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Abstract

In this paper, the high yield metal silver nanowires were prepared by hydrothermal method with
silver nitrate as the silver source, the surfactant polyvinylpyrrolidone as the topical guide, and the
iron compound as the reactant. The best preparation of silver nanowire was screened by hydro-
thermal conditions such as reactant concentration, reactant type and mole ratio. The silver nano-
wires obtained with the optimum ratio hydrothermal method were compared with the silver na-
nowires obtained by the oil bath method. And the structure and purity of the samples were ana-
lyzed by using X-ray diffraction instruments. Some transparent conductive film was prepared by
using silver nanowires with different diameters. The photoelectric properties of the films were
characterized by UV visible spectrophotometer and four-probe tester. The transparent conductive
films with better electrical properties can be obtained by using a nanowire with excellent long
diameter ratio at the same transmittance.
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1. 5|

M TR ARKPSER R, BHeTHL. BT, LED S/n 8% KERDG BN T AT HH 4
o MRAEBUBGE T 25 R R BB KAAE 30 [ NAEMEHTFHL, AATRE 7= S 55 R H 233, [l
P A T P B SR AR R o L PO W FEROR S A AR R I E A, B X R AR M BE R T,
%A R R B IR R R (1] [2] A S B — T M R RE I R E R AR, ST
N BTV 37 B S e g IR DL AR A BH45 (Indium Tin Oxide, 1TO) NS A RN & B ALY, Bt ITO
I T R 2012 4 (AT I 94%, H R SREFFELIEK[3] [4] [5]. (H2RE MG E 1)
RFE, 1TO il I /AN vl 200 il ORISR, 5040 32 220 & 8 AT R (In) /& — RN ] AR 1 38R, FLA%
FEAR, FB 1TO 7520w 2 (s A B 23RS, X T2 K ZRER S, FEITO
MIERRA R SA T AT ITO TREHPEEK, SEEBWEEANK, F1TO AREIEHR LN T
Yy, BN G SR AT LB ITO (13 RG] [7] [8] [9]- FLK, 1TO & W] i AR 25 Hh I 7 )
e, PREMEREIIR, ANES FRHIMERMEARIE, oIk & ARk ras fF 6t i W 5 L v Rt I PR e K
R, FF R H R R S B AR ITO A AE 44T [10]-[15] .

HAT, B4R 1TO BriiE i 5 A b = B0 A 306 SR PR (& RAPKLR). FHEGYE([16]
[17]. fisaif BAR B A BB FIE B 5, (HOR A & A 3800 10 ] & R RAFE B R IR A, HAR K5
X T A S R MR SR IR R, AR BRI, TR Ak R B AR, BR 1) FLAE ¥ 2 e AR R ) B
FH, s 1] R R AEAE TR AR B0 ) 5 e b s 5 P SR 0 A7 v Tk v A 58 A/ M S 55 2
N RA TR E S . K& RYPKE B T RA R RO R, RIELZE R, =R, H
RE R AT A AR AL, B B LI IRl B4R 1TO BR8]

o] 36 I 1 B R R & R PR R A K AR LU S B K £k, 2 3RAS O At BE AL 575 W 5 P TR 1)
HERIHR[19]. Bk, ARSI T /K #GE R SR N AP 2R BE 7R Ll 2 S8 S AU AR 4K
LR KRR RIS, SRIF AR T2 I H R 1 K FAGE AN 7B 15 T i) 46 AR 0 K 2 g s S A )
MRS, TEMFEIEL RN T, SKAIAH R TIREER RN S B, KiE, IR —MEE
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BHEAEREY, VOKIERER MRS A R4S i & o R v AKPGERIL A . AT DA%
AR AR D BRI AR, HA RS A DA S T PR SR AR R, BT A B R R Al
i LTS S, oA RHEE. B, TERAEE. R TSRS eGSR KRR E
e i e R DI, A AR AR M P i, X RS FNBEAS T /K HGEI R R [20] . TH At A2 5 FH
TERNBRBYRI NG T —RET, Frniy s s BT A48 N, AasE TR, s N
A S MRFFIAE . R EIR K R, —MRAE 100°C~250°C Z B Le 48,  QnIBIE A A5 I i
Bk, HHEEETIEL, WAEERZHRAY, BAt, PR, SRR, AU 52 #
RH59[21].

