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Research on medium temperature heat collection characteristics of
heat transfer oil-based Cu-SiO, composite nanofluid
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Abstract: A stable heat transfer oil-based copper nanofluid is prepared via one-step chemical synthesis method,
within which a certain proportion of silica nanoparticles is added to prepare Cu-SiO, composite nanofluid.The variations of
transmittance of the prepared nanofluid upon wavelength are tested and compared by using spectrophotometer, and the
photothermal shift effect of the nanofluid is investigated through smothering experiment. Results indicate that the
transmittance of Cu-SiO, composite nanofluid with the addition of silica decreases dramatically. The photothermal shift
effect of Cu-SiO, composite nanofluid is enhanced with the increase of the total mass fraction and there exists an optimal
mass fraction of 0. 6%.It can be heated up to 200°C after 30 min of light exposure ,showing a remarkable improvement of
heat-collecting performance.The optimal photothermal conversion effect can be obtained for the composite nanofluid under
m(Cu) :m(Si0,)=4:2.

Key words : nanofluid; transmittance ; medium-temperature heat collection; photothermal conversion effect

KEHBEVE A H AR A AR IR S A RE UL 5t
—URREUR O SR AR A AR B T e Y i 2 X
R PHAESE A, LR MW K B AE2E #v iy ( DASC)
A DAHRARE PN 8 T e O OB AR A, b T
—JZEIABH, A R R L DASC &
GE P RUA TR A e AR AR O 2 M T S
T GURIRRAE S DASC 5 G2 I HE A 01T LR
RAR R BHBE A R, o LU & 9K
(LR dEE

5B — ORI L, 525 9K FUARAE AL Py
P DR AR Sl 25 05 1 2 B LG R
RO, ST, NS B AT T — BRI K

S A A B AR P S T T 0 4 4 K O
RE R FER &8 4R S AR A RE TG
HUARG JE AT RIS A R B4 DN 60 S IR A3k 1y
PRI LA SIS 1T 5, 76 K BH G 58 5 09 AS [R] 8 BE A7 A2 [+
W I 45 M, Madhesh 251 3@ 3 WA kil & T
CNT-Si0, /KIEGKFARIFWFFE T H T 3O 7 3
Yo Jin SR T Fe, 0, Au,Cu GKHA KR HE
B AR TR I S R v SE I 25 R R A
KGR R G SR B8R

HRIA X G AUOR AR RS54 rhAE K
SRR B/l 100°C BLF 5 b i AR S
5T, FRHE— PR A A AR 2 i, ol

%5 B #A.2023-11-29; & B H #1:2024-05-28

E&TE 1P ZERBTTHR] (20210302123199) 5 1P 45 Rl 5 K% 30 (20201102006 )
EEE N H PR (1997-) , 5 WA WFR 5 1) S 9K AR ) A 4% 5T 5 I, 807135972@ qq..com; SHZLHI(1986-) , 55, it 3%, BIF 52 7 1

AT AR , il THEK &R\ , mahonghe@ tyut.edu.cn,,



2024 EE 8 B

TREEVE R (12~400°C ) | H s iR A T A e Mt
FEVEL T 20 FH A 732 FAE Tl AG $aii i)
I, EH I S G EE Cu-Si0, B a9k A m
FEIFEHRN , BIF 5T 90K FARTE 100°C DL LAY iR
SERERIE . TEGOR TR 2% 7 1T, T P AH Brust—
Schiffrin AHFE R FH 51" , SR — 25 Ak 2438 I ik ol
P RERRUE MU B — R N OK AR, RS A oK — 4
ferEH &2 G AR R, fErh SRR TR S E S
9K AR B e e M, R S SR T R Rk AR T
DASC Z Gt A I 5T $2 HEIL A

1 K5

1.1 RESEMKRER G &

S T ISR VP -1 S 3G (IR0 15954 BR
Ol A R AR R . SR U BRIk B (F e
A BN F) A 7 ) VR by a9 550 s Jin 210 5440k v, 58
S3APE LR 58 A A 5 15 AR VS T 3K R AR RN O A
HRREN ( B AT ) IFBERE 1 b, Ml Cu B F KM%
R AR A B R 1 mol AH R B R B RS
1 mol #i B FIHAAF RN, N5 A 2 TR A 0,
B RIGRBRZRKA, B BN R TG R 7E
40°C W 3B HE R 12 AR s g+ e B
("R IACZ XA R A | AE ™) I s hi bt
FHI S AL ER (CRHEELE A FR 2 w4 ) VR J5 5,
3 I AL R R 1 B A 3 R s v ek 4 A
75 50°C DA b 2t b 2 h, VAR 2 60 B A IR
grfn, HE KAKE, B Cu/VP -1 T3l g8 K
RN

