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Abstract

Objective: To analyze the electrochemical performance of A13 type Al-Zn-In-Si sacrificial anode in
sea mud environment without/with sulfate reducing bacteria. Methods: A 4-day forced current
standard test was conducted. Scanning electron microscopy (SEM), energy dispersive spectroscopy
(EDS) and three-dimensional ultra-depth-of-field microscopy were used to analyze the corrosion
characteristics of the sacrificial anode and the changes in surface element content. A comparative
study was conducted on the electrochemical performance of A13 type Al-Zn-In-Si sacrificial anode in
marine mud environments without and with sulfate reducing bacteria. Results: The electrochemical
capacity and electrochemical efficiency of the sacrificial anode in an SRB-free sea mud environment
were 1908.77 Ah/kg and 66.78% respectively, meeting the requirements of relevant standards;
while the electrochemical capacity and efficiency of the sacrificial anode in an SRB-containing sea
mud environment were only 1238.67 Ah/kg and 43.33%, which do not meet the design standards of
sacrificial anode cathodic protection in marine mud environment. At the same time, a large num-
ber of densely distributed corrosion pits were formed on the surface of the aluminum anode in the
SRB-containing sea mud environment, showing typical uneven corrosion characteristics. The
maximum corrosion depth reaches 1230 um, which is approximately 4 times the depth of the alu-
minum anode corrosion pit in an SRB-free sea mud environment (about 300 pm). Conclusion: In an
environment containing SRB sea mud, the electrochemical capacity and efficiency of the A13-type
Al-Zn-In-Si sacrificial anode are only 1238.67 Ah/kg and 43.33%, which cannot meet the cathodic
protection design standard requirements. Therefore, the application of aluminum sacrificial anodes
in marine mud environments must pay full attention to the factor of SRB, especially when aluminum
sacrificial anodes need to serve in the marine mud environment for a long period of time.
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1. 53|

B FRE 22 B A PRIE A TR, s Sl N 2 R B AT SR AR A, R R ] SR A 0 B iR M i e
IEAEE RIS SCItE . a0, R IEIE AT 5 BV MRt 3 dr iy 100 46, HEEREOCHT B dr B /2
IEF] 120 5o WFPER AR IR, ARAS TR AT R T AN A5 A4 0 IR I 2 A 1 74 i AR
TRz A K 2 amiz g [1] (2] (3. e XAR e A i B il 7y, R 1 KR e TRE AN AS
Pt . DAVRHPAlIE St AR XA 1 32 AN FCUTE AT 1 MESRIERE R 6.8 2~ BRI IR FEIA[ 1] -
N T RIEE TANFEUUE s ik, SRATERIE SR FIRRIER & 1075 2K EASEEUIRAS A 3 3 B B4 K

TR ANES TOHL A7, CEMSEZ MR IR R MIALE[4],  th TR X R 5 PR
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PHIREE, VMR AR, PR AR AR EER,  WIBR R £hi4 5 B (Sulfate-reducing bacteria, SRB) [5]+
YA JRF(IRB) [6]. AL TE (SOB) [7]- #h%E L4 (MOB) [8] [9]. b, Mk 52 B SGVE (L iR 25 14 R
SRB, ‘& # A A& BRI FR AR M Ty (MIC) R SR AR #5107 - SRB FI FH /K H A LS BRI, K SO;
BRI STEE H,S, ARHEIRE T H,S #2154 4 s B bl 22 22K K [11] [12] [13]. 2430, RS T SRB
JE G B S R ALEIE 2R, WA R AR[14], BRACERRPESTR[15]. WRERIb[16]5. F4t, BRERE:
W JE T 53 U BAN SR S I(EPS) FT LA & &8 BT, AT S JE ik (1) R A= FGEAT[17] . WFFESE KB, SRB
ATLLSECE M SRR, AFEN . SRR AN, HA SRS S M E 18] [19] [20] [21] [22].

