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Abstract

The ZnO nanorod arrays were assembled on the activated carbon fibers by combining sol-gel with
a hydrothermal method, and rapid thermal annealing was used to modify the composite catalysts.
The structural characteristics of the catalysts were analyzed by scanning electron microscopy,
X-ray diffraction and nitrogen physisorption, and meanwhile the dark adsorption and photocata-
lytic efficiency of the catalysts for methylene blue were investigated. The results showed that the
dark adsorption and photocatalytic performance of the ZnO nanorod arrays/activated carbon fi-
bers were significantly improved by rapid thermal annealing. When the thermal annealing tem-
perature was 450°C, the total removal efficiency of methylene blue on the catalyst reached 95.8%
after 120 min of dark adsorption and 40 min of photocatalytic reaction.
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1. 518

ZnO YKFERES|(NRAS) B A A 7 BRI 4504« BH S5 () 3R THI LA &1 ROSFRON [1], ol R et
B A e D 2 RHE K5 G b BT B A T Fa I S T e [2] . AH2, e AR oAl - Uik
HEAEFH Zn0 HAFIBARI & FRCRRCHEA R, IFH ZnO Wi S AECARI 3], 25 5k
I 5. BT, A PUEPE R YE(ACFS) AL, RAIIR - BER - KIE L 7E ACFs 3
J&E E BB K ZnO 9KEERES], AT LLFEDR ZnO {4k 77 (0 [T im) 858, R H - A4 RE A B R B I FL IR
SR R R B R T LA ZnO (AL RISR (b =ik B2 I SOREEASE , DT 3 i G P A S R AR [4] o

N TSR E A L PERE,  Lin SR[5]H0 I LR POl R K 5 18 SR K T 255 Tio, 4k
EVERERIFEI, R I AROE AR KBS L TIO, MRS IE & &, RO AE BT 5 UM E A%, Jan
L5 [6]R FH PRIE AR K T7 3K ZnO AR A B 5 R T VA%, A IR R A R IE FR R W TR e i Ab
fltRe F15 A pid . IRk, ASCR PGl AR K 7206 ZnO - gRKBRBE SIS 1 R 2T 4E(ZnO NRAS/ACFS)
HEMEHEATRACEE, BT T RABJCEE XS M R RE R REma RN o @ 4 i T S AUBE (SEM) . X S 2R AT
SH(XRD) A B P 45 T BN AR K AR BT 5 P8 A0 7R T 30 B 25 W R A JEAT 3R AE s I LA R 0
FERE I, $R5T T ZnO NRAS/ACFSs 5 A1 A 751 P B W B BE RN e AL M e

2. SCEEERSY
2.1 R S5ER

WAl W, o BEHEE, RN, BSIREE, MHEREE, SNIKFHEEIURZ, ToKEE, WHEE, B
AR o Hral

1#s: AT 2B (Quanta 200, fi7=%), X FTZATHMX(D/IMAX 2200, HA), 4xH 3R
FLBEE 43 {3 (Micromeritics ASAP 2020, 3£[E), 4b - AT W6 65 11 (TU 1950, dbat¥dr, ).
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2.2, {EHFEIE

ZnO YK REFIE TR IR 21 4 526 M BHE B 28 VS MR - E I TG EE . ZnO FhF E ] % ZnO 44
KR I A7) g 1 4% LA B bRt B K I R 3 P R AT 4E(ACFs, ZE 2541, 3cm x 3 em)Z(1 + 9)EhARAb |
JKBE 500CHBR & H . B ¥ 0.15 mol/L [BERREEE T 50 mL & & ik, FEmA 0.15 mol/L i) &
B, 60°C T LA 400 r/min (i 2 HiHE 30 min J5 T SUA IS, RANRBHRHIENG BT8R 5 5 IR B 7E ACFs
K, 2 80°CHHE:2h, 500°CHKE 10 min, JEAL ZnO #i T ZNETE R 4EM KL, 309 ZnO SLS/ACFs. 2k
J5 %% 0.025 mol/L fiffREE5 0.025 mol/L 75k F ik DU RV W TR 6390 50 Ja 1 i 22 SR VU I 0 P AT 1) S R 3
PRI IRTE ZnO M JZ1 ACFs - ELIR BT T N, T 95 C/KIMI N 4 h, AHEILUE, HEBE KM
ToKZEER VS 5, FBET 95°CTHE: 2 h 5155 ZnO GUKEERESINE % 4 46 8 AL, A ZnO
NRAS/ACFs. 5 J& K F PRI # R SO A AL FIZE N SR N TANER B AL 10 min, #5%] ZnO
NRAS/ACFs-T Z&#0k, Horh T R #ib #R .