2. SCUGER4Sy
2.1, IkGEHIZ RN LR

HY 0.7206 g & B84 T 40 mL Z&/Kd, BHL0.5096 g fEERARIA T 20 mL Z&48/Kk T, &2 0.015 g
BRERERIA T 40 mL Z808/K o BIA MR 1107360 20 B VA 20 mL. RS ERAR VAV 10 mL FIAR BRER A 20 mL JE &
¥15], MfER 2.5 g RO EER(PVP, KI0)EINIEA R 282 . KRG MER R IR NEF,
75 180°C MHIRLZ M. 6 ho R TEMSG, FABSERA 2 817K 101 JRA DAL EE 30 min, FRIH L8 2 K
B0y, BRI T RS B AR LR K AR AR R DTTE Y -

2.2. B EHIERARE

HY 0.011947 g M) 1- ] FE-3-H1 JEmk M &AL 25 (BMIM-CI) A 0.387 g 1) PVP(K30)¥4fi# T 50 mL 78 — 1%
L CRIRA IR R PR, 75 90°C FHFEZIRAS] . 0L 3.2275 g 1) AgNO; ¥R T 20 mL 7
K, 45333 A 0.95 mol/L () AgNOs AW, ¥ 2.4 mL () AgNOs VENZINR-S W, 4k%E N 24 h.
SN SERE, FIBSIR AN 23 77K 101 IBA WA WALEE 30 min, TR ABEZRE O, Ba BT imES 3
K AR HL A K ARG R TTTE ) o

2.3. FRAEM

FIH X 2752 (X pert Pro MFD, Panalytical , fif %) & AE3% BH 5 ML A 25 1) S5 20 s ) FH 3 i
3 T BB (FESEM, Nova NanoSEM 430, FEI, 3% [E) A0 v i L 5 AR B 0 ER AR
(SZ-82, Suzhou Telecommunication, H [E)ZAF AR A Th HLPH, SR 2 SR 24048 s R 240 /] W4y
JEHEETH(UV2550, Shimadzu, H AR)FRAEE W #E R 1 6 F5E % .

3. &R5118
3.1. IKEHIZIRNKREAC LIRS

3.1.1. FEISMLEDFRAKE = EMREHFN

N TSR S IR R = R R 152, 1%4% FeCly. FeCly. FeSOy4. Fey(SOq)s PUFHANIFI )
BRI &Y, ARAERR I BE R BANAS, R 50 0.19464 g+ 0.23857 g. 0.3336 g+ 0.2398 g, H:Ah &1t
TRFEAAS, SRR A Y TR UK R I P> AR B IR . 3 1 S INAS IRV Ak 45400 B 1) 46 %
i EERIAC E

1 NI FeCls. FeCly. FeSO,n Fey(SOu)s ATl 4 IR A K L SEM (LA m s T4 . il 1(a)
FE 1(0)FizR, A FeCly R IBVIRT, FifF 9K r) =S m, K& BEER 0.3~0.5 um, K&y 50 pm
A, FTARANRER I RS B S AR 822, B R AR TEVE 2 KR, AR F il 4% o HL M BB A 1R 1193
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Table 1. The reagent ratio of samples prepared by different iron compounds

#= 1 TR AMATHI &R mEORX AL

=il FeCls FeCl, FeSO, Fex(SOu)s AgNO; CeH1206 PVP K30
T BBV BE (mol/L) 0.03 0.03 0.03 0.015 0.15 0.1 -
IR (ML) 40 40 40 40 20 40 -
Jii 5 (g) 0.19464 0.23857 0.3336 0.2398 0.5096 0.7206 25

