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About the stabilization of the dendritic
structure of GG brand copper powder

In industry copper powder is recieved under constant current load. Sur-
face roughening occurs during evolution of the dendritic particles. It is sug-

gested to create a new impulse of current equal to the initial current density of
3200 A/m?in order to obtain uniform structure of the precipitate. Current load
was evaluated by the result of chronopotentiometry research of the dynamics
of the dendritic precipitate on cylindrical electrode. Four-impulse galvanostatic
electrolysis was investigated for the copper powder GG. New current impulse
shifts the electrode potential to the cathodic area, crystallization process flows

more rapidly.

* This work was done under financial support from RFBR N2 11-03-002296.
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Introduction

Electrolytic metal powders are widely
used in many industries. Metal powders
allow manufacturing by powder metallur-
gy products with unique characteristics'.
In the industrial production of metal pow-
ders it is carried out while maintaining
a constant current load which is several
times higher than the limit. During the
industrial electrolysis dendritic sediment
was crystallized on cathodes. Properties
of the finished powders depend on post-
electrolysis processing: grinding, sieving,
but the main characteristics of the powder
are laid at the stage of electrolysis.

In galvanostatic electrolysis, suffi-
ciently small particles are formed on the
electrode surface that further either stop
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their growth or develop into dendrites.
As the surface of dendritic sediment in-
creases the diameter of the electrode with
the sediment y thickness, cathode over-
voltage of metal release is reduced?. With
the decrease in cathode overvoltage diffu-
sion limitations are reduced, the growth
of dendritic sediment is suspended. It
was stated® with the help of studies that
achieving the field voltage equalling to
0,54-0,59 B leads to crystallization at the
growth in front of solid globules, which
are then fused to form a solid crust of a
chained sediment. It is offered at certain
points in time to submit a new electrode
current pulse equal to the initial current
density on the electrode. Increasing the
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surge will lead to more intensive deve-
lopment of cathode surface on the growth
front the thin branched particles will again
start to crystallize*. With the development

The experimental part

Studies were carried out in an electro-
lyte solution to obtain a copper powder
brand GG, which contains 23 g/l Cu* and
150 g/ H,SO,. Limiting stationary current
density was determined using a potentio-
stat IPC-Pro by chrono-voltammetry with
linear variation of the potential (Fig. 1).

According to the calculations steady-
limit-stationary ~ current  density  is
Iesr = 370 A/m*. Then we define the cur-
rent load, which must be maintained at
an electrode of diameter of 2.6 mm and
a height of 8 mm. Electrolysis was car-
ried out under laboratory conditions with
a current density equal to the factory
one, which is 3200 A/m?, while it was
necessary to set the current [ = 226 mA.
In the course of galvanostatic electroly-
sis, a continuous recording of growth of
dendritic sediment was conducted with a
video camera PanasonicSDR-S150GC-S.
Electrolysis results are shown in Fig. 2.

When the current is on, overvoltage
abruptly shifts to more negative values,
followed by a period of small oscillations
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Fig.1. Dependence for the determination of
the maximum steady-state current density

of dendritic sediment on the growth front,
overvoltage will fall again; then it is nec-
essary to submit a new current pulse on to
the electrode.

of the potential, which is followed by a
period of large fluctuations. At the time
of stopping of active growth of dendritic
sediment (1440), overvoltage is signifi-
cantly reduced. The diameter of the elec-
trode with sediment is increasing until the
overvoltage reaches the area of about 0.6
V, which is close to the precipitate ceases
to lengthen.

Actively growing dendritic precipitate
was decided to divide into 4 equal lengths
of 6 minutes each. Through stated interval
new current pulse was applied to the elec-
trode, equal to the initial current density.
For determining the magnitude current
pulse, dynamics studies were conducted
at two growth precipitate pulses of current
(Fig. 3), three (Fig. 4) and four (Fig. 5).

