (a, b) MA-LDHs-3 and (c,d) MA-LDHs-5 after COS hydrolysis at 150 °C for 3
h.
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Fig. S13 XRD patterns of MA-LDHs-3 and MA-LDHs-5 after H,S selective oxidation at 150 °C for 3
h.
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Fig. S15 (A) Experimental facilities and (B) pictures of products in scale-up synthesis.
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Fig. S16 XRD patterns of MA-LDHs-5 in scale-up synthesis: (a) MA-LDHs-5, (b) MA-LDHs-5(2), (c)
MA-LDHs-5(5).
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Fig. S17 SEM images of MA-LDHs-5 in scale-up synthesis: (a, b) MA-LDHs-5(2) and (c, d) MA-
LDHs-5(5).
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Fig. S18 XRD patterns of samples obtained by manual grinding (i.e., MA-LDHs-3 and MA-LDHs-5)
and ball milling (i.e., BM-MA-LDHs-3 and BM-MA-LDHs-5).
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