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Application of Ni-W-P Alloy Prepared by Electroplating to
Tool Joints
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Abstract: Tool joint is a key component in oil drilling, it is important to improve the wear resistance
and extend the working life of the tool joint for enhancing drilling efficiency and reducing drilling cost. In
this paper, Ni-W-P alloy was prepared by electroplating on the surface of tool joint 4137H steel. The
composition, structure, surface morphology, hardness, and adhesion of Ni-W-P alloy were analyzed. In
addition, the corrosion resistance of Ni-W-P alloy in high percent of H,S or CO, was also investigated.
And moreover, the experiment of repeatedly unlocking the Ni-W-P alloy-coated drill tool joint was also
carried out. The results showed that the Ni-W-P alloy had smooth and compact surface, good adhesion,
and high hardness. The average corrosion rate of the coating was 0.0059 mm/a in high-temperature and
high-sulfur media. The anti-sticking property of Ni-W-P alloy plated drill tool joint was more than twice
as high as that of conventional phosphating, and the service life of drill tool joint was prolonged remark-
ably.

Keywords: tool joint; nickel-tungsten—phosphate alloy; electroplating; anti—sticking; corrosion resis-

tance

s EHE: 2018-09-25 &EIBHE: 2019-05-25
fEEEN: HRFE1976-), PH TR, EFZNFHESME S T2 R HIF5, Email : leitongxin@163.com



2019 4F 10 A

BESHIR

A& E 10 (R 319) -39 .

H i, 7 K 22 80 1 kA b s I & BB,
T B 7K 3 30 Ao 38 A A K R I E 74% , I
LI 5 VG 08 it DX 9ty FEY R 0 2 9l < FH B R R
AU IR H AL, RIS
CI'.CO, Fl H,S 58 JE 1l M A T, CO, 7E IR B T 231
B P Bk, A ks SR AT 3K 20 mm/a. FEFR P H
1, HLS SR A S B Y, R R X I A8 R i PR A >
JEEE, AL ORI A 2R AL BnE AR A
PRIRSER A, PRI, 4% 30 FE G SR 9 38 4 0 R A )
S B SO LR GHOR e BT R AT ALY 3R 2
T, K Bl ik R Sk 2 1) R 4 R 4
e DL R AL HIFE A o S AR, F A A 9 Tl
BT R R B I R B AR .
Tl A e 7 B B TR R R B AT
T A2 TR A () BT Sk W L R B AT D, B 5 R
F A 3 SR LI R AT SR AT ARK . A
A, 7E TR FL PR T Sk 2 s R S A
FHi90% LA L, FIBHEE I TAE R B P 2R Z I T
fA) HLS A5 A o i, 33 3k 5 Rl 4 S AT LAY
775 ki s R B TP BB

SRy T iR 3 3 9 JR Tl xR, Ni-W-P FL AR
AR B A ELAG R A B ol | R 1 4
PR R DRI T i R G S B X HLS .
CO, . CI BT JE MR R 4F, ©AESIM AT B SR
I L, ARAS T8 BRI A RE o
T TR FH S5 A Z2 90 F A T2 30 B E HE Ni-
W-P & 4 L UTREE AR R T 8T8k i B 4,
HA AR G RO o AR SCRLRS AT 3235 41 RE 4137H
AR AR SR F B TR B R i 45 Ni-W-P & &85 )2,
WEIE T2 A0S0 RE B (455 7 (it HLS 8 o 55
e, JEXS A S8R T T _ i

1 SLIGERSY

1.1 HEENI-W-PEE

PLAI3TH N EEAE , R R A S /R B B4y
NEIMBERABRES S & T2, AT ZmER
AR R R L BR 5 — K e — rh Rl — /K e — HL A B vl —
IR Z il — 7K Y — HL B — K e — B A B (R
200 °C,Bf[E] 2 h) .

B ZH RN TS 454 R - NSO, - 6H,0 100~200
g/L.. Na,W0,-2H,0 10~100 g/L. H,PO, 10~50 g/L.

