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Abstract

The development of photocatalysts with high efficiency has always been research hot in the field
of photocatalytic degradation. As a new type of semiconductor photocatalyst, BiOX (X = F, Cl, Br)
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micro/nanomaterials have been intensively studied in recent years. In this paper, the research
progress of the preparation of BiOX micro/nanomaterials by liquid phase method is reviewed, and
some examples of the preparation of BiOX micro/nanomaterials by various methods are listed, in-
cluding hydrothermal/solvothermal method, co-precipitation method, sol-gel method and hydrolysis
method, etc. The reasons hindering the practical application of BiOX micro/nanomaterials are ana-
lyzed, and the methods to improve the photocatalytic performance of BiOX micro/nanomaterials are
summarized from the perspective of constructing heterojunctions and element doping. Finally, the
future research direction of BiOX micro/nanomaterials was prospected.
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1. 5|

gk, NITH BIOX (X = F, Cl, BOMEHARIE AR~ E s 210, e THE AR R T4k
Moty BRFEATWAL]. BEERHLRRE, BIOX KO AN #4J0, BIOX &R Ty A Lit, Hf
1% H[Bi O] - HIAUU[X] VI A A AL, J2 5 IR 1AE I Vit T8 . XMy i) 2 IR G5 FE(0 0 1)
an A2 SR, 100 1 0) kil i W I — M BRBCKHEIE 2] 45N IR T PUERI LR O T
(6], f# BIOX ™A A BB L. EAL, BIOX [RIEOGARRT MR BIER TObA T 5 2RI E A
R, WMIEKI T T 80 T 1073 (3] [4]. LEAS mfE45 BIOX 5HAL UM ELAR, W 7 ey E
[l &

AP AL TR RBA S . ROF S TESEERO A ) & i L BRI A R, Xt AR 4K
MRS BUAR RO PE BRI SR, DRIk, S RPTRHE F AN A B I AT 7T L2 ON BRAE 9K REA T FT
HEHRAR Y. NMTEIL BIOX WK BHE KN B b B AR . EREIE. e AR
FRs s, BRI BIOX TR BHTR 1A% SOL A RIE RN T 7 RESUR N I BRI, o — ol ot
AT S 2 AR R B USR] BIOX SN KA BHE A ABAR 6 A A BEA (4 52 FH R 02
fltn, BUHTR R 2 HRE BER. Bide. HAMOTEH R AN B )R DU [5]-[1014E AT WL ST
HRRERE BIOX FIRMEALEEME . ASCR G SE T SR R AIBAE R % BIOX KA RHY — B e Al —
BRG], CARAZARIAE R AR Gkl D5 T AL AR 38 5 G A A 1k B PR 45 SRS

2. WIEEMEER BiOX (X = F, Cl, Br)iigik#

IR, RFAEFERAE . EFESS S M5 K BIOX (X = F, Cl, Br)fgh kRl ki oA 11
%, HABEEE U2 A, WA ERAE . N AR RS AR . SR SeAk Ak
ATEESE, CONEIZA R S R
2.1. IREATIRGE

Bi(NO3)35H,0 & /K #ikiil % BIOX (X = F, Cl, Br)il FE b Al Bl 2 (408, i 205 U A NaX. KX &
NH4X NE. RAKAGES % BIOX i, ok R BB AR 2B T/KF, fRREHAEBIEREBER

DOI: 10.12677/nat.2022.123017 146 PRFEAR


https://doi.org/10.12677/nat.2022.123017
http://creativecommons.org/licenses/by/4.0/

TRIE %

VUL R A IR SR 3 T, e S K SV 58 28 T vl v s PO P 858 o A 75 i SR AR VA Y 2540 I s I — B I 1]
ERf G BIOX . S¥ilk. TREDBRAIEG, BRI =i s N —BRIE. KRG AL
S SRS R A AU T AR A A A AR 6] . ST R KR B B BIOX AR AR SRR
SSLFAT B TSNS B LA 1

Table 1. Summary of the raw materials and morphologies of the BiOX (X = F, Cl, Br) micro/nanomaterials synthesized by

hydrothermal method
F 1. KPGEERL BiOX (X =F, Cl, Br)fKat Ry R R =R 5 Bk

F=H) JEEH iz
BiOBr [7] [8] Bi(NO3)3-5H,0, KBr EEP RN
BiOBr [9] Bi(NOs)3-5H,0, KBr, FrigHi PIRINEEN
BiOBr [10] [11] Bi(NO3)3:5H,0, CTAB AR
BiOCI [12] [13] [14] Bi(NO;)3:5H,0, KCI UK IR
BiOCI [15] Bi(NOs)s-5H,0, NaCl, PVP EBEAK A
BiOCI [16] Bi(NOs)5'5H,0, KCI, FZfh HEARR

VARG B KRG R AL, ANRI B2 K #25  BIOX I e I /K /E S 2 e, V7 il
FRRA PR BEELT, RABEANER BIOX FHEFMANAER &I, Ko ZmEA
WL SRALRGIE G A R BIOX TARARH I EURE . S NLaR A S P MBS L L 4% 2.