Sk T 98I 4 K AR HR R AN KR 7 R A
XoF T i) 24 (A R 00 K AR S EA T T R AT, S5 AR
B 1R,

ME 1(a) T LIE H, XPS i E H 4 Cu.C .0,
S FEAE, L HA R 2 B, A 1(b) hAaT LLA Y,
Cu2p,,, il Cup,, B 45 G HE 53 K 952.08 eV #il
932.03 eV, TLHH R MY LRI, S5 53R BT il £ Ok
i R 4 A T4l R

Cu2p,,

R /a.u.

1200 1000 800 600 400 200 0
AR leV

(a) Cu GORFURLIY XPS 4 &l

TRRE . SHBE Cu-Si0, SSHEREDREASITR - 159 -

Cu2p,,,
A

A /]\

s
\“M/’/ \\W

970 965 960 955 950 945 940 935 930 925
iR eV

(b) Cu2p 1 XPS &

H 1 Cu 4 kFk ey XPS i E

Jor it w8 )5 Al BE R 0 K SRR Y TEM H 5 R
JrAnE 2 s MIEL 2 Ha] RUR 8 BORE A o3
BOME R, Cu 99 K UKL S i 3KOF V- S R0 A2 78
10 nm 7247, AR B AR BLA

SRAF/a.u.

K2 CufkFk TEM ® 4 A

1.2 SE4MEMKFENHE

FHHL T T FR 20k B AR OB k4 44
Kt RGP FE AR RR LR 1 b, [REHZS
R AE Ry 22 181 43 B, % B0z T B 48 I FE 50°C LA |
AT IHITR 70 A3 A B4 0 K UK, 2 45 FH R 75 D T ke
FRELRR Y 30 min, i & RERRE S BN B A 480K
PR
1.3 XREHRIEKE

YRR LA G IR 355 07 114 o) G ST 40 4% A [ 3
FI7R . %256 B 2 i K PGSR Ak R
Tk AR, o R G IR y— H R R
5 600 K BT, A OEIGIETE RN 320~2 500 nm.,

_ Pres L

||
| gRE

K3 ZFANWLREKE

PR IR A 1 em 2245 ) SR AR AL
fite AL A BE B L IR MO AL AR BE SR FH AL
I R T TIAE BE0R 5 min JE5% 1 YO,



- 160 - FAX AL L

2 XBREHERKRDH

2.1 EEMARBHEHE

Sk T I G R 4 K AR 1 O I IR, R
UV-3600 #5300 FE T (I B WASCA PR 52 46 % A
AR | A =) I FE B 7E 200 ~ 1 000 nm I K1
FEL PN (PTG I8 B ) 6T B R AN [R] T 2 0 4K
TR KRN Cu-Si0, AWK TR B S
RGBT A& 4 FE 5 iR, R E A9
KA Cu . Si0, FREE R 1:1,

100
8of 1
S
T 6ot §
x .
= 40t
" 5
20}
Of == . .
200 800 1000

600
P4 /nm
1—0. 1% ;2—0. 2% ;3—0. 4% ;4—0. 6% ;5—0. 8%
B4 FREBESET -G K R IR 0 E 4

100

80t
15
60}
3

BRI %

401

20¢ 5

ot

400 600 800 1000
K /nm

1—0. 1% ;2—0. 2% ;3—0. 4% ;4—0. 6% ;5—0. 8%
K5 TEREREL2HT Cu-Si0, Z4H XK
TR I 5T R

MEL 4 L5 Haf LI Y, 58 17 5 2R AR bl T
GBS BG S T R , 102 BR oRy BTi  BOE i, B
YK BRI Z2 | 3R T G A I SRR R
iR BT RO R AT D= e N || = = = N =R
KGN SRR RN T B, X T2 G 9Kk
Vi, MR R BR 5 & 0. 6% ), X A BH Y48 B
ESPRCRRIA R 10% 247 25 & 0. 8% B, Hifs
SEC LT 0% , X AT ' i B Y K BH 4 S JE A 51
T3 MR, T B — R A K AR TE 0. 8% 1Y T i 41
BN RRESCIE,
2.2 EAMAREE AR
2.2.1  REAF R G R RARGG S AR e

