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ABSTRACT

The deterioration and destruction of Metal materials caused by the chemical or
electrochemical reaction with their service environmént is known as corrosion.
Corrosion is an extremely serious factor to the economic construction and people’s
life, which brought huge economic losses and harm to the human and society. At
present, the main methods to prevent metal corrosion include: choosing the
corrosion-resistant material; controlling the corrosive environment (inhibitor);
electrochemical protection; protective surface coatings and rational design of
corrosion prevention. Among them, the surface coating and inhibitor are considered to
be one of the most efficient, economical and popular way.

During the exploration of oil and gas resource, acidizing is commonly used in
stimulation in oil and water well which may corroded the ground tube and wellhole
seriously as well. Thus, the inhibitor must be added into the acid to prevent the
concurrent corrosion. However, improper using of inhibitor may cause the surface
pitting, hydrogen embrittlement and weightloss of the construction equipment, oil and
gas well tubing and downhole metal tools, and sometimes may result in burst accident
of downhole pipes, causing severe economic loss. Consequently, the research and
development of corrosion inhibitor for high temperature and high concentration of
acid is the key to solve the corrosion problem, to ensure the smooth conduction for
acidification of deep oil wells.

A strong candidate of soft magnetic materials in many MEMS applications is the
CoNiFe soft magnetic film due to its capable of providing an extremely high Bs
combined with reasonably low Hc. Right now, the electroplating method is one of the
most promising technologies to prepare the CoNiFe soft magnetic film because of its
ability to “tailor” deposit structure and properties and to form a high-aspect-ratio film.
However, the relationship between the deposition overpotential and the film growth
rate has not been reported.
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This paper was divided into two parts, one of the works on the protective films was
supported by the project (GY-KY2009-16) from Sinopec Tahe oil field, and the other
one on the magnetic films was supported by the National Natural Science Foundation
of Chian (N0.50741005). The concent of this paper mainly includes: evaluation of
corrosion prevention effect of coatings used in oil-gas field; preparation and
characterization of a new imidazoline inhibitor based on linseed oil and study on its
inhibition mechanism on Q235 electrode; characterization and inhibition behavior of
benzotriazole on copper electrode and setting up and verifying a new model
between the electrodeposition potential bias and growth rate of CoNiFe soft megnatic
film.

Firstly, the paper deals with the evaluation of corrosion prevention effect of
coatings used in oil-gas field and establishs a systemic means to obtain the
unticorrosive coatings. (a) firstly, the unit area and unit thickness of coating resistance
and capacitance was taken to be evaluation index of unticorrosion properties, and the
unit area and unit thickness of coating resistance was the priority; then the protective
cfficiency and porosity was used to determine their protective properties at their
service period. (b) Electrochemical methods were used to evaluate the corrosion
prevention property, thermogravimetric method was used to evaluate the
thermostability, and the adhesion, wear resistance and hardness was compared.
Results reveal that the coating “PHS52-2 elastic network conducting electrostatic
anticorrosion coating primer + PI[52-2 elastic network conducting electrostatic
anticorrosion topcoat” has the best protective properties; Economic type “1106-4
zinc-rich epoxy primer + H52-1 micaccous iron oxide cpoxy paint + BS52-2
polyurethane topcoat” is practicable. Meanwhile, the structure of “PI152-2 elastic
network conducting clectrostatic anticorrosion coating primer + PH52-2 clastic
network conducting electrostatic anticorrosion topcoat” was analysed: new C-N bond
was gencrated after the modification of cpoxy coatings with polyurethane, which has
excellent chemical resistance due to its high bond energy, and after consolidation,
these two different kinds of networks run through cach other to form a uniform at a
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macro and micro phase separation of blends, simultaneously as a result of the
hydrogen bond function. This blend system conbines both the advantages of
polyurethane and epoxy resin, which greatly enhance the flexibility, the intensity, the
adhesion and penetration resistance.

Secondly, a new imidazoline inhibitor based on linseed oil was synthesized. The
inhibition efficiency of this inhibitor has been tested through weight loss method, and
the inhibition effect was compared with other inhibitor commonly used in the oil
field, results indicate that the synthesized linseed oil inhibitor has high inhibition
efficiency with smaller amount. Tafel and electrochemical impedance technique were
used to study the inhibition behavior of linseed oil based imidazoline inhibitor on
Q235 steel.Results obtained from Tafel test agree well with the EIS measurements,
the inhibition efficiency increases with increasing the concentration of inhibitor, the
adsorption behavior of linseed oil imidazoline inhibitor on Q235 steel follows
Langmuir adsorption, and it is chemisorptions.

Additionally, the adsorption behavior of benzotriazole on copper electrode was also
studied. Three models were established to analyze the adsorption dynamics at
different conditions. Adsorption of BTAH followed Langmuir adsorption isotherm
when adsorption-desorption reached steady-state. BTAH film growth can be best
represented by exponential decay law assuming the concentration of BTAH in the
solution was constant over time. Higher-order model was established to evaluate
adsorption dynamics considering the variation of BTAH concentration in the bulk
solution. The adsorption rate constant and desorption rate constant were different
while different modles were used to analyze the adsorption process.

At last, the electrodepostion behavior of CoNiFe soft magnetic film on brass
substrate was studied mainly by electrochemical impedance which was supported by
National Natural Science Foundation of Chian (No0.50741005). Functional
relationships between deposition rate and cathodic potential bias was established
theotically for the first time that the charge transfer resistance of the deposition
process decreases exponentially with the applied potential bias.
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KRGETERRE. REERASN: WREERARFHITFERE. HEke. W
e, ERAEMK, BEEMET, R WRAEANEHEELNGEELH.
CARREGEE, T HRERIRME., MK EE XD 7 BN ER.

FEFOIENBT R, HANREE. BE. WA F AN THIL
WA, BY TSN ITZRE. ARDTHHTERRBELTE, ATH
RZHNMENIRER KT L FENRE. PRELBFANEE20%AH
RIAERRIREANTHFBER. SAFEHTTRE, 2D B, DREFHEHR
EH R RANER, ERRA, RRAREENZHER, RAADAAEZ. R

FEAMENNT NEEE TR KR BHEN, F TR aE . Ao A
oM. RS RELS. BUEE. IRRPHEZBUREFHEZERTE
Rk EHATT iR, EREH, REKEHERRREAFERNMRRE, HR
ERMANER.

Yul 1 @38 B R A 5 e A 09 77 0 1 & 90 K CaCOsBR 1 TR R SRR AL,
RERALGRES T RRERARE T AL BRAERSY T, AEFHIEHR K
RERAHERGLED BIEREANMMEE. Wang!" 1S ERE BN L P How B a
WM ATRE, FRHFERENRROTEL KR,

1232 REBERE®RE N AR

FAB MR BRTRE N — K%K, T UL A RA S BEB KK
FHSREABERMS. NALREBEAN—HR & FARBETRY (MRS FEA
EFBRBRAY) FOREREANLAK, BEFRYELANEL PEFRAL,
RBERENIERRARE: BARFHIMMESR. RENERESE. &7 EHMH6E
LB, HEEGA: T ITFEA%, SRIXREERRE, FHAS - £ K



WL A ¥+ F R X % ##

.

RS RL IBR TR BA SR A ERAR., ARENE. K
MaEE7TEaEETHNNERRMNEH. RBRERRY, AMONEREAL
100°C-120°C z. 18], FRE "1 X 4 7 8 W5 RRE 5 Al R AT RN M6 K&K
Ao HETURALHEFEABARELSTREHWLARAH I K. 7 8%
it T A, B EARN . KRR LR R K BB % E &R E
ELEERHFRHENERTZE, ERRITEEGTERT HWEETHRAK
fe. 2BRZVIEULEHEN S FRERRS TH, PRAZRAKRNE, XHER
BERTRERRARAMN, HFiTRTTREENCOLE. RS TH FHH
MAoFHRE. VHEAYTRBORE S, FHEE. FHW, BE, WK, @
Ptk WG F A TN, ARNART 4R RARSRNEFRE
{3

Zh1E R Fl e AW, AR ERL RSO T ERR T TR
RABREE 35%RAMNABEREKATHEBRTA, BHARABEIMERTR
HREARRE, REREE/AN, RERAURILKMRELR, ERXATHRR
£E% B PR ER. Fiori™ %814 7T —MRAQ AR RERSRE. BMH
BRETUETRTEA, BEAERAAREHTELE. Velayutham 1% 8 11 1
AeBEWHRARS T, R—FERRARRE. KPIBEFAH & KRA
BEE R, R, REFE S BHLA#ATT R, NCO/OH L #l BLK
REBMRARAHEAENYEURREFEEAY A,

1233 4% ENAIR

EHRHPME-MEABEHENHRN, RTHESNNRBEELCEE
85%-95% 2 18, —MIENKE, BAMGHHAA, . KEEITRELH ML
MG AREER. BHRNTL2ATNEHRBRANEHRM. TNEHR
FERTAKER, AR EXRRRE, HF5BARSBYRENMEEN.
FINEHRKE, —BRXATEME. RABHESE Y RZE, STNEHARAER,
HeEEREBME R, HFUHas, EXAMMM. Sl HEMNETLEN
BHRA. ¥RAMANEERAA HO6-4 FRBHERES.

6



AL A F A #A X F-F 4t

FHPIEABTBARTAE SR RABAMET N, BEEFRHNE
PNELEAFEBAFRPPRBENECHANBL . THRAEDIS LT HA
REETAEFRMIAR, A0 0WERURRHNES Zit. 047 T #AR
HW R R TR E R AR R AT R . 1R ORE SB AR AT
Lt A BEREHR. RAMMEE. RERER, RES%. TP
BB RBEENE R T HAREEERHM, RALAE REFMES
FERMRT AXFEBEFRAWEMMNE., ERZA, AUFZERERZEMR
7K BB A 4% B F X B BR MY 2CER .

MarcheboisPUE 34 T # B3R 4 8 4R M EEIE A F T H4T A . 2510
FTAFRAE B, 23 NEE HF R RE R RATT B R A
Ui, FIRRAMZAETRERERTYHAR. ERFHA, BREEHBBRAT
AEEMNENEFRERA—HH, XH5RRRENIEEA K. Marchebois
DIRURE e 5 T w5 e O B RN, S BT & M0k B RSB AR 1
BAAT AT T REA L. Chen® S ERAETHREFTAMT 48, AR
HFERERZERRART CHRBRT Y. RBERA, BE SRS B,
BREHRPUEREFARRPEXACEREN A REEE .

1234 B R B R R IR

A HE M R Bk e AR R R, Ao MR N R R T B R g
B, SRB T S AR A AR AL, BT R S WA LA e B R et
BS91 HE Embo Al (BENE., BARK, BREML). Bail (4
K. M. 4B, BN, REXE. RTS8, A ES). BARHMmALE K.
TR A BT, e LT, ARANEEN, BA-EHHES
Rmf o, ¥, MED. Rrd. RBHEF.

HHBRPVEB LA M BRI, &6 TRtk B KR i iR
AT I, 38 ey ST P B R B B LA B A B 8 e R T e B MM AR
XN ECPERE T —HABARG RS E, RBRRIRBEEMTES EAM,
RREE. RERERAX: AKEEMTRAREAGHE, EEEMNAREE
ATHEAEREEAGMHE, BEA#HRIARTE. REEENYMEERTEE.
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T AKFETFARBX F—F 4R

KIRPIERAR R GHRBRER T AR F R a b ik BHE
HHURTREESREZGEFGEPENENET BISMREA F e & b
EXRFAREEA R, SERBEEN: XK BE, BREFTRBEMAES
A mRe, REATNEHE: EXTHERERENME, K5 ERHEAR
Fh; AR AR, H A R DR B BB IR e A AR A
RABE; M TRA LA ERMMBNE, KEEBEATEE, FAR
BRBERATEERNYH, FTERERTSERH,

1.23.5 REERE N ALK

B9 0 I 8 R 04 o 8 o b B B R TR T A, AT
MAg. ITEF . BHHERE. AR AENERNRETA. REFEE: REWAFR
WM E . B, WEK. AABRANERREE. AT AR. Bk, &d%
WEARMLEE; SR MERA, KB TRERE, WEER. EREMIEN,
Xt SRR

SmANS U RFEAEL, UMD H BB, XALEERREH
BB RREIE R A 2-3 g/min EAFERAWRTHE R ERIE. FoWNERE#E
KPHFRWENFEERER, ZERARINEERERN EAREARR, B
AR EHEANE, AR TZERARAG BRI T EAREREAR, KB
BREWH. At h. WESE. WHAREEATH, RERBFE, RAHEHR
LRNATEAEREE, HEHRELAGENEE. SRLHARERALE, &
FAREAARES. RANK. WHE. BEGSEHSE, BAEM AHNXEZHE.
Guideti™EH it T RAHBKA TELNTAH. RAFABERTHELENRF
AREEAREHNMMEE, oW FESE. A EH%,

1.2.3.6 FB &R A IR

BiRE— M HRRRST hRARBEAS(EHRA LM SEELEHAL
(MR REMRF AR —FBEEY TP A LS PR AR UEF
Bk th, 7T DUR RE ik . TR B Ak At A B AR B b R A B A DL
BXBEEAKX, REMHHNERR S BT AR ERG R AR AN R 5

sh, REAKE R REE WA TR KA AN FAEE.
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PEPERLA RN FARETRAS AU NEENA YR AN & KRR
B, M mERE. MIRMKE HRBE. MESL. BAREE. RETdkE.
Tif FF A ) 8 4 A B An A2 BB A T AR, SO A2 IR IR v IR TR P A st oR o s34 ik
HEEEAN D HEITEF. 2HEAYEHR T REEHAELE LWHRIIENE
BRGE#EARTNLES, 2N T2BXE. RI/EBFEWE D, REREL
B 77 2 R MRk BRI PR R B B, REF/E U T & RAMLTIRME
AFEBDNFt e BEEHTLE, TURTRENT AR ot FIM, #
BRESANBEBAOELRE, ©T UREREREOR AR S . 5+ A8
EBEAMEAHZREETT AR EHALREST. KRELIRBEARKRK. &
V205 BUE A 7T LT & 42 8 B MR B i FAAR R0 M e

123.7 X R AR B AR A IR

FRARAR®RERA, SR ENME, FWPEMR, BITURTHKE
EERREE . FOKRESE X ZBLTT AR AL AR 24K, 7 LUR M R A 2R
RS, ATREEN. €F. AESCERFIRME. RPORR W RA 2 UK
B. B, SRR RAY. BRI EEFAARGRA GRS . FTEAMBR.
W, WA EERE, RERMRE, ERTARERA R LB
i

pu. -4

IHPIEMBHEE ARG ARGRE PR AT AN BN Y B
AT RABERSENRAXREYERERN 1 UG, HRRE
BARUZE, AEXRTAALE, TRK. BB, 4R, RESFAKR. EREX
ERAAAFEFYREERT. $RAKRASUBR LA D), 5
B B 7 A2 A B 7 B AR AR LR BT — R

1.2.4 B R /i B IR L HAR

wEM RN IR BT R AR AR M BT LR M R L
ANAEE. TR ENRE, LAEEHEZMEHRTHRET,
1.2.4.1 i 4h M

WEWR AR BTN F R £ A B 4 (EIS) . 4R b dh % (Tafel) .,
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AL AF W FABX E—F %k

KEZE. w¥gEF (EN) &, HP XM T EANREW R B4 FHH#
(EIS) Aotk fk dh £ (Tafel),

EIS WHRHBAETHRELEE S, TREEMBH, FETUBIHEH
B, HEREBESHMNENRE/GBRAEZRTEENN. mdFHERE
TUBEUTHESSK: BHEHBME Ry, REEM Re. B EBE C..
WEFE f, HANE L NBEBREY%, BREULSKTU LS
CHRETNEF, o REORPRE. RER AR, BHERERNE.

