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Abstract

In this paper, Ru composite ZnO catalysts were prepared by precipitation reduction method and
their photo catalytic nitrogen fixation properties were investigated, and the catalysts were cha-
racterized by X-ray diffraction (XRD) and UV-Vis diffuse reflectance spectroscopy (UV-Vis DRS)
electrochemical workstation. The results showed that the absorbance range of the catalyst shifted
to the visible range after the compound metal Ru, the absorbance intensity gradually increased,
the photo generated electron resistance decreased, the migration rate of photo generated elec-
trons increased, and the complexation rate of photo generated electrons and holes decreased,
which improved the photo catalytic nitrogen fixation performance of the ZnO catalyst. The best
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photo catalytic nitrogen fixation performance of the prepared Ru composite ZnO catalyst was
achieved when the material ratio of ZnO to Ru was 9:1 and the drying temperature was 60°C, and
the maximum photo catalytic nitrogen fixation capacity was 8.52 ug-gcat-1.
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1. 518

TERAEME A REERITTR L, FOUR LM BMLIRAMN AR A R > 22—, Bk R dr ik
BXAF L] [2]. 2 A ot H AR R EE RN, (H2 Tk R 2R RME, sh e R,
1M H. N2 ) NHg (AL K2 By R BRI, TR Fim] DU 3 S R T Ha AR A2 NHg HOX A A
of (I S L 22 AR L B3] [4]. fEZREER T2, e &S 20T AR .

I AT AE N, R HORHAR 2 5, DASAE - SO A KRB E AL, I H B A
FR RIS REA T, LR . SR REOR, A R ] O e Oy
TRHEEO O R EEIR[S]. ZnO fENF BRI, BABRDERERCR, Uiz 2
[Tz K. SR, ZnO EALFIBAEE —LeBhnl, WO TR RS EA6]. 1 H Ru AARERKHH IR
ST IIREI[7]. ALK ZnO S ERe bR T A2 B8 Ru L[8], [ AT DAmfeA: a1 5k
FRIEE9]. T2 AT UARBLR M5 soe e e €, JFH Ru iR BRA KR BT 4 M ADE G
JiR[10]. JEIEXT ZnO HEATEH IR [11], & wT CASSGE LA PR RE[12], IXHRTT T 16 ] OGRS ot A
RAERE, ESEIDCHEE R AR . ERHGHAERETIRFAAE R T T - BN E AR, LR
BUNEIE R PR 1, Tl ARG AL PR RE AT 2R 7T LA 48 i R 22 (8D [13] o R HEAL TR PR e 3 8 DB AL [T 2R
TETERL R, RAEHE N BRI AL . PRI, SR R ML SR AT Sk DUSR T HO e AL MR e e
HE JEA RIS R T WO ], SRR .

N T B ZnO SEEALIISR G, SR HOGHELRE R PERE, JH &R B 175 06 Ru B4 ZnO HIfE
W HEAT e . L)% Ru & ZnO BOMEALA), #HIIMA Ru & &, #l Ru 55 ZnO A M 77 [E 4
PERE, HI XRD. AR ILIE SN« HLAG A M X EALTTUREAT 1 RAE,  FEXHEATIAR . Ok tERE . B
PUREREAT M, R T AT [ 0 S A
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Table 1. County level planning schedule
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Table 2. County level planning schedule
F2 FERE
LB tidhey VI
AR kS ZNCL-GS130*70 FBINAETHX 23 B %A PR F)
AKX Z SR 2XZ Ry NA sy &
KI5 LED Jeif CEL-LED100-WL JEEh HEIER A R A F)
R AL T 25 X TR A DHG-9070A ARG S AT IR A
HLF T R AF224 B R PR A S A PR A
BOML AXTG16G FRIF T 2 AF LA PR A ]

