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Line a r Pola riza tion Re sista nc e  a nd Corrosion 

Ra te  
The o ry  and Bac kgro und 

 This do c ume nt intro duc e s the  the o ry a nd b a c kg ro und o f Line a r Po la riza tio n Re sista nc e  me a sure me nts 

a nd the  c a lc ula tio n o f c o rro sio n ra te  fo rm Line a r Po la riza tio n Re sista nt da ta . The n imp le me nta tio n o f 

Line a r Po la riza tio n Re sistanc e  me a sure me nt in Afte rMa th is de sc rib e d. 

1. Corrosion Me a sure me nts Ove rvie w a nd Ba c kg round 

1.1 Line a r Pola riza tion Re sista nc e , 𝑹𝑹𝒑𝒑 

A syste m’ s p o la riza tio n re sista nc e  (𝑅𝑅𝑝𝑝, units o f 𝑜𝑜ℎ𝑚𝑚𝑚𝑚) c a n b e  use d  to  c a lc ula te  a  c o rro sio n ra te . 𝑅𝑅𝑝𝑝 c a n b e  c a lc ula te d  

o r e xp e rime nta lly d e te rmine d . To  c a lc ula te  𝑅𝑅𝑝𝑝, the  Ste rn-Ge a ry e q ua tio n c a n b e  use d  (se e : Eq ua tio n 1), whe re  𝐵𝐵 is 

the  p ro p o rtio na lity c o nsta nt fo r the  p a rtic ula r c o rro sio n syste m a nd  𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is its c o rro sio n c urre nt d e nsity (in units o f µ𝐴𝐴 ∙ 𝑐𝑐𝑚𝑚−2). 

𝑅𝑅𝑝𝑝 =
𝐵𝐵𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

∆𝐸𝐸∆𝑖𝑖∆𝐸𝐸→0 ( 1 ) 𝐵𝐵 c a n b e  d e te rmine d  e mp iric a lly fro m the  a no d ic  a nd  c a tho d ic  slo p e s o f a  Ta fe l p lo t (𝛽𝛽𝑎𝑎 a nd  𝛽𝛽𝑐𝑐, re sp e c tive ly, se e : 

Eq ua tio n 2). The  Ta fe l c o nsta nts c a n b e  e va lua te d  e xp e rime nta lly, e stima te d , o r sta nd a rd  va lue s fo r a  g ive n 

ma te ria l syste m c a n b e  use d .  (So me  e xa mp le  ta b le s o f typ ic a l Ta fe l c o nsta nts a re  p ro vid e d  in the  Ap p e nd ix: 

Co rro sio n Ta b le s o f this d o c ume nt).   

𝐵𝐵 =
𝛽𝛽𝑎𝑎𝛽𝛽𝑐𝑐

2.3(𝛽𝛽𝑎𝑎+𝛽𝛽𝑐𝑐)
 ( 2 ) 

To  e xp e rime nta lly d e te rmine  𝑅𝑅𝑝𝑝, a n e le c tro c he mic a l te c hniq ue  c a lle d  Line a r Po la riza tio n Re sista nc e  (LPR) c a n b e  

utilize d . In a n LPR me a sure me nt, the  p o te ntia l (𝐸𝐸) vs. c urre nt d e nsity (𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) is me a sure d  a b o ut the  fre e  c o rro sio n 

p o te ntia l (𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐). The  slo p e  o f the  p o te ntia l-c urre nt d e nsity c urve  o ve r a  sma ll p o te ntia l wind o w (typ ic a lly < 20 mV) 

is the n c a lc ula te d  a nd  e q ua l to  𝑅𝑅𝑝𝑝.  Sub se q ue ntly,𝑅𝑅𝑝𝑝 is use d  to  c a lc ula te  a  c o rro sio n ra te  fo r the  syste m und e r stud y. 

De p e nd ing  o n a  re se a rc he r’ s a na lytic a l ne e d s, d e te rmina tio n o f 𝑅𝑅𝑝𝑝 ma y b e  suffic ie nt, a s the  p o la riza tio n re sista nc e  

is d ire c tly p ro p o rtio na l to  the  c o rro sio n c urre nt d e nsity (se e : Eq ua tio n 3). 

𝑅𝑅𝑝𝑝 ∝ 𝛽𝛽𝑎𝑎𝛽𝛽𝑐𝑐
2.3 ∙ 𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝛽𝛽𝑎𝑎+𝛽𝛽𝑐𝑐)

 ( 3 ) 

With a d d itio na l info rma tio n a b o ut the  syste m und e r stud y, 𝑅𝑅𝑝𝑝 c a n b e  use d  to  c a lc ula te  the  c o rro sio n c urre nt a nd  

c o rro sio n ra te .  To  d e te rmine  𝑅𝑅𝑝𝑝 e xp e rime nta lly, the  fre e  c o rro sio n p o te ntia l (𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 o r 𝐸𝐸𝑂𝑂𝑂𝑂) must first b e  e mp iric a lly 

d e te rmine d .  An o p e n c irc uit p o te ntia l (OC P) me a sure me nt c a n b e  use d  to  d e te rmine  𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 e a sily fo r a ny g ive n 

syste m.  Afte rMa th ha s a n e le c tro c he mic a l e xp e rime nt c a lle d  Line a r Po la riza tio n Re sista nc e  (LPR) tha t p a c ka g e s 

a n OCP me a sure me nt to  d e te rmine  𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 with a  line a r swe e p  a ro und  𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐to  d e te rmine  𝑅𝑅𝑝𝑝.  De ta ile d  d e sc rip tio n o f 

p e rfo rming  LPR e xp e rime nts in Afte rMa th to  d e te rmine𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  a nd  𝑅𝑅𝑝𝑝 is p ro vid e d  la te r in this d o c ume nt. 