Each subsequent pulse of current was
calculated from the results of processing
video precipitate dendritic growth. Cur-
rent value was determined by the formula

I=i-(d,+2y), H,
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Fig. 2. Dynamics of changes in the diameter
of the electrode with sediment (O) and
cathodic overvoltage (line) in the single-pulse
electrolysis
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Fig. 3. Changing the diameter of the electrode
with sediment (O) and cathodic overvoltage
(line) during the two-pulse electrolysis

where i is the initial current density of
3200 A/m?*; (d, + 2y), is the diameter os
an electrode with the sediment at the time
of current; H is the height of the elec-
trode, which is assumed to be constant,
and equal to 8 mm. When there is 226 mA
current after 6 minutes from start of the
electrolysis, the electrode diameter was
3.73 mm (Fig. 2). In the second pulse at
a given initial density, it was necessary to
supply current of I =335 mA.

At the time of switching current from
226 mA to 335, overvoltage abruptly in-
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Fig. 5. Changing the diameter of the electrode
with sediment (O) and cathodic overvoltage

(line) during electrolysis four pulses
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Fig. 4. Changing the diameter of the
electrode with the precipitate (G) and
cathode overvoltage (line) in the three-pulse
electrolysis

creased from 0.68 to 0.79 V. When the
same pulse electrolysis is used, the pe-
riod of active growth was increased and
amounted to 2100; the diameter of the
electrode with a deposit at the time of
stopping the process has reached 5.5 mm.

Two-pulse electrolysis further
increases the time of active growth of
dendritic solid (Fig. 4), the diameter of
the pellet electrode is also increasing.
According to the video processing of the
growth of the dendritic precipitate after 6
minutes and after the second pulse current
electrode had the diameter of 4.91 mm;
therefore, the value of the third current
pulse is 455 mA.

Galvanostatic electrolysis with three
pulses of current (Fig. 4) increases the
growth of the active sludge to 2500, the
diameter of the electrode with the precipi-
tate at the time the process is stopped is
6 mm. The magnitude of the current load
on the fourth pulse is equal to /=531 mA.
Amperogram of four-pulse electrolysis is
shown in Fig. 6.

Duration of four-staged electrolysis
(Fig. 5) before the reset of the surge was
3900 sec; diameter of electrode with pre-
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Fig. 6. Amperogram of four-pulse electrolysis
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cipitation has increased to 6.6 mm.

Current pulse increases the cathode
overvoltage; dendritic precipitate at the
time of switching current begins to de-
velop more actively. Increasing the cur-
rent load leads to the rapid development
of dendritic precipitate in height, which is
characterized according to bend d + 2y
(Fig. 3-5).

To study the structure of the sediment
there were carried dendrit micrographs of
thin cross-section of the electrode with
the sediment (Fig. 7), made with a digital
metallographic microscope AltamiMET
IM.

At the time of switching current pulse,
more subtle elements of sediment are

formed at the growth front. Fig. 7b shows
a photograph of 1.5 min after the third
switching current.

Cylindrical electrode with dendrit sed-
iment is 3D electrode. The surface of the
three-dimensional electrode works une-
venly, electrochemical process occurs on
the outer surface of the active electrode.
Speed of electrode process decreases
from the outer surface into the thickness
of the sediment. The penetration depth A
is the characteristic length of the distance
which the speed of the process is reduced
by 2.7 times.

The penetration depth of the electrode
process was calculated from the results of
processing of the chronopotentiograms
and videos dendritic growth of sediment
(Fig. 8).

When the new current pulse is sent,
overvoltage increases abruptly but does
not reach its maximum value at the pre-
vious pulse. This phenomenon is due to
the different penetration depth of electro-
chemical process in the dendritic layer of
sediment.