2.2. EHFIRYHIE

# 0.72 g ZnSO,7H,0 11 0.074 g RuCly:xH,0 ¥ T 25 mL /KHT, BN 250 mL &+, BN T,
RG22 7 FE AU o6 R 75 221 NaOH F1 NaBH, (15, NaOH [kl &. NaBH, IIA )5 1 & &
RuCly-xH,0 ¥JE &1 5 £%, 7E 200 r/min $FEFEH AN 353 K I8 JFIRE N ##E 20 min, % 25 mL 0.056 mol/L
NaBH, i1 25 mL 0.234 mol/L NaOH ¥ 7> BN FiR v, {3158 /5 B HE 20 mine SR8 5 0015 21
VIR ATV 8, B PG e, FH 28 I/K e 2k e A R o B 15 30 R A R SCEE AR R
T 60°C FTEF AN/, WHEERIR, BJ5 T LMS 2] Ru 546 ZnO BT o503 16 4 77 10 il 46 7 2%,
X ZnSO47H,O 5 RuClyxH,O FI# )i i & 1 L 0%, IR R s ir i) — 4 Ll . U ZnSO,7H,0 5
RUClyxH,0 HI¥ &m0 5 A : 9:1. 8:2. 7:3. 9.5:0.5. 9.25:0.75, 35— R HIAS[F VA Lb il 5%
Ru &4 ZnO MIEALF, ARl ANRIAFS B iHE 75— fE&R ZnSO,7H,0 5 RuCly-xH,0 ¥ LL 4
N, VRO IR R, S N B G A [ U RE A o AR B AE S R B R — AN AT
N, — I I EAL B B RUCIyXH,0 PR B 15, FFE4T 5256

2.3. BEREFHRNSGZE

40 PR EHIRE VA M (NaOH B KOH) H (1) AN SRV ) AR A 2R A, I & B IR BE 2 )
R, SR ERENEEY), PR, KRN 28 x 10°M, M R R
2K,Hgl, + NH, +3KOH — HgO™Mg(NH, )1 - +2H,0

AHIEE 0.0 ug/mL. 0.1 pg/mL. 0.15 ug/mL. 0.20 pg/mL. 0.40 pg/mL. 0.60 ug/mL. 0.80 pg/mL. 1.0
ng/mb B B T RRAERR, AE EIRERR BN 1 mL 0.38 mol/L (I A BREFANIATL NN 1 mL 44 Faskl,
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Figure 1. UV absorbance curves (a) ammonium chloride standard curves (b)

B 1. RIMNRCE L E () R sEIRE 2 E (b)

2.4. EUFIERAR

FHE = 100 mL Z&1%/K, #H 0.1 g Ru 4% ZnO KB HBON B 2258 & A, 5N
420 r/min, 7EZEH 298 K T TN . FFURTEES, JolE N AT AN, 2N JEEC—IREE, I N
gl G, SREHIF LED KINFIGIE, FAERE /N E — ke, Jel FEY R, BILECTLREE, BUREE
1 mL BRI 0.2 ml 2.381 mol/L {8 A FRATANVA WA 0.2 mL 4 FF o 48 FRFR bL (o vk oA 4
fai, REBUZESES, BHR2Z AR BEEFRTI, R EE gy Rl e i i 4
FREREN, BN, AR RS FHTFH. BoeidAE, HEOHLE.O—2%F, £ 10,000 r/min,
B0 A, RN REA SRR B, 1R B 52 i F R K 420 nm, AR JE B A K T I,
5 BEAT WO EE ARG, AT DAAR AR b v 28 PR B ] 0%
2.5. fEHFISRIE

XRD FIREI: A H AR a4 1 X ST, RS04 Ultima TV, R4 348
CuKa 12k, HTZRI3HK9 0.15418 nm, & HLJE 40 KV, &N 40 mA. FHTEE 20 9 10~90°. FH
UV-Vis 6B 1t (ThermoNicolet 2 &) illi&, Cary-5000)4= 4% i Rl i §E, 4344 200~800 nm.
gEA AL TAE S HEAT 90T
3. BR5IR
31. AEIEE RuE4 ZnO B9 XRD F1{E