BEMARREREWHE: BIRPUERTINANARBERLHAEE —ZR
B Taitl®"N& L g, YRMI00KEHFAMRATIOQ em’Bt, % EMAEA A
F24; WRATI0 Qem?, MAES/NT14 ., SLleidheiser's'? 4 & 0 Tait'sky
K-, Scully®™ LI F ik EMARERAHILAAAKXTIOQ.cm?, 254 /L
FWER, Potvin®E F 1997 £ AMRE, % Rea>10°Qem’, R EHEF %

BREERZENBEAR I —MELERESE S AW, EE, €134
RPN % tE F5b, B3 iR B P WML, & kAR R A R 8]
MR wS, wEHEAWKERHE LR ERENT NS, MREEER— %
TrEES—FNE, B, YEALEHER, HACERKRANIITER,

ASTM D-T14¥ % BER R AR BE S NIONER, HTE-FRHUNEHMER
BEEEEZ I, 19894, Scully!®#r 7 #£AWERSK 510N SR W
(%, AT HES0~ 10KHASTME W EK R H 8K
() REEHER, (BRAQem®), A RXQ-1)EEHKE:

Numericrating =10 — lg(l% .) (1-1)
Q) BRERECHBEENKXA:
Numericrating =10 - C/CO (1-2)

EaCoh T BEHeE, FLRETX:

q=%%/ (1-3)

#ATEE, HRREHBAN Y KeRE3S,
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ML AFHEFLRX _ g8 i

R L AAAFERRT fo: % Bl Ay BB 5k EWNRRL M 6E
ZE B () XE.

ANEBEEBRBMHAANE ARSI ERE TELRENE
M AF) MAEREE (REER-LBERERNEE, FRH BT R
#a) O, mRHEENRE, APEERTEZEHLLBERE, wWREELHS
BERARBOKE A, MRXPERRZEWE FTRERTEZ KR K.
HIRBEB/REARRNF 4, EENEEE T —MERERMET ZHREA
¥, BRTXE P AR EIS HAAIEMREH T CLETARBUEREE AR
MHE, RESBNEURSHEAXNIESH
() REWEEE: RELERFHANKEERKIBFIFNENL EARE/
SBREME ek, BUERMN. BEASXNE FHEHE N THEZHE,
HEZHEANMACEMANEE, AEXBERREEARE/BFE. 512K
BTBMNANE, RRELAENE—F. Hib, FABISKIEREX AKSFEmN
B+ 2EE.

KOFREBFREREFHBEEL ZANERT, THhEBREBEHRMHITH

F-Amal, HAHAEARLEN, BEATRENRENE BGR, 7
REEBAREN M, YHEEL ImHz B, FNREREEERTATLE
AT H RS K, MK E£4 B R L EF % KRR E R H
N, TERAPEBRMEEANSE, G, BENTESHGERET K
A E TEE, AHERTUFEREXRTEH LR GRBARNWERE, FE HO.
O AETHMEFAMELRSHNER, TLBEN BRI RN BT TR,
Flat, RBRAHANLRB/REREHZNE, SIATHRETHEM. ®RE, B TH
gEAMEKR, WRELBERMBWKENEASE, SRR MR AL THE, BE
TERR. RENHBUHETERAREEHRAE.
Q) FNARE/ICBFENME N REREEANMTNARAEN— V5%, &
RAEANRBHER SR Lo, EEEE S 55808 X, 19544, Brasher
FoKingsbury AR AR EF AW EE, #HT 2 TF2K (Brasher—Kingsbury
(B-K) »s) 7,
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¢=M3é)

lge,

o, ¢EEREREF KRR LH, CAEHZINRERE, COETHRE
WA, —REINEREANHREEENENIER R, e BAHNEEHK,
il % B 80.

HNBRBEREHFELENGRE, BRNRBERLARER, AEM#UBHRITH
BREFEHARK, ERE/SABERENENRBHWRALT, BEERALRL LA
Bl R B £, Grundmeier& " H B R T & 1 R E 0% B B AR R P
M EFEE, THEEEERESEN. 20034, Kittel4E 7188 % B A K T opx
B H BRI ER

BREAYEGBRRAKENHARIEAERANAE: HENENES
ko FEXBMARAE AMEFEDCT, RPEMMBFER I RFRFIHE AR
—ANEEWEHK, LRBEENE . FOWER. FHARA EH: FE % (ASTM
D 4541-85) R By &AM SR ENE %, GB1742-79). #F KRB X X XK
FIEH R (ASTMDI1654) . AMNBHRAFERE, KL FERTEIMLE,
MEELEARTE. HlE&EFEEY. 2R PEECNTHRERS, TH-NREH
BRERTHIREMLE AR N TN, RETHHNE, LEERUNGRE/
ASBAEHENE N, ARANRPBEANREREF, B, REAMNKFTE
*: EIS SHE& AW Fk, EHEM . RE/ELBERRZHETRN TR E A
WMBESREHBFAMERL, Loh EPHEHAHNMURFTERRALE BN E
¥, MAEWARIER, kP4 ES5hANREE X, MATHRSRTH
BWENER. FXL, BEAFTNFRARSHLEREE, EH—RREH
ATELERAANAF, TREBRERFARND Y, MABGREEEH
gAmES —RARBMERNATNERTR TGN RER, &%

B—NERRBIFHEEK.

1999 %, Deflorian 482 H A e By BTN ER F ik, — MR
Coff WM (Cop RRBMMHARERL), 5 RAMREERE

(1-4)



LA F B FAR X F-8 4%

Cag
Aot B G/ » Ry RRAATHB A EIL A,
7Y )

CEREEHAERTRARL, HW, YLEAT |, FoREE TR
MEc R, B HY R & HE ] LA n B 200 ~ 300,

Sathiyanarayanan %524 & 7 — #0571 &t & B K BE-TiO, AWK, FH 57
RTEBHBEIF . B FEANIREREH, £ 3%NaCl B RBRF,
TR EBREEEET 100Qem?®, FHELERB 35 KGR EREMERL
10°Qem?, XFRER T RFBMAE KM NIEA . Bajat 418 1 s fho¥
FREENHN A BNREFNETERTERE, RABAFHAENRT
CHBERBREM. £EREA: ATHIEZHTHARNRRAEERTRENE S
MR T 3%NaCl R e MRER Y, B ENNESFRERERN
24 M. Deflorian® % XA e ¥R A ERETANREFE FH #ATH.
A THEAMEEFTEREFWI RTAGFEREEY W, —AEATEFHLER
B, FAERSNMEE Ty RER, ETULRE, AR EE KC &
I RAR PR B EEEE T KBr B #. Scharnagl®4 X A s 4k 2 41 3
ARTEFARAUESE (WHRFEZRFIERR) TERBRIERZRESLNY
PHEE. FRAN: PRAIARNBREERTE R BHEE, XYREREHTAALENL
REBFHUNEIBELSBARELEN UL KT,

BARBHA Ak, FIFAEISENREARIRTEM. EE, FTUHERER
BESRBHREMEHZBEAXNE (B XA, B ERAEM/N, K4 MR,
FEHN, B, RES2BERIEAWNELNETERARERELRLE.

BRUBERET —FHREHFHEINNAERFR. dR A&
WERUTHESLE: j.. E,.- BRAEH. FA/FIRRACEHESF. RE
DLEEHMTETUARBL TR EENEE, o RENRFRE. BE
Bk RELMES. ML kPEERERERORLEE, RHR
ARENEFAFAERREA KRN ERE A ERER, TFLEL
REME, BEMEFRBEES THRLEE, TURRMEENA¥S
oo RERBRENFLE. RUBETHINDELRCE B, &
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L R ¥ WA F A X F—F #i

ME . FRMEER. RIPRE, AMEE,

B, RATKERPERREILEEMED R ERSHEEFNHESR, FH, =
HAEWN R ERAM e EREMRE, REATEFERFHEBEETE. L2
WP T R ETEAELAER. WEREMNE TN FiE. BMATNFE. K
FAREIWINESE. KEZOLREEABRN ZWRBER MW TF6 F ik, X
EREEEATHSERS TN REEENE T T UL BB LN E X HAT, fo
Elcometer thickness meter (Model No.456) It 77 i X i F T 42 09 7 ik it

Rl BERL, XTREEEWNME,

Befoh AR 7 B O E Bk A H R BB ACKE L K. AT R A S
BR, #BERFTEAW. 8. 2B TFAFHRAEABEMFHITHEER K. XAR
# %, LA Dataphysics OCA-20 37 % % % fot A i 8 (X sk ) 5€ o Rl - A ik 2 B 19
BRA. BRARS, RARAKMELST.

van Oss et al®®l5 van Oss and Good® % B 7 —# X FTHAEA R HEXT

Bb B9 7 i . K H BT LLE 4 & Lifshitz-van der Waals 3ER 4 4 r¥ and a Lewis

acid—base &M A B9 K Fn:

vi=r" +r” (1-5)
i Lewis acid-base A4 71 X UMM K BT BAUT 5EFRHET
v =2 rr; (1-6)
iyt 5T 85U B — R W AR
Vs =Vs+VL = (\/y“V 2y +\/7§72) (-7
AL EAR, TOUBEIEMA L B KR AKRE RN X RR A
y,(1+cos6)= (Jy’w N +\/7m) (1-8)

BRAMEZMRULE (FFFA ZBFR, 028) CHREKRIAS
(r¥ rf e )RR R A, BREARERABXEHE Y rfrg. REHEEK
B BRSOk T RE R Y, RSP BB R T B4R R R B
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AL A B F A X F—8 #it

1242 REPME TN

TEXRAERS TN E ST A&

Z Pl & H K IE 84T Freeman % B Ozawa JE#TH A ¥ HE, A KRE
RBLENEE. R R %, Tg b E & N4F4 ASTM D3418.

REZRABRFEET, WEMFRWRAEREEGENNEMXR, B
AMREE, RTUDERNYRES PERFEZA, FERELEE, 7
Mt EAET 0 F. RELZTMNAERCERML, GEIH, RH HBRH,
BRI, ff RRRE, K& BA, 48, BEXS. REHNRELN
FEERMEBHNREN, ARBRESREEN. HAWEH,

RAVAY, ERERELAHT, RELRRASHRENERL R, B
BERRED, Nk BHHREE R,

1243 %R EWEMEIFH

MR EAAENEERMNERENE SN, 2R ASTM D1522. 5 [ 77 i)
&£ BS3900E13, KT RN RENT oK, R ASTM D522,
FEAMNKKAEERE, MWEEXADAGEE. BERASEE, RAELULN
RERKEMHE, RIOANZRENHBERBHRTRA.

L3IRUEEF T RAR

131 AR EE

ERBRE—FMAE, AMI—HEBERIESE, THARMRA LR 77
EEERBRBREEM. EREN R ANERANESBT BRARN T EZL—, R
FEAMOBRMYT, S2RBBHRRERKEM. RBAEHN—MHRRERE.
HEEE. RAMRE. EAMROEESTE, B ZEATeH, LT, Be.
Mk, B, XBZWEER TP KEMNPEZEEXREEREFER T
CAHTEREFREZNER, CRARENEFH L, RET Tk
At

ERBMEARRANTFRIEF, ANBREEARCERBRAREER LR,
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WL K F A F R X F—F %%

BMUEREAZ TR AR HE, AREZRXANRT EHHELR. L8
RECRABREANNE, NTEMBREEFHEEY . WERENHKEY
A BEEE PHXEAL, AT AmAEE, B @mREN, BEEF0NE
HBEOl, MR AR AL, BERAEAFINT 28 RaAHEH R
FREEWREM, AHETRFERAEBREY, ERTELFRL, ARRK
P 7 A IR R AL R bR A R 06 R T D B R A A0,

Bk, RARRFLFREEA & AENARA, HFit LR BEANE,
AT LB E B R H L, REPFFEMRE, TENSTEREFTHER
REA+HEENEXL,

1.3.2 T HRFF R

T AT R T AR AT BB i 3K . TR AT (flaxseed or linseed) X #% 4 ¥ Bk AT,
REHKHN. THRBH—SARSFALE AT HRMH T, THRRER L&
BT EEHZPY BRRE, RARTA M=% BALK. HEAT
WA WA TR, TR TR, CRAER+ABlERZ—, £~
B L. mATKRETESThrEAR. $EH. MRE. £H. REELELTH
QAN RBERBELEERNFENTHRAT, £ LEEH B,
MBERFEEEGA, BB l6 2 ARAMTFHREY. RERRELELHK
etz —, wWRBESRN, B HERX AN E BB ED.

ATIERMRBEEBA RS %, ARETHER. P BBEZIHR, AR”T
FEME. ARSI, FEATINOBRAKMNERHBZH, ARE~TE
Mz, (EEZFEYE) NABILLEFTIN, PEF¥HTRKYFEIRGS
RER, ANPELTRAREMNZETFALAHERATR, PEREIREFHZ—,

TRHAF A FAHEH, K 4-Tmm, £ 2.5mm A5, & 1.5mm, THEH 3.5-11
go EHMHmRE. sh55. WEMTFHAR'Y) %X EF 01-02mm, £ERE
NERLXELNEY, RREILYFREEME L RBHMER. FTHEWTEER
H—w%, SAEHHBPEOR. aFEARN, T EFETHRE T,
EAENGRASERYTEE, TEANLSBRE®,

TRAT AR R Lk 1.3, T RERFEE RS THH, THRMARE
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BB, TATHE. RF. DR HRLET LI,

Table 1-3 the main component of linseed oil

Ji& B 8. i 25 48
1A g B B 9%-11%
HER 13%-29%
RIA::): 15%-30%
Te 8. 40%-60%

kLA PFINT R R AR WP EE R R A R T RO,

Table 1.4 the main components of common edible oils and their comparison%

A48 %0 g R &
RHmAE | i g R Bl Nl
N T i B T jR B

DI 9 22 17 49 —

A E I 12 22 52 7 3

T 4 i 19 41 38 0.4 1

2 1, ve 13 19 63 5 —
AT 13 20 16 9 42 (I8
Z Bk 15 38 46 0.3 1

4 i 62 29 2 1 7

20 42 90 F ALK, REFRHAMH TEH CEITBE FIT R I
Tk gz B A EOIEY, Patrick Muturil' B 58 T ERRAT B SR A, HERLEER
REEF BRI T K. Araujo!'®'E B F A4 T HEAT kAU BBRAN, +E
WHRA L., BANFEREE T ERRELAEBER T LR F B 5.
Manawwer Alam!'®14 DU B AT ity 7 B AL A B T $T AL R AR RO, Bt asbk
BEHERMNEEY, AyBEAFHRHRIEXTRATERMNR; 2REA,
WERREABRMYMEERT, RARFHEANE.

