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Abstract

Using sol-gel method, tetrabutyl titanate as the titanium source and urea as the nitrogen source, a
nitrogen-doped titanium dioxide photocatalyst was prepared. After the samples were dried, ground,
and roasted, the UV lamp was used as the light source, the methylene blue dye solution was the
target pollutant, and the nitrogen-doped titanium dioxide was used as the photocatalyst for ad-
sorption and photocatalytic degradation. The dosage of the nitrogen-doped titanium dioxide cata-
lyst was studied separately. The effects of nitrogen-doped titanium dioxide catalyst dosage, pH
value and ultraviolet light irradiation time on the decolorization rate of methylene blue were in-
vestigated. The experimental results show that nitrogen-doped titanium dioxide has good photo-
catalytic performance. The best reaction conditions are: the dosage of nitrogen-doped titanium
dioxide is 50 mg, the initial pH of the solution is 7, the temperature is 25°C, and the photocatalytic
reaction time is 2 h. The degradation rate of methylene blue can reach 90.37%, the adsorption and
photocatalytic degradation rate of methylene blue under acidic conditions is low, the adsorption
performance of methylene blue under neutral and alkaline conditions is better, its photocatalytic
degradation rate is high. Photocatalytic degradation of methylene blue is a kinetic first order
reaction.
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1. 53|

b5 TR BN G T 2GR MR e, FE Tl GUbh AR p= 5 KA A B okl m . SR 48T, 2020
FIRE YRR 76.9 JIE, GORHR K E H HECE Y 300~400 JiSLT7 K, GeRE K AL BERT 5T thBE 2
AT ARG BB T N [1] R R S GORHE BD Gy T 2 rpo — ) 2 A8 P 2R (35 1k B 2 1
ARl AR PR KRR, HBOK B 5 ™ KGR R [2]. SRR R —Fb
FEATHLTS G b BERIIA S5 DR 47 U rh B AT T AR S P (i AT S5 R 4 3 DRI K AR BR BRI IR
LA TiO, ZnO. CdS M WO; 55[3] [4]. TiO, {E Iy St R {9~ AR A4 R BAT 47 R ERAL 23T I 2
EARRETE . REIRIOE R SE R RE SRR, A H AT R R IR T RO R R — (5] [6] [7]. (H %
WAL JRPRYE, LR MBI, WM RN, AEATE PR S SR S R PR ) 1 H S PR N . B 98
BB (~3.2 eV)ZUESAMEHIME RS0 A 2 BT BRIE 7= AR A B T () AR R (H) BLA R 2 — & 41 %
RZ[8][9] [10] [11].

[l A AT FE Al T KRBT ORI TiO, KD EALIETE, HFROTEREE P EERE TBR. e
BET B KB FRERES. RO, T, XA E K STk R E 5 A
PR AT WO VE i O R, R AR AR mDCHELVERE[3]. KT8
IR TGN, ARG A Z B b e, BEXHRBERE 7 Bt A RS 5 o1
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i, TR RCREFITERE8]. H AT & E B T35 H Cu 2] [12] Ce [13]. Pt[14]. Fe [15]
[16][17][18]« Ag[19]« Ni[20]%%, & B E THB44H C[21][22]. S[21][23]« N [21][23]+ Si[24]« P [25]
Fw, FRTRUE IR AR sext Fot AL g = AR AR I, @ B2 DLICAC )
J7 A AR T, SRR TS ANE, TR RIS AR SRBE B, HiDs AR B AT o
HE, BREBITEBRLGZINEFIRENE FHBIERERNERZA8]. £7EFE, NBRETEIE
THEAE TR EMZEA KR, N B TiO, e 70 & e sl — AR sa A% 1 1 O R, JE A T O-Ti-N,
M AEAF TiO, R (A1 BRAE 7, H H KK SEKTERE, R IR RE I AR 3] 717, M ig
PEHL AR AT WO IR R 1R S A7E R, RIS YE3] [12] [21]. 26 R AR - ek LR
BT B ONERIR . KON BT 4 tH N-TiO, JG AR, B 70 HAE R B GRS T FH R IR A e . e 4
REIR, N-TiO, &3 150 min APHGHRGS, 7 H B W IBEAR 2 90.5% . BIRERSE 27 R VAR - BEE,
URZNEIE, #l#& A B8 A0, HADME 6 h TR RIS B AR Ik 3 T
62.17%. HFFRUEIMHE TR BTSN, WA REE & OB IERE. BT FIRE &, Aseimnd
VI - HekeE, ik DURIR DY T B ONERIR, DURZONBEIRCIE, ZREUR T8, . Bbe/aihls 7 &3
I ZEABOB AR AR, RSN W B WA AT IR PR AN B AR s, RN O A P BT
W,

