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ABSTRACT: Objective To evaluate resistance corrosion of tungsten alloy coating on oil tube. M ethods The simulation corro-
sion tests of the tungsten alloy coating on oil tube were completed under high temperature and high pressure in autoclave, Hy-
drogen Induced Cracking (HIC) and Hydrogen Sulfide Stress Corrosion (SSC) for the coating oil tube were carried out accord-
ing to standard test method, and the morphologies and compositions of corrosion product on the coating and the substrate were
observed with Scanning Electron Microscope (SEM), Energy Dispersive Spectrometer (EDS) and X-Ray Diffraction (XRD).
Results The tungsten alloy coating consisted mainly of W, Ni elements was smooth and dense, the coating after high tempera-
ture and pressure corrosion test was still kept the same as that before the test, and light corrosion occurred on the surface of the
coating. The corrosion rates of the coatings and the substrate in H,S and CO, environments at 60 C, 90 ‘C, 120 C and 140 C
for 7 days were respectively 0.0179 mm/a, 0.0093 mm/a, 0.0102 mm/a, 0.0369 mm/a and 1.030 mm/a, 1.272 mm/a, 1.183
mm/a, 0.991 mm/a. The two rates in H,S and CO, environments at 120 ‘C for 30 days were respectively —0.0085 mm/a and
0.1789 mm/a, the two rates in only CO, environment at 160 ‘C for 30 days were respectively 0.0091 mm/a and 0.8976 mm/a.

The tests of anti-hydrogen induced cracking and anti-hydrogen sulfide stress corrosion were up to standard. Conclusion The
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tungsten alloy coating has good resistance corrosion.

KEY WORDS: tungsten alloy coating; corrosion; high temperature and high pressure; oil tube

I 90 P P A v e v o s TN 1R
AU JE R PRI, 0T A7 BT B4 3 2 1 RE R B )
AR 1 B B 20K, P Y 0 20 el 2 A LA A
HOF T W 2R 9 25K o i, AR 22 il SR BT ot
FaW . AW RIIBERE AR
TR by <53 A < B R A5 B R R AR R A R A TR ke
AEHT, JHC e R T ok B S22 2 — T 2 U A 80 B S i
PRI AL GE B B2 B A ARG OB SRR L
R, P&, (R T Z R 2R
AR, B EITEPE R, B 5500 R A% R K R
R IR s YUY, ORI IR . LA A
B (W) $EH Ni*', Fe?'. Co” BUE IR AL 554
RH PR R, AT BEITERE R PR S A ez, U
FOIE e HAT AR o B0 Tl e P BE RS S5 P RE O B
(G 3:0k € S N E WEPN N 5L O NE SR 154
DHBFFE IS o R B X R R RE -5 T 4
FEAGERZ , RS IEAE I = L B AT 588 b
8D, PICIT A& PR I L, 55025 HoS
WA IREE T BRI IS, TFiE 5 & 0= 1Y 8 i
MUEEARFAE , S =R il 48 2 b 42 B AR s
HAT AR B 5 SO R AN

1 R

1.1 MR E

IR BT FH A & 4 8% 2 i 90 5 A0 6 2R 3 A R RL B
JBefn A7 BR > ml il i Jf 44t SR b0k, B8R R
FEHITE 30~50 pum, FEAEEF] P110S VAN, £l
T, H 40 mmx10 mmx3 mm FYTE R, J X RE
BEATFRIC o 235U 4004, 600# ., 100040045, B HIT
BEGRAE, DATEBRALIN T A9 TR . F#E bR R RO = L
RS, HHIEK OB K . B IRRT, T4 5 FR
i, A A B IR A o 305 A 5 R AN [H] ¥ 2 119 NaCl
W o
1.2 BERSEREMIXE

