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The effect of ball milling on the conductivity of silver plated on the surface of alumina
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Abstract: The conductivity of silver plated on the aluminum oxide, a kind of composite material, was
modified by ball milling. The best process was as follows: the weight ratio of A1O; to agate ball was 20%,
the ball milling frequency was 5.5 Hz, the ball milling time was 3 h. The highest conductivity increased 37
times afer ball milling, reaching 1887 S/cm. The structure and properties were tested by infrared
spectrometer, X-ray diffraction, thermogravimetric analyzer, polarizing microscope and suspension. The
results showed that ball milling had no effect on the infrared spectrum of alumina, but the infrared
absorption peaks belonging to alumina disappeared after silver plating. There were only silver crystal
peaks in X-ray diffraction diagram of the composite material. As evidenced by thermogravimetric
analysis, the residual of the composite material increased and heat resistance was improved. Polarizing
microscope implied that the alumina after ball milling dispalyed a flake structure with uniform size
distribution. The composite material could be suspended in ethanol, forming a dark suspension solution, a
faverable profile which was expected to improve its dispersion performance in polymer. Finally, the
effects of the ball milling on the composite material could be explained by two mechanisms, namely
fragmentating large alumina particles and grinding small particles, resulting in the formation of falkes
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which can increase surface area and silver coating efficiency and improve the conductivity of the material

via increasing the connection of conductive network among the particles. The conductive composite

material is expected to be useful in many fields such as electromagnetic shielding, conductive adhesive

and antibacterial material.

Key words: ball milling; alumina; electroless silver plating; conductive materials
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Fig.1 Effect of the ratio of alumina to agate ball on the conductivity and particle size of F-AO3-Ag

HE 1AL, BEE ALO; 5 I HEER i & LY
I, F-ALOs [ EEIRAR e/ N GG K, 1% & R v Ek
BEPLLE e AR, R IR S AL AR i AN
JEEAER, (RAERURIBERE, 76— LIS,
BREE AR I (HARRE AN E, KB
RO TR, B LARL BT 2R AR S N 5 8 k. R
BREE ALOs FIRIAR A 143.5 um, HEER )5 1 ALOs-Ag
1S HLZE A 50 S/em, BREET] LAREMK F-ALOs 135k
12, $Em F-ALOs-Ag 'FHE, Bi#E ALOs LBl
N, F-AlLOs-Ag H)F RGN, 20%H}
SHMERERL, SHEEN 1329 S/em, X F ANE
BEJN T ALOs FERIAE, AT ALOs HILLZR M
L, M ALO; RIEREAEE LRI, (H2HE—
B ALOs [IEEA, BRI PEAK,  RiAR S i1
K, FHESB/N, FrLliEr ALOy/FHEERI L
B 20%. TOKGAABRIAE B A A, P HSBRAE
N 7~1.5, FEEN2.65 g/lem®, B R, mEEIME.
AR v PR TR P A R T A 2 S sk 1 S5 R R e
W COAEDOMEL Mkl StELSRE. &Y

BRZj. MBS SHERAR T IZ R
2.1.2 BREE I [A] 0] 5 HL 2 FIRLAR (1Y) 5 MR

B 2 AEREERS X ALOs-Ag 5 BRI, 24
ALO/HFEERAI LI 20%IF,  Fifi 25 BR BE I [ () 4E
K, F-ALO; ‘Fikifesds FFHE FBE, fE3h i, P
PRt KN 137.4 um, BREE AR ER K, 15
F| F-ALOs-Ag [T FEERARLL 3 h (/1N BHAEBREE S
3G, F-ALOs-Ag [F HLEREIG I fE vk N, BR
BRI [R5 3 h B, FHERA 1799 S/em. X2 HHT-Ff
HI L, F-ALOs R TR 5 KA RN S, X
WS BRI R T AR S 2 PEAE F-ALO;s KM,
BN 5 M BUX RIS, BT DA A BR R B
(824 3 he
2.1.3 BREEAZ 0T T HL B FIRLAR (1Y) 5 MR

K 3 NERBESTZNT ALOs-Ag T HLFR LI, 24
ALO/FLHSER I LA A 20%0), EREEES 8] A 3 h, B
HERBESR N, F-ALOs K PRI 56 T BE 5 1R
W ETE, RJEIEET R, F-ALOs-Ag ()5 MR 1
IEFAK, 4.0 Hz IS S HZEE 1227 S/em, 5.5 Hz



