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Abstract: In order to predict the corrosion resistance of aluminum alloy drill pipes (ADP) in scientific ultra-deep

drilling, COMSOL software was used to establish a multi physical field corrosion analysis model for simulation and

analysis of the corrosion law of ADP used in SK-2 well under the action of “stress temperature electrochemistry”. The

results show that when the corrosion system reaches equilibrium, the electrolyte potential on one side of the aluminum

alloy electrode is higher than the steel joint electrode, and the current density of the aluminum rod near the steel joint

electrode is higher. With the increase of stress and temperature, the corrosion rate of ADP is accelerated. Compared

with temperature, the influence of stress on corrosion is smaller. It is a positive linear relationship between the

corrosion rate and the working time. The closer to the galvanic corrosion site, the higher the interface current density of

ADP, exhibiting an exponential relationship. The intensive influence area in the outer wall is about 0~200mm away

from galvanic corrosion and that in the inner wall 0~110mm away from. The research results can provide reference for

the anti-corrosion of aluminum alloy drill pipes.
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Fig.1 Typical corrosion of ADP
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Table 1 Sizes of ADP

ek 13k LRI FF 44 JAREN FE R
SRS MRS JRBAE MRS NS KB/
mm mm 1% /mm mm mm m

193.68 112.71  168.00 147.00  114.65 9.40

x2 HAEEEMRESH
Table 2 Properties of aluminum alloy at

room temperature

PR 55 4] DL 7% VAN (i 5
i 8y MR/ R/ &K/
MPa MPa MPa  MPa %

2024 2.78 71000 27000 335 504 17.5

®3 WERLNFMHESH

Table 3 Mechanical properties of steel joints

1.2 HEHHEHE I

FE 4 40 A 4 FF A T 3 M BB A2 BN FF I 3K 14 RE RN
FE DBl TER B L DU i R R A B il
R, G i 48 G 4 B AT /Y BN T 0 BORE TS 2L A B AR
s % I H 2 R A ST LA
TAAHSEE S, I 12 048 8 TaiH P B
T, [ B 25 R TR A O (R UUER A & Bl FE A B
A A 1 <120 °C) 5 4 B ] 45 il B, 2% 28I B A
JE ok 5 W, K AR A A BT B R AN . AR AT
AR T 2S5O R 4, BB I H
OETHE T A8 T T 2 a8k, L&k 5,
1.3 IR o

A SIS MBI " (WE2) PR T T
FEN A, HHE T TAER WK 6. 201548 47 T O
147 mm BUAK% 58 & 4 B FF 5 — KBRS AE i, R

JE I AR HARPTHLAE /7 /(kNem) I 21 [k, Btk 233.13 m, H T I E] 634 h
JE/MPa  fEJI/KN  EHE 0 EIARE SRl (2727 d) ,ffi 11 Bt My 2966.11~3199.24 m, 2016
820 6140 ILT5 60.53 152.28 AT T kA R, FH 8 Ik, Bt iER
103.96 m, -~ ffi A B ) 336 h( £y 14 d) , fifi I B¢
J 4862.94~4963.05 m.
x4 BLOHHEIZSH
Table 4 Core drilling parameters
BE/KN  HiE/KN S E/MPa HIAE/(kKNem)  FEEHH/(emin!) EhR/(Les™) HFR/m o WIRRE/C
1700 50~80 9~11 6~8 15 22~25 4680 165
T HA A 0194 mm PO T (0216 mm #UEA ) + 0172 mm IR FFE5 B+ 0177.8 mm £ 4 + 0139.7 mm £5FF .
x5 EEHEEH
Table 5 Design of the composite drill string
FF 41 Bl FLELA% /mm K /m K /m AT/t T/t
(DIl 194 32 32 2.2 2.2
(2) BRFF4l H 172 9.1 41.1 1.2 3.4
(3) %l 177.8 72 113.1 11.6 15.0
(4) Bt 139.7 2567 2680.1 75.8 90.8
()6 & HFT 147 112.8 2792.2 3.14 93.94
(6)BIELFT 139.7 1888 4680.90 55.7 149.64
(7)T7 Bt 2.04(Jr A) 4682.94
6 WASHFHTIMEE"
Table 6 Down-hole workload of ADP
46 B i) WA/ R B /m AR /h HBE/mm WSRRE/C B pH (E
2015 4F 22 2966.11~3199.24 634 311 110~116 >10
2016 4F 8 4862.94~4963.05 336 216 170~172 >10
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Fig.2 Engineering application of ADP in SK-2
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Fig.3 Corrosion simulation analysis model
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Table 7 Basic electrochemical parameters

eI 5 K L
ISFI A B g~ A P AR H Ao Ey -0.9 \%
FAM OH WS- i Eor -0.54 \%
SV 55 % L T 5k n 3
L5 H R F 96459 C/mol
SR R 8.314 J/mol
W PR e Car 1 mol/L
WP OH i Conr- 1 mol/L
GEN DTN R o 4.5 S/m
BHM Tafel B} % 8. 54.7 mV
BA#L Tafel #}% 8. -100 mV
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Fig.4 Electrochemical parameters of 4000m

long ADP system

B 52 E M 10.1000,2000,4000 m, fii £ Fist (]
940 d, BB A A BN ATAE a b UL A7 B R .
B Rl DU Y S KR loir B 2 o 55 /A H A ok
b, b a kb B R ik TR BE R AR 4 A 1114
1.114.1.114 . 1.115 mm, b 4b &% K J& b iR B 2 91
1.115.1.264.1.570.2.442 mm. L2, a.b M7
B AL £ FE R R B A R O R R ) 1 G K, B R
A EFE I T T R 3 S SO ok R R 5 A X
TR BE B R A, A AT X R kR e A R . D3 A
S5 /0N ol DX 38K A5 DR R TR R 28K AT 19 A2 £ 5 T



A8 A 41

%5 5L F COMSOL M40 A 4 B AT 8 1 40 M

AR B AE 0.017 mm.

I 1E)=40d, ¥AJF=10m:
JE§ ol JE B AR AY, /mm

EDUT

K e

ial g

4000m —

SFENAR

| SRR A

s

(a) ZEIRAK A

HF)=40d, ¥R%=4000m:
JE§ R FE AR 4K, /mm

I A]=40d, ¥R E=10m:
S ok JEE B AR 4K /mm

A-0.121 A -0.122

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-1
-1.
V-1

|
e S i A
— 000 =10 Ul WO

Y
e

|
—_

—_— OO~ U= WN—

V-1.115

I [)=40d, ¥R J%=4000m:
JE B FE 4K /mm

A -0 A 0219

123

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-1
-1.
V-1l

— = OO~ UT W —

V -2.442

(b) ZRHIK R

B 5 AEEhAR T $hHEToR AR /S B 5L

Fig.5

P 6 2 1y L J R ol 7 5 L S R el 7
Xt o B o] LU AR B T 00T )8
Tl B, G I BE R BE fie R RS il JBE BT R 4 mm Al
0.20 mm, 5 {5 L4552 014 I o J52 38 A0 A B0 O AHGIE

A -0.02

V -2.44
E6 HMESEXRXBHMAEIL

Fig.6 Comparison of simulated and real maximum

corrosion locations

Corrosion of the top and bottom of the drill string at different drilling depths
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