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Preparation and application of nano—micro Ag,CO;
photocatalytic materials
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(School of Metallurgy and Chemical Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: Ag,CO; is a new type of visible light responsive photocatalyst discovered in recent years, which with
efficient photodegradation ability for methyl orange (MO), thodamine B (RhB), methylene blue (MB) dyes and
phenols. But, Ag* in Ag,CO; is easy to be reduced Ag by the photogenarated e, which induced the fast
photocorrosion and poor stability in the photocatalytic reaction process.The light absorption region, the
stability and photocatalytic activities of Ag,CO; semiconductor can be extended by noble metal deposition,
nonmetal doping and formation of heterojunction, meanwhile, the separation of photo—generated electron—hole
pairs can also be promoted. The physical properties such as morphology, crystal size and crystal defects of
Ag,CO; can be controlled by different physical and chemical methods to obtain high specific surface area, unique
morphology and high separation efficiency of photo—generated electron holes and superior photocatalytic
activity. The research progress of Ag,CO; nano photocatalyst is reviewed and its photocatalytic character is
analyzed. The strategies for enhancing the photocatalytic activity and stability of Ag,CO; are summarized and
discussed, and the research prospect of Ag,CO; nano—micro photocatalyst is proposed.
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Fig. 5 Different magnification SEM (a, b) images and TEM (¢, d) images of the as—
obtained Ag,0/Ag,CO; produced at 25 °C
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Fig. 8 The photocatalytic schematic diagram of
GO/Ag,CO; samples

gggmmm @wag g%
n

o
J’f»( g CsN, [¢]) Ag,CO;

59 & g-CN,/Ag,CO, HRETE
Fig. 9 Schematic representation for the synthesis

of g—C;N, /Ag,CO; composite

TR, AT g—CiNJ/Ag,COs Ag,COs KL IT
FUTE o—CoN, R 3R, BT ¢—CsN, Fl Ag,CO5 2
(4] Py S5 BT 45 45 44

Tonda 25173 33 J5 407 T E 15 A B T — Fi s 2011
AgsNy/g—C3Ny 7 BT 25 90 K AR, AgsNy 40K JoUkz I R
1t g-CNy . UV-vis & SRR, &
Ag:Ny/g—C3N, 7 $2 76 0] DL oE X 48 36 9 HE o) 92 e
SR EIEM L. 10 % Ag,COyg—CsNy X% F+B B Y &
fiff 3 FE 43 ) 2 4l Ag,COs Al g—CsN, FY 5 %5 R 4 %,
AgsNy/g—C3Ny 5 J5T 25 94 K b RE G A 10305 1 1 34 5 2
F T 0 TR A5, A5 4 AT L W A 1 i b 2R T AR Y
S NS | B e B e =
2.5 TEARIRGE

1 F 22 RUBE T BR &5 40 Ak 300 EL A o 2% e dl ki
71, I A R AR, R 5 Ui, KA 1) S A%
fi ) AN T B M R T R VRO A Ak B R TP B
BB AL 3. CaMg(COs), 72— B A TR 45 4 1y 2
TR, 5 Ag,CO, A A A /Y9 B 25 1 45 4, {H 2 75 %
FE 7RV W PR 5 firk R 25 350K, R R S AR P T LK
2 R B R IR G S — &, S8 M R E S
K.

H It , Tian S50 CaMg (CO5), fiik Fy fli A AR
T 3 TR PR B T aC e B & T ORLAR 202 10 pum

1 CaMg(CO5),@Ag,CO; B 7 &5 L ER (& 10). HL Ak
2 FEBTI A G i E ], CaMg (CO5), BEHIFF
TE] DARE RO AE 20 1 0B A By, E A 2R
T 52X o 8. D3 AR 0 s A AR T T
HL[F] i B T A 40 PR FH A R 25 B B A R i
FEAI.