2. SEIGERSY
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Figure 1. The main external structure of the multifunctional photolysis reactor

1. ZINRELHRR N AR EZIMNEREEH

DOI: 10.12677/hjcet.2021.116044 343 T RS HEHAR


https://doi.org/10.12677/hjcet.2021.116044

MER &

mohk

(|| [|—=

Figure 2. The main internal structure of the multifunctional photolysis reactor

2. ZINRENCHRR B8 EEABRLEH

2.3. LGk

2.3.1. N-TiO, B9&I&

K - B 4 B8 2 o AL, EE 10 mL £KER DY T B 22125 n £ 20 mL (167K
IR, AR IR A, ARG I —E EHHIRIK BRI D 1R HOK AR, AR 0.5 h 515
BV A F T4 RFAREUR Z (B 2R L N/Ti N 0.5) 02 20 mL Jo/K ZEEH, i\ — 2 B 281K,
PR SRV E, HAE R 0.5 h JGREIEER B. KIEH B IS IMENEHR A . 771 pH = 2~3, $iift
40 min LG TE OB . W IRTCE | d BRALTE RGBS, AR5 N AEIRMEAS T T8, 7 80°C FHLT 12 h 15 21
BB TIO, T-HR . W THURHATIIE, WHEE 787 LG TRONIR, Dbl 450°CRske 2 h 13 Bk B ()
RIB 2 TiO, LA,

2.3.2. N-TiO, B S IR B} & fié

FREL— 72 B 1 N-TiO, Ye k7], #AF] 100 mL (10 mg/L) I LW VA, 7EmE = th it 47w 4
PEREATIRON, BEHE 15 min 5 MBEM_EIEW TP HEL 3 mL f) 30 F 3 0 v VR RE Y B AT RO FE I A
FHERE 15 min J5 ABFEAF 3B hEL 3 mL (¥930 B 6 05 VA VOB e B B S AT RO EE N 2, SRS KRR
EREEEE, A0 30 min AFEARI_ BB HhE 3 mL (W R, IR UV-765 4k - 1] Wt
HETHER KN 664 nm b OB A, 2 TR 2.3.3 2B A T HILBEARER 5, BiEFE R
(RO B PR i o F i P B I B 5 AP B 25 & ¢ (mg/g) (D) T :

qz(Co—Ceq)xV+m (1)

Kt C, M C,, 73 4R 0 P B W B SR IR L RN BT B (mg/L)s -V RTE AR AL m AL
HE(g).
2.3.3. N-TiO, W B Fn 44k 1 = b fi

HH1 25 1 N-TiO, YA AN 100 mL (9 FESWE VR, 7ERS 2 EAT#E 70954 30 min Ji5 8 Hok
BT, SRS R HTINZ DR B As H, FEREFE A LT AN O LR fE . R — i B[]
B I A EL 3 mL R VA VRO AT RO EE I, UV-765 5841 - AT LA Je e BETHE R K
N 664 nm ALIE FROCEEAE, LT AR E IR » Q)FTR:
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Figure 3. Standard curve of methylene blue standard solution
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Figure 4. SEM image of N-TiO,
4.N-TiO, B SEM

