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BLIG Y 4 e i U510 25 SR, @-CyN, o /N ] 3kt B A R, 2 Bb 3 T AR/ S O A BIL TS Y 0 1
BEPERE 220 e P SO AR TR A TG 22 5, TR E BRI T A HLTE Y ) R A
Re, HaAr, A E s 4 2 LA RS T LR, LIU P DL = R AR - R
JHE B 43 F S TR A SISO R R R , A A T = 4 2L g-C N, 9kl o Horp, 3D 24145
PR T g-CN, I FL R AL, ZEE T H MG PEA 5, 45 M98k B REAIR T 2R 7 15 S i
B, TER M E AR . WANG P FEBINR P-123 £EAE T X 8 43 TSR A4 AT K Bk B
il £t F 2SO AR Y =4 g-CoN, AR o AR Al 30k O30 A 9 ol 3 AL AL AR K/INVFNALAR o0 Al B LA
AR O 35, (EL R0 B A A A Ao R v B2 ) 30 5 R i m AT AR B, 2 5 i AR BRI —N— . =NH Al
—NH, BREH &A= T TALVE T, DR Hogs B4k, HBOHUBE R I R 77 2k R R . IR et 22126770
RS AR 5 AT 3 R R 22 3R T P R0 DA B IR s 40 5 X R, (PR S o R P i R R 1 R R AR
2, AL AL QN AR A T B 55, O L T I A TR T BB AN B R I 5T 4 40 iR DA T B R T AR A e T M,
5 R EM L, NHCUE NSRBI B EfL, HEE S LR, LRERESET
N, HONE S M AE g-C N, BUFEASE# . eah, DL NH,CL A B 4 BY il £ 2 fL g-C,N, A LA F
T X5 Y 0 W BRE Y, R T AR KBRS I DK B 3 R e R CONCR AR A, R Y AR L A O Y
BE, REXTA LG G R R

AHIF 5T R F AR B NH,C1U5l Bh il % 1 £ 4L g-C,N,, @it XRD, FT-IR, UV-vis Fl XPS %5 £ fF
WFFERE S B A2 S5 A F A 454, 8 58 SEM Al TEM 2 AE R [ 19 22 10 F $5 A O 45 4, 3 3 e
FR R A 7K RhB PO BE i AL o RE AN PR PEBE , R 28B4 . BRSSP 6 U k2%
TAEM I A T 5 2 U R A FE RS, fe e i 2 [ b B4 25 52 56 0 1R 0 0 S 3 4
BrE G RRRALIEL, B 76 T & BB AL 7 AT e ST RhB 9 R AR 7 k32t 5 5%
1 #MRl5R*%
1.1 LIEHR

S T RS 25 8 3 o0 P gGaR ), AR E R Al . = R UG RhB W [ K R BB A
FR/AF, NHCLWE A 12 s kA AR A BRA R, XRER I [ 1 2 e kA e R A IR A AL,
= LEER N H R E T R AR A F, K ZBEMSRE AR A KR FREae TARAA, £
BT 7K FR AR K S A BT A
1.2 SCIG{NER

8 Ji1 (KSL-1400X-A1, & ARG BHE R A R A A, X327 47 4% (D2 PHASER, &=
Bruker 28 ), X HF£80GH 747 511X (ESCALAB 250XI, 32 [ Thermo Fisher Scientific Inc 23 ), %%
S BT (SUS000, H 4 Hitachi A #)), 5 51 HL F 2 #3458 (FEI Tecnai G2 F20 S-TWIN, 3 [ FEI &
Hl), AT WAy 6Ot BT (UV-2600, H A &2 Al), Bk 20 4h % 3% {2 (INVENIO, 7 [
Bruker 23 7)), BET b 2 10 B 3K X (Autosorb-IQ-1I, Bk VH 5 H B TR A R A 7], %% %
(FS5, HifE & T/ Hl), k2 T 1S (CHIGO0E, bR B4 FRA ), MAT 68 (CEL-
HXF300-T3, Jbaih# WA RAF), S HUEK 5 HT 1Y (vario TOC cube, Elemental X252 Fl), 1=
Sy HE BT (Thermo Scientific Q Exactive, 3% [# Thermo Scientific /A ) ).
13 XWHE

