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Preparation and photocatalytic application of BiOBr/COF composites
HU Jun-jun', DING Tong-yue', CHEN Yi-hua', YANG Ben-hong™"
(1.School of Biology, Food and Environment, Hefei University, Hefei 230601, China; 2.School of
Energy Materials and Chemical Engineering, Hefei University, Hefei 230601, China)

Abstract : BiOBr/COF composites are prepared via loading BiOBr nanoparticles on COF matrix by hydrothermal
method ,and characterized by XRD,SEM and PL.The effects of the mass ratio of BiOBr to COF,reaction temperature,
reaction time and other factors on the photodegradation rate of RhB over the composites are investigated. The results
illustrate that BiOBr nanoparticles present fluffy spherical shape and distribute uniformly on the surface of sheet-like
COF.RhB photodegradation results indicate that the samples synthesized under the conditions that the mass ratio of COF':
BiOBr is 64 :100, hydrothermal temperature remains at 140°C and hydrothermal reaction lasts for 10 h show the best
photocatalytic activity to RhB under visible light irradiation.The degradation rate of RhB can reach 98. 91% accordingly.
Moreover, the degradation rate can still reach 80. 12% after four-time reuse of the same catalyst, indicating an excellent
stability.It is found from studying on the degradation mechanism that - O; is the main active substance for degrading RhB.

Key words: BiOBr; COF; composite materials; photocatalysis

ALGRHE KA T Bt g ELAL BERE PO R A
HEN U4 R R R 1 i A B AR B sy
RE RAETT B ATAE H OGN AR i S LA mi sz 21
25 S S

WFFE IR OB AL B Tio, ) (L 2
SOOI A R o DAY OGN L 8 R
KBRS CEREEET SREW ETBOk
i RIX — BRI . BiOBr & — Rl U 77 f & | Al UL OG
A2 SRR ZEJE IR, BiOBr 7 A Hy
T2, 5P 0, Hy0 KA O AR A
OH - O, 555 AL NE [ 2 | 3T 18 B 14975 e ) ik
FreaAbsr i, SR, 460 BiOBr A L - 25 7Ok
MG AR LB B o TR R AR LB, 3L

AL TEPERAR ' S TR BiOBr LT -25 /X 4y
BR HMW AN RA e BB BT g
Ze MM BN E AT %L Guo' ™ il & T BiOBr/Ag
AT, R Ag 195 PR R BiOBr HGB#1L
WEfTERE, Sheng ™ i i 4l BHAFI HGLHI % T La™
721 BiOBr 4k, fff BiOBr INFIE MUz BT REZR , #2
B THT -2 U R, Yin!'® i A A AL
T BiOl/BiOBr & &G0, JEa 5T T HoAR Ak 1 fig
SEHIn 2, &% BiOBr 4 P B R Lt s 4%
T Ag/BiOBr/GO & &AL, #IH GO BRE L
FFL R BiOBr M40 (0 S W 3 M A A 8
P OB A MR R, LM A ALAE 22 R ORE (AT AR
COF) F AL B I ) LA 4 A bl | L

%5 B #A3:2020-06-03 ; & B H #1 : 2020-08-05

BEEWH . BHR A RFI2EI 4 (51403048) ; & A02=Be i o8 AE AT 580 H (CX201906)
VEEG A AR (1996-) , 2, TR 0P984, W5 07 1] R e AL, 1347650917@ qq.com; B AR 22 (1962-) | 58 14 #d% , B NG R&

B N FAFST B IREK R A, yangbh@ hfuu.edu.cn,,



- 110 - A AL T

T AR AR A HES B Y T o fg ik
AR B T 2L E A TR Rl GO
il T 28N 2 4 H A B i, B COF fE
BiOBr HZRAA % Al DLk 3% BiOBr UKL 43 HckE 4™
K FRTER I IEAE Ab ) B N 6 A6 o5 R ARG AE
HL -2 U A% 4 st A e b fg

EH VY = R JRORE Sl R R A R T
COF , &l 1 i, il K #4924 BiOBr 4K A+ 5
HLUTRAE COF JE4& L il 4 BiOBr/ COF & A 1k, Xt
HIHATFRAES T, I 58X F FHB] B (RhB) 1 F%
ff 1 RE

