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Fig. 1 Schematic diagram of mesoporous carbon materials synthesized by soft template method!"”!
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Table 1 Physical properties of mesoporous carbon materials prepared with phosphoric acid as activator by some carbon

precursors
Origin of activated carbon Activation temperature/ C Surface area/(m* g %) Micropore volume/(cm™g ") Reference
Corncob 400 700 0.011 [14]
Jujube waste 400 902 0.490 [15]
Almond shell 400 307 0.191 [16]
Water hyacinth 450 423 0.770 [17]
Lignin 500 918 0.322 [18]
Hemp stem 450 695 0.401 [18]
Olivine 500 1250 0.573 [18]
Mango kernel 600 490 1.430 [19]
Coconut stem 550 1455 1.045 [20]
Rice husk 800 2009 1.300 [21]
Sawdust 900 1446 1.137 [22]
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Fig. 2 Schematic diagram of mesoporous carbon materials synthesized by soft template method*?
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Fig. 3 Schematic diagram of sample preparation by phosphorus-doped mesoporous carbonhydrothermal method!*”!
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Table 2 Physical properties of carbon materials synthesized by metal-doped carbon precursor templates

Carbon precursor

emplate Doped metal Temperature/'C Surface area/(m*g ) Micropore volume/(cm™g™") Reference
Sucrose K 900 922 1.4800 [55]
Sucrose Pd 900 946 1.1000 [56]
Sucrose Fe(NOs);'9H,O 550 34.6 0.0629 [57]
Gallic acid Mg 800 808 0.7210 [58]
Phenol FeCl, 800 436 0.2660 [59]
Yangmeiren Fe(NOs);'9H,0 900 1012 0.9700 [60]
Guanidine Cu 600 1126 1.6200 [61]
hydrochloride, SBA-15
Fe-OMC FeCl, 600 466 0.4600 [62]
Sucrose, KIT-6 LaCls 800 1084 1.1200 [63]

SBA is a type of mesoporous molecular sieve; OMC is ordered mesoporous carbons; KIT is a mesoporous molecular sieve with nanostructure.
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Fig. 6 Schematic diagram of surface functionalized mesoporous carbon (MC) materials with organic functional groups
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ExtendedAbstract

Mesoporous activated carbon as a kind of non-silica-based mesoporous functional material is widely used in many fields such
as catalysis, electrochemistry, supercapacitors, biomedicine, and adsorption due to its small pore size (i.e., 2-50 nm), high specific
surface area, large pore size and volume of porosity, easy to modify the surface, and good hydrothermal stability. The development
of mesoporous materials benefits from the rapid application of mesoporous activated carbon as an adsorbent in the field of
adsorption. However, mesoporous carbon is not as widely utilized as mesoporous silica, and mesoporous carbon materials become
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popular just in recent years.

This review represented recent development on the synthesis and preparation of mesoporous activated carbon materials by
physical activation method, chemical activation method, hard template method, soft template method and sol-gel method. The
common types of templating agents in the preparation of hard template method and soft template method were enumerated. Silica is
widely used as a template, and a class of low-cost, easy-to-remove and environmentally friendly templating agents were derived.
The application of excellent magnetic biochar in sol-gel method was analyzed. The physical properties of carbon materials
synthesized from different carbon precursors under the condition of H;PO, as an activator were summarized. The control of pore
size structure and morphology during the preparation of mesoporous carbon materials obtained by different methods were discussed.
The current status of various methods in the preparation of mesoporous activated carbon materials was introduced. The advantages
and disadvantages of the various methods in the synthesis of mesoporous activated carbon materials were analyzed. The four types
of methods for structural modification and functionalization of mesoporous activated carbon materials by elemental doping of
nitrogen, boron, phosphorus and sulfur in non-metals, transition metal doping led by iron, lanthanum, neodymium and
cerium-dominated rare metal doping and oxidative modification of surface functionalization were described. The physical properties
of carbon materials synthesized from some of the metal doped carbon precursor templates were discussed. The key role of
introduction in mesoporous activated carbon materials undergoing structural modification was indicated via the introduction of
functional groups through catalytic oxidation by chemical reagents to overcome the intrinsic limitation of limited adsorption
capacity. Also, recent development on the adsorption of heavy metal ionsin was mentioned. In addition to some common metal
elements, some niche metals (i.e., cobalt) were utilized in doping. In the adsorption of heavy metal ions by mesoporous carbon
materials, the sources of heavy metals in water body were introduced, and the application of mesoporous activated carbon materials
before and after modification for the removal of heavy metal ions (i.e., mercury, lead, and chromium) in wastewater was briefly
described. Compared to the conventional activated carbon adsorbents on the removal of organic pollutants (i.e., dyes, phenols and
volatile organic compounds), the mesoporous carbon materials have advantages in the removal of mercury by mercury-sulphur
binding, and heavy metals (i.e., lead and hexavalent chromium, efc.). The mechanisms (i.e., electrostatic interaction, ion exchange
and surface complexation) in the adsorption process of mercury, lead, and chromium ions were summarized.

Summary and prospects This review represented recent development on the mesoporous carbon materials for the adsorption of
heavy metal ions in wastewater. Mesoporous activated carbon with larger specific surface area, functional groups and increased
accessibility was suitable as an adsorbent for the removal of heavy metal ions. The existing work on the adsorption and removal
research mainly focused on the removal of heavy metal cations in wastewater. There were some problems like elemental doping
monoculture, rapid saturation of activated carbon, waste treatment of secondary pollution and low recovery rate. Therefore, future
work could involve the development of more elemental co-doping, the use of magnetic adsorbentor the combination of membrane
technology for the specific adsorption of hydroxyl compounds ions or other complex ions in order to achieve a great adsorption
selectivity for multi-component mixed pollutants.

Keywords mesoporous activated carbon; activation; doping; composites; heavy metal