32 SR 44 %
138
1800 | @) ’ 10
1700 41136 .
2 N
£ g 5]
5 1600 = _§
> gk 18 2
S 1500 |- ] . ©
151 \_/l E
T 1400 A 1132 8
= -
3 A \/‘
1300 - / FHE 130
L]
1200 4
1 1 1 1 1 128 L 1 1 1 1 1
1 2 3 5 0 200 400 600 800 1000
Milling time/h Particle Size/pm
(a). FH R 5 P12 (Conductivity and average particle size); (b). $i1%4) i (Particle size distribution)
Bl 2 BREEREIX ALOs-Ag T HEFRAR KM
Fig.2 Effect of milling time on the conductivity and particle size of AO3-Ag
138
b 5H
1900 |- (@) . w0l® - 5Hz
4137
1800 | R e = sl
T T X
5 5 2
%1700 N Egl
> 1357 2
21600 Té g
2 N {14 E 4|
=
s} S i 4%
S 1500 P ERiAs 133
n 2F
- 5.5Hz=—
1400 4132
k/l 0 6Hz“~
1300 L L 1 131 1 1 1 1 1
40 45 55 6.0 0 200 400 600 800 1000

5.0
Milling frequency/Hz

Particle Size/pm

(a). §HFR 5 F¥Hi1%(Conductivity and average particle size); (b). #4%4) #fi(Particle size distribution)
B 3 BREMEXT ALOs-Ag FHERRAZ KR
Fig.3 Effect of milling frequency on the conductivity and particle size of Al2O3-Ag

SN 1887 S/em, ZREEMINAIR, SHERT
B MEHTRTLLE Y, BREEARTE 5.5 Hz I, “F3
Fif2 2 132.8 um, B S 1 1A £ 6.0 Hz (IR,
M T F-ALOs Fr &5 kb, B 18 F-ALO; K
EE RS, SRR, ATLARERE N
5.5 Hz.

Ik CL AT, 138 AR I EREE T 20N : ALOS/
FOHEER B B L 20%, BREENFEN 3 h, EREES
RN 5.5 Hz, HEH ) F-ALOs “FHki24 132.8 um,
F-ALOs-Ag S HLE A 1887 S/em, LA BREE [
ALOs-Ag $E 37 1.

2.2 FEMFRIE
2.2.1 AN S b

Kl 4 S I LLAMEE R . N ALOs # F-ALO3
FIL AN B AT LA HAE 500~1000 cm Yo Bl N A
— TE AR, X R LR PR AR R i 201, 7R
3100~3750 cm' Kbt HH I AR AL AR IR W0, 2 A
NKAE Sy TR B 32 3L i-OH  #9k5h 5] ik

F-AL,O,-Ag

1 " 1 " 1 " 1 " 1 n 1

4000 3500 3000 2500 2000 1500 1000

Wavenumbers(cm™)

B 4 aheiEE
Fig.4 Infrared spectra

500

(1), BREFG, ALOs ML A B A —5.
ALO;-Ag Al F-ALOs-Ag FifiH, 3100~3750 cm!,
500~1000 cnr! JEFEA ALOs RIS 58 B AS I sk
55, Falfe F-ALOs-Ag 56 & F A2 ALOs IR



E R

MRo5 45 BRERVEX SRR LS iR VE BRI 2

FhgE, Xut il B Ag id T EMABEREm, H
F-ALO;-Ag HIZURIE ALOs-Ag By, ULHIEREA
FIF Ag AT ALOs R« LLAMGI FiE 55,
Fir LR A RLER T i 45k, uEM T8 5
MAZ B EE AR LA TE R W (S BT 2% .
2.2.2 X BT A

K 5 AR XRD B. I 5 aT40, ALOs K
FEATHIE 20 54 30.8°, 45.8°H1 67.4°, F-ALO;
ITHIE S ALOs A, SRR EERtER
(JCSPDS10-0425) I fi7 i de— S 21, 1 5 B BK B 25
XT ALOs [ s R S5 KA 7M. M F-ALOs-Ag HIAIT
SRR, B AT 20 155 51 38.2°,
44.4°, 64.6°, 77.6°H1 81.5°, 43NN F 102317
i AHER(JCPSNQO4-0783) 1) (111) (200)~ (220).
(311)FH(222) AfTHT , IXUESE [ ARG L D AR 2
ALOs K, HAHTRMIEHI. R ZEN
HEARRIRSE, SRR, SUTREIRE,
VR e AR R S i, A . 2%
ERTIA, TSR AR N A A R AR KL
2.2.3 IE ST

