Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

10, BRBFE K i B FCO,

FmAE EEMR L YRV HRE %7 F

Reduction of CO, by TiO, nanoparticles through friction in water

Li Peng-Cheng  Tang Chong-Yang Cheng Liang Hu Yong-Ming  Xiao Xiang-Heng  Chen Wan-Ping
5| {5 B, Citation: Acta Physica Sinica, 70, 214601 (2021)  DOI: 10.7498/aps.70.20210210

TEZL /T View online: https://doi.org/10.7498/aps.70.20210210
I 2R View table of contents: http://wulixb.iphy.ac.cn

TR BRI AR I HA SCEE

Articles you may be interested in

ISP IR (Cr, M, Fe, ColfBASUITIO AR )5 — Ak FUBATT 5

First principle study of influence of transition metal (Cr, Mn, Fe, Co) doping on magnetism of TiO,

WAL 2020, 69(19): 197101 https://doi.ore/10.7498/aps.69.20200644

KU JBITiO, AR S 5 2 ) P Sk (I LA
Enhanced photocurrent in bimetallic/Ti0,, nanotube composite structures

WIFEAEA. 2021, 70(3): 038103 hitps://doi.org/10.7498/aps.70.20201134

TR e A0 R A RS A T O M BE S AR AL ST
Influences of hydroxyl groups on friction behavior and energy dissipation of carbon nanotube

Y247, 2018, 67(7): 076101 https://doi.org/10.7498/aps.67.20180311

CeMIOZE N HABIRTIO, (Y HL T 450 5062 R B

Electronic structures and optical properties of Ce—doped anatase Ti0, with oxygen vacancy

Y24, 2019, 68(3): 037101 https://doi.org/10.7498/aps.68.20181946

FHRHERR XA 12 B RS T N RN 1Y) 7353 1 540

Influence of hydroxyls at interfaces on motion and friction of carbon nanotube by molecular dynamics simulation

YIBR2EA. 2017, 66(4): 046101 hitps://doi.org/10.7498/aps.66.046101

HRERS SR DU IR LA EE S B (470130 124U

Effect of velocity on polytetrafluoroethylene friction coefficient using molecular dynamics simulaiton

PyFE2EAR. 2019, 68(17): 176801  https:/doi.org/10.7498/aps.68.20190495


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210210
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200644
https://doi.org/10.7498/aps.70.20201134
https://doi.org/10.7498/aps.67.20180311
https://doi.org/10.7498/aps.68.20181946
https://doi.org/10.7498/aps.66.046101
https://doi.org/10.7498/aps.68.20190495

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 21 (2021) 214601

TiO, AR M EK PE T EFER CO,

FMAEY EFEERED B£RE?

WA Ak 8 2

HomeED  BR7 R U

1) (ROl SHOR B, I 430072)
2) (ALY B Rk 22 B, I 430062)

(2021 4F 1 H 28 Hik#; 2021 4F 6 A 1 H ks MEHR)

YK AL 55 R SR I R 4 AR 2 ) 1 B R R I T 3R ) B R SR T A Y R . AR SO R )
ZAF T TiO, MK B CO, AT THFST. FEFEH CO, A 100 mL A HE K [ #8 H, 7F 50 mL 7K #1438 1.00 ¢
TiO, KM, 253 50 h #E S HEFE R =4 6.65 x 100 ((RFUr4L, FH) CO, 2.39 x 10 CH, 1 0.69 x 100 Hy;
AR BEA Ti0, 40K A, W HBE= 42 2.22 x 1076 CO F1 0.98 x 1076 CH,. ¥ &4 208 TiOy 492K #3 iY 7K [&] Bsf
SR 4 AW 1B R | 50 B BERE R AR B R AR — A F1) 19.94 x 107 CO, 2.33 x 1075 CH, Ml 2.06 x
1076 Hy. 5T TiOq 44 K M 388 2 F5E 58 W SO HL AW R O B8 K ™ A vl -5 7, 7. T THO, 44K K X CO, FlIK
WAL PR, AR BB, 94K bRl B 0% 38 A 158 52 R FHMLAR BB E T CO, 3R JL, MATT Ry & Al F BR 5% vh

AIBLIRRE B2 B T — AT i 7 1)

KR BEEE, WEPEHE, CO, iR, TiO,
PACS: 46.55.4+d, 82.65.4r, 92.20.cj, 61.46.Hk

il

1 3

NS AT A AR BE TR AE, C 221
T oy E R BEIR R ERMEAEHL. T AR A RE
RYTE I BER, e il DA RETRTAFE | S BLIAEE
B M AR Tk, R IX — Sl i 15 i 5 22 i) T
G FEARZ IE R IR i REIR A AR T, SEEfese
AREARERSRIRTERL | SRR L AR AL
TERRSEEA PR | M REIR I ) Bt il 2 R HE A
JrE AR E TIRABIER T IZ BT 1oL i n=
ARG RBT R R BEOG IR 7™ He AT O i 4
(AR B -2 R, R IHI 7K 215l CO, gk
JELE LT M B SR ST B e ., — SRR
AL IRRL, WRR IR A CO, JEEALIR L
ARG BAREFEMR . AR JoTs Y25 5 A

DOI: 10.7498/aps.70.20210210

(EE, SCHEABARAFAE R BDEMHIRAR | 28Ot
SN TEOLESE G AR A T Te e AR A B % T
M ATE T REIR AT A A, BUAE IEAR BT
2 I EAL.