1.2 Corrosion Curre nt De nsity 

Co rro sio n Curre nt De nsity, 𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, is the  c urre nt p e r unit a re a  a t the  c o rro sio n p o te ntia l.  Co rro sio n c urre nt d e nsity c a n 

b e  use d  to  c a lc ula te  c o rro sio n ra te s (se e : se c tio n 1.5).  If e q ua tio n 1is sub stitute d  into  e q ua tio n 2, c o rro sio n c urre nt 
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d e nsity in te rms o f p o la riza tio n re sista nc e  c a n b e  c a lc ula te d  fro m e mp iric a lly d e te rmine d  𝑅𝑅𝑝𝑝 (se e : Eq ua tio n 4).  Ta fe l 

c o nsta nts in e q ua tio n 4 c a n b e  e xp e rime nta lly d e te rmine d  o r e stima te d  fro m ta b ula te d  d a ta  fo r c e rta in a no d ic  

a nd  c a tho d ic  re a c tio ns. As me ntio ne d , so me  Ta fe l c o nsta nts a nd  c urre nt d e nsity va lue s fo r c o mmo n a no d ic  a nd  

c a tho d ic  c o rro sio n b a se d  re a c tio ns c a n b e  fo und  in the  Ap p e nd ix: Co rro sio n Ta b le s (se e : Ta b le  4 a nd  Ta b le  5).1  

Ste rn a nd  We ise rt sug g e ste d  tha t e xp e rime nta l 𝛽𝛽𝑎𝑎 va lue s ra ng e  fro m 60 𝑚𝑚 𝑉𝑉 to  ~120 𝑚𝑚𝑉𝑉 a nd   𝛽𝛽𝑐𝑐 va lue s ra ng e  fro m 

60 𝑚𝑚𝑉𝑉 to  infinity, the  la tte r c o rre spo nd ing  to  d iffusio n c o ntro l b y a  d isso lve d  o xid ize r.2 

𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝛽𝛽𝑎𝑎𝛽𝛽𝑐𝑐

2.3 ∙ 𝑅𝑅𝑝𝑝(𝛽𝛽𝑎𝑎+𝛽𝛽𝑐𝑐)
 ( 4 ) 

1.3 Fa ra da y’s La w Applie d to  Corrosion 

Fa ra d a y’ s La w re la te s the  c ha rg e  tra nsfe rre d  d uring  a n e le c tro c he mic a l p ro c e ss to  the  a mo unt o f ma te ria l 

und e rg o ing  tha t p ro c e ss.  Co nsid e r the  c o rro sio n ha lf-re a c tio n o f so me  sp e c ie s, 𝑅𝑅 (se e : Eq ua tio n 5). 𝑅𝑅 ⇌  𝑂𝑂𝑛𝑛+ + 𝑛𝑛𝑛𝑛 ( 5 ) 

The  c ha ng e  in ma ss o f R re la te s to  the  c urre nt flo w in e q ua tio n 5.  The  re la tio nship  is g ive n b y Fa ra d a y’ s La w, whe re  𝑄𝑄 is the  c ha rg e  (in units o f Co ulo mb s) tha t a rise s fro m the  e le c tro lytic  re a c tio n in e q ua tio n 5, 𝑛𝑛 is the  numb e r o f 

e le c tro ns tra nsfe rre d  p e r re a c tio n, 𝐹𝐹 is Fa ra d a y’ s c o nsta nt (96,485 𝐶𝐶 · 𝑚𝑚𝑜𝑜𝑙𝑙−1), a nd  𝑁𝑁 is the  numb e r o f mo le s o f 𝑅𝑅 tha t 

ha ve  g o ne  thro ug h the  re a c tio n (se e : Eq ua tio n 6). Fa ra d a y’ s La w is the  fo und a tio n fo r c o nve rting  c o rro sio n c urre nt 

d e nsity to  ma ss lo ss ra te s o r p e ne tra tio ns ra te s. 𝑄𝑄 = 𝑛𝑛𝑁𝑁𝐹𝐹 ( 6 ) 

The  c ha rg e  𝑄𝑄 c a n b e  d e fine d  in te rms o f e le c tric a l c urre nt, whe re  𝑖𝑖 is the  c urre nt (in units o f 𝐴𝐴𝑚𝑚𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛𝑚𝑚) a nd  𝑡𝑡 is the  

d ura tio n (in units o f 𝑚𝑚𝑛𝑛𝑐𝑐𝑜𝑜𝑛𝑛𝑠𝑠𝑚𝑚) o f the  e le c tro lysis o f sp e c ie s 𝑅𝑅 (se e : Eq ua tio n 7). 

𝑄𝑄 = �𝑖𝑖𝑠𝑠𝑡𝑡𝑡𝑡
0  ( 7 ) 

By c o mb ining  e q ua tio ns 6 a nd  7 a nd  re a rra ng ing , the  numb e r o f mo le s o f ma te ria l, 𝑁𝑁, re a c ting  (c o rro d ing ) o ve r a  

g ive n time  c a n b e  d e te rmine d  (se e : Eq ua tio n 8).  Ma nip ula ting  Fa ra d a y’ s La w into  this fo rm g ive s the  und e rlying  

e q ua tio n fo r d e te rmining  c o rro sio n ra te s. 

𝑁𝑁 =
∫ 𝑖𝑖𝑠𝑠𝑡𝑡𝑡𝑡0𝑛𝑛𝐹𝐹  ( 8 ) 

1.4 Equiva le nt We ig ht 

Eq uiva le nt We ig ht (µ𝑒𝑒𝑒𝑒) is a  te rm use d  in c o rro sio n c a lc ula tio ns.  Eq uiva le nt we ig ht fo r p ure  e le me nts is the  ra tio  o f 

the  a to mic  we ig ht, µ, to  the  numb e r o f e le c tro ns tra nsfe rre d , n,  in the  c o rro sio n e le c tro lysis ste p  (se e : Eq ua tio n 9).   