HO\B/OH

© -H,0

HO"B>on

oo oo
o, T 0, I o0,
BB OB BOp
O\B’O O\B’O O\B’O
©—— 15A<—©_. 15A<—©
_B-, _B. _B-,

oo oo oo
0, T 00, 0 L
OB 0B
(o) B 0 (0] B (0]

SIS

K1 COF 1y & ki %4

1

b

Sy

1.1 #RFn{LEs

MR B =R (CH,,) . AN (CH0,) |
TRALER (KBr) X428 Z 8l iR ( C,HB,0,) , FifFZ
AR AT BR A ®l A 77 £ —BEH Bk (C,H,0,)
M 2 4 F AL 2% R A R A\ A R 6 R A
[Bi(NO,),-5H,0], iR =k THRARA™,

1E AL A SEM 4087 % F H 4R Hitachi 2%
AIAE 7 ) SUS010 4 4 ML S T 45, in ek fL 1R Ky
15 KV, HELEFIY & AR S5 44 70 28 50 M R F P AR i
A AR TD-3500 59 X SFERATHHMY, 45 fi Rl
30 kV, FHHEE N 3. 6°/min, HEALF A F 1 fE
HIHL T-45 58 1 H A Jasco 2 E12E 721 FP-8500 #¢
FEIETEASGIEAT I 2 A Ak TR ) L 2 T AR 2 [
Quantachrome 23 7] 2 7 1Y Autosorb 1Q % 1Y 2 ] 1
FZS BRAT BT AL HEAT RAE . X RhB B i 1 I 09 490 ot

540 B2 10 B

K HIZERE Agilent 23 7] 1260 B &5 8508 AH (3% (LR 4T
O30T, SR R C18, HERE LR 10 L, K DU K
554 nm,

1.2 SKIFHE

1.2.1 COF #%)&

FRELO0. 5 g(3 mmol ) XF 2K R , iNA 20 mL —
ASFRFN 20 mL ¥ =R A0 2 h, FIRGH
TCE T 50 mL KIS 120°C U7 24 h, HSREH
=W, HNEIER 4 K, T4 4 h 538 COF A&
1.2.2 BiOBr/COF & &-#t#tayHl &

FREL 0. 238 ¢ KBr, % T 40 mL £ B H fi o,
PR A5 FREL 0.4 ¢ COF A1 0.970 g Bi(NO,), +
5H,0,% T 40 mL & ZFEH it 1595 B, B
W B AT MENAW A B, B 30 min, iEFE 2 by
W FS 2 100 mL R, 140°C R 10 b, H
SRV A B 2R, HIN B 2 R Bk, T 1% 4 h, 15 3
BiOBr/COF Y&fi k5]

1.3 FfE{LPERE RhB I8

B 20 mg JEAEALF, A ZHECH 100 mL RhB
(5 mg/L) W, A SGA 2 I AR 38 i 3k T
Pt 30 min, LLARIWFEAE , $THFGE, 700 W IR
KT A B0, B3R 10 min BUREIN W6 5 1) FE b v
MZE15 5] RhB WREE C % RhB BRIEA MR LR
C,, 5 RhB HYFEf#RR

RhB B[M@ZE = (1 - €/Cy) x 100%

2 ZER5WE

2.1 YR
BiOBr.COF HI BiOBr/COF [ XRD % & an &l 2
v

(102)

RF /a.u
E_

é

{

|

|

)

10 20 30 40 50 60
20/(°)

1—COF ;2—BiOBr/COF ; 3—BiOBr
E 2 BiOBr.COF #r BiOBr/COF # XRD i &
& 2 7] L& ), 4l BiOBr 1E 20 Jy 15.33,
22.02.36. 27 47. 31°4b BYHRFAE U4 43 551 X 1 DU 77 /i &R
BiOBr [1(102) .(110) .(200) .(212) &, COF 7F
11.7.19. 08 .20. 73 . 41. 7° H4 ¥ (4 477 5 14 % i COF



2020 £ 10 B

AI(110) . (201) .(002) .(600) §4Ti , 5 JCPDS#54—
1790 —%¢, 1 BiOBr/COF () XRD %&b 3= %5 5L 3
BiOBr HAT I , A Y BE COF AT S , X & i T
BiOBr 44K Uk (¥ ik AR T COF (A7 J 25 44 B
3, BiOBr {5 1) S A 156 B AT i B AT 90 oK 94 b
N
2.2 RO