1.3.3 &A= X

Z A F kBT 42 T 1 inhibere—# 4], 3 X # corrosion inhibitor, &— 7

RICHIKET, efsle BB BN R PafRg R, fE, AM1—
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AL AFEEFLX F-F 4#

B RARFI R XA LA FF R D Y B REFE (RN T AR £ . B b2 B %,
BB, REFAFSYFBELERERG LRBRE L BEN T FOE
M, BREREZANEHEEAN, RERLPANED PBEEEZXRAARKS
BREMBERGYMF . REFNERXCLBTF T AN WAL THER: SRS
BB S AR AR, AR AR ALY TEREFHIEYE
Ty R EMAETREN RS MRAZEA — BT MR E; &
ARBHEE, TURRY S RERFER.

B, MR T 2 AT TR SURF, Ah— 0 EREE M
AR

1.3.4 F A 4%

BUFETHRES (REWTNFA NS YA RA &AM BT 8
WH. MRS ZAEEZBNENE 2N, E4SMBRZI-ARBEEHFZBRAL T
A, X R RMAER EHRTEREZENENERRANTEND KT %,
AR o 4 2 Fr ok — RCFT o A o T LA
) #ERAEWFL KL %

FTETFAANEEAFANEMEAN. TNEBAESBRERXEMFR
, ERHBMERTEYRATEILESBHERIE. TETH A #HRE
(161 qp g g (151200 grmp g S0 Eahme s s PP £ b 1P
ep e mEm U Mm%,

ZHEERRAEERART RRAFR Y ET BA R A BH R
fERl, RBRAALE—RKETEHN, AEZE LT HEHMERMBBM, Kk
RERFTIA I % E, Hitit T EAMBRENRE., S8 1S58 L EEH
RTBARBRE, TERENBRS . AR IE H Z IS 4000 4
B ZREVH, SRFNESUHEETEZHRY, TEROTHERRE THEE
o PR B AR R A R A A AR, IS R I AL E . AR
. BAEZRETE, PHEER X Rt TFRAEE A, AR THETE
BRAGEERT, FHZ QLR LR LI E R o ERmeER, &
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Figure 1.3 Protective films formed with three different kinds of inhibitors.
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Table 2.1 Materials and standards (I)

WA 4 R 555 BT R

KCl AR El 25 % H] X A R PR 8
NaCl AR [El 25 % H 2 188 A IR A 3]
Na,CO; AR [ 25 & B 1L F 1087 PR 2]
Na,S04 AR ] 25 & B 2 X0 A PR 8]
NaOH AR B 25 % H A F XA AH IRA F
CaCl, AR 5 25 & B0 F R A A R A F)
MgCl, AR 25 &% A s 5 A R A F]
I 5 AF AR TR K O T AR A A A v A PR B
ZRK AR B 25 & AL R 70 A R A 3]
ToK B AR B 25 & J AL R A A R 8]
ZLREZR AR ] 25 & F 6 3K 0 A PR A 8
NH,-CH,CH,-NH-CH,CH,-NH, AR 5] 25 & J b R0 A IR A 3]
LR 7B AR =] 24 £ F AL 3 AR A A BR 2 &
Ik AR ] 24 & H AL 2 3R A PR A B
£ RIS AR 2] 25 % Fl 102 R0 A IR A 8]
#HE: HCI AR 225 & H A F KA A R F)
7 B AR [£] 24 & H 1k, % 4 7] 4 BR 4 3]
[ A R Q235 5. 4% KA T

F R Q2358 % HomIT
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Table.2.2 Chemicals and standards (11)

R IEAS G EFET R

+ KA BE T 44%FeSO,s TH,OE K AR E 2% B S A A R A F)
4B B CoS04 7TH,0 AR LB R FERMNA R F
R AR $ENiSO,- 6H,0 AR tEHITAT
AAENHCI AR A LA E AR A8 R A F]
B 82 H3BO; AR A A 35 A A R 2 F]

+ 2 E B 48C1HasNa0,S CP B 25 & J b XA A IR E]
AR i1 BR AR a3k 7 O A4k )T A IR E]
79 B B2 44 Na,B4O7 10H,0 AR OAKEHITZ)

WK T8 B 44NaH,PO,-H,0 AR A A FIBAFA R F
212 BREANE

ABF LB PR EENS L&23:

Table 2.3 Main apparatus

DE A & TR

#7784 SZCL-2 M B AR A B R F]
AL T3k CHI660A - LR E

Ao TAE 3k PARSTAT2273 Princeton

H B i A A 4R DKS AR AT BT

BB R A JHS-1 HL AR R AL F PR A F)

& R A A A PG-1 Ll e MR EAIRA F

W T K F AL104 M H- R E WA (LEARLED
DT % %8, F X F DT1000 IHAERKENENR

R E AT PHS-3C LHEARENEARALF

B b2 TR b IM6e f& 5] Zahner/ &

Hods M 5 ROR A KQ-50DB Bl A B R E]
BB R PN JHS-1 A AR R AL PR A E
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WL A R AL X BoF R AAE Nk

22 WEWHKE

221 HERETINRBEE

1
Tl
|
| |
ot B N B [ atmme-
3
4
"] | i 5
/ & Bowee 6
L L

Figure 2.1.Device for coating evaluation at static state. (1-the auxillary electrode wire; 2-the
reference electrode wire; 3- auxillary electrode; 4- reference electrode; 5-rubber sealing ring;
6-working electrode)

R K A o B 2.1 BroR iy 35 B U2 AT ORI 9 AR . Wk A vk B T 1E
BARETEY 6 5 RMLE, 47 LUK T AR4A A Ao i o H K s AR 1F O 4 BY v AR Ao
B b d AR B AT AL R

222 HHREFNABRE

TR AN, RAWE 22 IRk E, REHEAN
WAL T30, oA FEE, WEEUR L. T35 0 40 4 .
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O @)
R
g BT
@) :% i O
O O

Figure 2.2A right-angle view of the whole device.

BARE RO REATHEAHE RS, BEM.

BAR R

Figure 2.2B planview of the whole device.

FEEGG L, THHMPAR, FREARRLES, HiLaRERFY.

27
)

Figure 2.2C detail of the upper half part
A EFELTH /M, FHLERFTEENNEBERER Y E, #1T7E
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iR, SHLEREENRARBER, TH S BER.

Figure 2.2D detail of the lower half part
T EH AW, ATHESARH, ARTHASRTHA, UEERTLE
AR AELFHI, TURERBERESE R L, IRERLILTEANBBRR
ok, EFAEERREEE TEER R ER), FERTELFNRK,

O O
87
e ~\\?“¢£;:: i

Figure 2.2E Composite of the upper and lower part
¥ bRy, THHoxHE, BRBLRE, NHERE. E& CRURE)
AT 55 EiHEE,
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Figure 2.2F Device for coating evaluation in pipelines.

2.3 TFRNFHBRAKZ A AR5 0

231 KRB HELE

(1) MR R ELR]: 3% = ok KA KB ) B A E B A A B 0 3% e B R
KEMIAA, HBIRE N 20 wt%, EMAKE K 100 mg/l; =M F MK, #H
BB RN LM, B4RA % E 2 AB4 A4 5 mg/l. 10 mg/l. 20 mg/l, 40 mg/l, 60 mg/l,
80 mg/l # 100 mg/1.

Q) BRI AE: KENRE, LUK Q235 NIEA MK Bk, LB w LUES.
FEbGE, TREETTHRETEA: ¥R, UARNEEK Q235
(RWERHN 0.50 cm®) A TAEHEA. ATWMHANE Pt A AR, LB, T
R EESHNE 3 um. 1 pm, 0.5 um IR ALEER 4T B, B A 0.5 pm B4 N
BRREMNTMANLIREREE, RERA REMAFE, REARHERT S,
ETTHRABTEA.

2.3.2 K EHR

KEMRE, BETTESFHAR QS MERE Y, XRAMMKTHE
EFE—RMNEARESH —RUNEZHREZE 05 mg, ILXMHMNENRE.,
KR RRAEH LR ZMAE 20 %L BRER T, EHFERELEREE
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WL K F M EF AR X Bo® ZRNAESMR T

A 60°C, BARRAANHEREHRE, REMKEEEHLE 2.3,

SEEMAE T4
| B R

1

Q235 4R

KW

Figure 2.3 Schematically illustration of device used for weight loss tests.

2.3.3 Tafel J|i&

e AL T AE 36

AN
05l e §\\
Q235

& A g A 5 T
A AR 8 3R

# R

18 i K

Figure 2.4 Schematically illustration of electrochemical cell used for electrochemical tests.
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WL AF BT FARX BB ZBRAESMKT &

SER P DL ko R A DUE L B 4 5 CHIG60A B4t % T {353 47 Tafel )i .
KR ZwRA R, BWKH Q235 MIAENTEwR, i RKER(SCEAE
WPt 4 AUE A £ b s AR Fudd By s AR, £ b o AR 8 3T 2R A 3 1 B AR el AR
F R RE BT TAF AR DA e T MR A, 33 B IR AR B R R R
BB B, TTHEIRET, TABRENKEBFETIRA b EERRTRARBER
Ao HFURBHEL =K. Tafel i ZMRXTAWBBRABRAEH TR RER
W HCI B . HF# X8 Z OCP (FF ¥ A1) 250 mV, 1 7 17 & B AR 1 FH
W, AHERY ImV/s, #AF Tafel MK EE EH LA 2.4.

2.3.4 EIS 3R

SE3e o DA% B 4 = B9 PARSTAT 2273 #4423 % 41447 EIS UK. FI# KA =
AR R, Q235 4NN TAFAR, aFHRKER(SCEYFmAER Pt F 4 AME N
Bl B AR o i B AR o R, i A B R AR B R R R R R R, T SRR T,
THRBRANKEBETRE h ZEREXELRIABERS. ERRBRHEL=
R o EIS IR A7 R 09 e 48 B8 R 0 & R B R B B A B HCL 3R HhEhikiE
5mV, MREKE Y 100k - 10m Hz 33 &1 %M F KA 5 HM#t4T. EIS AKX EE
5 Tafel MR % F B £ AL, X CHI660 M4t T 1E3b ¥ & PARSTAT 2273 & &
HAFE R

2.3.5 I ¥ F B MESEM)HR

KRB HA BG83 & 5% 8 F B %48 (Hitachi S-4800) x4 i 4 4h 7|
REE KRR WEMA M Q235 MATEEHHANE,

2.4 AERK I = B LR R AT A BB 5T

A Z R L AE A AR R TR M E B R B FBAELS). LR A RS
RSB AN T EARTAERERNERH Z AL ERER KT
BRI REH = AR .
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2.4.1 EIS 3K

VA% [E 4 7= B9 PARSTAT 2273 B & B % £ 4 # 4T EIS JiRX. B R A =&
AR R, WL ENEERED TEER, 18500 R ERSCEF AEH Pt A4 7
B Bt R Fo bl By AR . AR, B ERAEEE WK R IRE, e
WA, BERARERAR Ih, TEEREMNKBERTEA 2h THERXRTILE
BERS. BRRRHER =K. BISURFTAWEBRAERANEHFEKE X
FZRAWH 0.1 MNaCl B&. HFIKIEHN 10 mV, £ X8 100k - 10m Hz 13
BB AR A M #4T. EISHREEEEE 2.4 %4l

2.4.2 EFH BHEENR

XAZALERERXRERMARREE, 2ABREELEREFHEME
(SPA400, Japan) % | & A X N F R R TARE, FATHREMATE LS X EE
EEHIXR,

uﬁﬁ%Wﬁ

KR % B R & A8 B B9 AL P 41 50 6 i (X (Nexus670, NICOLET) ¢
R R T ATL SN RAE, HHKEKEE N 400 cm™ %) 4000 cm™,

SR AR AE A R I Z A AR R AR P R N B BB JS B AT AL AN A
RAHHR, ATAMEHA AL E5HERZENEANE,

2.4.4 RAMEHOR IR

8 1 Lo R 28R PR B) B9 R SRR K (UV-7502 PC)AT K 3 = R4k 3t
17 3 5D AR

B SR A B KB B K = AR RSN, BB SLRE 5 RSN 18] Y
B KR HHRERRANEGFF AL BB RAR T, B F— 2 a2 &
W F AR ARG, BRI RRESREAX RS FRREET
FHZ BT M &, AR LRI B
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HLAFETHFMRX FoF B WASIR %

QEVIRUAEBHESEEEKERZ FXRNERMB AT

HEENEREBHAFFETART R ESEEAKERZ B X RNGER
FA2; #h/E, BT CoNiFe THLH & % 474K L AR B4 (EIS)
SHEEBREDL FENEHRNKE.
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ES 2 P AN

[1] S. Sathiyanarayanan, S. Syed Azim, G. Venkatachari, A new corrosion protection
coating with polyaniline-TiO; composite for steel, Electrochimica Acta, 52(2007)
2068-2074

[2] Masayuki Itagaki, Akira Ono, Kunihiro Watanabe, Hideki Katayama, Kazuhiko
Noda, Analysis on organic film degradation by dynamic impedance measurements,

Corrosion Science, 48(2006) 3802-3811
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WL A EEF IR X F=F EFmERNEREENBREKITH

FoF B ERR RS R R

315|F

BRI AES, REHBRNBREGREANLHRES, AFXE
EREAFEFEEGRESNETFRARZ)UMNE R RE N B, A AE
M, BN, RESNRFNE S SR, HHLEESELFTHELAEILR
R B R BB R 3B .

3.2 LB

FRBTHRAMERGERENEAEDANE, EXTLAEEHE. FA
Ak E T THRE + &/,

S B0 P B R B AR U TR O 4 A SRR A R A KR AR . A 2
KR ZERARR, USRI RN TAEmAR, KERAR Pt H 45 b E
HAR . B A B DU A E R AR (SCE)E A & AR, 48 fn KCI 37 fi shAf 74 38
St R A TAE AR R VY B AR BUA T S AR L Pt £ 1F N RS AR
Lo w7 KA ERABEEFMRIEE. oA HH, REMNK AW
i34 48 %4 T SCE.