YC-5202 78 Jn 5 20 mL/L, L& 1 ~ 10 A/dm?,
pH 2 ~ 8, L)% 40 ~ 80 °C., il # M4 2 JE 1 2 hy
20m,

WAL S il T2 5500 R - WAL R B 20 um
WL T L3R  BIE —HUK VR K — Bk — ok
Ye—EHA .

1.2 Ni-W-P&&£ERRMER MK
1.2.1 &# EE. &4 hhK

K H JSM-6700F 24494 Hi - 5 1358 (SEM) Wi 4¢
b 20 22 1 T80, R FH D/max-rA %1 X 528 A7 1Y
(XRD) 73 Hr 9% J2 (9 4548 , & HI NDA210 2 X 5600
TS 2 AT LT 3T

K HHVT-1000 %507 5k Ak B2 1100 2 6 4 9% )2
F) SRR B, 2T 200 g, IZR ] 2 20 s

Z: M8 GB/T 5270-2005 4 J@ FEAK 1 4w 78 55
JZ U AL TOBUZ B B 00 7 T A )
o A SRS . B AR A AR R 150 x 25 x 10
mm , &Sk B 53 mm, 25 i A <600, LA il
A 4000 wm/s #4725 S5, WSS Ni-W-P 5 4 5
25 RMM LSRR
1.2.2 T F§ S ok g8 A
1.2.2.1 #WALSR S & (SSC) L6

KHH 115 x 15 X 5 mm ALK FE4A 4K B8 Ni-W-P
M4 T 245 8% 2, R F NACE T™ 0177-2016 5 i
A VAW, MHE ASTM G39-1999 (201 1) F i DU A5 25 iy
R TS0 . SEYS N ERN TR 85% o (703 MPa,
Sk b i IR B o =827-1138 MPa) , 52 1 Bif 6] Ky
720 h.,

1222 BRSEREMEE

F H 50 x 30 x 3.3 mm HLA B XL AL (L7210
mm ) Fe A AL LA Ni-W-P 8% )2 . ) e i o8 1 S
SUATE B B RS 5 % B, A R 4l
ASBE 2h, BEJS A CO, FH,S SR, FHE T E 3
BEVTHER , AR 25 1 DL 3% 1

®1 BESEEHGNFEE

Ei=tan S

Cl /(mgL™") 100000
H.S / MPa 2.18
CO, / MPa 6.25
MWEE / °C 140
SEHRHTE] / h 168




40 - Oct..2019 Plating and Finishing Vol. 41 No. 10 Serial No. 319
LA R RO 22 TP U IR TEIE HHAE 20 09 40-50° Z [R]77 AE— > SE AT U6, R I I

P5 T = B v i R A T S
1.2.3  BAGINERE MR

FEA137TH SRR FF 2 Bk i IR 2 A H T AR
Ni-W-P & &4 )2, 8 2 2 0 20 pm, fH H
7Q203- 125111 & T 3 F7 8 5 Ni-W-P & 4 Bl A2 3k
R AR T 75 S I 1 5 L N 2 | 1 f 1=
AERAEIT

(1) B Se 44 B fe /LA 20835 Nem | B AL AR
31256 N+m . 5 KHLH 41670 N-m i =¥ _FHIn5z
B, SR I T BEAR SR T, WU G MR 2 T L
B, e S AARE

(2) 8K ) 4% B e ROHH A (B 41670 N-m, 3% S2 i
10 % L0, SR 5 S W E MR S0 3% T S 1 40, 1
U SR RE

(3) R J5 fie K4 JH {H 41670 N-m 19 1.2 i
(50004 N+m) , FF 34245010 & _EEIH0, SR )5 T 0
SRR F I O, S A e

(4) 8K J5 44 e 5 R AL A 41670 N-m 5 1.5 £%
(62505 Nm) , 4k 22 @I s , LA 10— A
9, RS G  AT AN, G SR [R] B0 414 4 B
S5 T I A s % IR S B, A ST BN
THUEA A AR, B B IRGUTE B O R 0 R A
ISEIEIN ¢

