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The modern electrochemical theory of corrosion postu—
lates that there are anodic and cathodic areas on the surface
of a metal and that the metal enters into solution at the
anodes and hydrogen is evclved at the cathodes.

Inhibitore in the electrolyte can effect the anodic
areas alone, the cathodic areas alone, or they can effect
both cf the different type of areas simultaneously.

6. A„ Mann (46,47) proposed that any nitrogen—contain-
ing organic compound, if at all soluble, should form an ion-
izeble salt with the acid medium and the positive charge
would concentrate on the group containing nitrogen. The in—

hibitcr would then be attracted to the cathodic part of the
metal through the nitrogen~containing ion. The inhibitor
would function by being adsorbed on the metal surface to
form a fairly well organized and oriented film which would
serve to increase the polarisation for hydrogen evolution by
introducing a high resistance to electron transfer between
the solution and the metal surface.

It was thought that this theory might be tested by
measuring the potentials against a standard electrode of
steel made cathodic after small amounts of inhibitor or
inhibitors had been added to the solution.

It was the purpose of this investigation to determine
if there was a relationship between the quantity of inhibi~
tor known to diminish the eorrosion rate and the potential
of a cathodio surface.
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;;·LITERATURE REVIEW

Gcrrosion may be defined as the destruction of a metal
by means of an electrochemical reaction with its environment
(31). According to the electrochemical theory, corrosion in--
volves the flow of minute electric currents over finite paths
from one point to another on the metal surface. There are
three requisites for auch a mechanism; (l) a potential differ-

ence, (2) a ccnducting path, and (3) the availability of elec-
trode reactions for the transferring of charges across the
metal-solution interface ($4,37,38), An exposed metal in a
corroding medium satisfies these requirements• Surface irreg-
ularities set up many points with possible differences in po-
tential. Many solutions (even pure water) provide the con- i

ducting path, and there are always possible reactions where-
by oxidation-reduction may occur•

Cempounds called inhibitors were used to decrease the
rate of such corrosion• Heckerman (37) suggested that an in-
hibitor may function eithen (l) by increasing the true ohmic
resistance or (2) by interfering with the anodic, the cathodiq
er both the electrochemical processes• Inhibition by the for-
mation of an oxide film or by precipitation of a nonconductin
reaction product over the metal occurred by increasing the re-
sistance to current flow. Inhibitions caused by an increase in
the activation hydrogen overpotential, a decrease of potential
differences on the metal surface, or activation polarization
of anodic dissolution were given as examples of the second
type of inhibition.
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Qheppell, Reetheli, end Hcßerthy (28), after etndying the

effect ef quineline ethiedide en cethedie end enedic peler1·

eetien ef iron end eteel in nernel eulfurie acid, ceneluded

thet inhibltien eee eethedie end euggeeted e theery ter the

ectlen ef ergenic lnhibltere„ A elnller eenelueien und theery
were euggeeted by Henn (29,46,47,4B). The eeeentlel peinte

ef hle theory were given ee Ißllßlle Orgenic inhlbitere were

eepeble cf termin; peeltively eherged iene end eeeerdlngly ex—

ieted in ecid eelnticne es eetiene• the eetiene were cethed-

leelly edeerbed by vlrtne ef eleetreetetle ettreetien end ee e

result turned e blenket ever eethedie ereee, The reeultent

film lnereeeed the reeietenee te peeeege ef current by pre• (

ventin; hydregen lens free reeehlng the eurfece ef the eethede•

Iherefere, dependln; en the extent of edecrptlen, the eleeeneee

ef peckin; in the edecrbed file, end the ereee—eeetlenel eree

ef the neleeule, verieue degreee ef inhibitlen were fennd fer

different ergenie eenpeunde•
Bvidenee fer Menn'e theery nee ebtelned freu eathedio

pelerleetien etndiee end fren ehengee ln lnhibltive peter
brenght ebcnt by enhetitntien en the inh1b1ter• In generel,

the reenlte ef neeenrenente ef filn reeietence (},2t,45)„ere

ecnflietin;• Rechn (45) feund e direct releticnehip between

film reeietence und inhibitien• Beekrie end Genuß! (3) feund
e negllgible file reeietenee end eenelnded thet henn'e end
¤echn'e explenetien ef cerreeien inhibitien es e reeietenee
effeet une net valid.
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lann'e theory had numereua aupportere priaarily because
it conrorsed to the inherent nation that pceitively charged
particlea should be adeorbed on negetively earged areas.
However, nuaeroue racte could not be erplalned by this theory.
0ne er the nein dirrioultiee aaa that Mann': theory could not
explain the change er the open olrouit potential in the cathede
ic direction generally ohaerved on addition or inhibitora.
Haoker¤an((37) end Hear (42) erplained this shirt hy aeeumlng
that the aaln erreot er the lnhibltor wae on the anodio re-
action.

rho second aajor dirrioulty with Hann'e theory was that
both anodio end cathodio erreote occurred in polarieetion
atudiee at eaall eurrent deneities (57). Oavellaro and
Bologneei (27) and Haokeraan and Sudbilri (39) round by polar-
leation aethode that aoae inhibitore were or a mixed type and
eoae were especially enodlo in their actions. Kuaneteov and
Ietan(43) reported that in any eaeee the increase in over-
potential oaueed hy inhlhitere eae obeerved to he greater on
anodic polarieatlon.

A third dirriculty with Hann'e theory was round in eulrnr·
containing oßnpouuda bein; better inhibitore than oorreeponding
nitrogen eonpeunde. lana'e theory aade no provieion tor auch
errecte because electroetatie roroee are not epecirio. Haoh•
eran end dock (40) reuna that irrevereihle adaorption er
acide, aloohole, and eetere took place on the eaae portion er
a eteel eurreee while aninee adeerhed irrevereibly on e dlrrer·
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ent pcrtlon of the sans surface, This lndloated that foroes
were operating shloh were not eleetrostatlo,

It aaa a knoun feet that the lnhibltive power of a ooa»
pound lnoreased as the number of substltuents on the function-
al group lnoreased, Mann (29,#6) sttrlbuted this to a more
conplete coverage of cathodea and lnereaeed adsorptlono
ßeoarlngen end Sehraa (52) reported that a series of amlnee
poesesslng approxlately equal cross-seotlonal area exhlblted
very different lnhlbitive properties, and concluded that ape-
olflo adsorptlon eas laportant in lnhibiticn, cardwell and
Bilers (2) also reportod a specific effect upon introduction
of a nethyl group in the ortho position of varlous hetero-
oyollovnltrogen oompouhds used as nhlbitors, Hear (t2)
polnted out that o·toly1thlourea probably, and sulfonated
oaetor oil, were neutral noleeules in ton psr cont sulfurlo
acid but were still good lnhibltors as were uethyl sulflde
and butyl dlsulfldee Aooordlng to Hann's cathodlo lnhlbitlon
theory these oompounds would not be lnhlbltors, Haokerman and
Schmidt (8) etated that sone oonpounds giving negatively oharged
lens ln solution funotloned an lnhlbltore,

Bookris and Oonani (3) and Else and Elscher (32) fsvored
a nodifloatlon in Hann*s theory to asorlbe inhlhitlon to an
lnoreaae of hydrogen activation overpotentlal, fhla aodlfled
theory explalned the specific effects by inhlbltors, hut could
not account for theehhlft in the eathode direction of the open
olrcult potential on the addition of lnhlbitors to ocrreslon
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environment:.
The di££ioultlea‘enccuntered by Mann's theory led tc the

oonelderation ot cerrosien inhlbition es the result cf general

rather than cathodio adsorptlcn„ naene (45) and Fink (35) s

attributed inhibltien te increased ohmlo resietsnce„ However,
Fink pestulated chenieal adeorptien as opposed to Mschu's

physical adserptien„ Hackernan and Sudbufl (39), Haokerman

and Schmidt (8) and Hear (42) all favered the theory of general

adeorption but could net propoae a definlte meehanlsn to ac-

count fer the observed £aete„
3

Hackernan and Geek (#0) studied the adscrption sf inhlbit~ 0

ors from benaene solution ontc steel powder. On the basis ot

these experiment: Haekernan and hakridee (37) postulated the

oeeurrence ot chalacrptlcn in the acidio oorrealon ot steel,

They produeed experimental evidence that inhibition persista

when preheated lren ccupons eeee traneterred Iron protected

te upretected solutions (37)-
Anodlc polarisstien uns loeked upon es the result ot

ohesieorption, and inhlbitlcn eas considered to be the result

ot lncreased reslstance to current tlcw caused by electro-

static adsorpticn at cathedie areas and cf anodio polsrlzation

caused by cheaiaorpticn (33•37•39)• The relative centribution

cf the tan depended cn the inhibiter„ Three classes ot in-
hlbitors were distinguishedx (1) Anodic inhlbiters (2) 0athod•

ic inhibitere, and (3) Mixed cathcdic-anodio lnhlhitors.

Bedien ehroaate lllnstratea the first claas, quaternary anlne
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salts, the second, and amines and thiols the third, With the
quaternary amine salts cathodic polarization took place and
physical adsorpticn occurred over the entire surface, The in-
hibitor that Hann called cathodic Hackerman put in the third
class, or mixed

inhibitors,Eldredgeand Warner (30) tabulated the data of Mann and
his ccworkers,(46,48}, Hackerman and Makrides (37) using the
data of.Mann and his coworkers explained the actions cf polar
organio inhibitors by·means of the following equilibria in-
volving aliphatic amines:

"RNH5+ (sel) QT-? RHHZ-4-H+;.^RE2-iron
RNHg—iron denotes chemisorbed amine, The extent of chemi-
sorption depends on the strength og the amine-metal bond and
the solubility of the particular amine,” (57),

Petential~time curves under conditions of inhibition and
non-inhibiticn provided little information on the rate of
oorrosion tendency of a.metal in acid solution,

Moore (50) said that a change in the cathodic direction
with increased inhibitor concentration was in accordance with
previously published results (56,39,51) and indicated that
the inhibitcr triethanolamine acts principally on the anodic
areas of copper increasing its resistance to the flow cf ions,
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ggg·-ExPEagM§H1'AL
,,, 3we+—,e11,«, l„«·y«,e„,„;;

lt wao the purpose of this investigation to deternine
it there was a relatienahip between the quantity et inhibiter
kneen to diminiah the eorroeion rate and the potential ot a
eathodio snrtaoee

3,;;e,The

potential required to keep a eenetant onrrent
tloning to a eathedio oerreeien epeeieen through dilnte acid
solutions to ehieh one er nero pure oonpouds er eommereial
eethedio lnhibitore had been added aus meaenred„ Meaeure·
mente were made ot the potential di£!erenoe between the
aathodie speoinen and a eaturated talemel referenoe cell.
thin potential ditterenee nee reoerded ae the 'eathode
petential“ er the aetal under obeervatien„ The eathode
petentiel·wae neeeured ae e tnnetien ct tina and ae a
tunotion et the aoneentretien ot inhibitor.

