LisAY S
2005 F FiFXHF TSI 36

B

o

=

WA CHL A M &

B AR REIF 5

e fEH: &£ B &
e & \r: # B %
e 2 fi: 5 % 1§

"Namg et

f ﬁ'T"[ iml g,ﬂ*—_".,, \ | ‘q‘;‘ £
Timimimimeee EEY




LG Lt
2005 F HEXFFELFAMAIBN 36

S

T_’_fé!AgCE T‘éfﬁw Fh &

HAM: e

e E&E: £ F &
o & W : ¥ B %
» 5 05 55




Shanghai University Doctoral
Dissertation (2005)

Fabrication of a Newly Developed
AgC Electrical Contact Material
and Research of Its Properties

Candidate: Yu Haifeng
Major; Materials Science

Supervisor: Ma xueming

Shanghai University Press
« Shanghai -



IS N

ARNEEMZEREREREE AT E
bR LA SRR ZOK.

EHERR LR

FE: % H HREEREHHEER

o F AR HRAEREIRAMEAR
A f BELHERIMEREYHEAR
%@ F BELEHRFEMER
¥ B AERERFYHEAR

P B g R B AERITERAYEAR

200433

200237
200062
200433
200062

200062



AL E.
¥ & A
R
|- 4

FALE,
£& 4
LEN
Lh%
% i R

BRI R F R
HIZ LHSCE R AR R
B AR T RFR 4

HEL R R R
R, EISGEREMRL R
LRI R R

200062
200030
200237

200092
200030
200234
200062



B R L2 RSO VR

AR FAELE L FLE AW AgC & 3 M4
FERLEEAL T AR SRRBREREKFAHARLEH,
BLRRANBMREFLFOERAMNGEHIARBREE S
B R AR R IF R AR TR, R EIT b F
MaE AgC Ak ke # & AR & T L VHAR XA Z 8
XE2%¥75®. /38T —49 &R £ L AARNAH, LAE
B AREREATEHFAE N o g ANE BT 24
LR T.

() FERTHRKBELEZERANRAMRTFLFOCEME
S B R & EFRIEENIR, RS AgC ki s
BEE AN EINB R FRARRSG. BT —H
Rk A TR E T L, R BAT T DI~ L FaE 4
R 3.

(2) J£ ASTM fik sk A #HX AL LXK AR T H B 6
B 1Y AgC # A i kMg et o IR BRI A 4 A K B
OB ARAFAE, AT AT IR BB AR AR & 69 AL AT T 44T

5Ix4t. '

(3) REZHAKRENEHHFHIGRK, 5 & 8 — A
M R E 3G % AgC a2 fdt A, A £ R B MRS
b IR B AL R A R B & FEPHATER
AR A,
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EFHAMBBEANBERANANE . AR X T ABHX
BARANAE AgCld kMRl &+, el HBHERFHFA
AgC sk st HEmp Bt R NERMEHTT 2L
K.

K EREEERVACR B AgC ik 89 AL 40 32 M 86 A T
HIERMER, EEARGHEIANF . INAMFCREILHK
EARABBERMARFTHGR. XAGHERERBAKELE
B ENEERETEHNRHBEERN . EEEEAAETERK
RE&EBAKE AgCLBR  FI R ZM R RE B F K
ST SRRk EEN LT R E.

PLHE H CY>99.5% K E X 200 B8 A B0 ERLE
QM- 1SP AATE R KB, 2t ZEHKERF 10 h &K
BE.#&E -4/ KEFEE, FHEE 50~60 nm. 5K EL
B Ag-SNCHE XATHMAKHA FlENLERT Ag T
HEA R~ 4% 50 nm.