BAFNRZE, THEERELBRFRE 20min, FARBRESELEZ X,
RALE I,

321 RERHE

BREREHANRAR BRI TE. g, FRBHES (XA
HWHLR A4, ARFHIRMBERNMERLAT. JRE, FRM44H5 (—K
ARER) BAT, EAFRIHTRERNMERET; H0REBREREL N
Shim T, R BT EHATHREWEITN.

Mk BIFM A, BHTRBREZRNRER KL T.

(D) HO6-4 A€ E 4 K& + H2- 1M E 4 FiEE +BSS22R AT &
Q) REEFHRE + BHAEREATEAR
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(3)PHS2- 1M K EWHE M KR +PHS2- 1B RNEEN BENE B
(4)PH52-23 M M4 SR B B RE + PHS2 2B U NE B EH ER
SRR
(5) 100% % & & & 3 £ #
(6) AR KRN
7 EhRH
HIRIT MR R EMN AT
(1) HO6-4FK A8 4 & + HS2- 1M E =%k ¥ 4 +BS52- 2R A B ® %
Q) HREEBHKRE + BEHAERAWHEE
(3) PHS2-13% 44 W 46 T 15 R B R + PHS2-13 M W 4 & I & s R T R
(4) PH52- 258t M4 SR B B A RZE + PHS2 2B UMK R R E KR
B
FAT SR BRI, HATRIREZRASIRER KT
(1) HO6-43F 8.8 4 k% +HS2- 1R A& =%k P74 +BS52- 2R A HE %
Q) FEEHKE + BELEREABTSE
(3) HO6-4FF £, B 4% K% + HSS2-1E XK AR B F RN TR
4) 100%7% B & & F A RH
(5) BAmFZ RN
(6) HS52-1 B X F AR FHFRMERE +HSS2-1EX RN F i &
Shk B, HSS2-1 BRTAHTFHRMRE B HS52-1 BRAAELF R
FHEEMEHLEA, REHERE, BLEH#ITHRRER,
W SN R B K T
(7) HO6-4FF 8B 4 /K& +HS2- 1R A =% F 9% +BS522RABE &
8 HEAEHKEE + RELERABES

3.2.2 AR MR RO

ETRWER LB T OHERE, SIEMAR, #ATREMR,

R B R R RO
3.2.3 B A dh AR

8 iR AEBUE N B A CHIG60A H 13 T 1F 36 i# 17 A iy 4 )4 .
AR AY i 2 )R B LB T 4 T B AL Eoep-250 mV —Eoep 1200 mV, 334 77 16 d A
WALFEAR AT 347, FHERY | mVis, 4314 T ERM B R AR A &% B
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HPIL A ¥ F A X Fo% BMaERNEREEHRER TN

AT AR MR
3.2.4 HALFEEFTHR

£ PARSTAT 2273 Bt ¥ A G # T FE AR MK. MKAREEE
100KHz-0.01Hz, HF# 5 M HMERA, ®WHEFTEBEN 20 mV WEZZR
AL, '

REERREEES, B Zview RHPLTHERERHIREERE,
ZHERBETRIANEMEAREVNEER EEM MR EREMEERERE.

33 £R 5%

3.3.1 WS H R AN R

33.1.0 WA E 4~ AR R

PN LA B A E R G L Tk o AR WA X S, X T
Bk, EX0N: BHEFL (16Mn 4R). EHEREL (L290 7 L360
M), RARAHBRE (206G ). Rl HF R4 (Q2354). iFAF R & (Q235
W) Fuim AKIE S E & QO M TR AR BERR, X4 4: #HE 4% (16Mn
M), RBRARE (206 ). AALFRE (Q235 ) FiF KEHE L (204
W) %, AN, HRENEATIAT) AHEIRARELTN.
33.1.2 AR EBMHE X FH

AT FERRBRBWEAE, LA N EERERNTRATEE, £33
R, HE., +R. —5HKAsh. ARETR-ZSHRABERRETRGEWM.
KBATT RBEGN, RMNAZETENLRAR PR BB AE X,

BhHELAEARENERNREERAHEMHEMEE FHAMLSE
Ko R¥RABTFAERE, HFEAPFHELRE. ILZEHEAREMMEE
HE. AINGEAET. RERETRRCEAHBRT, 2BEREZRER N
Bk, RABBRAXESEFREAMBEAA, ERETAET, BHhEREL
WinW A, MART WEEM, TREEE., BEEE FAHI RN E MR T
BHGRETIRER KX, mAF RS A FT 40, KB EREE &E AT ¥
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ML AFHTFLBX FoF RFmERNESEHBER TN

Ko

BENEREEFNAGEE, B0 TER:
(1) Wb By A B EEN—RHERL: AGHBAEAALERET CIRER
#, CIHX T SO H HCOy RARMMB FHE, HTV#, BREFSTIN
LR ER, REEH. RBAFEMER TV RFEEINRERE R ET
B R R 1Z AR 0 B AT 4R .
Q) AREBEMEANFORFLE L. BIARGEZNAGREE, X&T A TN
AL RERTERARBEMHBERN AR RERF 4R RN 7o
Bk B (BLs R RAREME REFRBABMAR (£3.0. BAEZ CaClL B
WA, MEFEEXA Caf Mg B F.

Table 3.1 Corrosive media of interner coatings.

T B s
ClI (mg/L) 160000
S04 (mg/L) 480
Br (mg/L) 360
I" (mg/L) 25
7t HS™ (mg/L) 1000
HCO5;™ (mg/L) 600
Ca®* (mg/L) 16000
Mg** (mg/L) 1600
BT AE (mg/L) 280000
R I d 15

3.3.1.3 Wk BB T TAH
TITRAMHEERNEEHE WM ARE RKE,
MAAFFHCHMEER” 0, REE, UK NS TR KA,
B & &R R FREBHONE, dFOREHT AKX &0, A& RE T ok ¥
BRA¥R M ERYH, FrWAMEEMEEABTMA,
REE—EBE LSV MNBENES NS MME. BARERSRES &
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FAMAEARER (SHAMMHER), HREWNELH SRBMRERYT
EHNER, E— FREAEN, MEREE N, B R R R TS
Bsl, AR R, FERTENHHEMDY, BRNTEAREIRE
P (EERBERRE WA ERAE L.

A He DA b4 T A 4 BB E T BN TRIE, 85T A T

WA (RHEREABE) RANTRASN: RBIEE 60°C. & Om/s
BN TR,

HAFH CRF 0 RREE) XA M TR A4 % BB A 40°C. K& 0.4m/
AR A TRAS THRARR) HEFHBLEHRAEREF mﬁyl’
R,
3.3.1.4 4Nk B B A 313K A B

S35 %4 K 7 o B 4 A IR SR R0 AR S, 4 A IR Bk U ok B A R
ERTTREAF, LHEAAE. BIEE, PH EHE (LERLHHFM) W
o ) 7 AT

SREBMTEA WA ERE, LEATCIAERT, & ERMKMN R
B, MAEEFLLMLRFATRABENE S, AE, 4HEMEE TFHIIL
MR RN SR ETREA S, AAER AT, KA R M
M AT A,

B, AT FREBENTERANREHH, 2R AR EHME T
A B A RAKEE) RSB A BRER (32,

Table 3.2 Corrosive media of externer coatings in groud (unit: g/100 g)

pH #4E8% CI% S04% CO3*% HCO;% Ca®% NO3%

9.38 0532  0.2317 0.0852 0 0.0106 0.0044 0.0132

SRETARAEFWER, T TERBAN VA -—ERENTZEANL
HUREAE (KB, Y BEAERE 20-30 Mo FRER, THE KB EM
rf B RmRE. EHERABAY R, SEEFT AL (W, ) HERI
B, BERARNHEESRE LUK Ar iR E 5 R RAE AT K. 2o
ReEBFEREATHSNARY, —BARUERBUNELFRE. KKK
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WA ¥ WEE X i AL LY S

BT B K EARAE &0 AR M W9 2 28 ROB N B9 T Al Sk ROvm B Ak £ B A
FHEE. RABMMERLSF. KARBUUEI TERZS ALY, SRAHURL
HBMAL, SHEMEETRIIRNBMR N AT FRER X, dh¥
ROBL#) 77 % 7] %0, KRR B BE A& IR JE WY AT A

Table 3.3 Corrosive media of externer coatings in air.

BE pH Cl(mg/m®) SO (mg/m’) CO;*(mg/m?)

71% 5.0 2056 11390 3472

BRAG KRB, FETIENFALRENTE RGN B BB R4
P RAERFAFMEMEE FHRAKE (BIE A RAREME) KBS0 AR
AR (k3.3

Elet, I THEAHmAEAA MK BRAR, BRI LBERK, BLE KR
BABREN, HiLB P EFELRENLMEHAREEIERATINEE TR

3.3.2 WEW MM TN AR R
£ R A 0 o 1 TR 77 3T £ 32 1 Yk

3.3.2.1 RACH KA Tt b Ak B9 S
WA G EPR, ROTUBRE, . j,, K%, FREERA R, DL
B DA 15 B 4 B g & CRIC1,

CR(mm/ y) =328y M (3-1)

n-p
A, jo  ARREAEEAmY), MAIRETLBEEGNAFXNERRTE,
n RTBHE MR T HBNETRE, p HRETLBEEREFEE@em’),

— bﬂbC
2.303(h, +5,)

Jomr= B, (3-3)

B, by b4 HlRRERAREERAR, B EXARNTUTEFE®RE

(3-2)

60



AL A B F g X $ZF B RN E SRR RBCRITH

1% AL L L Rp!™,
% B R4 BRI i TAE R

corr

EMM93=(1-4%mjxloo (3-4)

B, o, FORRERE N RRERE E, J,,, RONEEE GRS
i 3 AR AL il IR T T AR B0 2 AL 8,

(A%,
P=§ﬂxw{i’) (3-5)

pe

B, AE, RTARKESRERZ EMMRRNITRBMAIE, R, KK

RREHRNER, R, FTEREEZEHRMAEE, B, AR Tafel ¥ 4.

3.3.2.2 B X2 PR IR T O 0 M 0 Y 2R AL

R R B AL LA BT 5 0% 2 M AR L2 8 R A5t iz 1), il ad et )
SR BB R A0 A A7 P VB ] 4 A b B AR AL & 4T 15 B
M R B, wERA., LMERRP R E FYEE BRIT 0K R E W
ok BB

B B, 3 33 A R I E P AR R R B L FEL A iR B R AR AT I A R B R
ETHFA: () RENHFEE (AFRERIE. IHEEFRPEEE) i
BB HEEA . (b) kA AP % BER.>10° Q-om? B B B, Ce < 10”F/em’
Mg B B (R, RHBRAL REZEENT W, B, &7 &t
ik B4R AL 0 B A H Ak, E R% BE BB,

ETEROM T, ROVNF B ZWBTEHTERAEME, AT
U TR N E AR T k. TR 2SR B, LB RETATHE
30K

i *L_i_{fz__

Ak Re

Figure 3.1 Interface between the coating and corrosive media.
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AE3IF, CAREHE, ReH R BEEM, RsABFEHEEM. HFdEAECH
WL 7 Xe,

Xc=—
aC (3-6)
Hib, AR E/E AR F 8 EA A Rot:
L _ 1,1 _ 1 1 l+ReaC _
Riotal Xc+Rc ya)C+Rc Rc -7

RV:

lim Reotal = Re
-0 (3_8)

Frol, R ERlladrEZRmEnTNER Y, KAEFREZEE
Re#y A /N,

wFERARIFRIRY, RINATREGNRENERARFAER, Hib
HGEZERAEREMNSREFEHEE, REWEF LBl R AKX

r=L4

§ (3-9)
i pHREREE, dABRERE, SHRBUARER. Ta, T EHH
WERSH S EER, XA p/S(=R/d)E R8T x4 2Tk s B0,
B 7 3 R ) VBB R TR e L R LT AR AR R B L, B
RRR/dME., FRRENES L BECHAR:

_&S
d (3-10)

KPP CHoEE, dWBRERE, SHREMNRER R +HEF—30. T,
MTRARERER SHEENS, - SECI)WEBRA, MEMRELE (—&

C

W5, 8RN TN H BB Flin, KB KN 48~80 (—
B 80), THAEMINEE KA 2.5~32, A& R BA M. BEFNT
FIEERBHE MM, NEXAENERECEERERE, XA .

H e, e qFEREFN T, NZH RN EREACRERRERE G EAE

B Ar Bk BEEME BT AEITFNIEF, FEREERECEREMN
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AL A 1 AL F-F HFHERNAEENRERTN

BB BB A N,

Ao, BT EAFEEAE (BIS) MRLFHEREARE., ZUEFRIHE=ZA
4, R4 HFRAE T —REDN REFEBF~BAHEEK BHT, A
520 mV); E, EIS ARG EmASGRESE (REEEMKRERE)
FERBRBENRSE (REZWSMEMHE) RIPHeE. 5 EIS RAMEX, &
i A& BT A B R R A A K B S m & s AL 3R B0 . R R B AR R Y LR
RLKAE; Bk, Tafel RABRKARBHRESHK T ERBRERTHANERS B
RERHFARRI B . B Tafel ALK AT EIS ARG WS BT REF £ —
TE R, HR R R A TR A IRA I B9 SR 3R AT RS e AL AR B B 1 A
£ 7,

Hit, 7ZF0%EmibHaEet, (@) BAMLZKAHEISEARBHEMT
M EEREEERMEMERECEE % BB ECHK AN % BT Mk
BRELELBEKRNE AW, RABMEME,, KA KBRS FIRT KR

(ARFRFRE: AL ERERBARBETRRFEMRLINEBE);
b RETEXARFPHE. LREEALRERAFREER T OET F1&
BEo FTIt B MW B RLIZR AR IR B R AT (A6 B 47 4 R An IR 7 4P 1
AEIST) Wk B

£ LR ERA R A SO ER L, #a T R ER RSN E R AR
% (RE) A:

(1) BEERAMAEERBEEAR/d 1) LBE, BAREF, <S%TAH
fil, BARKE; >10° Qem’/100pm T H; (2) BPRE, BRARE; >90%T A
Q) EUHREMEERZ L Cd M, () EHHALMEAFE KR, RBR
RN, & 100um EE<10°F T A; AeapmRecMERBERE R/
(G) Rt R R b AN "

L
RES BEFENREFERNAMELE, TES. BiE. BEE. BTEMNY.

