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The mechanism and protection of microbial corrosion in oil and gas field

Severe economic losses and significant hazards by corrosion
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3.34% of the GDP caused by corrosion in China, exceeding 3 trillion CNY (330 billion GBP);

Corrosion affects all sectors of the economy and equipment.
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Significant losses and threat to energy security.

R L , _ |
Pipelines Crude oil storage tanks Offshore drilling platform Corrosion under insulation
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The mechanism and protection of microbial corrosion in oil and gas field

MIC accounts for >20% of the total corrosion losses in oil and gas industry

SCNRERIpeline perforation




The mechanism and protection of microbial corrosion in oil and gas field

B The Existing Problems S T -
\

MIC behavior of specific materials in specific environments;

Materials, biology, chemistry and other interdisciplinary areas; ‘ Lack of mechanism

Microbial corrosion in oil and gas fields is a common problem.
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The mechanism and protection of microbial corrosion in oil and gas field

Ollyllels B Electroactive microbes are main causes of MIC by extracellular electron transfer

Traditional theories: EET theories: o
explain MIC in specific conditions explain MIC in more scientific ways.
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'Microbes indirectly affect the ' | Microbes acquire electrons from metals'
'concentration of hydrogen or oxygen | . through EET and are directly involved |
‘at metal and solution interface ;1 and regulated in the corrosion process |



The mechanism and protection of microbial corrosion in oil and gas field

Ol lallels”M8 Microbes obtain energy from metals
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How microbes corrode metals 17



The mechanism and protection of microbial corrosion in oil and gas field

O llplle}sReH Biofilm is the main reason for MIC ‘ Mitigation of MIC = Biofilm treatment

Strategy: Sessile cells in biofilm ‘ Planktonic cells
hard to be killed easy to be addressed
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Microbial corrosion protection in oil and gas field

D-amino acid chain enhanced biocide on the mitigation of corrosive biofilm

D-AA dispersing biofilm
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Reducing biocide usage; addressing biocide overuse; achieving eco-friendly goal
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The mechanism and protection of microbial corrosion in oil and gas field

Cathodic Depolarization Theory (CDT), Kthr and Viugt in 1934

SO g bacteris SRB secrete hydrogenase, which lowers
} Q the activation energy for the desorption of
SFB ) ra— .(QSHZO hydrogen atoms and consumes molecular
\@/ | hydrogen, causing a depolarization effect.
1 giz - - This promotes the cathodic reaction, thereby

Gazhode] accelerating corrosion.

Scheme of iron corrosion by SRB based on 1, oqenase is a key role.

cathodic depolarization theory (CDT)
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The mechanism and protection of microbial corrosion in oil and gas field

Under carbon source starvation

Width: 320 pm Height: 320 pm

Width: 320 pm Height: 320 pm

Wi-dth: 320 pm_Height: 320 pm

Width: 320 pm Height: 320 pm

(e)

Width: 320 pm Height: 320 pm

(f)

Width: 320 pm _Height: 320 pm

Pit {Icp!il 5.6 pm

Pit depth’5.5 um

BIOfIlmS on metal surfaces under SEM and CLSM and localized corrosion under different carbon source levels

D. vulgaris biofilm formed with less thickness and more dead cells under starved conditions;

D. vulgaris induced more serious localized corrosion under starved conditions.



The mechanism and protection of microbial corrosion in oil and gas field

Hydrogenase genes:
hydA, hydB (DVU_1769-1770)
6
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Metabolized H,S is not the main cause

The upregulation of hydA and hydB in the biofilms under 40% carbon source increased,;

The indirect electron transfer mediated by 2H*/H, might play an important role.
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The mechanism and protection of microbial corrosion in oil and gas field

Elucidating MIC mechanisms with a hydrogenase-deficient strain of D. vulgaris

Sulfide Reacls
Direct Fe? to with Fe®to
Microbe
Electron

Fe® Reduces
H*to
Generale Hy

Parental strain:
Markerless genetic in wild type

Hydrogenase mutant:

roatalll [rERDRESS All hydrogenase genes knockout
Appearance and biofilm images of inoculated with either

the hydrogenase mutant or parental strain. 24



The mechanism and protection of microbial corrosion in oil and gas field

The corrosion comparison of two strains
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The parental H,-consuming strain corroded more Fe® than the mutant strain, but hydrogenase-deficient

strain also induced corrosion. -



The mechanism and protection of microbial corrosion in oil and gas field

Higher chloride increases Fe® corrosion
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Higher chloride concentrations promoted faster abiotic corrosion rates.
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The mechanism and protection of microbial corrosion in oil and gas field

