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Study on Factors Influencing Scale-up Experiment of
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Abstract: Silver nanorods were prepared in large scale by using silver crystal as guide agent, high
concentration of silver nitrate solution as silver source, ethylene glycol as reducing agent, polyethylene
pyrrolidone as cap agent. The prepared silver nanorods were characterized by scanning electron
microscope, Elemental analysis and X-ray diffraction. The results showed that the optimum preparation
conditions for the method by pre-adding silver seeds are: stirring speed of 350 r/min, reaction temperature
of 160°C, silver nitrate concentration of not more than 0.50 mol/L. When the volume of silver nitrate
solution is enlarged by 6 times, the concentration of silver seed needed to improve to 9.81 mmol/L, and the
molar ratio of PVP/AgNO; was 1.3. The method utilizes the guiding action of silver seeds to regulate the
reduction rate of silver nitrate to match the growth rate of silver nanorods.

Key words: metallic materials; silver nanorod; silver seed; polyol; preparation condition

Wk H 8: 2018-06-04

BETUH: TR 53 A4 B35 H (QDB201604). 14L& B0E [T RN 20 A tH I8 ST H (B2017250). T T RHE THRITH
(2018YFYB048). At K24 AIH GML I ZRITH (201611336016 201711336006)- T 2 FE T 22 k224 B8 AL I 2R 50 H
(KC2016012. KC2017010).

FEF: BRE, B, WL, Ui, BT GUKEEL ma T EEM R SE ARSI REM KL, E-mail: chenyong3089@126.com

SMEWER: FEE, 5, WL, B, AU 90Kk E-mail: guanjg@whut.edu.cn



4 43

oS S ON R v A P ERTIF 33

R K b L AU (0 R ST A AL 2 S,
FE2EP bkl T EC) e R sR b2
BtV A A s OV e 2 T A RN, Kt
AR ARG 1 & B B HE AAE

AR, WRFCEFANE R T2 5% T3
TP HOAR N o T2 S ) A4 2 o R,
IKPGERL AR JFEP Bl =l DNA
BOEM ZAARE R LS B B A E T
PP o & e A — R A R AR A KR 1
J7 1. Sun SR PR L AR SR 2005 I 0 ot B
(PVPYEERISAE T, Fl 2 —BE(EG)if JE RS FR AR 1 %
HARGK R, BT S FH R ER AR R 2 0.12 mol/L,
PG KL T0%HI K o 3k — 35 BRI 5T 45 SRk
BH SRR RN A R BRAR B 20— B 388 J T R4
MR JelEE R, AR E A K T 27 mmol/L,
T REAE IR 3 PE O RGN K . i A i R P s
VIR IR AR R RS, RIS R R 2
JCEER R, RIS ESR, 1R L 2 oo
X RiH, FeCls fl CuCly £ELERIE OL 4G F T4 1
Rk Lu 25U TRE AU A AR R AR 1 S RS,
BT NP VIR PR A R A S s T [R]
7, (HR P R BRAR IR KT 0.1 mol/L.
[H AT ) TAE AR AE R R AR T 0.12 mol/L [ 4544
TAREI . ABATRRIE AN ARG KA (1) 7= 2R 5 A
FRAR M P R 24 O T 2% . Meng 2511R
A I NE G R T KRR, HEfH
B5(SEM). &5t HE5(TEM). & IX LT A15T(SAED).
X FHEEATH (XRD) LM A] WG (UV-Vis) & R AR
FBH G T 5 56T S PR FARGORZR 5 . &4
R, AgNO; KB AR AR L ITESA 2
., EMRAELET, 5 min HEIATESESRKE N
70~100 pm, FEAEHN 90~200 nm ) EAH RIFH—
PR IRGIKR L. 28 LTk, EAGIARESEE
R 2 TUERIE A F i CRASE R B s R 1 A R
YRR AR ILHRIE -

N, A SO I T, AR N
T I ERAR VA (0.50~0.70 mol/L)I &1 T, K AR i
T2 JUREIE SRV S ARG . 5 SRR AL IR L
B et i FH R ) 6 RO PR I ST s B A EOR R
s R & .

1 s2

1.1 SRR TR

Tl R # (0(AgNO3)>99.9%) I 1 7 Ak 3 2R T 1k
THMRAR,: K30 % PVPCFH S T &M N
40000); £ . NERFI B oy i ol SEEG AT
HKREETFK,
1.2 4R EFREH] &

¥ 0.0222 g FEERHLAN 20 mL 2 % [F] I\ 2
WA R = DR . R IR R T
250 r/min, FEIRMBBRERONAE] 160°C, &
BN 1 h 15 B4R & A VS TR (c(Agsee)=6.53
mmol/L). fEHFAT ORISR I, &fFh i) 2% Bt P A R
LA BEFN AR AR B AT AH SV TBOR,  df b il &
HOE e SR Sl i
1.3 YUK &