3.2. IRMIFISEEL T R EIERIR M E R

3.2.1. AT MER R
FREL 10 mg+ 20 mg. 30 mg. 40 mg. 50 mg. 60 mg. 70 mg [ N-TiO, YA 5 AN EA 100 mL.
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WRPZ29 10 mg/L (R F 2L 3 15 SRV VR(Ph = 6)IRIGRAR 1, AR5 1 T 450 HE 30 min J& {3 HAA BN T4,
SRJEAEEADE N AT JCHEAL PR AR, RERR 1 h BV Sl 3 mL (030 H L S5 VAT RO B EE I R« S
B0 25 RAEAL TR A BN B 55 30 PP R SR PR O AL B AR SR R LI 5

—A— 10mg N-TiO,
20mg N-TiO,
30mg N-TiO,

60 - 40mg N-TiO,

—4— 50mg N-TiO,
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Figure 5. The effect of different photocatalyst dosages on the synergistic degradation rate of adsorption photocatalysis
5. T[RRI AL TR4% 0 28 3o W B Sfe 4o A4 1 FRI e R R O 20

W 5 fR, BEE N-TiO, JCHEALAIF NS G N, 7 F RS 1 P i 2 B 1) ETHES . R
FUBI0 & B BE N RE B X LA E IR 2, 24 N-TiO, Je AL &N 50 mg, YeHEAL B (R M
8 h I, MV FH R ) B Ak B B KO 68.4%; KT 50 mg JR 4R SdGma i, v KL WA 1K B Al 2R 0T 16 52
T FEAR, 7T 6 AR Ji DAL AR — g R P2 P I PP R W VAR 75 2 — e B B DAL TR, PR A7 AE — N B
& EAA

ZOGHEAG T BOINEAS I, JGHE AR 0 B L R PR BB, I HXPERAMGHIR I 2 B AK,
JEWOR B AR A AN b, R 00 W FF RS B = AN s TG RIS & &, [
R AMEA RS- =T R FE, AT BE A IR R 2 AL S Bk B A B AR SO AN, B A
FUFEVE R S 7 BN 50 38 i — B R B A SR AR A L B AR 1 B 4L 20 ORI 26, RS HEAL TR A Bl
HABUN AR P1E R, b B B SR R 2 RO I I 58 3, IR ORI 8
P AR A LT D, T S B T RE(28] [29] £ b, ARSI 5 2L SER G e AL RI43n
N 50 mg.

3.2.2. N-TiO, BIIR B 1 BE iR

Bl 100 mL+ 10 mg/L BV RIS FARIE TR, FH Eh R AN S AN T 9 I8 W pH (B2 7 44 5. 6 (H
SRIEI)S 7~ 8+ 9+ 10, ZRIGHIA 50 mg ) N-TiO, YeHEALF, FH4% R 2.3.3 HJ7256F M0 38 3k 47
B B A 000 e FLR B, SR 2 SRR BB 1] ERRT 4R pH 43 il 0 HR 25 0 R B B AR R 1 D6 R i LI 6
7o

wiE 6. B 7 R, 2 pH <7, AT 0 B R I R B R B D, T pH > 7 I,
THE A FRDGE STV FF 356 3 PR R P PR B 25 i o pH =7, WRBHFERF (]9 15 miin B, 5% B 4 e ) P 984 o S Sl 386K
FEM RIS 1 h B JE ATk B P ATIR S . pH = 4~6 I, (AL B8N, BE% pH B nZE 1848,
2 pH =7 B E K, Uh/EHEE pH 284K, Uil pH = 7 NiRid pH {EH. R AR BT N
FHES FYekl, FEARIEMH T B W B — @ B, VACNIRIERT, Bl T Ak i A i HE e VR K 22
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Figure 6. The adsorption curve of methylene blue by the catalyst at different pH
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Figure 7. The effect of the initial pH value of the solution on the equilibrium adsorption capacity of the catalyst
7. B HRANEE pH EXHE LTI R T &R M 2 RS20

3.2.3. HEN R R E KR 0

FREX 50 mg ] N-TiO, JfEAL T, F#ME 100 mL WA 10 mg/L (197 2L H AR H(pH = 6), T:FE
1 h %88 2.3.2 B VERE I F RS WS TEAT S A0 BRI e RO R, S &5 RO i Ak i S B[] 5 0 FR 66
IR B A B R 1 0% 2R DL 1] 8