K32 [ Corrtest 23 Al il 1 F4) 34.4 MPa 825 5 il
o R 28 R AT e R e R R B8 7 R R A I AR B
BB JEE A B, o AN A TR A T A % M 1 2 7 ik
FESR I, SERBRWAEIE AT, mas %, WA
iz h BREJS, THERIFRIE 25158 A CO, Fl HaS
SR, HEEB RS RIA B RE . iR T
fWEEE, IR,

RIS AE AT, FERHEE B R, koK
ERME RN, FEHIOK QB VERR K . foE 4

TIRIG, A APLERAR, B 1SR E 44
WAEE B, AT RERE b, BT X ATES )
BT o APl R A T 71 e Y AR 5] (26 M50 R
1 L #i2+20 g =L —86+50 g AT H K] ) hiF
Ve, BREMBERIAIE =Y. FK s T8, il
ATCK Sl R A R bR 2, MKk fs , #EH
To/K BRI T4 - $5e )5 F FR2300MK 1T 78 B K F
(KRR 0.1 mg) FReE,

1.3 S|SYHAH (HIC) fanHEM ( SSC)
AEBITE (HIC) ik56+% NACE TM 0284—2003

FUE AT, NMAEM (SCC) ik¥+% NACE T™M
0177—2005 HLRE /) DY 555 8 AR T v L 517 o

2 SIS

21 PBAEERAMRBEEIEDH

K1 FE 2 3l o8 R R R R T R AR 1A
( Energy Dispersive Spectrometer, EDS ), &l 3 FI[] 4
SRS R BRI OT R ek Kl (EDS ), MKl 1
ATLVE W, BERREFRE . BU%, JOHI M EkiE M )
JRAAAE. M2 AT 0L, M= RMEMREIEET, WE
Pl ANBI T ALK, HEERd., #HZERINA
JCER FZRVE T 2R 1M A/ 5 A P RO B = S i
A, WABETEAESEZENHRTE, XME 4882
M BE TG A3 AT R T R O BRI R MAFTE R — 2L
Mo 2 12982 R A M TR GBI A Hr s R, Al
DB )2 10 3 T AT £ 2 NiL W, Fe, P IOFOCR
U, MFHkA, R W NI BRI R & 2w
THEE N

' Electron Image 1

100 pm
B R R ROIIE S



Fl16E H£oM et 4

T FH P 5 4 B2 ok P RESE A 5T <71 -

Ni
IFe

2 14
keV

2 4 6
Full Scale 2351 cts Cursor: 0.000

F1 ERERATEEAXNSE

=]
JBT it 43 Ji -5k Fias TR
BU/% SEU% %  EU%
0 13.16 38.66 0 0
P 2.50(2.88)  3.79(6.18) 4.87 10.13
Fe 1.15(1.32)  0.97(1.58) 7.45 8.59
Ni 64.84(74.67) 51.89(84.59) 67.71  74.28
w 18.34(21.12)  4.69(7.65) 19.97 7.00

Element

AEEN]

& 2

i 2T EDS &l

IS{VZ&%(\I 0ls. Dt § SOWm  VEGAWTESCAN g/
EM - 1.5 Det: SE Detector
DigimlMicmsoopyhmEingu

K3 BE A RO 3

Fe W
W Fe \ _XV_W

1 2 3 4 5 6 71 8 9 10
Full Scale 1533 cts Cursor: 0.000 keV
Kl 4 PER#iE EDS &l

T RIETCR & RIS WA S BT R 4%
JLE YR

22 BEBERMERE

32 B A V)2 MEAT P110S 76 U RN A [F] T
T PR v Yk v R R S DU T R 5 AR A
AR AT 20 B 5 B B Z2G14-1 FEAS [R) IR i 4 )8 ot
WEESH R 2 ol LB B, A 485200 18 ih
Rt/ NF A, 2220 2 D EE Y, BR 140 C T804,
A=A T A R 2234 /N T 0.0254 mm/a,
R TR b . MR T R BE IR AR LR
FEAE P110S 9909 8 Ti il R e KB AR IR 90 ‘CAEA
TR AL | (B4 5 4 5 2 B4 5 ol 5ok 23 DU 5 i 185 0
TR, XSG 4 s AN A A8 A 2 — B0 .

