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The development of High Temperature and Pressure
Cold Spray Equipment *

Hirotaka FUKANUMA *

Cold spray processes have been intensively studied by researchers and engineers since 1990s. Some industrial
applications using cold spray technology have started emerging across the world. To meet requirements from cold spray
users the system should have higher performances such as high productivity, reliability and durability. We, Plasma Giken,
have developed high temperature and pressure cold spray equipment that fulfills those demands. In this paper, it is discussed
how to design and produce innovative cold spray equipment. Especially, the design about supersonic nozzle and gas heater is
discussed based on numerical calculations how to obtain higher velocity and temperature of cold spray particles, so that
people who are interested in cold spray technology can understand cold spray processes.

We concluded that the cold spray system with a high performance means the one that can work with higher gas

temperature and pressure in the gun chamber.

Key Words : Cold Spray, Super Sonic Nozzle, Isentropic Flow, Plastic Deformation.
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Fig. 1 Particle and substrate deformation at Cu particle
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Table 1 Cold spray conditions of Cu particles
Cold Spray System Plasma Giken's PCS-304
Spray Material Cu
Spray Conditions | Operating Gas | Gas Pressure | Gas Temperature |Substrate Material
Fig.1a No 3 MPa 400°C Al
Fig.1b He 3 MPa 400°C Al
Fig.1¢ N, 3 MPa 400°C SUS304
Fig. 1d He 3 MPa 400°C SUS304
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boosting system

20104 10A

188

He ## Z X EMiTIEAH 2T =V FATL—%4F) Bl
HEE2 2/ VIR LTET L. Lzh>T, I—IF
ATV —AT) D THNIEIHHFREDOHe ¥ A R T RET
Hb. HeHRAIAA M2 TFIFLHED—>L L THe F A%
IWLCTHAMT 22D EZONE. I—VFATL—D%
JED 72012 b el 72 He /7 A I E O HBIALETH 5.

A= NVRAT V=Y AT LEREeEZLET—NVFRT
L — 31 DAL O b i i A3k 2 2L & 22 ) A i oAl i% o
HOLEENEN LT RS,

5. O—=ILRATL—DF*E

I—NVFAZL—=D7 7)) r—3a YBIARTHELICH
NHEIT%->TER CudbbWVIZAIOL I IT— VPR
FL—=Z#Lza—F 14 Y ZIZEW) bRk Y FIH SRS
borEbhs, Fr, a— WV FATSL—REOHELITLD
Incnel, Ti6AI4V 5D BRI LIZ < WIFED BV
TaA—74 YITHED L) o TELDOTHZERD 5\ IL
H AL — € EOFMNIMMBHEREGH~OF A B E BN LD
IZBbis.
ISHTOMIEE PAT LTI — )V FAT L —a—H—
T B EEEEST 5720100 T =V FA T L — DN
TR 70 © CSIZ R - FERF I 38 X OVRET- B O s B 2 11 5
MITT B BN EETH 5.

FEHNDOIT—=V FATL—=~ORLNEHEL0% H2EKL 5
KR IZ—= IV FATL—DRKIEHL VLS ICEZ .

z E X #®
1) A. Papyrin, et al: Cold Spray Technology, Elsevier, (2007)

2) VHF HE  SURTIEE, SE R R (2004)
3) ABRH Rz EEHEOIY, IS, (2003)
4 R —F BT S, B, (1994)

5) V—=7~vr-uvaad EH OB A%, (2000)

6) E. %27V aty, @R ETR, ALRH AR RN
I O BER, AL, (2008)

7) 8K AL EMEVERARDI:, X7 —4E, (2004)

8) H. Fukanuma, N. Ohno, B. Sun and Z. Huang: The Influence
of Particle Morphology on In-flight Particle Velocity in Cold
Spray, Proceedings of 2006 International Thermal
Conference.

9) H. Fukanuma, N. Ohno, B. Sun and Z. Huang: In-flight
particle velocity measurements with DPV-2000 in cold
spray, Surface & Coating Technology, 201 (2006) 1935-1941.



(IS

dA—I)LRRATU—B X0 IA—LATU—ICHIFD
BB FDABANZXLICDWNT?

g T, B

, KeeHyun Kim™*

Bonding Mechanisms of Solid Particles
in Cold Spray and Warm Spray Depositions *

Makoto WATANABE *, Seiji KURODA™, KeeHyun Kim™*

1. BRRIFOERICIDEUDIRK

I— IV FATL =T+ =LA AT L=Vl AT
=78t AT, MR A2@EECiEL, ERlsEs2
&% CHEAHO F FHEMAEZE, #ESE, BEET). 20
72, TNHOT UYL ADWEHKETIE, BEAK 7O 25 A
B = A NDBED, b EELWIEHREL Lo TV 5.