*ﬁw___),ﬁWﬁﬁ&‘%?ﬁ‘Wﬁ&%‘m¥&‘%ﬁﬁ&ﬁﬁﬁ&%‘iﬁmﬁ
Ben BAA. REBEYE

Figure 3.2 Evaluation rules of anticorrosion properties of coatings.
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WL K 8 F AL X B R E RN & R B BRI

333 AREHITH 5k

3.3.3.1 W% B 2 T4
PAeE HAE N LR Ny AR T HAT . A B 3% 2 8938 E 4 A iR 45 R o B
3.3 Fir.

110

100 -
90 |-
80 |-
70
60 |-
50 |-

TG/%

40 -
30 -
20
10 |

-10 1 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000
TrC

Figure 3.3 TGA plots of different kinds of coatings.

WRIEE 33 PIRER, TURI LT REMMGEWETMARE®: (1)4F%
FHPHS2-2 B4 P4 S ¥ L E By BB KR + PHS2-2 3 bE W 4 5 9 o, 2 [ I
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Figure 3.4 Tafel plots of different kinds of brushed coatings on Q235 steel tank.

Table 3.4 Evalution of anticorrosion properties of different kinds of brushed coatings in Q235

steel tank.
1 2 3 4 5 6 7
Q235
(352um)  (286pum) (258um) (196pum) (310pum) (356um)  (320um)
Bz LV 0227  -0358  -0467  -0319  -0392  -0.559 -0.35

jeor(A*em™)  9.053E-9 4.73E-8 244E-8 7.7E-9  2.6E-8  134E-8  5.65E-8
CR (mm/y) 0.001 0.0053  0.0027  0.00086  0.0028  0.0015 0.0063
FLPR & 3.9% 25.3% 16.3% 3.6% 13.8% 12.6% 18.3%
ik &3 91.7% 78% 77.5%  92.9% 76% 87.6% 47.6%
B EHIL(Q) 62E+5 531E+5 S5.81E+S 4.86E+5 336E+5 8.48E+5  2.1E+S
% B (F) 14E-10 297E-10 12E-9  S.1E-10 3.8E-10 3.77E-10  3.4E-10

& 3.4 A Q235 Mk HEA B A KK EW AR BHATNER, KF 127 ZoR%

Bt R
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Figure 3.5 EEC used to fit the high frequency part of EIS plots.

AT RS R AEHM (b TR ®RENEERAEES —%. R
B, itk 3.4 PR BHAFRURERE (Cd), BRUAFE &N EER, 75
PATTACHTH SN E TR, XERELLERY 12.56em®) . B4 7
(100pm) # EHE2E; REBMBULEE (R/d), FUAGMNETR, 72
AL A (12.56em®), BALEE (100um) 322w IFFIA % 3.5,

Table 3.5 Evalution of anticorrosion properties of different kinds of brushed coatings on Q235

steel tank with unit area and unit thickness.

2 3 4 5 6 7
235

Q (352um)  (286um) (258um) (196pum) (310um) (356pum)  (320pm)
Eeor (V) -0.227 -0358  -0467  -0.319  -0392  -0.559 -0.35
B T AR
WAIEE  1.67ES  1.76ES  2.14E5  236ES  1.12E5  2.26ES 6.23E4
w
AT T AR

AL 52E-10 89E-10  3.3E-9 1.1IE-9  124E9 1.4E-9 1.15E-9
BEBE

H T W H b b AR A A R 0% B Y A AR A BB B R B o BEL A B T AR
PAEERERS., IRERRPEE, HRIAMKISTNHLEKEERE, R

THE36%. HEn&kTBREME, Ry 5 Cppp /0 A RIS EALE R EALT W% E

WA A E AR AT R ERA, EARERPEE, PRTBREARE. K
3.6 F] DA e “PHS2-2% 1k ) 4 5 9 i, T B I 3R K IR % + PHS2-25 1 W 4%
SR ED RN RA AR R, LR ERELRA, HERP
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Figure 3.6 Coating resistance, capacitance, protection efficiency and porosity of different brused

coatings on Q235 steel.

Q235 4Rtk IR MR Bt & & Rl 3.7 FToR, SAkWER %R EHR
fodh AR, KAMKRIERRGEEG, BEMB K IERE, F AR % foek
BRAMITZRA, RARKRIZHREEBHEMEE, RARRKRESF, 7
REEETHEIZGHG E A MG RERSEMM LT, FER MM ERET
My — e, & RH KRS MR A K S, ATHEBLHETENFE
B3 o3 A AR A, dly 2 A B qb 2 P4 13 B 9 & 2 309 T % 3.6.

67



AL A ¥ W F A X

F kB ROR &R B ORI

log(i)

“10 |

Figure 3.7 Tafel plots of different kinds of spray coatings on Q235 steel tank.

Table 3.6 Evalution of anticorrosion properties of different kinds of spray coatings in Q235 steel

tank.(100pum as unit thickness)

Q235 HO06-4 1 4.8 HATHKE + PHS2-1#MER  PHS2-2 #4E M4
HEE +FE BHEHLERAR KLEHEAEN  SFWEERH KR
B +RATE T % (192pum) (189um) ¥ (213um)
(293 um)
Eeorr (V) -0.142 0.05 -0.03 0.034
jeor(A*em™) 1.2E-8 3.9E-8 5.6E-8 1.08E-8

CR (mm/y) 0.0013 0.0043 0.0073 0.0012

F b 3% 3.8% 6.5% 1.5%
PRI % R 89% 64% 49% 90%
W2 e 2.50+5 4.2E+5 1.7E+5 2.4E+5

()

% B W A(F) 1.4E-10 2.1E-10 2.6E-10 4.5E-10
AL T A 8.10E4 2.08E5 1.01ES 1.07E5
AT TR
%2l
L ROAE 4.3E-10 4.2E-9 5.2E-10 1.0E-10
A TR
BEBE
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Figure 3.8 Coating resistance, capacitance, protection efficiency and porosity of different spray
coatings on Q235 steel.
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B, LMEREPHE, WR3.6FHAXKIEERRTE3I8T. AE3.8F LU
FH: “PHS22MWU WA R HEENMEHMKAE + PHS22HUERESHEED
BN EE R ERMENTAEAEHRE + REAERAWE R, ELER
BoARN, HFARFPBEEER, AREHRAN, NTAEHRE + HELSE
REBTEE % ERERA, HRKE A W PHS2- 2 M P 4 5 85 . E 17 /B 3K
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Fo A, B, Q354N HEMT bk B8 LW iR B N PHS2- 2 M M4 S
B RRARE +PHS2 2B MM A RRHEER KRN EE,
RITRE3IBH N T QUISMEEN R EN R CHERBIFNER G F &
S RER TR, H3INME R & ERNRE B o b 42 W RS H T 4o,
RERANME D WERREENRARBNER, RARAN SR EWH HKE,
F 8 OB A B M B 2T R SRR R AL
Table 3.7 Evalution of mechanical properties of different kinds

of brushed coatings in Q235 steel tank.

Q235 M & 7 it B W E
1 5B & G
2 4B G 18
3 5B B B 1
4 5B & G
5 5B o &
6 3B o a1
7 2B FE# R

Table 3.8 Evalution of mechanical properties of different kinds

of spray coatings in Q235 steel tank.

Q235 M & i 2 K
1 5B &1 &1
2 4B &# 18
3 5B i i
4 5B & & ¥
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Figure 3.9 Graph of adhesion test for PH52-2 elastic network conducting electrostatic
anticorrosion coating
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MREAFHEWE T, (20 BRLARE (REREREAR) HEH RIFHY
BARMERE. (3) T ILEM 4. BE60°C. MEOmM/s. &k B E K
SN S0, LR BT R THENRE, AEBEELEHETHRERERE, F44
EMANBERM, (4) XTQ5MEHENE, KALERENRERM. RERE.
LR, RPZEURREAREERET M, PHS22BM WL S E BB
BHRE + PH22BMUNE SHEEH MARER WP RREF; 278
“HO6-471 A8 # K& +H52-1F A =% ¥ 7% +BS52-2R A B H A %7 A .
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Figure 3.10 Tafel plots of different kinds of brushed coatings on L290 steel pipelines.
Table 3.9 Evalution of anticorrosion properties of different kinds of brushed coatings on L290

steel pipelines (100pum as the unit thickness)

1 2 3 4 5 6
L% (389um) (302pum) (273 um) (206um) (333um) (328pum)
Ecorr (V) -0.28 -0.25 -0.63 -0.326 -0.428 -0.64
jeor(A*em?)  1.03E-8 4.94E-8 3.45E-8 6.4E-9 2.4E-8 2.2E-8
CR (mm/y) 0.0011 0.0054 0.004 0.0007 0.0027 0.0024
FLpg % 1.9% 8.4% 26.5% 1.9% 7.4% 33%
(X & 90.5% 54% 66.5% 93.8% 7% 78.7%

wEBMEQ)  5.94E+5 5.09E+5 2.9E+5 4.76E+5 8.3E+5 6.78E+5

BEWSEF) 3.69E—I11  237E-10  3.17E-10  3.57E-10  2.62E-10

4.32E-10

LROATTE

£ )8 JE 3% B 1.45E5 1.60E5 1.01ES 2.20E5 2.37E5 1.96ES
R,

BT AR

{8 B % & 1.5E-10 7.5E-10 9.1E-10 7.7E-10 9.2E-10 1.5E-9
B, 2
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Figure 3.11 Coating resistance, capacitance, protection efficiency and porosity of different brused

coatings on L290 steel pipelines.
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WA % ERBES 2 A, HFELRERE, RPBRFRILMERFLZ S M
HH“100%% B 4B F AR R R, HE A4 TFME4F, L2904 A b 45 &
Tl s B B 01 B P 3 2 S “PHS2-288 M W 46 5 i WL B B R R OB JROE + PHIS2-2%%
P 4 5 e, B R R R TR

FI3.12 4 L2904R A 1 72 & 3 Wk Pk 2 Ja it ok e AR B AR fh o 2, LWL 645
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Figure 3.12 Tafel plots of different kinds of spray coatings on 1,290 steel pipelines.
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FEmaE. R, Rk fotadmf Ty, Mo, KARRTERRENE
J& Ak v A A A T ) Ak B SRR R T4 R IR, BB iR T ARk R M A R
Fnfas . AP, FERR A ARl &, BRI B RN, R %R E B &
ARG ik R AN, TR AL B &R B A B KT R3.00%.
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Table 3.10 Evalution of anticorrosion properties of different kinds of spray coatings in L290 steel

pipelines. (100um as unit thickness)

H06-4 A E B4 KB HEEHEKE PHS52-2 # 4 W

_ . . PH52-1 34 K X
1290 +H52-1 R E=%+E + BEAER P——— R EED
% +BS2 2 RAIH FEH B (193 ) J& ¥kt
m
7 (284pm) (191pm) H 219um)
Ecorr (V) -0.159 0.01 -0.083 -0.019
jeorr(A*em™) 1.34E-8 4.7E-8 5.6E-8 8.3E-9
CR (mm/y) 0.0015 0.0052 0.0062 0.0009
FLpE R 2.1% 4.5% 4% 0.2%
fR1P 2% R 87.6% 56.5% 48% 92.4%
# 2 Q) 1.2E+6 2.8E+5 42E+5 1.08E+6
% BEBEF 7.3E-11 2.5E-10 1.93E-10 4.8E-10
4T AR
BRE 4.01E5 1.39E5 2.07E5 4.68E5
# B L
i T
B ERE 2.2E-10 5.0E-10 3.9E-10 2E-10
BEBE

MEBI3F T LLE d . “PHS2- 2 M W& T E 7 MM RE + PH52-2
BUNEFHEEGFBANTE R EEAREMTNIEGR: REREERA.
REREERN. RFPRERF. ILEE A, EIL290RA 742 ¥ Hif fhit
RER LB AW E A PHS2- 2 M & S8 B B R E + PHS2- 25 M B &
FHEEHRANEE.
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Figure 3.13 Coating resistance, capacitance, protection efficiency and porosity of different spray

coatings on L2290 steel pipelines.
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Table 3.11 Evalution of mechanical properties of different kinds of brushed coatings in L290 steel

pipelines.

L.290 W& 7 it B 14 BE
1 5B A ¥ &1
2 4B Cxid A
3 5B a1 iy
4 5B Ciid B
5 5B a B
6 3B s Gl

Table 3.12 Evalution of mechanical properties of different kinds of spray coatings in L290 steel

pipelines.

L.290 & 7 it 5 1 R
1 5B B Bt
2 4B EH s
3 SB EH Ry
4 5B % B
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Figure 3.14 Graph of adhesion test for PH52-2 elastic network conducting electrostatic

anticorrosion coating
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Figure 3.15 Strcture of epoxy coating
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Figure 3.16 TGA plots of different kinds of external coatings
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Figure 3.17 Tafel plots of different brushed coatings on 1.290 steel pipelines.
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Table 3.13 Evalution of anticorrosion properties of different kinds of brushed coatings in L290

steel pipelines. (100pum as unit thickness)

L2990 1 2 3 4 5 6
(439um)  (312um)  (349um)  (513um)  (954um)  (314pm)
Ecorr (V) -0.56 -0.63 -0.57 -0.69 -0.64 -0.66
jeom(A*em?) 2.3E-8 5.2E-8 4.8E-9 3.9E-8 5.1E-8 1.2E-8
CR (mm/y) 0.0026 0.0058 0.00053 0.0043 0.0057 0.0013
LR 9.4% 21.7% 1.6% 17.9% 17.7% 10.5%
R R & 78% 50% 95.5% 63% 52% 89%
- J=8: 3K (9)) 5.45E6 2.08E6 1.53E7 5.01E6 3.97E6 4.73E6
"’%iﬁ)ﬁ& 425E-10  3.63E-10 822E-10 221E-10  5.05E-10  8.77E-10
BAERECEE
: 1.18E6 6.33E5 4.16E6 9.28ES 3.95E5 1.43E6
B
i T AR
$1‘W$*E& 1.96E-9 1.19E-9 3.01E-9 1.19E-9 5.07E-9 2.89E-9
wEBE

F3.13F £3.140 717 £ T L2904 A 1 42 & i Bl ik Fo vl ok 4 ik 2 Wit 41 Bk
B AL A FEISE £, RM, HATHEEHLLREMHNKAENEAEHECE
EHREeHrEas . IMERRPEE, BRI UTHHEXKERIRTTHE
3.18%,
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Table 3.14 Evalution of anticorrosion properties of different kinds of spray coatings in L290 steel

pipelines. (100pum as unit thickness)

L290 7 (296um) 8 (246pm)
Ecor (V) -0.22 -0.25
jeon(A*em™) 1.6E-8 4.6E-8
CR (mm/y) 0.0017 0.0051
SRS 1.7% 4.7%
R E 85% 57%
% 2w (Q) 4.04E6 2.99E6
RERE (F) 6.02E-10 8.82E-10
BAEREMTEEREBRE 1.37E6 1.213E6
y 1.78E-9 2.17E-9

BAEREMEERERE

ME3I8FF LLE H: “HO6-4F & E 4K FE + HSS2- 1B XA EHE I F ik
WA ER RN TNIR: REREEA. RFRERE. LEEE/DN, Hi
B A0/, B L2904 A O 42 2 i Wit 4h 4 B8 R AL B 405 B A CHO6-4 K A8