Table 2. Summary of the raw materials and morphologies of the BiOX (X = F, Cl, Br) micro/nanomaterials synthesized by

solvothermal method

= 2. IBFIBCEE R BIOX (X = F, Cl, Br)f R R0 R LR =R SR Bk

7= JEEH iz
BiOF [17] Bi(NO3)3:5H,0, NaF, Z [ HFE AL AEERIR
BiOBr [18] Bi(NO3)3:5H,0, KBr, Z —E, SDS WORFEAR
BiOBr [19] Bi(NOs)s:5H,0, CTAB, 4 [ WORFEAR
BiOBr [20] Bi(NO3)3:5H,0, KBr, Z [ WORAEAR
BiOBr [21] Bi(NO;)3:5H,0, CTAB, Z —F#, PVP TEARTEER
BiOCI [22] Bi(NO3);5H,0, NaCl, Z —F%, —HE Ji % IR
BiOCI [23] BiCly, MLIE ANKRN AR
BiOCI [24] Bi(NO3)3:5H,0, &Ab#H, PVP TORAR
BiOCI [25] Bi(NO3)3:5H,0, NaCl, P§=F% oK IR
BiOCI [26] Bi(NO3)3-5H,0, NaCl, PVP, H #&fE K IR

TERI % BIOX AR, R, s S R RO X 7 S T2 30 A EE 22 5 [7]-[26] . Diaz [27]%5 A
KAEFIRGE G AT E] T BIOBr £ i (EH] 4 A2 o 4 5K AN R R (KBr [Bmim] Br B 1-7T %&-3-F
FEIK L AR YA Bi(NO3)3-5H,0 VA fRAE £ A, KBr X N VR A 1A WAE 145°C R M 18 /M, 5[Bmim]
Br 43 AI{E 120°CF1 145°C R/ 18 /i, CABEFE R = Fh BiOBr. i 1w LLE Hi LA KBr iR IEAS 2 17
YIEERIR, HREHEEZ L. H[Bmim] Br B3 HIFE oA GK  BEALHESIHE B B 2454 o 110 S0 — 2
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BT T =M FETESL BIOBr 7 ot MIHERR (¥ B A 175 0L, A BUAE 25 WRAT OIS T, IR¥EN[Bmim] Br
SR DY 145°C I TR W) B A SRR KOG AL BT, B2 80%.

Figure 1. The SEM images of BiOBr under different reaction condi-
tions: (a), (b) [Bmim]Br, 120°C; (c), (d) [Bmim]Br, 145°C; (e), (f) KBr,
145°C

E 1. NERRMEH TS BiOBr 8 SEM El: (a). (b) [Bmim] Br,
120°C; (c)\ (d) [Bmim] Br, 145°C; (e) (f) KBr, 145°C

7£ Zhang [28]% NAEFE R, LL KBr NIRJE, Bi(NOs)s-5H,0 NAIE/K AL K T BIOBr # 8. £ M
MEEH 160°C, RBIIF[AA 3 /NSFISRAE T, HilfF 1 anl 2(a) s B4R BiOBr. #4 B [H] A% 16
ANE, TR RGO S an ] 2(b) Fs . AR, X PIAPRE SR I ORGSR IR K ZE S, RBL 16 /N
B B TN 56 B 1) RS589 o 7E 9 W LED KT (RS, PRFIRE 0] 7 (1) 25 B 2643 3l 38.6% 411 42.6%.

