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(CH,0OH(CHOH),CHO) , Hf—@EMikEiHE, Tl
i ER A AR RN, FERRME A& T 7T LAKS Cu™ i &
Ay Cu’e HEHES HER AU SR AR I (D FR:

CH,OH(CHOH),CHO+Cu** +20H =

CH,OH(CHOH),COOH+Cu+H,0

Obraztsova 253LL CeH,,06 1EIEEFIFR1E T Rife N
48 nm [P HUANKE, (BAEEA RIEJE 52421 Cu0.
HBE— B e R, TR ) B R &R P AR AN [ 4%
fF, 13208k F YR /E N 30~80 nm, FEAIICEN
73%~92%. 45 R Wk 1A 1) 73 T2 I 4] 2 4 AP S A0
TR PSE )3 I 3G K, T R A A 5 ) 38 I T ik /)N o Niikehil
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Cysteine molecule

Cysteine copper complex
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Kevin 25D 2708 11 38 5 751k & Bl n] 2 KAz L
MIARGK LR, i R R I &R, AT S
KA 100 um, B AR xx~150 nm 35 [ 1 44K 28 . Zhang
SEUTERE DU AT R R IR T, SR P B AN [ fr) o R e 1
PRI A T A F B AR A 9K 2k . B 78 R R
Cu(D)-Ke ML B ST R Cu™' B P & BEAEE R
HIFECA Cu’ f5tt, BRAMsE IRV E IR R 484 7
Hui I EA =HAEH . T BB ) b B e R S
G RE R P A SR IR SR AT Cu®' —Cu® IR S

B R IR R A A0, — O LU Cu BRI
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Tz R T A s, o] DAYE AR £ (8] P9 R4 2
I 5 RGN KR T AN HE I AL A v B A, SR T R
AT, CIEPEILH . B EEOE JE AR SR TR
N HE AR (2) B

Cu* +HCHO+20H =Cu+HCOOH+H, (2

Zhou 25" HCHO 1R JEF, 70 BIFE EAT B IIR
BN e B ANA U R R B il & T 14~85 nm
JOT AT g Kok, 44671 & — &Y 48 (EDTA)
By b T n s R s R, A L R S A
IR RRRL,  FAHEN T CuO—CuyO—Cu HIIE i 2 M
B4z A R e B T I R N S LEARZ) 10 nm,
K 30~70 nm [IEHEGRKRE R . B EPILL HCHO Aik
JRF, AEAIINARG T BRSO B S5 T B 40 K b
T RV RO R, AR, ¥ AT AE Y
Zo AENEGHE, SRR TOL S, L A R LR TR
PERE O Cu* B JFN Cu0, BN SR Cu,0 iE 5
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Cysteine functionalized copper
nanoparticle (CCNP)

Open chain form of D-Glucose
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Fig.1 Schematic diagram of the process of synthesizing nano copper with glucose as reducing agent!"”!
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BRI SR, T B AR R, TR R G R
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M, HHE -SSR 3~ 5, e 58S RE
M RN (3) Fros:

2Cu*"+H,PO; +2H,0=2Cu+H,PO, +4H" (3

5K BRI NaH,PO, 1R B 7, #4135 T Rtz
N 30~50 nm ETRRURL, Y ATIE 90%LA F, fEF—
TGS TR RIASEIY KT 40 5, HILT RIS
F . Wen ZP1L NaH,PO, NI JE ], SR A5 IE 5% A
P A E KRR, 498 T RIARLE 20~40 nm Z [A] 53
B R U BRI A0 KA kL . Lee 2521 NaH,PO, 116 Ji
A, B SO e B T sz I P DL A 5 2 T i 1 71
AR EL], RS R] T FRAE N 30~65 nm 4k
HRTRL, 77 EAE 68%~T3% 2 (8], 43 B $EHUAS 2 4 K Al
MAEESHIRE 20 d LW E A . Tang &0
NaH,PO, fF i J& 7], @ i 1 /5 ke 5k = A 5E IR 4k B

(CTAB) . R MMM LEE (PVP) i Jif 71 R0 R B
S AN [ 1) S 60 26 A1 42 1) B ) K SR () RS o A, TE
AT S min B[R] A G T RRGE I Cu KR, RiARTE
10~80 nm 2 [fi]. Shen 5] NaH,PO, 1E it JF 7 & % 1
FiA21E 100~600 nm HH KR, F H Al AE—A N
RAAEEIR T £ Ar AT, GEERN T2 R
FEMLT 450 C.

