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Research on External Corrosion Mechanism of Buried Metal Pipeline of Qilfield
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Abstract: Taking external corrosion of pipelines as a research point, laboratory test, site verification and spectral
analysis were adopted to investigate the corrosion of saline-alkali soil environment in north China. Orthogonal
simulation experiments with 9 factors and 3 levels were designed based on physical and chemical test results of local
soil, taking 9 main corrosion factors as variables. Standard corrosion test slices of 207 steel were used to perform
kinds of physical and chemical experiments for simulating local soil. Analysis of variance was done to these test
results. The affecting rule on corrosion rate of soil was researched, and importance degree order of corrosion factors
in this district was obtained, namely, Na® >>moisture content™temperature>Ca?" >>porosity™>pH value>>S0,? >
HCO; ™ >Cl~. Furthermore, the main components of corrosion products were analyzed by X-ray fluorescence and
compared with the corrosion products of site test slices. From these results, the main components of both corrosion
products were consistent basically, but the contents were a bit different, which validates the reliability of laboratory
test results to a certain extent.
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Tab. 1 Test results of physical characteristics of soil

i SkF LERE LBE DRSS MREE JURRE
5 /% Jgeem™ /% KE/U%  /C /C
1 20.05 1. 68 38.5 4.8 27.2 22.6
2 16,11 1.75 36. 2 8.0 29 24,5
3 10.82 1. 62 40. 4 22.8 30 24,8
4 11.52 1.53 43.5 25.8 26 22.4
5 7.72 1.41 47.4 36. 5 26 22.3
6 7.9 1.59 41.3 28.7 33.2 23.2
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1.2 ERXEMEENLE
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P11, DL o8 oK AL FL B B PR IR
Na* .Ca** \HCO,;,S0,% ,Cl™, pH %5 9 Fp A
Z R R E 3 K nEE 3 Fis. L
30 d R SR AT 9 I 3 K F(Ly 3D Y NS 1k
B R 1E AR IR
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Tab. 2 Test results of anions, cations and pH value of soil

o K* Na™ Ca?* Mg?* COs* HCO; ™ SO, % Cl™ ol
Jugeg ) Jugeg D) Jugeg ) Jugeg D) Jugeg) Jugerg ) [Gugeg ) JugegH
1 9.097 0 79. 62 37. 36 0 137. 29 0 23.5 8.13
2 2 312. 349 2690.73 0 983. 84 74,935 413.98 194. 05 36. 2 9.16
3 137. 866 715.93 96. 93 283. 31 13.176 248. 2 65. 18 37.2 9.25
4 8. 919 56. 13 38. 41 55. 49 0 137. 48 24,74 32 8.1
5 20. 099 0 98. 82 63.99 0 129. 17 27.83 29 8.1
6 65. 287 5. 34 8.12 37.13 0 64. 98 27.76 25.7 7.52
7 1 280. 166 1923. 25 960. 92 1055. 34 53. 665 640. 25 109. 87 39.8 9.24
8 680. 618 1241. 95 110. 69 728.95 31. 822 310. 08 430. 69 23.65 9. 46
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Tab. 3 Arrangement on factor level

- A B C D E F G H I

T kY SLBREE/ % BREEIEEE/ C pH HCO; /(ug e g ) SO /(ugeg ) Cl /(pgeg ) Na' /(pgeg ) Ca® /(pge g )
KF1 5 40 15 7 100 50 20 10 50
K- 2 15 45 20 8 250 200 30 100 500
K3 20 50 25 9 500 500 40 1 000 1000

RN 2 862. 4 mm®, fEILA — Itk 5 mm il AR A IIR A R UL 4.