Figure 1. The SEM low and high topography of the prod-
ucts were prepared by adding FeCls (a, b), FeCl, (c, d), Fe-
SO, (e, T), and Fe,(SOy)s (g, h)

1. ®f0 FeCl; (a, b). FeCl, (c, d). FeSO, (e, ).
Fex(SO4); (9, )RR AHFIHI & H =480 SEM (K1
MEErRE
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T L P 1(c) AT 1(d) A BL FeCly A IS BITAS P~ 0 1) SEM I, 4K 28 (1) 77 32 A FiTdit i » B4 8 0.3~0.5
um, KA 100 pum 4. Hitn] WL FeCls Al FeCly /5 0 e S 46 H 7= ) L AL TS0 . 14 1(e)
FE 1(F) LA FeSO, N M HIFTR =PI H) SEM B, 9K R B4, HAZHBREKE 0.1~0.3 um,
K113 100~150 pm. & 1(0)F1E 1(h) A BA Fey(SOq)s RS I3 =4k SEM B, 0 WS =4y
NEKZLMOKLE, HEABNYS, £ 0.1~03 um WHEN, KERNJLEMCK. Bkl 1, gkitks
VIFPSERT BT 9H K 2 1 7= 22 A RSH B2 520, Fo ) Feo(SO.4)s 1 9 S SIH T 4 BRI AR K 2 2% o B3 /b
BYPREKAR I m, RFBONAS), PR L H A =Rk & 0 s

3.1.2. F[E PVP iRE IR L =R R E RN

N T HEIE PVP R EERT AR L 2 A RS20, W FE DL Fep(SO)s VRN, 3 Fridsin PVP ()

Jik, A 1g. 159, 29, 259, HAMGKMAORFFAZ, ME PVP KX T 4399 K 4 (17 Z F R
VR % 2 TR INAS[F) PP A< FE BT il 2% 1 i 75 22 BRI L

2(a)~(h) NI PVP & 514 1 gv 1.59. 29 2.5 I AT~ SEM RE A E S K. W
2()F1El 2(b) 7, 24 PVP FIVSINE A L g I, PR 9K & 7= 22K BEE PVP VRN &1 in 2
1.5 g if, —4ESGEMIRIAORRLF RGN, HIREHE LT 52 AR R R, s 2(c)REl 2(d)Fr
e M PVP IR INEASIEMG, P Yh gk &) = 28 BRI i w14 2(e) Rl 2(H) 78124 PVP 1)
WINERN 2 gif, FIfS9PKRLMER N 0.2~0.4 um, KN 50 um 47 . (HYPKRLER T D EHKE
Fir, 19 DI AR B 2(0) 1A 2(h) Es 2 PVP TR IR NS 2.5 g i, 4KER i R KK,
IR gIKZE AL 0.1~0.3 um, KEEFEJLARCK, HYPUKZE AR 6.

IR, BEE PVP BV NSRRI, PR m) = 2B it m, itk —2m Pve &, ¥aT
PVP Joik 58 & IRAE IR NI, AR T35 [N T . PVP FEGKZR 1 &k fe dr, JlE A A2
—YEPIK AR B TS AR, E T 4R K e A A T3] i T X A L T A 7 R R B R A (], 3 350N [ o T )
EACE AT I 22 57, AT ) AR K — 4EGK S5 . T PVP VS IR AR, A BEAT RO 90K it ik
TP, FEHI R A B PVP IREERIIEIN, 9K I 2 SO AN I S # Fr i, —4E9K 451
(7= 2R A 2 S

3.1.3. T EIRHER R B X R = F Fn R E R0

N T T REBR AR AR BERT AR oK 2 77 2 A RUBE (R 52, 36 4% DA Fep(SO4)s 1A R BiH, ¥R 2.5 g i) PVP,
ISIMAS IR FE RO IRAR,  HAR S AR ORIFANR, WS AH IR AR K FEE X T A9 9 oK 2 1) 77 e A0 R BE R 5 - 32
3 VR INAS [ TR R A FEE P o) 6 o 5 2 RS

