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Fig.1 Electric explosive spraying device for wire and powder*?
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Fig.8 Structure diagram of electric explosion spraying equipment by continuous wire feeder in inner wall of pipet*!

Motor
Vi lﬂ%ﬂ' Vacuum pump  Air inlet
otive seal I
: 8
T

Transmission | Wire reel / D '.,\
mechanism / \
Carrying ‘\ |
wite hub ‘} Observation \ /
Electrode window -
N
o N\
Pressed o QN ;
wire rod PFCSSCd - \\\\\ﬁjl [‘\ ~" Electrode
f wire rod 1 =1 Substrate
———1—
H—— ——onvl : H.V.

C

B9 DRYAGUT 2 BB IR

Fig.9 Wire exploding spray deposition device in protective atmospherel®”



Wiy @A RS TR

50 3%

+ 3024 -
H.V. Capacitor bank l Copper electrode
1 v

Loadi 4 Coming\lj [ :

oading ro R

conveyor m - 1) y

Ol @
. 8 Il [
Loading powder rod

Electrical explosion spraying gun Substrate

K10 By EEEEAIR 5
Fig.10 Principle of continuous electric explosion spraying on inner

wall of pipel*!

Liquid phase

5 o 2
Effective area of coating Y Q ¢
o

[ O

*Q

Gas phase particles
A\ -Substrate

Replaceable nozzle

Coating distance

Constrained cavity

Loading powderrod | ' powder

K11 B NEEESRIETIRUR B
Fig.11 Schematic diagram of continuous explosive deposition on

inner wall of pipe!®”

RN BV N BRI, ERRTTARE . EAR AR
IR HERE IR, SEBUR R S i85, eI Y
.

2 BURBRTMRIZEE

2.1 BURESFE

PR IR 7V S P AR B A BRI T B B iR T 1
M&E, RAZHERR N, B¥AeEL. SRNIES
R, IR, ERARZeRL, RS
AR, X W TZTT IR REAEAR JELIN 18] A8 e i<
JEREAL, IF PR PR R BRI . TR,
FRWER S Jm 9 SR AR A3 5 T HudUR R s
ARAT LTI el s 8 (A FIEHAE) |« B B bR
LR anir, K RgEuiiRd fEn [k, aT
SEUUFEBEHE . SRR A, ik 1 B Ak
FIAS [ LR 33 D5 AR AN R] B SE A ] 26 (R 25 R A R
SRR R K HLERE

HRIEHE T IR TR, TR H] & iR 2 W
TR, NEEEFEORE, (£ RE T, WAk T

A AR e P P e o B AR T, R AR SR LA &
TERR A I R DR m I Re S B AR R A G &, Bk
FEEERIER “Yilist &7 MFR, BB RE,
filhn, B 12 AN Sk, 78 H SR T % Mo 22182,
HRE#IH X EDS MR IR RN 2 BETE i T Pl 45
G, XHITREER R BT 8, NRETNEEE S
ﬁﬁ‘[m]o

MR KT, BRI R AE B I E T
AR o PR 5 B R AR il R, 8 o I A S A R TG
A, WELBEBAGS . POKMER, HIEFLBRAK.
B E, B R B, i, K13 2
ASH A = A 3 THT R EH 22 3R AR R 25 RO SR THD T 30 e e
TS, TGS, BRESEER, LBRE,