(b) CaMg(CO;),@Ag,CO;
10 HABHERHBAEBERE
Fig. 10 SEM images of (a) CaMg(CO,), and (b)
CaMg(CO,;),@Ag,CO;

2.6 PAN/Ag,CO, E AWK FH
Panthi 450k J— il ] B0 i 27 22 BOR T 45 T
KNG (PAN)/AgCOs H A HIKEFYE(NFs). it Ag
(NH3),* 5 NaHCO; % 8 22 4 2 v il % i PAN/
AgZCOg NPs BRI, XoF BT A5 J02 1A 1 W 44 T 0 H &
3% PAN-Ag,CO; NFs. 7 7] WLYGRE ST T, PAN/
Ag2C03 NFs % B 21 (MR ) B2 b7 W B Ak 7
o FE AR M. S AR TR 1 (] X )
X PAN/Ag,CO;5 NFs MIPTEE TG M, 455K WoR , PAN/
Ag,CO5 NFs X KM AT A R 4 €00 7 4] Bk 7 2 L o
SR BT ER TG PR, PAN BLAT R AP n 0, B3 i sk
PEFIRES B2 (6 F S 2 NI W b 4 25 ok, PAN 5
Ag,CO;5 38 o i B 25 22 5 R R et A WL e L &
S5R OREE T AORIBURL AR E M TE 5 T4 B ml i, )



%10 5 % 2 #

TR 5 M) Ag,CO, KAEALH A 69 ) & B 2 R AE A8 B R 59

DAY PR, B AR R A

3 HFitE5RE

Ag,COs EAEALT I B RTATF 5T 0 — FoBr L =
AL S R ) A AR TR R AR S KB R e LA
BRI FH T UL R £ 45 o G RO BLAG G 9 DA B GE i
EE&RETF. Bl @il m e R ES BB AR AR
FARSE AR Y 7 22035 Ag,CO5 P BE MU BF 58 A X B /0, 4
Jei AT AR I 75 T BT il a2 SR A i O ik
5 HAE BE A BIF ST AR 85 22 (H 2 18 38 R 31 Il A 1k 741
(LR B IS BB A2 Tl A 7= rp (.

Ag,COs S AL TE AR 1 & J& R ml KL AT JL AR
TR A 5T .

1) B IR ZR F-H0HT 00 21 S AR B4R Rt 773 |
a2 S AHE A M T S T 4 45 R 1 hn e R o RE L 2
e MG L 28 U A B UK

)W HT AR & B AT B 2 IR R BT B 44 T
3 IHDEAE BT -2 X E A AR BE [ S )
F 7 A DT 2 A Ak B 4 3R 7T

3) I 1 2 B (RS AT A R H Tt i ik
P BE A [7] B 3 A i AR

4)iE TR AT IEIE Ag,COs 6 il
PR ER E M, DA DR B AR AR

S E 3K

[1] GUO S H, BAO J X, HU T, et al. Controllable synthesis porous
Ag,CO; nanorods for efficient photocatalysis[J]. Nanoscale Re-
search Letters, 2015, 10(1):193-200.

[2] B3O, R IE, EWE. A1 80 B F A4 b0 RHIE B R A A LTS e
YR RE S HE R[] VIR 25 4R (FAR B2 M), 2017, 45(4):298-
306.

[3] LONCAREVIC D, VUKOJE I, DOSTANIC J, et al. Antimicrobial
and photocatalytic abilities of Ag,CO;3 nano—rods[J]. ChemistrySe-
lect, 2017, 2(10):2931-2938.

[4] £, RIRIT, ES2E, 5 —MRE AR RS W TOLH LS
J& Cr (V) KB A HLis Je )], Ak, 2017, 38(12):2141-2149.

[S] WOJTYLA S, BARAN T. Insight on doped ZnS and its activity
towards photocatalytic removing of Cr (VI) from wastewater in the
presence of organic pollutants[]]. Materials Chemistry & Physics,
2018,212:103-112.

[6] wifE, XM, FHr, 45, 2 S RBRHBE A B T B A WL TS S 4 o
GEHERE[)). A A AR BT 254, 2018, 34(6):481-488.

[71 YU H J, SHI R, ZHAO Y X, et al. Alkali-assisted synthesis of
nitrogen deficient graphitic carbon nitride with tunable band
structures for efficient visible-light—driven hydrogen evolution|[J].
Advanced Materials, 2017, 29(16):1605148-1605154.