BERR T DM~ 224 5 &, KT OKRE X L2258
Y oT, BixBEAEL S, Klinkov & Vix, KAHTo
BFHLEHZIZOWT, Fig1D X2 EHTwA. Figl Tl
FNIVFVDORIZHHL, 74 —A2 AT L—IZOWTHEILT
W5, LIS XX, K3 A4 A5501 ~1.0 um DY,
77 YTNT =V ATREELRINCLD, 1~100 m/s & W
IR CHEDOEZET, W ENETLIENTE S, Y
A AH5~150 um D6, FFHEHS5 ~ 300 m/s & g
R COMZeCld, T3k, 2%
DRLA- B ORAHY A X, HEEDOFEI I THEMIHZET 5
LIk, EMMERTIEEL, HEIELLE wbwh T
=g UHPAELS. KDRTFHENKE < %D 300~ 1200
m/sIZET B E, HELRFIE, EMEMmIESETLE)
7% 5. 612, RFHELHML, 1000~3000 m/sil%
L&, AT WRT O Wb, BIEERE (Super-deep
penetration (SDP)) & MHENABIRPEL L. ZoBIR Tk
T LM OMABEDEIKLE L, K 1000 ~ 10000 £ & v
SR EE T, HREAFIIEMANNREAT S, RAHE A
2000~3000 m/siZ#ET 5 &, HIERHTHLET IS ITH R
DRI ZE BN R, HEAVEL S LBRRTW5,

2. (B DERFIEE

I—NVFKFATL =% 4+ —L A7 L =TI, FigliZdmnw
ENAHBY, —EMICHEES~100 um O FAFHENRT

e
10000 Hypervelocity Impacts

2 1 [sm>)

-~ 10004
%‘ E Warm Spray & Cold %pray

o
2
5 100§

s ] Erosion
£

10 Sticking
:\ T IIVIJIIV TTTTTTT T™T T TTTIT ™
1 10 100 1000

Particle diameter, um

Fig.1 Classification map of phenomena for a solid particle
impact on a solid surface in terms of impact velocity and
particle diameter. This figure is made by modifying the
figure 1 in ref. (1).
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Fig.3 TEM image of the interface between the titanium
particle and steel substrate (a) and EFTEM images of
titanium (b), iron (c) and oxygen (d) 9.
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Fig.4 Incubation time results versus mean impact velocity of
aluminum particles on polished copper substrate 10).
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Fig.5 STEM images of titanium particles deposited on
titanium (a, b), aluminum (c, d), and zirconia (e, f) 12).
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Fig.6 Wavy and vertical interfaces at explosive cladding of Cu
and ODS-Ag 13).
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Fig.8 Sequence of copper particle deformation during impact
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Fig.10 Variation in critical velocity as function of initial
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Fig.11 Effect of particle size on critical velocity for titanium

particle impacting on titanium substrate 7).
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Fig.2 Calculation model of initial state (0 step)

Table 2 Morse potential parameter of Ni and Al
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Fig.5 Cross-sectional images of calculation model (15000 steps)
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Fig.6 Relationship between depth/width ratio and particle

velocity in 500 atoms simulation at 373K (Ni or NizAl
particles on NizAl substrate)
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Fig.7 Relationship between depth/width ratio and particle
velocity in 500 atoms simulation at 373K (Ni or NigAl
particles on Ni substrate)
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velocity in 500 atoms simulation at 973K (Ni or NisAl
particles on NigAl substrate)
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Applications of Cold Sprayed Coatings and Ceramic Coating *

Motohiro YAMADA™, Hiromi NAKANO™, Masahiro FUKUMOTO™
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Fig. 1 Cold-sprayed Cu line pattern on alumina substrate.
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Fig. 2 Cold-sprayed TiO, coatings on mild steel substrate (gas
pressure: 3MPa, gas temperature: 400 ). (a) cross
section, (b) surface.
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Fig. 3 XRD spectra of (a) feedstock powder, (b) coating (gas
pressure: 3MPa, gas temperature: 400C)
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Fig. 4 NO elimination test results of feedstock powder and
coatings.
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Fig. 5 TiO, feedstock powder (a) SEM image, (b) FE-SEM
image, (c) TEM image.
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Development of WC cermet powders for cold spray *

Junya KITAMURA ™, Kazuto SATO ™

1. 4

WC-Co (BALZ ¥ 7 A5 -3, b)) ISR S N5 A8
&1L, WS EHEREICEND RN S, KMEUH TR
T EEFEVE DS SR SN B hk 4 M ISR CHW OB T 5.
ZORBELRD Y v T AT VHADOHEKRIZIL T XY NV DO—
DELTE#ING LHITEL v, Tz, EHEDREL
THY, MROAEFEROK 3% (20034F) % HIEATE D T
BV HERBBTOFTIRIN & P E 0 FEIR 1S IR O f
B, G R O R B 2 IR & AT R AT RN 9 b fikfe L <
W5, o T, WCORPEMHA T 2 LH X —%— T,
WC-CoDfRH & 7% % JLHE R Z DOHAE D OBEZC M
ATHOFFHE, e e WCHH IR OBFE - LY
EHDOOH LY. ZOBBRDOIHOT TO—FD—D L
LT, WCEMEZMWIza—F 1 v IHMiOBHIEZ 5
N5, EMoBEREIAHLEOT, ZiiTEBOEE %8R4
BeMICHWT, RliOAZI—T4 V7 T5ILICLY
WCE A DA AE B W REIC 72 5. & DA ATBERS /N
V2 RO GEO—HIC T B S, b= 1D
WCIHBE RIS HINT &, EIRAECR o W #2800 & WCAfi
RO ) 271303 2 EN RS HFTE 5.