1) g-CN, iyl £ o DL =SB ATIMA , J8 o m iR R b v il 4 g-CN,. W15 g =R EE, 1]
BERAREE, B TA S, DI LL 550 C BB 3h, ARG E A EN g-CN,, #F
B o HEAT A A R

2) Z 4L g-C,N, [ il 2% o >R v TR B be — 3 Ul A0 NH,CLIR & 9 19 5 4 il 4 2 4L ¢-C)N,. #
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1.5 g = BG4 50 5 40 7 B & (0.675. 0.75. 0.825. 0.9, 0.975 g) /9 NH,Cl % T 50 mL 2 & 77K
o, WEIFE 4R, A 70 CHEEET, TRy, MR S ERAEE, AR SAHIRN, E
gl 4 L 550 °C 1B ke 3 h, H SRV 2T A5 # £ [ R B Ok x%-PCN(x% % 718 7T 9K 44 NH,C1 9 JiT & 43
), WREE S SEAT R At s i
1.4 FAEFNME R R

1) £ IR AE AP L. XRD L . PA Cu Ko O 8 S8, 4578 Bl o 26=5°~80°, 494 3 B Ny
2(°)min”'s FT-IR ML : A5 5 KBr DL 1:100 i FEIR A WS, B33 B R I AE , 400 400~
4000 cm™', SEM il : WU EFEGGFRESHEK L, HSBEEMAE. TEM WL RS E T
ToKCBE, AR GRS L, 2. BET K. #5150 °C A 6 he UV-vis T .
K AN -0] DL G R, FiIE K 200~800 nm. PL AR : PAU% K &y 385 nm AY L A& G B A
A A R 390~640 nm (1 & S 5E . SEH S -BHPTIN . SR S HMRIAR R, 0.1 g IEFIE T 10 mL %
R Vi Vigrm=9:1), A G EHEBREIET FTO BEES |, DIAE N TR, St it
KELME, AR ELAR R AR, BN 0.5 mol- L' f Na,SO, I Wi . & /r ¥EI i . B 1.5 mL [/ )5
RhB A&, HEERER, EIS b Tk,

2) JEAL I [ e PR RE IR . B 0.1 g 4EALF, A 100 mL & ¥ B8 30 mg-L ' i RhB &,
FE WG A BE T L B HE 20 min, DUk B0 B -0 B F- A . Bl S R 300 WK RS RLR BH O IR, R
10 min B 5 mL %W, B0 5 BT, T UV-vis 2066 BE IR O BE o Bl FH 3 i i i Ak 790 11
KRR, BT BRI E R 4 K, DI SRR Rt
2 #HR5iTE
2.1 HERFIRIE

1) XRD 7+ #r. HIE 1] LLFE H, gCN, (002)
16 13,591 27.5900 4 2 AR E A7 56, 13,504 |

{14 D 2 THT PN — W8 B 22 [) AH L 4 I R AR 0, %)

Vi g-CiN, [ (100) fh AT, 27.5°4b iy 04 J2& PR AR 5 N | zzﬁz
TR 52 Z 0 e BURRIE 6, X g-CyN, —_ \ 5507:PCN_~
[ (002) f T . 5 g-C,N, A I, PCN 19 2 4~ 4¢ ::j‘ “jkaMNM‘
IR WA 35 R T W J ek 2, U DA AR AR 1k el — DN

By il # PCN AT B0 g-CoN, Y A 25 4 o It 510 15 20 25 30 35 40 45 50
Hh, 55%-PCN 5 g-C,N, Al Fb, 27.5%%b (1 i Jf] 20/(°)

FElms & 27.16°, MR AT HIAE A 3 (2dsing=na )R E1 g-C,N,# PCN # XRD i
T8 g-CN, 1 55%-PCN 7] {1 2 8 #5, 43 591l Fig. 1 XRD patterns of g-C;N, and PCN

