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2. 7/— KEoiEtE

T ) — RO AR 1L, 50 mmxG60
mmx3.2 mm  SS400 #4117 FIEE LA 200 pm 725
250 pm &7 B L D ITEH LIERR L, RBRICH L
ERHTE 4 Tablel o4, @& L-REF%Z 15
mmx15 mm Y GV H L, BEHEmICESA—A
&Y, U— FIRERY 1, i s CEE
L7, REEFORMIFZmEBEDL 11040 m2 & 725 L
INZHED Y Y a—iRfiE W T~ AX I LK,

IRESAIEIE L, 0.05 mol/L (ZFE%s L, KA mLT
ZeREAFRREIZ Uz, iEiiiRoOEERL, =%/ —
T L3R5 2 EsKIERICEEL, 0.1V @
Ag/AgCl(EaFn KCI)C 300 s B YV — 5L, 300s
RIAE L=, BREEMMHELRIE 02 mVis TT

— Rl E&iT-o7, Z2RE®RICIZAN KC O
Ag/AgCl BWEER L7z, o ORBFIE L, BE
BOFEEBEIC L1,

Table 1 List of specimens

Materials Combustion | Barrel
Mark Composition | Pressure | Ratio | length
(wt.%) (MPa) (mm)
WC-12CO WC-12Co
WC-NIiCr | WC-20CrC-7Ni
Wi S o6s | 135 | 2032
WC-
WC-HC-R )
I5NiCrMoFeCo
HC-L NiCrMoFeCo 101.6

REOFREHA S OEDICBIT ST ) — Fofmisko
HHEER % Fig1 1077, EHEERE CraCer25NiCr
T, 7KIEEE pH 28 1 @7 v AFKIERE AV, #
TR S XAFEIZ X 9 Ra 0.3pm i85 3 % T Ra 5pm
~8um & U7z, @RS, WHEI L2 b ORET0.72
Vich Y, HBROEEOLON 0.65V Th-o72, 0.7V
~1.0V ({HECIIEREMTE— L, LOV 2L
WFEI L 7= DA 1.5~2.5 (EOEREEAR LI-, Zh
IFEFEEICLY, RERESEL LI LB
NHM, WOME CFEET 2546, Tl L DHROR
BWHBEEA HNLENRD Y EHEIRE T2, REHS
IWERHOFFEOREL L, 7/ — ESEOMHRN 5 L
THEETICED -, £, £ EloFR R <1X Ra 4qm
~8umDFEIFH Th -7,

WC —Aw FFHRB XU NiCrMoFeCo 54 0.05
mol/L, @ HeSO4 KIEEICBIT AT /— Rt
Fig.2 |Rd, 4 FEEAO M L L8R U - i 2
AL, 005 0.9 VHETICERERSEIZD bR,
EREAMIT. WC-12Co & WC-HC-R T-0.1 V {hElC
0, WO-NiCr T-0.15V, HC T-0.17V Th o7,
—WAEEI, 4 FEOREL 20 Vb 09V
T2 Y 1 IRAEEERED 0.5 V {30 CHede 15 &

EFMEIL WC-NiCr(7.5%101 Arem2)> WC-12Co
(5.5%104A -cm2) > WC-HC-R(4.8x10% A:cm?2) >
HC(4.3x101Acm™) DIEE72>TW\WDH, £Dtk 0.9V
hkich s tBiERAHERKL, 1V (8T
WC-HC-R(2.2x103 A-cm D3/ C, HC-1.(1.7x102
AremDNwK & 7o,
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Fig.1 Polarization curves of Cr;C,-25NiCr thermal
sprayed coatings in 0.05 mol/L H,CrOy at 333K
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Fig.2 Polarization curves of thermal sprayed
coatings in 0.05 mol/L. H,SO, at 293 K

3. =EHR

EEABR AL, 50 mmx100 mmx5 mm ¢ SUS304
FICEREEAD 200 26 250 pm &785 1 912 50
mmx100 mm &FEHO 1 @iZEH L, o> U a—
iRfE & VT, B BREAS 30 mmx80 mm i &
2B LIV AR T BT o, IRER R OMBER L,
FHE R 42 0.05 mol/L (ZFREE U7 1 L OniAR/KIAE %
i L7, BEABRIIFEB L 333 K TR
604.8ks fFEM L7z, FERRIL. EEE(LEAEL
JERES mg-dm2-day! CREM L=, F7o, EHEE
AT D ER S CEOBEHA A VRELY, SEET
T AR BN EEE 2 AV CE L, RERSR
AT DOFERES LUMEBREEZICIL, 3 Rt L —VER
ARV,