Figure 2. The SEM images of BiOBr under different reaction times: (a) 3 h; (b) 16 h
& 2. FERRATET BiOBr # SEM B : (a)3h; (b)16h

FETR B IGEA % BIOX SARFPRH L AR, NGRS ) IR A2 — Al Bh T ml 33 & b R
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iE#%. Hao [29]55 NAE/KFAE AL BIOCH I, AT IRIE 451 T M7, EIR G Bi(NO3)s-5H,0. ZnCl,
CLEKTIEIR G, TERPMLIERN 180°C, NI IEA 12 /N &4 R oA FES . ikl 3 for, SAINFT
BERRIRE AR B, PR RS Bh & R BE T R BUEE /N . SE AU A 5 TEARCIR o #F 300 W RUKT R F8L P B ' F it
T, FPEERGH B A BURRE S TEXT RhB [ I A2 o e 0 B A S e e R, EEERAEL I 5 IRIEIR )
JHEA RIS S5, A ORFFEGR AR . BRI AT L, FE/KRGE G A BIOX KM KL I A2 Hoin A&
MR R, RS EIEUNRSHRUN . TSN R S AT, P SRR S /N R
PEREMEZE R K.

a 1

Figure 3. The SEM images of as-prepared BiOCI: (a), (c) without citric
acid; (b), (d) with citric acid

3. K#GEE R BIOCI B9 SEM B : (a), (c) KRMITHEER; (b). (d) &
ATIRRR

2.2. dIHEE

FEPUHE AL BIOX TG RIH F ik, FUKREFIRGERI L, JRyiie kil 5 75 2 SR
B, JF AP A AR o SR SLUTIE R & QUK B, Sedz bt & LU 6 8 sk, e T
PRIV RN B & A & B SR AE R T, Te BRI AR B, Sl TRAR el 19
YI[30].

Wang [31]%5 AR FHIEUTIE LNl 4 7 BIiOCl. %64 Bi(NOs)s-5H,0 AR T UKESIR/KIETR F, K5
H4 NaCl VARSI S SR VAT, BRER b 12 /NI SR B P2 T EBUTE . #7510 BIOCH 5
ISR 1] 4 s, I CKAE R o % AE 56 7E 300 W AU B B 5 30 238 5 % RhB 1 B 2 Tl 1% 95.3%.

2.3. BB - BRI

TRIR - i R ) %~ AR R R T . Ef &R T, BB A E MR G, R
PRV R RAFHII AV . B R H R DL 4 R I b A1 — e O LR R R i, SRS L0V R AE S AR R K
i, KRR R R 21 L nm BREORIORE, It — DI e . B2 —E i AEE S, RPATHS
FIFTHRFEA[33]. HHAK R TEM L, WAL - BURIE RO AE T RO AR L R SO R 4
o AHAZ A ROITIERAAAEE SN A A R FERRR LR vh 28 B WA SROMI i 4 1 T R [34], Xt
BRI FLAE ARG e B B R AT
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Figure 4. The SEM images of BiOCI: (a) low magnification; (b) high magnification
El 4. BiOCI [f) SEM K&: (a) 1&f52: (b) maf

Wu [35]%5 NTER IR - BERE 4 & BIOCH [t FEH, ekt Bi,Os S ARTE M IR 4E 1 3R, AR5
B HTE 48 BIOC YA fRAE LB @ I SR BR A A7 pH oA 1o B2, (ERBLR N 60°C %1+
NHEEE 3 NI TR TG o VA A S 5 F R AAO AR (B SR BR AR ) 45 i . R TRIR . TS 13
F| BiOCI £t o thAb, AbATTEF [FIRE I DT VA AE BERAT IR LA A3 ) 7 BIOCH B il o FRFIRE 5 (1 T 55 4 <]
5 I, 43 ) I T R GOK ZR B FIDIR 45 ) o FE BB A T b AR B RRE o6 RhB B 20 3%
e A WAEE ST RhB L 5R R A B, 1k 42%.

s =~ . an o L A\ R —

Figure 5. The SEM images of BiOCI samples obtained by different crystallization modes: (a)
AAO templates; (b) glass substrates
5. FREI%RA BRI BiOCI #57A9 SEM Bl (a) AAO ##1R; (b) WK

2.4, IKfRE

IKFRZ L ) 4 BIOX YK BRI B BRI 79 [36] 0 H T /K AR AT s 7 25 BB ) B SR AN K PG T
L, FBTUNEGFHIMES, CRES KB EH, AEWA ez SRS Lz
ST o TE KR % BIOX Ta KA R RE R, VR NARE I Bi(NOs)s-5H,0 HH ) Bi* G A1/ F A i
BiONO; 1 H', #RJ5 01 % & F 1 BIONO; ) N AE 4 BiOX [2].