Increased chloride accelerates Fe® corrosion in the presence of D. vulgaris
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. . :gu's 0 12mM CI ""40
. —_ + 200 mM CI = e
The adaption of D. vulgaris from fresh water to seawater : _ S50l
o2l s | wommcr £
1] =4 e / 2
~ 2 < [ —, / 220}
10k Parental strain (12 mM CI) B g 0.15 gm .%25 / * .“‘_-// .
' Strain adapted to 200 mM CI £ - 3| ° Rt g g1of
0.8l Strain adapted to 400 mM CI- = s+ 5 <
. — N 2010  — 3 ] 200 mmer zoomvcraommcr % 50 100 fs0 12 mM G200 mM GI 400 mM CI-
80.6+ a- Width (um)
a g D pm E Km
© 04 2 ' |
| 8 0.05¢ 20 L 40
0.2t % 15 30
- 5 |
0.0 - - - - ® 0.00 10 -
0 20 40 60 80 100 12 mM CI~ 200 mM CI- 400 mM CI”
Time (h) "

D. vulgaris growth and activity

H
o0,
0_
-0t
-10 0l P
'Zoopit deptgé?gz “:{;0 600 .ur11'3°t)Pit dept;ézZB.g “:;g 500 um ;it depthzé:owe uTbo 600 hm
12 mM CI 200 mM CI- 400 mM CI-
CLSM images of D. vulgaris cells on Fe°. Influence of chloride on D. vulgaris FeP® corrosion.
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The mechanism and protection of microbial corrosion in oil and gas field

A B
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Electrochemistry of Cl on D. vulgaris Fe® corrosion Analysis of corrosion products with EDS and XRD
0 : . . . . .
Fe” was corroded faster at higher c. Corrosion products: iron sulfide or iron oxide:

Corrosion product formation was not influenced.
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The mechanism and protection of microbial corrosion in oil and gas field

Corrosion rates in the presence of D. ferrophilus are media-dependent
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Corrosion in the presence of D. ferrophilus was Fe® was corroded faster in the presence of D. vulgaris than
also evaluated in the 195C and NB media. D. ferrrophilus in the same marine NB medium.
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The mechanism and protection of microbial corrosion in oil and gas field

Shale microbiome MIC mitigated by biocide combined with D-AA

B Desulfovibrio

B Desulfomicrobium
B Citrobacter

W Candidatus Riegeria
B Pseudomonas

B Desulfofundulus

B Shewanella

B inculiured Frankiales
B Bifidobacterium

I other

Microbial community from Weiyuan, Sichuan shale platform

Desulfovibrio and Desulfomicrobium bacteria dominated in tested shale gas microbiome
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The mechanism and protection of microbial corrosion in oil and gas field

Shale microbiome MIC mitigated by b|0C|de combmed W|th D- AA

(A) No treatment ) 50 ppm DBNPA

”,

50 ppm DBNPA + 50 ppm DBNPA +
) 1 ppm D-tyrosine F) 50 ppm D-leucine

'q, .

‘\

50 ppm DBNPA + 50 ppm DBNPA +
50 ppm D-alanine 50 ppm D-leucine +
50 ppm D-alanine

L]

L3

50 ppm DBNPA + 50 ppm D-leucine +
50 ppm D-alanine + 1 ppm D-tyrosine 100 ppm DBNPA

O [ ()

Biofilm coverage reduced with the addition of D-amino acid



The mechanism and protection of microbial corrosion in oil and gas field

Shale microbiome MIC mitigated by biocide combined with D-AA
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Corrosion and electrochemical analysis with different treatments

D-tyrosine at a low dosage of 1 ppm enhanced DBNPA considerably
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The mechanism and protection of microbial corrosion in oil and gas field

Peptide (loop D-AA) as b|00|de enhancer mltlgateml I\/IIC |.n flow loop

Microbial Consortium

Microbe %
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Sphingomonas spp. 0.07
Unknown 0.63
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Flow loop in anaerobic chamber
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The mechanism and protection of microbial corrosion in oil and gas field

HNTNTN
DCC, CS, c v
— > .
ether, RT, 12 h CH,Cl,, reflux
% NH, Step 1 Step 2

;  Width = 320 pm; Height = 320 um Width = 320 pm; Height = 320 um

toluene, reflux
Step 3

eso T 200 —T™
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d MY B

£ / / @

5 % % 2 50
% % Sl s m
0 ppm 10 ppm 30 ppm 50 ppm 0 ppm 10 ppm 30ppm 50 ppm

RTIQAS synthesis SEM, CLSM, and florescence with different treatments

Rosin linked with QAS
50 ppm RTIQAS killed most D. vulgaris cells on X80 surface.
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The mechanism and protection of microbial corrosion in oil and gas field