Platinum, mild eteel, eepper, aenel, ineonel, yellew
braee, niokel end tin were need ae othedic epeeinen •lee·

trodea• Platinum uns also need in eaeh eaee tor the anede
' et the eorreeien oellt Petr point nine per cent eulturie

aeid, tive per eent phoepherio acid, end tive per oent
aeetie seid tere need ae eleetrelytee beeanee oz the interaae
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tion available oeheernlng the properties ef the above
aetale in these aoldm

2he iuhibltors studled in this investigation waren
banzaldehyae, dlethylaalae, 2··n1.t1·e·1«b¤.tago¤l, plnaeolene,
thlourea, tri.-n-anylulne, tri-n-hexylamine , and a aixture
ot three oommereial iahlbltersg Prlmene $24-2, Prlminox 21
and Primluoz 32,

These lnhibltore tere seleeted beeauee they were
available and lntoraatlen was available aa to their etsteeta
es inhlbltera in 4.9 per oant aulturle seid (4).
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ggggggg. Conmercial Grade; Lot Number 63716. Obtained
exe. Commercial Solvente Corporation, 196 Blanohard Street,
Hesrk 5, Nee Jersey. Used in eleotrode cleaning procedure.

Standard Shin; Thickneee 0.005 inch.
Distributed by Precision Steel Warehcuse Gempany, Packaged

Seeds Division, 4409 test Kinsie Street, Ghicagc 24, Illinois.
Used ae an electrede.

_gggg;;. "Baker Analya•d" Heagent; Heavy Fell; Thiekneee

0.005 inch; Gatalog Number 1714; Lot Number 20442. Manufac-

tured by J.T. Baker Uhesioal Gonpsny, Phillipsburg, Nea
Jersey. Used ss an eleotrede.

”Baker
Analyzed" Heagent, Anhydrous;

Ustalcg Number 9244; Let Nuabsr 27209. Manufactured by J.T.
Baker Uhenical Qoapany, Phillipsburg, New Jersey. Used in

electrode cleaning process.

§§g!‘_§pg;[. Elser°s. Hanufaetured by The Herden
Uneaieal Gospany, A Division et The Borden Uespany, 550

Hadisen Avenue, Nee York 17, Heu York. Obtsined Iren

Ridinger Hardware and Sixt Ueapsny, Blaokeburg, Virginia.
Used to seal metal eleetrodes into pyrex glass tubing.

„« ze "Baker Analyaed” Reagent; Gatalog

Hueber 9554; Let Number 23008. Hanufactured by J.T. Baker

Uhesieal Gomsany, Phillipsburg, Nee Jersey. Used in clean-
ing electrcdes.
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Q,_. thlchena 0.005 inch; Let Imker 73*8. com-
trlkuted ky !he International Hlckel company, lnocrpcrated,

67 Wall Street, In Icrlc 5, Heu York- Ueed an an eleetrode.

(al) .‘ catalog Imker B··240; Lot

Imker 7053661 Fisher certltled Reagent. 1¤!anu£ac··

tured ky Ilnher B.cle¤t:1.:t‘1o ccmvmy, Palrlaan, Ian
Jersey.
(1:) cataleg Imker Hanu£ac•
turnd ky Planer Sclantltlc company, Palrlawn, Ian
Jerney.
(c) -4:; 4 _„,, Lot Imker 137441., Kanu-·
tactured ky Kd! Laboratorien, Incorporated, 29-46

Ierthern Bcnlevard, Lang Inland city 1, Ian 'icrk,
(4) ßßgßäg. Ende ky mw James R. algney and
redlntllled at 106**0. by the author.
(e) Prlnelpally to
_g•c2,H;,}IH2,g Retarenee, July 14, 1958- l1anu£ac•·
tured ky Rau and Haan ceapany, Philadelphia 5,

Pennaylvanla.
(t) varleun nclecular weight
pelyethexy aalne; ßaaple Imker 3610; Reterenoe,

July 14, 19561 General Structural Ieraula

5¤· ¤~¤¤¢~¤#¤=·•¤ br
Rehm and Baan cenpany, Phlladelphla 5, Pennsylvania.

u
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(5) , General Structural Fernula
Sample umher 9197;

Reterenee, July 14, 1958, Hanuiaetured hy Rehm
and Rea! Sonpaay, Philadelphia S, Pezmeylvania,
(h) _@;g@,

Metaan Kedak Gatalog umher 497,
White Label, lumutactured by Bietillaticn Preduete
Industries, Rooheeter 3, Heu York,
{1) hetnaa Kcdak Satalcg umher
2555, White Label, Kanutaetured hy Dietillatien
Preduete xnaeeznudee, Reeheater 3, New Ycrk,
H) so ecea , Baetnan Kedak Satalcg
Hunter 6372, Hhite Label, Hanutactured hy Biati1~
latina Bredueta Industries, Reehester 3, Hav Yerk,

6 Reagent Grade; dada umher 1981;
Lat lluaher 6968, Hanutaetured hy General Sheaieal Division,

y Allied Sheaioal and Bye Sorpcratian, Rev 'Ierk, uev 'Icrx,
Seed aa a reageat cempomeut er ulcaal reference cell,

Reagent Puder; hker and ldaaeon
Quality; Sade umher 1984; Lat umher 9989, Hauutaetured hy
General Shaaieal Bivlaien, Allied dheuieal and Bye derperaticn,
Heu Iark, Heu 'Icrh, Seed in making amalgameted sine,

"ßaker Analye•d” Reegent; dataleg umher 2564;
Lot umher 29799, ßmxtactured hy 8,86*, Baker Chemical Some
pauy, Phillipehurg, Set Jeraey, Seed in aaking eaturated
ealeael reterence eell,
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,gßgy§L• eSheet;„0hickne¤e 0-006 inch; Lot Number
,QM677!6B8, Gcntributed by Tha International Hinkel company,

,,„Inoorpcrat•d, 67 Wall Street, Hevniork 5, Bew York, Seed
S D _c¤ GR cleotrede,

Ißßgggg, Sheet; Ihicknena 0.003 inch; Lot Number
¥7374L, Gontributed hy Ehe Internaticnal Nickel Gcnpany,
Bneerperated, 67 Wall Street, New York 5, Neu York, Urea
an an eleetrede, ,

eßjjggggg, f0i1·punped; Gemnercial Grade, Manufactured
by the Air Reduetien ßcmpeny, Dayten, Ohio, Dietributed by
Iaduetrial Gar and Supply Genrany, Bluefield, West Virginia,
Seed to purge acid solutions and cell before and during teste,

Ana1yzed” Reagent; Oatalog
Number oeöe; Lot l¤mb•r_20075, Eannfaetured by J,!- Baker
Ghenioal Scmpany, Phillipaburg, Neu Jersey, Used ae a
reagent test solution,

glgjgggg, Sheet; Ihioxneee 0-003 inch; Eleetrede Grade,
Hannfaotured by Engelhard Industries, Ineorperated, American
Nlatinum end Silver Division, 231 Bew Jersey Railroad Avenue,
Neuer! 5, New Jereey, Need an an eleetrede,

;· Iieher Gertified Reagentg Satalog
Number r•217; Lot Hueber 773095, Manufeetured by licher
Scientific company, lairlarn, ¤ea·Jer¤e7, Used ae a reagent
in nturated ealonel reference ee11,

”Baker Ana1yz•d” Reagent Pellete;
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Uatalcg Number 3140; Let Number 26825. Ihnnfaetured by

J.!. Baker Uheaical Oeapany. Pbillipeburg. Heu Jersey, Used
xn gee train tc reneve earben axexaee Iren niträgen tank gee.

ggg;}. Ebickneae 28 geuge; dcuble etrength atevepipe.
Hannfaetured by äaek•e·2vann lanufaeturing Genpany, Baiat
Lenin, Hieeeuri. Analysis; Gerben 6.08 per eeat; Henganeae
0.35 per eent; Pbeapberua 0.092 per cent; Sulfur 0.038 per
cent; Silioen. traee; Gbrealun 0.012 per cent; Ucpper 0.652
per eeat; Analyaed by Lyncbburg Peundry 0empan7, Radferd,
Virginia (23). Ueed es an eleetrede.

ggggggggggggg. *3aker 1ne1ys•d” Reagent; Gateleg Hueber
9680; Let Hueber 4$14. Kannfactured by 3.2. Baker dbenieal
Uenpany, Pbillipaburg. Iew Jersey. Used as a reagent eelutien

in H>0e11.
Purified Pull; thinkneea 0.06 inch; Gatalng

In¤ber.4i54; Let Huber 90580. Hannfaetured by 1.2. Baker

dbemieal 0¤¤b•¤7. Pbillipebnrg. Heu Jersey. Used ae an
eleetrede.

]gggggg„§gg;ggg. Purifiedg Gataleg Iunber Veß; Let
Sauber 79t744. Iannfactnred and dietributed by Fieber

Scientific 6¤¤p•n!. Fairlaan. Nee Jeraey. Uaed in exygen
abeerptien teeer ef gastrain.{ggg.

'Baker Ä¤&l1lI¢· Reagent; 20 neeh; Grannlar;

Uatalag Hunber 4244; Lat nene.; 6505. Henufaetured by J.!.
Baker uheniual Genpany. Ihillipsburg, New Jersey. Used in
abaerptlen teuer after being analganated.