e B g fE v, R R HIAE 7 K, M
U 56 A R . TR T R X T R &R
M, BRI I IE K E 30 K, HEEEEAR SR
TR R DR AR A A T T kAR, I
BRI L5 R R A e T2 3 . L 3 Fal i, 454
G 05 )2 1) ok R A /N B, 3K 10 BH IR ] ot
Ja . REF AT A5 4 I R e 80 i B AR, i
Tl £l S P B3 B Al DA B 2, DRI LG 63 5 i o
RO, A AE S R SRR A R, R P Rh
T JE ol R 1] BB LN T2 AL 45 L, RS

*k2 PBELEEMEM PSS HEESEBEHERXIGLER

Ji& hH R /(mmea )

REE/C HS 43 E/MPa  CO, 43 E/MPa  CITREWRIE/(mg- L) Wis/(m-s™) X585 H1/d
P110S L E 2
60 1.77 5.08 1.030 0.0179
90 1.90 5.47 s 1.272 0.0093
1.0x10 5 7
120 2.07 5.96 1.183 0.0102
140 2.18 6.25 0.991 0.0369
R3 FWHMIATEASERMEN P110S A FE ik =R
i 3 R g7}
WEE/C H,SAME/MPa  CO, 4 JE/MPa CURHE R /(g L) fis/(m-s™) 450 J& 8/d BT 5 anmn-2)
P110S R
120 2.07 5.96 1.0x10° 30 0.1789 ~0.0085
160 0 1.62 1.2x10° 7 0.8976 0.0091




c72 T

2019 4 9 H

PR 00 R B iR B BRI B2 7R 160 'CANE HoS HYTH AL
T, BE RN E RGN T, & TR
JEh, AR R R A 22 2 DR, BTG
G R AE v s AR S R U R B A AR A T
(L5

2.3 REFIRFFAEFE M= 57 5340

Bl S ZAEHE 90 C A4 N IR IS . t
&5 AT UL, P110S ZR1HI 3 #UA — L8 ™ 1 J 1l =4
FEAERH B JE I bE o Ud B Il = W U R A AN 34 2
PE, BT REEGABORE, B RERE
2, ARMESE B IR A BRI, SRR it —2
S R s 1) L U/ B L S N B S TN
GEA ot KRBT SIS, A S5
1B TIEMATRABE, HRAS R TR, 3
W8 )2 5 AR A A B ik vk

m VECIvA\{Tl;.SC‘ANn'
Digital My oo
a P110S

saey ’ & :
HV:20.00kV 2
SEM MAG: 500x Det: SE Detector

IS{EVKII&(A)\OG 100Kx Det: SE Detector 100 ¥ VEGANTESCAN
b B2
B 5 T8 2 200 BROWE B 5

K e HR 56 S5 ()3 kE 2 T 7847 EDS J0 4T,
RN 6 Frac. MK 6 nl UL, P110S 88 JE M=)
FHH Fe. S. Cr f1 O JCRA A, U&=+

BURHBR S LY . FAL S, LA FeS
Fl Fe;,Se A E (UNE 7 iR ) BEHEWT, P110S #X7E
VBB AT, EERAET H,S JEM, 1 CO,
JE R ) R TR B T . WS TR T AR E, COy s
H,S e, ik, H,S Eihye st To0 F H Ak
JERARE S, R HoS il CO, e HAy
AL N A A SR UG, HLS By Al
PEFEAS (BB TR ), AR 6 s g 1Y) T R 4 ol A
JERRE A,

1 2 3 4 5 6 7 8 9 10 11

Full Scale 636 cts Cursor: 0.000 keV
a P110S
S
Ni
Fe Fe Wl ]
Ni W Ni
O wAb \ Cr el Voo Vw