UCBERR AN E R — Rl J5 7], AT LUK Cu™ 58 &Ik R
NER Cu, HARREN, BEATE 100 nm LUF, Uiz
FE R S B K RO R A, T SRR 43 B0 Xk DL 45
i, HETH X NEE —@MhE, B EmS
IR 1] % v 38 SR RS
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154 B 9K BRI & ek, Ay (Bl Efb
By AR, PREALDY T D R 1R
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S S E I SN BT R ARG, TR R 2 RO Sk
R HEMRERRERMNAR (4) Fis:

4Cu* +BH;, +80H =4Cu+BO; +6H,0 (4)

Huseyinova 25/ KBH, {EEJRFIIE R Cu 251K
1 5% - POk UL T 3 I 0L 4 AN ISR A 9 R 10 28y
PRI KBH, R, A KOH. %47 EDTA
53 H) PVP il 453 7RI Y 30~50 nm I SEBRIRE 44 K
FURL. Chen ZEILL NaBH, fEIEJEF, %453 TR
A 2~20 nm HIG KR ks , 70 5 iR 22 A Ra e -Dang
1) NaBH, 1EIE SR 771, 16K I P I 545 27 ki iz
N 10 nm FIGOKARIORL, I FLBRURL7E 25 U5 R T R
SERAT 2 N H o I RERE, N5 3 B 90K R
KL RIAR 208 22 nm, ] AES SR R RSE IR —
MH . Yacov ZBOLL NaBH, Jyik J§ 7] £ 15 BRI 2 4
2~3 nm (RGN RARITORL, FEARAE 90 K i R 2 ] 1) 4k 2 vk
i, WEEE]T —Br R KR

A R — Tl 7 B 1R SR IE i BE 11,
PRI, AR, TR 9 KR 2 BRI
BUEERTE, HIRSFBUN, A2 50 nm. SRS SA—
BB, ZHATREERI, AN EA .
1.1.5 KA&M

KEME (NH,H0) BATSHEM:,  HA R L R
PRI i o 7E &2 B 9K IORL I & b S AR R T2, i
ERA V2 HIK A B AR 9K BORE (O F 7 1R « /K A
(IR S5 e 718 pH EAR KT AR, FERRIEREE T, KA B
TEA—ASRIB R, SHEERAEM NN (5) Fin:

2Cu* +N,H, - H,0+40H =2Cu+N, +5H, (5)

Deng 2L NoH, HoO VEIEJR A, 78 530 T Pk i
HAF BN LR IR/ T 10 nm (1 543 BRI A 44K
WORL, YCRIEE] 70%. Tian ZCHERELL NoH, H0 iR
SR, AR A R T FRIRAE A 10~20 nm FER
TR, &R E4, AFEEHRELY) . Andal
SEBIPL N Hy HLO TEIRJE R, ZEAGIR ¥ CuO 9Kp 4
EFECNERYKARy, BEtE RIF. Mazaahir ZPY0L
NoH, H,O AESE S, il 2% 45 21 (1 4 9 K ORI R AR
14~18 nm. Aminu 2Pl NLH,-H,O 1EIEJEF)], Fidh i
P2 A1 NaOH 7KI& 73 il ARG R A pH =7, &
T B G BRI A K R, P R
4.21£0.95 nm. Dong %PIL N,H,-H,0 YRR R 7, 7E/K
VAU )8 o A Y1 ST R T B A GNOR R, KL o0 AT
BA, fE3~9 nm YGHE N

K RS 86 P 2 DR R 0 B R X A, RO B
PR, RARIEAIEHIZE 20 nm LR, JFURLERAKBE, HA
SEI AR AT BT ARTKE e e % 1F T
BAREEM, SFHRPEBERAE LIRS, WA RH
BORAEENE, W B AR — e, MR E .
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AR, 2 B FH AR 1) £ S R AR 1) i i I8 SR 7
PR MR S54RI M (6) Fiax:
Cu*"+C,H,0,=Cu+C,H,0,+2H" (6)