2.3. fEULFIRAE

VP AL H S R L L RRE G BIRE S B b, TR AT, FERR T AR TR R SR
SR TR FH XS R AT S ACRAEAE b ) B AR 2R A, A% A Cu Ko 5128, 7 HL R 40 KV, & HLJE 30 mA,
FARE R 10°~80°. WL PHIIRHET, FEMERT KT T 200°CHER 2 h, SRJEAE 77 K TR HEAT BB B A1
M
2.4, et

DM ZRAT (365 nm, 8 W) A SEAM G, 78 A7 98/ 35 I 5 2 RTS8 FoghAT ST FH R 05 R e 1 P
2. 1568 0.02 g ZnO NRAS/ACFs #EALFIINA ] 250 mL 5 mg/L ()30 3 B A 7, 25°C Nt /)
P FE 120 min, DLIA SR B - B0 RTS8 5 75 58 A0 6 IR 047 7 H R 08 1 6 A A B, S ST 1D 40 min,
IR AN = T3 56 G 00 5 5 B 7y BT ' e A B BTV R 5 W PR VA AR A

TR DL A

n :(1—(03—;}100%
TS, b g BRI R RCE, Co3Ror 40 min Yol SR 5 2 2R W (R B, Co 387~ 120 min BEIK
it &5 PR 7 FR R 0 TR

3. ZR5HR
3.1. SEM 44

1 9 ACFs. ZnO 1 2 NE M 5 £ 4 (ZnO SLS/IACFS). ZnO NRAS/ACFs L) 2 28 A [a) it kiR Ak
FE¥) ZnO NRAS/ACFs-T & & i AL 5I1K) SEM &l W] LA t, TiAL 3 /5 1) ACFs R DG A & 2% 5 (14 1(a)):
T — Bk e 3k R P I B PR R VR . (0.15 mol/L) A AT ZnO iz id BRI P Faddk 4T, ACFs R TH 2]
AT RARY — PP 7RI BOHER (5 1)) KRR PR, ZnO W% ACFs (1 ¢ il 77 35 5]
A R A, FOBRIR 2008 200 nm, BEKTE 3.0 um A4, KARLZN 15:1 (K] 1(c); Zebhigii
KR ALEE, ZnO MBI “/N75 7 1n) “HER” A7, HBEEPRJGRE RIS, ZnO AR Lz i in
( 1(d)~(f)). HHEAT LAHEWT ZnO NRAS/ACFs E &M EHIAKHLER(E] 2), ZnO 1 561E ACFs K[ i
RLARIFT 2 (AR - BERSFR), S8 )58 S A% EHEE FH T B ZnO 9K UK G AR), 55 48 DU #uii )k
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(a) ACFs; (b) ZnO SLS/ACFs; (c) ZnO NRAS/ACFs; (d) ZnO NRAS/ACFs-350; (€) ZnO NRAS/ACFs-450; (f) ZnO NRAS/ACFs-550
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Figure 1. SEM images of different materials
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Figure 2. Growth mechanism of ZnO NRAs/ACFs composite catalysts via rapid annealing treatment
2. ZHGERMAR KAL) ZnO NRAS/ACFs B AL FIE KHIE

3.2. XRD #3#f

€1 3y ACFs.ZnO NRAS/ACFs LA f2 ZnO NRAS/ACFs-T #4471t XRD & 1 & 7] %11, ZnO NRAS/ACFs
S AR ACFs [IfTHFIELIAN, 1E 31.7°, 34.4°, 36.2°. 47.5°, 56.5°. 62.8°. 67.9°it B T WA & (KIHFHE
RIS, 3%t RS /N5 84 ZnO #9(100). (002). (101). (102). (110). (103). (112)4& I (kritE JCPDS
R 36-1451). M 3 IETTLAE Y, s AR K A IS BRI AT S U 5 B A0, WS SR AR B,
2 IR PR AR K AL RE 0 R B R DA A i R e B R E A