YE N2 BIOX gk B HAE F 0 J7vE, Bt &B W2 Mo 7t N RikIE 7 1R R - Ye [37]
2 NLL Bi(NO3)s-5H,0 AJFE KL, =il N f G BIONOs, AR )5 7F #5884 /K Al I SRS & A T
BiOCl. W5t R, TERTIRARER A IR, B V81 R () o] 3 B FE SRR S . 8 6 R T
VUBNEE S BITESR, BHE 20 208045 20 MR &N JEBEZ) 0 50 nm IR IR, S8R a1 i 21 40 4380
FRAEAR, AR b o KA PET R F] 60 43, A5 2 I H U A TRIR Z R 4540 . B S SIS 8] F)
BB, 120 S3EPE, BT BEEAEK, S0 AL A P AR IR . 7R 500 W ARUAT 1) S
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T, BEFE 60 15 B HIRE N RhB I RBRRCR s, RILH Rom e AL TE T

Figure 6. The SEM images of BiOCI prepared with different stirring times:
(a) 20 min; (b) 40 min; (c) 60 min; (d) 120 min
6. TEIFERERTEHIS BIOCI #9 SEM El: (a) 20 53%4; (b) 40 53%H;

(c) 60 53%h; (d) 120 534

AR H RTIGE K BIOX (X = F, Cl, BN A B AEETEREAT 7S B, B AU U
B ST R ORI, SEIRIIAR. SCIRIITIR RN 5 R R SR L AR A, o Gek)
(KD e AR [10) A0F2 f R0 R AT WSR2, 0% 3 s

Table 3. Summary of the photocatalytic performances of BiOX micro/nanomaterials towards organic pollutants
= 3. B9 BIOX # L IERANISEMIERLE

FE b TR 159 e fige i 16 e figp IR
BiOCI 44k [29] 300 W AT 100 mL 10 mg/L RhB 300 43 T 100%
BiOCI ik 46[31] 300 W TAT 100 mL 10 mg/L RhB 30 Z3 4 95.3%
BiOF Fiki[32] 200 W 24T 300 mL XU Ey R AT 160 4344 £ 15%
BiOBr f#Bk[34] 25 W RIT 250 mL 10 mg/L WimERR 60 7)-f %] 80%
BiOCI i F[35] 35 W {ikT 20 mL 0.01 mmol RhB 90 434k 42%
BiOCI 41K 4E[36] 350 W /AT 50 mL 2.5 mg/L CBZ 40 /3% £1 57%
BiOCI 91Kk [37] 300 W kT 100 mL 10 mg/L RhB 10 43%h 2] 99%
BiOCI K AE[37] 500 W AT 100 mL 10 mg/L RhB 30 44 il 100%
BiOF 44K }[38] 300 W AT 200 mL 7.5 mg/L RhB 90 4%k 2] 70%
BiOBr 442K Fr[39] 300 W AT 50 mL 2.5 mg/L CBZ 20 43%h 2] 90%

3. 158 BiOX (X = F, Cl, Br)Je L sem0 75 5%
R BIOX BN KARIAS 58 A0 RS TR, (E % 3 T 0 HLE SThm S F PR AT SR T I 5 U %2
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), R AR A HLA I BCRA AN AR . BT E ], BIOF Al BiOCI ) BRELK, (A3 &A1 A x4 4b
MmN, BiOBr 78 n] WG RS N R RIEHLMAAER, (Eedl T 52 MR A O a bk se 5 A A
[40]. FirLA, X BiOX #PRHIM &, 1R ME[RIIORAFRIUBE B Gma BT L R U A 3R T AT B8 R AN s 1 A Ak ik
JRRET o ARRYA LR, W RS ARG RS JCRBAE[2] [3] [4] [5]-

31 HWERRS

SRS S A T A AN B A DL B SR ULIC RGP SR R B S . SR —H 00
BiOX L, 5IHAh - AL A S G AR AT DA R0 f 7 - 257X B 4L, $h 58 AT
RS K [41], AR IE A G BRI EIX 1 Al WG XA 5l . AATTIE I A e S A RL . )8 %
TR BIOX BEATHE A

BRHEP TR 5 BIOX & N f) 2 A RL 2 — . Liu [421% R A AI#GE A G T BiPO,/BIOBr
HEMEL ZRFLE ) pn 8, HH BiPO, iy n B G448 kL, BIiOBr Jy p B4 Sk bkl 7EA L2
o, JEI T BIPO, I BN 5%, 10%H1 20%, 1331 7 =Mttdh. Wikl 7(a)ffias, 4l BiOBr 4K 4

) 1.0
0.8 4
== BiOBr
== 5% BiPO
i 10% BiPO),
0.6 4 —=—20% BiPO,
- —+—BiPO,
Q —4— No catalyst
Q
0.4 1

Dark Light on \ '--..._._h“‘

0.2 \i\

\ T
3 ey
-10 -5 0 5 10 15 20 25 30
Time (min)