R T WG K AR B DGR IR RALN , 43 ) i B
TRTETECH 0. 2% 1 B —H A KRR — AR

F445FESH

REGIR AR DL S — 3 2 G Kk, o 2 5
YRR Cu Si0, FiEACHE S 101, I KBH
PSR AT I S2 6, SRR 3 R K AR 11
IR AHESLANE 6 iR, ML 6 ] LIE Y 7
JEHR 45 min J5 4 PR R YIRW TR TR
BRBWALNG 4 PR AR AR B IR IR
B AR T4l T3, Hoh LR A R AR B IR T
T LR AE

200

160+ _—

& 120}

% sof

40F,

0 30 40 50

10 20
B} 18]/ min

1—2l PG  2—Cu ;3—Si0, ;4—Cu-Si0, EA AR

FH6 FES%HN0.2%H Cu Si0, f1 Cu-SiO,
B A KR AR DL R CSE - A i B IR A 2

il s B AU N & % € N i 2 3 &Y 1
PR B RE RS PR A R 22 b T s (H bl T 30 30 45 A Y B
il FEC BRI BA IS 4 45 min A (4 YL TR 5 B o
KAE, BLAF i S B L AE IR 5] 80°C 247,
— 4K I AR R B — AR A A oK AR AT 3k F)
120°C £ Ay, A [R5 i 4340 T 26 9K AR I RIOR i
U gk E] 180°C £ 47

[FIEE B 6 Hak AT DU Y, 44 K i A 1) i ack
FERI N S P12, 3 2 Wy T R — &
G, B TSR AR R BEE S A 9K AR TR
FEMHE S, B BB R 2 B0, SO R S Ak
BB B LE LY, FHR ECR A AR R T R R
VP-1 RGN LA SRR B B il 0 T i
TS DRI BT R TRD P AR S BE R R AR RO RTEE T, TR
T BE 23/, FHR R

TR A YRR, ZEAR RIS ] P, R4
BB T 50— AR AR i S 4 R X2
R TR AR AR 1) 15 R SRR P o HARR
IR A TE [R]85 gl B PN JFC 38 S S5 KR T B, ik R B
T Z AR
2.2.2 BRI AR IRAR G I e 2

BRI P S U AN e Eo P v Ui (Y
O ER Hil 25 T 5 BT E0CH 0% (LT H0lh) ~
0. 8% [ FHGHEE Cu-Si0, B A KM, HhEH
YRR Cu Si0, BT EC LA 11, IF 31T T



2024 £ 8 B

S5

AN B A B0 G L Cu-Si0, B &4k
PRAERLIR PG %) BT 305088 BT 1) g A5 A7
WE 7 s, B 7 FafLEH, Z &9k ik
LTI 0 JE  J vm 2 A, O A i v
SRR YT R B 98 K I AR S5 a5 8 i
I ARSCRE RO AE 5B 9K TR 179 55T 1 43 4K
1 0% ~0. 6% 1 X [a] P 8R4 5 5T o 70 B Ak 2 3
B2 0. 8% Ik, it TH i B2 K MK T 0. 6% 1 44 K 3t
A BRI, ) K PH RE 6 B 48 1) s A B0 ot 404K
4 0.6%.,

30 40 50

10 20
B} [8) / min

1—4 5361 ;2—0. 1% ;3—0. 2% ;4—0. 4% ;5—0. 6% ;6—0. 8%
W7 R EREREN S 3R Cu-Sio,
B A KR Tt &

UL A YUK AT S BT i S BT DR AL
N T RER RN E 2 DL A T . AR, R
U EE BN T 5 SO 0 ASORK e P 4 K AR AT R
VI Ry ™ 6, 5 9K B AN 38 50 43 A 23 )
55 X EHR S M CRE 1, AT 3 BOE P AL 30N
() B R TR e o 9K AR 1 s Wk 3 25 1A
M4 22 (1) 2 T T R T B A R R A T R e A
FERRZ AR AR W 2 TV S AR AR, AN
KRS A A AR AR BN . X AR IS AE
PR TR B A I Pt 2 B

MK S, I Cu-Si0, 52899 K Wik 1t 4
SR P RE W S 0 T B — ORI A RN 4l 3 O, O R
45 min Ji5 0. 6% 5055 43BN 25 AR AR AR XS T
afi PG EE TH L T 129°C , AN T B — 4 40 K 3
MR BETHE T 55°C AT B — AR A Ak 4 K i 4
FHE T 45C BT B E
2.2.3 REREWREA MR A B S

Ph 0. 6% (1) 55T 2 53 B ), B8 52 A A oK it
P rb A AR Y o i B A ) B B 25 R Oy
ST m(Cu) :m(Si0,) N 1:5.2:4 3:3 4:2.5:
1) 5 48 SR TK S 9K LR RITG 30 min &
PRGSO AN 8 Frs, MK 8 AT LIE ), 4