BiOBr 1 BiOBr/COF #£/ifi ) SEM EAF R Al 3
FIR

(d)BiOBr/COF( %10 000)
K 3 BiOBr #2 BiOBr/COF #y SEM & F

(¢)BiOBr/COF (x5 000)

I 3(a) Al %I, 25 BiOBr 5 FLAR 45 1) 25 &
BRAREEH , B 3(b) AT, R JG &3 B3R 2
F R K e SRR T, T COF J&—Fl otk 2
FLAPRL, W 3 (c) B 3(d) "%, % BiOBr 5
COF AR A, BiOBr B4 K F i A COF Ftk
R, XA R T LA B 4385, 1M H BiOBr
RIAR AR /N, BRI T BiOBr By Fb R m AL, 1E
JEH T BiOBr 0K H 046 AL BIR T COF 1y i A
45k, 3X 5 XRD B BT R 45 R — 2
2.3 kEREROWH

BiOBr/ COF D't 1 1) 19 220 Wiz 56 — i BT oty
&l 4 s,

__120f .
=%
= §
£ 90t o
b /.':/,
8 oor 254
o/. .
'g 30 P "’1'
g .;.;.;.:.:.;';g;.ﬂu—-/
0 L 1 1 1 1 1 1
00 02 04 06 08 1.0
HXTEII(p/p,)
1— MW B 5 2— A BfF

K 4 BiOBr/COF 8 &% M- Jit it dh %

BRERESE : BiOBr/ COF SEMHIVHIS RECELNAHR - 111 -

L 4 ] AR A 1 PR alokE 5 0 A 2E B &
(TUPAC) X W A5 I 2 1) 43 2 1 i 1 A T 4k R T
IV R, T A EBNERR™  FHELER
H, 79 [ 2R H L BUZE A R SRR i b 7 (0. 3<p/
Po<0.97) o W BFF Bl 25 R 7 110 384 Jon i 2R aef 448
] BiOBr/ COF A7 M4 Bt b A7 78 i R 25 4 HE R
AL B A RIS FLEE ), 5 SEM AT A8 2 2518
—3, KA BET L1515 2 B FE i L R 11 A
42.9m’/g,

2.4 PL &1#h

4l BiOBr Ml BiOBr/COF [ %¢ 66 i I in &l 5

/PN

SR AE/a.u.
N

1 1 1 1 1
360 400 440 480 520 560
P /nm

1—BiOBr;2—BiOBr/COF

K 5 BiOBr # BiOBr/COF # PL ¥ &

ME 5 Al LA Y 4 BiOBr 26 i H il %
FE5R B, i BiOBr/ COF & & ¥ 1) 2 St ok i B I ¢
fiK, MRS ESEH B 0, e E R T - RE A
B, HEGIR BB . BiOBr/COF 5% )65 i 1%
F4li BiOBr, M BiOBr 5 COF (& & # F| T F&AK
AL =25 O Y 5 38 SRR B A A R
fEPERER FI
2.5 SEfEILFERE RhB iE ST
2.5.1 R F] COF:BiOBr i & b 3¢ B4 1L & 1 69
EAL]

TV BiOBr/ COF &2 & A AL 7 14 % R fit
PEfE, 2 H RhB i HARI5 49, 1€ RhB 9] 45 i vk
JER 5 mg/L AEALFF N 20 mg AT E IR TR N
700 W, 140°C 7K #AHR B FK Bt E] S 10 h i 451
T, %2R COF :BiOBr Jii 2 H X G4k 76 M 1 5
Wi, 45 AN 6 FR

H18 6 H AT LU Y, BiOBr/COF S Ak [ it
RhB F7: AE B i &5 T-40 BiOBr, #% 18 COF : BiOBr Jii
LG /N B K0T, R R R AR IR R 86.7% .
93. 08% .85. 9% .87. 08% .95. 47% 1%, W% COF
[iigig e GRSt NI A 5 € SRS N
24 m(COF) :m(BiOBr) = 64 :100 B}, Y48 1k B e 1k



112 - A AL T

100

Ml

80

60

AR 1 %

40

201

}F‘H 1‘0 2’0 3‘0 4‘0 5‘0
B} ]/ min

1—m(COF) :m(BiOBr)= 0:100;2—m( COF) :m(BiOBr)= 16:100;