3(a)~(h) NANERAR I 43 51 0.15 mol/L. 0.1 mol/L. 0.075 mol/L F1 0.05 mol/L i} fi 5= 41t] SEM
AR E R SR . an s 3(a) R F 3(b) AT, MR ERER 9 E N 0.15 mol/L B, ARk T B2 0.1~0.3 um,
K9 50~100 pm AN KER, (HGIKZRI) ™ 28K BEE AH R AR 1M B2 FEAIK 22 0.1 mol/L I, PIKZR IR

Table 2. Sample preparation of samples with different PVP concentrations

F+ 2. AN[E PVP IREH m P & manit I L

23 AgNO; CsH1206 Fea(SO4)s PVP K30
W 1) R JE (moll/L) 0.075 0.1 0.015
AR (mL) 20 40 40
() 0.2548 0.7206 0.2398 1 15 2 2.5
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Figure 2. SEM low and high topography of the products
were prepared by adding PVP quality of 1 g (a, b), 1.5 g (c,
d),2g(e,f)and 2.5 g (g, h)

& 2. RmPVP RENHA 19 (a b). 1.5g(c, d). 29
(e, )F0 2.5 g (g, h)BrHIE H =480 SEM KEFSERF
HE

Table 3. The reagent ratio of the samples prepared by different concentrations of silver nitrate

3. NEIREERHERIRFTH &+ it FIACEL

AgN03 Celeos Fez(SO4)3 PVP K30
IR 1 5 (mol/L) 0.15 01 0.075 0.05 0.1 0.015 ;
ZIRARMAAR (mL) 20 20 20 20 40 40 -
0.5096 0.3397 0.2548 0.1699 0.7206 0.2398 25
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Figure 3. The SEM low and high topography of the con-
centration of silver nitrate was 0.15 mol/L (a, b), 0.1 mol/L
(c, d), 0.075 mol/L (e, f), and 0.05 mol/L (g, h) to produce
SEM low and high magnification

[E 3. WEERSRIREE 47515 0.15 mol/L (a, b)s 0.1 mol/L (c,
d). 0.075 mol/L (e, f)F1 0.05 mol/L (g, h)FFril& H =4
B SEM IR 5= ERRE

FERF= R KA IR OAS, Wil 3(c) R 3(d) AR . Bl iR AR R B P4 2 0.075 mol/L i, 4K 2k1
FEERMCORKHER R, GPKZRR EARN 0.1~0.3um, KEFAJLE MK, Wikl 3(e)ME 3(f)ffrm. {H4r2:FEK
THRRERIIIRBE, 9K R (7= 2 BT PR

R UL BRI, RN SRR SRR L A BRI P A I A TS AR R i e
R BES A EE R . ) B e K il & s = R GR R M BOE A IR 56 s LA Fea(SO4)s 1 9 RS,
TN 2.5 g #1 PVP. 0.075 mol/L FIfSERER AN 0.1 mol/L F 7% 24 -
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3.2. SRNKEHEHRIEFEIR M GEM R

N T FA AT FE AR 2R F s B I R 520, A ORI B s il 2% 1 R AK Z LU M LR
V] 4 7R 7K FAGE R 25 BT 1) 25 oK 2 1) XRD 11, b 20 ¢ i 28 Dy K i il & 4R 90 K 26 (1) XRD
PRI, 23t 0 2 PRI S T v T ) 45 BRI 26 1) XRD &3, 5 (0 it 2 I3 g Tl 057 75 BB Ag 9 XRD
PrE o EIFRETED, FEPRIRE S XRD BRE th ] s BIDUANFT U, 20 435108 38.12°, 44.32°,
65.54°F1 77.40°I}, 5 Ag i) XRD bRkt (01-087-0597Ag)—Fr, AHX S HIATH FTH 2> 5 J9(111) . (200).
(220)F01(311), IXFRH T FX B 7 ik ] 24 I 9K 2635 BAA T 0 27 S5 M A Ag,  HLIG AU tH IR,
Wi B £ H R = Al A v o ST — a5 TR LA RN (111) R (200) FAT S U i P 2 AR fE R (B 2.5,
NP R 5 3] 7K R ) 2 ) R 90 K e A A ) % TR AR 4 0K 2R 7E (111) F1(200) FA AT 569 0 5 FE 2 L i
4.0, R P K S5 H I (111) 7 Al B AR .

