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The dispersion of graphene waspaimmmrodbeead oby wa<i
to anchor grapphbenti dlGeg GRABERed hiasavSaiGd t he
separation and i mprovent beaddlihseg smastieorni ad fs gwear pe
Fourier transform i-hRlsgrmnedi speect racsc ompmyrXailyET o
dirfafc (XiRdpand Ramanospeotveat he Alne mdkaignrgy |sitcr w(eEBAu)r e
used as the binder, which cont,panedcCOOH dFheu
SiPABGr(1 wwas di spersacndi nabAdimesiromsicomppsdt ¢
coatofngl ow carbon steel, and the corrosion r
pol arization curve and el ex(tEIloR)eeandaclatls i impeidc
graphene was dutoe$s PABCYy bBndke¢Ehhe raempingnaf i oa
I mprove the anticorrosion ability of the coat
graphene.

Keywords:Ant i cograpttenaper si ore;poxgymp & gwattee;r bor;ne c o
bi functional l i gand

1. INTRODUCTION

Wat erborne resin has been widely studied a
compounds (V&Qs )whrielhed se benef incd ahl u niaon 6t Stheh eeanl vt i
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anticorrosive perf éomambder besunseerdy eassmpmoettalntc o a

to enhance the anticorrosive performance, ma n
chanimeld med by itrher earsrianngcehnee nt dur,i nsgu cthh ea ss oil nv
the crosslinkingbldegecerep oifattihreg riemsamgani ¢ barr

Sheet or f | dkd®e lainkde smatoermr.i aAs the most famous
derivatbheers dhtawei ed widely i p2&8nticorrosion ap

Graphene can be divided Il nto two <categori
gaphene sheet with few defect{259prepduaxd aby gmae
[ 3PldgndombusynbhdBF]set c. Since the concentratioc

can connect with polymer or inorganic oxide p
i ss(u@ aphene with | ots of defects, sYBEBEEBI 2 e
kind of graphene normally bears many function
and connect with resin or l norgani c oxi de. | n

modi fication was adopt edgernyt @Hgign ps opeg | sitlraree
|l ink graphenfe&Bwd dihe tdeupdeisairge ageddi ainde t he Ikhod
processing has-atgmebas doordii tni onno,n wlcioanp | mank € &
waterborne resin.

I n t his r ea @ ray IEiiAg a t eepr doxayisw aas lasste ld e bafn der
anti coaaatsiilveew f oatr @ehin c hhiwgahsl y cr owstkcianbiong | aac
groums connect with oxiderfaiplkkerd; ;s hb dtetw hyed re
hydr ophiplare i 81 s twers itud elile@a®k | a rh €& hsahneneetb st r
graphasebeen proved thhoalte st haenyd csaon obn[ocR k] tphen | @
Sic@artwel &€ s ad oomfmbnlulseerd I nHawevwem,g.t he great
hydr ophbhdtiwaearny thmakevo ttheémedi fficuldt to be hec
coati ngsemimiddhdPear tdmrcd egralpeetneapeemMd sol ve t hi
a new |linking method wasddgevepheprd chbanppop®® ¢ e d &
t he®gg!l omgr atyi omsi ng the | i gand(pawitrhp bteva9. Tafcii sdc t
approach can b ea gcuaeeonudseamgounacdounsidm Th@ndsy nt hess zed
wercdhar act Bouezedr byransform dmRBcanaedngpetecos o
(SBM-rXay di {XfRpa,ctRaomamnspasot roa . The el ectroche
used to evaluate the cotwedihen phbelpaviedr £ oaft i Ina

2. EXPERIMENTAL SECTION

Mat eri al r aymgheedwe r €& provi ded by TIHDt cdetmh ¢
oothosili altyeV iTEYISpyrr oKildtenep RYRREI| iKd @nanco ndi u (mP (
hydr oxi de sAriunomen zaonidc 4a iud c pfBrAdé) E weerr ey Ch e |
LTD. Waterbornsuepbyx eUs elsfi nCavasLTD.
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2. 1 Syantdh eMsoidsi f i patritorc | efs Si O