Zhang %X /K - R IRAR X XT70 B Lo AN 1 AT NdAT T AL, R IAE B e M55, BT SRB
Z 57 RN, Ik T RE R JE g 2 [23] . Zhang [23])55E AL R L, 16Mn AWAE S SRB e PR P K
TR A AE T TR IR BT K 4 . JRIRE VR 55 IR LI U PS5 o AT 4 AT 114 P A 23 38 R B IR Tk R B o
{10 R 27 KR, R BRI Hh TG A O AR R T 2 300 H 7™ B (1) AR 25 501 J§ i [24] - Fang Guan S5 5T 2 9L [25] SRB
REME T KA Al-Zn-In-Cd 556 &R, 56 S4B R R =402 AlS; F1 NaAlO,
[25]. Tiansui Zhang &A% 1 SRB XJiE/K IR EE X80 & £64M 5 Al-Zn-In-Mg-Si 47/ AR 1 A8 85 T AT 2 1)
SM[26], BT A S SRB HEKIAE N, & SRB /Kt A e A8 iod B ARt Rl S 3 ke

TG K PR B AR AT BH B (1) FELAG AT AT & T R T KE MR TAE, TR T 4 B AL 77+ 1
REVPAN S FARRAR S T bR TG [27]. SR, TS, JUHREH SRB MR M sh &t &
TG 4tk BE A, VBT T ARG 802, A5 B X P (1 A A O A i e 235 1 REPPAN 5 Y R R AN 5 38, T X L8 AH
SR LA 2 e B BN T e A Hh I T A S [ AR AR B T Sk A e

AR FH 4 3 ) B R AR A T 920 EE BT AT T Al-Zn-In-Si 54 B R AE A 25 F1-r SRB H g FRa ob (1 Ak,
VERE, R =4 E B I RBI(SEM). R EIE(EDS) X 55 Ak 1 56 5 A 5 A 2 T S ek 7
FRIX TR AT HEAT T IR, RIS A S R4 SRB A5 A 474 F A 2 18 Ji il o i) B L 77 A O L 46 T
TR .

2. SCIf
2.1. SCIGHHRLEI&

A SEZBG A FH (0065 AT A BH AR T R VA P 3 A i A Ol ¥ 1A PR W A2 77 1) T8 5K Al-Zn-In-Si 4
EFEAR, A E b G - 8 - SRS SWPERI i) (GB/T 4948-2002) [28]H MLsE i A13. J& SCAT
W ARG A B AR 2 48 Sz 56 v Al A P48 58 Al-Zn-In-Si 5 FEAR,  BLAR RS L35 1.

Table 1. Composition table of sacrificial anode and A13 standard mass fraction table
= 1. AL 4HERAR AR P R R E R

Chemical composition Mass fraction (%) Standard mass fraction (%)

Al 94.5000 92.555~94.115
Zn 5.3100 5.500~7.000
In 0.0265 0.025~0.035
Si 0.0872 <0.100
Fe 0.0467 <0.150
Ca 0.0107 <0.100

Other 0.0189 <1.500
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2% [H brbrit DNVGL-RP-B401 2017 [27], #4456 RN L/E s B #E, R~1 2 @10 mm x 50 mm,
TEREL L. &5, MRIKA 180#. 600#. 1000#7KEERPACHT BEARAEBHARR T, SRR TCK CBE . TIERTS
DeF It 2R, K PN BIAR TEHR /NFL A, SRR SR BB, ORUEHHE B A 5 4k
PRI EEFERE . BJa, P A s A O A R (R JEG0 LA B TS, R R e P R B, A PR A A B T AR
910 cm?.

ARSI YR ASTM D1141 wh (e B N Tk [27], B W3 2, BEEMANTHEK pH N 7.7,
H 5 %4 30 mS/ecm.