3—m(COF) :m(BiOBr)= 32:100;4—m( COF) :m(BiOBr)= 48:100;

5—m(COF) :m(BiOBr)= 64:100;6—m( COF) :m(BiOBr)= 80:100

B 6 A [ COF:BiOBr Jf & b %t RhB Hy [§ &

feddf X 2t T COF BEA %K He £ L, COF
FRHES 1 Z LA X 442K BiOBr & EIR 4T 1 43 1L
YRR 3 T TG AL, [FIE R Tl A: f - Filzs 0T
G5, LR & T oL e, SR, B &
COF [Fit /38y it — L3 0, &) 7€ BiOBr R HE AL
o3 w5, TS i G A TE P
2.5.2 KT A AF AR E A R R

F£ RhB #IUG TR R 5 me/L AL T2
20 mg T YEHEZIE A 700 W m ( COF) :m(BiOBr) =
64 :100 FIZKHGEEE Ky 140°C I 5ME T, LK )
(X B R s M), 25 SR AN &1 7 s

100

P
g =
90 2 { <
& gof
*
70
&
60
50

FET 10 20 30 40 50
BFE] / min
1—10 h;2—11 h;3—12 h;4—13 h;5—14 h

Bl 7 [E KB B T %] 45 89 BiOBr/ COF
*t RhB #y [& %

I 7 el DIAE S, G HR 50 min J5, 7F 1011,
1213 .14 h F 45 BiOBr/COF fiEfL7] %t RhB 7%
W IR A 43 01 M 98. 9% . 94. 8% .96. 5% 97. 8% .
97.9%, 5 IGHEALFIN; RhB ¥ 44 — 2 il W it
fie )1, BEF RhB W B T Ak 50 R 1, A ) T e
fEATHLYD B 7K B 7 Ao [ FE 4 | o i R S B 20
TR LT E 3R PR A K B s T o A
PRI REAR AR A | bl i RN | W B RE R AR,
FOCMEATEE TR, 2RV E R 10 h B AR
(ES RS Ta=IN
2.5.3 R#IGBE ST RAEE MG R

AN[RIZK AR I BE TR B9 BiOBr/ COF A 4k 551 Y

540 B2 10 B

JefeA PERE ML InI&l 8 FR

100

80

60

AR 1 %

40t

20

F'ﬂ 1'0 2'0 3'0 4'0 5'0
B[] /min
1—120%C ;2—130C ;3—140°C ;4—150%C ;5—160°C
K8 AR A#HEE T # BiOBr/COF %t RhB #)

HE 8 i LIE H, S 50 min J5, 7E 120,
130,140,150 ,160°C ' #ll75%#) BiOBr/COF 4k 551 %F
RhB By B i % 5 3 R 87.1% . 93. 1%, 95.4% .
91.3% .85.9% ., AL, Ffi 4 0 i B A9 384 0, RhB
PR SRt I 22 18, 4 B g B Sk 140°C BB
i R IR 1 5 MR KT 140°C I | B R It 26 1R /Y
BT RRAR D R 2 TR R S AR, AN R A
mn A s TTRLE i 2 S BT SR A LR R R, M
SEGEAE T |, 140°C J& A3 M 7K PR | BRI 32F kL
A1k, P gl i B, N G RE
2.6 BiOBr/COF £ & ¢ fiE 4k 7 3¢ 7 5 2 44 1 b
R RE

h T K i ) £ 1) BiOBr/ COF A Ak 51 X6 A [
Ukl iy R 8OR  TE RIS T 43 5 % 7 H ] B
(RhB) FR M Ah 4L (AF) B 48 (MO) | W H 2 5
(MB) 5u4k (BG) AT AL B S0 00, 45 R 3k 1
B,
F1 TERBRRERESR

P RhB AF MO MB BG

FE R/ % 98.69  99.26  98.03 97.5 91.33

f %% 1 741, BiOBr/COF JGHEALFIA) RhB AF
MO, MB. BG 1 P& i % 43 5] 98.69% . 99.26% .
98.03% 97. 5% .91. 33% , Ui W 1l £ 1Y 5 & O fig 4k
FIXF s DA HLG AR BT B ) e i AL R R
2.7 BiOBr/COF £ & EWFIFEE RhB HIEF 3