SMREF . SHHE Cu-Si0, ESWKARAEDPEERFIERAR - 161 -

it o5 R —ZHAERT 20 min AR THE IS4 5
Bl TG R LT R, OB IR 20 min Z 5, LIV
BerEBE TR, e m(Cu) :m(Si0,) = 4 2098 594
B SN S S SR

280f
240}
200}
Z 160}
= 120}
8o}
40}
0=~ 10 15 20 25 30
B} 18]/ min

1—m(Cu) :m(Si0,)= 1:5;2—m(Cu) :m(Si0, )= 2:4;
3—m(Cu) :m(Si0,)=3:3;4—m(Cu) :m(Si0,)=4:2;
5—m(Cu) :m(8Si0,)=5:1
K8 BRELSHEN0.6%HEAMKKEK
AR E T iR A i &

X TR AR AR UL, 2 Bl b K TR Y S5k
Pt 5 m H GBI . 78 AL RE R /4
BRI, BT THR B, 15 20 min 5GP fE
BT B e, X T AR AR K
TH R TR A REHBIR M, H Mie S5 AIT]
S, 4G RAFTURL AR A 18 B X S S A D
58, AT 12 T 6 R B8, SR MK A 1 D I 46 1
P TS R R R S I, A AR IR
PRI R TR A A R R, BB 30 min J5, Hot
IFEAGARIR ARG, X 2 h o i 1 — b ik S s
I BUTTE IS Sk RE AL, TR X T e — 4
QKA G — A AR 48 K Uk B B T AR
FAT, TRAFAE S AE BT & e, BY m (Cu) tm(Si0,) =
4:2, RTS8 K B0k B m] 7= A
KA ETHRCR

3 it

WA R A A A T R T
53500, 1% ~0. 8% 1) FHIMFE Cu-Si0, & A 9K
A XTI 28 i o AT T W R I A o]
X LS ARAS T A A AR ST B f X
KM E A L ERE 1 52 A, E R BT
i,

(1) — SRR IS 9 26 90K TR 19 3% 5 %
BRI T 5 L R 22 i W b, R BH A 4ok
TR ST WS A b B — R R T4 v
ST ATECR 0. 8% B FLE MR IEIT 0% , FEA ST



- 162 - A AL T

Xof T UL S S 1 AR AL

(2) 385k o WP b 52 55 AT AT, Ik 2 Cu—-Sio, &
B AR R AT B B AL T B — GRR AR
e G, BAFTE S B R0 400. 6%, I
45 min J5 0. 6% &5 73 500 52 G A8 K S A T T
FEf K, ATk E| 200°C L L,

() RS B A BN B R T, R
AR PR A S AR 1 B S L 3 A o] I S
BRI, m(Cu) :m(Si0,) =4 2 E 59K
PEE AR B, BT B i/ — S Ak k4 ok it
R EIAT 7 A R R TSR

S 3k

[1] Otanicar T P, Phelan P E, Prasher R S, et al. Nanofluid-based
direct absorption solar collector[ J].Journal of Renewable and Sus-
tainable Energy,2010,2(3) :143-155.

[2] Graves J E, Latvyte E, Greenwood A, et al.Ultrasonic preparation,
stability and thermal conductivity of a capped copper-methanol
nanofluid[ J] . Ultrasonics Sonochemistry,2019,55:25-31.

(3] JaBk, hLrm, BE 8, 45 T K B AR SR FAA BT 1 40 K A 1 4
TR H 90K AR MRS R [ J]. AR 4, 2018,32(15)
2576-2583.

[4] Mukherjee S, Mishra P C, Chaudhuri P.Stability of heat transfer
nanofluids—A review [ J ]. ChemBioEng Reviews, 2018, 5 (5):
312-333.

[5] Dazihem, R, H —Wi, 557K - £ B3k y-AL O QKGRI
il R A RER AT 1] BUARAL T, 2023,43(3) 1 183186, 191.

[6] Shenoy U S,Shetty A N.Simple glucose reduction route for one-step
synthesis of copper nanofluids[ J ]. Applied Nanoscience, 2014, 4
47-54.

[7] ARERME, 3K €, £7F7°, % Ca— /KK AR A & B X AFSE[ )]

(L& 157 R)

[16] Ban L J,Li H T, Zhang Y, et al.Importance of zinc oxide in Cu-
based catalysts for the ethynylation of formaldehyde to 1,4-butyne-
diol[ J].Journal of Physical Chemistry C,2021,125(30) ;16536-
16549.