[8] /U, BRIE 2=, BRI, 45, G—C3Ny H G £k 70 i il 25 F0 2 ).

HEaERES T, 2018,9(3):42-52.

[9] HERER, Tk, Sk, &5 HHE-LT ekl & BiOU/BiOBr 5 4 L fik
A7 S FC AR RELT]. A (G B 5 TR, 2017, 8(1):86-93.

[10] FANG X Z, SHANG Q C, WANG Y, et al. Single Pt atoms confined
into a metal-organic framework for efficient photocatalysis|J].
Advanced Materials, 2018,30(7:1705112-170519.

[11] LI J D, YU C L, FANG W, et al. Preparation, characterization and
photocatalytic performance of heterostructured AgCl/Bi,WO,
microspheresJ]. Chinese Journal of Catalysis, 2015, 36(7):987-993.

[12] B AR, AR, BRa 855, KIGE S R Ag.COyZn0 F 452 &
Je AR O TERE )] A @SB RS TR, 2014, 5(1):
47-53.

[13] WANG G Z, YUAN H K, CHANG ] L, et al. ZnO/MoX, (X=S, Se)
composites used for visible light photocatalysis[]J]. Rsc Advances,
2018, 8(20):10828-10835.

[14] LI H, L1 J, AL Z H, et al. Oxygen vacancy—mediated photocataly-
sis of BiOCI: reactivity, selectivity, and perspectives[]]. Ange-
wandte Chemie International Edition, 2018, 57(1):122-138.

[15] BRIEAR, AR, A1 8IS AL 5 e AR I T 5 kL)), A7 (042
J&FE S TR, 2013, 4(3):34-39.

[16] BERFHT, Bhor i, M1, &5, 1 e B A6 A0 R BIF 5 305 R (D). B4k
T4z, 2018, 31(9):106-111.

[17] ZENG D B, YANG K, YU C L, et al. Phase transformation and
microwave hydrothermal guided a novel double Z—scheme ternary
vanadate heterojunction with highly efficient photocatalytic
performance]J] Applied Catalysis B Environmental,2018,237:
449-463.

[18] WU Z, ZENG D B, LIU X Q, et al. Hierarchical 8-Bi,04/B1,0,CO5
composite microspheres: phase transformation fabrication,
characterization and high photocatalytic performancel[J]. Research
on Chemical Intermediates, 2018, 44(10):5995-6010.

[19] YU C L, WU Z, LIU R Y, et al. Novel fluorinated Bi,MoOs
nanocrystals for efficient photocatalytic removal of water organic
pollutants under different light source illumination[J]. Applied
Catalysis B Environmental, 2017, 209:1-11.

[20] YU C L, LIU R Y, WU Z, et al. The excellent dye—photosensitized
degradation performance over hierarchical BiOCl nanostructures
fabricated via a facile microwave-hydrothermal process [J]. New
Journal of Chemistry, 2018, 42:137-149

[21] XIAO P Y, LOU J F, ZHANG H X, et al. Enhanced visible-light—
driven photocatalysis from WS, quantum dots coupled to BiOCL
nanosheets: synergistic effect and mechanism insight[J]. Catalysis
Science & Technology, 2018, 8(1):201-209.

[22] XM= A, B, B3, 5. SR EROGAE Ak 3R 78 R 58 v Ak K g U 4% 1k
MIBETEHE D). A7 (4 Jm B2 5 TR, 2016, 7(6):62-72.

[23] FOR, S0, XM H, 2. MR PUBI2WO6 BIOK i 4 i . FAiE S H:
T OB PERE)]. A AR RS TR, 2016, 7(2):60-66.

[24] HE H B, XUE S S, WU Z, et al. Synthesis and characterization of
robust Ag,S/Ag; WO, composite microrods with enhanced
photocatalytic performance[J]. Journal of Materials Research,
2016, 31(17):2598-2607.