TE SN AR 22 s IS TR) B R A [R5 4 4
Fl, G0N 2 DU 2R (EDTA) JH U 3R 25 7,
TEE(TBA) 3K - OH, AR ( AgNO, ) 3K e, XT 2K
Fi (BQ) gk - 0, , &5 ANy 22 8 7K, B4
TR RD X G AL % AR RhB RO T, &5 3 g 2
FIim



2020 FE 10 B

F*2 BYFIXF RhB PR A0

i Blank  EDTA  AgNO, BQ TBA

P2/ % 94.13  96.32  80.11 50.24  92.46

fi2¢ 2 Al WL, 48 h EDTA  AgNO, . BQ #il TBA £
FE A SRAK IR N 96. 32% . 80. 11% ,50. 24% .92. 46% ,
XL W W Rl 94.13% . A WL A BQ 4 42
O, BEMER T B K, G A TG P 2 4 ], U
W1- 0, 7ECFEff RhB il = 2A/E . HKOE 3
AgNO, , X2 H TR e AFIT 0, SHF VA
0,08k, WA TBA i3k - OH, YA AL R FRARAS
AR, B - OH A2 RGBT A EDTA
AL h LR BOC TSR e X & T h'
AR BN T - O B R A S
1) HL - BB A% 5 1A i SR S A - O
2.8 HREAFIMNESERMERE

BiOBr/ COF {4k 5] 5 52 1 JH YR HIORT S 4 b 1
PERUSEIA AN 3 iz, i 3 Thal g, fi b ) 5
i il 1~4 Y%, BiOBr/COF X} RhB Y FEA#RMK I Ny
96. 15% .90. 21% .86.33% .80. 12% , [ F4 Fri
BRI A N, HE A 4 0, B AT 3k 3
80. 12% , R WG AL A8 8 PR B, W] DL 2 IR A 26

(LU
®3 HUNEESERXEXS RhB EREEAFMN
UE 1 2 3 4
FA%/ % 96. 15 90. 21 86. 33 80. 12

2.9 BRAMEBESH

R T HE AR AR IV 5 RhB 254k R 53
—MAE YL 254 co, I H,0, ] F HPLC %}
REFHIT S B9 RhB IR T B0 #r

AN[RIBEf Bt 8] R RhB (9 HPLC 3% & an & 9 Fr
INo FHIEL9 AT UL fE AR A% AT, RhB 7E 2. 53 min i
A S 06 | Bl 35 ' R ESE ] 9 384 i, RhB 114 068 757 3% 147
FAARG, 766 PRI 1] 55 3 50 min B, RhB ) €0 135 06 7
2K, MFE 2. 53 min FiFJ5 94 0T 09 (g0, A4
HPLC T /BB, 4128 RhB 5 Ai o Hoft /N7, 1o
E 2. 53 min Hij 150 ; WURBERE MR A H,0 F CO,, 7F
HPLC EAZs i, ME5HE  RhB JGREf# 50 min
J&  FEAIE K T 2,53 min R/ 5 300 09 €838 14
B, HULW] %, RhB W] G Bk 1k % g oy i 267 )
H,0 #1 CO,,

ERBB% : BiOB COF SEHIIETHIE R AN AL MAEHZ 113 -

100
80
60

e
T 40t

A WN -

20
ok A

00 05 10 15 20 25 30
B} /8] /min

1—0 min ;2—10 min ;3—20 min ;4—40 min ;5—50 min

K9 A MM ET RhB 8y HPLC % &

3 #ig

7K 35 JE AL 6l £ BiOBr/ COF & 44k
#, I LL RhB A REUTS e ivAn R A A 1Y Dt fi Ak
PERE, %% BiOBr 55 COF )51t b KA 1o T B
S (] SE R T RhB FEFR R A s2 ), 25 R0,
BiOBr/COF & & #1 KL%t RhB A4 G Ak K i B Wik v
F4ii BiOBr, 7E COF :BiOBr [+ 64 :100 7K A
T 140°C JKHAHE A 10 h (444 F & L RE
i, FE AT UL RS B S R e A 1 B
iKE]98.91%, E At R BB i e M,
TR 4 K, BEMRATIIRIEF) 80. 12%, FEARALEE
WFFE R, - 0, =R % RhB 19 33535 ¥ %, HPLC
SIRTEE AR ERW], RhB BEALREf# H,0 F CO, .,

&% 3k

[1] Mohammed A S,Mohammed A G,Mohamed A D,et al.Method for
visible light-induced photocatalytic degradation of methylparaben in
water using nanostructured Ag/AgBr@ m-WO, [ J].Photochemistry
and Photobiology,2019,95(6) :1485-1494.