The depth of penetration is defined as
half the difference of electrode diameter
with sediment at the maximum overvolt-
age when switching less electrode diam-

Fig. 7. Micrographs of a cross section of the electrode with dendritic precipitate.
Electrolysis time, min: a — 18; b — 19.5. increase x10
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Fig. 8. Chronopotentiogram (line) and the
diameter of the electrode with the precipitate
(a) at four-pulse electrolysis. The numbers in

the diagram show the number of periods

Results and discussion

Increasing the load current to create
the initial current density on the growth
front of sediment raises cathode overvolt-
age, accelerates the process of elongation
of dendrites and again leads to the crystal-

eter with sediment, corresponding to the
value of surge suppressors, equal to the
maximum by setting the previous current
pulse. For a given current pulses A was
calculated. At current load of 335 mA

A= 0,5 - (3,48 —2,68) = 0,4 mm;

at 455 mA

Ass=0,5 - (4,68 —3,49) = 0,595 mm;

at 531 mA

Ay, = 0,5 (5,47-4,74) = 0,365 mm.

Unambiguous results in penetration
depth values could not be obtained. At the
same conductivity of electrolyte solution,
the specific surface area of the electrode
displaced electro-chemical process on an
outer surface of a porous electrode in the

case of a larger current’.

lization of thin branched particles. Using
this mode of the process a significant in-
crease in sediment build-up period can be
achieved, while maintaining its structure.
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0 ctabunusauumn geHAPUTHON CTPYKTYPbI
nopowka meau mapku GG*

B NpOMBbILLAIEHHOCTY NOPOLLOK Meay Mosly4atoT Npy nogaepXaHuy nocTosiH-
HOW TOKOBOW Harpy3ku. Mo mMepe pa3BuTWsi AeHAPUTHOrO Ocajka NpoucxoauT
orpybnexue nosepxHocTv. [ns nosnyyeHus bonee paBHOMEPHOro MO CTPYKTY-
pe ocagka npeasioxkeHo Yepe3 OnpefeneHHbIe MPOMEeXYTKW BpeMeHu 3aaBaTthb
HOBBI UMMY/LC TOKA, PaBHbIA UCXOAHOM NNOTHOCTU Toka 3200 A/m2. TokoByio
Harpy3Ky onpegenssiv no pesynbTatam XpoOHOMOTEHLMOMETPUYECKMX UCCe0Ba-
HWIA MHAMWKW Pa3BUTUS AEHOPUTHOTO 0CafKa Ha LWIMHAPUYECKOM 3NeKTpoge.
MpoBeaeHo MCCNeAoBaHME YETLIPEXUMIYNICHOMO raflbBaHOCTATUYECKOro 3neK-
Tponu3a Ans nopouka mean mapku GG. HoBbli UMNYNbC TOKa cABUraeT noTeH-
uvan anektpoaa B 6onee oTpuuaTenbHyl0 0611acTb, NPOLECC KPUCTANIM3aLmm

MeTaia Ha4YMHaeT NpoTekaTb 60n1ee MHTEHCUBHO.

* PaboTa BbinonHeHa npu (uHaHcoBoi nogaepxke POOU rpaHt Ne 11-03-00226.
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BeepeHnue

DNEKTPOTUTHYCCKUE TTOPOIIKH
METAJIJIOB HAXOIAT IIMPOKOE IMpPHUMEHe-
HUE BO MHOTHX 00JacTSX MPOMBIIUICH-
HOCTH. [Topomkyn MeTaylIoB MO3BOJISIOT
W3TOTABIIMBATh METOJAMH ITOPOIIKOBOM
METAJTYPTUU M3JENIUs C YHUKAJIbHBIMU
cBoiicTBami [ 1]. B mpombImneHHocT# mo-
JyYSHHE MOPOIIKOB METAJIOB TIPOBOJSAT
TIPH TIOJIEPYKAHUH TTOCTOSTHHOM TOKOBOM
Harpy3Kkd, B HECKOJBKO pa3 MpEeBbIIIa-
IolIel mpenenbHyo. B xome mpombii-
JICHHOTO 3JICKTPOJIM3a Ha CTEP>KHEBBIX
KaTo/laX KPUCTAJTU3YeTCs JICHIAPUTHBIN
ocanok. CBOWMCTBa TOTOBBIX TOPOIIKOB
3aBUCAT OT IOCIIEAIIEKTPOJIM3HON 00pa-

OOTKH: pa3MoII, pacceB, HO OCHOBHBIE Xa-
PaKTepHCTHKH MOPOIIKA 3aKIadbIBAIOTCS
MMEHHO Ha CTaNH JNEKTPOITH3a.