7 0.324 nm A1 0.329 nm, UEH)ZMEBEAE K, XATREEM T, = REMERET HRB WS T,
NH,CI [F] B 32 #4443 fif > NH,; Il HCL Sk, S 8UE M ¢-CN, 2 52 Z R HERE R A 55050, DLk
SR, RARBAR I A TT LAl -CN, F 25 F B Z BBk, DT iE— 25 52 ma A i M B

2) S 4 M. HE 2(a) FTE 2(b) T LAWLEL H] ¢-CN, #5510 /)2 HES , MR 2(e) L mT LI WLEL F
HFREOEW E MR . I 2(c) iTLLE H, 55%-PCN IWIE S5 ¢-CN, #H Lt & 2B AR K9 ek
A5 KRR /NG R, IF H i B 2(d) to ] LUE BIRE & 26 w7 AR AR 2 FL 42 R 50~100 nm A9 AL .
H [ 2() o AT LUE LY 2B Ao

3) FT-IR 208 WA 3 fif s, 78 g-CN, i FT-IR J6i% 7, 3 000~3 500 cm™" {19 % 06 kg Aij 9K 44 rpr
RA M EE (—NH, 38=NH) B 45 I 3%, 1200~1 640 cm™ X 1 T = HEFR ] C—N Fl C=N 4§ (1) ¢
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fEWE 3 F 810 om ™" BAF I A4 R WA 0 Xof 7 = 1R 3R
B4R sh . 5 ¢-C,N, A L, PCN £ 1 200~
1600 cm™ H1 810 cm™ &b Ay FEAE IG5 A & Az B i
FIAE4k , 2B DL NH,CL M4 T R B 3R g-C\N,
B9 FEARLEH, 7E 3 000~3 500 cm ™ &b fit I i i A%
B&, FIRESE NH,Cl /i Bt i & 3L 5 g-CN, 1 %%
PEARA WIS RIS, FEWOGEF
e, HAFEEMNE, PCNFE2 173 cm ™ AbH
AR W, S —C=N R RRAE I
U BA 0 If HBE % T 9K 4 b NH,CLZS i 4 i) 3
Z, VEnE R, UL OIS B 2 AL AR AR
TREMIE AL, fH g-CN, 81 N TE R E £ 1 fL
SEEAT

4) UV-vis #1E. WK 4(a) s, g-CN, £
WA /N T 470 nm &b (17 15 556 FER AR S X i
Eenm, ] ULOGIX B MR AE 55 o 55%-PCN TE %5 4h
G DXFIRT UG DR I e B S 3 0 e Ah, AR
B& B ] A UV-vis J6 5% B dls . 4% B8 Kubelka-
Munk pRECH 20 (1) T8RS

ahy = A(hv—E,)'* (1)

Kb a ABOLE; A RERE W w 5 v oA
Ky E, NI A NE R UL (ahv) YA
Aebn, v ARARARAERL, X RTAS h 2B £k
DI SR A AR 2E s B E, BIVRR X 10 A9 A
AR e BB i1 4(b) T LLE Y, 55%-PCN
f A5 HE S B Ol 2.73 eV, 5 g-CN, A% A i
(2.78 eV) AL o 3X U B A0 IS A9 PCN HAT B0
W e AT B 5 R AR AN K

5) XPS 3 #r. M 5@a) fTLLEH, g-CN,
Ml 55%-PCN fij Cls, Nls, Olsi& ¥ i B 78
285, 400, 520 eV ZEfy, KW ZHMICER A
—3, 1EKl 5(b) H, 284.8. 286.6. 288.3 ¢V Y
34U ST & g-CN, ) C—C . C—O R
N=C—N #[{JEE I, X R, LI NH,Cl M

5 pm

(a) g-C,N, SEM (5 pm) (b) g-C,N, SEM (500 nm)

500 na

(d) 55%-PCN SEM (500 nm)

(e) g-C,N, TEM () 55%-PCN TEM

& 2 g-C,N,. 55%-PCN HJ SEM 1 TEM [&]|
Fig.2 SEM and TEM images of g-C,N, and 55%-PCN
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Fig.3 FT-IR spectra of g-C;N, and PCN