[25] YU C L, WU Z, LIU R Y, et al. The effects of Gd** doping on the

physical structure and photocatalytic performance of Bi,MoOg



60 RezeHtsh TR

2019 & 4 H

nanoplate crystals[J]. Journal of Physics & Chemistry of Solids,
2016, 93:7-13.

[26] YU C L, WU Z, LIU R Y, et al. Novel N/Bi—-BiOCI nanoplates
synthesised in  NH; atmosphere and their enhanced
photocatalytic activity[J]. Materials Research Innovations, 2018,
22(3):121-127.

[27] M, YL, R, 55 Ag,COs@AgBr A LHEILTI Myl 4, &
EJ T WG HEAEPEREL). A G m R 5 TR, 2018, 9(1):51-59.

(28] HUE, XU, BHe4E, 45 vl WOGEK 3 A% 5e 454 Ag,S@Ag,CO; fiEfk
RS 5 R Wy i B RELD). A (8RR 5 TR 2017, 8(6)23-
35.

[29] PIRHASHEMI M, HABIBI A. Photosensitization of ZnO by AgBr
and Ag,COs: Nanocomposites with tandem n-n heterojunctions
and highly enhanced visible -light photocatalytic activity [J].
Journal of Colloid and Interface Science, 2016, 474:103-113.

[30] YU C L, WEI L F, CHEN J C, et al. Enhancing the photocatalytic
performance of commercial TiO, crystals by coupling with trace
narrow—band-gap Ag,CO;[J]. Industrial & Engineering Chemistry
Research, 2014, 53(14):5759-5766.

[31] YU C L, WEI L F, ZHOU W Q, et al. A visible-light—driven
core-shell like Ag,S@ Ag,CO; composite photocatalyst with high
performance in pollutants degradation[J]. Chemosphere, 2016,
157:250-261.

[32] WANG H Q, LI J Z HUO P W, et al. Preparation of Ag,0/Ag,CO/
MWNTSs composite photocatalysts for enhancement of ciprofloxacin
degradation[J]. Applied Surface Science, 2016, 366:1-8.

[33] LIU Y, KONG J J, YUAN J L, et al. Enhanced photocatalytic
activity over flower-like sphere Ag/Ag,COyBiVO, plasmonic
heterojunction photocatalyst for tetracycline degradation [J].
Chemical Engineering Journal, 2018, 331:242-254.

[34] XIAO P, YUAN H Y, LIU J Q, et al. Radical mechanism of
isocyanide —alkyne cycloaddition by multicatalysis of Ag,COs,
solvent, and substrate[J]. ACS Catalysis, 2015, 5(10):6177-6184.

[35] DONG C, WU K L, WEI X W, et al. Synthesis of graphene oxide—
Ag,CO; composites with improved photoactivity and anti—photo-
corrosion[]J]. Crystengcomm, 2013, 16(4):730-736.

[36] YOSHIKAWA M, YAMADA S, KOGA N. Phenomenological
interpretation of the multistep thermal decomposition of silver
carbonate to form silver metal[J]. The Journal of Physical Chemistry
C, 2014, 118(15):8059-8070.

[37] KE J, LIU J, SUN H Q, et al. Facile assembly of Bi,0/B1,SyMoS,;n-
p heterojunction with layered n-Bi,0;, and p—MoS,, for enhanced
photocatalytic water oxidation and pollutant degradation [J].
Applied Catalysis B Environmental, 2017, 200:47-55.

[38] LIU D T, LI S B, ZHANG P, et al. Efficient planar heterojunction
perovskite solar cells with Li-doped compact TiO, layer[J]. Nano
Energy, 2017, 31:462-468.

[39] ZHU M, DENG X C, LIN X, et al. The carbon quantum dots
modified ZnO/TiO,, nanotube heterojunction and its visible light
photocatalysis  enhancement[]]. Journal of Materials Science
Materials in Electronics, 2018, 29(13):11449-11456.

[40] JIN Y J, LINGHU J J, CHAI J W, et al. Defect evolution

enhanced visible-light photocatalytic activity in nitrogen—doped

anatase TiO, thin films[]J]. Journal of Physical Chemistry C,
2018, 122(29):16600-16606.