µ𝑒𝑒𝑒𝑒 =  
µ𝑛𝑛 ( 9 ) 

As a n e xa mp le , c o nsid e r the  two  e le c tro n o xid a tio n o f iro n:   𝐹𝐹𝑛𝑛(𝑠𝑠) ⇄ 𝐹𝐹𝑛𝑛2+ + 2𝑛𝑛− 

Sinc e  𝑛𝑛 = 2 a nd  µ𝐹𝐹𝑒𝑒(𝑠𝑠)
= 55.85 𝑎𝑎𝑚𝑚𝑎𝑎,  

µ𝑒𝑒𝑒𝑒 =
55.85 𝑎𝑎𝑚𝑚𝑎𝑎

2
= 27.93 𝑎𝑎𝑚𝑚𝑎𝑎 

While  e q uiva le nt we ig ht is a  simp le  c a lc ula tio n fo r sing le  me ta ls, a llo ys re q uire  mo re  inte nse  c a lc ula tio ns.  Fo r a llo ys, 

the  e q uiva le nt we ig ht is the  summa tio n o f the  e q uiva le nt we ig ht fo r e a c h c o mp o ne nt o f the  a llo y.  Use rs who  

re q uire  g uid a nc e  o n the  e q uiva le nt we ig ht fo r a  mixture  o r a llo y a re  re fe rre d  to  the  ASTM De sig na tio n G : 102-89.3  
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This d isc ussio n fo r e q uiva le nt we ig ht a p p lie s o nly to  unifo rm c o rro sio n, i.e  a n o xid a tio n p ro c e ss tha t is unifo rm a c ro ss 

the  e le c tro d e , a nd  is no t inc lusive  o f o the r typ e s o f lo c a lize d  c o rro sio n suc h a s p itting  c o rro sio n.   

1.5 Corrosion Ra te  Ca lc ula tion 

Co rro sio n ra te  (𝜐𝜐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) c a n b e  c a lc ula te d  using  𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐a nd  µ𝑒𝑒𝑒𝑒a nd  a  mo d ifie d  fo rm o f Fa ra d a y’ s La w.  Co rro sio n ra te  is 

usua lly e xp re sse d  in o ne  o f two  wa ys: a ve ra g e  p e ne tra tio n ra te  o r ma ss lo st ra te .   

1.5.1 Corrosion Rate  Expre sse d a s Pe ne tra tion Rate  

To  c a lc ula te  the  c o rro sio n ra te  in te rms o f the  p e ne tra tio n ra te , ῡ𝑝𝑝, the  d e finitio ns o f 𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 a nd  µ𝑒𝑒𝑒𝑒 se t fo rth in 

e q ua tio ns 4 a nd  9, re sp e c tive ly, me ta l d e nsity (𝜌𝜌, units o f 𝑔𝑔/𝑐𝑐𝑚𝑚3), a nd  a  p ro p o rtio na lity c o nsta nt, 𝜅𝜅𝑝𝑝, a re  ne e d e d  

(se e : Eq ua tio n 10). The  p e ne tra tio n ra te  c a n b e  c a lc ula te d  in se ve ra l use ful units g ive n the  c o rre c t c o nsta nt o f 

p ro p o rtio na lity, κ𝑝𝑝 (se e : Ta b le  1).  

ῡ𝑝𝑝 = µ𝑒𝑒𝑒𝑒κ𝑝𝑝  𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ρ  ( 10 ) 

 

Pe ne tra tion Ra te  (ῡ𝒑𝒑)  

unit 

𝒊𝒊𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 unit 𝝆𝝆 unit 𝜿𝜿𝒑𝒑 va lue  𝜿𝜿𝒑𝒑 units 

𝑚𝑚𝐴𝐴𝑚𝑚 µ𝐴𝐴 ∙ 𝑐𝑐𝑚𝑚−2 𝑔𝑔 ∙ 𝑐𝑐𝑚𝑚−3 0.1288 𝑚𝑚𝐴𝐴𝑚𝑚 ∙ 𝑔𝑔 ∙ (µ𝐴𝐴 ∙ 𝑐𝑐𝑚𝑚)−1 𝑚𝑚𝑚𝑚 ∙ 𝑚𝑚𝐴𝐴−1 (1) 𝐴𝐴 ∙ 𝑚𝑚−2 𝑘𝑘𝑔𝑔 ∙ 𝑚𝑚−3 327.2 𝑚𝑚𝑚𝑚 ∙ 𝑘𝑘𝑔𝑔 ∙ (𝐴𝐴 ∙ 𝑚𝑚 ∙ 𝑚𝑚)−1 𝑚𝑚𝑚𝑚 ∙ 𝑚𝑚𝐴𝐴−1 (2) µ𝐴𝐴 ∙ 𝑐𝑐𝑚𝑚−2 𝑔𝑔 ∙ 𝑐𝑐𝑚𝑚−3 3.27𝑥𝑥10−3 𝑚𝑚𝑚𝑚 ∙ 𝑔𝑔 ∙ (µ𝐴𝐴 ∙ 𝑐𝑐𝑚𝑚 ∙ 𝑚𝑚)−1 

Ta ble  1. Consta nt Va lue s a nd Units for Conve rsion of Corrosion Pe ne tra tion Ra te .3 

 

1.5.2 Corrosion Rate  a s Ma ss Loss Ra te  

To  c a lc ula te  the  c o rro sio n ra te  in te rms o f ma ss lo ss ra te , 𝜐̅𝜐𝑚𝑚, a no the r c o nsta nt o f pro p o rtio na lity, 𝜅𝜅𝑚𝑚, is intro d uc e d  

a nd  c o mb ine d  with the  d e finitio ns o f 𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 a nd  µ𝑒𝑒𝑒𝑒 se t fo rth in e q ua tio ns 4 a nd  9, re sp e c tive ly (se e : Eq ua tio n 11). The  

ma ss lo ss ra te  c a n b e  c a lc ula te d  in se ve ra l use ful units g ive n the  c o rre c t c o nsta nt o f p ro p o rtio na lity, 𝜅𝜅𝑚𝑚  

(se e : Ta b le  2). υ�m = κm icorr µeq ( 11 ) 

 