Mustafa Z5B71D) CoHgOg it JE 7, 383 5 Hap i
FRFN CuSO,-5H,O (K FEE/REL . pH. SN IR ) RN 8 2% (K]
7, BENRCKZ AR FOKEE. BRIZGKRL T FIZK
LA AN R TSR B A UK o i 5 A IR 5 T X A s JEE 7K
EE 3G AN pH B BI3G I, TR R A R R T kN . 7R
B SN TN, 152 7 PR EARY 90 nm BRI AR
GUOKRBURL . FRAE D LB IR AR, S
CTAB 7K I8 JF A5 3] 50~500 nm KELAE ] i 415 T
WOKSRy, =il F 24 h LA, JF sl B pHAE M
S5 N7 B 1) 5 8 A 43 B AR TR FR IR P9 S AR 4 R » Hu 2520
PL CeHgOs NI G F), fEKIEMWAER P H & T BHR
i, A R OWES B~ RS D9 4 pm, ZE5 R B L
190 d I RA B S BT, fEFE R T —F Cu,0
AR A Iﬁ?éﬁ]ﬂéa‘%ﬁ‘]ﬁﬁiﬁz{tﬁ PVP JE [ L 2H 3%
PR, B 2 S B AR S5 R T AL s =

Zhang ﬂu[“o]U\ CeHsOg NIRRT, 2 ARV, }i
R 5 min G R T BA SRR P AR IR 54 HCHR
GURRRL, |25 L ROR AT RAE N (1354300 nm, RfI
fEAE R IR N ORAF 30 d A KA R A fEdE— Pk
BEJE I R NAR R, FEAIMNR I AE R, i
YT A7 ) P R A SR IR P T £ BV R v ) % A
50~500 nm A [F] ST IR R 0RL, 788 KSR B
{717 30 d Ja U AR PUEATE . Alexander 241
CeHgOg 1E AL IR T, 7E [FRZKIB 254 N AR T &gk

HEME. 53 TUEA 83%-85%, & &I
1.8%~12.3% (Fi&E5- 40 2 18], Fift Ny 2~20 nm HFIERE
HAZNKBURL . Xiong ZEILL CoHgOg 1EIE JR AR 54757 B
IR YRR SR, AN N A 5 A 50 B e
BUBR BB W5t 7= itk R AT AT AN RS2 00 o A KA R 1)~
PIRIARAE (3420.14) nm 3] (1.87+0.35) nm Z[f], i
T A, BRI, & 09K 2 8on Ak R
5, HMELEREAE 2 D H FEMEAEFTTRELT S .
Yokoyam Z£*1LL CoHgOg NId SR, 383 028 J2 Wi
MR E] 7T RIARAE 60~80 nm FISEER L 9K A
WkL, 6 T BEAE N EGORR TR, SRS T R
[kest v RE MBI B PBE R . [ T AT IR AN 2% &
FAR, BRI PVP 72 (7 BHASAE CRIP i 2% T e
TSR A KK . 2 J5 Yokoyama 25 M\ NaCl, #H
CeHsO4 M8 JEAE A 40- A B S A R T KLk, &
[ 23 TR B, C1 B 1A PVP 4» 1L A A 3 Cu(100) 51 ,
FEERK LA [110]77 7% m) e e A K, FRIGHIE 17 AR
A (DO) WIAFAE MR KR LU R R 3R, 4
oK 2 T AL s B B 3 pros o AE b 2k il
F, Yokoyama*M#i il PVP K60. K90 1 K120 fE{#"
7, NaCl FHPEERINF, AT P22 99.5% 128 KA F|
(33+11) pm. HAAN (128+40) nm FIMHAKEL, I
C PRI M TR K R TH Y PVP MY e 4 225, #1145
32T VERE R A7 1 5 R
U M FRAE Sy — Pk o R EL G V5 G 1) JER 771 AT
FENGZAEF, 38 I s AR T H A e 11
AP, ATEGUK BHCK R EEA SO RAE, i i
ANTR] B ORAP TR 0 77034 ] SREURE € FRESR, I HLaR
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Fig.2 Schematic diagram of formation mechanism of self-assembled copper structure
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Fig.3 Schematic diagram of formation mechanism of copper nanowires
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PIERAAAE, A EIGEIEFGE, EAURE 58085
TE RN ST B AR, A BIF TN A P A0
58 ) 5 TR AN K A O