Table 2. Composition table of artificial seawater

F2. NIigkmaR

Name CAS Brand Purity Concentration(g/L)
NaCl 7647-14-5 Macklin AR 24.53
MgCl, 7786-30-3 HUSHI AR 5.20
Na,SO, 7757-82-6 HUSHI AR 4.09
CaCl, 10043-52-4 Macklin AR, >96% 1.16
KCI T447-40-7 Macklin AR 0.695
NaHCO; 144-55-8 Macklin 99.99% metal basis 0.201
KBr 7758-02-3 Macklin 99.9% metal basis 0.101
H3;BO; 10043-35-3 HUSHI AR 0.027
SrCl, 10025-70-4 aladdin ACS 0.025
NaF 7681-49-4 Macklin PT 0.003

2.2. HEREEREAIETR

SRB (Desulfovibrio caledoniensis)# FH 1 A< S AT44: BH AR (148 s A= 490 - FH T35 77 SRB ¥ JC B 85 77 2 pH
N 7.2, Hh &4 (/L): K,HPO,0.5, CaCl, 0.06, NH,C 11.0, (NH),Fe(S04), 0.2, B#RHEE) 1.0, MgSO,-7H,
00.06, FrxEREN 0.3, FLERIN 6 =TF, WAL 3. HKHIRMIFIREL 121°Ca oKL 20 78, ARJEiH
NEAE Ny it 4 /N R LBV AR E(DO) . F SRB 7E 37°CHi 754 10 K, LA3K1S R SRB ik fE. @it
LA 6000 %/ 8 (138 550 5 2 SRB 15 973E A i) FeS Jiki. Al LA K/AME N 0.22 um JEME, @i id e
SRB 4l & SEAE IR R T . JUMERG, ¥5H KE SRB 4IRS 2 ARy 200 mL (IR
W, SRE B IR R SRB 0L, DURAFEA mA ik 1Y S 4 SRB IER[29] -

Table 3. Composition table of SRB liquid medium
7 3. SRB R EFEM TR

Material CAS Scale
K,;HPO, 7758-11-4 0.5g/L
NH,CI 12125-02-9 1.0g/L
CaCl, 10043-52-4 0.06 g/L
(NH,),Fe(S0,), 10045-89-3 0.2 g/L
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gk
Yeast extract 8013-01-2 1.0g/L
MgS0,-7H,0 10034-99-8 0.06 g/L
Sodium citrate 68-04-2 0.3g/L
Sodium lactate 312-85-6 6 mL/L
Ascorbic acid 50-81-7 0.1g/L

2.3. KT R

SEEBG S FH PR DURR I BRI T Sy, JRAE 121°C . 5N 103.6 kPa RS K I 24 h, B
ORI AT WA 4. $RIGY) 400 ZTHTURW, I15 100 ZTFEHE KR & . A4k 400 mL LR 1
5 SRB WY, 15 100 mL M 8 mL FLRES IR T W o R 5 57 340R &, SRB KUKk N
10° CFU/ml [30].

Table 4. Particle size distribution of sea mud

=4 ERRREN

Size (mesh/inch) Aperture size (mm) Mass fraction (%)
5 3.860 6.48
20 0.900 60.44
80 0.200 26.67
400 0.038 6.13
>400 <0.038 0.28

2.4. BALFEMEEMLR

4 ORI i o) RO A R BE R AL AR L A S A SR R S O G A T el i e A 2 R
DNVGL-RP-B401-2017 Ff5% B [21]3E47» 4k BHA N TAF Bt 304 ANEEARKE J Xt eLA, TR 580 cm?,
PRI H 7Rk BRI R 2 L B AR (55 24 h I iE—IR) o B3 DRt 10 %) LA 285 A DL 26 50 S BRT JiS B°) A 43 Joid )
ESIERE R EE, REE] 0.1 mg.