MIRIZERERT ,  HBRTIR T R0 iR )= B A
Hdh. AOKEIRNER, FHEA RGFHINE. JU8
Tl DL K% 455 v 1 . Romanov®I7E 5CrNiMo A8 L 4R 7
f] LR HE BT 4R TIC-Ti-Al B TiB,-Ti-Al ¥R 2, K
5CrNiMo 5 LA g vedem 5 f5 LA b fEE2#H H
Grabatin ZU7E B A%y 20 mm K7 R SIS 1 Py B
YR R B PR AN, LR R R I AR R (Y
IR M % . E. AL Budovskikh 25 52F) F s g A 1 %
T Mo-Cu Z&RE, RIZRERA RGPS
itk . E. G Grigoryev 25M27) FY e SAHE A E 5 A 4%
7 nano-W-WC fEfbiR 2, SRS IRIZEE LN 17 um,
AL A 2 1 SRR RS AR 5 . Padgurskas 4518305 1% 7592
EEWRRENTIR T &4, RENRERAREMNAE
¥ PE. O. Demokan®ILIAR JITARKRE, H FomE iR E 4
ENEE, RILRRUIIREIRTS 8 um MIAIIRE, HHE
FeiksE4 BIT. E. N. Goncharova 251°%7E Hardox-450 4925
JZHIRIR TiB,-Ni Al TiIC-Ni E 52, HH B PR
HHERE, KITEEM AT B ER BT 7R
IRV TR 5] (AR RR D) KT 2 . Klopotov
5 7V TR ) e 8 3k 1 6 OO 2 LA LA £ 5 L B 457
PEREFNI S RE R o A 28 RS SR & &
PRy 25 A A e 92 990

FEE P, Aedb ) RS B B E 1R R e
B, BB S, fl4 7 WC-Co. ZrO-Ni fg
B ESEARMNEEWRE, FTHGEm i 15 2 f
PRI R eI B A AR L A5 LR 2B A B
THURERIR S, WAE T T & KB & A ]
AFPEE, S RVE TR KNS WCICo 4@ M ik )2
3Cr13 AEEHRURZ T BEVEEAT TR FE,  RIE ) A
W2 R LA A RN, . TR IR A A DA “RE R
T B A+ B AR AR 7 RRE e T AR R it B A R
01, Hou S5OV F] e BRI s R HOR, 76 Ni 2%