$ERE +HSS2-1 ER R ERMFSRBTE.
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Figure 3.18 Coating resistance, capacitance, protection efficiency and porosity of different

coatings on L290 steel pipelines.
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Table 3.15 Evalution of mechanical properties of different kinds of brushed and spray coatings in

L.290 steel pipelines.
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6 4B X4 X
7 5B R G
8 4B R B 1

Figure 3.19 Graph of adhesion test for zinc-rich epoxy primer and coal asphalt paint.
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Figure 3.20 Tafel plots of coal asphalt epoxy coating with UV irradiation
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Table 3.16 Evalution of anticorrosion properties of coal asphalt epoxy coating with UV irradiation

1500 1 X 2.k 4 K 8 K
(504pm) (532pm) (518pum) (544pm)

Ecorr (V) -0.53 -0.51 -0.55 -0.57
jeon(A*cm™) 4.1E-9 4.47E-9 6.82E-9 7.78E-9
CR (mm/y) 0.00045 0.0005 0.00075 0.00086
L 1.2% 1.2% 1.98% 2.03%

TR 4P 3k & 96% 95.7% 93.5% 92.6%
RN (D)) 1.26E+7 9.72E+6 8.19E+6 6.37E+6
Wz B AE(F) 3.24E-10 1.32E-10 2.17E-10 8.65E-10
ﬁﬁiz\igﬁ& 2.49E6 1.83E6 1.58E6 1.17E6
$15i2j§i§’¥g 1.63E-9 7.02E-10 1.12E-9 4.71E-9
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Figure 3.21 Coating resistance, capacitance, protection efficiency and porosity of coal asphalt
epoxy coating with UV irradiation
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Table 3.17 Evalution of mechanical properties of coal asphalt epoxy coating with UV irradiation.
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Figure 3.22 IR measurement of coal asphalt epoxy coating with UV irradiation.
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Figure 3.23 UV measurement of coal asphalt epoxy coating with UV irradiation.
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Table 4.1 The main performance parameters of linseed oil obtained from sigma-aldrich company

RS

% 7 8 % (15°C) A it {f
{25°C)

IV K AT 7 -24°C 0.938 1.4782 190.3 178.7

Table 4.2 The maijor components of linseed oil obtained from sigma-aldrich company.

iRl C 18:1 C18:2 C18:3 4, Fu *E

w/w % 21.2 18.7 50.9 8.6 -
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},M

j T T 1
T 6 1 0

ppm

Figure 4.1 'H-NMR of the obtained Linseed oil.

# Sigma-aldrich /A &) 44 € # T BRAT 1 A 6k B BR A0 22 D ) 7 2 A SE L,
AT B AL F MR . KE W, B ok TR AT K A B9 T2 R AT R A 2% 1 ) JR R 3
Sigma-aldrich /A &) %4 B B9 2 BR AT i
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Table 4.3 Chemical shifts of hydrogen atom in Linseed oil obtained from sigma-aldrich company.

d(ppm) Hydrogen atom
09 CH;
1.27 (CHy)4
1.55 OOC-CH,-CH;-(CHj),4
2.08 | CH=CH-CH,-CH
2.32 OOC-CH;-CH,-(CH,),4
2.8 CH=CH-CH,-CH=CH
4.2 CH between the two O=C-0O
5.4 CH of double bond

4.2.1 SR 4K

AT T RATE IR ERLARRAEMANERERECHEUTIR: BEEMAR
BL. BRACRINRRL . Bk AR R LR FS AR R
(1) BERE AR 2

7 250ml BURBMF M — R BN _ZH =R, ZE AR 100°C, Hi#d
AR RE AT R, AR (RED R¥FLHT, #U#EARFSEA
BE 120°C, FUKEMNBmBEME (H1.50 FESRERN—BuE, Bi#Ee
WWMR AR, AL PHBIRARERESTER. YTRFHMANEN 25 ¢g
B, REAAFE2hEXR, I RF BRI RBEEZEETHES
BE, TURAYBRAT LN, #RRLE-IBELEG.
(2) BRAK BRI R R

FEERWR B ERGE, BRERF AR 210°C, FMAZF XK, BERN—
BATE), BEE —WRMNAN, REFY /Kb audrd, UHE e ENR N #AE,
HREBNKESE BT EFRNAKE B, AN ITMREEETK, #
bR B

W R # R, ARBIURA S RN Z B EEIRE 5K 0 55 5 4
BEERBREERLRTY ., AR SR T FRUEESERFE 210°C B, AT
AR AR, W REIEE S RETHRE 160°C AT, HE - FRHE N
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WL AFEEFAR S T TR e oK R A0 B ) B ) & L R AE R R AT AR

(ZH R EE 140°C), KA EEXZE#A®, FiREHBLAAREE 210°C &
ROBL#] 20min, FFRAPN = 5 R IBE R HT = £ W AR W, w8 IR T DR B R
TR R RL B
(3) Wi A K Rz
R =P iR E 140°C B, AR BRIE 18 N R P, vtk A B R, &
VR Am 52 JE R RO — Bk 1]
(4) FHH AR R
Wi H A4 R RE 5 M 3R E 49 110°C B, Am A\ — & R ALY, ST F %3k 1R AL,
DL 2 o 3 M RO AR, By RN R WA 4.2, BEIMEMESE, #
HARR Y LOBI, R % T I ARAT e oy ok v vk g b 2% b )
A H
E%/m +3 HZN/\/ N\/\NH2
N e

110°C

230°C 7/>
—— = — e

e NH"" \/\/\/\/[>
— — — ’ )
130°C \\/ N\\(

. ) p
10°C \\/ﬁ\\(w’

Structure of the LOBI S

Figure 4.2 Synthesis and structure of the LOBI (thioureido linseed oil imidazoline quaternary
ammonium salt)

102
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4.2.2 RE WK

KEPRTBEAACE, TREREAURMY, X TFEHAKELKE,
MRZKBTHME, REREATTFFREEA. SR A FEnE, By
WA, WA BRI AR R T AR, 3R ERYART . BERTHRAEA
B BEP R Smin, FIRARTRDERERERAEREM LS. AR
FEACPECER G, THRAE AR ERERR, FRERNEAYFRT, HAE
KB RHAY Smin, BTEAMA, FAL BTN ESHI, %5 FHN
FAZ AL sSmin, AARKT, K#ETIESE 30min EHE CHEHE 0.0001g).

=T T 100% (4-1)

m,

R@E-DF: FHARMR (%), mAZTABFHEFTFHRE (g, m AWFK
ZMAMAREFETFFHRE (2.

4.2.3 4L 434,

X % B R 8 A7 AR A B W S0P R 34T 5 6 i X (Nexus670, NICOLET) %
A R BB AL 4RI (LOBID £ A 3 47 R AL, 49 4% % K 36 B 4 400 cm™ £ 4000 cm™,

4.2.4 H # K

f# F BRULCER 7 8] 9 28 5 B 3£ 3R 34 # L (DMX-500) %% 5 5, B B 1t 4 1k
FIEM#ATERA, MRS UEFEF TMS (HEFEBE) /Y AR AR EY
AT H WL,

4.2.5 Bk & R)R

% ] b8 R 4 DUE N B & 2 CHIG60A w42 T ek, A& Avd &35 B
A TT e AL Egep+250 mV, 3344 77 1l ey AR AZFRAR 7 M AT, 9 H L 5 1 mVs,
o AR LR B RO 6] I B R Dk R R AT AR AL R
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4.2.6 HAEHEFRR

1# I PARSTAT 2273 wfb.2F 2 gt AT AL F LR MK . MK L L E 2
100KHz-0.01Hz, HH A M EEMERMA, KAEFTEIEBEN SmV HEETR
CR i

4.2.7 H# R F IR

KA HAHI NS WG LS # 8T E %% (Hitachi S-4800) *F iw A\ T2 Jk #F
R E A Rk Am A 9 Q235 AT R A AW, AR R F ey i B T A
3kV,

4.2.8 XPS 3%

X AZEE VG A S M X 5t &b F 6 (ESCALAB MARK 1 spectrometer)
#m N P BR AT e BR AL 48 Ak AT B Q235 AR A AT XPS MUK, LU C 1s #Y 284.6 eV R
HHETE.

43 &R 54

FER AL A MR IR xS B B T2 R AT 8 R L R B A R 4 R LOBI 4
HBEATRAE, AL EEAHEEL) AN TEH43I 449, HETRALKAT
S B R R A 5 Tk B AR ] AT 2 BB 5T, LABRAIE B R B TR AT i
BRGS0 B T b B R FTAT M. X A T A AL B9 TR RO R AGR AT A Q235 4Nk
WA R MEAT 9 R A A R ATRT, B Q235 WA R HLE.

4.3.1 TRRFF ko sR Ml (LOBI) Hy4&# RAE

43.1.1 44 KAE

4740 K3 B, 3376 cm™, 3276 cm™ An 3172 cm™ 2 B3 R AR B A E B N-H i,
3050 cm™' AHBRAER KIS 5 X L CH /X, RAFRMRELEE#H
7o 2927 cm™ and 2854 cm™ 2 B3t pE T F & b C-H B Bk s A e st Ak 5
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WL A¥MEFAR X BEFE TR ERLRBRR R F & RERRRATAFRK

1650 cm™ and 1540 cm™ 338 HILLLH R, KA F T A AR, B
RIFR R R 4. R, 71650 cm™ A A B AM RIS, 3K 5 ok kIR
b C=N X4k A *, X5 Hk R R, 750 cm™ and 700 om™ # iz
T R IR 3 BUR R AE RO

Y%transmittance

" 1 1
4000 3000 2000 1000

wavenumbers(cm")

Figure 4.3 FTIR of the obtained LOBI.

4.3.1.2 BR &AL

L H-benzene ring

CH,(long chain)
r 4

CHy

ppm

Figure 4.4 "H-NMR of the obtained LOBI.

w45 9 H 3 7] 40, 6=3.45 ppm Fv §=4.4 ppm *f iz T ok L FF _+ #9 CH,, 5=7.28
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ppm Z X I Ly H 5| & #, 6=5.31 ppm 7] b 5 T Bk #F b L X4 H F X . 6=0.85
ppm and 5=1.26-1.32 ppm 475 L ARAF K 4% EH CHy fn CHy XS R,

4.3.2 J2 AR ok vk obk % B AR B S 4

AV ERBRAXRERTHET A LKA M A KB LOBI E Mgl XA
AL 7 N A 4B LOBI B Rt g8, w0 ¥ 7 ik B Rtk dh ik fo i ql
A &

4321 REETFMERH5H#H

Table 4.4 The inhibition efficiency of some kinds of inhibitors for industrial use by weight loss

measurements.
RE B EHE FHERE | RMRFE
R PR 4 (gD RBEE®Q) © KB () @® %
socen| o mes pom [T
Z )
17.9005 16.4782 1.4223
19.4654 19.4186 0.0468
TH-ACI0 10 0.0468 96.5
17.8464 17.7996 0.0468
19.4712 19.4540 0.0172
WLH 10 19.7471 19.7294 0.0177 0.0174 98.7
19.6876 19.6704 0.0172
17.6715 17.6262 0.0453
QYHO09 10 19.4717 19.4237 0.0480 0.0465 96.5
19.7054 19.6592 0.0462
19.6996 19.6832 0.0164
TA801 10 19.6669 19.6504 0.0165 0.0163 08.8
17.1460 17.1301 0.0159
17.3624 17.2760 0.0864
TA801 % 10 19.7248 19.6343 0.0884 0.0870 93.5
17.3183 17.2321 0.0862
19.4065 19.3420 0.0645
CT/TP2-19 10 19.6677 19.6029 0.0648 0.0643 95.2
19.6362 19.5727 0.0635
19.4435 19.4372 0.0063
SWPC-6-1 10 19.4107 19.4042 0.0065 0.0062 99.5
19.6420 19.6362 0.0058
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KA EF R R AR A IR B 4 RAE A ERERB %, #
TREPRE, THLIAANELRBAWNES R 101, EAFEHEMH K
A FHRB =k, KEFHE., BLAEMNR, P LAANELREMANE
ETRARIFAT A KN LOBl WE MM AEHATHLER, FR ok 44 TR,

HEAABRBEQNT B0, TP LNAWEEAEMAE N 1091 B, BHEBFE
HERE 90%U £, EX 44 PRI EBANEE, ERRERRHVERLS
TA801, EMBKRAFIL 93.5%; KM F R EHE SWPC-6-1 Fn FJH-08, &M%
R B ik 99.5%.

Fl—RENETRAZRIERTHAS KM LOBIMAEE A KRB ERE Z XK,
KETFHERNUEHH IMHC BB FERRRER 0K 44 FioR, % LOBI
WERBA, RUMMEMAEMA; LREN 100 mg/l B, EakELZ] 80% U
by HIRE D 200 mg/l BY, ZAERERILED 95.77%.

Table 4.5 The inhibition efficiency of LOBI by weight loss measurements.

. |RmHRE | BA 4N EXTS 20
F R E © %8 Kk E(g) © ZhE IE
. 19.8285 17.4441 2.3844
ey | 19:5852 17.1880 23972 23903
19.7627 17.3734 23893
19.7762 19.3294 0.4468
100 me/l 19.6157 19.1734 0.4423 0.4445 81.40%
19.8343 19.7047 0.129
150 mg/! 19.7914 19.6792 0.1122 0.1201 94.98%
19.8465 19.7278 0.1187
19.8281 19.7296 0.0985
200 mg/! 19.6668 19.5582 0.1086 0.101 95.77%
19.8465 19.7506 0.0959

4.3.2.2 Tafel 4% £

xR ARAE A AT E AR R A F & E B9 LOBI B9 1 M HCl &R 3 #y
MALE &P 40, WA LOBI &, BBmEMHTRREML 4 A, BEMRER
FAE /N FER . ARERERF A, SHARRNAIPFERAEA, LRE
R&H: LOBI RARFHEMER, LE-MUMEARRE A ETHREBE
1A, B RFRIPEAR . PR R AR AIEER; BEE LOBlL I AR EZ AT A, B
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AL AF W EFAR X FWE TR oKL B AR R B ) & L RAE R ERAT A H 5

& ok v, %, A 3R /N

log(i/A.cm'z)
3 A

1
-0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1
E/V (vs.SCE)

Figure 4.5 Polarization curves of Q235 mild steel in 1 M HCl solutions with different
concentration of LOBI inhibitor at 40 °C for 1 h.
2R AT o ok A o % Ak R (LOBID 76t 8k 4R 42 ok 2 3 B A 56 4 4 T #9833 3
SRERTE 25 ]

n=0-1,,/1,.)%x100% (4-2)

free

0=1-1_11I (4-3)

inhi Sfree

HEA L, B 1, 4 BIRRmA LOBI 5 5w A AT 2 4 ) #9484k i 4 19 B 4
H, L EL

d AL RN F AR K SR, e AL, B AR L. B/PR AR A AR
HEURBLHHBEWEMBERRTHEEEHI TR A6 T, k46 P4
RBR, % LOBI MmN\ RE % 80 mg/L B, HMBERAN 85.1%; LWwA®
BT 80 me/L B, Rk v G BT A M A, X R AR i T AR OK KB Y LOBI
By, vk TSR E A~ AR A, BLabvkeky T3 — BRI, AT
LY E S VI
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Table 4.6. Electrochemical polarization parameters for Q235 mild steel in 1 M HCI solution

containing different concentration of the synthesized inhibitor at 40 °C for 1 h.