[2] Zhao G Q,Liu L K,Li C F,et al.Construction of diatomite/ZnFe
layered double hydroxides hybrid composites for enhanced photocat-
alytic degradation of organic pollutants [ J ]. Journal of
Photochemistry and Photobiology A : Chemistry, 2018,367 (11) .
302-311.

[3] Magnone E,Kim M, Lee H J,et al.Testing and substantial improve-
ment of TiO,/UV photocatalysts in the degradation of Methylene
Blue[ J].Ceramics International ,2019,45(3) :3359-3367.

(4] Ae#h, AR, B 58, 5 — /K Bkl & Z Sk gk & -8
R A BRI S G PR B R S A s R REAT T[T ] AL
1.,2019,39(5) :146-150.

[5] Nasirian M, Mehrvar M. Photocatalytic degradation of aqueous
Methyl Orange using nitrogen-doped TiO, photocatalyst prepared by
novel method of ultraviolet-assisted thermal synthesis[ J ] .Journal of
Environmental Sciences,2018,66(4) :81-93.

[6] T AT, T, 55 45 2 4 4 0k 453 R Bk 4 55 G AL
HOR[T] yHS4R ,2019,68(21) :263-269.

[7] LuP,Hu X L,Li Y J,et al.Novel CaCO;/g-C5N, composites with



114 -

r8

[9

[10

[11

[12

[13

[15

[16

[6

[7

[8

[9

[10

—

]

]

]

]

]

]

]

]

]

]

]

[

enhanced charge separation and photocatalytic activity [ J ]. Journal
of Saudi Chemical Society,2019,23(8) :1109-1118.

PSR XA, 000 H 1 IA 1 # Cu—Mn/ZSM -5 fEAL5H) K
HLAE MRS R RIS [ ] AL T, 2019,12(31) 1 1-16.
Khampuanbut A, Santalelat S,Pankiew A, et al.Visible-light-driven
WO;/BiOBr heterojunction photocatalysts for oxidative coupling of
amines to imines: Energy band alignment and mechanistic insight
[J].Journal of Colloid and Interface Science,2020,560(15) ;:213—
224.

Zhang S J, Wang D Y. Preparation of novel BiOBr/CeO, hetero-
structured photocatalysts and their enhanced photocatalytic activity
[J].RSC Advances,2015,5(113) :93032-93040.

Pankaj R, Prachi T, Anita S, et al. Fabrication of dual Z-scheme
photocatalyst via coupling of BiOBr/Ag/ AgCl heterojunction with P
and S co-doped g-CyN, for efficient phenol degradation [ J].
Arabian Journal of Chemistry,2019,15(10) :10-16.

Liu Y,Li J,Li J Y, et al.Active magnetic Fe** -doped BiOBr micro-
motors as efficient solar photo-fenton catalyst[ J ].Journal of Cleaner
Production,2020,252(4) . 1-13.

FEHE, TIEA, XI5 Bi, 0,C0,/BiOBr 53 5t 245 1 il & B T
DLRE i R DU ER R 9 B 5 [0 BLAUAE T2, 2019, 39 (11)
137-140.

Guo J X, Dickson Y S, Frank L Y,et al.Self-cleaning BiOBr/Ag
photocatalytic membrane for membrane regeneration under visible
light in membrane distillation[ J]. Chemical Engineering Journal,
2019,378(12) :122-137.

Yin S,Fan W M, Di J, et al.La*" doped BiOBr microsphere with en-
hanced visible light photocatalytic activity[ J].Physicochemical and
Engineering Aspects,2017,513(5) :160-167.

Yin B, Liu C H.Convenient synthesis and enhanced photocatalytic
activity of BiOL/BiOBr nanostructures with different morphologies

[J].Journal of Nanoscience and Nanotechnology, 2018, 18 (7).