%8 1 EEdE . HUBBHR VAT ST R * 3025 -
R1 TREFLEEMRERIFE
Table 1 Characteristics of various coatings on different substrates
Coating Spraying materials Substrate Method Coating features Ref.
The coating has nanostructure and microstructure. The high
. FeAl, FeCrAl and temperature corrosion-resistance capability of FeCrAIRE is 2.20
FeAl-based coating FeCrAIRE foil AISI 1045 steel EEFS timeps as much as that of FeCrAl in a\eerage),/and 3.83 times as much [37]
as that of FeAl.
The coating consists of TiC and the solid solution of Ni, as well as
TiC-10Ni coating  Ti-Ni-C cored foils Copper EEDS the residual C. TiC-10Ni coating has no pores and cracks, and its [38]
structure is compact.
) ) ) Boron powders, Ni, Al | . Thg coati_ngs consist o_f submipron gr_ains. The average micro-hardngss
NiAl-TiB; coating or Ti foii ' Ni-based superalloy EEDS of NiAl-TiB, composite coatings with 0%, 10wt% and 20wt% TiB, [39]
are 5620, 9940 and 105 70 MPa, respectively.
Fe79Si10B11 Amorphoqs ) The coating consists'of the amorphous_ matrix and nano-crystal
coating FeYQSlloB_ll ribbons Al thin plate EEDS phases (a-Fe), no Ia_mma_r phenomenon is observed. The average [40]
foil hardness of coatings is 8 times larger than that of the Al substrate.
The surface roughness of the coating prepared by EEDS is higher
7Cr13+Band  7Crl3+B and FeCrBSi Artillery barrel EEDS than that of the chrome coating, and the hardness, binding force, [41]
FeCrBSi coating wire wear resistance and ablation resistance are better than those of the
chrome coating, with fewer defects and more dense coating.
The hardening layers of tungsten carbide and pure nano-crystalline
Nano-W-WC WC-Co electrode wire  High-speed steel  EEFS tungsten have peen form_ed upon the _surface_of high-speed steel as a [42]
coating result of electric exploding. Crystalline grains of tungsten have an
almost spherical form and their characteristic size less than 400 nm.
The wear resistance of the coating is improved by about 1.3 times
. . Copper electrical that of annealed copper, and the micro-hardness is about 3.8 times
ZnO-Ag coating Ag foil contacts EEFS of annealed copper. This coating increases the service life of copper [43]
electrical contacts by 2 times.
Whean the energy density increases from 22.4 Jmm® to 151.6
TalOW and Ni60A . . 304 stainless steel J/mm?°, the deposition efficiency increases first and then decreases.
coating TalOW and Ni60A wire plates EECS The maximum deposition efficiency of Tal0W and Ni60A are 53% [44]
and 47%, respectively.
TiC-Ti-Al and " . . . The wear resistance of 5CrNiMo die steel is increased more than 5
TiB,-Ti-Al coating TiC and TiB, powder ~ 5CrNiMo die steel ~ EEDS times. The coating has good comprehensive properties. [45]
The average micro-hardness of the coating is 3.8 times that of the
The composite Cu substrate copper substrate. The average roughness value of the coating is
coatings of the  Ag foil and W powder (KPV-604 contacts) EEDS greater than the average roughness values of the substrate and the [46]
Ag-W system layer with the altered state by 50.015 nm and 22.849 nm,
respectively.
- The Ti-Zr coating is accompanied by a slight (18%) decrease in
. . . The titanium dental the wear parameter (increase in the wear resistance) of the surface
Ti-Zr coating Zr foil implant surface EEDS | 15-0ld i in the fricti fficient light (3% [47]
alloy V'T6) layer, a 1.5-fold increase in the friction coe’ icient, a slight (3%)
increase in hardness, and a decrease in Young’s modulus by 14%.
The surface layer of steel formed by electric explosion alloying
. . - Stainless steel has a multiphase submicron crystal structure, and its hardness can
Ti-B coating Ti foil and B powder CrigNigoTi EEDS be increased by 18 times compared with that before electric [48]
explosion alloying.
L The multiple increase in the wear resistance of the modified layer
Y05 coating Y03 powder Hypo;tﬁgt,{;;’l\llumm EEDS caused by the formation of multi-phase submicro-nanodimensional [49]
state has been revealed.
The sub microcrystalline structure of the coating indicates that the
The coatings of the  Ag foil and CdO The copper contacts EEDS high-speed crystallization and dynamic recrystallization have taken [50]
CdO-Ag system powder of contactor KPV-604 place. The formation of nano phase has dispersion hardening effect
on copper near the coating.
A dental implant The wear resistance of the coating is improved, the friction
Ti-Nb coating Nb foil made of VT6 EEDS coefficient is increased by 1.5 times, and the hardness (1.5 times) [51]
titanium alloy and Young's modulus (1.3 times) are significantly increased.
The formed coating is a homogeneous composite material
. . Cu substrate consisting of a silver matrix and CuO inclusions located in it. The
CuO-Ag coating Ag foil (KPV-604 contacts) EEFS corrosion resistance of copper electrical contact of KPV-604 [52]
contactor increases.
The structure of all copper-base composite coatings is dispersely
TiB,-Cu, W-Cu and . strengthened one. The least thermal effect on the substrate is in
Mo-Cu coatings TiB,, W and Mo powder Cu substrate EEDS formation of Cu-Mo coating while the maximum one-in the [53]
formation of Cu-W coating.
The surface of the VK oKS hard alloy is hardened to 25 GPa.
. . o Intense hardening is inherent in alloys after electro-explosive
Ti coating Ti foil VKwKS hardalloy  EEDS 1000 with titanium due to the formation of TiC and (Ti, W)C 2%
carbides in the surface layer.
Mo-Cu and W-Cu Molybdenum and tungsten nano-inclusic_)ns are generated ) in
. Mo and W powder Cu substrate EEDS Mo-Cu and W-Cu coatings. The wear resistance of the coating [55]
coatings . ; >
increases with the decrease of the wear coefficient.
TiC-Mo,TiC-Ni, The coatings have excellent operational properties: nano- and
TiB-Mo,TiB-Ni  TiC and TiB powder Hardox 450 steel EEDS micro-hardness, elastic modulus of the first kind, and wear [56]

coatings

resistance in dry slipping friction.
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Research Progress of Electrical Explosion Spraying Method