Silsipchapaeti cles of 500 nm were sy[n3sndsmla ed
tetraet hyl ord hawwer kiap astod uf 8§ oG Etonlt ae tnh anrgo | ( Et
mL o®, and hydrolyzdegd aaddiOngmnindemmendi umOMH)y dr @k e
mi xture reactedrat (Dodno r2&nple rTahe nwatsleent wh if ueg e s
washed by EtOH for 3 timewasdohéeobeadi ae€d iamhi

vacuum oven. The dried solids were grinded, an

The modification rFouwthe eCwmep kb skted cwemde i mr o
chemicals CO. LTD and pr oduc eade xboyt hae rcroarhb ursetaicot
Mg andz;[QBapMni nobenzoic acid (PABC) was usexd as
and graphene. | ap dretaikelre sSA, wer. & wl tSriaOsoni ¢ di sp
Then 2 mmwbha®Ad8& and stirred for 15 mimas 1| n

ultrasonically dispersed in 20 mL EtOH for 30
furtheedstor 15 min and then di sper sedmibny. hTi hgel
composi tesatwefaged (5000 rmp) and no ph&seé nse
vacuum oven and grindewalalfgeeeoywacr d s and@ hgPaABKCe d d ¢
Grl.n this procedureybsdilb@nd Et OH can be

For comppaht s@ini, c aaiad spPOB@)hemfsunact i onal I
synthesis procedure was the samei ast ¢t @fb oRAB
was an obvious phasceengepdruagtaito mnd ypmrAamgpls el @,
predaswhgrdey col or aydBGamed as Si O

Q OH

SiO2-PABC-Gr
T ;';;‘-;E ’
] ] Centrifuged Dried powder
il 0
(/ ) F\ O
_ PABC iI Graphene A ’ ’ RS
i = b ;’z’,‘x;%v:L ol
. I \"Sigltﬂ\w}i\té T W
sphere PCBC [ \Il%\ T G ) \}

\
(o] L 1

SiOz—#’CéC—Gr
FigaMedi fischat,pig@ gr aphene via bifunction
2.2 Synthasiry E#&Afe se moxy

EA resins were synthesized accorwasgastt@®wa h
esterificabiloherpr oweesdsescri be the procedure b
monomers (E20) react edocwiatnhoitch ea cd almeb ymoulse- nrga ta



Int. J. Electrochem. Sci., Vol. 13, 2018 1187(

di met hyl et hanol ami nee ( DIMEA)Tr ea siCdead tadld) 4 tmi 0 S o
epoxgtanoi c esqer yIl(iERP) ( PAol prepol ymer was pr
pol ymerization of three different acrylic monc
acid ( MAWYy metmeacr yl atbeut(yMMAgcr ydmd en ( BA) , by
( Al BN) as Hdmoidteicaytlo rmeancda pnt an ( NDM) as chain tr
89C alnalsted Mmiom. c.a. 90

The second esterehctabnobmeswepnwabet pbeepar

Based on solid contents of the resultant solut
amount of DMEA as catalyst. The reaction condi
(EA resin, which struct @i 5a¢s wsahsowmnr eidn ct ed accor

Fi gB@rewas prepared. The prepaMEAd albA rda diunt e\
wt. % solid -tonteerptd watbBrdbef omuwésuo®inng, named a3

O ) o O b(\/\/\/\
A A
Suarses s
. o) <|3 0 OH

Figa@Sehematic st-agcylbire O0EABpeRgierstafrtidri ctawa
2.3 Preparation of coating sampl e

Di fferent kinds of materi als Wabl€hies edo atsi
procedure was de®f#ABGbedsbwgenusexGgmplSiODA emul si on
mi xed wi tiPABGS , gdbspPpegbesdpbdegd homogenizer (10C
a certain amount of amino resi n dwassp eardsdeedd faosr «c

coating wasf okepct. asti2l h before coated on | ow
em) was wused to paint the coating on the poli
ambient (c. a. 25 AC) for 2 h, awads fkuerptth eirn caumb
| east 7 Oeag.tiobgfsampl e, SEMABErBIsn bwairtrh er s was
resBSn®ABGr Others were dominated in the same v

TablBar rmaersus &dbr di ff ewietnih 0 amld 8 wt . % s) !l i d

Sampl e Materi Wei gh
/ /
Graphe 0.00
Si0 0.5
Si,®ABGr 0.5
Si.®CBGr 0.5

A WDNEFO
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2.4 Measurements

The chemical groups of K&t us g s ¢geN emed e chpaercat

one spectrometer. The XRD patterns we-28&00O ec
di ffractometer wusi n-§i mbewreatdri Gaoma toinz. e dT,h en intokreplh o
was obserSEeMdHiutsa8hfmnD, SJapan) i n a secondary el

Raman spectra were obtained usi n®32SYRaman hSte
operatingTlhe HBR2ckmesses of composite coating
(Guandgaumow EIl ectr onilcheleaxcdirnrod igegh iCtgge sver e mon
el ectrochemical wor kstation CHI 6 6TOhEe o(t ma n goldayin
pol ar iwaat inbenasured with pahomaelu maenedeheet t enldedcet raon
prepaB:2w%NhdayCl sol ution. The-0i Bivt iwahli |wolttheegd i wa

as0. 1V. Meanwhi |l e, t he scan rat e wasl0®us e&cheb
el ectrochemical e k¢ &y treavew hsighl eec ttrhoes choipgh f r eque
| ow frequency was 1Hz, and amplitude was 0. 005

