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B 1 (R4 )MOFsHiT R R 4B A HINPCs. (a) 7224 TZIF-8 44K 15 (CNDs) 7R 75 R B HAE T A5 2R4ME T BRI (b) BN
K AR A OB - 4T e T S B (HAADF-STEM)FE; () ZIFATA: BRAKIZ R 40 BEiB S0 T B AR BE(HRTEM) L (d)~(f) ASIFI i)
HASTENI-MOFT5 2 Z BERR AR AT SEMIL. (d) 5, () 10, () 15 h

Figure 1 (Color online) MOFs derived NPCs with morphology from zero-dimension to two-dimension. (a) The formation schematic diagram of

CNDs generated by the ZIF-8 and its aqueous solution at the visible and ultraviolet light; (b) the HAADF-STEM of carbon nanodots; (c) HRTEM of
ZIF derived carbon nanosheet; (d)—(f) SEM of multiwalled carbon nanotube obtained under different time by Ni-MOF pyrolysis. (d) 5, (e) 10, (f) 15 h

B2 (MR ()[R FTMOFHRTIR RS A — AR AN KR A — 441 BRI . (2) MOF-74 9KHE | BRONKEE | A1 SBIBAAAT & HURE R (b) £ T
ArURIE 1000°C ELHERALMOF-74 ZRA% 8 —ZERR AN KA, (c) 38 B 75 A~ A BRI AL~ I AL R KA A5 2 4y SR AR Y

Figure 2 (Color online) One-dimensional carbon nanorods and two-dimensional graphene nanobelt converted from the same MOF precursor. (a)
Synthesis schematics of MOF-74 nanorods, carbon nanorods and graphene nanobelt; (b) the one-dimensional carbon nanorod obtained by the direct
carbonation of MOF-74 under Ar atmosphere at 1000°C; (c) two-dimensional graphene nanobelt obtained by ultrasonic chemical treatment and chemi-
cal activation for carbon nanorods
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Figure 3 (Color online) Double layer MOFs derived porous carbon with core-shell structure. (a) The preparation schematic diagram of the
ZIF-8 @ZIF-67 crystal with core-shell structure. SEM (b), TEM (c) and HRTEM (d) of NC@GC (Co*"/Zn**=0.05). SEM (e), TEM (f) and HRTEM (g)

of NC@GC (Co?*/Zn**=0.35)
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Figure 4 (Color online) MOF derived hollow carbon and multi-stage assembly carbon. (a) The synthesis schematic diagram of hollow MOF crystal
via the traditional template methods, monocrystalline MOF nanobubble by the controlled etching and MOF nanobubble derived carbon by pyrolysis.
(b) SEM of hollow MOFs assembly ball. TEM of MOF nanobubble (c¢) and MOF nanobubble derived carbon (d), scale bar=100 nm. (e), (f) FESEM of
the ZIF-67 derived NCNTFs, scale bar=1 um. SEM (g) and TEM (h) of the Fe;C@N-CNTs assembly
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Figure 5 (Color online) In situ growth MOFs derived NPCs. (a) The synthesis schematic diagram of graphene-based nitrogen doped porous carbon
sheet. SEM of GO/ZIF-8 (b) and GNPCSs (c). (d) The synthesis schematic diagram of MOF/CNT composite derived nitrogen doped porous carbon.
SEM of CNT/ZIF-8 (e) and CNT/ZIF-8 derived porous carbon (f). (g) Structure diagram of cellular porous carbon synthesized from CoAl-LDH. SEM
of CoAlI-LDH@ZIF-67 (h) and LDH@ZIF-67 derived porous carbon by pyrolysis at 800°C (i). (j) The preparation route diagram of porous carbon

nanowires on Te nanowire substrate. TEM (k) and HRTEM (1) of Z8-Te-1000
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Zn/Co@C-NCNFs(0.50)24 K £F 4 () SEM(h) FITEM(i)

Figure 6 (Color online) Shaped MOFs derived NPCs. (a) A typical synthesis process of porous carbon transformed from aerogel bulk. (b) Digital
photograph of MOA; SEM (c) and TEM (d) of MOA-C. (e) In situ electric spinning and the growth process schematic diagram of Zn-Co-ZIF-n and
digital photograph for actual nanofiber cloth; SEM (f)and TEM (g) of Zn-Co-ZIF-0.50/PAN nanofiber; SEM (h) and TEM (i) of Zn-Co-ZIF-0.50/PAN

nanofiber
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Figure 7 (Color online) MOFs derived metal oxide loaded porous carbon. (a) MOFs derived porous Cu/CuQO,/C nano-octahedron. 1: Cu-BTC
nano-octahedron; 2, 3: Cu/CuO, embed in the porous carbon skeleton; 4: Co oxidation on Cu/CuO,/C particle, 5: amplified Cu/CuO,/C particle. Low
(b) and high magnification (c) SEM of Cu/CuO,/C nano-octahedron; (d), (¢) HRTEM of Cu/CuO,/C nano-octahedron
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Figure 8 (Color online) MOFs derived metal phosphides and sulfides loaded porous carbon. (a) The synthesis schematic diagram of MoP@PC com-
posite catalyst; TEM (b) and HRTEM (c) of MoP@PC. (d) Schematic illustration of the fabrication of uniform HCSPcGCC material and detailed
formation mechanism of hollow particle subunits’ evolution based on the typical Kirkendall effect during hydrothermal sulfidation process. SEM (e)

and TEM (f)—(h) of HCSPcGCC material
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B9 (MR A)Zn, Co-ZIFEIAFCoi)iiF 5 ZZFLBR. (a) Co NPs-N/C(I2), Co SAs/N-C(FYEBURIEE; (b) FEMEXAFSHIE; (c) Co
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53354 10 mV/s, 1600 r/min)