Table 5. Current density requirements for accelerated experiments
F® 5 MRS BB EER

RGN E] (h) FELI 2 5 (mA/em?)
0~24 15
>24~48 0.4
>48~72 4.0
>72~96 1.5

25. REFIMMM S 534
7 3R T ek s e U A B A0 R T 2 WP B AT 2R T Ak P A o A AR R T S )
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B85, RH LeicaDVM5000HD 5% — 4E AT A e et LU 1 B & 2 T8I 19 5 T 5

K F ISM-1T200 4534 f 7~ S 4808 20 A 77 5k i) L I 106 45 RS PR BEARGR T B X T 3R B 4% - K & 2
R FRIRE IR N B9 B R 2 /NF, DA B [ 5 A2 HL R THT, SRS AKX A 50%. 75%7F1 100% £
PBS W Bi/K (BE X 15 405h), 2T RRmi4)E, X aRER T AT B43R F 454 B BT AN R 1S 30 4T W 22 A
.

3. &R511i8
3.1. BEMEmAEH

MRHE R IR IR 78, 75 S50 45 R J5 X ATV B AR e [27]0 ISR R0, ¥ 8 PR 58 F0 A7 2 IS 402 3 1D V48 A AH
XF¥I5), TS SRB e PR 5T KR4 BH AR 2 1h A T B R ke, e o B 2 DR B e 0 [31] . S
FAVIETF Ve & SRB W Je 540 M FHAR R ik ™= iy Rt b, [ 380 7 R B0 RAG BV, | T 3R VT A
S, W FLE pH R IETCVEREAT, AN TR R £R 34 SRS N A BRI R AL SRR [29] . AE S BRI A B
WA T JE b = iy, JRATT I T R R I pH B, S RT FUAR R T T AP BT IR R AR
pH B HR R ST, WAEFEIEVRAT, U A% PHAR N RO 200 5R F pH 4R i ™= ) & T gk 47 7 s,
BEARUE 6 P,

Table 6. pH of sacrificial anode after corrosion in marine mud environment
7= 6. MHERARE SR IME TR Th/EHY pH

>~ Environment

- ~~
pI—T\\\ Aseptic sea mud environment Sea mud environment with SRB
Number ™~
1 5~6 3~4
2 5~6 4
3 6 4

ANE SRB RIS R FEARE TN pH EZ8 5~6, T SRB IR IR 52 APk FE AR JE Tl pH
HR3~4, AB TIRERmEWANEEY, BEER, RATHEN, XTaeRHT SRB 25 7RI HIEIFE X
B, A HoSy HS 5 EUALII SR 1 [30] 75 B 2 Fi Tibyc P9 45 B8 1 7K AR S T B T Jed 40 B ik 1) R 14k B
5i[32]. WaA=(1)F(2).

SOZ +9H" +8e” — HS +4H,0 )

APF* +3H,0 — AI(OH), +3H" ()

G RH AR 3 1T 3D 8 SR 45 Rtk — e ] 7R JR AT T A BE AR R T AN A JE i, L 1
MBI 5 Rk G, METAE SRB fi4ERHIL, 7 SRB FYE M HEATI44: BH A 2 18I 198 1h ol 58 K
FEIR, RN E A 5] R A o

MNP A 3% T S e T S0 B 45 ok, WL 1, % SRB MR PR b (1 83 Ty dpe IR Ak PO R FEE A 31
1.23 mm, TfiAE SRB 1Y 85 A R et s R AL B UR FE D 0.30 mm. 5 IREIAHLL, 7E7 SRB )
VY8 AT P T A2 S A 2 T Pl S i 1 ) S A DR FE L R IR AR 1) 4.1 %
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30l N\ —— sea mud without SRB
’ / \ . sea mud with SRB
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Figure 1. Micro-corrosion morphology of 3D depth of field on aluminum anode surface
1. $BPAMRERE 3D RIRMWIE AR

PLEE RS SRR, 755 SRB HIHEE IR 35 40 BH MR JE Tl v Add 4 o U1 A S Ak P A J5 Tl s iR AN 1 20
3.2. L MREMSR

T R AIE S 5AE SRB MR F RIS WL, EAE SRB MG RMELIET
DI S50 f5 , A7 FH R P25 P 2 25 s R LK 2228503 g 1908.77 Ah/kg 1 66.78%, -5 HiT STk 4h RAHIE[24]
SEIG S5 BT AE, WL AR B AL 2 R RS /2 DNVGL-RP-BA01 S wH e ¥ 15 rh B Ak 22 ML A A SR [27].