Ma ss Loss Ra te  (ῡ𝒑𝒑)  unit 𝒊𝒊𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 unit 𝜿𝜿𝒎𝒎 va lue  𝜿𝜿𝒎𝒎 units 𝑔𝑔 ∙ (𝑚𝑚2 ∙ 𝑠𝑠)−1 𝐴𝐴 ∙ 𝑚𝑚−2 0.8953 𝑔𝑔 ∙ (𝐴𝐴 ∙ 𝑠𝑠)−1 𝑚𝑚𝑔𝑔 ∙ (d ∙ 𝑚𝑚2 ∙ d)−1 (1) µ𝐴𝐴 ∙ 𝑐𝑐𝑚𝑚−2 0.0895 𝑚𝑚𝑔𝑔 ∙ 𝑐𝑐𝑚𝑚2 ∙ (µ𝐴𝐴 ∙ d ∙ 𝑚𝑚2 ∙ d)−1 𝑚𝑚𝑔𝑔 ∙ (d ∙ 𝑚𝑚2 ∙ d)−1  (2) 𝐴𝐴 ∙ 𝑚𝑚−2 8.953𝑥𝑥10−3 𝑚𝑚𝑔𝑔 ∙ 𝑚𝑚2 ∙ (𝐴𝐴 ∙ d ∙ 𝑚𝑚2 ∙ d)−1 

Ta ble  2. Consta nt Va lue s a nd Units to  Ca lc ula te  Corrosion Ra te  a s Ma ss Loss Ra te .3 
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2. Ope n Circ uit Pote ntia l Me a sure me nts in Afte rMa th 

Op e n c irc uit p o te ntia l mo nito rs the  fre e  p o te ntia l d iffe re nc e  b e twe e n wo rking  a nd  re fe re nc e  e le c tro d e s whe n no  

e xte rna l c urre nt is flo wing  in the  c e ll.  Op e n c e ll p o te ntia l (OCP) is a lso  re fe rre d  to  a s the  fre e  p o te ntia l, the  

e q uilib rium p o te ntia l o r the  c o rro sio n p o te ntia l, 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.  Fo r LPR me a sure me nts in Afte rMa th, a n OCP me a sure me nt is 

e xe c ute d  prio r to  the  LPR swe e p  to  d e te rmine  𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐; thus, it is no t ne c e ssa ry to  p e rfo rm a  se p a ra te  OCP 

me a sure me nt to  d e te rmine  𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐. Ho we ve r, e va lua ting  𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 with a  sta nd -a lo ne  OCP b e fo re  b e g inning  LPR 

me a sure me nts g ive s insig hts into  the  sta b ility o f the  syste m a nd  the  va lue  o f its c o rro sio n p o te ntia l.     

Ma king  the  OCP me a sure me nt in Afte rMa th is d e sc rib e d  b e lo w.  Run the  me a sure me nt fo r a  lo ng  e no ug h p e rio d  

a s to  find  a  ste a d y sta te  p o te ntia l.  The  slo p e  o f the  OCP vs. time  p lo t will b e  c lo se  to  ze ro  (units o f 𝑚𝑚𝑉𝑉/𝑚𝑚).  The  time  

to  a c hie ve  ste a d y sta te  d e p e nd s o n the  e le c tro c he mic a l syste m, b ut typ ic a lly re q uire s a  fe w minute s. 

2.1 Ope n Circ uit Pote ntia l Se t- up in Afte rMa th 

Running  a n OCP me a sure me nt in Afte rMa th is a c c o mp lishe d  thro ug h e xe c uting  the  fo llo wing  ste p s: 

 La unc h Afte rMa th a nd  g o  to  the  Expe rime nts ta b . Se le c t Ope n Circ uit Pote ntia l (O CP) fro m the  d ro p -d o wn 

me nu. 

 Ente r a p p ro p ria te  p a ra me te rs o r pre ss “ I Fe e l Luc ky”  to  p o p ula te  the  fie ld  with d e fa ult p a ra me te rs.  

 Pre ss Pe rform . Afte rMa th will c o lle c t a nd  d isp la y the  O CP d a ta . Id e a lly, the  p o te ntia l vs. time  tra c e  tha t 

re sults sho uld  a p p ro a c h a  ze ro  slo p e , ind ic a ting  e q uilib rium b e twe e n the  so lutio n a nd  e le c tro d e s. Typ ic a lly, 

the re  is a  sma ll p o te ntia l d e via tio n o ve r time  (100 µ𝑉𝑉 in va ria nc e ).  This d e via tio n is no rma l no ise  in the  

me a sure me nt (se e : Fig ure  1) 

 If the  va ria tio n o f the  p o te ntia l is to o  g re a t, lo ng e r e le c tro lysis p e rio d s ma y b e  ne e de d  to  a c hie ve  a  sta b le  𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 me a sure me nt (200− 500 𝑚𝑚𝑛𝑛𝑐𝑐𝑜𝑜𝑛𝑛𝑠𝑠𝑚𝑚 o r lo ng e r). If this is the  c a se , simp ly inc re a se  the  “ Ele c tro lysis p e rio d”  

a nd  sc a le  the  “ Numb e r o f Inte rva ls”  a lo ng  with it to  e nsure  a  nic e  numb e r o f d a ta  p o ints fo r the  

me a sure me nt. 

 

Fig ure  1. Raw OCP Da ta  in Afte rMa th with Ac c e pta ble  Noise . 
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Sinc e  a n OCP me a sure me nt is se nsing  ve ry sma ll c ha ng e s to  p o te ntia l o ve r time , the  a uto -sc a le d  y-a xis o fte n 

d isp la ys a n e xtre me ly sma ll p o te ntia l wind o w, d isp ro p o rtio na te ly e mp ha sizing  the  no ise  in the  d isp la ye d  d a ta .  The  

y-a xis c a n b e  a d juste d  to  imp ro ve  the  a p p e a ra nc e  o f the  d a ta  (se e : Fig ure  2). To  a d just the  sc a le  o f the  y-a xis: 

 Do ub le -c lic k o n the  y-a xis o f the  p lo t; the  Axis Prope rtie s d ia lo g  b o x tha t e na b le s the  mo d ific a tio n o f the  

a xis will a p p e a r. 

 Und e r the  Sc a le  p a ne l (lo we r-rig ht), unc he c k Auto . 

 Ma nua lly a d just the  p lo t limits a nd  inte rva ls. 