)R S TTAT 63 mm /ML IFFTH NS . RIEEHL PT T 08 B A 25 19 2H 190 3 1 g ol i /s i B
Tﬂﬁﬂiﬁiﬂ*ﬁﬁ’ﬁ%ﬁ?%fﬁo %4 L27(39)§7k$&iﬁ3ﬁéﬁ%

R TA L 9 > G RE L L e .
BB 2 O 1 R E@ﬂh‘/ﬁiﬁéﬂﬂ% Tab. 4 Experimental results and factor level of L,; (3%)
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?%ﬁ%%%@ﬁ*ﬁf%%%ﬁﬁﬁﬁﬁi,*ﬁﬂ?ﬁ'}? P T 0'0473
ﬁ %%gﬂtﬁﬁiﬁ% 61 2 2 2 3 3 3 1 1 0,006 3
(3) AT A A3 R AR B, SR 5 X AN 71 3 3 3 1 1 1 3 3 0,079 7
AR bR § 1 3 3 3 2 2 2 1 1 0,006 0
, 9 1 3 3 3 3 3 3 2 2 0.0723
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B AR, FRUR AR IS ) “w o2 2 3 1 2 3 1 3 1 0.1326
(6) I F- (1 - 1 8 ol ok 29 52 2 3 1 3 1 2 1 2 0. 0420
- Am 6 2 3 1 2 1 2 3 3 1 0,036 9
YTt D o231 2 2 3 1 1 2 0,032 4
e e S T
FHE A AR L g s AR R, m? 52 N E w1 1 3 9 9 13 9 020337
Sl s b 2% 1 3 2 3 2 1 3 2 0,155 4
(D) ML AR X FLRIOGESITE » 5 2 1 35 1 3 2 2 1 0,045 2
¥ A AT % 3 2 1 3 2 1 3 3 2 0,083 0
1.3 DUFRIERE M3 2 1 3 3 2 o1 1 3 0,027 1
HT IR R LR e 0
FIENTRM R A R IR IS S B SR HE v 2 1 3 s 1 s 0' .
T T Y . K1 0.385 0.556 0.389 0,445 0.476 0,497 0.586 0,230 0,435
2 #£RE5itip K2 0,693 0.593 0,484 0,541 0,509 0.564 0,488 0.514 0,550
L K3 0.471 0.400 0,675 0.562 0,563 0,487 0,474 0,804 0,563
2.1 ﬁwﬁ%% BL0.043 0,062 0,043 0,049 0,053 0,055 0,065 0,026 0,048
2. 11 ZRRELER K2 0.077 0.066 0.054 0,060 0.057 0.063 0.054 0,057 0,061

A 3 BB AU A IE 3SR (L 37) B3 0.052 0,044 0,075 0,062 0,063 0,054 0,053 0,089 0,063
BB ZE AT, 32 4 B, EAT T 27 413 pRS4Dl 48 R 0.034 0.021 0.032 0,013 0,010 0.009 0,012 0,064 0.014
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Fig. 1 Appearance of test pieces before (a) and

after (b) corrosion test
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Fig. 2 Appearance of test piece after surface soil wiping

(b) RIS

off (a) and appearance of test piece after corrosion product

wiping off (b)
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Tab. 5 Analysis of variance in corrosion rate

JEKWE BEFM O AME  FH WAME B
A 0. 005 626 2 39020 446 *
B 0.002 316 2 16062 4.46
C 0. 004 730 2 32807  4.46 *
D 0. 000 861 2 05970  4.46
E 0. 000 427 2 0.2965 446
F 0.000 395 2 0.2741 446
G 0. 000 824 2 05717  4.46
H 0.018 308 2 126972 446 % x
I 0.001 098 2 0.7614  4.46
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Tab. 6 Percent contents of main elements of 3 level corrosive

mixture considering moisture content as main factor %

FEILE Mg Al Si Fe K Ca

HadE 1015 10.483 34.095 42,843 1.468  7.383
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Tab. 7 Percent contents of main elements of corrosive

mixture considering all factors %
FELE Mg Al Si Fe K Ca
Aagw 1,097 11,715 38.004 38.824 1.629  6.050
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Tab. 8 Percent contents of main elements of
soil specimen %
FELE Na Mg Al Si Fe K Ca
HAEE 1046 1.419 16.958 63.203 5.222 3.496 6.125
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Tab. 9 Percent contents of main elements of corrosion

product in site verification experiment %
FETLE Mg Al Si Fe Ca
HAO&E 1062 18. 757 15. 931 54. 586 3. 586
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