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Characterize of Corrosion Rate and Mechanical Properties of
Low Carbon Steel in Potassium Chromate Solution.

Erwin Siahaan, Rosehan

Mechanical Engineering Department, Fac[1t[] [T Engineering
OniCer(itaJCarCmanagara

er(Jin[T] [f[Thtar(aldfid

Abstract. Corrosion is one of the degradation materials in Industrial problem. One of
the processing to choose material is to determine how to have resistance to all the
environment. This research is carried out to determine characterize the effect of
various temperatures (150, 200, 250 °C) and time (4,6 and 8 hours) of exposure of
Low Carbon Steel in corrosion rate and mechanical properties by using Mass
Balance method and Potassium Chromate vapor as medium corrosion. The results
have been shown that the increasing temperature ids increasing corrosion rate which
is the maximum value is 5,1215 x 10 miles/years. The difference in corrosion rate
increasing by 6,3 % based on increasing temperature. The microstructure has shown
is intergranular corrosion mode.
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1. Introduction

m elerldalllile, [le ealilllenclInter c[tr[Tilh and [cclt in [ari[ [T t[pellmetal Electrlhic
el lipment and [Tilding material are metal c[ mpnent[I[Tch allc[pper, [inc, [teel and [ther[]
that can [¢ attacled [1]cltr[[i[n[In additi[n t[/large metal[] c[tr[Tilh can al[llattacl imetall’]
'h electrlhic ellipment clmplhentl] ranging [ climplter c[mplhentl) [Jatchel]and
ellipment [Ted in the lifel /[ [Th[manitl] [Tth in dlimeltic lile and in ind[ Ttrial actilitiel]
OGr[Mih 10 Cerd cOmmbh in irthJ@0h i0a metal that 10 (DT¢eptille tO ctir(Tith i0a
pritectile clating il m[t prilided( 1[It in ir[n ilJa [T Ttance that il prfdlced in the e[ ent [ ]
cltrlTiln that i[) in the [Ttm [Ta reddilh [¥[Tn [T1id [hich ilJ[dagile and p[¥[ 11T}

OCr[THCh pricellCccltJin alm([Tt all metal material (that Ceclr T ¢Cir[Tilh re(T1tCin
a material haling a limited lile, [There the material illelpected t[][e [Ted (It a Ilhg time
tirnl Tt tlImale a [hirter lile [pan than the al erage [Tage lile[]

Olrr[Tiln prelentifh can [e dlne in [arilTT]JalT) [he elample ilJcath[dic prltectilh, [T]
priliding a clating [h a metal [Itlace, and adding [ cltr[[ilh inhil[it[t[T/[he additiin [T]
crMith inh1 Gt} 0i00Che (Tithe m 11 ellectile DalTtOprelent clir(Tilh Cecalle it re[Tirel]
arelatilel [ /1[T] c[ 1t and [imple pricel Il

Olr[Tilh elent[]) are [er[] detrimental t[] ind[Itr[] and [Tciet(1]ne elample [1]the
phenlmenl[h [Tithe ellect [ Tlcltr[Tilh i[Ja [t[Ten [tidge dle t[1the metal partllalleécted [T
cltrlTiln[The metal part [T the [tidge [Thich i[lalTected [[Icltr[Tiln [Jill red[ ce the [frength
[I'the [tidge c[nltrlctilh
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2. Method and Materials

Oar[Th [teel 10an all(T] Cetleen irCh [(FelOith car[Th clhtent [etleen [T 1] O OO
Caled [n the am[Int [Tlcar[Th clhtent, car[Ih [teel can [e clarilied int[] []tlpelll he

material UalJ[Ted Oar[Th [(teel (ITT]

[l [ train [alge

] [train galge illa metal [t [emic[nhd[ctit element [ 'hlTe reliltance change!ll hen [nhder

prelllte [T [frain galge clnliltl ][I three clte partl) namel Tlire, [ale, and adhelilel]
Ulecal I¢ all materiall lare reliltant t[/dellrmatiln, el eral [Trcel ' m[ It [e applied tllcall¢ a

delTtmatilh[ I hen, reliltance can [¢ related t[/the [Tice applied[!

Che n[imler [T[train gal gel lapplied at high temperat/rel |l Ting platinim metal gri[p[lhal]
Ceen del el ped[ ] latin[in, a metallic metal [Ted in [frain gal ge halla cCmpl[Titi[h in percent

(11 OeightCplatin Gm [0 O (IOt Chg (fen (R O O (MO0 OO platin Cm MMnicCel M tGhg (fen

[MTAT] G platinCm 0 nicCel 0 chrGmiCm MO0 100 OrO0,) and palladiCm (7] ChrCme

(T CrO TN train galgellclhtaining nChiprecilTTImetal Jare00CpperDiclel ML)

OicCel O Chrbme O0i00r[) and @MCh MDhrGme (01 Gmin G (Fe Cie 001 OO0

/ BACKING
\ [ [ 4
%-
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Figlte [ 1train [Jalge

Cltr[Ti0h il metal degradatiin [+ damage called [1]a red[ ] reacti(h [etlleen a metal and