I
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.@.¤..a¤s
Type SB—54«i; Wlllerd Radio 27«2; 2 velt¤„

Nanutaetured by Wlllard Storage Battery Gempany, slevsland,
Shle• Obtained Iron Uhr Surplus, Used as a power seuros 2

ter petentiemeter and in units et three as a power ssuree
ter eleetroeheaieal eells,

Fisher Uitieed Bath leetrenlo Sentrel,
115 velts, 50—60 eyeles, dbtalued tree Fisher Seientitie
dempany, 7722 Whodbury Brite, Silver Spring, Maryland, Used
te regulate the euatant temperature bath,

7 ee FMLLQ,;,,» iype R; Retleetingg Gataleg Number 2500;
Serial Number 4115991iFeea1 length ene unter; Seneitivity
9,32 mierovelte per milliaeterz 52 ehns; Feried
ai: seeeuds; Resistance 11,1 ehaa, Manutaetured and dis·
tributed by Leeds and Nertbruh ¢¤¤P¤¤¥• Philadelphia,
Pennsylvania, Used with stand deeeribed by Kritaer (16),

gggggg, Serial hunter 15953H11eA; 50 satte; 108•115
vnlta, Hanutaetured by ¤ut1er—Na¤mer, Zuoerporated,
Nlluaekee, Wleoenezu, Seed te supply heat tooenetanttamereture

bath,
g;;;_§;;gg;g, Gylindriealg pyrex brand glass; diameter

12 insbes; height 18 inehes; Gatalog Number 11-823K, Die·
tributed by Fisher Seleatitie Geapeuy, 7722 Weedbery Frive,
silver Spring, Maryland, Seed es e eeustant temperature bath
veseel,
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4 ~47444 nn„me.„ee, Fleingg height 7é inchee; datalcg

Hueber 7-415. Gbtained Iren Fieber Scientific Genpany,
7722 Ubcdbury Briva, Silver Spring, Maryland. Seed ae a
liquid tray between earben dicxide tray and vanadyl eulrate
toner. L aeecnd cue uae need te held petaeeiua hydrenideb
ecluticn ter carbon diczide abeerptien.

datalcg Number 2100; Serial Number
eeeose. Manutaetured end distributed by Leeds end Ncrthruy
enrany, Philadelphia, Pennaylvania, Used with a galvancaeter

and petentiameter ae • vitual means et checking cireuit
balance.

24 c, Type TPH; Range 0•10 ni11i—
aayereee Nunber N3?247• Hanntactured by Rc11•r•¤nith,
Bethlehen, Pennay1vania• Veed aa a rcugh.indicater ter
eleetrede current in Revell.

E- ee„„¢e„.,4.4 type K~2; dataleg Number 7552; Serial
Hueber 532479. nennreeeurea and distributed by Leeds and
Ierthrup ccnyanye Philadelphia, Pennsylvania. Seed zer
neaeuring potential ditterencee between electrcdee. Alee
used to aeaeure the IR druy eereee a Standard one Ghn Reeieter
tc deternine current £lcu·threugh cell.

_;„e1„«4g444e,„,n;e„.e„4„ Hoke—Phcenix Hunter 605~B; ter
eilepumped nitrcgeng Gatalcg Hueber 15281. Distributed by
Iill derycratien ct Bergland, 2.0. Bez 5195, Bltinere 24,
Maryland, Reed to reduce nitrcgen tank preeeure te tenr
yeunde per square inch.
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,;,«a;„„„ :,.g, ;¢e» Ü • Model K; Wire wound; 5000 ohne;
0,14 manimum ampare; Huber P—7763§00·P10, Manutaotuxed by
chnite Manuteoturing company, Chicago, Illinois, Obtained
aa Ihr Surplua, Seed to reduce current flow through H·ce1l,

I ‘ *l«·,—;W~%+;¤«„„„,p,« , Model H; Series A; Hueber 0156;
W vsoo ohne; 0,22 marine aapere, hanufactured by chnita Menu-

taoturing company, Skokie, Illinois, Dead to reduce current
flow through H~0•11,

catalog Runter 100; Serial Hueber
687029; Internal resistanoe not over 500 ohne; Potentia
value ot 1,01894 International Volt: at 24¤0,; caduium call
et the uneaturated type; Begligible temperature ooetticient
within the range ot erdiuary room tenperaturoa, Manutaetured
hy the mpley xaoeeetery, Ineorporated, Hevport, Rhode
Island, Distributed by Fisher Scientific cnpany, 7722
Weodbury Drive, Silver Spring, Maryland, Used as a etendard
call tor the K»2 potentionetar,

4 ero..,„„„„z 5.;,v;~;, Sue ehe; Serial Hueber 764102,
lanutaotured and diatribnted by Leeds and Ecrthrup coapany,
Philadelphia, Pennsylvania, Seed asia conatant reaietanoe
tor the detenination et the aoeut ot current t1ee·threugh
the K~0•1l, al

Variable Greads 0one·drive; catalog Hunter
dr}83•3t, Speoitieationes heehanioal speed regulation;
continuoua duty; rotally enolosed induction motor; Tee heller
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epindleeg Lee speed spindle i8•270 rpm; High speed epindle
150«2250 ren. Distributed by Arthur S, Lerine end company,
60cI Seuth Knex.Lvenue, chicas 29, Illineis, Used tc stir
censtnnt tenpereture beth,

I „§;gggggg, Rubber; Selid; Size 9; Fisher Speeiticaticns;
Getalcg Number 1#«13G, Gbtained zree Fisher Scientific
Gempehy, 7722 ueeabury Drive, Silver Spring, Maryland, Seed
es a tcp end es a holder ter the apparetus eonpenents that
were plaeed in the H•¤el,

ßyijgh, Finch type; Dcub1e·Fele; Doub1e—2hree1 Sateleg
Number 9—}23« Nanuxeetured by Leeds and Nerthrup G¤¤F¤¤¥•
Philadelphia, Pennsylvunie, Distributed by Fisher Scientific I
¤umpen¥•,7722 wbedbury Drive, Silver Spring, Maryland, Seed
te make and break eenteete in eleetrieel circuit er eleetrc·
chsieel eerreeien teste,

gydggg, iegglez Dsuble»Pc1e; Sing1e·Throwt Manutectured
by ¤ut1er~Ha¤mer, Inoerpereted, Milunukee, Wisconsin, Seed
es the pover switch ter the eleetredee er the Hedell,

ggegggggger, Oataleg Hueber 15·O#3: Renee -1 te ¢101°¤·t
Subdivieiene 1/10*; Length 61u sillinetersg Mercury tilled,
Dbtained tree Fsher eeaeeeizae Goupeny, 7722 Necdbury Drive,
Silver Spring, Maryland, Used in censtunt temperature bath,

5„, Rcte·Btat; Gataleg Number 15·180·5;
Runge Q°F, te 220°F,; Bensitivity :,0,02oF, Gbtained Iren
Fisher Scientific Gcmpany, 7722 Ifecdbury Drive, Silver Spring,
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Maryland, Used te regulate the teaperature ef the eenstaat
temperature bath.

‘

, aee„ a„„ eg.· r,a„„„ Straight; pyrex brand glass;
Uerning Hueber 3957d; Peresity designatien et tritted glass
dise, aediu; Disaster ef dies, 30 sillimetere; Diameter et

U tube; 35 ailliaetersx Gataleg Hueber 15161, Gbtained treu
e Will erperatiea et laryland, 2.0, Box 5195, Baltimere 24,

Kary1and• Used in the eenstruetien er the H«0el1 te separate
the anede end eathede eeaartaeuts•

ie„„«„„ ~rM;„„sae1„«e„t„„,e·=iH11debrand type; pyrex brand
glass; Gatalcg Huber 11»566•42• dbtained from Fisher
aßeientitie U¢mP¤¤¥• 7722 Weedbury Drive, Silver Spring,
'Hary1snd• Used as a veessl ter saturated ealemel reference
eel1•

i·„„r„,;e „eee« aaa e Medal V~6„ Hanufaetured and
diatributed by the Heath G¤¤P*¤7» Deuten Harbor, Hichian,
Used es an indieater ef 9PIä bridge and ier reugh measureaeuts
et veltages and rea;stsa¤es„

e
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l• ue; ;e;~„e»; «„ e.«>„„ ¢»„„. L eetnreted eelenel
cell ter uee ee e reterenee eleetrede eee eenetrueted eeeerd~
leg te Giflßßißßl given by Fetter (t9). the eelenel end e
little eereury tere grenhd inte e peete in e nerter with
eetureted peteeeiue ehleride eelutiee. this peete eee pleeed
ever thr•e•£enrthe et eu lueb et eereury in the betten et e
Hildebrand eelenel eell veeeel. 2he reeelniug peteeeiun
ehleride eelutien need te till the eleetrede veeeel bed
previeuely eteed ever e little eelenel te eetnrete the
eelutieu eith the •e1t„

2. e¢„.„e¤~e„„.;rt~ ;•e „„. A reeetien veeeel in ehieh
the eleetrede eenpertnente eenld be eepereted end still be in
eleetrieel eeuteet by neehe e! the eleetrelyte eee eenetrueted
ee eheen in Figure 1. the eleetrede eempertneate eere made
in the ehepe et e teet tube tree one end three·£enrthe ineh
enter dieeeter pyrex gleee tubing. theee eenbertuente were
eepereted end eenneeted by e gee dlttnelen tube 35 nlllinetere
enter dieneter end Qlßßßlälßß in the eenter e 30 nlllineter
tritted pyrex gleee diee er nediu pereelty dee1gnetien„
Iheee eeeeuremeute elleeed eeeh eide et the Hedell te held
259 nillilitere et eleetrelyte with eeple epeee et the top
ter rubber eteppere, gee bubblins, end gee eeepe.

3. ée«gee;e.;·„ ·„ „„ ·„;„1 „. Figure 2 eheee the
eenetrnetieh er the three typee et eleetredee need in thie



30

I

- - 1ä·• 011 - - I
I

I
I
I
I
I

... _ _ _ _ ßén _ __ _ __ _ AI

I

E I
I II

E 35mm.I „ I
I

R II II
I l I

2%
I I

‘
I
I I
I I
Iv

HGURE I• ELECTIDCHEIIICAL H - CELL

I



31
..11 ---11 _ A11 B

I D D 1

1

E11FB
CMH

2

1 ...