2 GRSt

2.1 FEEHEHBIRIER

Ni-W-P £ 4 95 )2 (1) 2 00 FN SO0 35 an /&1 1 e
7N BN 2 Sk B 0 L BE NI-W-P & 4 i i A
EZ S AN, TR

B 2 B 45 R AN 2 T 7R, L Ni-W-P & 4>
H W Y e 24.7%. AAEL 21 XRD Bl E AT LA

(a)
LT RN
WMHMWMWWHM

(a) TR (b) WMMAHR
1 $EZSNi-W-PEEERENRAMBIMAR IR

B Ni-W-P & &89 2 HA W B IE RS- . Ni-
W-PEEEZUNIWILENE, B THLEP.C
LR HPh WS A S E A BRI
M, BEESEZT W SRS, 2 RESE
W U AR A A B T W A A A A
WiAs, AL KBEA TN, AR REL
Fato-tod R B S AR 2 A T ks AR TR R L
B WAL, S T A A 0O ARG D
Ni-W-P 8 2 i i prh e R s
2 Ni-W-PEEHETES=E

JLE Ni W P HE

T/ Wit 71.08 24.70 4.08 0.14

Intensity/cps

20 40 60 80
20/ degree
2 Ni-W-P&£#EER XRD i

2.2 EENEMEE

K Gt 2 ERE R T B 2 A 2 FC R
780 HV, FLAK 4137H H9 it 4 A% S5 >4 320 HV, Ni-
W-P 5 J2 0 3 AR (0 2.4 1%, X 2482 BA R iF
i B Y B K
2.3 EEMLEEN

13 2 HLBE Ni-W-P A 4 i0RF 28 257 il 552 56 F1
AR AN, AT, Ni-W-P 5 458 )2 R
Bt 2 60° B A R AE M TE IS , 25 SR 6] Ni-W-




2019 4F 10 A

BESHIR

A& S 10 R 319) - 41 -

PE G E SRS LS IR T 882 AT
3k BB AS 5 i 7% o
2.4 EETE MR
¥ HI NACE TM 0177-2016 b5 i A 75 W , 1R 42

ASTM G39-1999 (2011) b 7 I 5 35 i 125 X Ni-W-P
B AR R T SSC L5 . Kl 4 L5 e 1 34

i IR, 0T LU A R A AR, SRAT5 1
HICW W6 b, 3% 26 B Ni-W-P & 4 8% 2 BA {57
AL SSC 1 fE .

B4 Ni-W-P# = SSC LI /MR

SR FH i R v R 2 X R R A T B T 00 v R
JEJE 25, SCI0 28 AU (0 RIS v kR,
Bk SS9 2 8, Fr A R B R W& 5 irs . T LA
LB R R T B k&R . MR R E T
At Ni-W-P B 2 R Yk 3 2 R 0.0059
mm/a, 8 NACE RP 0775-2005, % Ji& ih J& T 4% B
Jé§ ik

5 Ni-W-P$EZEJE ik o0

K FH 5 455 SEM FAE 52 55 5 1) 9% )2 5URE 19
TS, R ME 6 FiR . nILLE H, Ni-W-P &
G0 ) T R 1T ol M B S BOE L J ke  2
R E i, H¥ )2 T2 Nids E M4
K

K FH B AN 38 b S 0 5 R R 1T A9 1847
SERMNFR 3 Frn . =) 2254 NiFe S, 0,

SEM MAG: 1.00 kx  Det: SE Detector 100 ps N\ TESCAN
i Microscopy /]

B 6 Ni-W-P$EEEM/ZH SEM

Ni 5§ Fe (R F & 2 15 S IR & A2, HEWE
Pl =4 3 R NS A/ FeS, A W A JE h =) .
FERS st B, Won R A9 R R Y R — )= Bk
FEE, AT DA 80 il HL,S FBRL B A %) )8 1ol DT e Ni-W -
PHEJZE A T E B HLS A5 felk 7ih B AR

3 BEBHASHNER

P Uk TR ol
B/ | BT/ 6 | B/ Y | R/ %
O 6.67 16.79 4.73 12.29
S 33.40 41.93 34.04 44.14
Fe 5.57 4.02 5.84 4.35
Ni 54.36 37.27 55.39 39.23