PESEINC B 2 B A oK & LTk, EAatkE
VLA CEN 2 BELRMEH7 L — A (HVOF) %4
BIRDELHBAENTVS., Zo7ak 2 ZEERE
2000~3000 THOY = v 7L —AI2 XYL - hE S ¢,
500~1200 m/s &\ ) EF IS THMAEHZE - W/ ST D
DTHY Y, BEIPOBEEOBRCEEEZERT 52 EHT
%%. HVOFHEHNZ X 2 WC-Coleliid, BRiETT 7L v
ST RBEHEEICENL LW BEAALTVS. L L
S, FOWEEE Y 13BNV 2 R E L TR &
{FoTWb70, BMNEHEIFL Ty 7R
Ty 7 HFRELR TR, AHTHOERICBVWTRE R

1]

BEL e 5 TWh. WC-ColtIEDE S 0¥ E LT, &
GBI BT 5 () WCOBIEIC & B et 7 WoCH DA, (if)
WC D ConNA ¥ F—~DEMIZ L Btk n Al (W3CosC,
WyCo C45) R T ENT 7 AMOAERDP T L EHNTH S &%
AbNTWAEY. WCE Condt iz 1310C £ TH %
7205, FERHVOF ORI T, N5 ONtAA K
M oNRv. 20720, G SH TR % 23 Tn
BUSH L TIER 2 WC-Co2 NV 7 KA WC & Con —
MO bDIZH L, HVOFBESEIC X DER I NS I
BEZN RO TP OB R 25D ->Tnhb v
THH|ETIE RV, HVRIE, ZASEN T AL
L2z 5, BARMIERITR FOE %2 TiFoo, »
OB R AT A 2 L sk, BIEOWCHRa—
T4 VT OREE REENICYEE S5 2 EAHITETE 5.
PEAE, BHHHAN M CIE, MR ORLELT O E RS T T
BT % BRI U, AP 22 S & CHERE X 4 2 ik
Tk (E Tl Kinetic spray & W9 #7 T —THIFE
NOoOH5) PREINTWDL., FORERD, KEHTE
Wit s a— NV F2 7L — (CS) #ETHY, RFHEICLDY
HEMELTEZONDEIW,CR T EN T 7 AMO W
WC-Co Bz DTN ) L 72 FF 226125 DR ST
WD 2L, SO S WC-Co BB ol i
FEVERTH BEFEVEICB L I e D 2w, T2, RO
HVOF 2R B LY+ — 22T L— (WS) 8 (B4 :
TR T L — Aghk) $1D b, 2 o R R 7 X i
FEHIPR (500~2000C ) #* 5 Kinetic spray ®—Fffi & LT/ &
NbeEZ0N5. 512, HVOF L HHMT 55, =A%
W2 e i E# 7 L— 2 (HVAF) %4555 HVOF & b
HILRFEH AT TE 2 FHETH H 12
CSIIRBmERE TR ETH Y, WCHRI—x v b
DOWFRTHEZNAIIRENT WD, AT, HEMIZH 2 L83
B L v, HE BHEBEIRcmBRESTETH D

wERZA 2011466 H27 H

*(BR) 7V 34 va—RL—7 v FEHFMFER (75090103 IR E&FE A5 HIT5 T H 82-28)
# Thermal Spray Materials Dept., Fujimi Incorporated (5-82-28, Kakamihigashi-machi, Kakamigahara, Gifu Pref. 509-0103 Japan)
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Jert IEth, £ FOA

WS, HVAF, HVOF%®20~40cm & V) iE22Ew. it -
T, BT X BRI BUR R S~ O BUEASTT B 2 )
HVOF %@ AW 2 @I CSANEM T &, HHHER
IR B AREMEDSD B. HI/NEICS 7> b R% - il s T
BY, BUHIBIES %L, AU ALY LENCEM A
BHEFTATORBS I ZIUTHET 2 2 &b KIEIC T2
), OVOF %0 REBT O HEICA L. DEofFiLy, 4
H B3 20064 & ) KIRAEST 7 o 212 # L7 WCR Y —
Ay MROBIEZ#ED TWAH. CSTIZFHVOF AN fsfl
ENZZWCH =2y MR TIIEESREETH 5. fEo TH
fRFHTIL, SNFTORMYHMA LD, CSIZBIFBLWCH— A v
My DY R RSN D W TR 5.

2. J—JLRRATL— (CS) EICKD
WC Y —X v MMaRORAES

2-1 WC-Co#ARNREIL & B iEH] 15 19

MFHEAD02 umDOWCH T2 HWT, Coa ARV EL 2
3HEHE (12, 17, 22wt%) DK BERM R EHEL, ThZh
HVOF CTORE#EN 2 SR RO E (- 45+15 um) &, i
WK K (=20 um) 2R L7: (F1). WC-17wt%Co 2
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