B, HAEgCN, ™ ETHREZMAESW, AFME CHEEIRE. K 50 1, g-CN, il
55%-PCN 1& 398.7. 399.5. 401.1 eV AL 1Yy 3 /N0, 73 SR W =R IR N C=N—C # . ¥ 53 Z 8] 1)
H—N—(C), M A I 1) C—N—H 8, £ N SRS R A Z BISABRBR . HIE 5d)
ATLAE H, g-CN, Fil 55%-PCN B4 45 HL A7 43 1l o +1.14 eV F1+0.88 eV R FH SCHik H 19 77 16 B9 55
H g-C N, H1 55%-PCN B A0, 4391 —1.64 eV FI-1.85 eV, XKW LI AA F THEE o
C,N, MG e, 38 f oy b 1 (43 D e 35 £
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WK /nm hvieV
(a) UV-visl O35 (b) W7 BRIEl
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Fig. 4 UV-vis absorption spectra and band gap diagrams of g-C,N, and PCN
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Fig. 5 XPS spectra of g-C;N, and 55%-PCN

6) BET 7t W&l 6(a) Uron, A MM EHE IV ARG/ 4, F g-CN, fl 55%-PCN ¥Jh

AL R, A, MRS R B IR, 55%-PCN Y HL & i (28.548 m*g™") 55 g-CN,(13.878 m*-g ™) # L
AP, 55%-PCN Y FL A FR (0.143 cm®g™!) 5 g-C,N,(0.046 cm> g ) AH L WA Frit /. X £ W
PCN (R BR8] T k3t . K 6b) " LLE H: g-CN, IWFLBREF M T Sam A4 5 55%-
PCN (L1243 A0 FL 889632 , WA T 10 nm Z2 47 A1 10~80 nm FLIAE 4549 . 31X 7 B LA NH,CI1 A #5 4ig m]

I g-CoN, LTSS MY, A T4 o AL XS A BILTS e i I B 4 R
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Fig. 6 N, adsorption-desorption curves and pore size distribution curves of g-C;N, and 55%-PCN

22 MEESDHR

1) Ye 2 &6 (PL) Yotk MR S92 Y63 0 B o PL I 5 J3 85 26 W G A g 125 /R 02 4 R
B HIIE 7(a) AT LI ), 55%-PCN B & 55 065 B2 4L o-CN, BT PR MG, SRBDLA R 725 O 2 &
RPN —E R MRS, AR TR EAERE ST . 18] 7(b) J2& g-CN, Fll 55%-PCN 1Y BF 252 6615
Pl Y90 B 0 B B KA Y Ve I BT TR TR] A 96 A i, BIDGA 5 1 F 1 i, H A A i
K, AR T CmAERER IR T . TR, 55%-PCN (X545~ 1.42 ns, $EIT g-C,N, 1) 7 %
(021 ns), W] 55%-PCN H i T HA B KA Rk S SO0 MAL RN o LR — T LA 0l 72
P, af LS A 3 Al 559%-PCN 2 18 19 6 AE B F1 28 704r B B2, SR TR F 1 54, e 50 T HOG
TEERE

2) tHLPERE . BRI i PON Bl AT AR A 72 7O R &, AR -2/ 002 5
B A AL S0 B 1 ANTEAE o R BRSOt H Y iR B AN L Ak 2 BT B 98016 2E L 1 S RS R
TEHH T, dRmE 8 R, TEEl 8(a) , SGHL TR BT, SRR b iUk i 1 ) S L B
AR M A IT RO E, B R TOUMEPERE R HE T, PCN-55% DG HL sk E e K, /& g-CN, 1Y
2545, RUIH B FIEBACERE . ALY OE 0 BIER BN, BN, H a5 R ROCR T
o & 8(b) [RIFEAT LA i, 55%-PCN (Y HL T-IE RSB 1 die /)y, T 4 i o A4 v - ro i A 590 3 T 7 38
BROR . LG LL BT, 55%-PCN FE i i i BB BH I B/, AR TR B F RS .