3. RESULTS AND DISCUSSION

3.1 Structure of di fferent barriers

The I R spectra were rekciogddreedn fordei ffer pundg
the composite was,paot me&sadr, pwmrley RAAbS or pti on
to OH (B3300c=0m )1,60( L0B,0 %3 , cra®8i S{ 795 weme
observed. Graphene showkEidg G(raa) yi rfciwc aotrignagn i Ico wg r
sheets (similaf etroe sRld man EsapgebcbterFa r i PABGrFii@ ur e
3(e)) aP @B&iFO(g 8(rfe) ) composite, besi despailti dlhe
there were some new peaks emerging or ™ chwahnigcihn
bel on@s& GH The presence of this peak indicated
Siparticles and the intensitValshapcewedtt oé K
| i gands. The-Os peahdcan. s IMthEed eC fwiasamt sdhgarige f or
PAB-Gr, where the broad peak became sharp. As
Si,@CBGrin IR spectrum, sugogatdmpegdero shamgegi req h ¢
CO peak,PABGSi @amphlagpspecan be attributed to th
par t.PABEs cC@@H nandr dtlp whamhanchopangomapBb®et s
respectively. ,3hef saue faae af k &li iOpOH d e SttP btelre
[ 3®0Q] t huparStiilcl es can connect with tthe d@OH cdgr
carbon griaamglenocef sheets ,dJam, i nltéegreadcdti]l nwi ttho MNH h
stability. Aswiat icoo NGO Q@K t g r cRu@QBsCweat cath, p&ir D) clleeasv i n
grapheaeeAs gr aphhaedn en os hceoentnbg, cSpilbans e s epakFiagi)loea h

The XRD patterns of di fferent baFirgiderresT hewer
graphene s h o2wle=dlJdai Qpdefaek) )a i svim g c & ewnietnfite XRD pat t
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fewayer (ru&phdmesapPpdak. 8U and 61. 9¢dwBesBriewhcabs ae
totally embedded in grapheadaosaamatod adfet are mowvnra
wash. Wpanr t@aea®escerned, only a | arge anfoirgouroeu s
4(b)). For t heABGMpeshiotwes, t ioOMgO peaks ai 42.
amor phous peakPCBG@heoerbhyg &Exdd adk.t edhiSs Osqurgagpelse nse
Ssheexisst edPAIBIGr SicOmpowhit els wetrhee | gNhpodgpdsPBAB C, t o
particl es, aMebnahcRa@EA wbe COO&. gr oaumsmmeccath, 8 n O
part,aodegpgraplodemay be removed dobecagseenfr inf
bet ween gr apperetg Tdd im ) , resul ting,RQBGrhe g
was not as hiRABGrs t hat of Si O

CH&CH, CH0C0
4

(f) Si0,-PCBC-G

1 L Il n 1 "

s

MR
(e) SIO,-PABG-Gr
T R
—~ @) Gr 1 i
3 |
o __‘__J_——‘-wnﬂ"‘
= e 3 |
g) g ay B ;.
CBC : }
Q |

1 1 1 1
#ﬁf&?
n 1L n

(a) SiO, Sphere

:

F
|

o
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FigB8dd& spectra of different material s. (a) Si
Graphene (BABGrap@fl)) FPOBLEr

(d) Si0,-PCBC-Gr

N
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Intensity (a.u.)
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Fi gdX®D patterns of different ma)l.,r(ipdrsSiu@leds ,:
Si;PAB-Gran(dd) »-FBCBGr
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Raman spectroscopy was also used to charac
band (BH57&ncnmD banhdoflgrhaphkene were oplsamenead,
stretching mot fhoyb roifd it zheed p@ haotsoonast ) (stphned Bor eat hi
or -pki nt pheggymsmedfy A respectder| D; (2Dp biaso d n ¢
caused by a two phonon4dddbghiel eved alow ainctee pPsiotcye
peak suggested that the defeche croemlcaetnitveaethiogh i
peak pteaG the position ofi ndD cladwear ttstaaeneedse0 g
with few3l.aylpR|®BGrpossessed 2D peak with rel a
compared wbi®ABChGrat swdggesting graphene was wi
aggl omer 8nPeCBGrsampAkEE. these peakssheabtigxat bde
successfully compoti ¢leels . wi Bérs iSd eOs , ,-RABGr p eneekr ei
stronger t hakPCB@ro,sei mdi cRitOng more graphene |
consi stéxeRD wi@dul t s.