Figure 7. The SEM images of the composites prepared by coupling different con-
tents of BiPO,: (a) 0; (b) 5%; (c) 10%; (d) 20%; (e) the image of degradation efficiency
7. WEFESER BIPO4 IFEEMHE SEM El: () 0; (b) 5%; (c) 10%; (d)
20%; (e) PEMEMIRE
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RERR . B BIPO, IS IN AT LAE RI7E BiOBr [FRTHIH L T BiPO, 4 KMk, {H BiPO, [ 1
JnE] 20%HF, #5> BiOBr k2 /0, AFITIE K BiPOL/BIOBr 5 i 2544, Wil 7(b)~(d)ff~. BiOBr
F =R G MRLERE RhB IRCRIIE] 7(e)Fm. TERA S A% T, RhB BRI+,
XULHATE R OGRS T, RhB AR LLZRE AT, AT LGRS 30 0 #h )5, 4l BiOBr X RhB K& Fr %
R 71.3%, 1 =M E SRS RhB K 2BRZF LM T-46 BiOBr, 43714 86.4%- 98%#1 92.3%. iX i # BiPO,
FIEs 232+ BiOBr Yo b ym R =8, HsIN 10% BiPO, BRI E &4 R E B om p e AL vh 1

32. TEBH

BRAEE LG Ah, JURB M PSR BIOX THAVKM B IS ML W77, TR B R IR
MR ARG R EE JE R T oG, ATTE— PR N BR, ORI, R A SR T
[41]. ARAEBIRITCEIMEAE, LU ZINES AIEEEBR. &EBIRUENSER. E&ET, B,
C. N. S Hl | ¥ C#RIEE A M BIOCI. BiOBr #5245, fE&@icE+, Al Zn. Sn. In. Pt %0 H
AT LA T 4% 42 J8 5 44 1) BiOX.

C/IC

' -@-Blank

0.4 - -9-BiOBr
| -2-0.5% Mo-BiOBr
0.2 - | -o1% Mo-BiOBr
! -6-29% Mo-BiOBr
0 : -@-3% Mo-BiOBr

-30 -10 10 30 50 70 90
Reaction Time (min)

Figure 8. The SEM images of BiOBr after doping different contents
of Mo: (a)~(b) O; (c)~(d) 2%; (e) the image of degradation efficiency
8. 21 [E)2 Mo 15 BiOBr # SEM [E : (a)~(b) 0;(c)~(d) 2% ;
(e) PEMRHRE

DOI: 10.12677/nat.2022.123017 153 PRHEAR


https://doi.org/10.12677/nat.2022.123017

TRAIE %

Wu [43]5 N KA FIFEA AR E] T 1528 Mo (1) BIOBr KA L. 18 8 %45 24 71 %8 0.5%.
1%- 2% 3%, FLHI73DYRFES . 2 29 Mo-BiOBr 54t BiOBr (4%} th i [4] 8(a)~(d) firar . ) 7%
R PFIRE S R AR AR GG R o SR TBOR G R, K45 2= (1) BiOBr 2HLH 5140 B Aok, 1
Mo $ 24 7f0 5] A5 512 BiOBr SR HIWI B4tk . 7E 300 W U B FBL A A BH G HE B R, 4% i X ik
B (I B AR AR I 1] 8(e) T G5 SR B 1544 T Mo 1) BiOBr th4li BiOBr #iIf5 Hak b ELimtE. 24
Mo W& &R 2%, 15 EDGHEE R, HAERRR KRB 1 2.3 f5. MRS, Bk
HHEMBE NS FRIE T EREENIEH, M2+t N, XHiEHS A e S BIc RS
BiOX T4 KA K S AL 1

4. ZRERE

AL EFLER T WAHEA B BIOX (X = F, Cl, BNTUA KR o i, MRS T —Lesgma i 5 e
AT R 2 . A A EELALFIZ —, BIOX (X =F, Cl, BN K& BT P A 1 R R T4 3 i
IDUE o PR A A 77 B S AN 28 7 iR O 55 AT X5 T BIOX (X = F, CI, Br)fd4 K4 ki &
A & T C . Brbh, ARRBEIE 0 E 25 NAZAEBE = AR RO b, RN B A ik
A SRR A P RO R B AR NIRRT o BRI AR DAL 2 FPR AR, A5 BETE A AH S 7L
NBEE 12T, BIOX (X =F, Cl, Br)flg K0 kk Bt 7t Re 8 BLAS SR 1 ik g

E&WE

JEIHT 7548 K24 B3I 256350 H (2022103040232, 202210304099 ) Al T 3 A 27 k78 A3 2% 1 4 32 4
(KFIN2206. KFIN2211)f % ¥Fo

SE
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