Zhang %"l Cu(CH;C00),-H,0. Cu(CsH;0,)+
Cu(HCOO),-4H,0 Al Cu(OH), AANFEHIJE, CeHgOs N
IR, BRI G BURRRL, 2 J5 B [
W, MBI ZEE X T ARG & T2 RRL i
B difh. FaECPER, g T ERCK M RS R
Efih, A Sy E AT BRI R A . B 4 R 4
AN ) BRI &S AR SF 23 4 o Wang Z5H¥81DL Cu(OH),
9 8 U5 AN S 0 A B ST R )& T A R R AR
61~139 nm I K BRL . T  8 2 02 H s R Ak &
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t1 L Cu(CH;COO0),. CuO Hl Cu(OH), AAIE, #4153
2l 99%LA K 50 nm ERIEAR) . Yang Z5P%LL CuO
AR, — B RIS U™ %08 91.36% KL%y 80 nm
{140 it B30 0 40 K AR

i B TESYR (4 Cu(OH),~ CuO 5% Cu,0) 1 LL
TR B PR S 1, D BRI [ F1 &
GRS A, T A R T4 i) Ji i 2 o 1 R )
TERZAEA,  SRTH ) 4549 B K AR FORLEE . TR 30
KAGRE GRIFFERE) SR S ARG,  HiERL AL
Tk KT B IR JE AR HE R R g, A AR
ECAT AR RS T, AR TR R
1.3 RPFI

TOROAF I v ] LR 53¢ 0 BF ] P 2 B K 2 R A K
BLF, AR LE QR ITORE 6 A B 5 PR LA i A A2
H A S g AR T R R R T RE, o KA
SR, I M D st A G R A 2 A i 4 A
[A] b e 7 T M K 0 ) % 2 f Ak 3t 2 s 2 ] SRR
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Fig4 SEM morphologies (al-d1) and particle size distributions (a2-d2) of copper nanoparticles prepared from different copper sources™*’:

(al, a2) Cu(CH;CO0),-H,0, (b1, b2) Cu(CsH;02),, (c1, ¢2) Cu(HCOO),-4H,0, and (d1, d2) Cu(OH),
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SEPLEAGEE TR E A, HEREIMA—E 2R
17 B3 R SR B AR AR g K R R P R TR v, 7 1 (4]
R . TEHRD 1l 25 1 R o T B AR 7728 2 R T
EHEAL moTFREMAE I/ T55.
1.3.1 R@EHA

TEA K G JE ORI , 5 F — S R THVE T A A R
70, DABG kSRR A ORI R . EE BT, &
TS PEF 2 PR FIRR I R A 2 . —Fh R R
ARSI, T 50 S —FP R A A S AR, B R
W5 B o MR FEAE /KISl K SR I s FME T,
RIEEVER 7 A E 78 G+ e SRS (SDS)
+ e IR IR (SDBS) . FrEEREN. THIEIREL . Bk
FRFEEhEE) | PHES P8 (o bt = s e, +
Tk = RS ST\ L R A
PIPERS R GEHSERREY . SRR AL DRI A SE) Jelk
EFA QLALEE. iRk, Span 28%%) .

ML) SPS Ml PVP AR, WAL A
B RS XU S 7 2% 7 ARk T S5 SRR, RN
FEVION TR R, B R ERE, RiAR EE AL
15~40 nm, SDS HI PVP BC &AM H, I WEER, A
X7 LKAk F 5 . Wang 250200 CTAB AA#$ 71
BT A K RORL A T AR RS B A A ) ) L
Arquilliere ZEPIUE WU AHTIR, BRSSP0 IR
A, TEIEJE ARG R T R, 153 FEIRE 5 nm
FR 3 B L O KA ORE, AR K A A B Atk . K
B RECT B IR RS, AT TRAR . S
LA KL T A . IR T B — R 5) (R R 5
(Tween-20. Tween-40 1 Tween-80) Fl+ —Je Ltk iR
By (SDS)> ) M &E B f& 97 57 ( SDS+Tween-20 .
SDS+Tween-40 #1 SDS+Tween-80) [ISEHATER], FE4IE
fif R T ORISR BOAE FHBLI, 4 LV 98 i v RIS AN A7 BHL
AN o