HUBRBE T2 [ AR — Bl E B TR T AR, I
AEARNA DRI LA BEAT T 70 5 A7 S BF
I8 BTN ARIF A 1 — R oK BE 4 K L BOR,
AR IR T LIRS FL L BE, i 2
TR T TAER e s [ sh it P19,
1113 s PR P U2 S A AT R T RE B A 5 v
HORHA g — T R (V0T — A T ARGOK TR
FERHEAR/ NN T VR TR RV R A BRI, %
AR 22 b s P AT 7 A ) R T T AR O A
AR SRR S, BN G g K, (020 | A
By 22200 2 e AR Oy s LA S . SE i e
AR RS P AU RE B 4 K 4 RL ™ AR AR I, TR

* ERARRIEERES (S U2067207) FIEIZKCE SBER TR (LS 2020YFB2008800) %t B iR,

t BIE1E#E . E-mail: wpchen@whu.edu.cn
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

214601-1


http://doi.org/10.7498/aps.70.20210210
mailto:wpchen@whu.edu.cn
mailto:wpchen@whu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 21 (2021) 214601

HEALEAR LRI BE A T K R FH R JE BRI IR

HREA A B .

TE TR AR BIBFTE 40K R f A e — R
R PR ST AT R . EE, AR
RSN XT D, KA U RE LR 2E & 45 b
iz gz, R A 2T 22 M J 40 K He f b
RHERATH LR BER T A0 R B AR AR AR5 . AR A IR
B — R, W T 4R H e — L
K LR R LAY 2 BT HE R
YK WA RHE B 3 40 FEBK S T 19 Fe v i AR ROR
FEANTHAR, ST 75 K il e BTl &
1S4 W A WARGE , BEIREFEVE T T 90K e b
R RHRCRRIE AN RE S A RSV EH T B gLkt
REAAR EG 25300 1 Liu %5 B %} (B, jNay ) TiO;
FEHL QR AE A THE 18R AR AR YLk, 280 24 h
EAYE AOT7 (10 mg/L) X5 67% IR

BT, WG IPEFERE e BLRERS LA —F A B AR
2 1) 75 AKX B 9K A AT YRR Al AE— X
Bay 7551005 1105 (BST) 4K K3 BHE 71 B HH:4E F
AR YR IS R, B L G} A A ) B IE R
& BST ¥iokH5 R 90 4 7 40 4 22 1) 1 B2 442
AN BST MR ASIE B2 AR gk b4 ki ad i
FREESE R RS 5 R YA, IS4 — S B R
HLZ KA RE, B4 TiO, 40K A, o h i g 8 1 it
W SR YR TR . SO LA, KA
F5 1 7 1P 22 ] 1) 48 VT S 3 1 I g oK ke
B, DR RIEER FH 241 0 e ) vk A5 )
E . T BST 4Kk B2 BiOIO; 44K i
AL B8 ZnO gk B CdS 48K £k B9 Fil Bi,WO,
GHORAE B0 AT A B 0 2 203 1k i 5 4 K M L
W T FE R Z (o] i EE RSB T G I ER T
PLYLRE ) o sk ok . X B LI ) i s R g, —
SEZ K R RE A A R HR AL B 5% 1k R 1k 2
fig, B AR B AR A P RE TR T —
ASHRITI, PR A EE A A b B2,

ARITE S, [ 5E P25 (ARG R) B
A RIFR e, e adeE iz 5%
B . A SO YT P25 RE 754 Ry BE 4841 AL 77 1
FEAT T — KRS, BIFSE P25 FERE 1 5P
YER FRER X CO, #EATIA R, FFIAS THEH 42 A
SREEIAE . 7F 1.00 g P25 4353 50 mL K Hr LA

SRV 2Re T 4 A 3 FERE Y S5, Z64d 50 h
FIRE S BERE, 16 100 mL IR gR = T 19.94
106 (RBU4L, LUR ) CO, 2.33 x 106 CH, Al
2.0 x 1076 Hy. 17 HFl £ @ 5 HEmf [ 4, CO
M H, P RRER R, K BHAE . HLIK AR 25 T 7
ARBIR, H4 CO, Hefk A I fb24 S sk, X+
[ B A D RE VR R SR AL, B CE R AT TAE
W], GARAPRL RT3 o B DU RE I T 3R 58 3R
SRR R H A, BRI L R e B R
W) 1) 2 R o FH T 5, R I — LA A4 R 7 sk g 3
G AR TE B AL 23 10 2 J vp R H I 1 SR .