IIpn ragpBaHOCTATHYECKOM 3JIEKTPO-
nHM3e Ha ITOBEPXHOCTH 3MeKTpona ¢op-
MHPYIOTCS IOCTaTOYHO MEJIKHE YaCTHIIBI,
KOTOpBIE B JalbHEHIIeM 1100 OCcTaHaB-
JMBAIOT CBOW POCT, JIMOO pa3BHBAIOTCA
B AeHapuThl. [lo Mepe pa3ButHs moBep-
XHOCTH JAEHJPUTHOTO OCaJKa YBEIHUHU-
BAETCS IHAMETP JEKTPoJa C OCaAKOM
TONIIMHOM y, YMEHbBIIAaeTcsd KaTORHOe
MepEeHANpPsHKEHUE BBIJETICHU MeTalula
[2]. [Io mepe yMmeHbIIEHUS KaTOIHOTO
TIepEHATPSHKEHUS] CHIDKAIOTCS TU(Qy3H-
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OHHBIC OTPAaHUUCHHUS, POCT JCHIPUTHOTO
ocagka TpHOcCTaHaBIHMBaeTcs. lccmemo-
BaHMUSIMH YCTaHOBIIEHO [3], 9TO MOCTHIKE-
HUE O00JacTH TEpEeHANPSHKECHHS, PaBHOM
0,54-0,59 B, mpuBOIUT K KpHCTaJUIHA3a-
MU Ha (PpOHTE POCTa CIIONTHBIX TIIOOYII,
KOTOpBIE 3aTeM CpacTaloTcs, o0pasys
CIUTOIIHYIO KOPKY 3aKOBaHHOTO OCaJKa.
[Ipennaraercst B ompeaeiIeHHbBIC MOMEH-
TBI BPEMCHHU Ha JJIEKTPOJ] MOAABaTh HO-
BB MUMIYJIbC TOKA, PABHBIA HCXOIHOMN

JKcnepuMeHTaNbHasA 4acTb

HccnenoBanus MpoBOAWINA B PacTBO-
pe ANEKTPOIHTA JUTS TOTYUEHHS TOPOII-
ka meau Mapku GG, KOTOPBIN COAEPKUT
23 r/n Cu** n 150 /1 H,SO,. [penensuyio
CTallMOHAPHYIO IIOTHOCTH TOKA OTIpere-
JISUIA ¢ TIoMoInbio roreHrmocrara [PC-
Pro mMeTomoM XpOHOBONETAMIICPOMETPHH
IIpY JTUHEHHOM HM3MEHCHUH ITOTEHIIHANA
(puc. 1).