TE 7 SRB e PR 5t g A7 s S5 5, 04 PH A~ 35 A 2 25 R Ak 22 303y 1238.67 Ahvkg
1 43.33%. HGRIHATAALL, & SRB GRS T AL RORIEC T 4 23.45%. [AIN, SiE/KIAEAH
b, & SRB RIS T AL AR IR T 40 46.1%, JLF- N 1/2 [24], ©&ABEIH L 1o A48 % 475
Y B R 0 R A7 B A PR SR [27] o 3% A1 1) PR 27 25 R A 232 8026 5 A B AR R 8 5 3 T 1R
LG bR AL A 1) B s 2 BRAH P R, DL 1

PGP AT S ] 1 i R e R v 3 A 4 BH AR AR A P IAT 2 IS 1 JFG A Ay B (1] £ AR
fefay, k2 Fias. ATRAEH, WREGHRIER BL(0~1 h), & SRB e Hr ik B A P14 T4 A7 A—1.07 V,
MAE SRB P TAERALN-1.09 V, FHUE 20 mv. FRIAH B SRB FR5EH A BH AT 15 T A fL A7 AR X
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B RF T RE S RE R O, ZEE R B WU R TE R4 AW 3 TR X Ak B AR P A — 7 (R e
TER, DRk, 3T AL A e[ 3] -

24 h i}, & SRB 4754k FHAR P2 TAE A Bl PR N-1.11V, TFRIREEES] 40 mV; 1A E SRB Y
T 20 mV. 24 h BF & 548 SRB R IR 5 HHATHERA AR FLAL T B Y 2 BRI A R S B G, H
JEM 1.5 mAJem? T [43] 0.4 mAJem?, B AL FRLIR 2 B 9908 1 4 S BUL AL R T FRAK, Hfr s, 78
r SRB R H I AT FH AR TAE FELAL R B B DL AT BB A2 HH T SRB E A S B LEnE 2, L fr e
i 5 58 K [32]

Table 7. Electrochemical parameters of sacrificial anode in different environments
= 7. PR ETRRIE THB A FE S

Environment Number Electrochemical Electrochemical Work potential
capacity/(A-h-kg) efficiency/% (vs.SCE)/V
1 1850.42 64.74 -1.095
2 2037.37 71.28 -1.096
without SRB
3 1838.53 64.32 -1.091
c 91.09 3.19 0.002
1 1304.91 45.65 -1.091
2 1286.08 44.99 -1.090
with SRB
3 1125.03 39.36 -1.091
c 80.72 2.82 0.0005
-1.04 -1.04
(@) =1 (b) =1
o 2 e 2
A3 A3
21.06 | -1.06 - A
= 2
wi | A
o 3 : /
@ €N
2 108l M £ o8l
E ’//, )1 E /:
|5 2 7/ 5 £
5 \\ o ; 94 g V4 P yZ
1.10 - 0. ///// .10 b / /, &
\‘A
1.12 1 1 1 1 112 1 1 1 1
0 1 2 3 4 5 0 1 2 3 4 5
Time/d Time/d

Figure 2. Curve of closed-circuit potential of sacrificial anode in sea mud without (a) and with (b) SRB
2. EYEBARTE R & (a)FN 2 (b) SRB 358 H A % BB Bl Bt (8] 25 4k Bh 2%