2.5 ShFTHESLBAREINLIG

A3 IR AL 3 3 A Ni-W-P B 243k I & )
1, IFAE i AR UL SRR S W, 25 A an & 7 e
o ATLAE B0 3R 50 U1 H2 T 4f 2R
PR AT, 205 70 YT IR B ™ F AR, 5
100 K IHE S AR % o T Ni-W-P & & BifT ek 7258
70 YT H BRSO S BE 8 , £E 55 200 YRS A T H 3R
FESURTE LG IR EORNSA A8 b . Ni-W-P & 4 4%
Sk E DAY B AT K 200 Uk, 18 K TRk sk, W]
RS IR 4 S 1 ol B

T 42 S R 0 IR E A5 T PR TR SRR
FETRLE 2O Tk B A AR IR, £ N SRS
TR AKGES . BT Ni-W-PY 2RI,
A —E WS EEVE T, HL Ni-W-P 8% J2 0 5 5, T
PRE S5k, I B R A AR et B LR AT 42k
B Ni-W-P & 4 )5 HA L5 Bk ik g, i ) 1
KA AT 75 A B AR oA B R W 2



.« 42+ Oct..2019

Plating and Finishing

Vol. 41 No. 10 Serial No. 319

(e) Ni-W-P3Ek, 70K

(f) Ni-W-P3Ek, %8200 %

B7 BELEESLFINI-W-P#EL FEIISRER

B,
H —
— <«
— -
S
-
£ -
-,
— =
(d) Ni-W-P3Ek, #50%
AYAN
3 FHig

(1)Ni-W-P 82 AR A
LA e R e B M fE

(2) 25 il 52 56 5wy 5296 2 W Ni-W-P 45 4 9
B SRR S IR I 45 B R T

(3) b 3NS5 R W Ni-W-P & 4 44 AT 45 3k -
IO T IR BE AL B Sk 1Y 2 A5 DA b, T A AUE
F2 3k 08 i

(4)Ni-W-P 52 AE R MO0 T A K47 A 5 ik
PE FEAIM B S EA T R 00 T 5 .

&% 3k

(1] %REE, F#R, A, 4. B4EahE A m b r Ry
FLI]. S KRR T.,2009,52(10) :430-433.

(2] L /MR TR EL RSSO S M
PeAb 55k ]. ALK, 2016,44(8) : 11-14.

(3] XUmelg, fL2e o, 307 E, 4. R EE T 2 e v A
o TR R S S 1], b T iRHE R, 2017,
43(3):33-35.

(4] R, EFHHC ARG, 5. A S him Tt 61 ik

45K, SNUDE S AL,

(5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

SUBRBTEL) ], B SUR,2009,28(10):4-8.
XUAEHT, U A8 KA BT, 55 T CO, B R A AN
M. @bk, 2012,33(3):239-240.

SRR B, XU ) 36 R B AT Sk i A AL B A T
PpE() ], BEEMRST,2009,42(9) :54-56.
PN, KoK B, B, A S e T TR AL AR R I
ODHHREORPITE ], R0 THE,2006,5:46-50.
RIS, BRESE ZEHAT L A5 BT HESORS 0 R P 43 A
[J]. AL, 2016,52(10) : 746-749 .

PR MR SR DR, AF . TR G P2 TR
ARE R HPERELY ], A k7], 2012,26(6) :2-6.
Allahyarzadeh M H, Aliofkhazraei M, Rezvanian A R.
Ni-W electrodeposited coatings: Characterizationg prop-
erties and applications[ J ]. Surface and Coatings Technol-
0gy,2016,307:978-1010.

Al s, AR, A RS PR A E
PELI] . bk S5 Bi,2017,35(12) :1256-1259.

Fbd IR, ek, A AT RS A T 2R
MR ], ArimdLg, 2012,40(2) :75-77.

JAMR KA AR, 55 LB [R]85 e il AT A
R e K Jy 2 vk e ()], HUBE 5 IR, 2010, 29
(10):1-4.