CormacHo  pacdyeraM  TIpenenbHas
CTalMOHApHAs IUIOTHOCTh TOKA i.,.. =
=370 A/m>. 3ateMm ompezesnsieM TOKOBYIO
Harpy3Ky, KOTOPYIO HEOOXOIMMO IIOJ-
JIep)KUBaTh HA DIIEKTPOAC JHAMETPOM
2,6 MM # BBICOTOH 8§ MM. DIEKTPOIU3 B
7a0OpPaTOPHBIX  YCIOBUSAX — TPOBOIMIH
IpH TUTOTHOCTH TOKA, PAaBHOH 3aBOJ-
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Puc. 1. 3aBucuMoCTb 17151 ONPEAEICHUS
TIpeIeTbHON CTAalMOHAPHON TITIOTHOCTH TOKa
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IUIOTHOCTH TOKAa HAa CTPEKHEBOM DIIEK-
Tpozie. VYBEJIWUEHHE TepeHANPSKCHUS
MIpHUBEJIET K OoJiee MHTEHCUBHOMY pa3BHU-
THIO KaTOJHOW TIOBEPXHOCTH, HA (PPOHTE
pocTa BHOBb HAYHYT KPUCTAJUIU30BATHCS
TOHKHWE pa3BeTBieHHbIe YacTullbl [4]. [To
Mepe pa3BHUTHS JICHIPUTHOTO OCajKa Ha
¢bpoHTE pocTa TepeHanpspkeHue OyaeT
CHOBA CHIDKAThCS, TOT/Ia Ha JIEKTPOJ] He-
00XOZIMMO TTOJIaTh HOBBIN MMITYJIbC TOKA.

ckoit 3200 A/mM2, TIipu 3TOM HEOOXOAUMO
ObLIO 3amaBarhk TOK [ = 226 MA. B xoxe
raJIbBAaHOCTATHYECKOTO AJIEKTPOJIH3a ITPO-
BOJIMUIA HENIPEPHIBHYIO BHJICO3AITHCh PO-
cTa JICHIIPUTHOTO 0CaJIKa C IIOMOIIIBIO BHU-
neokamepbl  PanasonicSDR-S150GC-S.
PesysnbraThl 2JIeKTpOH3a MpeCTaBICHBI
Ha puc. 2.

[Ipu BKJIFOYCHHUN TOKA TEpEHATpsIKe-
HHUE CKauKOM CIBHUTraeTcs B 00J1acTh Oosiee
OTPUIIATEIILHBIX 3HAYCHUH, 3aTeM CIIe/y-
€T MePHOJT MaJIbIX KoJeOaHUi OTeHIINA-
J1a, KOTOPBIM CMEHSIETCS IEPUOJIOM OOJTb-
mmx KoseOanuii. K MOMEHTY 0CTaHOBKH
aKTUBHOTO POCTa JICHAPUTHOTO OCAaJKa
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Puc. 2. /luHaMuKa N3MEHEHHUS JHAMETPa
anekTposa ¢ ocaakom (O) 1 KaToIHOTO
HepeHanpspKeHus: (JIMHUS) B X0/1e
OHOMMITYJTECHOTO DIEKTPOITH32a
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(1440 c) mepeHarnpsiKeHHE pPE3KO CHU-
KaeTcs. Jlmamerp 2ieKkTponma ¢ 0CaaKoM
YBEIMYUBACTCS 0 TEX TOP, ITOKA TIepeHa-
IpsDKEHUE HE JTOCTHTaeT 00JIaCTH OKOJIO
0,6 B, BOJIM3H KOTOPO#t 0CaJIOK IepecTaeT
VITTHHATHCSL.

BpeMsi akTHBHOTO pOCTa JACHAPHT-
HOTO OcaJika ObUIO pEIIeHO pa30WTh Ha
4 paBHBIX OTpe3Kka Mo 6 MHWH. KaIbIH.
UYepe3 ykazaHHBI UHTEPBAJ BPEMEHU Ha
ANIEKTPOJ MTOaBaTh HOBBIH HMITYITBC TOKA,
PaBHBII HAuYaJIBbHOW TUTOTHOCTH TOKA. [[ist
OTIPEICTICHUST BEIMYMHBI UMITYJIbCAa TOKA
ObUTH TIPOBE/IEHBI HCCICAOBAHUS JUHA-
MHKH POCTa 0CajKa IPH JBYX UMITYIIbCaX
ToKa (puc. 3), npu Tpex (puc. 4) u npu
qyeThIpex (puc. 5).