1 II III
rxoumz 2.1 m.Ec.·1·m1111s

1



32 ~
investigation. type number II tee used tor platinzm ae a
eathodio epeolnen and ae the anede in all teste. types 1
and III tere used tor eathedie epeoimene with the type et
eleetrede need determined by the length ot the metal sheet

l

available. the eurtaoee ef all three types had the sans
area expoeed to solutlens then innersed. tortlone ot the
eleotrodes, Q, were exposed at all times and te these tere
attashed the lead tiree te the eleotrieal oireult et the
apparatue. Seele ot epexy glue, Q, were round te be the
aeet eatletaetory without any danger ot changing the enrtaee
by heatlng• Another type ot eeal, g, tee made between the
pyrex glass and the platlnun lead wlree. In sone caeee, Q,
a ehange eas made in the lead wire 1'rem the original that
tee eenneeted dlreetly te the eleotrodoe, ae in the type II
where Q was a larger disueter platinum wire than Q. Q ln
eaeh oase tes a sl! ineh length et seven nilllmeter pyrez
glass tnbing« In nasse there the sheet ot netal need was
net long enough to make entire leade, a oopper wire er a
wire ot the esse netsl tee edlver-ezoldered onto the aleetrede
lead at Q. It wae neaeseary te expoee a short length ot
the lead, g, to the elestrolyte in order te prevent either
the glass er the glue freu getting on the eleetrodet the
elaetrode preper was one lnehwdde and two lnehee lang. the
platlnun electrodee tere telded te platinum lead wires at gg.
the thielmees, g, ot the eleetrodee, g, was either 0.006 inch

t
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er 0.03 ineh depending en the sheet: available•
s &• er »; pg. ·„ All eleetredes vera
eleaned each tina they ware used immediately betere they vera
innereed in an eleetrelyte in the eell ann after each teet„
Platinum eleetredee were eleaned by rineing with eeetene,
rineing with distilled water, awirling in freeh ceneentrated
hydreehlerie seid, and then igniting in e Maker burner tlane
until red het. hie precedure wan fellewed three tinee„
Eleetredes ef ether metal: were eleaned by rinaing with
auetene, rihsing with water, swirling in fresh eoncentreted
hydreehlerie seid, rinling with distilled water, polishing
by a fine puniee nteue pewder by means ef rubbing under
distilled water with the aid ef a small ccrk until a bright
Iurfhae wan expeeed, riuaing with dietilled ster, dried by
spenging with a paper tewal, rineed with anhydreue ethyl
ether end spenged dry with e eeeend paper tewel. Thin
treatment wa: repeated Ilch time an eleetrede was used es e
tathedie speeimant ‘

5• -„ „ The electrede
eeee ee a cathedie speahnen was plaeed in the helder ae shown
in Figure 2 (a)• the elaetrede ceuld be nevedtelightly eleser
te er away Iren the apillary tip ef the pertien of the eeid
bridge that wa: ineerperstad in the apeaimen he1der„ the
helder else held the nitregen bubble tube which aaa eenetruete
ed aut ef seven nillineter pyrex glas: tubing 270 millimeters
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treu tip to right eagle band then 75 millimetera crt•nsica•
Apprerimately 185 nilliaaters Iran the right eagle band, the
tubing was drawn down 85 millineters tc the one and three-
fcurths millimeter enter diameter, one millimeter inner
diameter tip• The tip of the nitrogen bubbling tube was'8
placed in the helder in auch a nanner that it was six centiw
meter: from the center ef the electrcde which was placed in
the helder so that its center weuld be oppeeite the center
ct the jcining tube ot the H•ce1l• The portion et the seid
bridge held by the helder was 500 mlllimeters long Iren head
tc top end. Width ci the band wae 20 millimetere with the
tip rieing one centinster above the bottom of the band. The
tip er the acid bridge was drawn out te one and eae—half
aillinetere enter dianeter with three tentha ct a ailliaeter
tuner dienste: cealing in a oentiaeter length ct aebestoe
tiber. The depth ot the head was such that when an eleetrede
uns placed in asaembly the tip cf the acid bridge was cpposite
te the center et the electrcde.

6. WW..pege‘p„;;•~e;„eg„„.„««„ The section ot the acid
bridge whish renained with the cathedic specimen holder es
part of that aseembly has already been described under the
previous haading. Io the letter was attached e two inch
length of tygcn tublnggforulng an elbow. Ibis elbcw in
turn aus attached te a glass lt", the lege cf which were W

three inehsl long. Io the middle leg er the
”T”

anather
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twa_in¤h length et tygen tubing was used to eenneet the 't*
with a teenty nilliliter levaling bulb which eeuld be etepp•r•
ed with a ruhber etepper„ te the leg et the

't”
an the eppesits

aida treu that attached te the eathedie npeeinen aesenbly a
third tue ineh length et tygen tubing turned the seeend elbsv
in the bridge, Iren the letter hung a 300 nillineter gleee
tube ending with a ann eentineter right engle bend drann out
te a ene nillimeter enter dianeter, ene·hal£ millineter inner
diameter tip. thin tip wan plaeed in the eleetrolyte bester
inte whieh alee dipped the tip et the eeturated ealonel
reterenee cell, the elbewe et this eeid bridge were provided
with heeeeeet eerew elanpe„

7. e„ grene.g„„• the epparatue we arranged
in the telleeing mannnr, Iigure 3 (a}: the eelennl eell,
seid bridge junetien bester and the H»0el1 were euapended in
a eenstent teaperature bath maintained at e eenstant temperature
et 30°G•·I¤„05°6„ Hltßßßßh gas was ted te the H—0•ll treu
the hitregen train, A laap and aeele nd a galvanoneter
were previded ter the pet•ntioneter„ A standard cell and a
tue velt battery were eenhseted te the petentie¤eter„ By
nenne er the eeiteh hat the erterael eleetrenetive toren
Iren the atteriee eeuld be eenneeted te the eleetredee and
they in turn te the petentimaeter,

Figure 3 (h) given the errnngeant er the nitregen train.
the eil•pu¤ped eeanereial nitregen ee redueed in pressure st
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the tank hy the va1ve• Freu the valve it tlcued through
rather tuning te e trap, thence te the 40 per cent pctaesiua
hydraxide eeluticn tuer ter reneval ct carben eiextde, thence
tc e trap, thence te the venedeue aultste teuer ter reaevel
er cxygen, thence te acid aelutien tewera end then te the

tell. the trape ceneieted et 25x200 nillimeter test tuhee
eentaining small amcuntc ef glass eecl. These trepe prevented
eentaainatien c! cther ccmpenente et the train in the event
et '•uckheeke” er senden pressure changes ee when reneving
the •lectrede·esee¤hly treu the Eeöell. the vanadeua eultste
eelutien teuer se turnlahed hy White (25) eeeerding te an
article by heiten une heiten (18). the acid seluticn tcwere
sera made Iren varieue eiae Ileeks end were used te prevent
centaninaticn et the eleetrelyte in the H-Geli hy any
vanediun ccmpeunde that might leave the vanadeus sultate
teeer• The second acid eelutien teuer else kept the nitrcgen
gee aeiaturized ae there weuld net he a change in velume ct
the eleetrclyte in the heßell cue te evapcretiergeaueec hy
the tlea·e£ the nitregen gee.

Ieetrically, the apparatua san cenneetec ae sheuh in

Figur! 3 (c), the negative end ternlnal et three te velt
(lead eterage celle in Ieriea aaa cennected directly te the
eleetrede in the ethedtc ccnpartaent et the H·0e11„ the
cnc peeittve terannal ct the hettertee see eennectee te e
#«»~ ch¤.rh•cetat, R,. ln series with this rhecetat ue a
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599 chn rheoatat, H2, te which wan connected a 0-10
nilliammeter, H1, used sa an lndieatcr, and thence tc a
ewitch, 81. The oppeeite terninal of switch S1 was connected
tc cnc side ef a one che etandard reeiator, R3, The snode
was connected tc the other terminal cf the standard reeietor.
switch S2 uns alsc connected tc the standard reeistor ee that
the potential drop aercse the resistor could be meaeured hy
the pctentlemeter„ this potential drop was a direct neaaure
cf the amount cf current flcwing in the eleetrcehemical cell.
Switch 82 was used ae that one could either measure the
current flewing in the ciroit er the potential difference
between the oathcdio speeinen and the satureted calonel cel1•
Switch 8} was used to reverse the polarity of the leade tc
the pctentieseter without having te disconnect the leade
Iren the potentieneter. Switch S, was a tcggle switch used
ae a power switche The calcmel cell could be used with either
the cathcde,_g, er with the ancde, A, by making one different
eenneeticn„

8„ gggg;;;_g;_g;;ggg, nach electrolyte was eiled for
three minuten and then eocled tc 30°¤„ by bubbling nitrcgen
through it„ Likewise, the Heüelle ccnnecting tubes, and
electrclyte were purged with nitrcgen prior to dipping elec-
trcdes into the sclutiene Hitrcgen frcn the nitrcgen train
wen bubbled through the solution in bcth ecapertaente of the
H-Oellathrcughcut each test.
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9, Preparation ot Electrolytes, Electrolytes used in
the investigation were 4,9 per cent ( l normal ) sulfuric acid,
tive per cent phosphoric acid, and five per cent acetic acid,
Reagent grade, concentrated acids were diluted in each case
to the required concentration, The amount ot acid present wasJ

Vdetermined by titration of samples with previously standardizedU
T sodium hydroxide solution, Electrolytes of required ooncentra—

tions were stored in large glass carboys, Removal for use was
accomplished by means of siphons,0

· 10, Preparation of Inhibitor Solutions, Solutions of
inhibitors were prepared by dissolving small amounts (6,25ß)
or the inhibitors in the acid solutions used as electrolytes,
These inhibitor solutions were stored in bottles and used
according to the acid solution under investigation, For example,
if the cathode potential of iron in sulfuric acid was under
observation, an inhibitor solution for use in this electrolyte
was tri—n—amy1amine dissolved in deoxygenated sulfuric acid,
Aßditions to the oathode compartment were.made with calibra·

T ted pipets,

ll, Current Measurements, The total current flowing
ibetween cathode and anode was maintained constant at one
milliampere by adjustment ot the rheostats in the anode
circuit, The potential drop across the one ohm standard re-
sistor was measured with the potentiometer and considered a
aaaer1ea1 measurcment of the total current rlowing in the
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olreuit. Adjustment was made until the galvanometer gave zero
defleotion for a value ot 0,00100 empere• ·

12, Gathode Potential, All potential differeneee
between the eaturated oelomel cell end the eleetrode in the
eathode eompartment of the H·Gell were eoneidered es eathode
potentiele• The eaturated ealomel eell potential wae designe-
ted ae zeropotential, This was equivalent to the following eell:Metaln Acid save eatka I ng o

Soln Kßl KG! Hgzülg
Direetion of Impresaed Gurrent

E : ·•···

13, General Proeeüure, At the beginning of eaeh test the
H—0el1 wen seruhbed with a test tube brueh and detergent solu-
tion, then rineed with tup water until the water would drain
completely and then rineed three times with distilled water and
onee with eleetrolyte solution to be need in the test. Eleo-
trodes were then eleaned aeeording to presoribed procedure,

The H·0ell was purged with nitrogen and filled with
pretreeted aeid solution to a previouely·mnrked line (250
nilliliters) on eaeh side er the oell, Glass tubes of the
eleetrode aseembliee were rineed with nitrogen and then the
eesembliee were plaeed in the H-0ell• nneenblies were adjusted
so that the eleetrode eurfaees were perpendieular by night to
each other end the acid bridge tip wan approximetely one-
eighth inoh from the eleetrode, The H·0ell wan then plaeed
in the constant temperature bath•
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Hitrogen lines from the nitrogen train were connected
to the bubbling tubee in eaeh eide of the cell and the flow
rate wae adjueted to epproxinately 60 bubblee per minute in
the oathede eomparaent and appreximately 50 bubblee per
minute in the anode oenpartuent. Heeecook eorew olampe on
the rubber tubing from the nitregen train aided in the letter
adjuetnenta along with the nitrogen tank needle Valve. The
nitrogen tank needle valve wae need to adgust the bubble
flow in the potaeeiun hydroxide tower to 50 bubblee per
neunte.

