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Characterizations and electrochemical measurements
1. Characterizations

The morphologies and structures of samples are tested by scanning electron
microscope (SEM, Hitachi SU-3500) and transmission electron microscope (TEM, FEI
Talos F200S). To take optical and SEM images of the 3DP Al-MOF/S cathode, the 3D grid
cathode printed on the battery shell is put into water, and the free-standing 3DP AI-MOF/S
cathode is detached from the battery shell after 1 min. The X-ray diffraction (XRD) patterns
of the samples are characterized on a D§-FOCUS (Bruker AXS, Panalytical) instrument
with Cu Ko radiation (1.5418 A) at 40 kV and 40 mA. The nitrogen adsorption-desorption
isotherms and specific surface areas are tested on Micrometrics equipment (ASAP-2460).
The X-ray photoelectron spectroscopy (XPS) spectra are collected using a Theta Probe

electron spectrometer (Thermo Scientific K-Alpha).

2. Electrochemical measurements

The Li-S batteries (CR 2032-type coin cells) are assembled in an Ar-filled glove box
using 3DP AI-MOF/S cathode, Celgard 2400 separator, and Li anode. 20 pL of 1.0 M
LiTFSI in DOL/DME (1:1 by volume) electrolyte with 1.0% LiNOj is used in the cells.
The printed grid electrode area of the 3DP cathode is 0.36 cm?, and the actual area of the
3DP cathode is 0.182 cm?. Galvanostatic charge-discharge measurements are performed
on a Land CT3001A battery tester with a voltage range from 1.7 to 2.7 V. Cyclic
voltammetry (CV) curves are tested on an electrochemical workstation (CHI660E) at
different scan rates in a voltage range of 1.7 - 2.8 V. Electrochemical impedance spectra

(EIS) are collected on a Gamry workstation in a frequency ranging from 103 to 102 Hz.



Table S1. The mass loading parameters of the 3DP AI-MOF-160/S electrode.

Mass of Al- Mass of Sulfur actual

Total
Electrode MOF-160/S sulfur loading area
mass (mg)
(mg) (mg) (mgem?)  (em?)
1.181 0.827 0.496 2.730
3DP Al-MOF- 1.931 1.352 0.811 4.270 0182
160/S 2.214 1.550 0.930 5.120 '

6.896 4.808 2.885 15.85




Table S2. The sizes of macropores and porosity in the 3DP electrode.

3DP printing electrode Macropores Total Macropore  Poro
Material Length  Width  Height Numb Length  Width  Height volume Volume sity
umber
(mm)  (mm) (mm) (mm)  (mm)  (mm) (mm?®) (mm?®) (%)
3DP Al-
6 0.213 36 0.703 0.703 0.213 7.668 3.790 49.4
MOEF-160/S
| Length 6 mm I Length 0.703 mm
T : %
E S SN
I - - e e e ¢ S 1
E \"—“"r‘*!_T*—r—G : e o N - -
Slea 1T | — . = " - - - .
&/ ——wi z % ——wi
Height 0.213 mm

Height 0.213 mm




Figure S1. SEM images of the AI-MOF samples fabricated at (a)-(e) 120 °C, (f)-(j) 140
°C, and (k)-(0) 160 °C for 8, 10, 12, 14, and 16 h.



Element Atomic Fraction Mass Fraction
Al 14.31 24.08
C 38.52 28.85
(0] 47.17 47.06
Total 100.00 100.00

Intensity (kCounts)

0.0 0.5 1.0 1.5 2.0
Energy (keV)

Figure S2. The TEM-EDS spectrum of AI-MOF-160.
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Figure S3. SEM images of (a), (d) AI-MOF-120/S, (b), (¢) AI-MOF-140/S, and (c), (f) Al-
MOF-160/S.
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Figure S4. Visual demonstration of static Li,S, adsorption properties of (a) AI-MOF-120,
(c) AI-MOF-140, and (e) AI-MOF-160. The SEM images of (b) AI-MOF-120, (d) Al-
MOF-140, and (f) AI-MOF-160 after Li,S, adsorption.
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Figure S5. Schematic illustration of the 3DP ink preparation.
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Figure S6. Various 3DP patterns printed from as-prepared Al MOF/S inks.



Figure S7. The printing size of the 3D-printed electrode.
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Figure S8. (a)-(d) CV curves of 3DP AI-MOF-160/S at different scan rates (0.3, 0.5, 0.7,

and 1.0 mV s). (e)-(f) The determination of the h-value using the relationship between

current intensity and scan rate.
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Figure S9. The charging-discharging profiles of the 3DP AI-MOF-160/S cathode at 0.1 C.
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Figure S10. (a) Rate capabilities at various rates (0.1, 0.2, 0.5, 1.0, and 0.1 C), (b)
charging/discharging profiles at select cycles, (c¢) cycling performance of 3DP AI-MOF-
160/S at 0.1 C with sulfur loading of 4.27 mg cm™, and (d) cycling performance of 3DP
Al-MOF-160/S at 0.1 C with sulfur loading of 5.12 mg cm™.
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Figure S11. (a)-(h) Optical images of the 3DP AlI-MOF-160/S cathode with high sulfur
loading of 15.85 mg cm™. (i) Rate performance of the 3DP AlI-MOF-160/S cathode with
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sulfur loading of 15.85 mg cm=2 at 0.1, 0.2, 0.5, 1.0, and 0.1 C.

32

36

40




500 150
a - b
( ) Discharge ( ) Discharge
400 4 120 4 22V 1.9}
o >
£ 300
= -]
=
- ]
RQ 200 o
! 2.2V 1.9V o
w{ : 9
" ] 3},
0 T — T 0 r - r T T
0 100 200 300 400 500 140 200 260 320 380 440 500
Z'(ohm) Z'(ohm)
200 70
© (d)
Cha 2
rge 604 Charge '\c,%ﬂ
150 S0
g £
404
S 100- G
P :"30.
N N
50 20+
10 4 il
01 . . . 0 . : . .
0 50 100 150 200 60 90 120 150 180 210
Z'(ohm) Z'(ohm)
4 600 4 150
(e) Discharge 3.33 3259 (H Charge
2937 -9 e [500 3.118 3.074
2.843 9—_2.936 2913 120
3 2407 °/ \o\i'ﬁy o \""""—4—_“—-0\\__2_-711
& z.zV @ L 400 °
—_ = = Lo0
G T~ ° G g G
~ 24 o 36 [30 <5 21 ==
7 151 » Q. 7]
:‘ . /°/285 A 658 @ o——o— 0 [60 &
235 o 238 200 57 56.1 59 61.5
14 _—2"" 198 14
- 165 -30
131 L 100
0 T T T T T T T 0 0 T T T T 0
Initial 22 21 20 19 18 17 245 2.5 2.6 279 2.8
Voltage (V) Voltage (V)

Figure S12. (a)-(d) Change of slope during the discharging and charging processes. (e)-(f)
The changes of R, and R, in the equivalent circuit diagram during discharging and charging

processes.



Figure S13. (a)-(d) Optical images of the 3DP Al-MOF-160/S cathode after cycling. (e)
SEM image of the 3DP AI-MOF-160/S cathode after cycling.