3) AR A 2 FHI B MERE . 7EE 9(a) T, —20~0 min 7N 4 AL ) 7E BRI FREE R X RhB 19 I Bff
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Fig. 7 Photoluminescence (PL) spectra and fluorescence lifetime spectra in g-C;N, and 55%-PCN
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Fig. 8 Photocurrent curves and impedance curves of g-C;N,, PCN
o 1 1 4.0 .
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- 1
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Fig. 9 Comparison of the degradation effects on RhB of g-C;N, and PCN

AR, 0~50 min RV G RhB i 2. TRV, ANInfEfL RS, RhB 7£ 56 50 min

Ja 0 H LB R A 7.4%, g-CN, i IS W R~ 2.8%, i 45%-PCN., 50%-PCN. 55%-PCN. 60%-
PCN F1 65%-PCN 1) I W [ 20518 5.2% . 7.7%. 8.9%. 10.3%. 11.5%. X FH], PCN %) fL 14 Bl
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SR H NH,CL A 38 Jin i 3% £, [F X RhB (4 W B BE 5% o 55%-PCN 7£ 50 min P4 B 0]
RhB ¢ 2R, 1 A6 AH R B ] 9 g-CoN, R R 23 LA 50% 224 .

ST R A LR S RO BT B AR RhB IR GO AE LR RE T AR LA O — S Bl ) R Y

THE RN A R WL 8 8 . G (LR % RhB (9 O — 203l J) 2 s S8 BRI B A R O R =X (2) P .

m%:-m )
Horp: kW RWHCRFE, min'; C, M C 43514 RhB 0] 4 5 5 W& A0 BR8] 2 RF A o i v 5
mg' L' BT 0~40 min (R MR AT & Db — s Jy 20 B, BOEE BRI FRLE 0 AR SCik i
BPIPER . DL In(CyC) A bR, ¢ R A bR, BN &, TR kfEARIC T 9(b) .
g-CN, i k{4 1.23x102 min ™', 55%-PCN fY k {E K (6.07x10 2 min"), f& g-C,N, f 5 £i%.
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PCN 7 95.8%(% 9(c) A&l 9(d)), T LA RhB A LY K 53 F B A 4 4 38 43 1% S TCHLW /N o3 F o 55%-
PCN 5 g-C,N, ML, ZBRFT G, UhUIH AT LR 47 Uk RhB K 53— W B - B3 i o
23 fEAFIREMS

DL IR, 55%-PCN EA X RhB HL 5 04 W B4 BE TR fide P g, (i A 700 A0 AR 1 2 PR A
HAE S Tl Ak i B X — G845 . /& 10(a) 7T LAE H, 55%-PCN 7£ A [H] 46 2F Aist 18] Py 5 42 4l
4 RIS R33N 97.4% . 95.4% . 93.6% . 92.7%, *t/KH RhB HIFf#ZA &L ARk, B 10(b)
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Degradation effect and mechanism of rhodamine B by porous g-C;N, prepared
by gas template method
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Abstract In order to treat the dye macromolecular organic pollutants in wastewater, porous g-C;N, (PCN) was
prepared by the high temperature calcination method using NH,Cl as gas template. The photocatalysts were
characterized by XRD, SEM, TEM, FT-IR, UV-vis, XPS, BET and other analytical methods. Photocatalytic
performance and active species were investigated based on the degradation rate of rhodamine B (RhB) in water.
The results showed that PCN could greatly enhance light absorption ability and photocatalytic activity of g-C;N,
without changing its basic structure. Compared with g-C,N,, when the addition amount of NH,Cl in precursor
was 55%, the specific surface area of PCN sample increased from 13.878 m*-g™' to 28.548 m*-g !, TOC removal
rate increased from 85.7% to 95.8%, degradation rate and photocurrent density were 2 times, 2.5 times of g-
C,N,, respectively. In the process of photocatalytic degradation of RhB, ‘O,  was the main active species.
Porous structure was beneficial to increase specific surface area, adsorb more organic macromolecules and
provide more active sites for photocatalytic reactions. The generation of cyano groups during calcination process
reduced recombination of photogenerated electrons and holes, and extended the lifetime of carrier. Their
combined effect could greatly improve the photocatalytic performance of PCN. The results of this study can
provide a reference for the development of new photocatalysts and the establishment of RhB degradation
methods.

Keywords g-C,N,; gas template; porous; photocatalytic degradation; rhodamine B(RhB)
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