WXHARTEHEH NN kS AcCRBEREHBELERER
HS R kAR LR E AL TR T BR B BT A A Sk B
FALHEAURRERE XL EGEN . 3T AgCHR R = #
FEEMEE & T L L R#HT T AL TR 4 E % 2t
ARSI T HENTEEAP T AR THAAECEL S
Bt 78 fm 3t E BLALARR # i Sk M Ak B9 B v

HRERKA, & IR E B8 8 3w, AgC Sk fik 3k W 3
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TEERHAR AR EHHULERNEE . EAGETHAL
HERK XAMEHALHHESTEA, EMHNEZERE T K
TR MERZEENAR BINRTEENEZE LA &
SERERE. EMOCELA . MM ERE. SIHER R
-EBIZAN  REAERE-LBELIZH &M Ag-5%C
HREARTAV R EREREHIHAR. FITEFX
AABRFBRERFERER, KAEWT EREF 5 R BLE R EALE
BERERRETARERLARFHCH LS Ag RT3
AR ILE; B AAKBIKT ERE A ER KBRS
RBRE ARIWHT Ag EFKAER. BHFBEATZEA
IRT AL BN ERERRENEAFKET HEERR,
EHHHERT CEAgHERFHEL2RE. A ARBE-BELY
HEWA KR Ag-SUCLER . BEAEESLH Ag-5%CHl
WREMF,EATRILF AR 0N R K AEAIHGER
MR PN AT 2] T Sk E LA R M g b . _

KHE&HAFA AgcCHL5EAHME EZIRER T Z &
k% %7 ASTM LR R AR SR 87 ik Sk bR & X BBl E 384T
TRE B EIMEF 2R, AHE4 4 ARAEN ML
HAT2MBEENEHR A2 R, WURXAFRT ZFE
Sk bt R BY T R GIUBE AR 0 B A M RO TR A AR AE , SE X EL R
Wl R ENIERATT 20 5K

FRERZH, FEHENERKBTIPRECE L LH &
HEA AgCRLTFH LB NRERXATKTHE Z2IME
Wik ISR EEE T 0N U EFEAEF TR E
M. oM B EINERRE S AFSERTN R REEMRZ
AR BEEQBABZNE M AR TFEHANRER T L ML, 2%
E-4B Ag-SNCHLE —NEHNXRAL I B LHENRE
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B Ag-SUCHMEN LA ABEENEREEHRE A
TIWHBEEAELA HE o . TR ERELE I
Bl RAERAZNFE Ll OB EmMmE, & X
LB S UEERY MRE-LE Ag-50C LM AKX
Bl EREEREEAET L, E 084 N & B IUE Mt
MR REAE . A2 AL E NG RELE S LE
BR. AgCHR A AMBZENEREETHET LH KN FHK
BEAFEEMAHE EE4X.CARRE . &llwFin. AR
AURRYERNAFEATH I ZMEEZAE T ELH
B ENBCRS A K B AT A R R Ag SRR AR K M AR A
AR ERAERYT BHEA.

5 4] B F A AgC Sk A R B A b WK R A3
B A RAS R ABBIK/E & 284 R A5 & 7 8/ B i %
BEAHBRTEHRKEREREL B R P ONEBITER
BEARBARK. ZHAMBCEIHERE LR EMLE
ABB% 4 =V, HREFET EHFHEFUE.

XANEHRRE NFCEARALL T IHE LR UE
EHRMAKEEANAREBERGER H & - HANHH XK
EHE AgCHEBMEAFETERRALA. RBXAHK
MAEENERER T H MK, b RS KT A 4 .
MR BBk 4 kA 44 3 R~ 30~60 nm, #| & H 8 44 k4 1
B Ag-SUNCHBHFRNTHERLR T4 KN 50 nm. L EH
FHARTHASBREXBREMNOBRERTER RBEAXE
WAE, XM EREABILAR T BN NI A AL . AHTE
UREARNE - FHEN HRTEEIRER Ag-5%C
ik RE-ERLZARMAAEHERELRELY Ag-5%C
EAXRAH TRENIRDELE, TERRETABR
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B R ARBE-GRATYL BKAKREHE Ag-SUC R AER #
— SR

REECNERRVNMBEMHAREHZT A HEF 4
RENHE BT HEANRER L, KE- LB T ZFRN
AEHERBE-CEIY Ag-5HClLE-—MRUA A
BRSPS, ZAUThRAIRENERMLE. AVKE-CR
IT¥ .M KERE Ag-500C fh L i JUE M 88 & 2 7
BHETTREBRBENS L. REWR . FAKEHERE-L
BAg-SNCRAMAMAHENBEREEHLNT L AERK
BEARZT . HE LB EHEMBRREL TR M HR
HEXTR AR HTERAERAL, IHAFHEN
EFRENTRELXIFAGEAEZRL ERLOYE
HORAKENEERABMERERER ARCLELT &
KIHEHABR B RETIHERNEE, WH T 2 RAE
BAE, R KEHE Ag-50C 3k B A L5 o i LB
LR Z BT .