After filling the liquid Junotion beeker two·thirde full
ot eleotrolyte the eerewielaap en the aeid bridge elbow away
treu the oathede compartnent wae oloeede The reeerveir of
the seid bridge wan then Iilled and eonneoted to the tube in
the eathode oonpartaent eleotrode aeee¤bly„ Hitrogen in this
tube wen allowed te flow through the eoid bridge tip until
the tube and tip were completely filled with aoid solution.
Then the eorew elanp on that eide wen closed. Procedure was
repeated for the other aida end then the reeervoir end Junotion
beaker were filled with aoid solution and a rubber etcpper
innerted in the top of the reservoirt

The eerewvelen on the aeid bridge elbow above the
liquid Junetion beaker wae opened approxiaately half way.
After oonneoting the eleotrodee te the ewitoh box a vaeuun
tube veltaeter wae need to neaeure the reeistenee beteeen the

I
_a_g_g___________________________._.__...............................------J
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cathodie speclmen and the calomel cell and the resistance was
adjusted te a minimum value by opening the stopcock of the

calomel cell and slightly opening the screw clamp en the acid
bridge elbew en the cathede cempartment side ef the bridge.

Adjustment ef the petentiemeter to the standard cell was made
and a measurement ef the potential difference between the
calomel cell and the cathedic corrosien specimen was taken

and recorded.

The external e.m.f. was then applied and the current
flow was adjusted to 0.00100 ampere as shown by the potentie-

meter. With the ccnetant current flewing a measurement was
made ef the cathede potential. Switches S2 and S3 were opened

until time fer the next measurement.
Shortly before the next measurement the resistance

between the calomel cell and the cathode was checked with
the vacuum tube veltmeter te see if the bridge was centinuous.

The standard cell and petentiometer were balanced, and the
oathede potential value end time of measurement were recorded.
Values of cathode potentials were plotted against times of
measurements to determine the time required for the potential
te reach a steady state (less then one mv. change per hour).

When tests were made in which inhibiter solutions were
required, pipets were made out ef seven millimeter glass tub-
ing drawn out to very small tips. Drops of inhibiter solutions

were added te the cathode cempartment ef the H—Cell by placing
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the calibrated pipet through the gas eecape tube of the
oathode electrode aesembly stopping when the tip of the pipet
was one·fourth inch from the surface of the electrolyte in
the H—0e1l eeapartment„ M ~

Measurement: of the cathode potontiale, time and quanttty
of inhibitors er inhibitor added were made and reoorded ae
outlined above in tests where applicab1e•

Dictilled water was added to the conetant temperature
bath at intervals to naintain a ccnetant level in the bth•

t 14. ä f2„„ „mee„r Yi ¥;· ie It was found that the meet
eat1sfactory#depth ct imereien cf the H-Gall in the oonatant
temperature bath was given when the H—0e11 was supported by
a three·pronged elamp around the oathode oompartnent with the
top prong being plaeed cne—half inch from the top of the

compartmente This allowed the H·¤ell and contents to be
lmnereed to a depth cf two lnohes above the horizontal member
ot the H•Gell when the clamp arm was supported one·e1ghth
inch above glas: bath vesael, the water in the bath being
on•·ha1£ inch below the olamp arm.

Thun, the temperature of the Heüell and ita contents
were kept at 30°¤• The liquid junction beaker and the
enlonel eell were immereed to a depth which maintained a
oenatant temperature of 30°C•

(a) Qgtgggggagggg cf the Btfgot of Nggrogen
the nitregan flow rate to the oathode and
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rede oompartnente wa: adßueted by nenne ot twe eerev elaape,

one at the eell and one at the end ot the nltrogen train.

Ldjuetnent ot the eer•w·ele¤ps elloued dltterent quantltlee

et nitregen to £lee*threugh glaee
”t“

tube: and rubber tublng

te the eleetreée aeeenhllee. the eell wae set up and the

eethede petentlal wa: aeeeured and reeorded ter eeveral value:

ot nitrogen tlew rate. Ileu·rete ie detlned ee the number

et nltrogen ga: hnbblee leaving the nltregen tube et the

eleetrode aeeeebly per alnute.
(U) >é· Hr g_ = ;... „. 6 ¤ · ._

:„ tz e the potential

ana the totel anount et eurrent in allllanperee tleelng through

the oell were eeeeured et eeveral dltterent values. the

eathede potential eorreeponeing to eaeh oell potential eas

else neaenred IRB reoereed. the dlreetion in ehieh the

ewiteh, 8;, wee plaoed tor each neaeureaent we: aleo reoerded.

(e) ee

«„6«er«:p„_#ese.„». Hein; a totel current ot one nllllampere

the eathede potential: ot severel netele were aeaeured ae a

tunotlon et tlne in #.9 per oent eulturlo acid. Hlld eteel,

plat1nna„ eopper, tin, nlokel, lneenel, aenel and yellow braea

were ueed tor epeeleen eleetreaee. their eathede petentlal:

were neaeured ever a period ot eeverel hour: ana reoorded

with the eerreeponelng tin: et neaeureeent.

\
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(d) Potentia1·Time Relationships ot Mild Steel in
Zggibited Sulfuric Acid. The eathode potential of mild steel
was measured and recorded ae a function of time in 4.9 per cent

eulfuric acid in which an excess of an inhibitor had been
_ added end mixed. The excess was determined by using larger

quantities than those given by Eldredge and Warner (4) for

90 per cent inhibition. Tri-n-amylamine, benzaldehyde, tri—

n·hexylamine, thiourea and pinacolone were used as inhibitcrs.
Separate tests were made with each inhibitor. The cathode

y potential as a function of time was also measured for un-
· inhibited 4.9 per cent sulfurio acid.

(e) Effect of a Commercial Inhibitor Mixture on
the Potential·Tlme Relationship of hill Steel in 4.9 Per Gent
HgS94• A mixture was made of three commercial inhibitors in
the ratio of one part Primene JM—T to three parts Priminox 21
to twe parts Priminox 52 (20). The cathode potential of mild
steel was measured and recorded as a function of time in a

_
x

4.9 per cent sulfuric acid solution to which one—tenth of one
per cent of the above mixture had been added.

(f) Effects of Delaged Additione of Inhibitors on
Qathode Potentials in 4.9 Per Cent HZSO4. The previously
determined potential-time curves of mild steel, monel, plati·

— num, and copper were used to locate a point of steady potential
in the potentia1—time relationship of these metals. Separate
tests were made in which the cathode potential was allowed to
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„ Vary with time until the previously mentioned point of time
had been reached. At this point an excess of tri-n-amylamine
(0.10 per cent) was added directly to the cathodic compartment
of the H-Cell. The potential of the cathode in the inhibited
solution was then measured and reccrded as a function of time.

(g) ggfects of Inhibitcrs on the Gathode Potential
cf Copper in 4.9 Per Gent H2304. The cathode potential of

copper was measured and recorded ae a function of time in un-
inhibited 4.9 per cent sulfuric acid and ayjo in sulfuric acid
to which an inhibitor had been added in excess. The inhibitore
used were thiourea, pinacolone and 2~nitro~l·butanol. Exeess
quantities were the same es in (d).

(h) Effects of gpgibitor Concentration on the
Oathode Potential of Mild Steel in 4.9 Per Gent HgSO4, The
cathode potential of mild steel in sulfuric acid was measured

( as a function of concentration of inhibitor. Inhibitor solu-
tions were made up by dissolving a known amount of the pure
organic oompound in a knon weight of deoxygenated 4.9 per
cent sulfuric acid. Quantities of the inhibitor solution
were added to the cathode compartment of the H-Cell by using
calibrated pipets inserted through the gas escape tube of the

electrode assembly. Thiourea, tri—n-amylamine and the com-
mercial inhibitor mixture were used as inhibitors.

(1) dathode Potential~Time Relationships of Mild
gteel and Platinum in 5 Per Gent Acetic Acid. The cathode



So J
pctentiel et nild steel es a tunetien ct time end the eatheda
petential et plntinun ee s tunctien et ttne were neaeured in

tive per eent aeetie acid eelutien. Petenti•1_nensuranents

und tinee et neaeurenente were reeerded.
(3) «t Pet

„» +. Obeervntiene et the eathede
petentisle ct eeverel netals vera nude and reccrded es e

tunetien et tina in tive per eent pheephorie acid. Thea

eethcdelpetentiale et mild steel and ceppar were nude and

eeeereea es a function et ttne in phespherie acid tc uhieh an

inhibitcr had been added. the inhibitcre used were tri·n»

anylanine, 2·nitre•1—butane1 and the ccnnerciel inhibiter
nixture. The Quantity added ue en exeeee es in (d).

i

16. gig; ot Gall Potentials. The eigne ot the cell

potentiels were deternined by noting the direction or current

tlowing through e galvenoneter, which had been checked tor

direction ot derleetion in e eireuit whose direction or

current t1ew·wae known.
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F, Data and Results
la) Effeet of Nltrpgen Flow Rate on ggggpial,

A The data in Table I were plotted in Figure 4 to show the

effect of the rate cf flow of nltrogen gas on the eathode

potential, The figure shows that there was a very small .

change in the eathode potential over a wide range of bubbles

of nitrogen gas per minute,
lb) Gurrent~Potential Relationship of Steel Electrode in
4,9 Per Gent HgS04_

The data given in Table II were plotted in Figure 5 to

show by experiment that the electrodes plaeed in the so- A

called cathodie compartment of the H—Gell were aeting as

cathodes, A positive current of one mllllampere was in the

cathodlc area, l
le) Relationship of Potentlal~Tlme Curves of Electrodes Used,

The potential and time measurements tabulated in Table
III for the various metals used as cathodle specimens in this

investigation were plotted in Figure 6 to show the relation—

ship of the potential versus time curves of the metals used

under the conditions of the investigation,
ld) Potential-Time Relationships of Mild Steel In Inhlblted