FEG I AR RN R T 22 SR B A, S ST B
YN i A R m R AR, AT YA kg R
TEPEFR ME R . IR IVEMER G, A HREE
PEFIE SR UL 2 b (W B A T AN e 51, ZERR

Copper ions

i1

5

Reduction by
NaH2P02

Reduced copper ions

KL — B RA — 2 EE AU, B7 kT 49K Ek
550K 2 18] 1) BB f, 386 KT 4N K OR8] (4 4 FH B
B, EAGOREROR R TR R, A R T b
SEEETE ARG BT SRR A
132 &aTREY
RERPF—RAAEE RS T&, ddy s
O FIRPZEE, SRIG Nz (R PH, R iR, H
S FREDIRFIE R LJEts el (PVP) | R4
WlE (PVA) . BB (PEG) « Wl k.
Granata 25°1L PVP {ELR7, 754 AT K
AT RIAZRTE 30~200 nm [IHIGKERL. PVP IAFTERE
A b B L AR RO R A R, B s s e v, 15
BIRAR A ATVE B2 . B LF S Y LT 40K
Ko A AR SEPOTRE L PVP AR 7E [FIRE ) B R
H R A RIRARLE 160 nm 2 A7 B0 O A T8 MK 4R
WYBkL, HARITT PVP KIS [A LB AN . Tseng 2711
PVA {ELRS 7], 755 N FH oK AE T L i BT ) 4
53] 10 nm [IERTEGEKETR, PVA IR ING X 7 &
PP AasE Ik . Mohamed 25P*LL PEG2000 AT PEG4000 1 f#
PR, RBERRANIEIL SR, R £ ZRE R D 4 T
feoRE ST 28 nme (AR T RN 3 B0 7 1) A 44 K R
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Fig.5 Mechanism of copper nanoparticles synthesized by sodium hypophosphite in the presence of PEG4000 protector
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Fig.7 Morphologies of typical copper nanoparticles prepared by different processes: (a) glucose-alkylamine modulation of copper nanowires

[17].
b

(b) formaldehyde reduction for the preparation of copper nanoparticles™™; (c) sodium hypophosphite reduction for the preparation of

spherical nanoparticles™; (d) sodium borohydride reduction for the preparation of spherical nanoparticles®”; (e) hydrazine hydrate

reduction for the preparation of spherical-like nanoparticles®®; (f) ascorbic acid reduction for the preparation of copper nanoparticles with
different shapes and morphologies®”; (g) addition of NaCl modulation for the preparation of copper nanowires!*; (h) different pH values

modulation for the preparation of copper nanoparticles with different size and morphologies™

F1 FRILZSHFIZHRER IR L

Table1 Comparison of particle size and morphology of copper nanoparticles prepared by different process parameters

Reducing agent Copper source Protective agent Fluid Appearance Particle Ref.
NaOH, KOH
CeH 1206 CuSOq4 Spherical-like 48 nm [13]
aqueous solution
NaOH aqueous
CeH1206 CuSO4 Spherical 30-80 nm [14]
solution
Ce¢H 1206 (CH3C0O0),Cu-H,0 L-Cys Aqueous solution Spherical 40 nm [15]
150 nm in diameter, a few
CeH1206 CuCl, HAD, Gly Aqueous solution Nanowire millimeters to less than  [16]
100 pm long
Diameter tens to hundreds
CeH 1206 CuCl, Alkylamine Aqueous solution Nanowire of nanometers, aspect [17]