Caril [ T[T T Ttancellin the [Ttr[Inhding enlir[hment that pridlce [hnecellarlIc[mplThd[1In

eler[dalllanglage, clir[lilh illcalled r[Tting[I[he m[Tt cCimm[n elample [Tlclir[Tiln il[]
irlh r[Iting (111110 the elent [Tcltr[Tilh, the metal [nderglel [ Tidati[h, [Thile [TTgen [dir[]
halla redlctiln[ Metal r[ [t i[Igeneralll]in the [Ttm [T1[Tide [t car[hatel /[ he chemical

Mrmlla [Tt irln [0t il0Fel TICMOT], a red[t[ [n [T1id[The alerage [tatic cltr[Tilh rate at

high temperat(tel il lindicated [ the change in mal[lper [hit area el prelled in ElTatiln [ 1]
(]

Am [ F D10 DI
(I O 0 O O (T

] ith Am  [changing [ malldilided [Tle[plled area [gim ]
JF  [ITide['mall] [g[]

0 [ellre [Tide['mall] [g[]

0 Celplled crillilectilh area (m [

I hen the relatiinlhip c[tle ilimade [etlleen change!in the malll T the [tlad [hit[I[ith the
[Tidati[n time, [1t materiallthat hale cltr[[ilh reliltance at high temperat(tel, [ecalle¢ the
[Trlace halla [fring and [talle pritectile laler, [TTalllJthe cltle illparalllic, the [tandard
paralllic e[ Tati[h can [¢ [tated in E[Tati[h [
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Am [ [Tpt 1
00000 uddn o
[There Am  [changing [ malldilided [Tle[plled area [gim ]
kp [paral[lic [/[h[tanta (g m ]
t (ITidiling time [[Tt[]

[he tef materail Il lere [Ted[]

Fig O (TtaTilm Chrlmate Fig T Cpec
FigllMDemineral [ [
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FigllDemineral [ater

Olrr[Tih MallDCe(t E[Tipment[T][¢d tlretrie[e mallichange data

Al

Figlie C1000tr[Tih MalT] FigD]] Digital Micr[/[Jardne[T] Figlie (T[Tt Data Cec [tding d[ting [elt

3. Results and Discussions

Cletrielal [Tltelt data illcarried [t t[]determine the change in [Itpl[t [Tltage [TI[Tt[[h a
digital m[Itimeter dle t[ | chemical reactilnl][llidati(nl ][ et leen the element Fe [Jith the
element [, [rlJ[1]1The data ill[Ttained [1]rec/tding a m[Itimeter and digital m[lItite(ter
difplal] (It [0 minlte per h(Tt dlting the telt time cChditiCh(] (1] [ O h{Ix[ODO0 [(Ttain
accltate data, [ /data are talen in [Iminlte, meaning that data il talen eler[ ][] ec/hd[in [
minl te

Chemical reactiCh[Cthat Ceclt in thiORCADOMrO00 MO0 Fe O Or000 M0 O [Fe OO
Un the re[TltJ[TIthe ®Cd0in Calle [0 falle IO and in Calle [0 the re[TItC][Ttained in
that tal le can [ind the malllchange in [hit[J[ T gram[TT]J[JalJ[Tclnlerting the [Ttplt [Tltage
[CTtlCecmel imalllin [hit[ ][ T gram/TIn the e[ ample the calcllati[n i[lin the [Jppendil I
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[he MlTJing talle ithe calc[atith re(T1t0 (Terall (I O (11 0 feeldin Figlie (1] and

Cale T

0P O, 0P O, 0P 0 0 ith 0003x0Ce® Cime

Calle [(TMallD0alcatiCh OelMtCin 010 Cteel O ith Cemperatie

Temperature
No. [Test 150°C 200°C 250°C
(Hour) m Am M Am M Am
(gram) (gram) (gram)  |[gram) (gram) (gram)

1 0 0.009560348 | O 0.009615656 0 0.009631576 O
2 1 0.009536839 [0.000023509 [0.009711973 [0.000096317 [0.009687713 |0.000056137
3 2 0.009583973 10.000047314 |0.009752677 [0.000040704 |0.009736354 (0.000048641
4 3 0.009615656 [0.000031683 |0.009785486 [0.000032809 [0.009785486 [0.000049132
5 4 0.009720086 [0.000104430 |0.009818518 [0.000033032 ]0.009835117 |0.000049631
6 5 0.009760859 [0.000040773 [0.009860122 [0.000041604 [0.009885254 |0.000050137
7 6 0.009793723 [0.000032864 [0.009902079 [0.000041957 10.009952903 |0.000067649
8 7 0.009826811 0.000033088 [0.009952903 [0.000050824 10.010004251 [0.000051348
9 8 0.009876862 [0.000050051 [0.010012860 [0.000059957 1[0.010047447 10.000043196

[alle (T TeMtOMalcatith [(TI0Cerage Or[Tilh Cate Cer Clear [gain(t

Cemperat(te (n Celfing Ft OO0
No. [Temperature |m Am Corr.Rate Corr.Rate
(° C) gram) gram) (mm/hour) mils/year)