Kaxnpiii cnemyromuii ©MITyIbC TOKa
pacCUUTHIBAIN HCXOAS W3 PE3yJbTaToB
00pabOoTKH BUICO3ATIMCH POCTA JCHIPUT-
HOTO ocajka. BenmnunHy ToKa ompeneis-
i 110 popmyiie

I=i(d,+2y), H,
7€ | — UCXOMHAs TNIOTHOCTH TOKa, paBHAs
3aBojckoit 3200 A/m*; (d, +2y),— nuamerp
ANIEKTPOA C OCAIKOM K MOMEHTY Tepe-
KIIFOYCHUS TOKa; H — BBICOTA AIIEKTPOAA,
KOTOPYIO TPUHUMANN TTIOCTOSHHOMU, paB-
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Puc. 3. V3MeHeHne quamerpa aJ1eKTpoaa
¢ ocagkoM (O) U KaTOAHOTO NEPEHANPSHKEHUS
(JTMHUS) B XO/I€ JBYXHUMITYJIECHOTO
HIIEKTPOIIH3a

Has 8 mm. [Ipu Toke 226 MA depe3 6 MuH.
OT HagaJIa IEKTPOJIH3a AUAMETP HIEKTPO-
na cocraBui 3,73 mum (puc. 2). Ha Bropom
UMITYJIbCE TIPH Ha9alIbHO 3aJaHHOU IIJIOT-
HOCTH TOKa HEOOXOIMMO IIOJaBaTh TOK
1=335MA.

B MomenT nepexiroueHust Toka ¢ 226
Ha 335 MA mepeHanpspKeHUE YBEIHUU-
Joch ckadkoM ¢ 0,68 10 0,79 B

[Ipr OOHOMMITYIIECHOM 3JIEKTPOJIH3E
MIEPUOJ aKTUBHOTO POCTA YBEIWUMICS W
coctaBun 2100 c, nmameTrp smexTpona c
0CaJKOM K MOMEHTY OCTAaHOBKH ITpOIIEC-
ca JIOCTHUT 5,5 MMm.

JIByXUMITYIbCHBIA AJIEKTPONIA3  €IIe
OoNbIIe YBENMYMBACT BPEMsS aKTHBHO-
ro pocra JIEHAPUTHOTO ocajnka (puc. 4),
P 3TOM JTHAaMETp 3JEKTpoma C Oocai-
KOM Takxke yBenmuuBaeTcs. CorracHo
pesynbraraM  00paOOTKH  BUJICO3AIHCH
pocTa ISHAPUTHOTO OcajKa depe3 6 MUH.
IocJie BTOPOTO MMITYIIbCA TOKa THAMETP
ANEKTpoIa ¢ ocaakoM coctaBui 4,91 mwm,
CJICZIOBATEIbHO, BEJIMYMHA TPETHETO HUM-
IyJbca TOKa COCTaBIsAeT 455 MA.

[ManpBaHOCTATUYECKUI DIEKTPOIU3 C
TpeMs UMITYJIbCaM¥ TOKa (puc. 4) yBesu-
YUBAC€T BPEMs AKTUBHOI'O pOCTa OCaKa
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Puc. 4. I3smenenue quaMeTpa 3J1eKTpoa

¢ ocajgkoM (O) ¥ KaTOHOTO MEPEHANPSKCHHS

(JIMHUS) B X0[€ TPEXUMITYJILCHOTO
SMEKTPONN3a
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0 2500 ¢, nuaMeTrp 3IEeKTpoaa ¢ ocaj-
KOM K MOMEHTYy OCTaHOBKH IIporiecca
cocTtaBiigeT 6 MM. BenwmumHa TOKOBOI
Harpy3Kd Ha 9€TBEPTOM MMITYJIbCE PaBHA
1=531wMA. AMnieporpamma Jijist Y€ ThIpeX-
AMITYJIbCHOTO DJIEKTPOJIN3a MPEACTaBIIC-
Ha Ha puc. 6.