2.2 Using  Afte rMa th Tools to  Find Corrosion Pote ntia l 

With a n a xe s-a d juste d  OCP p lo t, the  to o ls b uilt into  Afte rMa th c a n b e  use d  to  find  the  b a se line , a lso  c a lle d  the  b e st 

fit re g re ssio n line , thro ug h a  se g me nt o f the  ste a d y sta te  OCP d a ta . 

 Rig ht c lic k the  OCP d a ta  a nd  se le c t Add Tool/ Ba se line . 

 A b e st-fit line  sho uld  a p p e a r with p o ints in p ink a nd  b la c k tha t c o ntro l the  le ng th o f the  b e st-fit line .    

 Se le c t the  p ink c o ntro l p o ints a nd  a d just the m a t the  e nd  o f the  p o te ntia l vs. time  tra c e  (whe re  the  p o te ntia l 

a p p ro a c he s a  ste a d y sta te  like  re sp o nse ). 

 The  Afte rMa th to o l re p o rts the  re sulta nt slo p e  a nd  inte rc e p t o f the  b e st-fit line . The  inte rc e p t va lue  is the  

c o rro sio n p o te ntia l (𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) (se e : Fig ure  2) 

 

Fig ure  2. OCP Da ta  in Afte rMa th with the  Pote ntia l Axis Sc a le d a nd Fitte d with a  Be st- Fit Line . 
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3. Line a r Pola riza tion Re sista nc e  Me a sure me nts a nd Corrosion Ra te  

Ca lc ula tions in Afte rMa th 

3.1 Se t- up of a n LPR Me a sure me nt 

The  LPR Me a sure me nt in Afte rMa th is c o mp rise d  o f a n OCP me a sure me nt to  d e te rmine  the  c o rro sio n p o te ntia l 

fo llo we d  b y a  line a r swe e p  a ro und  this c o rro sio n p o te ntia l.  An ind e p e nd e nt OCP me a sure me nt d e sc rib e d  in 

se c tio n 2.1 is no t ne c e ssa ry to  p e rfo rm LPR, b ut d o e s p ro vid e  insig ht into  the  sta b ility a nd  the  e xp e c te d  c o rro sio n 

p o te ntia l o f the  syste m.  The  d a ta  c o lle c te d  b y the  LPR me a sure me nt c a n b e  a na lyze d  in Afte rma th to  d e te rmine  

the  slo p e  o f the  line a r re sista nc e  p lo t a nd  c o rro sio n po te ntia l.  With a p p ro p ria te  inp uts a b o ut the  syste m und e r 

stud y, Afte rMa th p ro vid e s a d d itio na l func tio na lity to  the  re se a rc he r, inc luding  c a lc ula tio ns o f the  no rma lize d  

p o la riza tio n re sista nc e , c o rro sio n c urre nt a nd  c o rro sio n ra te .  The  LPR Me a sure me nt in Afte rMa th p ro vid e s fle xib ility 

in the  d a ta  o utp uts d e p e nd ing  o n the  re se a rc he r’ s ne e d s, a s d e sc rib e d  b e lo w. 

With no  a d d itio na l inp ut a t the  time  o f the  e xp e rime nt, Afte rMa th will re p o rt the  c o rro sio n p o te ntia l a nd  the  line a r 

re sista nc e  a t the  c o rro sio n p o te ntia l.  If the  a re a  o f the  wo rking  e le c tro d e  is supp lie d , Afte rMa th will re p o rt the  

c o rro sio n p o te ntia l a nd  the  no rma lize d  p o la riza tio n re sista nc e .  By sup p lying  the  d e nsity a nd  e q uiva le nt we ig ht o f 

the  wo rking  e le c tro d e  ma te ria l p lus the  Ta fe l c o nsta nts o f the  syste m und e r stud y, Afte rMa th will c a lc ula te  a nd  

re p o rt the  c o rro sio n p o te ntia l, no rma lize d  p o la riza tio n re sista nc e , c o rro sio n c urre nt d e nsity a nd  c o rro sio n ra te  o f the  

syste m.   

3.1.1 De te rmining  Corrosion Pote ntia l a nd the  Line ar Re sista nc e  a t the  Corrosion Pote ntia l 

To  run a n LPR Me a sure me nt in Afte rMa th, the  fo llo wing  ste p s sho uld  b e  ta ke n: 

 Fro m the  Expe rime nts d ro p -d o wn me nu, se le c t Line a r Pola riza tion Re sista nc e  (LPR).  The  LPR Pa ra me te r 

wind o w will a p p e a r o n the  rig ht-ha nd -sid e  o f Afte rMa th.  

  In the  Ba sic  Pa rame te rs ta b , the  d e fa ult p a ne l tha t o p e ns whe n a n LPR Me a sure me nt is re q ue ste d , 

p a ra me te rs c a n b e  e nte re d .  Pre ssing  the  “ I Fe e l Luc ky”  b utto n will input d e fa ult p a ra me te rs into  the  fie ld s 

re q uire d  fo r ma king  a  me a sure me nt.  Alte rna tive ly, c o mmo n e xp e rime nta l p a ra me te rs fo r LPR 

me a sure me nts c a n b e  fo und  in Ta b le  3. 

 Pre ss Pe rform . 

Afte rMa th will run a  se rie s o f me a sure me nts, sta rting  with OCP a nd  the n c o ntinuing  b y p e rfo rming  a  thre e -se g me nt 

line a r swe e p , me a suring  c urre nt a s a  func tio n o f a p p lie d  p o te ntia l.  LPR me a sure me nts typ ic a lly ta ke  se ve ra l 

minute s to  c o mp le te .  Whe n the  me a sure me nt is c o mp le te , the  re sulting  d a ta  is d isp la ye d  in a  vo lta g e  vs. c urre nt 

p lo t.  The  re sulta nt d a ta  sho uld  b e  line a r (o r c lo se  to  line a r) a nd  the  fo rwa rd  a nd  re ve rse  swe e p  sho uld  ne a rly 

o ve rla y e a c h o the r (se e : Fig ure  3). 