EERBRICH LR AL, 7/ — Folifett2 a1
fith L 7= R — A% b O % i L 72, 0.05 mol/L DFif%
KIETERICHIT S, 293 K B L1333 K CTOEIERRR
HOBEREER L VERES Fig3.Fig4 B XU Fig5
(2T, WC-12Co IEGIZERBELRL, 8H
JRE 293 K C23 mgrdm2-day?!l, 333 K T59 mg:
dm2-day! &7V, HEMOPTERROBEEEL L
770 293 K TiX WC-HC-R 73, 17T mg-dm2-day! & 72
n WC-12Co & 0 IGEEIE TRV, 333K Tl 61
mg-dm?2-day?! £72 0, WC-12Co LZFR—DOFEER
FEL o7, HC-LiZ, 293 K ClLEEHOE AR
BNEL, TOHROKREZEEXLIIFRD NN
72, 293 K TOEREL, 12mg-dm2-day! 72 o7z,
333 K I, BAEIL 43 mg-dm2-day! & 72o7z,
WC-NiCr (%, BiHIEH 293 K T 2.4 mg'dm2-day’!,
333 K ¢ 18 mg-dm?2-dayl & 72V, M OF Thie
LIEREEN DR, B OEREEL o7,

NACE(National Association of Corrosion Enginee
o)DMt EMHEREL Y | FRE 0.05 mm-year! L
TRmEERFM 35 L BERE 293 K T,
WC-HC-R, HC-L, WC-NiCr, 333 K Tid WC-NiCr
DM R & HIE LT,

180
. 180 —O—WC-12Co0
§ — 4l — WC-HC-R
E140 | T oL
:éf 120 —¢— WC-NiCr _n
o 100 -
-~
2 80 F A
.é 60
£ 40
Q
© 2} sl
0 1
0 200 400 600

Immersion time (ks)

Fig.3 Relation between corrosion loss and immersion
time in 0.05 mol/L H,SO, at 293 K
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Fig.4 Relation between corrosion loss and immersion
time in 0.05 mol/L H,SOy at 333 K
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Fig.5 Corrosion rate of thermal sprayed coatings
after immersion test during 604.8ks

HEAICL IBEEOFMCIX, WC-12Co &
WC-HC-R @A H WC-NiCr (e ~THIRER AN D i
B Lol VRSO EITBT HIREORET,
BIRIEE 333K CHI3 (g &iroTe,

BB 77 A= B KT L DB A AV RE
BIEOFERN G, 0.05 mol/L @ HaSO4 AKIAERH Tl
IBHEEAER T A1RE2 COTEOEL RO L
T BHA ARk Fig.6 B LU Fig.7 171,
BIZ WC-12C0 D — A » M TlE, A ¥ —D
A HIVER OFRIRA A AR Bbivd, WC-12Co
D W & Co DIBEHA A3 EE, 293 K TEhEh
0.14 g'm2-day!, 1.51 g'm2-dayl 720, 333K T
ITW 2281, Codd2.6fFLirnot,

WC-HC-R ® W & Ni OEHA A4 8L, 293 K
TZENZ10.23 g'm2-day’, 0.38 g'm2-day! &729
333 K Tl W A% 29 £, Ni 28 6.1 &t
WC-HC-R (&, W OIEHEIZWC-12C0 D 1.7 % & 72
~7=, WC-NiCr ® W & Ni OFHA A3 EE T, 293
K T#ENF10.14 g'm?2-dayl, 0.57 g'm2-day! & 72
D, 333K CIIW 2 2.01%. NiA4bfELieoie,

AHA A BENSRDT- 203 K, 333 K COFEE
E% Fig.8 T, EHEEOEAEIT 293K, 333K
<. FhFh WC12Co > HC-L > WC-NiCr >
WC-HC-R, WC-12Co > WC-HC-R > WC-NiCr >
HC-L DJEE: 7272,

BEELIC L AIEREOFMTIL, WC-NiCr
b BIF iR b Teolo i, EHA AT DIEEED
M CIL, WC-NIiCr 12 WC-HCR LREZE L o7,
ZIZTC, WCH—Ay hEERT A F—HOH
FERIT, WC-12C0 Hd Co 75 19 % J T WC-NiCr
DNi T %&ipt), A —OEHPEESGO
BEIIRZEEZDE, RBJOBEE LY
WC-12C0 T 5 £, WC-NiCr T 10 T X #H < A
7

a

0.05 mol/L @ HzSO4 k& 1 WC-NiCr OJE R
i3, Ni DFEHA A &5 D 293 K T 0.25 mm-year'!
L ERALEREZA 0.2 mm 5 0.5 mm @
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Fig.6  Corrosion rate of dissolved metal ions after
immersion test during 604.8ks at 293 K
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Fig.7 Corrosion rate of dissolved metal ions after
immersion test during 604.8ks at 333 K
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Fig.8 Corrosion rate of thermal sprayed coatings
after immersion test during 604.8ks