Figure 9 (Color online) Single cobalt atoms loaded porous carbon obtained by Zn, Co-ZIF pyrolysis. (a) The formation of Co NPs-N/C (top) and Co
SAs/N-C (bottom); (b) the EXAFS spectra of different samples; (c) the corresponding EXAFS fitting curves for the Co SAs/N-C(900), insets are the
proposed Co-Nx architectures; (d) rotating disk electrode (RDE); polarization curves of Co SAs/N-C, Co NPs-N/C, and Pt/C in O,-saturated 0.1 mol/L

KOH with a sweep rate of 10 mV/s and 1600 r/min
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B 10 (M%7 ()MOFsFiT AL RUR R[5 2% Z 5L, (a) (Fe, Co)/N-CHEALT Bl 1 F2; (Fe, Co)/N-CHEALFI I TEM(b), HAADF-STEM(c),
HRTEM(d)&; (e) Hit KK (Fe, Co)/NCHIHAADE-STEM&, FWFe-CoRUz i i T AL, () 7E(e) WK X BRI AU AH B B9 58 FE A 18] (g)

Co, Fe N AH 3 EELS Bt &

Figure 10 (Color online) MOFs derived dual single atoms-loaded porous carbon. (a) Schematic illustration for the preparation of (Fe,Co)/N-C; TEM
(b), HAADF-STEM (c) and HRTEM (d) image of (Fe,Co)/N-C. (e) Magnified HAADF-STEM images of (Fe,Co)/N-C, showing Fe-Co dual sites are
dominant in (Fe,Co)/N-C. (f) Corresponding intensity profiles obtained on the two zoomed areas in (e). (g) Corresponding EELS mapping images of

Co, Fe and N
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Research progress on prepartion of MOF-derived porous
carbon materials through pyrolysis
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Nano-porous carbon (NPCs) materials exhibit great application potential in industry because of its abundant pore struc-
tures, large specific surface area and easy to design. The key points of the research usually focus on the achievement of
better performance and lower preparation cost through adjusting its composition and structure. Metal organic frameworks
(MOFs) as a new kind of porous crystal material, have the outstanding features of adjustable composition, multiple
structure, adjustable controllable pore size, which has received the widespread attention in catalysis, energy storage and
conversion, gas storage, environmental restoration, and so on. In particular, based on the structure and composition of
MOFs, it can be used for the preparation of various forms of porous carbon materials or a novel multifunctional carbon
composite material as the common precursor. Compared with the composite material assembled with single component,
the MOFs derived porous carbon materials often shows superior features. In this paper, the design principles and strate-
gies for the preparation of porous carbon materials through MOFs pyrolysis are reviewed in this paper and the future de-
velopment prospects and challenges are presented for obtain high performance porous carbon and its composite materi-
als.

MOFs derived porous carbon can be obtain via a pyrolysis process, which inherit the structure features of MOF pre-
cursor to a large extent. Researchers can design the MOFs derived porous carbon from the particle and pore size, het-
eroatom doping, metal species anchoring, microtopography and composite structure, etc., for expanding the application
scope and improving performance. For the morphology, not only the zero dimensional quantum dot, two dimensional
nanosheet and three dimensional framework can be prepared, but also NPCs can grow on different substrate surface to
form a composite structure. Moreover, block or cloth integral NPCs materials also be reported to enrich the application
form. For the composition, heteroatom doping such as N, S, P is proved to be effective approach to enhance the NPCs
electro-catalytic property and the addition of secondary carbon source containing these atoms is a facile method to pre-
pare such materials. More importantly, the metal species are evenly distributed in the MOFs as crosslinking sites, so the
metal-loading NPCs can be easily obtained by direct carbonation, and the form of metal nanoparticle can be adjusted by
controlling the precursor composition, pyrolysis conditions and post treatment. Especially, it is an inspiring and effective
method to prepare uniform and high-loading single atom-immobilized NPCs based on MOFs structure.

In order to promote the industrial application process of MOFs derived porous carbon materials, adopting cheaper lig-
ands and developing simple synthesis and control methods are still the direction of efforts. Furthermore, it should
strengthen the research of the inner relationship between special morphology, composition and application performance,
and pay more attention to understand the action mechanism for the characteristics and formation of activity sites in the
MOFs derived NPCs affecting its related application performance. Only by combining theoretical research and experi-
mental analysis to guide the design of MOFs derived porous carbon materials in the future can we fabricate applicable
NPCs material with both merits of low cost and excellent performance.

porous carbon, MOF-derived materials, metal loading, composite, morphology design
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