(a) SI0,-PABC:

13491 1679

Intensity (a.u.)

(b) SIO,-PCBC-Gr |

500 1000 1500 20'001 2500 3000
Raman Shift (cm™)

Fi gbRaman spe£PtArBaGro f( a9 i-PGBGrSi( )

FigorS&EM of different matdear iGarlasp hiestedd (B&IO) I (aal rbise
c0) PABGran(ddoyd PICBGT
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The SEM morphol ogies of #&i fj6 e eghmetp delmebadise ras
por ous, al mo sstt rcuocnttuirneufocudsrhp3ois ecdo rwri U ha tierdr esglaid eatr
showRhi g@&(raed. @ h®&ipar tdicdpelsaggdddhar e struct HrO®dmi n
(Figarmeop). WhemkRRidOto graphemgghypy mBcAda®l dgesna p h
observed at I(Pwgtidg ni hdicadaiiomg a homogeneous ¢
t he f eavg gslmarmdwvweartei corbssemagdi ,uchbgiampd et hin | aye
obsefFvgad(coe) ) As a conPCBEI1t , s ahinggdoSgaCa phgglkomer at i
(Fi gbé¢e) which were i n (Ri gcor(die g hTehd ss tirsucdaurrsei st
spectr a

3.2 Electrochemical properties of coatings wit

I n order to explore the morphol ogampsl eosf we
characterized by metal |RirggdirceAs mher b svmcp@a e basd
by a thin | ayepr ootfecttionr ,asi tcowarso sbhuwrnni shed to r
mor phoFioggyrae() . Wit h the EA coating,gthigef(rb@ ) i p e

Fi gwrMet al |l urgi cal pumcer plhoow oga relso no flsa rereile oasis tiilmng c
barri Boscoéau)bng wi thwi EA Edsinpai c wWmSé , EAd) e
+grapheainteh EA&)r®aBGrandby) Oh EA r,€E£BBr+ Si O
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1 Tafel curves of different materials as barriers

A Low carbon steel

log (Current) (A)

EA resin+Gr

EA resin+SiO,

Pure EA resin
EA resin+Si02-PABC-Gr

y 1 y T ) T y T y
-08 07y -06 -05 -04 -03 -02 -041
Potential (V)

Fi gwBrPot enti odynamic ppol @&r il 2awvt icoanr baownr \setsered € rvsi
coasinPgar)e | ow carbon stewlt h (BA rmpdrhh iEGAS er€2,
with EA resinw t+&r &RAh e pEEAIBiGran ddw) @EhA r esi,n  +
PCBGr

The surface wpddh IEIFHirgeksaen+r SbOcame smoot her tr
sampl es. But when the barrier changed to EA
seen, which probably c &ugreap hheyns & shseh eaegtgtl lneme r aart a
and difficult t@Gikbdardbdi)s.peTflsied panorwadiesper si on

corrosion process, as shownFi g8atnke gB)o.le ! VWhwe nn gu se
bi functional |l igand PABGpanpot icolnemencetsidlge tatpdne a8 & h
I mprovedrFiggrdereet ) y Conversely, the smoothness of

Si)PCBfi;wvas used as barrier and some bl ack poi
aggregiagHse ( .

Fig8skowlse pol arization curves of the coati
the corresponding parTaanbédteaircdh arse cOU mmariigppe dc ui
C or r o s ig)o nxorrdsibnanhilpition efficiencyd). Tch anabrrosionrate o f  E A(ich &S 1 N
=165 10’ A cm? & =0.00172g-m*h™) werelower than the valugof EA resin +Gr(ic o =3.73
10°A cm?® & =0.00389 g-rif-h™), but higher than thseof EA resin+SiQ (ic o =1.29° 10’ A cm’
¥ £ =0.00134 g-rit-h™Y). It means that EA resin +Sithad better anticorrosion ability, while the
composite containing graphene impaired the corrosion resistance. This is consistent with the result of
coatings6 (Ffmog@rMl)ggywhi ch can be attributed t
becausky orf o pnlad bkurtegermore, nomniform dispersedyraphenecan even accelerate
the corrosion because,/B,0/Cl penetrated to the metal substrate more easily thoughddes of
graphenesheets by formingalvaniccorrosion[8, 14, 46] The coatings with EA+SI©®PABC-Gr had
the lowesticor (2 . 14 10% A cm®) and corrosion rate (0.00025g-m?-h™), the corrosion inhibition
efficiency () attained to 9863%0; t hig, of S i ,® A B-G rcontaining coating was about 7 times
lower than the value of pure EA resinating {c o =1.65! 10’ A cm?). When using Si@PCBGGr
as barrier, the corrosion resistance can also be enhanced, but a little bit worse than the coating witt
Si0,-PABC-GT (icor =5.97 10° A cm? € =0.00062g-m?-h*, d=9 9 . 6)6Thigesult verified the
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previous results that the PABC digd can efficiently link graphene to Si@articles, improving its
dispersing situationHi g ,iF¢ g B8,Fe¢ g 6 andF i g W) Tde anticorrosion ability of Si©
PABC-Gr (icor = 2 . '4 10®° A cm? can compare favorably wittthe values of polypyrrole
intercalated graphené.d, =77 8 10° A cm®) [19] andthe rGO modified ZNAILDH (icor =73 B