Yan Weiliang®, Wang Xudong®, Zhou Hui*?, Zhu Liang"?
(1. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metal, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Electrical explosion spraying is a new method of thermal spraying, which uses high voltage to pulse discharge on the spraying material,
and the instantaneous high current heats and explodes it. High temperature particles are produced and sprayed to the surface of substrate with
shock wave to form coating. It is characterized by high particle velocity and small equipment size, which is suitable for spraying on the inner wall
of the cavity. In this paper, the development status of electrical explosion spraying method is reviewed, which has experienced free, directional and
constrained electric explosion spraying. The free spraying electrode is directly contacted, which causes serious burning damage and limits the pipe
diameter. It is only used for the inner wall of small diameter pipe/hole. Ceramic materials are commonly used in the confinement chamber of
directional spraying, which are easy to break or ablate during explosive impact. These problems can be solved by using ablation material to make
the confinement cavity and introducing current into the gas discharge in constrained spraying. Secondly, the characteristics of the coating prepared
by this method are described, that is, the coating is metallurgically bonded with the substrate. The compact coating with ultra-fine grain and
nano-crystalline structure is formed, which has good wear resistance, corrosion resistance and high hardness. Then the relationship between the
process parameters and the coating is given. The energy density and spraying distance are the main factors affecting the coating performance.
Finally, the problems to be studied in the future are analyzed, and the development trend of electric explosive spraying method is prospected.

Key words: electrical explosion spray; spray forming; coating; metallurgical bonding; thermal spraying

Corresponding author: Zhu Liang, Ph. D., Professor, School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou
730050, P. R. China, E-mail: zhul@lut.cn


http://d.wanfangdata.com.cn/periodical/10.4028%25252Fwww.scientific.net%25252FAMR.33-37.489
http://d.wanfangdata.com.cn/periodical/10.4028%25252Fwww.scientific.net%25252FAMR.33-37.489
http://xwfwlib.lut.cn/rwt/CNKI/https/PNSXR5DTF3SX645JF3YGK7A/Detail/index/WWMERGEJLAST/SIPD731936954A6D3D739E69FF2EE196B0E6
https://xueshu.baidu.com/usercenter/paper/show?paperid=1ed3dd58e8bfd5ffd370a5b2dab5b78d&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=1ed3dd58e8bfd5ffd370a5b2dab5b78d&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=103n08c0cv440cp0qh580gu0ha639356&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=103n08c0cv440cp0qh580gu0ha639356&site=xueshu_se
http://d.wanfangdata.com.cn/periodical/ff981649fbfd6be79af3ef9ed68136ca
http://d.wanfangdata.com.cn/periodical/5d15efcf778d851eb5ea679bc9c4a497
http://d.wanfangdata.com.cn/periodical/5d15efcf778d851eb5ea679bc9c4a497
http://d.wanfangdata.com.cn/periodical/a9242982425c3d2503c766fcac033c0a
http://d.wanfangdata.com.cn/periodical/a9242982425c3d2503c766fcac033c0a
http://d.wanfangdata.com.cn/periodical/jnjs200505006
http://d.wanfangdata.com.cn/periodical/gsgydx201306001
http://d.wanfangdata.com.cn/periodical/gsgydx201306001
http://d.wanfangdata.com.cn/periodical/gdyjs200909032
http://d.wanfangdata.com.cn/periodical/zgbmgc201004015
http://d.wanfangdata.com.cn/periodical/hjxb201406016
http://d.wanfangdata.com.cn/periodical/jsrcl202003030
http://d.wanfangdata.com.cn/periodical/xyjsclygc201404041
http://d.wanfangdata.com.cn/periodical/gsgydx201106002
http://d.wanfangdata.com.cn/periodical/rjggy201820036
http://d.wanfangdata.com.cn/periodical/rjggy201820036
http://d.wanfangdata.com.cn/periodical/bjlgdxxb201006003
http://d.wanfangdata.com.cn/periodical/10.4028%25252Fwww.scientific.net%25252FAMR.429.72
http://d.wanfangdata.com.cn/periodical/10.4028%25252Fwww.scientific.net%25252FAMR.429.72
mailto:zhul@lut.cn