Sulfurie geld, „

The data of Table IV were plotted in Figure 7 to show

the effects of various quantities of different inhibitors on

a
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TABLE II

E $u1•r¤nt·Ä·Pot•¤t1 ·. ¤’ tl ; tionshi • ot Steel ¢‘ ectrodeE •¤ R f ZS 4

Direction Gurrent Gathodc Potential Gel}. Potential
ot S5 ’ I Vßltu » E
Switch ¤il1iemp•r•a 4 Volt:

‘ Lett ~0•00 •0•42 •l5l5

Luft —B•75 *O•42 ~0•26
5

Luft g •l9•9 4 •0•42 -05055

Right 559 -0545
• *0 A8 *2 •1.8

l Right 56•8 •O•52 ~2•45
U

Right~ 10452 ~0•54 ~2.85

Right 215•8 •0•56 —5•?7

1
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TABLE III

Relationshi ot Potential-Time curves
In E.9 Fer Gent Eäsö.*

Metal Gathode Time Metal Cathode Time
Potential Hours Potential Hours
Volts 4 4 Volts

Steel -0.4851 0.00 Nickel -0.5525 0.00
Steel -0.5005 1.50 Nickel -0.4165 1.00
Steel -0.5072 2.75 Nickel -0.4455 5.67
Steel -0.5080 5.54 Nickel S -0.4470 4.67
Steel -0.5085 6.00 Nickel -0.4500 5.50

”Steel -0.5081 8.00 Nickel -0.4559 19.5
Steel -0.5092 19.0 Inconel -0.2640 0.00
Platinum -0.2467 ‘ 0.00 Inconel -0.3656 2.00
Platinum -0.2609 1.54 Inoenel -0.4500 8.25
Platinum -0.2818 5.00 Inconel -0.4590 11.6

4 Platinum -0.3644 12.0 Inoonel -0.4710 15.0
Platinum -0.5749 14.5 Mcnel -0.5546 0.00
Platinum -0.4000 19.0 Monel -0.4250 1.00
Oopper -0.5910 0.00 Monel -0.4705 2.00
Copper -0.6015 0.54 Monel -0.5010 6.00
Copper -0.6295 1.34 Monel -0.5065 15.0
Copper -0.6345 12.5 Brass -0.5774 0.00
copper -0.6363 13.3 Brass -0.6525 2.00
Gopper -0.6565 14.0 Brass -0.6640 4.50
Tin *0•7Ü29 0•OÜ ÜTBSS *O•68ll 7•00
Tin -0.7545 2.25 Brass -0.6980 10.0

”Tin -0.7594 5.25 Brass -0.7268 20.0
Tin -0.7575 9.00
Tin -0.8075 18.0

'iotal current o.oöI6o Ampere
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TABLE IV

~ . . 2 * _‘ ii .... ;· .. r 2___q„.1..;.. 2 I · . i, j- ·, E ’ 2 .„

Gathode Iuhibitvr !i¤• Gathode Inhibitar Tine
Potential in Exner: Hvar: Petential in Exo•:• Hvar:

770lt: Volt:

-0.4963 Zara 0.00 -0.4978 Tri-n·h•xyl•¤in•° 0.00
-0.5006 lars 6.60 —0.&959 Tri-n-haxylanlne 0.50
-0.5975 I•ro 0.75 -0.4858 Tri-n-haxylanina 1.25
-0.5105 Bora 1.00 —0•#859 !rl·n-haxylanlnv 2.75
-0.5121 8•r• 1.80 -0.4823 Tri-n·h•x11a¤1n• 4.25
-0.5123 Into 6.80 -0.4807 Tri-n-h•xy1aa1n• 8.50
-0.5125 Iaro 15.0 -0.4783 !r1•n-heäylaniao 15.3
-0.4872 !r1—n-a•yl•nin•‘ 0.00 -.5375 Thivurva 0.0
~0.Ä863 Tri-n·•¤y1a¤$¤e 1.0 -0.5333 Thlourea 0.30
-0.4854 Tri-n-aaylaninn 2.00 -0.5233 Thlvaraa 2.gS
-0.4832 2ri•n-anylanino 3.00 -0.5204 !h1oar•a 4. 0 5-0.4817 Tri—n·•ny1•¤in• 4.3ß -0.5167 Thivuxoa 10.0
-0.4793 Tr1·n-aayl¤¤§n• 11.3 -0.515g !h1var•a 18.0
-0.4990 B•n:ald•hyd• 0.00 -0.409 Plna¤v1on•° 0.00
-o.5¤62 Bennaldehyda 2.25 -0.4894 Pinaovlona 1.00
-0.50 Bcnzaldahyda 4.00 -0.5002 Pinaovlone 2.00
-0.5061 B•nsa1d•hyd• 13.0 -0.5037 Pinaavlanu 3.80
-0.5022 Bansaldahyao 14.0 -0.5938 Pinaeolonv 6.00
-0.4880 B•naa1d•hy¢• 17.0 -0.5032 Plnaaolane 10.0

-0.5003 P1¤a¤¤1¤n• 1}.0

b-0.41$[B•n¤a1d•hyd•
o-0.10i !r1·n-nvxylanine4-0.0gß Thiuarea
:-2.0 Piaaaalnne
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the cathode potential of mild steel in 4.9 per cent sulfuric
zacid. The curves of tests in which tri·n—amylamine, tri-n-
hexylamine and thiourea were used as inhibitors sloped in

”

the electropositive direction while those curves of tests in
which bensaldehyde and pinacolone were used as inhibitors
·s1oped in the electronegative direction. E

,(e) Effect of e Commercial Inhibitor Mixture on the Potential-
s Time Relationship of Mild Steel in 4.9 Per Cent HgSO4.

The data in Table V were plotted in Figure 8 to show the
effect of a mixture of known commercial inhibitors on the
cathode potential of mild steel in 4.9 per cent sulfuric
acid. The curve of the test in which the commercial inhibitor
was added is shown to be displaced in a more electropositive
direction. After several hours the slope of this curve is
slightly toward the electropositive direction while that of
the test in which no inhibitor was added slopes slightly in
the electronegative direction. The inhibitor used was a mix-
ture of Primene IM-T, Priminox 21 and Priminox 32 in a ratio
of 1:5:2 parts, respectively (20).
(f) Effects of gelaged Additione of Inhibitore on Gathode
Potentials in 4.9 PerCentThe

data from Table VI were plotted in Figure 9 to show
the effects of making additions of inhibitors to the corrosion
cell after the cathode potential-time curves had reached a
steady state. Qne—tenth of one per cent tri—n-amylamine
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tllhz VI

013%¥{1!I§ZXä&!!!1lEN!!¢lEIElE.6; %2%*‘

Iatal Find Gathnan Patantial tina Isnlbitnr AdanaVnltn Hauxn trl»¤»nny1an1n•

ßtaal «0,5105 0,00 0Btaal •0,510? 1 1,00 0Btaal •0,4760 1,25 ErncnnBtanl ~0,4770 1,50 EraannBtaal 0 •0,4752 6,00 Erccnnßtanl —0,47h0 8,50 Ercan:Kanal •0,ggg9 0,00 0Innnl 5 ,5 0Insel 0 0 ~0,5792 0 1,00 ExaannInsel •0,6075 5 2,00 ExnannIanel 0 0 «0,6411 0 3,00 Exccnn 0
Innnl •0,7024 6,50 ErcanaInnnl 0 0 •0,7295 l 9,75 Ercan:Platinum 5 #0,4251 5 0,000Platinum00 ,6,6527 1,00 0Platinum ·0,#5371 15 1,50 EracnnPlatlnun ~0,467g 0 2,00 ExananPlntlnun •0, 5 3,00 ExccnnPlatlnun 4-0,5188 5,75 Ercan!Plattnn ~0,5#11 5 1 10,0 xraann1 P1atin¤n· ·0,5#00 13,5 Ercan:Gnppar «0,6g28 5 P 0,0 00¤pp•r E •0,6 3 0 0 1,00 0 0
0¤ppnr ~0,6429 5 1 5 1,50 Ercan:Gnppar -0,65As 0 00 2,00 EraannGnppar •0,6845 5 3,50 ErannnGnppar ~—0,7164 0 0 8,20 Exaannßnppar 5 ,»0,?515 18,0 nxcann
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tan the inhihiter added, the delayed additiene et tri~n•
anwlsnlne dieplaeed the eurtee et platinun, ¤en•1 and eepper
1h.a more electrenegative directien while that et nild ateel
aaa diaylaeed in an eleetrepeeittvedireetien•{ß)

ff
¤e°°;·

the data in able VII were plctted in Figure 10 te eher
the etteete et varieue luhibitere en the eathede petentiel et
cepper in 4,9 per cent eulfurie aeid, the eurve et the test
.1h uhieh thieurea une ueed es an inhibiter nee dieplaeed
ellghtly in the eleetrenegative direetton With a elepe, after
eevernl henre, slightly here eleetrepeaitlve than that er the
nainhihited teste Pinaeelcne eueed a nore netleeable die·
placement in the eleetrenegetive direetien, Hevever, after
several hour: the eurve bereue mare eleetropesitive and ite
elepe eas greater than that et thieuree in the electrenegative
dlr•etien„ In 4,9 per cent eulxurie acid 2»nitr¤»1-hutanel
dieplaeea the eathode petentiel et eopper to a large extent
in the eleetrepesitive direetien hut the slepe et the eurve
ia zu the eleetrehegetive direeti¤n• the quantitiee et
inhdhitere used were the eaae ae indieated in Table IV,

1.. TT ·. .. 1.16... . .. 21. E2.! ·· .11.. · 1 1.. .. #.11 *1. . 2.1 -.—

E; eg 2 i r HQSGÄ,
the det: treu table VII! tere pletted in Figure 11 te

•hot*the effect: et eeneeetratieh changes ot thteurea, tz1~
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TABLE VII

T. · T 2,1;. 2 ._ 2 .2 .2 2. =

PInhibiterE
Gathede Petnntial T Itme ·1 in ßxeesa Yßlil

“
Hours

»”
Ztrß E •0.5910 0.00
sure •0.6015 0.3ä

KIT! v0•6}Ö5 12•3
lese •0.6363 13.3Sure ~0.6365 1Ä.OE Thieuren 0.00

V !h1¤¤r•• ·0.6}15 0.50
1.00!hieux••

«0.6A5e 2.00
Thieuren —0.6475 2.75
Thieumnu ~0.6605 11.0
Biaseeleue •0. 2·¤ 0.00
Piuneelenn ·0.5B65 1.182
Piuueeleue T~0.6663 . 5.007• ÜÖ
Piuaeeleue ·0.71#4 17.5
Mnlßßlßßl A 9 • 5
2·Iitx0·1·B¤tu¤01 »0•2217. 0.00
2¤litre•1»B¤$a¤¤l ·0.2765 1.50
2—§1tre~1·B¤t¤¤e1 „»0.3200 3.50
2»!1tx0~1—B¤$u¤01 ~0.3620

16.0
2·I1txe·1·But•¤e1 ~0.ä062 20.0

V
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ILBLE YIII

6,.