Concentration E o Yon B, -Be n% 0

mg/L (mV vs. SCE) (mA.cm?) (mV.dec™) (mV.dec™)

0 -415 0.737 66.4 128

5 -471 0.248 132 123 66.4  0.664
10 -487 0.195 116 142 735 0735
20 -499 0.143 172 184 80.6  0.806
40 -508 0.117 165 184 84.1  0.841
60 -500 0.115 160 189 84.4  0.844
80 -489 0.110 158 227 85.1  0.851
100 -502 0.111 162 179 849  0.849

4323 EIS i 4 £

-400
350 | —=— blank
- —— 5Smg/l
-300 | —— 10mg/l
—v—20mg/l
e | —— 40mg/
2200 F ——'—60mg/l
NE — 80mg/|
é -150 | —— 100mg/l
£ -100 |
o
50 F
0
50
100 L 1 n | i 1 " 1 z 1 n K i 1 o

0 50 100 150 200 250 300 350 400

2
Zream cm)

Figure 4.6 Nyquist plots of Q235 mild steel in 1 M HCI solutions with different concentration of
LOBI inhibitor at 40 °C for 1| h.

T Fb 8% 4R 7 A A FE 4T % Ak R B A B SR B9 LOBI 9 1 M HCL % 0 1Y
EAFERET 4, %8R T A HA—ANERINEERIF TR T XM E
¥, REEEERETNRBEYULA K. —MERINKARFE— A0 FEH K
% LOBI B\ & % 5 mg/L v 10 mg/L B, A EEMRXAFE - MERM, KA
AR BT S BB 2 4k LOBI Wy im A B RE 7T LA I, & & A0 o 4
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XoAFA-DMERN. KAEFTRET, AFETEE b 5 A E KA &
My, P B X Y B GUA AT R E R B B A, T A X AR R R T X B,
FHEA. Hl, TEEETEAFEIERFE 4.7 R SR et Tue
[16-18]

W& WA\ HY LOBI RE M A, MM+ FRBRINLBZH YA, R
FE v [ o 7 S5 A5 B I K, Bt R UL AN R B MR R S E B 4T, LOBI

ERERMELS T EFNRPIEA.
2  pe CPE
| Rt |
b Rs CPE1
— AN >
R1 CPE2

Rt

Figure 4.7 EEC used for simulating the impedance spectra.
B 4.7 %, ReFTFAREM, a 78 CPE R RN H B 85, ROATHAHE M,
a FH# CPEl RoRRMREE, RiFZFBEEME, CPE2 R RKEEBE, RFR
LR 22N
Table 4.7. EIS analyzed results for Q235 mild steel in 1 M HCI solutions with different

concentration of LOBI inhibitor at 40 °C for 1 h.

Concentration R, CPEI-T CPEI-P R, CPE2-T CPE2-P R, n%

mg/L Q.cm?  pFem™ Q.cm’ pF.cm™ Q.cm?
0 0.467 240 0.862 233

5 0.471 134 0.838 95.9 757

10 0.289 76.0 0.791 138 832

20 0.251 16.2 0.801 58.8 274 0.573 180 87.1

40 0.630 23.6 0846 619 202 0.575 184 873

60 0.163 459 0.733 744 122 0.653 205 88.6

80 0.423 45.7 0.725 108 113 0.673 228 89.8

100 0.164 25.8 0.791 72.8 130 0.641 224 896
RS LA L SRR AT ok ok R B R L TR 7 B,

n=(- R,"""' /R,"'"’) x 100% (4-4)

K@y, R0 R 551557 5k o A 217 8 4070 0 b ) 9K 28 4 ) B )
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B g e,

WRAERBERPSEINE LK (o BARE., EuE, e, W82
A, BEREBEM) M5 Tk47F. Y LOBIMWMARBILKRDH, NFE—
ANBHE R, MR TREEER, TaERBKEER, RMETAFRERIFHH
WS A RORHBEHABR, TELRAMHLBRREMNER. MERE
LOBI SR EMEMERT, WHBLEREE, ol e RERyE FRLE
BESeRBRkmAEM, AMERPERNEAEE M. BE LOBl W ANKEZRHT
A, BRNEFEHOEH TR, AHEET LOBI FWE MK AE. % LOBI in A%
k3| 80 mg/L B, A 89.8%H & AE M E.

MR A FERENAER, BEOREHTELHERE, EEEM
BEMERETMHHBRE BN SIRXHHAMRFTELERTENER TN
mhﬁﬁgmmmw&ﬁ,Eﬁm%ﬁgmﬁﬁ%%m&zmﬁﬁ%&w%%,
MB R FERENFORE LB R AR ERER FFEL—H, EA
ZEFEWLTR%R:

R,=R +R,+R, +R (4-5)
He, RETYHMERM, REZXTERXTDREN TR, R ETRRM B
M. A, mRfd& FEfadFRRA T EMNROERTEFAARTLHEE.

4324 SEMiEH & £

WA Q2354 A& 544 LOBI B | MHCI #3%# 1 h ¥ SEM B &, ¥
LA, % Q354NELELOBIWIMHCIFEH 1 hE, EXEBOELHTE
JE4k, WA 1 MHCIARFT A 80 mg/L £447 LOBI /&, Q2354REREE
RT49-F%, HREHEBRBEM, TR, THRFHKLHREMFGEMPBERL
RALW.
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Figure 4.8 SEM images of Q235 mild steel samples after immersion in 1 M HCI for 1 h without

(a) and with (b) 80 mg/L LOBI inhibitor.
4.3.2.5 XPS ik 4

3T T2 R AT s #9 ok v ol R A4 42 Db ) 7E Q235 4R & R /B XPS AR 4 R 4w
4.9 B, EH (@) fr (b) 2514 N(Is) o S2p) £M ¥ &5k i, F aE ik A .
JABE WAL T 40, N(1s)HE LT 400.06 eV [ i1, S2p)dfiT 162.44 eV i, &
BH 6 T S0 BORT 7 o oK e o R AL R D AU AR Q235 MR TE Y R EE . 400.06 eV
1 N(1s)¥ £ 3% i T4 Q235 4R T YR M B 25 T T2 JROFF e #r ok v ok R 4 4% Aoh 79
B R R F A R PR AR B, N-CH 4, #T DA 4 3 38 b 2 WO 1R 7R P )
Q235 W& Y,
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Figd.9. (a) N(1s); (b) S(2p) photoelectron spectra of Q235 steel in 1.0 M HCl

with 80 mg/L LOBI inhibitor.
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4.3.3 T2 RN ok oK vl o R A 5% o R R A AL A 5T

140

W data from polarization technique
120 |- O data from EIS 4
P
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Figure 4.10 Langmuir adsorption isotherm for LOBI inhibitor onto Q235 mild steel
in 1 M HCI solution.

38 33 AR AL bl 2 Ao B AL 2 LA SR A5 LOBI 4R b ) 78 Q235 40 3% T W Pt 1y Bl 35 %,
Ble/@Fn cfEBE, ZHoc/0F cHh LM xR, #IUTH LOBI & Q235 Mkl
M AT 4 AR K Langmuir % M} 4 i =127,

c/0=1/K, +c (4-6)
Hep, ¢ RARMANE LOBI By E; 6 &7~ LOBI #£ Q235 4R & 1 K M i B 3 &,
K, RT3, S T U 1 4.10 o B A I 4 3 th 3k

W 4.10 ¥ 4, AR b £ A e A o FEL A T R 7 4R B B R T AR R —
B (RN ERENELEVF M), b5 5 8% T8 % 807 AR T X
T AR BRI 3L AR B AT B Bk AGY, P

! : x exp(~-AGY,./ RT) (4-7)

ads =

%4t %, LOBI 1& Q235 4 & W YK It #9 % A ¥y & eb fik 4 -43.4 kJ/mol, & B LOBI
f£ Q235 MM AT W MAT A & B R H#ATHY o 48 CRRARAE , R & A7 7 & do A 9 T -40
kJ/mol B, WP A2 DAL 2R A £ 4P & A 8T B b gk IE T-20 kJ/mol EF,
VR PR I AR DA IR O £, BN R LT B 4 T R AR AR Y e R R T B 1
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J, T YR E AT E & BT -20 kJ/mol 5-40 k)/mol B, % it 22 B A 432
M, WEEAFERM. Hik, LOBI £ Q235 4NEZ W RM AT H UK M A £

(36-39)

-2)

log(i/A.cm

'
(&)
T

i 1 " 1 1 i 1 " "
-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2
E/v (vs.SCE)

Figure 4.11 Polarization curves of Q235 mild steel in 1 M HCl solutions with 80 mg/L LOBI
inhibitor at different temperature.

Q235 40 7E & 80 mg/L Z& 447 LOBI #7 1 M HCl ¥ 8 A 7 8 B &4 TN E 0
BACH & 4.11 iR, BARENAE, KERREIA TR, THREHNTR
% T LOBI £ Q235 AWK MAT # 5| R. BUAMBELFERE THEE
WER L, , Bitn(,,) 51T WXR, SRwEH412 R B 412 %H,
In(Z,,) 51T ZEHFEEALNEHE XK. RHE Arrhenius A =,, Q235 A4
80 mg/L J2 AR AT it oK AL o SR AR B9 1 M OHCL 3 R P 8 A8 3 A2 9 7 AL RE T AR A
TR it 5 5104,

1, =Aexp(-E,/RT) (4-8)

e, E,ARNEMER ASEFEH, THRBRE.

1453 5 Q235 407 & 80 mg/L & 4k ) LOBI 9 | M HCI & # /A ML 22 1y
FATE N EE A 29.6 kI/mol. & CHRIRE), Q235 4K | M HCI Ak W M it 48
H RN AR AL A 50 kI/mol. B, FATIAA LOBI F£ Q235 41 5% T Ky R Mt 4
R, AR G RAOIZ AT — B
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Figure 4.12 In(ic,,) vs. 1/T for Q235 mild steel dissolution in 1 M HCI solutions with 80 mg/L

LOBI inhibitor at different temperature ranging from 20 °C to 60 °C.

4.4 KFE/NG

RFEH & T AT IRAT iy LOBI &b 7], 38 3 210 41 3 Ao H 3 3 I 4540
7T RAE, HRT 1 MHCI B ## FUA B T LOBI #4 {h 14 g fu R ALEE . 45 R Lo
T
(1). DAIE FRAT 31 4 SRR A R T okl ol R BR AL o), R arsbotli A H ¥t
H M AT T RALE.

(2). LOBI 5 w7 3% L8 JF| B9 4% Dk ) W 42 b 2 R 2k 3 2k %4 bR R BH, LOBI m & 20
1B 5% bl 3 AT L B 95% 0L L

(3). LOBI B 4% bk % % B A L IR B B9 388 KT 3% A 3 K, 24 4% sl ok B 8 32 80 mg/L
B, ZWMAELFHK,

(4). LOBI £ Q235 4R & T HY R M 26 & £ B 42 R . 3% A Langmuir %% Fft % i&
HRRK, HE RS R A& KGR A
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Figure 5.1 EIS plots of copper in 0.1 M NaCl with different concentration of BTAH.
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Table 5.1. EIS analyzed results for copper in 0.1 M NaCl with different concentration of BTAH.
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Figure 5.3 Langmuir adsorption isotherm for BTAH onto copper in 0.1 M NaCl solution.
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Figure 5.4 ex situ tapping mode AFM phase images obtained after BTAH adsorption in the

solution with 40 mg/l BTAH (a) 1h; (b) 6h
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Figure 5.5 (a) FT-IR transmission spectra of solid BTAH; (b) Infrared reflection spectrum of the
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film formed on copper surface in 40 mg/l BTAH solution with different absorption time.
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Figure 5.6 (a) UV absorbance of BTAH at different concentration; (b) Linear relationship between
absorbance and concentration.
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Figure 5.7 Absorbance vs t of the BTAH solution without copper electrode during UV adsorption
measurement
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Figure 5.8 variation of BTAH absorbance in bulk solution and quality of BTAH adsorbed onto
copper surface.
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B b LAY 2 FEL A IR AT B B 4 R (1.07x10° V/mol) Ry A, it I 3 3 % k3 % /N,
] M, 7 A 46 T A B, BTAH B9 % M 3 3 B B K1Y .

A% HRAG-T)EEBRBR T BTAH H9R B & 18 % 4 o a4 T 145 %)
My, TiAESZPRIES S, TR B B RE K, BTAH ZE 4R FAR A& T R M % A 3
A, BT BTAH Wk E & 2R Z M, XT LR F R, RIEH5EG-18)F1(5-20)
RESCEF

132



WL R F W EF AL X

FAFE EEEI = AR B RAERERRAT AR

mJ'
¢, =Cy—

F
m.s‘ =me X9

He, mey—H¥, £T BTAH E4HF A KREH AR E.

14

12 /
10 | //

my/ug
X

—m— experimental data
--o-- fitted data of equation (7)
A - fitted data of equation (28)

1 i 1 1 e 1 " 1 n 1 ey 1 " 1 i 1 "

0
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
t/s

Figure 5.9 BTAH adsorption dynamics was fitted with equation (7)

and equation (28).

(5-21)

(5-22)

Table 5.2. Parameters k; and k., obtained from fitting the experimental UV data by equation (7)

and equation (28).

Kinetics k k., X10° K (1/mol)
Equation(7) 0.45 1.19 3.75E4
Equation(28) 0.33 4.57 0.71E4
B, #71% HRKG-5)TE .
do 0
= =k - O 1-0)-k,0 (5-23)
dm
—r =k - "y )m, —m)—k_ym (5-24)
a= "/, (5-25)
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k

b="" Lk ke, (5-26)
%
¢ =kcym, (5-27)

2am+b—b* —dac 3 b—+b*-4dac
n =+b* —dacxt +In ————
2am+ b+ Vb —4ac b++b* —dac

£ 5 /1 % 4 B R(5-28) & #F %X BTAH R R ERMMAEN A ¥4T A,
# 3 F 4F &% Levenberg-Marquardt algorithm 14, A1 LA 4 514 B9 Mt Ao it
WiREER, ERFITERS2F. EHETHEFHEFEY 0.71x10° Vmol, b
F, 0,44 2 B4 IR 48 B 0 &8 R.(1.07x10° Vmol) A/, 3B H £ X B T B M5 71 %
FRNF RN A FLBZNERE AR

]

(5-28)
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(1). BTAH XA XA E MR R A L AREWHEATMRS.