ratio>1500
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HCHO CuSOy4 EDTA Aqueous solution Spherical 14-85 nm [18]
NaOH aqueous Diameter of 10 nm, length
HCHO CuSOy4 PVP Needlelike [19]
solution of 30-70 nm
NaOH aqueous
C¢H,Os+HCHO CuSOq4 Anomalous 20-400 nm [20]
solution
NaH,PO, CuS0O4:5H,0 OP Aqueous solution Spherical 30-50 nm [21]
NaH,PO, CuS0O4:5H,0 OA, EDTA Aqueous solution Spherical 20-40 nm [22]
NaH,PO, CuS0O4:5H,0 PVP Glycol Spherical 30-65 nm [23]
NaH,PO, CuS0O4°5H,0 PVP, CTAB Diethylene glycol Spherical 10-80 nm [24]
NaH,PO, Cu(NO3)2-3H,0 PVA Aqueous solution Spherical-like 100-600 nm [25]
KOH aqueous
KBH,4 CuSO4'5H,0 EDTA, PVP Spherical-like 30-50 nm [27]
solution
Decanethiol
NaBH4 CuS04-5H,0 CTAB, CioH2:S Spherical 2-20 nm [28]
benzene solution
H,O Spherical 10 nm
NaBH4 CuSO4'5H,0 PVP, VC [29]
Glycol Spherical 22 nm
NaBH4 CuCl, CgHisN,BF, Spherical 2-3 nm [30]
N:H4-H,O Cu(CH;3CO0),;-H,O CTAB, PVP Aqueous solution Spherical 10 nm [31]
Ammonia aqueous
N,H4-H,0 CuS0O4°5H,0 CTAB, PVP Spherical 20 nm [32]
solution
PEG aqueous
N,H4-H,O CuS0O4:5H,0 Phenyl ether Spherical 14-18 nm [34]
solution
NaOH aqueous
N,H4-H,O CuS0O4:5H,0 Gelatin, VC Spherical 4.21+0.95 nm [35]
solution
N,H4-H,O CuS0O4:5H,0 Acacia Aqueous solution Spherical 3-9 nm [36]
Polyhedra, micron
NaOH aqueous
Ce¢HgOg CuSOq4 CTAB rods, spheres, 90 nm [37]
solution
nanowires
NaOH aqueous Different
CeHsOs CuSO4'5H,0 CTAB 50-500 nm [38]
solution morphologies
CsH3O¢ Cu(OH), PVP Aqueous solution Spherical-like 4 um [39]
C¢HgOg Cu(OH), PEG-2000 Glycol Spherical-like 135+£30 nm [40]
CeHsOs Cu(OH), PEG Diethylene glycol Spherical-like 50-500 nm [41]
Poly(N-vinyl
Ce¢HgOg Cu(CH3COO);'H,0 Aqueous solution Spherical 2-20 nm [42]
imidazole)
CeHsOs CuCl,-2H,0 Aqueous solution Spherical-like  (1.34+0.14)~(1.87+£0.35) nm [43]
NaOH aqueous
CsHsOs Cu(NOs), 3H,0 Ce¢HsNa3O7:2H,O Spherical-like 60-80 nm [44]
solution
NaOH aqueous Spherical-like, ~ Length of (36+17) mm,
CeHsOg CuCl,-2H,0 PVP, NaCl [45]
solution nanowire diameter of (124427) nm
PVP K60, K90,  NaOH aqueous Length of (33+11) pm,
C¢HsOs CuCl,-2H,0O Nanowire [46]
K120, NaCl solution diameter of (128+40) nm
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Cu(HCOO), 4H,0,
(900+40) nm, (200+30) nm,
CeHsOs Cu(CH;COO0), H,0, Cu(OH), Glycol Spherical-like [47]
(680+50) nm, 100 nm
CU(C5H702)2
Glycerol Cu(CH3CO00),, CuO, Cu(OH), PVP Glycerol Spherical 50 nm [49]
N,H4-H,O CuO PVP K30 Ethanol Flaky 80 nm [50]
KBH4+HCHO CuSO4-5H,0 EDTA, SDS, PVP Aqueous solution Spherical 15-40 nm [51]
Imidazole Imidazole
Reducing gas Organic Copper Spherical 5 nm [53]
compounds compounds
Tween-20,
Tween-40,
Tween-80, SDS,
CsHgOs CuSO4-5H,0 Aqueous solution Spherical-like <20 nm [54]
SDS+Tween-20,
SDS+Tween-40,
SDS+Tween-80
CeHsOs CuCl, PVP Aqueous solution Polytope S5Snm [55]
Ce¢HgOg Cu(CH3COO); H,0 PVP Glycol Irregularly 160 nm
Ce¢HgOg CuCl, PVP Aqueous solution Spherical 160 nm [56]
PEG2000,
NaH,PO, CuS0O4:5H,0 Glycol Spherical 28 nm [58]
PEG4000
N>H4-H,O Cu(NOs),3H,0O Gelatin Aqueous solution Spherical 25-50 nm [59]
CuSO4-5H,0 L-Cys HCI Ethanol [60]
L-Cys, dodecyl
N,H4-H,O (CH3C0OO0),Cu-H,O Methylbenzene Spherical (11.5+0.5) nm [61]
mercaptan
N,H4-H,O (CH3C0OO0),Cu-H,O Ci1sH3402(0A) Methylbenzene Spherical-like 150 nm [62]
C4HN02 Cu(N03)2'3H20 C4HN02 C4HN02 Cube (15i5) nm [63]
NaH,PO, CuS0O4:5H,0 PVP Glycol Spherical 45 nm [65]
N,H4-H,O Cu(CH3COz), PVP Acetonitrile Flaky [66]
N,H4-H,O CuO PVP K30 Ethanol Flaky 80 nm [67]
C¢HgOg CuCl,-2H,0 PVP Glycerol Spherical (80+10) nm [68]
NaOH aqueous
CsHgOs CuSOy4 PVP Irregularly 300 nm-5 um [72]
solution
NaOH aqueous
CsH3O¢ Cu(NO3)2-3H,0 CsHsNa3;07-2H,0 i Spherical-like ~100 nm, ~2 pm [73]
solution