Bl 6 FE A E o b B, A R B
600 °C, 7L 5 200 °CZ |, F-ALOs fl F-ALO3-Ag
()R B PE,  IX— BB R E R B H K
FER VLS BN T AR R , R B R,
R A 5 R 2 3 i & 8 R_ 8 =4
F-ALOs-Ag FIHZLG 73 R N 366.62 °C, AlLOs 1)
EIR M RIEE N 253.54 °C, 5T 113.08 °C, X
— B E R T A A KB R D R
ALOs [ A8 & 7 A NI E Bt ] B Rt BT id %
. VLT Ag NI F-ALOs (IR AG /) ffis FE TT
i, AR MEPE R, F-ALOs-Ag TR RN 94.58%,
BT F-ALOs MBEAR, W AgEmiR N o5
F-ALOs 735, FREZMMRHERE T A 8B4 i
. 7E500°CLAJE, W REANE, M 4HKH
F 7K PA R 45 7K B 2 A 3 T s
2.2.4 e BB It

Bl 7 SRR IR S, a, b, ¢, d
IR 100 5 F, a2, b2, ¢, d AR 400 £%
IR . ATLLEH, a, a’ REIREER) ALOs Fiki ki
BT, KNS AE . BEBJGH F-ALOs Fitki
— KR, —HAAN, HIBRE R, AT LAHEDN
i, ALOs WBTRLIRAE N T otk A 7(b)F1E] 7(d)
ALLEH ALOs-Ag BB EH, S m, 1

33
(11)
(200)
@20
F-AL,O,-Ag (222)

Bl 5 X SHERATH

Fig.5 X-ray diffraction patterns

100
N 98
@
(73
o
.‘:;, 9 |-
s F-Al,0,-Ag 94.58%
£
9% [
F-AL,0, 91.72%
92
" 1 " 1 1 1 " 1 " 1 " 1
0 100 200 300 400 500 600
t/'C
B 6 MEML

Fig.6 Thermogravimetric curve

F-ALOs-Ag 2L AR, B Ak —
. XEFNEE AgfE ALOs FAHBHIR RiE
#, BREE 2RI ALO: RINHEA S IRE Ag',
DAL B d oo HIOR B P e — LA .

T RE A R IR . ALOs il F-ALOs ANBE
B TR, TR RAAREHES, W%
B ALOs-Ag f F-ALOs-Ag ReRIF1E CRER IR
o, IR E KA. XRFINVEIREER, AT
WA, ANET OB AR b & PVP,
REAHPE AR 73 BUE B o T F-ALOs-Ag L BEVE
Bt AlLOs-Ag LEEFRBEIR, 2 BN IIKER N
B, F-ALOs-Ag TRME&E, UHIERE TZ2H
FIFHRBEELE ALOs HIFRIH -
2.3 FEEBRE KRB E

Kl 8 AL AL EE ]



34 it

44 %

& 7 ALO3 S4B A J5 K H AR i Rt 2 e B
Fig.7 Morphology of silver plated products before and after Al2O3 treatment

H, NH
H, NH2

"' =
— NHz —_— A

Bl 8 BREE R RIHLEE

Fig.8 Mechanism diagram of ball milling and silver plating

IR BB 2 0 I BR B AL ) 7 2 BRAIR B A8 P B0
FUbAnH TR A T . BB A RE,  AE R A
SSHEARRE S NGB, SRR AT E . SRR
REJT B RARIRAC T RS, S AR R T
KGRI T75P . ALOs FUNEREENLIG, Zit
SRR, 153 ALO; VPR ZH /N, b
J& ALOs; R =4 — RN AW, K RORL B il
1, AR RORL A B M X PR R S TR B 2L F-ALOs.
TEXT ALOs BEERAEAEF, DUREIEHIE N ERIE,
PVP 4T, 6 40 A FR S VA ORE SR, S i
DR AR, PRI VA, YRR e (],
AT DAFR R 2 700 S R R AR I . PVP MY B

WAE ALO; [RIF/BAE B, At AE VR A It
ASEAKMER T ALOs MW H-NH, 2£H], 5
Ag £ Ag-NH %2, (SR E TR AL ALO;
FP, A 25 B A S PT DL S AR IR U AR A 2
L, AR ERT o ATE E SEPE LES, R
TR ERTE ALOs FRTH A% R R, A
ALOs MRS %, R E D KA RKLF HAH
FRAZ Y R . 2 TS5 R B AR S I T Ak
FRRIAL, $em THHMRIACE, RN TS
FRL T Z A S TR, $Emr T A& 4l
B, AR AP RA R T AR R



52 1 M B8 5. BRERVEX A AR DE AR AR S F It R I 2 35
[5] QINGM S,JIAY W, TZOUKRAS NV, et al. Theoretical
3 %’[5@ study on the mechanism, chemo- and enantio- selectivity

1) 2% 25 FFSE R BH , BREE 0 A AR S AR A
BHR S T 2508 AR SRR B & T h 20%,
BREESR N 5.5 Hz, BRESHTAIN 3 h, fem FHEN
1887 S/em, LLARBREE[MHE S 37 5. ALOs H-F-34kL
M 143.5 pm F#3) 132.8 pm.