M 24~96 h X BN ] P S 58 S5 A0 T ROARAE BE AR TAR A3 B3, HBEM M(LE 2), 2T
HANRIG B B PR AL A M (L4 7), 35 8-1.095 V (AN E SRB)AI-1.091 V (% SRB). J& 44k
IH A% 52 [SH AR AR A A FH i A MBS R 2 I 7 o AR LS A 2, Ui BH SRB 7 3 1) L AL T8 21 I A T % AL
PR o HLA TEAS I 2 S BT R A B FE RGN O, BHAR B AL FELR S FERROR, HLAER IE[33]. XA
RIGLE RS H AR RS R T % F AL (H 8 T AL B AN [F][31]. A3 SCHkTE i, 767 SRB [l i
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AR, LI IR AR A B AR AE & SRB W P85 P A Bl AL B A 24 o e 2, A PE ARV S AL R S T e T AR
SEOG AN e, AE LN AR B A 2, R DR ek 7 A A G A B AR % T P R AR, A B
WAEAE 5E SRB I M EE 1 TAF A7 &8 H B IEA2 [34]

3.3. WIS SR

TR 5 ANE SRB R P AR AR R I 114 JR) A I e E 4T SEM AN EDS WL, SR 3 5
K 4 Bios. ATBVEH, A SRB RIS KRR TR B,  BEBO (15 3(a)), YT RIS
4 IR R TR BN (] 3(b)FIE 3(c)): T2 SRB RIS IR TIRALER, AR bt ik
AR R e, wI R TR EE (LA 3(d)), StmaERmESEOv K, SO KR
(IR R R, X EREE S SRB LT, E e AR T BO ™ ER AL SR s, SR
A A2 RR B B AR [35]

Figure 3. SEM images of sacrificial anode surface in SRB-free and SRB-containing environments ((a)~(c) is SRB-free en-
vironment and (d)~(f) is SRB-containing environment)

E 3. HEAHELRSME SRB G EHEEHEAIRRE SEM B ((2)~(c)AT & SRB & RIE, (d)~()& SRB &R
785

150um :

C b

Figure 4. EDS test results of sacrificial anode surface in aseptic sea mud environment and SRB sea mud environment
4. 57 & SRB ERIME TmERAMR R E & X3 EDS MiXLER
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Kl 4 F155 8, & 9 72 & 5AE SRB e PR 5G4k FH A R THI T e I k™4 J5 1) EDS B BN TR
&R, 2 S1~S4 F1 S6~S9 3l & 5 ANE SRB Mg M Se4 4tk FH AR 55 th il A &, Hrp S5 Fi1 S10
RHURAME. NEHATULEH, BE S = EEITTE AL Zn, In §EEBFIHBR K, X
BRSNS RAT N R[LT]. TEEMETIPNES, TTUAE R, & SRB 44 I AR H Zn, In BIE& =5
AN 4.4%F1 0%, BIEART A7 SRB JEPHYTIR FI P A G 2= & & (5 34 6.56%F1 0.25%).

Table 8. EDS diagram of sacrificial anode surface after washing away corrosion products in SRB-free sea mud environment

and content table of elements

F* 8. & SRB ERIME PR RAR R EE IR E /=58 EDS BIR & T HZH S ER

Element Al Zn In Si (0] C

s1 168.5 15.30 10.15 10.05 1 1

S2 181.63 16.56 10.25 10.13 1 1

S3 180.94 14.91 —0.06 +0.05 10.34 1 1

sS4 182.5 15.11 Ind 10.05 £0.04 1 1

S5 180.74 14.8 Ind 10.19 1 1
Standard (Wt%) 94.5 5.31 0.0265 0.0872 0.0763 (other)

Table 9. DS diagram of sacrificial anode surface after cleaning corrosion products in SRB-containing sea mud environment

and content table of elements

9. & SRBIGEIMEHRHEPARREE R EE I~ YEH EDS EIRE TR ER

Element Al Zn In Si 0] C
S6 184.8 14.60 10.40 10.00 1 1
s7 180.5 15.00 10.40 10.10 1 1
S8 1673 14.40 10.00 10.00 1 1
S9 180.1 14.50 10.00 10.20 1 1
S10 178.7 14.80 10.40 10.00 1 1
s11 186.2 14.00 10.00 10.10 1 1
Standard (Wt%) 945 5.31 0.027 0.087 0.0763 (other)
H—L RAERMN,
Al > AP +3e” (1)
M — M"™ +ne” (2)
[ 5 ) < 0 2R (M) 55 5644 AL [R] IS BH B0 1y <6 s 8 5 HE NV R
B RABEBRN,
Al+Mn* - AP + M (3)