[41] LI Y Y, CAO S B, ZHANG A, et al. Carbon and nitrogen Co—
doped bowl-like Au/Ti0,, nanostructures with tunable size for
enhanced visible-light—driven photocatalysis[J]. Applied Surface
Science, 2018, 445:350-358.

[42] WEI Q, WANG Y, QIN H'Y, et al. Construction of r—GO wrapping
octahedral Ag—Cu,0 heterostructure for enhanced visible light
photocatalytic activity[J]. Applied Catalysis B: Environmental,
2018, 227:132-144.

[43] WANG X T, ZHOU J Q, ZHAO S, et al. Synergistic effect of
adsorption and visible-light photocatalysis for organic pollutant
removal over BiVOJ/carbon sphere nanocomposites[J]. Applied
Surface Science, 2018, 453:394-404.

[44] YE M Y, ZHAO Z H, HU Z F, et al. 0D/2D heterojunctions of
vanadate quantum dots/graphitic carbon nitride nanosheets for
enhanced visible-light—driven photocatalysis[]J]. Angewandte
Chemie International Edition, 2017, 129(29):8407-8411.

[45] WEN X J, NIU C G, ZHANG L, et al. A novel Ag,0/Ce0,
heterojunction photocatalysts for photocatalytic degradation of
enrofloxacin: possible degradation pathways, mineralization
activity and an in depth mechanism insight[]J]. Applied Catalysis
B Environmental, 2018, 221:701-714.

[46] HE K L, XIE J, LI M L, et al. In situ one—pot fabrication of g—C;N.
nanosheets/NiS cocatalyst heterojunction with intimate interfaces
for efficient visible light photocatalytic H, generation[J]. Applied
Surface Science, 2018, 430:208-217.

[47] LOW ] X, YU J G, JARONIEC M, et al. Heterojunction
photocatalysts[J]. Advanced Materials, 2017, 29(20):1601694 —

1601713.

[48] XU C W, LIU Y Y, HUANG B B, et al. Preparation,
characterization, and photocatalytic properties of silver
carbonate[J]. Applied Surface Science, 2011, 257(20):8732-8736.

[49] ZHOU L, LIANG LY, TALIFU D, et al. Sonochemical fabrication
of Ag,CO; nanomaterial and influencing factors on photocatalytic
properties[C]/IOP Conference Series: Materials Science and En-
gineering. [OP Publishing, 2017, 167(1):012032.

[S0] YU N, DONG R H, LIU J J, et al. Synthesis of Ag/Ag,COs
heterostructures with high length—diameter ratios for excellent
photoactivity and anti—photocorrosion [J]. Rse¢ Advances, 2016,
106: 103938-103943.

[51] DAI G, LI S, LIU S, et al. Improved Photocatalytic Activity and
Stability of Nano-sized Ag/Ag,CO; Plasmonic Photocatalyst by
Surface Modification of Fe(IIl) Nanocluster[]J]. Journal of the
Chinese Chemical Society, 2015, 62(11): 944-950.

[52] TIAN J, LIU R Y, LIU Z, et al. Boosting the photocatalytic
performance of Ag,COs, crystals in phenol degradation via,
coupling with trace N-CQDs[J]. Chinese Journal of Catalysis,
2017, 38(12):1999-2008.

[53] LIU S Q, WANG S, DAI G P, et al. Enhanced Visible-Light Pho-
tocatalytic Activity and Stability of Nano—Sized Ag,CO;Combined
with Carbon Nanotubes[]]. Acta Physico—-Chimica Sinica, 2014,
30(11): 2121-2126.



%10 5 % 2 #

TR 5 M) Ag,CO, KAEALH A 69 ) & B 2 R AE A8 B R 61

[54] DONG H J, CHEN G, SUN J X, et al. Highly —effective
photocatalytic properties and interfacial transfer efficiencies of
charge carriers for the novel Ag,COy/AgX heterojunctions
achieved by surface modification[]]. Dalton Transactions, 2014,
43(19):7282-7289.