[17] FH, 5K &L, % . Mn , Ce BIFIX] Ni FEi A0 50 FF e fb P RE 1Y
S]] AT, 2021,41(2) . 161-165.

[ 18] ZRMS 2505  HAR , 45 . Mo $8.2% Ce/ F1 880 (GE) AL ¥ 45
R JBiRTEREL )] oML 240, 2018 ,34(12) :2205-2210.

[19] Kargar A, Jing Y, Kim S Jo, et al. ZnO/CuO heterojunction

[

branched nanowires for photoelectrochemical hydrogen generation
[J].ACS Nano,2013,7(12) :11112-11120.

[20] Zhu Y F,Zhu Y L,Ding G Q,et al.Highly selective synthesis of
ethylene glycol and ethanol via hydrogenation of dimethyl oxalate on
Cu catalysts: Influence of support [ J ]. Applied Catalysis A:
General ,2013,468:296-304.

F445FESH

AL T ,2013,33(11) :62-65.

[8] Kligk, #1R.Si0, -DW 24K i 1 2 Jy VA A4 JA M BRI B F 52
[J]. BT ,2015,35(11) ;145-147.

[9] Madhesh D,Kalaiselvam S.Experimental study on heat transfer and
rtheological characteristics of hybrid nanofluids for cooling applica-
tions [ J ]. Journal of Experimental Nanoscience, 2015, 10 (15):
1194-1213.

[10] Jin X,Lin G,Zeiny A, et al.Solar photothermal conversion charac-
teristics of hybrid nanofluids; An experimental and numerical study
[ J].Renewable Energy,2019,141:937-949.

[11] BERYTE B R IRORE 340 Jir — 25 12 1 46 200 ) 40 K g A4k 1
WFFE[I]. IR KL, 2010, (8) ; 14581459,

(127 Jafd, FVE, 0, 45 0 00 KA — 7R 48 DK 3L A 1R BB A
[J] L1241 ,2016,67(S2) : 113-119.

[13] Xuan Y,Li Q.Heat transfer enhancement of nanofluids[ J].Interna-
tional Journal of Heat and Fluid Flow,2000,21(1) :58-64.

[14] Khashan S, Dagher S, Al Omari S, et al. Photo-thermal
characteristics of water-based Fe;0, @ SiO, nanofluid for solar-
thermal applications [ J ]. Materials Research Express, 2017, 4
(5) :055701.

[15] TREZE, Ay, /Y, 45 B RE AL 24 S Pl 49 K T 1k 1Y
REAE B PIRAEAREL ) ] WAARBLIK , 2015,43(4) :57-60,32.

[16] Perala S R K, Kumar S. On the mechanism of phase transfer
catalysis in brust-schiffrin synthesis of metal nanoparticles [ J ].
Langmuir,2013,29(48) : 14756-14762.

[17] Li D, Fang W. Preparation and properties of copper-oil-based
nanofluids[ J].Nanoscale Research Letters,2011,6:1-7.

[18] Zeiny A,Bai L, Jin,et al.A comparative study of direct absorption
nanofluids for solar thermal applications[ J].Solar Energy, 2018,
161.74-82.

[19] SRR INA 5 PV K FHAR AT 9K T IR B DL AR RESE SR [ U]
LT ,2016,35(5) : 1314-1320. 1

[21] Xi Z,Li ] R,Su D, et al.Stabilizing CuPd nanoparticles via CuPd
coupling to W0O2.72 nanorods in electrochemical oxidation of formic
acid[ J].Journal of American Chemical Society,2017,139:15191—
15196.

[22] Shen M Q,Liu H,Yu C,et al.Room-temperature chemoselective re-
duction of 3-nitrostyrene to 3-vinylaniline by ammonia borane over
Cu nanoparticles[ J].Journal of American Chemical Society,2018,
140:16460—-16463.

[23] E&MS, 4Bk, JERAH , 5 A S AHE Tio, 53k Cu, 0 fEALH
1 CHRAC SN[ T] . e A 24241, 2019,40( 2) :334-341.

[24] Zhu H Y,Dong L, Chen Y, Effect of titania structure on the proper-
ties of its supported copper oxide catalysts[ J].J Colloid Interface
Sei,2011,357(2) :497-503.

[25] Wan L L,Zhou Q X, Wang X, et al.Cu,O nanocubes with mixed
oxidation-state facets for ( photo) catalytic hydrogenation of carbon

dioxide[ J ].Nature Catalysis,2019,2:889-898. 1