Pa ra me te r Input 

OCP Pe rio d  10—100s o f se c o nd s 

Initia l Po te ntia l -10 mV to  -20 mV vs. OCP 

Fina l Po te ntia l +10 mV to  +20 mV vs. OCP 

Swe e p  Ra te  < 200 µV  

Line a r Re g io n De te c tio n “ De te c t Auto ma tic a lly”  

Time  Se rie s 1 

Ta ble  3. Common Pa ra me te rs for LPR Me a sure me nts 

 

Re me mb e r tha t the  o utp ut d a ta  p ro vid e d  b y Afte rMa th fo r LPR me a sure me nts is g uid e d  b y the  info rma tio n 

p ro vid e d  to  Afte rMa th b e fo re  the  e xp e rime nt.  With o nly the  a b o ve  inp uts, Afte rMa th will a uto ma tic a lly c a lc ula te  
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c o rro sio n p o te ntia l a nd  the  line a r re sista nc e  a t the  c o rro sio n p o te ntia l. No te , ho we ve r, tha t no rma lizing  the  slo p e  

o f the  vo lta g e -c urre nt p lo t b y the  a re a  o f the  wo rking  e le c tro d e  re sults in p o la riza tio n re sista nc e , so  the  slo p e  is 

p ro p o rtio na l to  the  p o la riza tio n re sista nc e .  To  c a lc ula te  p o la riza tio n re sista nc e  a nd / o r c o rro sio n c urre nt d e nsity 

a nd  c o rro sio n ra te  a uto ma tic a lly in Afte rMa th, the  re se a rc he r must p ro vid e  a d d itio na l info rma tio n b e fo re  the  

e xp e rime nt is p e rfo rme d  (se e : se c tio ns 3.1.2 a nd  3.1.3, re sp e c tive ly). 

 

Fig ure  3. LPR Me a sure me nt Da ta  with No Additiona l Inputs 

 

3.1.2 De te rmining  the  Norma lize d Pola rization Re sista nc e  

Fo r Afte rMa th to  a uto ma tic a lly c a lc ula te  the  no rma lize d  p o la riza tio n re sista nc e , the  Ba sic  Pa ra me te rs  ta b  must b e  

fille d  o ut a s in se c tio n 3.1.1, a nd  the  a re a  o f the  wo rking  e le c tro d e  must b e  kno wn. To  a d d  the  a re a  o f the  wo rking  

e le c tro d e  into  Afte rMa th, g o  to  the  Ba sic  Pa ra me te rs ta b , c he c k the  Che c kb o x ne xt to  Norma lize  By Are a , a nd  

p ro vid e  the  surfa c e  a re a  o f the  wo rking  e le c tro d e  to  Afte rMa rth a t the  Sa mple  Are a  inp ut with the  a p p ro p ria te  

units se le c te d  (se e : Fig ure  4). With this d a ta , the  LPR Me a sure me nt will g e ne ra te  a  p lo t o f c urre nt d e nsity vs. p o te ntia l 

(se e : Fig ure  5). No tic e  tha t the  a d d e d  to o l a uto ma tic a lly c a lc ula te s no rma lize d  p o la riza tio n re sista nc e  b y 

g e ne ra ting  a  b e st-fit line  fo r the  d a ta .  The  p ink c o ntro l p o ints o f this to o l c a n b e  ma nua lly a d juste d  to  imp ro ve  the  

fit to  the  d a ta , if ne c e ssa ry.   



Line a r Pola riza tion Re sista nc e  a nd Corrosion Ra te  DRA10086 (REV002 | APR 2016) 

 
 

 
Copyrig ht © 2008- 2016 Pine  Re se a rc h Instrume nta tion Pa g e  8 

 

 

Fig ure  4. Sample  Line a r Polariza tion Re sista nc e  (LPR) Pa ra me te rs in Afte rMa th. 

 

 

Fig ure  5. Line a r Pola riza tion Plot with Only Ele c trode  Are a  Provide d 
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3.1.3  De te rmining  Corrosion Curre nt De nsity a nd Corrosion Ra te  

To  ha ve  Afte rMa th a uto ma tic a lly c a lc ula te  the  c o rro sio n c urre nt d e nsity a nd  c o rro sio n ra te , the  Ba sic  Pa rame te rs 

ta b  must b e  fille d  a s in se c tio ns 3.1.1 a nd  3.1.2, b ut e ve n mo re  inp uts a re  ne e d e d . Che c k the  Che c kb o x ne xt to  

Automa tic a lly De te rmine  Corrosion Ra te  o n the  Ba sic  Pa ra me te rs ta b  a nd  e nte r the  sa mp le ’ s d e nsity, e q uiva le nt 

we ig ht, a nd  Ta fe l c o nsta nts with a p p ro p ria te  units.  With the  sup p lie d  inp uts, the  LPR Me a sure me nt will g e ne ra te  a  

p lo t o f c urre nt d e nsity vs. po te ntia l, simila r to  Fig ure  5.  A b e st-fit line  is a uto ma tic a lly a d d e d  to  the  d a ta  a nd  the  

p o la riza tio n re sista nc e , c o rro sio n p o te ntia l a nd  c o rro sio n ra te s a re  c a lc ula te d  (se e : Fig ure  6).  The  p ink c o ntro l po ints 

o f this to o l c a n b e  ma nua lly a d juste d  to  imp ro ve  the  fit to  the  d a ta , if ne c e ssa ry 

 

Fig ure  6. LPR Plot with Corrosion Curre nt De nsity a nd Corrosion Ra te . 