X K AgCHRBA,RE LR FIAARF M F
R, ENBER . KAKE



Abstract

In view of the distinguished feature and application
prospect of nanomaterials, the nanotechnology was first
applied in the fabrication of silver/graphite electrical contact
materials, and newly developed AgC electrical contacts were
prepared in the thesis. And also, their physical and
mechanical properties and arc erosion resistance were
systematically researched.

To improve the properties of traditional blending AgC
electrical contact material, electroless plating technique was
employed in powder preparation to improve their component
segregation and microstructure nonuniformity. Nanocrystalline
AgC coating powders were then prepared under the
combination of the reducer liquid spraying-electroless plating
method and nanosized graphite, which came from the
high-energy milling and worked as the heterogeneous cores of
Ag atoms nucleating. Because of its well sintering
densification. the properties of block contacts were totally
improved.

The graphite powders with over 99. 5% content of C and
200 mesh granularity were used as raw material and milled for
the best ten hours on the QM-1SP planetary mill and one-
dimension nanosized graphite was then fabricated, with the
average thickness of 50 ~60 nm. The X-ray diffraction test
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showed that the average grain size of Ag in the as-prepared
electroless plating Ag - 5% C powders was about 50 nm.

In the thesis, the sintering properties of fabricated
nanocrystalline AgC electroless plating powders and the
physical and mechanical properties of their block contacts
were researched, along with the influence of milling time on
their properties and microstructure and the sintering time on
the properties. At the same time, the AgC contacts fabricated
by three different techniques were compared on their
microstructure and properties and accordingly a brief
mechanism model was established. At last, the influence of
nanocrystalline electroless plating powders on the properties
of conventional blending AgC contacts was researched.

The research showed that with milling time going,
graphite orientation structure appeared in the AgC block
contacts. At that time, the electrical conductivity went lower,
which was highest when uniformly microstructured, but it
rose again as the orientation structure growing, with the
decline of its hardness and density ratio at the same time.
While with the sintering temperature growing, the density
ratio, hardness and electrical conductivity of the contacts
increased and arrived their highlight at about 840C . The Ag -
5% C material fabricated by milled graphite spraying-
electroless plating technique had superior physical and
mechanical properties and uniform microstructure to those
made by blending and dropping-electroless plating techniques.
With the reducer liquid spraying-electroless plating method,
the contact area between reaction solution and reducer in unit
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time and the ratio of graphite powders separated in the
reaction solution working as heterogeneous cores of Ag atoms
nucleating were greatly increased. At the same time, the local
concentration of reducer in reaction solution was largely
reduced, and then the growth of Ag atoms was suppressed.
Because of the factors mentioned above, the refinement of
electroless plating powders and their grains and the
improvement of electroless plating effect were achieved, and
the component segregation of graphite in the Ag matrix was
well eliminated. Mixed with various content of the as-
prepared nanocrystalline electroless plating powders, the
micropores in blending AgC material were filled by the
growth of nanocrystalline grains. As a result, the mechanical
and physical properties of the fabricated contacts were
improved.

The uninterrupted experiment for erosion behavior of the
prepared new type AgC contact and its traditional blending
counterpart by breaking arcs were done by using an ASTM
Contact Material Automatic Measuring Device. In the
meantime, the experiment for erosion behavior of 6 group
contacts, the two contacts mentioned and four blending
contacts mixed with nanocrystalline electroless plating
powders, by breaking arcs were done. The arc erosion
resistance properties and characteristics of the as-prepared
new type AgC contact material were tested and studied, and
also the improvement mechanism of the former was analyzed
and discussed.