K 2 NAFE & Ru B4 ZnO 1) XRD K. ATLLEH, 4 ZnO ML AITE 20 = 33°. 35°. 48°4biE/R
H Zn,04(S0.)-7TH,0 HRAERTSHIIE, 78 20 = 36°HFISL A ZnO HIATHIIE . FEE Ru E& BRI, B
Zn405(S0,)- TH,O FFAE A7 i W i B8 iR W K, 8 Ru B &8 Zn,04(S0,)-7H,0 i dl R~k s/, H
Ru & & G A H I Ru ¥R AR ERT 5506, ERH Ru #0Rh 80 R ST AR /N
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Figure 2. XRD patterns of ZnO composited with the different Ru contents
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Figure 3. UV diffuse reflectance spectrum (a) and band gap diagram (b) of ZnO composited with the different
Zn contents
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Kl 3(a)za th 7 AR & Ru B4 ZnO MEAME GG K. nTLUE W, BiE Ru E& &R0, Tk
KRB KW T MR s, KRR WOEIX, HWRIBSOCR SN . BENIINEJE Ru J&, fEA7 RS
g, Bk T Zno, WUSOERIEEY K, AN, K 3(b)%A AR E Ru 4 ZnO 1. ]
LA H, RuEAEAEE R 56 BB HT A2 /N,  Ru 08Uk T ZnO -S4k, ¥ T AL K
NG, $Em TR O R
3.3. FRIEE RuE#& ZnO KB LERIE

Kl 4 45H TARE R RUKE S ZnO 1 EIS Bl ATLAEH, 9:1 Byt~ 2 12m 0, v et
PRI /N, RIPDGCERT5ZEE 55, St At E. Ru 246 ZnO fEALRIRE IR
P2 NT4E ZnO, Fox Ru B & ZnO AL AT L R BH 11980/, ez LT FE 3 B T4 ZnO,
FHEBRTFAESENRER S, BAEZIATEZ, XU BTEIX A )T il & 04 A7) 1 2R 10 A R T 5 A
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Figure 4. EIS diagram (a) and Mott Schottky curves of ZnO composted with the different Ru contents
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Figure 5. Nitrogen fixation performance of ZnO composited with the different Ru contents
E 5 TE&E RuESE ZnO ERMHEEEE
Kl 5 A& RuE4 ZnO FIAMEREE. WLEH, FE Ru ZEE5EMIGI, ZnO A7) i 2
AENG . BE Ru & EMMEIN, MR BRAS N, fEAGTIBOGEE 13, oAb HERE R R, ]
I LRGN . HEALFIAE 9:1 FR 4 o [ U e B iF - FRISIN Ru (& &, AL IR [ B MR RE RS, X
Al RESE T Ru 8k H 51 .
3.5. FEIMIS L HRESTIE RuE4E ZnO B XRD FRAE

K6 5 TARMEAPIKRES 4 RuE4 ZnO ) XRD K. WJLAEH, B NaBH, K EHIN, ZnO
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Figure 6. XRD patterns of ZnO composited with Ru prepared under the different NaBH
El 6. TRIMEMIAAKRES % RuE A ZnO B9 XRD

3.6. FEISHIARESIE RuE S ZnO BIRSS - AT RS RAE

2.5
1.0F
—— bh:1. 118mol /T
— a:0. 5RY9mol /1. 2.0 F
0.8 | c:0mol/L
- — b:Omol/L
g 3 st a:0. 559m01 /1.
<~ oek = — c¢:1. 118mol /L.
é% i
= EL
ESIY S =3 Lo
02} 05
U.n L L L L L L L 0.0 — Il L L 'l L
200 300 400 500 600 700 800 1 2 3 4 5 6 7
I (nmd A (m)
(@) ()

Figure 7. UV diffuse reflectance spectrum (a) and band gap diagram (b) of ZnO composited with Ru prepared
with the different NaBH4 concentrations
B 7. FRMEAIKRETE RuEE ZnO FIE - A B & 5T E () Fn et [EBRE (b)

7@ H T A FEAEIRE & Ru & ZnO MR a] W8 K. rTLLE I, BETIELhK
BESEN, WOEHIBA AR W XA 5, HIRICR RN . PRI ARS8 0 NaBH, iR 5E, (LTI 't 56
FE RN & 7(b)4 H T ANF NaBH, W EE il % Ru & ZnO Mg MBIl WTLAE H, 38 KIE LA
FOUREE, 28 90 BER/DN, WO GBI R SR AR S:HT n NaBH, <5, fiEALFRI e WL 2] Jemi ok, ol
S SN -

3.7. FEISHRESIE Ru B4 ZnO BICEILE T M4 48

8 25 th T AN FIVR LI AL B % Ru 245 ZnO SR EMEREI . &, Bl s i A AL N R
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Figure 8. Nitrogen fixation performance of ZnO composited with
Ru prepared with the different NaBH4 concentrations
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Figure 9. Nitrogen fixation performance of ZnO composited
with Ru prepared under the different drying temperatures
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