1 O 0 0 0 0

2 HEN CIITTTTTTIT]  0.000041387 [0.0008427446 (4.5872x 10°®

3 [1T] COCTTTTITT] [0.000040572 [0.0008261573 [4.4969 x 10°®

4 [1T] CIITTTIIIIT]  0.000040708 [0.0008289225 (#4.5119x10°®

Cale MeMtOTHalcatiCh (T10Cerage Cllir[(TiCh Uate Cer Dear Cgain(d

Cemperat(ire [n Celting F(x O OF0
No. [Temperature |m Am Corr.Rate Corr.Rate
(° Q) gram) gram) (mm/hour) mils/year)

1 [l O 0 0 0

2 [1T] COCTTTTITT] [0.000040082 [0.0008161674 [4.4425 x 10°®

3 (117 CIOCITIIITL] [0.000040917 [0.0008331742 {4.5351x 10°®

4 [1T] CIITTTITIIT]  [0.000045903 [0.0009347019 [5.0877 x 10°®
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[alle (T TeMtOMalcatith [(TI0Cerage Or[TiCh Cate Cer Clear [gain(t
Cemperat(ire [n Celting F(r O OOF0

No. [Temperature m Am Corr.Rate Corr.Rate
(mm/hour) mils/year)
(° C) gram) gram)
1 0 O 0 0 0
2 [T1] (IITTTITITT]  0.000040412 [0.0008228911 (4.4791 x 10°
3 [11] CITTTITITT]  0.000044134 0.0008986804 (4.8917 x 10°
4 [1T1] CIITTTTTTIT]  [0.000046208 [0.0009409124 [5.1215x 10°®

CeM1tOTDile¢[1Tilh and [nal (00O Terlatifh [(TIMacr[] [trletlte and Micr(]Fr(in the
[(TTerCatith [Tmicrl and macr(] [rlctlie clir[Tilh telfing [lith a temperat(te [T1CTTTT],
(110, (0110 M OhOr0) OhOx0) OhOt0) [éen in the macr(] (ErCctlie there are green [pLi0]
called [Tthe elaplratiln [[ip[tallilim chrlimate [T1[tiCh[[n the micr[Itrictlte telting it i[]
clear that the [tr( ctltelIthat [ 11 errite and pearlite[ | 'he te(t [ 1] Ting [TI[T] [Jital etching
[TT]timelImagnilicatilh each it [e [een in the eample[ ][ T Figlte [

Figlte [ 11 11T he [ample it had [¢en in [ [1][Imagnilicati[ h

Uicler[ 1 hardnelT]telt rell1t[][h [] [1] [] [teel [Ttained [ling the Micrl] [Jardnell [‘e[t
COOCEEUm thilhardnel T telt, the hardnelT)[all'e [TI[pecimen [t[][pecimen []il][Ttained,
the [alle [ [ hardnellld[e[ n't increal¢ cl hitantl[|[ecall¢ h[m[genilatilh hal n[t [een d[ne
Lelltel]
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No. Specimen D1 (um) D2 (um) HV

L] (LI (LI (111
L] (LI (LI (111
L] (LI (LI (111
(] (LTI (T EERI
L] (LI (LI (111
L] LT (LI LT
(1] [TTT] [T [T
(1] [TTT] [T [T
L] LT (LI LT
(1] [TTT] [T [T

4. Conclusion

[TIChe highe® c[ir[Tith rate i0Thd in the (pecimentefed at temperatte [T, Cecalle
the higher the telt temperat! te, the greater the mall change that [cclt[1]

[T tallilim chrlinate [T1[ti[h 1(JalCaline Dhich mean (it iUal (Delir[TilCel]

[MChe re(Mt0OTithe calclatiCh [(Tithe cCir[Tilh rate [h the 0 110 [feel It Oh(TrO0ith the
temperat(re (1110 i (IO O (010 mil ] D Cear, at a temperat(te (11110 Oith a
cltr(THith rate (DO O D mil O ear, and at a temperat(re (1] Dith a cCir(THth
rate (I TTO (T THmil O ear(]

[MChe re(Mt0OTithe calclatiCh [(Tithe cCir[Tilh rate [h the 0 110 [feel It Oh(TrO0ith the
temperat(te (1T i (IO O (0010 mil ] O Cear, at a temperat(te (11110 Oith a
cltr(Tith rate (DO O D mil O ear, and at a temperat(re (1] Dith a cCir(THth
rate (T 0 0 TMmil O ear

[MChe reT1tOTthe calc[atiCh [(Tithe clir[Tilh rate Th the 0 (110 [feel Ot OhiTrO0ith at
temperat(te [1J[T110 i0J (TIT11J O (010 mil 0 OCkar, at a temperat(ie [TJT1+] had a
cltr(THith rate (OO O I DmilOCear, and at a temperat(re (1] Dith a cCir(THth
rate (T 0 0 TMmil O ear

[TCercentage change in clir(Tilh rate in [J (1] 0 [feel (1] (Ting a [T1tiCh [Dpltallilin
chr(mate [TICTIT] [
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