[IponomKUTENBHOCTD
MEHYaTOro 3JeKTponu3a (puc. 5) mdo
cOpoca TepeHanpsDKeHUsT  COCTaBHJIA
3900 c, muameTp SIEKTpPOAa C OCAJKOM
YBEIHUHIICS 10 6,6 MM.

Nmrrynbc ToKa yBETMUMBAET KaTOTHOE
MepeHarnpsHKeHue, IeHAPUTHBIA 0CaJ0K B
MOMEHT TEpPEKIIOYCHHUs] TOKa HAuyWHAET
Ooyiee aKTHBHO pPAa3BHBAThHCS. YBEIHUe-
HUE TOKOBOM Harpy3KH NMPUBOAMT K ObI-
CTPOMY Pa3BUTHIO ICHAPUTHOTO OCAJKA B
BBICOTY, UTO XapakTepu3yeTcs neperuda-
MU 3aBUCHMOCTH d+2y (puc. 3-5).

Jst mccnenoBaHust CTPYKTYPHI JICH-
JIPUTHOTO OCAaJIKa BBIMIOTHEHBI MHKPO-
¢dororpapur  WITHUGPOB  TOMEPEIHOTO
cpesa aneKkTpojga ¢ ocaakoMm (puc. 7),
BBITIOJIHEHHBIC € TIOMOIIBIO ITU(PPOBO-
o MeTauIorpapuueckoro MHKPOCKOIIA
AltamiMET 1M.

YEThIPEXCTY-
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Puc. 5. I3menenue quamerpa 3iekTposa
¢ ocaaxoM (O) ¥ KaTOIHOTO MepeHaIpsHKeHHUS
(JIMHUS) B XO€ YETHIPEXUMITYJIbCHOTO
ANMEKTPOITU3a
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B MOMEHT mepeKIIoueHHsT HMITYIb-
ca Toka Ha (poHTE pocTa 00pa3yrTCs
Oomee TOHKHME OHJIEMEHTH ocaaka. Ha
puc. 76 npexncrasieHa GoTtorpadus yepes
1,5 MHUH. TIOCIIE TPETHETO MEePEKITIOYCHHS
TOKA.

[unmuHIprYecKnii IEKTPOx C JCH-
JIPUTHBIM OCAJKOM IIPEACTABIISCT COOOM
TpeXMEpHBIH dnekTpon. [loBepxHOCTD
TPEXMEPHOTO HIEKTPOAa paboTaeT HepaB-
HOMEPHO, JIEKTPOXUMHUYECKUI IpoIiece
MPOTEKaeT aKTHBHO Ha BHEITHEH IMOBEp-
XHOCTHU 3JeKTpoaa. CKOpOCTh AMEKTPOA-
HOTO IIpoIlecca CHIKACTCS OT BHEIITHEH
MOBEPXHOCTH BIIyOb TOJIIMHBI OCAIKA.
[myOuHa NPOHUKHOBEHUS A — 3TO Xapak-
TEpUCTHYECKasl JJIMHA Ha PACCTOSHUH
KOTOPOM CKOPOCTH MPOIECCa CHIKACTCS
B 2,7 paza.

I'myOuHy TpOHUKHOBEHHS 3JIEKTPOI-
HOIO MpOLECCa PACCYUTHIBAIM HCXOM
U3 pe3yNbTaToB 00paOOTKU TIOIYYCHHBIX
XPOHOIIOTCHOHUOTPAaMMbI U1 BHUJICO3AITMCHU
pocTa IeHAPUTHOTO ocazka (puc. 8).