T R GNOK ZR D F IR, R FH IR VA TE e P A IR RO 2K R £ IR (PET) R M 14 2 5 L vl
L o F T SR AT IR AT 8 A S AL B, R e AR AN K R AT TR (AR B2 o @ kA3 ¢ E MG 2000 r/miin,
] 5 s; = 4500 r/min, B [E] 20 s. ¥ B i) £ (AR OK G AE N LA /7 10 MPa R 2T 3 min, 3R1H
YKLE 2 TR B S NS . 5] 5 AR K AR AN T ) S AR GOR R R eE i R, L
P NS, (EPK N 550 nm i, &L F 550N 89.56%H1 90.67%. [ 5 4 B N W Al vk i 45 AR
YKL SEM JESLIE BT ULR]FH /K G BTl 15 R 9K & BLAR 4 0.1~0.3 pm, KA LE Ok WmiE
PR ARG K L A2 N 0.1~0.2 pm, K J¥ 4 50 um £ 45 .

I VU R R 1) 5 LM B, SOOI (0 AN ()7 B AR L B BELAEL, 5 LA — AN 1E 7 T F e
SR RA 2 AR, E—KO L, SO W, s d(RP S ) R SR L =1, S=w*d,
R = p*l/(w*d) = (p/d)*(I/w). 4 1=w T4 R = (p/d).

HARINE 4 fron. EEERERZIHEIT, K42 HBERARGUK A B T80 7% I 5 s 1) J7
BH, 32 PR A A2 B i R AR G K 28 T 2 B T P 9 285 1) &8 ) SRR e e /b, T 3RASE R 1K 5 L T T

(1) IKRIL BBk
(200)
A (220) (B31)

v 1
THVEHE

e -
\ig Al

JCPDF No.01-087-0597

Intensity (a.u.)
—

30 40 50 60 70 80
2Theta (°)

Figure 4. Hydrothermal method with oil bath method of silver nanowires and
standard silver piece of XRD spectrum, the range of 30°~80°

Bl 4. KRB ESHBEBENRMNKREFRERFR XRD EiE, HEEHR
30°~80°
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Table 4. Permeability and resistance data of different silver nanowire films
= 4 FEIRMKREFERNE L RS HFEEERE

5 BH(Q/o)
TR A 1 2 3 4 5
7K #3(89.56%) 0.3 0.7 0.6 0.9 0.8
TR (90.67%) 15 10 10.9 12 14

100

80

60

40 -

Transmittance %

20 -

0 )
300 400

T T T

T 1 1
600 700 800 900

Wavelength (nm)

T
500

Figure 5. The transmittance curve of silver nanowires films by hydrothermal method and oil
bath method; Insert the picture of silver nanowire SEM

B 5. FRKSEFMAES S IRAKEERMBL RhLk; BAERRAAKL SEM
SR

4, &g

A SR K il 46 7 e B ) JRARGOR R, FRIE I BRI S AR B S R e 21 R B R b A s
B0 S HONARAUOR L = R AR RIS, R, KRR KRR ERAH & T34, @il
EE ALK AR AN il 2 T b 4 A R FRUBE AR GMOK 2R R 1 I 1 e, 753 HE KA LU s I K R P 3145 5
PERE T A 1) L
=

HE oK B AR 34 (NO:  61475120)F1) R4 il M AR RE (L QBT 28 0 H (NO: - 2015KTSCX146) 55 i)
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