10% A cm®) [6].

TabR&l ectrochemical pol arization parameters o
i mmersion in 3.5wt% NaCcCl solution (pH=7.0)
Samples E.on V- icol/A 31 ba -bc e (g ML 1 d (%)
low carbon steel -0.584 1770 10° 5.158 6.806 0.18478 -
EA resin -0.603 165 107 11.07 10.13 0.00172 99.072%
EAresin+Siparti cl e -0.487 129 107 5.667 4.355 0.00134 99.273%
EA resin+Gr -0.684 373 107 6.306 9.022 0.00389 97.897%
EA resin+SiO-P AB-Gr -0.254 2 . 4108 4. 2¢5. 4 0.00025 99. 86
EA resin+SiO,-P C B-G r -0.630 597 10® 11. 1 6.693 0.00062 99. 66
M-rGO-ZnAl-LDH (2:17 0.5 wt%) ! -0.635 73810° 122 (8.6 0.000 99. 6¢
PPy-G0.5%°! -0.596 77810° 4.4:6.6 - 99. 9¢
Epoxy/0.5f-GQDg*! -0.574 229 10° 7.353 5.155 - 92.2%
Ecorr COoOrrosion potenti -bccCat hode pol ari z
icorr COrrosion current g:corrosion rat
ba: Anodi ¢c polarizati on d: corrosion inhibition efficiency.

I n order to have a compreherdiecd robetheaet icarn
spectedHEt &pteavs t e d, and the parameters influer
monitored, such as capacitancporefs a@amat itnhge rt
substrateso6 cor ryogsuiiosnt apnl do tskoi gdanr.B iffglieo eéNh ei i a me
semicircles increased in theEAol ¢é¢ownngES e@@eiamn
. EA resirACBGISEA resipbnEA 1Se DrAABGrS.i Orbugahy sug
that the coati ngPABWGIrt tbaEA ireesihms+&i @i gher res|

component as a barrier. The correspogi@demgphequi
EI'S fitting spuanrneamdaiae=ds wheaere Rs was on behalf
Rc was <coating resistance, Rcowa swacso ad h aargg ec atpra:
CPEwas doubl e | ayery,capiaght &cce.al Ner melplr esent

performance [047]The &eca toif n-EEAB-Gre swans 1630, S9c3awhich

is about 12 times larger than the value of E&in+SiQ-PCBGGr 3 . 21 q ¢mand .Th e

| ower resistances ,-REBGQr acpohnetnaei nand So®ting !
aggl omer ati on ,of anfpunaggnéoasispersexraphenescelerated the corrosion,

as reported beforg8, 14, 46 The appl i cation of PABC,paarn i ahe
i mproving its tdecshper.fs@ome sinh&Apwahef &b cameadn tt thge
anticorr orsdeinytacbadaebey i(mproved.
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Fi g@iEe S measurements of pure | ow carbdcurst dealw
car bon bHA ere¢ sE)An ,r es{ dEYA Gre,s 3 (NeE)A ST Os i»rPAB E€G(Si O
(fE) A r esbPCBEGISi O

Fi gdmWEqui val ent circuit used to (fai)t i tshuseinelachw
car bonEAstreeesli,n, EA resin+ Gr, . 2 ( bBBA irsess wni t+
PAB-Gr and EA PEBGN + Si O

The Bode pl otFs gweTee smpwdiamce in | ow frequ
capacity of coating Isnhitehlids hteoe igomprardasica@h Icidéadigler
carbon EA ereed €IAn r eGri A resin EA Be®i,RCBGrSIiEA
resi nrPABSrie Bode pl ot HSHABEA riessimucth Shii@her
resi nrPEB&r© i ndicati rcgnttlaB@A irtndgei-FcABaGrs$in@ bar ri
a brti la&mtainosi on ability.