HpI/I BKJIFOYCHUH HOBOI'O HUMITYJIbCa
TOKa NEPECHAITPAKCHUEC CKaYKOM YBCIINYU -
BacTCsA, HO HE JOCTUTAaCT MAaKCUMAJIBHOI'O
3HAYEHMs IPU NPEIbIAYIIEM HMITYJIBCE.
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Puc. 6. Amneporpamma
YEThIPEXUMITYJIbCHOTO 3JIEKTPOJIN3a
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Puc. 7. MukpodoTtorpaduu nmonepeyHoro cpesa 3MeKTpoja ¢ ISHIPUTHBIM 0CaJKkoM. Bpemst
ANeKTponu3a, MuH.: @ — 18; 6 — 19,5. YBenuuenue x10

[IpenrmnonoxxureasHo, TAKOE SIBICHUE CBSI-
3aHO C pa3IMYHOW TIIyOWHOW MPOHUKHO-
BEHHUS DJIEKTPOXMMHUECKOTO TPOIecca B
CJI0€ JEHAPUTHOTO OCATIKA.

[myOuHy TNPOHUKHOBEHUS ONpese-
TSN KaK TIOJIOBHMHY Pa3HOCTH JIHaMe-
Tpa DIEKTPOJa C OCAJKOM TPU MaKCH-
MaJBHOM 3HAYCHWUHW TIepeHAINPSKESHUS
B MOMEHT TMEpPEKIIOUCHHUS 3a BBIUCTOM
JIMaMeTpa dJIEKTPOAa C OCAJKOM, COOT-
BETCTBYIONIMK 3HAUYCHUIO TIepeHaIpsiKe-
HUSI, PABHOTO MaKCHUMaJIbHOMY IpH 3a]1a-
HUM TIPEABIYINEr0 UMITyJbca Toka. J{is
3aJIaHHBIX HUMITYJIbCOB TOKAa BBITIOJHEH
pacuer A. [Ipu ToxoBoit Harpyske 335 MA

A5 = 0,5:(3,48 = 2,68) = 0,4 mm;

ipu 455 MA

Ass=0,5:(4,68 —3,49) = 0,595 mm;

mpu 531 MA

Ay, =0,5:(5,47-4,74) = 0,365 mm.

OnHO3HAYHBIX PE3yJIbTaTOB B 3HAUe-
HUSIX TIyOWHBI TPOHWKHOBCHHS TIONY-
YUTH HE yranock. [Ipyu oIMHAKOBOM AMIeK-

PesynbTathl n 06CyXgeHune

[ToBbIIEHNE TOKOBOW HArpy3Kd A0
CO3/1aHUsl NEPBOHAYAILHON IIOTHOCTH
TOKa Ha ()POHTE POCTA OCaaKa ITOTHIMA-
€T KaTO/IHO€ INepEeHaIpsKEeHUE, YCKOpseT
IIPOLECC YUIMHEHUs IEHAPUTOB U IpH-
BOJUT BHOBb K KPUCTAJIM3ALIMU TOHKHUX
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Puc. 8. XpoHomnoTteHorpaMmma (JIMHHA)
U JIMaMeTp IEKTPOJIa C 0CaIKOM (0)
IIPU YETBIPEXUMITYJILCHOM 3JIEKTPOIIN3E.
Hucdpamu Ha guarpaMme Moka3aHsl HOMEpa
MIepHOJIOB

TPOIIPOBOTHOCTH PACTBOPA JICKTPOIIHUTA,
VICIBHOW MOBEPXHOCTH AIIEKTPOJIA JJIEK-
TPOXMMHUYECCKUI TIPOIIECC BBITCCHSICTCS
Ha BHENIHIOK TIOBEPXHOCTH ITOPHUCTOTO
AJIEKTPOJIa B Cllydae 3aJaHusi OOJbIIEro
TOKa [5].

Pa3BETBIICHHBIX 4YacTul. Mcmomb3ys Ta-
KOM PEeXUM IPOBEACHUS MPOILECCA MOXK-
HO lIO6I/I’I‘BC$l SHAYUTCJIILHOI'O YBCIIMYCHWA
Neproa HapalUBaHUA OCAKa C COXpa-
HEHHEM €TI0 CTPYKTYPHI.
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