WE 8 fraw, BEE LM G, WHREN ARt 2P KMEHA. HERIMok
HRGTET (RIA 2 6 h i, R I FRAR N 67.05%; b/ BEAE G RERT M I E 4, BRI 0 1) P 2R
Wbz B, (HRAE S IR IR R % . v RE I S DR Bl o G RS [B] 36, N-TiO, 2 GIUR B = A2 1
JGA LRI AN, BE AR 2 H,O Oy KAE— RPN, AR R EE B B3 (-OH)5 R A
SREAYER) B IR A VLR R, DR F R R N B R e s (R BRI I 13K, BRI
AT TP, PRI RS RRE29]. 45b, ARSI E S R C RIS 1A 6 he.
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Figure 8. The effect of photocatalytic reaction time on the synergistic degradation rate of adsorption photocatalysis

8. Sl I A ()% R B e AL 1 I B R 2R B 32 i

%

P,

3.24. BEWE pH EHRID
i 100 mL 10 mg/L )3V TG H AR, FH h B AN S8 AN TR 9 ¥ W pH {23 7 4. 5+ 6 (H
SRIEI) 7 8+ 9+ 10, SRIGHMIA 50 mg () N-TiO, e AL 7], MM 6 h, R 30 min 1% 2.3.2
(077 VT 0. R B W AT O b A B I I e OO, S 25 SV VI AE pHL 5 0. Y R PR s A o fie
RIKRIE 9. Kl 10,
w9, B 10 FioR, 16 pH {EM 4 F 10 (A8, 0 F 6 0 PR AR 2B pH 036 KT e s i 5 1 o
2 pH < 6 B, S A 750 ST R 4 W8 B AT PR P B AR AR R ARG, TG BT T PR3 D e i e 2 2248 o
s pH = 6 MEHREW, HFEMEZRF pH < 6 BIAHILE B BE RIS 2 pH =7, RMAFE]N 30 min B,
FLPE AR 2R IAF] 86.29%, 2 h L ATAEIFHT, FLPEARFRIAH] 90.37%, 6 h IAEIHRAMEME 93.01%; 4 pH>7
B, RIS PR BE 2 2212 TR, 75 pH =10 B, JLEKPEMR T T 10.24%. AIRERIJE FZE R pH
SUMEAL TR YE . ik SR AEZr BRTE F 3 W5 F R e 1tk DA TP R 7 A 7912 T
BRAT A, TR THT FELART BRI N-TiO, I B8 77 BOeA: v ) i AR TH T, b AR ik g i gt g A 5 v
AR B A FRIEEMRE T, M 70 H0 FHEE, 33 H0 MREEERE, MWmHEER i o,
AT OH—FH A BT 23 7O A i A AL M -0 1 B3 F01-OH [ fi 3, A R Bl AN T e i Ak s v
MIREHT, fE—EfEfE L bR fa e e, MR T I AR E[31] [32] [33].
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Figure 9. The degradation rate changes with the initial pH of the solution
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Figure 10. The effect of the initial pH value of the solution on the synergistic degradation rate of adsorption photocatalysis
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Figure 11. In(4¢/4) and time relationship curve

B 11. In(4y/A) S5hTE) % Fphzk

WE 11 FiR, In(A/A)S ISR 18] BB I I 2R PE e &R, HEMI B L 0 ) B A R AR v — N, I
N Z k=0.02159 min ', FHERE R*=0.988.

4. &

1) ALK — B E LR ZONEIEHI % T N-TiO, YA B F L 5 A . st
FUZAEALT B RAFHOCHEALTERE, BL 50 mg N-TiO, NG FEHEAL E AL FA#E 100 mL. 10 mg/L K
WHISER, pH =7, 25CEIMDGITHRYS 2 h AT A RN, T F IR B 26 nT A 5] 90.37%; 6 h
TR, AR RIL R 93.01%, HFEMEEN 11 B e — 0T e

2) TEARALSHE TR, 8RR pH (EXT N-TiO, W B AL AL PERE AL . 24 pH < 7 B, )6
AT S0 FF 3 0 (IR B R A TP 225 24 pH > 7 I, LR PR A e bam e i, A 55 st 38
BE T R B RO AL T BRI PR R
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