3.3. BSYIEIR o4

4 4 3y ACFs. ZnO NRAS/ACFs L}z ZnO NRAS/ACFs-T AL 7 b e AR MR S5 5. LA, 8
5T ACFs ¥1EH951 m?g), LRI - BEE - /K PEHI75H ZnO NRAS/ACFs 2 &1k 71 L R AR B2 R
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B#(505 m?/g), iXfEHIA FE KK ZnO gkbelE 2 ACFs HITALAHI T . 48 Ny 5K T bR PR K Ab 7
) ZnO NRAS/ACFs flE45f, FLERTHFA Frde i, HLFES AR KR 350°CHE M E] 550°C, M thsR
1A 1 585 m?/g 3 NZE 684 m?lg, X ] LS T R K AL FRE TS ZnO NRAS/ACFs 44k Hh W B Fr) s il 5
VIR AW et ACFs FLIE B 9T T8
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Figure 3. XRD patterns of different materials
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Figure 4. Specific surface area of different materials

4. AEIMRIBIEERER

3.4. LRSI

W R EAE SR AN CHE T B e IR F AT LRI AN, [ R B S DL AL SN ZnO/C MBI
IR IR ET], BIASCERT U R i UL SO G i E A T 518 . 2 MR LA PS5 2
JCHEAL A el P AN BRI, B e WL TR B AE AL IR, SR 5 BOGHE AL R 7 A2 5 1k
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3.4.1. EEURFfIFFE

5 4 ZnO NRAS/ACFs LA K 2 AN [ # AR I P AbHE ) ZnO NRASIACFs-T {4k 71 %t S0 B 7L 9 Fr i i
B RBRRMIRGE R . rTUEH, POl RGE b R 5 T ZnO NRAS/ACFSs AL 1 FH R 05 (1 A
BHRE T, AFAC BRI 450°C R, Ak 77 X SV FF 35 3 P B PR B 2 5 26 B 11 (83.2%) » G IR BB X ZnO
NRAS/ACFs W Ff B8 7 42 i 32 28 7% FE M AL AL A5 M RHE (EE R AR ) LA & ZnO 5 ACFs < [8] 7 THI RN [
o BRSNS BTk, SPOE AR KAAEET ZnO NRAS/ACFs HLRTHAA ATt s, 25l
R X S0 56 A B RS 1) — N R IR o E 2 AR KR BE TR B 550°CHF, A 771 %o S0 FF 356 5y B
W B 22 BRI T A BT N BE, X ATAES ZnO-ACFs [N A 5%, 5l T LA B BE J1 281k
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Figure 5. The removal efficiency of methylene blue on different catalysts
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Figure 6. Photocatalytic efficiency of methylene blue on different catalysts
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3.4.2. el FRE

K] 6 & ZnO NRAS/ACFs 52 ZnO NRAS/ACFs-T {8 A, 7711 %k 7. FH 25 15 1 5 Pk A B g R e it 4 S o EH
A LA HY, 2o i bRk Sk AR B J (1) ZnO NRAS/ACFs 5 & R4 RERT 7 FH 3 W5 (0 56 HE A e i P A S 2 14 0,
XA RE R T ZnO KB E MK AR LA R TOu it R R FE H oG AR 7 B &8, a4l - 20X
MR A, MM T AT BCR[10]. MBI 5 450°C R, Ak 7RG 7 HA 366 35 1 1 B
fif % 5 =1 (51.5%), 2979 ZnO NRAS/ACFs ] 1.8 %, XTI HEZ HH ZnO NRAS/ACFs-450 Ff il Hh L (1) 1
TER I (Vo-Zni 5k EE) BT 51 2 [6]

4, g5ig

ASCVATEE R AT HE IR, RV - B - AKAERIE T ZnO GRK BRSNS R 242 S H L
38 I BRI AR KO FOR AT IAE B, MR A T B BE . X IR RATI . SR R P 55 T B
TS S SRR EAT 73R AL, DA A ORI 5 Gely, 552 1 (AL 0 s R PR 28 RE AT G A 1k
AEo WEFUARERN], POl AR KA BEAL AT ZnO KM MBI Ak ¢ 21 4 AR AL ) LR TR S KA LU AT P
I, AT 25 5 v 1 HEAG TR R I B ADOG AL PR RS . SRR KR BE Dy 4B0°CIN, HEALFRS 7 PP RE 3 A0
LR (BB ADGAEAL) iRl 95.8%, R WK s H i 75 Uek R ) ZnO Gl K e [ 51 i 14 2144
R EMBHE AL B GRLIR /Ky T A R4 A E -

S|
T R A MROL K 22 K AE R AT I 5T R T H (201910225491) 5 A 78 TAE ) S FF .
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