As was shown in the uninterrupted experiment for
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erosion behavior, compared with coarse graphite blending
material, the new type AgC electrical contact had less average
weight loss of breaking arcs and 40% higher arc erosion
resistance and better resistance against welding. In the
experiment for erosion behavior by stages, the samples had
similar weight loss at the beginning, but with breaking time
growing, the fabricated new type AgC contact showed better
arc erosion resistance at every stage than blending contacts.
For blending materials, the relationship between their loss
and breaking times took the shape of an exponent function
curve, whose exponent was larger than 1. That meant in the
anaphase of breaking., the arc erosion got aggravated and the
properties of contacts got worse and even noneffective
because of the existence of electric vortex erosion, which was
caused by the aggravation of the potholes of contact surface.
And for milling-electroless plating Ag — 5% C contact, the
relationship between its loss and breaking times presented the
shape like a linearity function curve., which meant the weight
loss tended to be stable at every stage and the situation
mentioned above won’t happen. After arc erosion. such
morphology characteristics were formed on the contact
surface of AgC materials as loose structure, Ag enrichment
structure, graphite sediment structure, arc impact crater
structure, gas pore and hole structure and crack structure.
Under the impact of arcs, the new type electrical contact
were superior to its traditional blending counterpart to
prevent the melted Ag beads to spray and get away from the
matrix and keep up the formation and development of surface

—»4
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cracks.

The new type AgC contact material, employed on the
miniature circuit breakers from Schneider Shanghai low
voltage terminal Apparatus Co., Ltd. and ABB Beijing low
voltage Apparatus Co., Ltd., had respectively passed the
short circuit circulation test by China National Centre for
Quality Supervision and Test of Low Voltage Apparatus. It
had been supplied to several manufacturing corporations like
SSLVTA and ABB Beijing by small batch and good economic
income had been achieved.

Prepared by the combination of high-energy milling,
electroless plating and powder metallurgy technique, with
carbon nanotubes as the fiber reinforcer, the new type carbon
nanotubes-reinforced AgC electrical contact material was
fabricated and its National Invention Patent was applied. The
carbon nanotubes aggregate employed had the size of tens of
microns, which was comprised of carbon nanotubes sized
30~ 60 nm. And the average grain size of Ag in the as-
prepared carbon nanotubes-reinforced Ag - 5% C electroless
plat-ing powders was about 50 nm. In electroless plating
powders, graphite and carbon nanotubes were coated by
microsized Ag granules with flocculent structure and the
floccules had small and uniform internal micropores, which
was helpful to the further densification in sintering. Thus, the
prepared carbon nanotubes-reinforced Ag - 5% C contact
showed better physical and mechanical properties compared
with blending contacts and better hardness even with other
milling-electroless plating contact.
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Although they had similar weight loss at the original
stages, the new Ag — 5% C electrical contact prepared by
milling-electroless plating technique and nanotubes-reinforced
milling-electroless plating technique showed better arc erosion
resistance than traditional blending contact at the after
stages. Even all prepared by milling-electroless plating
technique, the arc erosion resistance of nanotubes-reinforced
Ag - 5% C contact displayed slight worsening at every stage,
and the relationship between its loss and breaking times of the
former took the shape of an exponent function curve, with
exponent less than 1. That meant in the anaphase of breaking,
the arc erosion tended to be stable, the material wastage was
decreased and the electric vortex erosion was effectively
controlled, which was important to prolong its working life-
span. In the anaphase of breaking, because of the existence of
carbon nanotubes and its role to reinforce the matrix, the
peel-off of the contact surface material was efficiently
prevented, the potholes of contact surface were lightened and
the arc erosion of current vortex was effectively controlled,
which were the mechanism why the carbon nanotubes-
reinforced Ag — 5% C electrical contact had excellent arc
erosion characteristic.

Keywords electrical contact, silver/graphite, nanotech-
nology. milling, reducer liquid spraying-electroless plating,
arc erosion, carbon nanotubes