[SS]LIJJ, YANG W L, NING J Q, et al. Rapid formation of Ag,X (X=
S, Cl, PO,, C,0,) nanotubes via an acid—etching anion exchange
reaction[J]. Nanoscale, 2014, 6(11): 5612-5615.

[56] YU C L, LI G, KUMAR S, et al. Phase transformation synthesis of
novel Ag,0/Ag,CO; heterostructures with high visible light
efficiency in photocatalytic degradation of pollutants|J]. Advanced
Materials, 2014, 26(6):892-898.

[57] ZHAO X L, SU Y C, QI X D, et al. A facile method to prepare novel
Ag,0/Ag,CO; three—dimensional hollow hierarchical structures and
theirwater purification function|J]. Acs Sustainable Chemistry &
Engineering, 2017, 5(7):6148-6158.

[58] FA W J, WANG P, YUE B, et al. Ag;PO/Ag,CO; p—n heterojunction
composites with enhanced photocatalytic activity under visible
light[J]. Chinese Journal of Catalysis, 2015, 36(12):2186-2193.

[59] FANG S S, DING C Y, LIANG Q, et al. In-situ precipitation
synthesis of novel BiOClI/Ag,COs, hybrids with highly efficient
visible-light—driven photocatalytic activity[]J]. Journal of Alloys
and Compounds, 2016, 684:230-236.

[60] WANG J, DONG C, JIANG B B, et al. Preparation of visible

=

light —driven Ag,COy/BiOBr composite photocatalysts with
universal degradation abilities[J]. Materials Letters, 2014, 131
(12):108-111.

[61] WANG N, SHI L, YAO L Z, et al. Highly improved visible-light-

BiOI/Ag,CO;5
heterojunctions[]J]. Rsc Advances, 2018, 8(1):537-546.

[62] LI T T, HU X L, LIU C C, et al. Efficient photocatalytic

induced  photocatalytic  performance  over

degradation of organic dyes and reaction mechanism with

Ag,COyBi,0,CO;5 photocatalyst under visible light irradiation[J].
Journal of Molecular Catalysis A: Chemical, 2016, 425:124-135.

[63] XU H, SR, 1M, 5. Ag,COYBiVO, B4 oK A e AL i
e, FAE T CAEALHLEL ] TEHLILE2E4, 2017, 33(3):519-527.

[64] DAI G P, LIU S Q, LIANG Y, et al. Fabrication of a nano—sized
A g,COyreduced graphene oxide photocatalyst with enhanced
visible-light photocatalytic activity and stability[J]. Rsc Advances,
2014, 65(4):34226-34231.

[65] L1 J D, WEI L F, YU C L, et al. Preparation and characterization
of graphene oxide/Ag,CO; photocatalyst and its visible light
photocatalytic activity[J]. Applied Surface Science, 2015, 358:
168-174.

[66] XU H, SONG Y X, SONG Y H, et al. Synthesis and characteriza-
tion of g-C3;NJ/Ag,CO; with enhanced visible-light photocatalytic
activity for the degradation of organic pollutants [J]. RSC Ad-
vances, 2014, 4(65):34539-34547.

[67] TONDA S, KUMAR S, SHANKER V. In situ growth strategy for
highly efficient Ag,COyg—C;N4heteromanojunctions with enhanced
photocatalytic activity under sunlight irradiation[J]. Journal of
Environmental Chemical Engineering, 2015, 3(2):852-861.

[68] TIAN J, WU Z, LIU Z, et al. Low—cost and efficient visible -
light-driven CaMg(CO;),@Ag,CO; microspheres fabricated via an
ion exchange route[J]. Chinese Journal of Catalysis, 2017, 38
(11):1899-1908.

[69] PANTHI G, PARK S J, KIM T W, et al. Electrospun composite
nanofibers of polyacrylonitrile and Ag,CO; nanoparticles for
visible light photocatalysis and antibacterial applications []].
Journal of Materials Science, 2015, 50(13):4477-4485.

[70] CHEN J, DING N W, LI Z F, et al. Organic cathode material for
lithium ion battery[J]. Progress in Chemistry, 2015, 27 (9): 1291-
1301.