Electrochemical tests
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Different RTIQAS against D. vulgaris MIC Control vs. RTIQAS, glutaraldehyde and THPS



The mechanism and protection of microbial corrosion in oil and gas field

RTIQAS against 316L stainless steel MIC by aerobic B. licheniformis biofilm
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Corrosion inhibition of RTIQAS in abiotic condition
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Anti MIC performance of RCB steel with Cu-Cr addition produced by China Baowu
I X70 vs. RCB steel with Cu(1.87)-Cr(0.54)

(4) Fes (B) (©)
3 te FeS, g E
g FeS E g
FeS,
X70
720 7;5 7;0 7;15 ‘Tll}l) 5;‘5 S;JII 5;35 Séﬂ 5;5 5':'[! 565 940 9_;.5 9;0 925
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
(D) , (E)
Tiﬂ Tis 7;0 TIIIS 7II]G 595 Sétl 5:35 5;10 5':'5 S'IIII 5:55
Binding Energy (eV) Binding Energy (eV)
: NS FeS is the main corrosion, Cr elements exist in the form of
SEM comparison on X70 and RCB steels Cr203 on the surfaces of RCB steel
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Anti MIC performance of RCB steel with Cu-Cr addition produced by China Baowu
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Cu-Cr steel and X70 steel electrochemistry results Cu-Cr steel and X70 steel corrosion in the presence of SRB

With Cu and Cr addition: i, pitting, weight loss decreased, but MIC occurred!
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1  Introduction

Research background

S1U91U0)D

3 Microbial corrosion mechanism
4 Microbial corrosion protection

5  Cases in real world
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Microbial corrosion protection in oil and gas field

& Microbiome collected from produced water of shale gas

« SRB might not necessarily present in shale gas fields;

e Clostridium contributed to more than 90% of microbe composition;
« Different platforms might have different microbiomes;

 Biocide treatment based on the microbiome composition.

Species
Clostridium_botulinum(44.22%) Hathewaya_histolytica(0.18%)
|_| Clostridiumﬁsporogenes(42.65%)l Clostridium_saccharobutylicum(0.17 %)
CIostridiam,._argentinense (2,36 ) Clostridium_bomimense(0.17 %)

Clostridium_perfringens(0.51%) I Clostridium_cellulovorans(0.16%)
I Oscilibacter_valericigenes(0.42%) Clostridium_acetobutylicum(0.16%)
[ Clostridium_tetani(0.32%) Il Clostridium_estertheticum(0.15%)
Clostridium_baratii(0.31%) I Clostridium_intestinale(0.14%)
I Syntrophobotulus_glycolicus(0.3%) | Clostridium_taeniosporum(0.13%)
I Clostridium_septicum(0.29%) l Clostridium_isatidis(0.13%)
Clostridium_cochlearium(0.28%) Clostridium_drakei(0.12%)
Clostridium_pasteurianum(0.26%) [} Clostridium_beijerinckii(0.12%)
I Clostridium_nowyi(0.25%) Clostridium_sp_DL-VIII(0.12%)
Clostridium_butyricum(0.21%) I Clostridium_carboxidivorans(0.11%)
|l Clostridicides_difficile(0.21%) Il Clostridium_kluyveri(0.11%)
I Clostridium_sp_JN-1(0.19%) Other(5.05%)

Clostridium_chauvoei(0.19%)

Microbial sampled collected from Welyuan shale gas, Sichuan Basin
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&Z/ Microbiome collected under insulation

“ 10cm D11

Pipeline e 5.0m D21

BWC2

e A

\\ B1 w1
4 4

TgSwWI g —
TISW T ———

zg
ToMmg
TES WO 0

Insulation Under

Insulation w2

Pipeline Excavation and Repair Schematic of sample collection

The microbial composition in different direction are totally different.
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The mechanism and protection of microbial corrosion in oil and gas field

w Modified Postgate’s B Media (MPB) might not be universally applicable

Negative ~ Positive « MPB Media was formulated by SRB research
Opagque off-white  Iron Sulfide . .
coloration Precipitate pioneer John Posgate in 1975;

 MPB Media is the NACE TM-0194 standard for the
cultivation of SRB;

[ M
" v
1} Wit gy
R T L Lty

 However, standard might not totally right;

« High chloride in shale gas, low chloride in MPB
media.

BTS

BIOTECHNOLOGY SOLUTIONS
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Thanks for your attention!

Email: wangdi@mail.neu.edu.cn
Mobile/Wechat: 13644993974
www.linkedin.com/in/di-wang-239b0a338/
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