RIFE S — 20 I B rp AR B 45 7O 3R P B T A AL B #fe,
B WIS G R EBTTORE AR, B “HUUR” DR
B S D RN FER AR, RS VAR - O RIS eI ER Al R SR I A

DOI: 10.12677/hjcet.2024.141005

41

e TS HOAR


https://doi.org/10.12677/hjcet.2024.141005

T %

IR 2 BT, T S ECA G A R, BUARE Tt

WSS RAERH], Zn A0 In ARG AT IR BIAL BER Z R AR MRV R IS A TE 3R, HOHLERR i -
LR - B AR T OHLAEL. BL In SR OB, R TR O AR R A B B s A R Oy =P 1)
Al(In) - AP* +1In* +6e—, FIVEIIAEILR In 53K Al RN LRI T, BV SR B T HE A B
W GERCCTEMRT GBER: 2) BHURBL, AN S AP +In, BB AR S SR B RS Al E
e, NEHRTURBIRARRT, BIFTIEE BRI, RAEBE D g . B P ME TIPS R
- WU DR 3) BB RMFEIRN A, U - U A G ETn R Al SRS R A
RIBEHLIR YT, AT BT A GBI AL SRS, R RETE YRR . 28T, 775 SRB IR 5,
JE§ U BB A B AR R T Zn A In TSP JTER I S R TR AR, BERIILEE 2 D H IR R 2 B T R
REEER “H0)” P BB MU B2 6B R T [33]

3.4. & SRB iR E T HHEFHAR Y 1 i 3B

RAE LA EiRIR s R, AEATH O AT KRV FGE, TATHENME R, JLHZ SRB fF7E %A
R B S BH AR P R AR kA AR AL G T

TEMFRAN R, SEERAI, BT ambl s s PR A, AT SR THI R R 7 R A BH AR A A s I T e
RN 1) [36]0 [FIRF, 7 FRHRRE K AI-M BEEDM REHE LR, Win, Zn 25T 54808 A S
Al L [EIN R, (AR PR R R B I — P, AI(M) —> AP + An* +ye™, SR “WER” PIR.
BENBBRMEE TRE T, ERREmE Al BREEER T, ERFnRESERE,
AN +XM — XA + M, FERL “HPORR” IR, DIBTERMRRIN M 5 Al —RERRE BT LR,
TRATEA AW R AR, (AR B AR SRV AR [27], W8 2~3.

SR, B AT SE AR — 3B 3 A& TE A I R IR A T T R AR I BH AR AT i, 330 70V AR R 7 A 1) P
TRAE NP4 B AR PR FELAL S R D T R, R IE e R AR O 2.0 BRIk b, IR TS RE
SRR SR N, X R PR VAR, ASBERE TP N B R Ay, X R A A A B
W B AR T EEIA B 10000 FEE R K 2 —[37].

BEA AR A SR IR AR, B TR LB R B, R — X I RIRRES, DRI AE R 4R
BT ARG /KA B FE s Bl 25, dE AW AR PR AR SR T s 5, B /KRR B 4),
TERRIF IR A IR 5E[38] .

EEE AR D S ok B A S ok S L S S, PHRRR B A AR, OB Lo BRI S R 5 2 Vs A AU e
SRR BB SN, 35), BE K AR TR R R B (BT 2R A, 3K6.1 & 6.2). SEBR b, BRERE T4,
A Zn R In B2 R AR CA BT EUR MY, it DMEA R A R i T R AR TR & SRS S & R
BE[27]. B T4 RITHRES AR S A7, BT LAATIA: A BT (R0 VA B A8 o PR B o SEB b, B
THRG 4 B SRV AR A, AN LA TR R B B R (A S B8 A AN AT FLI ) A A A IR AU
[39], MR T YR IR EE M R A e, T 5 SO BE AR (4 1 78 e A W 0o R A8 Sy W 10388 R s B ()
i 6)o 4G PH AR SR T SR SRR Ak S, 7E A In ] FEL AN R ol s B XCER [RI 2 A R, B BH AR ol s 3R
Wi I R TT 1) R R (SR 7), AR FH AR AR T U iR [40].