·¤IahibitorGonoontratian ot Gathodo Potential
lnhibitar lu 00 Volt: 0 6Par 0•¤t hy Ihight

0-00 •0.50780.0008 .6.4810

0.0119 -0.4644
-0.4644!hi¤ux•• 0.09 -0.5166Qhiouaru 0.00159-0.5118thiour•a0.0077 -0.5128

thtouros *06
thiouron 0.0116 -0.5115
lhißürll $.919i ~0.5iÄ0
ßhißüttß G•G}95 ~0.5¥79tri-u·•¤y16¤1¤• 0.00 -0.5125
2:1-¤-unylnalus 0.0122 -0.4995

0.0364 -0.4902irt-¤-anyluaiaa o.oaaß -0.4878

1 . 02 ·•G
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n-amylamlne, and a mlxture of commercial inhlbitors on the
cathode potential of mild steel in 4.9 per cent sulfurlc acid.
The largest displacement of the cathode potential in the
electropositlvegdirection was caused by the commercial in-

g phibltor mixture. Tri-n-amylamine caused a gradual change of
the cathode potential in the electropoeitive direction. Thlo-
urea caused the cathode potential to change in the electro-
positive direction and then to gradually change in an electro-
negative direction.
(1) ¤athodewPotential·T1me Relationships of Mild Steel and
Platinum in 5 Per Cent gcetle ggg;}

A plot of the data of Table II es ln Figure 12 shows
the relationship between time and the cathode potential of
mild steel and platinum in five per cent acetlc acid. The
oathode potential of platinum in five per cent acetie acid
inoreasee sharply in the electronegatlve direction before lt
comes to a gradual slope in the dame direction. After several
hours the cathode potential of mild steel slopes very gradually
in the electnonegatlve direction.
(J) Relationship of Sathoe Potentials with Time in 5 Per
Gent Phosphoric geld.

Data in Table I were plotted ln Figure 13 to show the

relationship of time with the cathode potentlals of several

metale in five per cent phosphorie acid. Figure 13 also shows
the effect of the so-called inhlbltor solutions on the oathode
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ILBLE II

91- 1 ~ -7 1 3 .3.1 E 1. .1. .. 3* c — 1

Gstaad: Pateutiel Tim:Veit! Haare

Bild Steel -0.5843 0.00
lßld Steel «-0.§9&'5 1.00

1 äild gßlll 7 .0.6068 1.80
Bild Bttcl «0.6012 3.80
älld Sisal 3 ~0.6012 5.00

Plttiuun «0.BO!7 0.00
Plltihßu •0.5'** 3.00
Plßtißu «o.s835 4.5Ö
Plttiuul 0 ·0•S95Ü 7.25
Plltlhul ~0.6§20 20.0
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ILBLE X

_~ ie : ri .4fiI
5iliiäläääilßääääääilälIäß

Meel Iahlbiter Gatheda TineT Ietenxiel Heure
Velte

Plßiläßß «9.2815_ 0.09
Pltilßßu lt! T T ~0.}862 2.56
Platten lese -0.4215 5.06
Ilexieuu Sera I •0.4}90 15.5
Mild Steel SCM •0.5}7$ 0.09
Mild Bteel tere 0 · -0.5395 0.50
Mile Steel Iere -0.5482 7.62
Mild $tee1 9.75
Mild Steel !r£•¤»e¤7l•¤1¤• •0.5284 0.00
Mild Steel Trl~¤»¤¤7le¤1¤e •0.5296 0.50
Bild Sil!]. !‘1‘l•¤·¤•Il!'llIi¤I -0.5310 LE6
Mäld Steel 2:1-¤-euylniue ·0.5285 14.2
Mild ßteel JM!t¥rl211Prl}2 -o.46ao 0.00
Mild Steel JM!1P!1211P¥132 -0.4683 7.42Bild 10.8
0¤pp•r ZQIG -0.146 0.00
MFM! Ill! ~·••9 . 5}*0 9. 50
0099er E 8020 ‘· ·0.5765 1.00
0epp•r 3 tere -.6122 2.40
upper Bete T « »o.63ß3 12.5depper tere -0.6432 13.8

Gepper 2-litre-1·B¤ze¤e1 -0.3315 0.00
Uepper 2~Ilt:e~1~3¤te¤e1 •0.3915 0.60
depperp 2~¤1tre~1-luteael ~0.4040 9.70
depper 2·§1txe·1•3ute¤e1 -0.4000 12.7
Gepper 2·B1tre-1—3¤ta¤e1 -0.3990 14.7
Geppet !rt»¤-eegleuiee -0.6570 0.00
cepper !r1~¤-euyleniae -0.7114 1.50
depper !rl~¤-enyleniee -0.7220 2.25
depper !ri~n»e¤y1e¤l¤e •0.7660 5.25
Gepper tri-¤»ee1en1¤• -0.8000 9.25

I

I
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peteatiele M upper ma zeile steel in tive per cent

pheepherie wide. After several heure, the upper eeeueae

petentiel eurve et the test in vhieh 2-¤1tro·1·b¤teue1 we.:

und elepee grsduully in the eleetrepeeitiveeireetiemeiner

urvee ulepe in the eleetreaegetive aireetieam
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G. Sample Oaleulations

Gglibrgtion of Pipot for gnhibitor gdditions. Pipets

made Iron seven millimeter pyrex glass tubihg drawn down to

a fine tip about four inohes long were oalibratod for the

addition of inhibitors es shown by the following example.

Inhibitor solution Tri—u·smylomine in purged HZSOQ

Weight ot weighing bottle plus solution 29.4532 grmns

Weight of empty weighing bottle 19.4530 graue

Het weight of 720 drops 10.0002 gran:

720 droge a 72 drop: per gran or solution
gran:

ooneentration or gggibitor.

Total weight of Hg80g used 300.0 graue

Weight ot Tri-n·auyla¤ine added 20.00 graue

Total weight of Inhibitor Solution 320.0 graue

tät? ° ääiääaä; '£ä§:;%;3§’“““° *“ * “’°‘°‘ °‘
10 drop: inhibitor solution added to oorroeion eell

Total weight of solution is 256 graue.

100 a 0.0034 Per Cent Inhibitor by
weight

l x duo added x graue ägäibitor x 100 e Gonoentration
Qroäszä. eoln gran o . soln er

ot we graue Inhibitor
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IV - DISCUSSIGN ·

A•.Discussion of Results
‘ R V It was found that the nitrogen flow rate could be varied

‘ over a wide range without any apprecialbe changes in the
cathode potential measurements, as shown in Figure 4..

‘ In Figure 5 the result was shown of a test to determine
if the value of the total current flow being used in all testsÄ
was in the correct quadrant so that all measurements of the
potential difference between the electrode specimens placed
in the cathodic compartment of the H·Gell and the saturated
calomel cell were in the true cathodic direction•-It was

F established in the caseeofmild steel that the electrode was
always acting as a cathode• The values for the cathode poten-
tials, as shown in Table II, never changed their sign of
potential•

It was evident that the procedure outlined resulted in
very precise potential msasurements for the type of experi-
ments conducted (15), For example, the precision of measure-
ments of the cathode potential of a mild steel electrode
made several days, and in some cases several weeks apart,
varied from three·tenths to seven—tenths of one per cent,
based on the deviation divided by the largest potential re-
corded• There was one exception that varied one and seven-
tenths per cent.
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Potentia1~Time Behavior, A comparison between the vari-
ations of the potentials of several metals with time was
shown in Figure 6. Even though these potentials were not the
standard equilibrium potentials, the potential-time curves
were in fairly good agreement with the order listed for the9
galvanic series (14),

An excess quantity of inhibitor was arbitrarily set as
more than the quantity of inhibitor necessary for ninety per
cent inhibition as presented for mild steel in 4,9 per cent
sulfuric acid by Eldredge and Warner (4), In each case the
quantity was considered to be an excess for mild steel under
the experimental conditions, One per cent 2—nitro—l-butanol
and one per cent diethylemine were considered to be in excess,
The potentials of mild steel in sulfuric acid solutions of in-
hibitors were shown in Figure 7, Also in Figure 7 the fact
was illustrated that the same mild steel cathode would have E
a different potential—time relationship when immersed in a
different lot of 4,9 per cent sulfuric acid solution, each

1

solution containing a so-called excess of a different in•I
hibitor,

Relatively good agreenent existed between the electro-
positive position of the potential·time curves for the various
inhibitors with the effectiveness of the same inhibitors as
determined by gravimetric methods and listed by Eldredge and l
Warner (5), The close potential relationship of tri-n-amylamine.



and tri-n·hcxylamine was emphasized in Figure 7. Eldredge
and Warner listed a concentration of 0.023 per cent for tri-
n·amylamine and 0.027 per cent for tri—n—hexylamine to give
90 per cent inhibition in 4.9 per cent sulfuric acid. They
also listed 0.011 per cent for thiourea to give 90 per cent
inhibition.

The effect of time on the potential curves of bensal·
0

dehyde and pinacolone in the electronegative direction con-
trasted with the trend in the electropositive direction for
the curves of tri·n~amylamine, tri-n—hexylamine and thiourea.
All specimens were under cathodic conditions at all times.

The wide variations in the initial potentials of mild
steel in the acid solutions of inhibitors were reproducible
when an excess of the various inhibitors were premixed in the
cethodic cmpartment of the Heßell for each test before the
immersion of the electrode. This was demonstrated by the com-
parison of the cathode potential versus time curves of mild
steel in sulfuric acid without any inhibitor, and with the
mixture of commercial inhibitors as was shown in Figure 8.
Although the two curves seemed to run parallel, the curve
due to the commercial inhibitor mixture sloped in an electro-
positive direction while the curve of the uninhibited became
more electronegative, indicating increasing cathodic tendency
and anodic tendency, respectively (12,22).

4 ________________________......................--------————--—--¤-
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The total current flow of one milliampere held electroly·
sie to an insignificant amount. Inhibitors were added in solu-
tions cf deoxygenated acids that were in use at the time.