 

3.2 Se t- up of a n LPR ove r Time  Me a sure me nt 

Afte rMa th ha s a  b uilt-in func tio na lity tha t e na b le s a  sing le  LPR me a sure me nt to  b e  e xp a nd e d  to  a  LPR o ve r time  

me a sure me nt.  Whe n a  se rie s o f LPR me a sure me nts a re  ma d e  o ve r time , Afte rMa th g e ne ra te s a d d itio na l d a ta  p lo ts 

d isp la ying  the  c o rro sio n p a ra me te rs o ve r time .  The  typ e s o f p lo ts tha t a re  g e ne ra te d  a re  d e te rmine d  b y the  

info rma tio n a va ila b le  to  Afte rMa th a b o ut the  syste m und e r stud y b e fo re  the  d a ta  is c o lle c te d .  Fo r this re a so n, it is 

a d va nta g e o us to  p ro vid e  Afte rMa th with the  a p p ro p ria te  info rma tio n a b o ut the  syste m und e r stud y b e fo re  sta rting  

the  e xp e rime nt, if it is a va ila b le .  The se  va lue s c a n b e  sup p lie d  o n the  LPR Ba sic  Pa ra me te rs wind o w in the  lo we r 

rig ht ha nd  sid e  in the  Corrosion Ra te  Pa rame te rs p a ne l (se e : Fig ure  4 a nd  se c tio n 3.1 fo r a  d e ta ile d  d isc ussio n o n 

syste m inp uts a nd  Afte rMa th o utp uts).  To  p e rfo rm a  LPR o ve r time  me a sure me nt: 

 In Afte rMa th, se le c t Line a r Pola riza tion Re sista nc e  (LPR) fro m the  Expe rime nts d ro p -d o wn me nu.  

 The  LPR Pa rame te rs wind o w will o p e n.  

 Und e r the  Ba sic  Pa ra me te rs ta b , find  the  Time  Se rie s p a ne l o n the  up p e r rig ht-ha nd -sid e  a nd  input the  

numb e r o f LPR me a sure me nts to  b e  a c q uire d  a t LPR Se rie s Ite ra tions. 

 The  wa it time  b e twe e n me a sure me nts, a s we ll a s a n a d d itio na l time  re q uire d  fo r da ta  a c q uisitio n, c a n b e  

inp utte d  a t the  Time  Be twe e n Ite ra tions p a ne l.  



Line a r Pola riza tion Re sista nc e  a nd Corrosion Ra te  DRA10086 (REV002 | APR 2016) 

 
 

 
Copyrig ht © 2008- 2016 Pine  Re se a rc h Instrume nta tion Pa g e  10 

 

 OCP me a sure me nts will b e  ta ke n b e fo re  e a c h LPR swe e p  und e r Afte rMa th’ s d e fa ult se tting s, b ut this c a n 

b e  a lte re d  in the  LPR Pa ra me te rs OCP Mode  if d e sire d .     

LPR o ve r time  me a sure me nts c a n ta ke  se ve ra l ho urs d e p e nd ing  o n the  p a ra me te rs se le c te d .  Whe n the  d a ta  

a c q uisitio n is c o mp le te , Afte rMa th p lo ts the  d a ta .  Plo ts will inc lud e  c o rro sio n p o te ntia l vs. time , p o la riza tio n 

re sista nc e  vs. time  a nd  the  ind ivid ua l LPR me a sure me nts a nd  OCP me a sure me nts tha t we re  c o lle c te d  a nd  utilize d  

to  g e ne ra te  the  time  p lo ts.  A sa mp le  p o la riza tio n re sista nc e  vs. time  p lo t g e ne ra te d  b y Afte rMa th is p ro vid e d   

(se e : Fig ure  7). 

 

Fig ure  7. Time -De pe nde nt Pola riza tion Re sista nc e  Va lue s Colle c te d by LPR Me a sure me nts in Afte rMa th. 

 

4. Proc e ssing  LPR Da ta  Post- Colle c tion in Afte rMa th 

Afte rMa th p ro vid e s to o ls tha t c a n b e  use d  to  ma nip ula te  a nd  g a in a d d itio na l insig ht into  LPR d a ta  a fte r it ha s b e e n 

a c q uire d .  Fo r e xa mp le , a fte r d a ta  c o lle c tio n a  vo lta g e -c urre nt p lo t c a n b e  c o nve rte d  to  a  vo lta g e -c urre nt-d e nsity 

p lo t using  b uilt-in Afte rMa th func tio ns o r a  c o rro sio n c a n b e  c a lc ula te d  fro m e xisting  LPR d a ta  using  the  LPR Ba se line  

To o l.  Afte rMa th fo llo ws the  SI units in e le c tro c he mic a l e xp e rime nts, so  the  a p p ro p ria te  units a re  use d  a nd  sa ve d  

with the  ma nip ula te d  d a ta .   

4.1 Ma nipula ting  Plot Axe s 

The  a xe s o f a  LPR vo lta g e -c urre nt p lo t c a n b e  ma nip ula te d  in Afte rMa th to  a  LPR vo lta g e  vs. c urre nt-d e nsity p lo t 

(se e : Fig ure  8). Fo r the  e xa mp le  p ro vid e d  in Fig ure  8, the  c urre nt d a ta  we re  no rma lize d  to  a  0.20 𝑐𝑐𝑚𝑚2 e le c tro d e  a re a  

a nd  the  d a ta  wa s a p p e nd e d  to  a  se c o nd a ry x-a xis (a s o p p o se d  to  re p la c ing  the  e xisting  x-a xis). To  ma nua lly 

ma nip ula te  the  a xis o f a  d a ta  p lo t suc h a s a d justing  the  LPR vo lta g e -c urre nt p lo t to  a  LPR  vo lta g e  vs. c urre nt-d e nsity 

p lo t: 

 Ca lc ula te  the  wo rking  (c o rro sio n) e le c tro d e  surfa c e  a re a  in 𝑚𝑚2. 

 Rig ht c lic k the  d a ta  a nd  se le c t Apply Transform ↓ Simple Math Operations. 

 Und e r Func tion se le c t Division (/ ). 
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 Und e r Pa ra me te rs/ Options, se le c t Pe rform ope ra tion on X- da ta  only. 

 Ope ra nd Va lue  sho uld  b e  the  a re a  o f the  wo rking  e le c tro d e  in 𝑚𝑚2. 

 Und e r Ope ra nd Unit Se le c tion, se le c t Are a  fro m the  d ro p d o wn me nu o f sta nd a rd  units. 

 The  a re a  is b e ing  no rma lize d  a nd  so  the  units a re  𝑙𝑙𝑛𝑛𝑛𝑛𝑔𝑔𝑡𝑡ℎ2.  The re fo re , the  b o xe s ne xt to  Le ng th (m) sho uld  

re a d  “ 2 /  1.”  