FAX AL L

[18]

[19]

[20]

[21]

[22]

[23]

[24]

540 B2 10 B

4771-4779.

Li C Y,Wang B Q,Zhang F ], et al.Performance of Ag/BiOBr/GO
composite photocatalyst for visible-light-driven dye pollutants degra-
dation[ J].Journal of Materials Research and Technology,2019,9
(1):610-621.

Cote A P, Binin A I, Ockwig N W, et al. Porous, crystalline,
covalent organic frameworks[ J].Science,2005,310(5751) ;1166-
1170.

Wang J,Zhang J,Bo S P, et al.Cobalt-containing covalent organic
frameworks for visible light-driven hydrogen evolution[ J].Science
China( Chemistry) ,2020,63(2) :192-197.

Zhao W, Wang T P, Wu J L, et al. Monolithic covalent organic
framework aerogels through framework crystallization induced self-
assembly ; Heading towards framework materials synthesis over all
length scales [ J]. Chinese Journal of Polymer Science, 2019, 37
(11):1045-1052.

Hao S, Jiang L,Li Y L,et al.Facile preparation of COF composite
membranes for nanofiltration by stoichiometric spraying layer-by-
layer self-assembly [ J ]. Chemical Communications ( Cambridge,
England) ,2020,56(3) :419-422.

Song Y,Wei M J,Xu F,et al.Transport mechanism of water mole-
cules passing through polyamide/COF mixed matrix membranes
[J].Physical Chemistry Chemical Physics: PCCP,2019,21(48) .
26591-26597.

Royuela S, Almarza J,Mancheiio M ], et al.Synergistic effect of co-
valent bonding and physical encapsulation of sulfur in the pores of a
microporous COF to improve cycling performance in Li-S batteries
[ J].Chemistry ( Weinheim an der Bergstrasse , Germany) ,2019,25
(53) :12394-12404.

VB BUE, S = 4R ERR BIOCL/ I A7 1 1l 7 K
HAETT WG REAR U A g AT ] AL T, 2018, 38
(10) :131-136.1

(L#% 108 W)

Wang T, Wang S, Geng L, et al.Enhancement on thermal properties
of paraffin/calcium carbonate phase change microcapsules with car-
bon network[ J].Applied Energy,2016,179:601-608.

Wang T, Jiang Y ,Huang J,et al.High thermal conductive paraffin/
calcium carbonate phase change microcapsules based composites
with different carbon network[ J].Applied Energy,2018,218;184—
191.

Babaei H, Keblinski P, Khodadadi J M. Improvement in thermal
conductivity of paraffin by adding high aspect-ratio carbon-based
nano-fifillers[ J ]. Physics Letters A, 2013,377 (19-20) ; 1358-
1361.

Sar A, Bicer A, Al-Ahmed A et al.Silica fume/ capric acid-palmitic
acid composite phase change material doped with CNTs for thermal
energy storage| J |.Solar Energy Materials and Solar Cells,2017,26
(179) :353-361.

Karaipekli A,Bicer A,San A, et al.Thermal characteristics of ex-

panded perlite/paraffin composite phase change material with en-

[11]

[12]

[13]

[14]

hanced thermal conductivity using carbon nanotubes [ J ]. Energy
Conversion and Management,2017,134:373-381.

Chen Z H,Wang J C,Fei Y, et al.Preparation and properties of gra-
phene oxide-modified poly( melamine-formaldehyde) microcapsules
containing phase change material n-dodecanol for thermal energy
storage[ J].J Mater Chem A,2015,3(21) :11624-11630.

Wang W, Wang C, Wang T, et al. Enhancing the thermal
conductivity of n-eicosane/silica phase change materials by reduced
graphene oxide [ J ]. Materials Chemistry and Physics, 2014, 147
(3):701-706.

Xiaochun M, Yanjun L, Han L, et al. Fabrication of novel slurry
containing graphene oxide-modified microencapsulated phase
change material for direct absorption solar collector [ J ]. Solar
Energy Materials and Solar Cells,2018,188:73-80.

Chen L, Zhang L Q, Tang R F, et al. Synthesis and thermal
properties of phase-change microcapsules incorporated with nano a-
lumina particles in the shell [ J ].Journal of Applied Polymer Sci-
ence,2012,124(1) :689-698. 1