FREX 0.8493 g HHERERAN 0.6663 g PVP 23 Hi{H N\
F) 50 mL Bedrr, A R B mlmA 10 mL £
T, SRR TR VAR, 15 B R AR A
PVP ) &4 — BE ¥ W (c(AgN03)=0.50 mol/L ,
c(PVP)=0.60 mol/L, Bt} n(PVP)/n(AgNOs)=1.2).
B WA 2N 50 mL AOHE R i E TR S
R DR L. IR E YN 0.375
mL/min, ¥ FFEEIE D IR 160°C il im# iR
T R R AR, ARG R 350
t/min. JHINTERE, REVIMEAE 160°CHIFLS M 1 h
Ja, AFIEInPEIERE, R E R A R

PO HLZ 10000 r/min 2540 10 min, 7
XL WA, UTIE B GER 1 IR R FKEE
%3 IR E Z R DB RESE M BRiR ) . DT
FEEAEHAET 60°CIRE 24 h, B FE74 0.50 g.
1.4 S5HRAEAE BRI R

FESH B s, MRS L, HHEAL
S-4800 37 & 5t 14 HL B (SEM) R AE F= M) I TS (11
FEB N EE 10.0 kV). ] SEM Bt & HIAE A
(EDX, Oxford INCA Sight X) 7 F=# 0 70 K Al -
BRES BB FT, H X'Pert PRO (PAN) X 5 2R A7 5t
AC(XRD)MR= 4 (1) Em AR 2544
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BHE 1RO, BEAE R R R N, ARGk
MERE KR, KEB/N, JHFEHERE N 200 r/min
(Bl 1(a)), HRAKEERAEE R 3~8 um, EL4AH 200
nm. BEFHEFEEE A 200 r/min FF 5 2] 350 r/min( &

1(b)), RYCKEHKSEN 1~10 pm, EHAEN 1pm.
Wit 2 40— B K, R R DA 500 r/min( ]
1(c)), MUKW KEBEER, HYHHERZMH
ARG RYE LIRS AT, Ui R AZ
B M RE R IR ZE i 254, T EE ARG S5 a2
WY N —ME W, HWADNLEREZEMSAE
TE— R ) -F T ARZE &, BT DARBAR 4F AR KR L
BEUN, KERKIARAAE . T 958 Ak
B, AR AR T AR S SR, AT
ZHGAERG ZERERKOARRIRGH, Rl
WORDIRGE 4, it LU= i VF 2 0RL AR B

(a). 200 r/min; (b). 350 r/min; (c). 500 r/min
Bl 1 BLREm A RRAOK RS KR
Fig.1 The morphology of silver nanorods affecting by the stirring speed(SEM)
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NI R BRI, BRI BRI
18, SNCEE. TR AR AR
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PP X TR AR AN PVP 143 HICH o J5 2R RAL
R AR, NI B AR AT REX i i B A K

EAEF, B, 1&E AR AR TR E AR
AN, KBGO, B 1AL SRR
KA 1) B AR B B B A 350 r/min

2.1.2 SN P Ko R K A 4 S )

% 1.3 0S50 2 A, [ B 5% 3 350 r/min,
I A, TR SR T LT A R A SRR 2
MR . LT SRR K FE A F R,
W 2 Fiowe.
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Fig.2 The morphology (SEM images) of silver nanorods prepared at various temperatures
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R SR N 157 CRE (B 2()), P AMCE
WP, IEEARE RPABARERL, Hdgh
KRN 3~5 um, EEN 0.5~1 pm; XA&H
TR EEBARHITE DL R, 5t A% AR T B R T2 i
PIERE, BRI 2 A, B DU LR
ANHIBRL . 243N 160°CHE (I 2(b)), P24 LR
PKFE N E, HKE N 2~6 pm, EAEA 600 nm~1.2
um, KEMEHERE 157 CRA K. IRE# 5T+
mE 163°C(E 2(c)), MY HRYPIKEESN 800
nm~1.3 pm, KEH2~5um, GEKERERZEK,
KA, RE-YHaEERCR. X 2 arAl,
NP A R T R SO, H A S R

(R ZERE) o RS s SN TR PS5 PR 25 5 % ) TR M A%
T DAA BB BU0RE L 4% 22, 163 °C I AR BTRL I BLAR N
2 pum; MG RPCEEEE, AHERER L R
W JFRFE BRI, SRR AR K Rt I, T MR
e, RNGEEDR, ART 4R, 47
7 SR TR AR ()3 T T 52 R A AR K FE PR UL
1l % ER PR 1) i SR B DL 160°C N .