2 ZHhife

2.1 CO,iRFEELW

T C RURE 3UJe #E 7 P R (68 mm x
25 mm) . [HFE%E P25 KyA | 2B FKH CO, Ak
(ZEEEA 99.999%) A = ZESLEG JFURL (fif AT JCHAth
REERALEE). T P25 My A & —Fh i F A — A fb gk
YUK A, BHA M6 IR i T0HE s b e
PEAERE AN, R FH e

WAIE) COy iR RSB Sl FR N F 2 4 1.00 g
P25 By, 50 mL £ B FK ., 1 A~8l 4 G Stk
BRRUOMA 1 AT A% (100 mL) H, H CO,
SR 20 min ¥ ROV ER B AEEIRIOEA
PR, 383t — G0 I BEFERLIR 3l N N B 4
FEFEFL Bl (500 r/min), £ 50 h A Sl
N N AARREA 3 mL I F A S G T4

FEXT RSB, A0K 50 mL BT KA 1A
W P PERE I A BE R N 4 (100 mL) W, J5 2kt

FEAZ.

2.2 WRFREFHERVEEBSHE ((OH)

i T X TR (TA) 5-OH B AR I s 9¢
Her=wy 2-52H N K — H g (TAOH)PT. TAOH 7£
425 nm Ak 1Y 25 A7 55 B 5 W b ™= £ ) -OH
FRUER. ¥ 1.00 g P25 #7K . 50 mL 2 mmol /L
NaOH #1 0.5 mmol/L X 7R g (TA) #4 B
TR L 4 G BRI A R B A vh, TR
T RS R R, 25 h JFHURE 3 mL BIFROT
B, AT (Hitachi F-4600) il
it 315 nm AMEIEUE PO

214601-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 21 (2021) 214601

2.3 SR FIRRAL

ARSI R H A B E A\ = FL60O 4
F R (SEM) X S LBk B i TIE S SR,

3 #X5it%w

&l 124 P25 By AR A — S ALY SEM I 13 i
. WTRLEF, KEE TiO, 4K ok R 1AL 2
30 nm, B2 P25 HA L R Gk rE iy 8 2R
UE. T2 nilTe i, FEASL S P25 &3 L+
HE EE/ MR S, H K R R
SEM JE S A BT il 5252 i A8 k. SR b7
MR F e gt b, P25 el i i iP5
STEUCAER I Z T, TEUL R R P25 B i R i AR
FEPE, T EAE A AR AR S EE A .

g

1 AR BRAK BRI Y SEM 1 F
Fig. 1. An SEM micrograph taken for as-received TiO, nan-

oparticles.
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Fig. 2. Gases produced from water dissolved with CO,
through 50 h magnetic stirring using a PTFE (poly tetra
fluoroethylene) magnetic stirring rod. There were no TiO,

nanoparticles in water in the reference test.
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Fig. 3. Gases produced from water dissolved with CO,
through 50, 100 and 150 h, separately, magnetic stirring us-
ing four PTFE magnetic stirring rods.
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Fig. 4. Stirring time dependence of CO, CH; and H, pro-
duced from water dissolved with CO, and dispersed with
TiO, nanoparticles through magnetic stirring using four

PTFE magnetic stirring rods.
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Fig. 5. Fluorescence spectra (excitation wavelength: 315 nm)
of sodium terephthalate solution containing TiO, nano-
particles after being magnetically stirred using four stirring

rods at room temperature in dark.
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Fig. 6. Schematic illustration of the tribocatalytic reduc-
tion of COy and HyO by TiO, nanoparticles under magnet-

ic stirring.
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Abstract

The friction between some nanomaterials and teflon magnetic stirring rods has recently been found
responsible for dye degradation by magnetic stirring in dark. In this work, a study is conducted on the
reduction of CO, by TiO, nanoparticles under magnetic stirring in water. In a 100-mL reactor filled with 50-mL
water, 1.00-g TiO, nanoparticles and 1-atm CO,, 50-h magnetic stirring results in the formation of 6.65 x 10°
(volume fraction) CO, 2.39 x 10% CH, and 0.69 x 106 Hy; while in a reactor without TiO, nanoparticles, the
same magnetic stirring leads only 2.22 x 105 CO and 0.98 x 10 ¢ CH, to form. Four magnetic stirring rods are
used simultaneously to further enhance the stirring, and 50-h magnetic stirring can form 19.94 x 10 % CO, 2.33 x
106 CHy, and 2.06 x 10 Hy,. A mechanism for the catalytic role of TiO, nanoparticles in the reduction of CO,
and H,O is established, which is based on the excitation of electron-hole pairs in TiO, by mechanical energy
absorbed through friction. This finding clearly demonstrates that nanostructured semiconductors are able to
utilize mechanical energy obtained through friction to reduce CO,, thus providing a new direction for

developing and utilizing the mechanical energy harvested from ambient environment.
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