 Und e r Pa rame te rs/ Options, c ho o se  whe the r to  re p la c e  the  X-a xis b y c he c king  the  b o x in fro nt o f Re pla c e  

orig ina l tra c e .  If this b o x is unc he c ke d , the  e xisting  g ra p h will b e  a p p e nd e d  with se c o nd a ry a xe s.  Fo r this 

tuto ria l,l c he c k the  b o x in fro nt o f “ Re p la c e  o rig ina l tra c e ” . 

 Pre ss OK. 

 On the  re sulting  vo lta mmo g ra m, the  la b e l sho uld  no w re a d  “ Curre nt De nsity (𝐴𝐴/𝑚𝑚2).”   

 To  c ha ng e  the  va lue s o n the  X-a xis, d o ub le  c lic k the  x-a xis va lue s a nd  a  d ia lo g  b o x sho uld  a p p e a r la b e le d  

Axis Prope rtie s.   

 In the  d ia lo g  b o x, und e r Units, unc he c k the  Automa tic  unit se le c tion a nd  the n ne xt to  Units/ Units se le c t 

a mps pe r squa re  c e ntime te r fro m the  d ro p  d o wn me nu.  

 The  me tric  pre fix c a n a lso  b e  c ha ng e d  b y se le c ting  the  d e sire d  p re fix fro m the  d ro pd o wn list a t Units/ Me tric  

p re fix.  Fo r e xa mp le  se le c t milli a nd  p re ss Apply.   

 The  units o n the  p lo t sho uld  no w b e  (𝑚𝑚𝐴𝐴/𝑐𝑐𝑚𝑚2). No te  tha t “ mic ro ”  wa s se le c te d  fo r Fig ure  8 a nd  the  re sulting  

units a re  (µ𝐴𝐴/𝑐𝑐𝑚𝑚2). 

 The  sc a le  o f the  a xis c a n a lso  b e  ma nip ula te d  with the  se tting  und e r Sc a le . 

 Pre ss OK to  ke e p  c ha ng e s. 

 

Fig ure  8. Raw (Re d) a nd Curre nt De nsity (Blue ) LPR Da ta  in Afte rMa th 
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4.2 LPR Ba se line  Tool 

Afte rMa th ha s a  LPR Ba se line  to o l tha t e na b le s the  d e te rmina tio n o f p o la riza tio n re sista nc e  a nd  the  c o rro sio n ra te  

a fte r c o lle c tio n o f LPR d a ta .  The  a p p ro p ria te  c o nsta nts ne e d  to  b e  p ro vid e d  b y the  re se a rc he r to  the  to o l in o rd e r 

to  ma ke  the se  c a lc ula tio ns.  The  re q uire d  va lue s/ c o nsta nts a re  1) a re a  o f the  wo rking  e le c tro d e , 2) d e nsity o f the  

wo rking  e le c tro d e  ma te ria l, 3) e q uiva le nt we ig ht o f the  wo rking  e le c tro d e  ma te ria l, a nd  4) the  Ta fe l c o nsta nts fo r 

the  syste m und e r stud y.  The  fo llo wing  g ive s ste p -b y-ste p  instruc tio ns fo r using  the  LPR Ba se line  to o l. 

 Rig ht c lic k the  d a ta  o n the  LPR p lo t a nd  se le c t Add Tool→LPR Baseline. 

 A b e st-fit line  will a p p e a r o n g ra p h with va lue s fo r c o rro sio n p o te ntia l a nd  slo p e  o f the  line a r re sista nc e  (if 

no  inp uts ha ve  b e e n pro vide d ). 

 The  p ink c o ntro l d o ts c a n b e  a d juste d  to  mo re  c lo se ly ma tc h the  c urve , if ne e d e d .  The  le ng th o f the  

b a se line  is a d juste d  b y d ra g g ing  the  b la c k c o ntro l d o ts. 

 The  va lue s use d  to  c a lc ula te  the  to o l c a n b e  mo d ifie d  b y rig ht c lic king  o n the  to o l te xt b o x a nd  se le c ting  

Prope rtie s the n se le c ting  the  Ba se line  Tool Prope rtie s ta b . 

 Up d a te  the  va lue s und e r Ta fe l Da ta .  No te  the se  va lue s a re  d e p e nd e nt o n the  e xp e rime nt a nd  a re  re q uire d  

fo r c a lc ula tio n o f the  Co rro sio n Ra te  (se e : se c tio n 1.5 fo r a  d isc ussio n o f c o rro sio n ra te  c a lc ula tio ns).   

 Pre ss OK. 

 Afte rMa th re p o rts the  re sulta nt Po la riza tio n Re sista nc e  a nd  Co rro sio n Ra te s in a  te xt b o x o n the  LPR p lo t.  If 

Na N a p p e a rs in the  te xt b o x, the  p ro p e rtie s fo r the  to o l ne e d  to  b e  e nte re d / up d a te d .   

 Re p e a t ste p s 1-6 to  up d a te  the  va lue s und e r Ta fe l Da ta .   

Afte r p e rfo rming  the  a b o ve  ste p s, the  LPR p lo t sho uld  b e  up d a te d  with a  te xt b o x re po rting  the  c a lc ula te d  c o rro sio n 

c urre nt, p o la riza tio n re sista nc e , a nd  c o rro sio n ra te  (se e : Fig ure  9). 

 

Fig ure  9. LPR Da ta  from Afte rMa th with LPR Tool Applie d to  Curre nt De nsity Da ta . 
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 0.1 𝑁𝑁 𝐻𝐻2𝑆𝑆𝑂𝑂4 2 × 10−12 0.12 

 0.1 𝑁𝑁 𝑁𝑁𝑎𝑎𝑂𝑂𝐻𝐻 3 × 10−14 0.10 𝑷𝑷𝑵𝑵 0.01− 8 𝑁𝑁 𝐻𝐻𝐶𝐶𝑙𝑙 2 × 10−12 0.12 
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