2.1.3 BRI 50T AR 4 K A 25 44 1 52 M)

[ii] 5E P FE I E N 350 r/min, MR 160°C,
FEL [ IR FEXT IR R A B, ] 3
Fiias, DNEAS 3 R R K AN EEIR R 1
Fr%il

(a). 0.40 mol/L; (b). 0.45 mol/L; (c). 0.50 mol/L; (d). 0.55 mol/L; (e). 0.60 mol/L; (f). 0.70 mol/L

B 3 IAHERERIR BN IRPUK B TSI T
Fig.3 The SEM images of silver nanorods affected by the concentration of added AgNO;

R 1 AR AR RIKERE S ERNEH
Tab.1 Effect of added AgNO; concentration on the length and

diameter of silver nanorods

¢(AgNOs)/(mol/L) KBE(L)/um HE&(D)nm
0.40 1~10 200~300
0.45 4~16 300~500
0.50 1~6 300~500
0.55 1~10 200~600
0.60 3~13 200~600
0.70 1~9 300~800

HIE] 3 A1 1 AT, IINAE R ER A B R M AR
AORBRRIIES, G AR IR AR N, AR
MR AR, HARR K. (H MR AR B
0.50 mol/L J&, HIFHIhn 7 AHERIR G JFuk &
FRAR 28 O I P S A EEAN LS, P RN
KBURACRIZ AN . 240 B T R 2R i —
FIfEOL T, AT BRER AR L AN 0.50 mol/L,
A AT B iR B AR A o
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2.2 RYCKBE LR

F 1.3 FF AR A BT AR g oK 1 S AT R ik 4y
#1 &% XRD 4, 454K 4 Fis.

Bl 4(a) R BAFE O AR (B R oo 3R Rk IR
TR S AR 90 1 i 1) XRD B (] 4(Db))
WUEB T P29 AR s BT AR fki A2 L,
A IS ER G KRR B R 1 A — € Bk FaSifg, M
TR RS NMT AR ELYE . ASEIS AR R RTIR
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81.60° HLAM B I FRAEAT S 06, HATH I 5 4R
FR B R HE B (JCPDS File 04-0783)(111)+ (200)+ (220)+
(B1)FN(222) df T IR — 35, R PRI KA R
T O TT RS K . SAntEREEAELE, Q1) A
BAIX SRR, Ko PVP B 5 7E SRR (100)
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4 RYkEER EDX(a)Fl XRD(b) BHE (c(silver eeds)=6.54 mmol/L, c(AgNO;)=0.50 mol/L, c(PVP)=0.60 mol/L)
Fig.4 EDX(a) spectrum and XRD pattern(b) of the silver nanorods(c(silver)=6.54 mmol/L, c(AgNO;3)=0.50 mol/L, ¢c(PVP)=0.60 mol/L)

2.3 ANFBOKfEHH] & KR g KR
2.3.1 AFEEFBOCRE R T
AR RE B0 ] 5 RIS R A — R LA PR
A, £ Tl b ST AT ASR AR R BEAT B AR A
N GETORH & HIFEMA R 3T T AR
JBORAEHUR 206 o S S AR AR 2K R AR il 25K
M5 1.2~1.3 MFRRSER A, R Z B2
& ARARFEILLBIBOR o A FARRBOR A5 i) B A
SIS 2 FrA, 32 RN T H &P

R 2 ANFEBOHBS & R MK BRI S5 S5

RPUKRAESHL, MBS SEM BIRUIE 5 Fios.

RERRRIBOK 2 f5A0 3 {51, [FIFEREAS B4l
ARG HEE, W 5)F S(b)Fra, (HERGKEE
MIEAR. KEMRABLLARFER IR 2 frol). Xe
TR ARG KR AR IR R A3 ok P DR AR
(R AR i il Ao R R AR B ARG, LR B
&, P DARRAR 7 AR MR RO, B2 EARNHKE
HR AR I ER A A A

Tab.2 Structure parameters of silver nanorods synthesized at different scale

gy AR Sy AE 2

o K il 6 2k A PR S TR KR
v % (Dynm  (L)/um  (L/D)
(a) 2 (Ageed)=6.54 mmol/L; c(AgNO3)=0.5 mol/L; c(PVP)=0.60 mol/L K 820 1234 15.05
(b) 3 (Agued)=6.54 mmol/L; c(AgNO;)=0.5 mol/L; c(PVP)=0.60 mol/L K 320 3.15 9.84
(c) 6 (Agyed)=06.54 mmol/L; c(AgNO;)=0.5 mol/L; c(PVP)=0.60 mol/L 4K+ KBiki 380 2.16  5.68
(d) 6 c(Agueq)=9.81 mmol/L; c(AgNO;)=0.5 mol/L; c(PVP)=0.65 mol/L K 310 541 1745
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(@). 2% (b). 3% (0). 6; (d). 6%
B 5 RNREGBUSOREE # R K SEM ER

Fig.5 SEM image of silver nanorods prepared by different volume amplification multiples
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J B4R SRR R B J LR R FEAK, A TR B
FEAHUCED, 75t mAd K (s R, B
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5 PVP K Z 2 n(PVP)/n(AgNOs)=1.3 i, AT
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BRI A TN A RRAR VR FE I =, AR R 22 [ o
B, BRI HINARE FRIAEK A, $EE TR TE
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i B 7)) e 2k 5t T A e VR B PE D, 32 R IR
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2HOCH,CH,0OH+2AgNO;=
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AgeeedstAENO3+PVP+EG= Aguanorods 2)
BRYRAE I 2 S RSN 73 )
PRIV S A SRl . 3R, £ R AU
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