AI** +3H,0 — Al(OH), | + 3H" @)
0, +2H,0 + 4e — 40H" ®)
H* +e—[H] (6.1)
2[H]->H, (6.2

DOI: 10.12677/hjcet.2024.141005 42 =AW EESES VN


https://doi.org/10.12677/hjcet.2024.141005

T %

2A1+6H" — 2AIF +3H,T )

HY3 2 f 11 Je A i [H] (bR 6.1), FRTE4R PHARARR R T 245 & T A SR Z (MR 6.2) . STk
HIEFR, 7EIE SRB Msfirh, 2 MHIG A NEATFEREMIELRE, Bk, KRN 6.2 BT HHEE R,
BRI SO PHAR 1 5 U A PR, BRI R [40]

FEF SRB MRS B, X Fh B iU R 5 AR A E] . R R 2 SRB & B A BT % 28 (EET) 44 He
TER AP BRI AL, KA SO IR b, BT ELAER[30]. HT HaS M = il &5 5 50 pKL(/ L
2 8)F pK2 (Bt 9) 4372k 7.0 1 14.9, ik, HS &AWl R E B, T/ SO ik JF Je N ] &
ik A0 10 [41]. BT N HE AR B [H] AT 4% SRB 1 EET 1E N L F iR 0 A1 R AR 38 SR v, 1233 F2/E SRB
RMBEAT, SRR, (RAERKERH]T T & @R, KB 11, e 7 4744 FH K 8 s 8 B
W Z A e, S B ok ) B A U ) B VR A R B A RN B S B PR B B AR B A R A v, A AT A
RHBR 7 Ak 2 R e BE AR [24] [40] .

H,S=H"+HS (8)
HS =H" +8* 9)
SO% +9H" +8e” — HS +4H,0 (10)
SO +8[H]+H" > HS +4H,0 (11)

B 7ABR AN, Zn AT In S TR VAR IO B i SRB R TH 1 EET 2E s [H] & WAk I FE BT s,
DRI, A DIBUE RS2 B4, 330 EDS Al 2 EAA 1) Zn A1 In & 853008 4.4%H1 0%, A5 SRB i
Pe ot EEAIR (43 71 6.56%F1 0.25%) . SRB 51 & [ im R £h 14 Ji S B2 A 15 ) SRR R PR B B imy, A ik 7 R
R PR A S (RS B R) BB TR B8 7, IX Al A R [ B M (PH oA 3~4)FRBE 5 — sk 3 4k 4 8 1) B K
IRHM AR e, T RUE LI (WL 5(b))

PAIE S KM SRS 1K SRB & KB, 78 3 417 SRB IR, BRI6 45 A (1) SRB #4373l
o 10°~10" CFU/mI, A] WA/ RE6 10 5 SRB A 4 20 AE B 5 Y FERE A SRB 1521 1 Kb iR 78 [42]
IEWSCERFTIR, BRI R BE A SRB FIAK 5 %5, SRB FIER AR )= £ L) H,S 8L HS, {#i15
T IAS SE I TR Ak, ORGSR T s AR B, TE T — AN IE R, BT U ST o R AR R (G
SEM ¥ FroR) [43] [44] [45].

Sea Mud

Corrosion Products

Sea Mud Corrosion Products SRB

Figure 5. Schematic diagram of sacrificial anode corrosion with and without SRB sea mud ((a) is schematic diagram of SRB
sea mud corrosion and (b) is schematic diagram of sea mud corrosion without SRB)
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