1 2 3 4 5 6 7 8 9 10 11

Full Scale 1029 cts Cursor: 0.000 keV
b WA R
Bl 6 R E ol =4 i EDS 44T
230 1 1—Fe
2—FeS
200 3—Fe;S;
S150f
O
100 |
50

20 30 40 50 60 70 80 90
20/°)

Bl 7 P110S W& bl =P %) XRD 43-#r

WA ER UL, 72 LR TOARMET, &=
b SRR, Wi S Feo WL Ni 5§
TCE o XEETT R T S HIE A [ 5 A 25 44 R AR /I
BT ACS , AT L A T 5 A S0 B9 B ik = i, ]
BROBBH I A BB A, RS R g — 2
JEM, BT S SRS HoS PAEE By i e
P110S 544



Fl16E H£oM

MR A A - Tl TS 5 < B2 Dk PR RESE A 52

2.4 SHEFR (HIC) FaAEMH (SSC)
X 3E

WA 2R S BUT R R B S E 8
Fiias, MRS SR 4. 256 K 8 ik 4 nl s, A
S 2 EFETE HoS AW (A W) IR 96 h
i, RMESELFTCIT, JCELHL . W VE IT 2R 3R T I AR
R EME, WHEG S ELARIENITA80T
ZLPERE

G AR REFE A IR, Zad 720 h
HoS M (A W) Bk e, YA &4 W

<73 .
H, RMEPERCU, JFIOITR vk . SO A

SUEMAR, WK 9 P . mt B S aEE B AR
TRAFBIHE HaS I3 7 JE iR

K8 E a2 ulE HIC K85 B3

F4 AHERNBEHE HIC HYERVESTER
IITE R e
= I I I
CLR CTR CSR CLR CTR CSR CLR CTR CSR CLR CTR CSR
0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
a 72%o0s b 80% 0%
¢ 85%0y d 90% oy
F9 AR SCCIRR)S M
3 & SRR TR, SR, 1998, 17(4): 1.

1) Baei)Z E20Eh W, NiRaES 6.

2) MDA R e A B 0 T B il
BEERRRIEBCEFE, RNERIFR, gog, R
DUEBG, TR

3) i ST BRI AL U i g A R SR
W, B8 i)z R AR5 S E0T RAEL 2 )
JEE TR PERE .

SE k-

VASKO A T. Encyclopedia of Electrochemistry of the
Elements[M]. New York: A J Bard Marcel Dekker, 1986.
BB, 4. RS SR TTBUR LR E IR T N
HIRFFE[T). HREE S5, 1999, 18(1): 1-3.

FEhW, BUEL, MokE, & BUTRUR-Ah- G S

TRHE. kel TR Ni-Fe-W &4 i 55 b HERERIF S
[7]. VIR K2R, 2007(6): 55-57.

e gk, SPESH FBIRK, 4. Ni-W-P ERESSNE
PO 1 it AR 2 [0]. AERMAESY, 1994, 26(3): 6-9.
XUME, BFHW, FRE, B85 S EEmRN
FTr T R I]. AEMARSR, 1996, 29(5): 11-13.
RArBE, 22T, AUESEE NI-W . Ni-W-B IERES
PERPEREDTSE[I]. HBE SR, 2004, 23(5): 10-15.
ZbA, T, EEF, 4. AZ9ID HE 5 41bE4E Ni-P
Je Ni-W-P 8% 2 25 S TR (1] o @ ik B g
%, 2010, 30(3): 177-180.

EFHH. B E AN HoS BT K kb iR
44:[D). WIFE: WIREREE, 2009.

REAE. LA Ni-W-P A4 1Y b8 A7 AR5 ).
P, 1998, 22(3): 43-45

T, M, SKERE, & TRV A SRR
RSP PR, WSz 2012, 26(6): 2-6.

(4]
(3]
(6]
(7] &

(8]

(9]

[10]

(1]