(2). BTAH 4R AT RN RESE, BRI TEEKL N 2, RABRE T,
. BE.

(3). 5% 7 BTAH EREMKE KM RES A ¥1TH, KI BTAH AR BR K
W ik BRI AR AR, R A2 E A8 Langmuir WM 7 A2; %4 BTAH MR E £
R ERFRFALN, BT RUTEERBRARMRBES A FHEY, L+ 8
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134



HTARFBEIFARX FRE FEEFFZELEBAMORMEREZMTATR

AESHE W

[1] R. Ravichandran, N. Rajendran, Electrochemical behavior of brass in artificial
seawater: effect of organic inhibitors, Applied Surface Science, 241(2005) 449-458
[2] M.M. Antonijevic, M. Petrovic, Copper corrosion inhibitors: A review,
International Journal of Electrochemical Science, 3(2008) 1-28

[3] N.K. Allam, H.S. Hegazy, E.A. Ashou, Corrosion and inhibition of Cu-Zn alloys
in NaCl solution by using permanganate and phosphate anions, International Journal
of Electrochemical Science 2 (2007) 549-562

[4] YN. Prasad, S. Ramanathan, Chemical mechanical planarization of copper in
alkaline slurry with uric acid as inhibitor, Electrochimica Acta, 52(2007) 6353-6358
[5] D. Thierry, C. Leygraf, Simultaneous Raman Spectroscopy and electrochemical
studies of corrosion inhibiting molecules on copper, Journal of the Electrochemial
Society, 132(1985) 1009-1014

[6] M.R. Vogt, R.J. Nichols, O.M. Magnussen, R.J. Behm, Benzotriazole adsorption
and inhibition of Cu (100) corrosion in HCl: A combined in Situ STM and in Situ
FTIR spectroscopy study, Journal of Physical Chemistry B, 102(1998) 5859-5865

[7] C. Jin-Hua, L. Zhi-Cheng, C. Shu, N. Li-Hua, Y. Shou-Zhuo, An XPS and BAW
sensor study of the structure and real-time growth behavior of a complex surface film
on copper in sodium chloride solutions (pH=9), containing a low concentration of
benzotriazole, Electrochimica Acta, 43(1998) 265-274

[8] R. Youda, H. Nishihara, K. Aramaki, Sers and impedance study of the equilibrium
between complex formation and adsorption of benzotriazole and
4-hydrozybenzotriazole on a copper electrode in sulphate solutions, Electrochimica
Acta, 35(1990) 1011-1017

[9] G. Lewis, The corrosion inhibition of copper by benzimidazole, Corrosion
Science, 22(1982) 579-584

[10] G. Xue, J.F. Ding, Chemisorption of a compact polymeric coating on copper
surfaces from a benzotriazole solution, Applied Surface Science, 40(1990) 327-332

135



AT R F W ¥ X CES R iy Nt LS e S Sk

[11] T.Y.B. Leung, M. Kang, B.F. Corry, A.A. Gewirth, Benzotriazole as an additive
for copper electrodeposition influence of triazole ring substitution, Journal of the
Electrochemical Society, 147(2000) 3326-3337

[12] M. Levin, P. Wiklund, H. Arwin, Adsorption and film growth of N-methylamino
substituted triazoles on copper surfaces in hydrocarbon media, Applicd Surfacc
Science, 254(2007) 1528-1533

[13] Matjaz Finsgar, Antonija Lesar, Anton Kokalj, Ingrid MiloSev, A comparative
electrochemical and quantum chemical calculation study of BTAH and BTAOLH as
copper corrosion inhibitors in ncar neutral chloride solution, Electrochimica Acta,
53(2008) 8287-8297

[14] D.H. van der Weijde, E.P.M. van Westing, J.H.W.de Wit, Electrochemical
techniques for delamination studies, Corrosion Science, 36(1994) 643-652

[15] P. Campestrini, E.PM van Westing, JH.W de Wit, Influence of surfacc
preparation on performance of chromate conversion coatings on Alclad 2024
aluminium alloy: EIS investigation, Electrochimica Acta, 46(2001) 2631-2647

[f6] F. Touhami, A. Aouniti, Y, Abed, B. Hammouti, S. Kertit, A. Ramdani, K.
Elkacemi, Corrosion inhibition of Armco iron in 1 M HCIl media by new bipyrazolic
derivatives, Corrosion Science, 42(2000) 929-940

[17] C. Jeyaprabha, S. Sathiyanarayanan, G. Venkatachari, Corrosion inhibition of
pure iron in 0.5 M H,SO4 solutions by ethanolamines, Applied Surface Science,
246(2005) 108-116

[18] H. Ashassi-Sorkhabi, B. Shaabani, D. Seifzadeh, Corrosion inhibition of mild
steel by some Schiff base compounds in hydrochloric acid, Applicd Surface Science,
239(2005) 154-164

[19] H. Amar, J. Benzakour, A. Derja, D. Villemin, B. Morcau, A corrosion inhibition
study of iron by phosphonic acids in sodium chloride solution, Journal of
Electroanalytical Chemistry, 558(2003) 131-139

[20] D. Gopi, K.M. Govindaraju, V. Collins Arun Prakash, D.M. Angcline Sakila, L.
Kavitha, A study on new benzotriazolc dcrivatives as inhibitors on copper corrosion

136



AL A 4 ¥ AL X FEFE FEEFZRALEMANRERAZBIT AR

in ground water, Corrosion Science, 51(2009) 2259-2265

[21] L. Nyikos, T. Pajkossy, Fractal dimension and fractional power frequency
dependent impedance of blocking electrodes, Electrochimica Acta, 30 (1985)
1533-1540.

[22] J.B. Bates, Y.T. Chu, Electrode-electrolyte interface impedance: experiments and
model, Annals of Biomedical Engineering, 20(1992) 349-362

[23]1 G. Moretti, F. Guidi, G. Grion, Tryptamine as a green iron corrosion inhibitor in
0.5 M deaerated sulphuric acid, Corrosion Science, 46(2004) 387-403

[24] F.M. Bayoumi, W.A. Ghanem, Corrosion inhibition of mild steel using
naphthalene disulfonic acid, Materials Letters, 59(2005) 3806-3809

[25] S.S. El-Egamy, Corrosion and corrosion inhibition of Cu-20% Fe alloy in sodium
chloride solution, Corrosion Science, 50(2008) 928-937

[26] R.J. Chin, K. Nobe, Electrochemical characteristics of iron in H,SO4 containing
benzotriazole, Journal of Electrochemical Society, 118(1971) 545-548

[27] H. Amar, A. Tounsi, A. Makayssi, A. Derja, J. Benzakour, A. Outzourhit,
Corrosion inhibition of Armco iron by 2-mercaptobenzimidazole in sodium chloride
3% media, Corrosion Science, 49(2007) 2936-2945

[28] L. Larabi, O. Benali, S.M. Mekelleche, Y. Harek, 2-Mercapto-1-methylimidazole
as corrosion inhibitor of copper in hydrochloric acid, Applied Surface Science,
253(2006) 1371-1378

[29] Z.H. Tao, S.T. Zhang, W.H. Li, B.R. Hou, Corrosion inhibition of mild steel in
acidic solution by some oxo-triazole derivatives, Corrosion Science, 51(2009)
2588-2595

[30]1.B. Obot, N.O. Obi-Egbedi, Adsorption properties and inhibition of mild steel
corrosion in sulphuric acid solution by ketoconazole: Experimental and theoretical
investigation, Corrosion Science, 52(2010) 198-204

[31] M. Outirite, M. Lagrenée, M. Lebrini, M. Traisnel, C. Jama, H. Vezin, F. Bentiss,
Ac impedance, X-ray photoelectron spectroscopy and density functional theory
studies of 3,5-bis(n-pyridyl)-1,2,4-oxadiazoles as efficient corrosion inhibitors for

137



AL A R+ F AL X FRE HEFFZEARUAREREEMT HAR

carbon steel surface in hydrochloric acid solution, Electrochimica Acta, 55(2010)
1670-1681

[32] # &3k, WK1, ¥R, MEE, HHEP, REXEHET N EME
24T, 41(2008) 271-274

[33] B.S. Fang, C.G. Olson, D.W. Lynch, A photoemission study of benzotriazole on
clean copper and cuprous oxide, Surface Science. 176(1986) 476-490

[34] J.O. Nilsoon, C. Tornkvist, B. Liedberg, Photoelectron and infrared reflection
absorption spectroscopy of benzotriazole adsorbed on copper and cuprous oxide
surfaces, Applied Surface Science, 37(1989) 306-326

[35] M.A. Bratescu, D.B. Allréd, N. Saito, M. Sarikaya, O. Takai, Attenuated total
reflectance spectroscopy of simultaneous processes: corrosion inhibition of cuprous
oxide by benzotriazole, Applied Surface Science, 254(2008) 2960-2966

[36] H. Shizuka, H. Hiratsuka, M. Jinguji, H. Hiraoka, Photolysis of benzotriazole in
alcoholic glass at 77K, Journal of Physical Chemistry, 91(1987) 1793-1797

138



AL A AL F R X FRE AMITHHE CoNiFe HE A KR RN X RERRR

FRE VMR AEFE CoNiFe MM & K3 R X REA K

6.1 5%

BTARUE T AR R RN E NP YR B AR LR T,
HTA %414 CoNiFe Z it A4 BBl 2T Mz xE!, M BEaT MR R W
EHREFHRENE RTINS OAED, 4B BB FE M 6T R4 K
RN ERe, MARMEH X EERF T4 BERKLHB R
RALEITE, — R, EARAK RS R LA RS RETRPYL R
o R A B LR A B8 A RL AR S B AT R A 4 A
A,

HMAFERAEEERARARERREEER PR FEH TR, B
CHUARBE— N AFEY (wFREE), LRINMREAZHEFTANENEHS
FABEMPER X, Bk, BAEEAEREEN LB R ARIENE R .

AERNFETEEAARAL SN, RAY R R T AT B A% CoNiFe 3 #f # fE
FARR AR BIS R ARSI Ra b, B K¥ %, B CoNiRe ¥R WM
MBI BAEEA KRR WA ERL FE,

6.2 BERI R

WENAFE_RHE, ITEERRELLRE:

O+ne” >R (6-1)
Mt A2 o B E AL B T I

AH* = AG* +AH = —nFn+ AH (6-2)
Ho, OFWR FARTEMFEUNFNEASFHERLS. AH fr AG* 45

WA AL RSB R R R e, F YRR B AR, b e
LT
n=E-E, (6-3)
HF B B AR RN, By H B ARTA AL, B I, PR & 5
139



WL A 8 F L X FRE  JUR A B L CoNiFe M 4 K i R 1y x RAE BT

AAE, *TFEMR S A B EIEE.
A M, ARYE Arrhenius 778, AR N IERFH LK kY% b T X535

AH * nk'n—AH
K= Aexp| — = Adexp| —— 6-4
xp( RTJ xp( RT ) (6-4)

R, AFBRWET, T AN 094w E, RS

B R WA KA T, UWAWEFREY, AH 42— MHEKE.
M, e Al OB 3R W B k2 B P i An i ST AL R A AR B g K. T
LGS RN R R v IE W T RN 3 3% 8K k, T AL S 3 AR iy e Ao AR A L T R R L
TRAFRMER Y, Hl,

rR=B_GC_ ¢, =Qm{M)
{
VoK ex nFn—-AH A RT
RT (6-5)
= % ex;{ﬁH—T) exp(— nFn) =C- exp(— nFr;)

A(6-5)F M, BT R AL AR H A H AL e B Ry B AT JOAR I R 3 g Y3 T
ERBF R

6.3 HEA P IAE
.

a4 (b [ 0 88V

=1 (a) boa072V %) 092V
| » 078V i -1.00v
|~ -0.80V 4l | 1.12v

w0l [ vV sy
| » 088V

€
3 A
6wl & P 6
) . N b
E o e E . e
S : a ll . (%
20 A
q‘s .“ o') h
ﬁ':" e - 0
0 . . 2t
: L : L 2
Q 2 &0 L) & 00 120 4 L] 8 0 ”? L]
Re(Z),Ohm Re(Z), Ohm

Figure 6.1 Nyquist plots of EIS for CoNiFe film electrodeposited at different potential bias'"").
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Table.6.1 The analyzed EIS parameters for CoNiFe electrodeposition

A% Rs/Qcm? CPE-T/Fem™ CPE-n R/Qcm’
07 8.14 7.0735E-5 0.8244 217.4
-0.76 8.24 5.6085E-5 0.8541 135.0
-0.80 8.23 7.8665E-5 0.8080 130.4
-0.84 7.68 2.2747E-4 0.7353 66.86
-0.88 8.73 1.9433E-4 0.8522 13.02
-0.92 8.30 2.3391E-4 0.8145 12.46
-1.00 8.20 1.2021E-4 0.8660 8.672
-1.12 8.19 2.2652E-4 0.7708 7.700
-1.16 8.13 1.3136E-4 0.8176 7.520

M 6.1 AR, BAEEM Rs WEERRFELE., & T CoNiFe 44 #
BAAFEER LHRARURTREFANNENR, HETIRERZEHHEEE
MR, Bk, AW n ERAE-—MEAWEEA, AFREELTEMN; 5
—4H, RRAWEETEZRNBMBBNEZEE, XBE YA My ik Ew
WA, AN IRENEA, Rt ERRMN, BARKRE LW R RS S
%, BT R Atk

—A, YRAREMNARIEMAN, 2BHRARIETE BN
HitAE, WS RRE AR, 4BMARRIRTERESALC. R &
i 217.4 Qem® B/ E 7.52 Qem?, T FUAL AL U 3F B2 A MA-0.72 V K E-1.16
V, X P8, CoNiFe A& & #£ ] ¢ CoNiFe fE M By AR th /& H 4R & K _E A0 BT
MEWES.

Bl 6.2 +% 47T CoNiFe 64 BEAZEHEAR L AN M BT EBLE R
141



WK F AL X FAE JIRL RS L CoNiFe HEAKERH X AEAHRT

i ARITAR L e g LM BE R R AE 62 LLE N, BARLIEN
RE n Z B RA W THRBEFBKR:

R, = 636935 exp(11.0977) (6-6)

250

= experimental data

200 b fitting line

150

Rt =636935.28exp(11.09m)

100 -

Rt/ Qcm?

50

1 1 L " 1 1
-0.7 -0.8 -0.9 -1.0 -1.1 -1.2
n/v

Figure 6.2 Variation of R, with the applied cathodic potential bias 7
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