WC-12Co, WC-HC-R i, FERER#% D XRD #I7E
Iz kW WC ORIRIZ L % W03 2Hz0 DA AR 5
N5, WOz 2H20 13, BHE LICihES) & L THERET 5
T OERHTE L bIEHA AV HECROTIERED
FhhSWEERLE, 2iERER%ZO WC-HC-L @
XRD fliEfE S % Fig.9 (ond, WCNiCr i, 333 K
BT WC OFEH AN &40 WOs-2H20 D4k
3R bvwy, RiERREZO WC-HC-R, WC-NiCr
DOFEHEGEH Fig.10 |27 d, WC-HC-R 13, ZERER
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Fig.9 XRD profiles of WC-HC-R after immersion test
during 604 8ks at 293K

(A) WC-HC-R (B) WC-NiCr
Fig.10  Photographics showing appearance of
WC-cermets after immersion test at 333K

4. BEEFHDELR

BB E 2 BT A0, EHEM & EMEORT
ENERICEZ DA HE LT, BSOS
DWW T L, NiCrMoFeCo &4 % % E LKA G

(HC-L) :@&iB4F (HC-H) TiEst LML=, i
1444 Table 2 1277 d, MBI ORFEOZET
Wik, WC-NiCrMoFeCo #7%7 L, NiCrMoFeCo
EEDO—IRITEMN 5 pm LLF O (WC-HC-TF)
& 20 pm PLT ORI+ (WC-HC-R) #HWCEEMiL
7o MM U igst ekl 2 Tabled (2783, %L
TAET bvA X ER L, ST I A R L
7=. WC-NiCrMoFeCo #— A v MK OMEEE %
Fig. 11\, 7 b~ A Xy &EH L7 WC-HC-R #4
1%, BIFROK X7 NiCrMoFeCo #7732 & 2n v y&fir
SNEMENPELS BESND, 7. B adAL
7= WC-HC-R #1E, A7 b— RIAIEIC L HyERA
DOZERtELE L > TV, WC & NiCrMoFeCo #4



NP8 TS,

[GIBEHOHC L & BiRiERO HC-HIZKIT 5i87E
HAERFTIOFRHEEA Fig.12 2777, NiCrMoFeCo #1
IERELEAS 1628K fhiTlcdh v, B Y v F KRS
Tk, RERRITREZBEIND, RS HER
PRI ~GRTET 5 2 & TIEERIEN LR U, AVERhh:
TERIBIZIER T 5,

Table 2 Spraying parameters of NiCrMoFeCo alloy
Combustion Spray
Mark Pressure . distance
Ratio
(MPa) (mm)
HC-L 0.68 1.35 380
HC-H 0.61 0.88 380

Table 3  Particle parameters of specimens

Materials
Mark Composition Particle size  (pun)
(wt.%) WC NiCrMoFeCo
WC-
WC-HC-F . 2-3 2-5
15NiCrivoFeCo
. WC-
WC-HC-R . 2-3 <20
I5NiCrMoFeCo

(A) WC-HC- (B) WC-HC-R
Fig.11 Photographics showing microstructures in

cross section at WC-NiCrMoFeCo cermets

(A) HC-L

(B) HC-H
Fig.12 Photographics showing appearance before

immersion test

L L., @iRrae4 o HC-H i 3hi ok 2B E
Sh, HCL CHEST S &, FEIEPORM N Z < B
#Zah5, HO-L BEO HC-H OfitEE % Fig.13
I, IEEIEAE 293 K, 333 K ¢ HC-L #2ER
it DFEMEES Fig.14 |RT, BEEEN 293 K
TILZERSRAN B2 SN RERR T % < HER &
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M. SEERTEAFRO B, BEIBEN 333K ¢
X, REBRI T RIBICED L TWAZ ek, B/
DT EER LT,

HC M OiE 412317 5 0.05mol/L 0 HaSO4/KiE
T TOIy a2 bE, 3 Wb — ¥ —FiK
BERWTEZE L, BEEMOMNELZITO R L
oo BIERIC U=k, AR RE AT L, 0.05
TN FTATHEF 2T, B ABETES
o lcEmt ke L,

Fig.13  Photographics showing micro-structures
in eross section of HC-L, HC-H

(a)293K (b)333K
Fig.14 Photographics showing appearance of HC-L
after immersion test during 604.8ks