2Cu(OH),+CO,+H,0=CuCO, -Cu(OH),+2H, (10)
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Fig.9 Structural models of ultra-thin coordination passivation layer induced by formate™: (a) STM topography of the formate-treated Cu foil;

(b) zoom-in STM image; (c) high-resolution constant-height AFM image; (d) simulated AFM image based on the DFT structure;

(e) dehydrated structure model of Cu(110) passivated by dinuclear Cu(ii)-formate motifs
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Research Progress in the Preparation and Application of Micro and Nano Copper
Powders by Liquid Phase Reduction Method

Ke Xin'”, Xie Bingqing'”, Wang Zhong"*, Zhang Jingguo'**, Wang Jianwei'’, Li Zhanrong'**, Hu Qiang"*,
He Huijun"*, Wang Limin"*
(1. Metal Powder Materials Industrial Technology Research Institute of China GRINM Group Corporation Co., Ltd, Beijing 101407, China)
(2. Gricy Advanced Materials Co., Ltd, Chongqing 401431, China)
(3. General Research Institute for Nonferrous Metals, Beijing 100088, China)
(4. GRIPM Advanced Materials Co., Ltd, Beijing 101407, China)
(5. GRINM NEXUSX Advanced Materials (Beijing) Co., Ltd, Beijing 101407, China)

Abstract: Micro and nano copper powders, mainly on nano and sub-micron scales, are critical functional materials in the modern military,
shipbuilding, aerospace, and cutting-edge science and technology fields due to their high electrical and thermal conductivity, low electrochemical
mobility behavior, strong solderability, low price and easy availability of raw materials. For different applications, there are different requirements
for the morphology, particle size, and surface properties of copper nanopowders, while smaller particle size distribution and higher activity, as well
as easy oxidization, result in higher requirements for the preparation and storage. Based on the mechanism of redox reaction, liquid-phase
reduction method is used to control the particle size and morphology of copper nanopowders by regulating the process conditions. On this basis,
surface modification treatment can be carried out to improve the antioxidant ability to achieve better application characteristics. In this paper, the
effects of different regulating factors (reducing agent, copper source, protective agent, solvent, reaction temperature, and pH) on the morphology,
particle size, and dispersion of copper nanopowders in the liquid phase reduction process were reviewed, and the three treatments on copper
nanopowders for antioxidant resistance (surface capping, surface crystal reconstruction, and surface transformation treatment) were further
summarized, as well as the current status of the application of copper nanopowders in the fields of chemical catalysis, medical antimicrobial,
lubrication friction and electronic pastes. The current status of the application of copper nanopowders in chemical catalysis, medical
antimicrobials, lubricating friction, and electronic pastes was briefly described. The application dilemma and development direction of copper
nanopowders were summarized. The development prospect is outlooked, to provide a reference for the development of copper nanopowders
prepared by liquid phase reduction method.

Key words: micro and nano copper powder; liquid phase reduction; morphological granularity; surface antioxidant; application characteristics
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