2) STRESII A HT R, LOANERE . X AT
IR A5 2R S 08 A U S8 AR R R B0 R A Ve A it
PREER , RLE 43 AT T HVE AL BR BR B 5 T RAR AR N,
e A Es B B e LG RS J A AL R A ERTE AR
RTCHN ) FoIREERE . BREBE 1 J5 H AL BR AR 25 2 DL
B 32 LB RRHS, F-ALOs-Ag 1] LLEIFIE LB
Wik, HERBREEN) ALOs-Ag Bith iR —1k, A5
P&, F-ALOs-Ag Lt F-ALO; 24/ iR E 12w
113.08 °C.

3) HLERBHA N, @ RO A AR AT 5
EUNINE S TN 1Y% IS SRR E =R A REE DN 1 R 2 7
DA RO B X B AR, TERO AL, N T4
AR R TR, &5 T S WEPERIAE, A
R GERA R TR ER, FEEERM RS
HLPEREIE

SH R

[1] WIBOWO A F, HAN J W, KIM J H, et al. Highly stretch-
able and robust transparent conductive polymer compo-
sites for multifunctional healthcare monitoring[J]. Science
and Technology of Advanced Materials, 2022, 23(1):
332-340.

[2] HUI Y, LI L, ZHANG Y. Silver nanoparticle-based
thermal interface materials with ultra-low thermal
resistance for power electronics applications[J]. Scripta
Materialia, 2012, 66(11): 931-934.

[3] LAPRESTA-FERNANDEZ A, ATHANASOPOULOU E
N, SILVA P J, et al. Site-selective surface enhanced Raman
scattering study of ligand exchange reactions on
aggregated Ag nanocubes[J]. Journal of Colloid and
Interface Science,2022, 616: 110-120.

[4] AHMADI S, FAZILATI M, MOUSAVI S M, et al.
Anti-bacterial/fungal and anti-cancer performance of green
synthesized Ag nanoparticles using summer savory
extract[J]. Journal of Experimental Nanoscience, 2020,

15(1): 363-380.

of the Ag-vs. Rh-catalyzed intramolecular carbene transfer
reaction of diazoacetamides[J]. RSC Advances, 2022,
12(28): 18197-18208.

[6] XIAY N, YANG P D, SUN Y G, et al. One-di-mensional
nanostructures: Synthesis, characterization, and appli-
cations[J]. Advanced Materials, 2003, 15(15): 353-389.

[77 YAKDOUMI F Z, HADJ-HAMOU A S. Effectiveness
assessment of TiO2-Al203 nano-mixture as a filler material
for improvement of packaging performance of PLA nano-
composite films[J]. Journal of Polymer Engineering, 2020,
40(10): 848-858.

[8] ROY K, SIKDAR D, PONGWISUTHIRUCHTE A, et al.
Application of waste aluminum cans based nano alumina
as reinforcing filler in natural rubber composites[J].
Journal of material cycles and waste management, 2022,
24(4): 1533-1541.

[91 YI Y, LONG S, ZHANG R, et al. Influence of ALO;
particles on the tribological properties of CoCrAlYTa
coating produced by laser-induction hybrid cladding[J].
Ceramics International, 2021, 47(14): 19434-19442.

[10] MAINARDI J C, REZWAN K, MAAS M. Genipincross-
linked chitosan/alginate/alumina nanocomposite gels for
3D bioprinting[J]. Bioprocess and Biosystems Enginee-
ring, 2022, 45(1): 171-185.

[11] MAZUROVA K, GLOTOV A, KOTELEV M, et al.
Natural aluminosilicate nanotubes loaded with RuCo as
nanoreactors for Fischer-Tropsch synthesis[J]. Science and
Technology of Advanced Materials, 2022, 23(1): 17-30.

[12] VKRA B, PNS C, UTG C, et al. High precision pulp-based
sacrificial molds: A solution towards mass production of
hollow ceramic spheres for deep sea applications[J].
Ceramics International, 2022, 48(6): 8235-8244.

[13] HUANG W Z, LIN F, TAO F T, et al. Fabrication of
microporous polyamide selective layer on macroporous
ceramic hollow fibers via direct interfacial polymerization
for nanofiltration applications[J]. Jouranl of Membrane
Science, 2022, 658(15): 1-12.

[14] ZHANG P X, YAN H, SUN Y H. Microstructure, micro-
hardness and corrosion resistance of laser cladding
ALO3;@Ni composite coating on 304 stainless steel[J].
Journal of Materials Science, 2021, 56(13): 1-16.

[T#5 2 K]