Delayed additions of inhibitors were used to determine
the effect on the potential-time relationshipa of the various
electrodes. The effect of delayed additiona of tri-n—amylamine
cn the cathode potentials of mild steel, platinum, copper and
monel was illustrated in Figure 9. The starting potentials
were actually not the values for the cathode potentials at
zero time without inhibitors. However, they were the potential?
taken from steady state positions ( less than one millivolt

change per hour ) on the potential-time curves of the electrode
or electrcdes in acid tc which no inhibitor had been added.
That is, the inhibitor was added after the cathode potential-
time curves had reached a fairly steady value in each case.
The curve for mild steel shifted in an electropositive direc-
tion, and the other curves progressed in an electronegative
direction, as expected (13).

The effect of additions of the various inhibitors on the
potential-time relationship of the cathode potential of copper
in 4.9 per cent sulfuric acid was shown in Figure 10. The
effect was to make the potential more electrcnegative.

‘ Cathode potential-time relationships of mild steel and
platinum in five per cent acetic acid were shown in Figure 12.
After two hours, the mild steel curve sloped very gradually
in the electronegative direction while the slope of the pla-
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tinum curve was marhedly in the electronegative direction.
Relationships between the cathode potential-time curves

of mild steel and copper in five per cent phosphoric acid
to which an inhibitor had been added and five per cent phoe-
phoric acid to which no inhibitor had been added were shown
in Figure 13. Again the commercial mixture and the tri-n-
emylamine curves were more electropositive than the zero in-
hibitor curve of mild steel. A comparison of Figures 10 and
13 showed the potential of copper to be more electropositive
in five per cent phosphoric acid and more electronegative in
4.9 per cent su1furic_acid by 2-nitro—1—butano1. It is inter-
esting te note that Whaley (24) established the fact that the
corrosion of copper is inhibited by 2-nitro-1—butanol in
aerated five per cent phosphoric acid.

It was noted that there was a shift in the cathode po-
tentia1—time curves for all electrodes used and a gradual
change in the electropositive direction for most of the inhi-
bitcr concentration curves.

Potential-Concentration of Inhibitor Behavior.The shift
of the cathode potentials in the electropositive direction
may have indicated that the inhibitors were affecting the an-
odic as wellas the cathodic surfaces and possibly the anodic
potentials were affected to a greater extent than the cathodt:
potentials. Examples of the shifts in potentials are shown in
Figures 7,8,9,11, and 13. Thiourea, which was chosen for stu-
dy because it is noncationic, caused little change in the
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cathode potential of steel with increasing concentration of
inhibitor. Comparison of the thiourea curve of Figure ll with
that of the other two inhibitors shows that a non~cationic
inhibitor had much smaller effects on the cathode potential
of steel than cationic inhibitors. Also, pinacolone and ben-
zaldehyde, both non-cationio, do not cause an appreciable
shift of the oathode potential of steel, as shown in Figure 7.

ggcillarg Gbservations. Several determinations of the
pH of the solutions during tests were made, but indications
were that time and presence of inhibitor had very little
effect on the pH of the solutions.

The presence of the asbestos fiber sealed in the capi—
llary tip of the acid bridge had no appreciable effect on

U

the cathode potential measurements. This probably was because
of the small diameter of the tip.

Epoxy glue seals provided a convenient and efficient
method of sealing the electrode leads in the glass tubing so
the leads would not be in contact with the corroding medium.

Although the electrodes were under a cathodio potential
st all times the mild steel electrodes showed some pitting
type corrosion. Obviously the pitting must have been due to
some factor other than electrolytic solution.

The batterics used as a power supply were charged and
allowed to stand disconnected for ten days before use.
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„ The variation in the initial slope of the mild steel
cethode potential-time curves was assumed to be an effect

of oxide film formation before the electrode was immersed in
the acid solutions. After cleaning the electrode, it was ex-
posed to the atmosphere for different periods of time. Poteno
tial·t1me meaeurements were made on such cathodes, and it was
observed that the initial slopes of the curves were different.
However, since these experiments were of‘a qualitative nature,
and were not deemed relevant to the problem at hand, no datais shown in this report. m

A constant temperature of eo°c. had a slight effect cn
the volume of solutions in the H—Gell. The volumes were ad-
justed by the addition of deoxygenated distilled water when
necessary. This adjustment had no appreciable effect on the
cathode potentials.

Resistance to Electron Transfer. It was noted that the
known inhibitors of the corrosion of mild steel in 4.9 per
cent sulfuric acid caused a decrease in the resistance to
electron transfer at the cathodic surface. In the case of
copper in phosphoric acid the known inhibitor for the copper
corrosion also caused a decrease in the resistance to electron
transfer at the cathodic surface.

This decreasc in the resistance to electron transfer at
the cathodic surface was in direct contradiction to Q. A„ Kennt
theory of cathodic inhibit&on•
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B, Reeommendations

'On the basis of the information obtained from this in-

vestigation the following recommendations are made:
1, Au investigation should be made using different

inhibitors under similar conditions,
I 2, An investigation should be made to determine the
effects of inhibitors on the potentials of the same metals

f

made anodic under smilar conditions,
3, AH investigation should be made to determine if

possible what factors may have caused the pitting of the
mild steel cathodes,

I

I

I

I
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Q. Ldmitatione

This investigation was carried out under the following
limitations: '

1. A constant current of one milliampere was maintained
throughout the investigation.

2. Oxygen was assumed to be reduced to a conoentration
which did not effect the cathcde potential measuremente.

5. Changes in the cathode potential measuremente due
to concentration changes in the acid solutions as a result
of electrolysis and evaporetion were assumed negligible.

4. The concentrations of the acid solutions were
limited to 4.9 per cent sulfuric acid, five per cent phoe-
phoric acid, and five per cent acetic acid.

5. The temperature in all measurements was limited to
50°C. plus or minus o.oe°c.

E
6. The saturated calomel cell was used as a reference I

electrode.7.

Inhibitors used were thiourea, tri-n·amylamine, tri-
n—hexylamine, pinacolone, benzaldehyde, 2—nitro-l—butanol,
diethylamine, end a mixture of three commercial inhibitors;
Primene IM—T, Priminox 21 and Priminox 52 in a ratio of one
to three to two parts, respectively.

8. The metals used for cathodic specimens were limited
to mild steel, copper, platinum, brass, Inconel, Monel, tin
and nickel.
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V—0¤CLUSl0NS

From this investigation into the effects of various com-
pounds, which were known to be inhibitors of the acid corro-
sion of steel in 4.9 per cent sulfuric acid, on the cathode
potential of various metals made cathodic at a total current
flow of one milliampere at 3000, the following conclusions
were made:

1. Tri-n-amylamine, tri-n-hexylamine, and the mixture
of commercial inhibitors shifted the cathode potential of
steel in the electropositive‘direction.

2. Thiourea, pinacolone and benzaldehyde have practi-
cally no effect on the potential of a steel cathode.

3. The results of this investigation indicated that
it may take es long es ten hours before the effect of an in-
hibitor on the cathode potential reaches equilibrium.

4. Known inhibitors for acid corrosion of steel may
make the cathode potential more electropositive, more elec-
tronegative, or have no appreciable effect.

5. The addition of tri-n-amylamine, tri—n-hexylamine,
or the commercial inhibitor mixture decreases the resistance
to electron transfer at the cathodic surface as„indioated
by the shift in the oathode potential; this is a direct
contradiction of Nann's theory of cathodic inhibition.

6. A known inhibitor for copper in phosphoric acid,
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3-:111:1*0-l·butanol, shifted the cathode potential of copper
t in an electropositive direction. n

7. T1•i··n•amy1amine, a known accelerator for the eorx·o···
sion of copper in phosphorie acid, makes the potential of a
eopper cathode more electronegative or anodio.
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The purpose of thin investigation was to determine if

there was a relationship between the quantity ot inhibitor

known to dtminish the corrosion rate and the potential ot a

eathodie eurfae•• y

The potential required to keep a constant current of

one milliampere flowing from eathodie eorrosion speoimens

through dilute acid solutions to which one or more known or

yconnercial inhibitors had been added was measured against a

saturated calonel reterenee electrode„

Platinum, mdld steel, eopper, monel, ineonel, yellow

brass, niekel and tin were used as eathodie speeimen electrodes„

Platinum was also used as the anode• Four point nine per cent

sulturie acid, five per cent aeetic acid and tive per cent

phosphorie acid were used as eleetro1ytes„

The inhibitors used in this investigation were benzaldehyde,

diethylamine, 2~nitro•l•butanol, pinacolone, thiourea, tri·
n~amylamine, tr1·n·hexylamine, and a mixture ot Primene JMFT,

Prininox 21 and Prininox ß2•

Tenperature was maintained at a constant value ot 50°G•

by imereion ot the reaetion vessels in a constant temperature

beth•
Deoxygenated nitrogen gas was used to agitate the solutions

and purge the apparatus•

M an s
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The outlined procedure furnished a practical method
for obtaining precise relative electrode potential measure-
ments in dilute acid solutions.

The results of this investigation indicated that it
may take as long as ten hours before the effect of the
inhibitor on the oathode potential reaches equilibrium.l

Known inhibitors for the acid corrosion of steel may
make the eathode potential more electropositive, more

’ electronegative, or have no appreciable effect.
The results ef this investigation do not substantiate

O. Än Mann°s theory of cathodic inhibition•

t
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An investigation was planned to determine if there was
a relationship between the quantity of inhibitor known to
diminish the corrosion rate and the potential of a cathcdic
surface•

The potential required to keep a constant current of
one milliampere tlcwing trc cathodic corrcsion specimens
through dilute acid solutions tc which one or more known or
commercial inhibitors had been added was measured against a
saturated calemel reference e1ectrode•

A large H·Cell was constructed ae a test vessel and
especially designed electrodes and electrode holder aesem·
blies were provided for each compartment of the H-Cell.

Platinum, mild steel, copper, monel, inconel, yellow
braes, nickel and tin were used as cathodic specimen elec-
trodes„ Platinum was also used as the anode. Four point nine
per cent sulfuric acid, five per cent acetic acid and five
per cent phosphoric acid were used as electrolytes.

The inhibitcrs used in the investigation were benzalde•
hyde, diethylamine, 2-nitro-l-butancl, pinacolone, thiourea,

V
tri—n—amylemine, tri-n-herylamine, and a mixture of Primene

JM—T, Priminox Bl and Priminox 32,

Temperature was maintained at a ccnstant value cf ec°c

by immersion cf the test vessels in a constant temperature
bath•



Deoxygenated HIÜIOQBH gas was used to agitate the

solutions and purge the apparatus„

The results of this investigation did not substantiate
G• A•lMann's theory of cathodic inhibition„

Known inhibitors for the acid corrosion of steel may

make the cathode potential more eleetropositive, more elec·

trenegative, or have no appreeiable effect on the cathode

potential.
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