BRI, EAEDH 333K & L 7.2 ks [HiEE
L7, HC-L B XU HC-H OEEABRAIE OMBER
% Fig.15 B L O Fig.16 12777,

{IBIAF 40 HC-L 1L, BiEAig L Ek LT, fiL
FHEERN DTN 2o 728G, K& HRE
{BITEED Bey, EIRER SO HC-R 1%, B8R
ROBROLGEENHEREIN, o, REFEROE
REGE AL, RIFAICBEINEZ Evb, BIRE
bl ARFFEROELICE V. RiERrEOR
FPUCHO R —ERE LT EEZ NS,

5 s ot A
(A) Before
Fig.15 Photographics showing appearance of HC-L after

immersion test at 333 K
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(A) Before (B) After 7.2 ks
Fig.16  Photographics showing appearance of HC-H

after immersion test at 333 K
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Fig.17 Micro-structures and depth profiles in surface of
NiCrMoFeCo alloys after immersion test during
7.2ksat333 K

Bl ORI FROR 5 WC-HCR & WC-HC-T @
rEff EE A Fig 18 Io”d, 25 » F—hiFI K&
WWC-HC-R IE, 73 » #—Hi1D/hE WC-HC-F
LR LT, AR SRR RE RE LSS v F
—hrFpEEENS, WC-HCTF X, 2nm~3pm @
WC &34 F——Iomi LTcik e 2> T D,
REREO WC-HCR OFEFREEEZET 5 L., BRiko
BFNE<BEEND, NI HCLHTEESHLE
FiEMORIT L RIFEIC, 4 F—?D NiCrMoFeCo
MPEFZ X W ER, FRE Lo R 1E
BOETICLVHBRLEZEEZBND, BEREN
333 K T3, W03 2H20 & A7 ORI FINE < BES
A

WC-HC-F 1, BERETEICB W T MY OZERITED
LT, H—IERE LTS, £, WC-HCR C#l
Zaniz WO 2H:0 &EZ LR FDARDKIR

45

IR STV D, 23 2R WC R & Hoe
LTREL D L, HEHEOTEH—MENEL, BE
BRNAWCHTOERZREL-EELLNS, BB
#® WC-HC-R OFmEE% Fig.19 |ZRT,

WC-NiCrMoFeCo #o/351 » ¥ —B PRIz BT 5
0.05 mol/L, H2SO, /KiFE T Th I 7 nf/nER %k
l22W T, HC # & [EffEO LT LU— B S W
TBE L A v —RFROKRERWC-HCRIE,
A o HE = TE D NiCrMoFeCo &4 D&IRAY2E
BMRBE IS, WC-HCR 1%, BiERASBREZEOWMIRIC
BT, 180.5~0.8 pm, EE 0.4~0.8 pm OMERRS
MR EN T, A U —RFEIVNEWVWWC-HCF 3,
FEEIT K DR AT IIEE S, WC-HCR @
X 9 23 v BB BRI BT X B B O A RK
LSRR, RERBRZROREREER L OIRO
FIEFR %, Fig.20 B X Fig.21 (2779,

HC-L, HCH 53 L U*WC-HC-R, WC-HC-IF 0EE
Az L BDEEEOEE Fig.22 1ord, HC#E 2
7 iR EREL CHESNAD L& L DE
BEOERIIFED HNR0, ZHUIEEE O 2N
TLRVEHOE EORETIToTWATH, HC-L
TIIRBEBORFEE LTCELBEFELTEY, &
DIEATHAOE &R L L UNESNTWS D e
#z 5%, WC-NiCrMoCoFe 13, WC B FF & 231
U H = TH D NiCrMoCoFe OfEiFROEN/PE W
T L BEENEL A ERMPED b, WC-HCF
OIEAREE, BHEERE 293 K T 11.9 mg-dm2-
day!, 333 K €l 25.3 mg-dm?2-day! &720,
WC-HC-R & DHEITIX, £hEh 0.72 %, 042 %
EIBL Y BT 333 K TOBEEDKTNEETH

(A) WC-HC-
Fig.18 Photographics showing micro-structures in

(B) WC-HC-F

cross section

@293K

(b)333K
Fig.19  Photographics showing appearance of WC-HC-R
after immersion test during 604 8ks
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(a)WC-HC-R (b)yWC-HC-F

Fig.20 Photographics showing micro-structures in
surface of WC-NiCrMoFeCo cermets

after immersion test during 7.2ks at 333K
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Micro-structures and depth profiles in surface of
WC-NiCrMoFeCo cermets after immersion test
during 7.2ks at 333K
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Fig.22 Corrosion rate of thermal sprayed coating after
immersion test during 604 .8ks
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2) HVOF ¢4t L7- NiCrMoFeCo &40 HIEI,
JEEEASBVEIRAE G, Tt T
LM, EEEEAE 333 K OEEE T, Bk
W& B AR IR B EET D720, i
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