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I. IXr.I'l10DUCTIOlf 

Ths ;)r:,cess of dc"-lin::: iron 2.nd steel, in hosphoric acid, 

the u2e of' E\n inhibitor. The .)rocess 'ct112.lly :cmosmts to the 

di::, in,:; of ster1l sheets into e.n acid s,,lu.tion to remove the oxicle 

film , nd. de osi t 2. fiJ.m of -i)hosohate or neke bi:;re the metal sv.r-

f'.1ce. In order to remove onJ_y the oxide fiJJ.la, it is necessary to 

ru:,ve r0 n inhi'bitor ,;resent viil~_ch 1,lill, when the mete,l surf2ce is 

ex :csed, Jroduce 2. thin invisible film which dll nrotect the 

:,1et.0 1 from e.tt2.ck ·by the acid. mediu.m, find nre9are the metal sv.r-

face for treat~ent. 

The inform.2tion on s11.ch inhi1)itors for ·phosphoric acia. is 

i11for11r tion is vohuninou.s. 

:tie search '.•rn:rk :-:,t the University of Hinnesota on preventing 

corrosion of steel in ,nJ.f1,.ric ,,,cicL served. es a b2.sis for a new 

the or;;- on the mecbrcmism of inhilJi tors. It w2s fo1m('. the.t or;;>;anic 

com;'oumls C'.:ntainins ni trot:en 13Ct 2.s inhibitors for steel. The 

compounds used 1ere of high rnolecv.le,r weight, u.stw.J.ly anilines 

Ins ti t\1.te on the corrosie;n of Co"'.1·r,~r in "Jhosphnric 2ciri ru:0.s brought 

:'orth 2 new theory on inhibition. Edward 

L' • l . . . t . ( 73 ) :;.or 1nnt,1 ion. 
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ef:f'ec ts of severci J_ c1i tro,:en-contP in inc ors::;2,nic com·oo-.mc1s on the 

corrosion of steel in s·)horic rcid. s0l.1c1.tion. 



A. Definition of Corrosion 

s the des true tL:n of a r:1.e ti::;J. ·by chemicel or electrochemiccl 2.ction, 

(9) . or o.s :Burns str.1:iec in the ;r:ost t,3rms, DS the cherr:ic:=,.l 

rer.ctL:;n of e metc:1.l ,efith the non-met2.llic constit.;.ents of its 

environment. 
(58) 

Speller a.efi:r1es it f'.s II the chemical ection of 

certein extsrnel ::;,f;encies on rneteJ.s which cause their d.eteriora-

tioi1 or destrwi.cti,:m, fo:.lowecL by e, rsversion to 2. more str,.ble com-

'bins, tion11 • 

B. Theories of Corrosion 

D-:;1.ring the pFst fifty ye2.:rs verio'U3 theories h:ve been introduced 

to e:i:pJ.ein the mechanism of corrosion. Some of these theories in-

volve on1y P few f2ctors while others 2re com,;rehensive e:icplana.tions 

of the whole problem of corrosion. 

The PFroxi6.e Theory. The mech-=mii:,m of this theory tc.:s ~iven by 

Du.'1.stan an'."_ Hill(l6 ) e.ncl elso by D,mstan, Jowett, and. Gouldin~(l5 ) 

c.epena.s on the followin"c; rea.ctions: 

AE;ainst this theory is thP. fa.ct tl1et the cer::n:icte has never 

been isols.t,c,d in the rei::,cti·n with iron, althou.;;:;h with othEir 

peroxide h2.s been isol2 tecl d1-1.rinc corrosi,n. It h&s 
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been found that many soluble substances which decompose and there-

fore interfere with the exista.nce of the peroxide, also prevent the. 

rusting of iron. Spelle/59 ) states that, a.ccording to this theory, 

corrosion should cease if a reducing agent (against peroxide) is 

present; however, his own experiments have proven this to be false. 

The Theory of Direct Chemical Attack. This theory was e.dva.nced 

by Bengough and Stuart (5). It may be represented by the equation: 

Fe + ¾O + = Fe(OH)2 

:Sancroft(4 ) concluded that 11 the most striking cha.racteristic 

of an electrolytic solution is that it occurs in two places, at 

the anode and cathode. This peculiarity can be made less marked 

by bringing the electrodes-nearer and nearer together. When the 

distance between them vanishes, we have a chemical reaction in the 

orclinary sense of the word and not an electrochemical reaction". 

The Electrochemioal Theory. This theory wa.s first advanced by 

Whitney(??) in 1903, and bas been accepted as the best offered to 

explain the complexities of corrosion. 

The idea of this concept is that a metal when placed in a 

solution tends to ionize through the evolution of an equivalent 

of hydrogen ions. Walker(G9), in developing Nernst I s theory of 

solution pressures, states that the solution pressure of metals, 

i.e. the tendency of a metal to go into solution, is variable, 

metals falling into two general classes: 

(1) Those whose solution pressures are greater than hydrogen, 

for example, iron and zinc. 

(2) Those whose solution pressures are less than hydrogen, 

for example, g~l,d and copper. 
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This means, thent that if the solution pressure of a metal is 

greater than hydrogen, the me ta.l should corrode more readily than 
. (71) one whose ,pressure is smaller. Watts and Whipple came to the 

same conclusion after studying the potential differences of the 

metals. They considered metals with :i;:otentials greater than hy-

drogen as being readily corrodible and those with potentials less 

than hydrogen as more likely to be stable. 

The designation(6 ) of corrosion as an electrolytic process makes 

necessR,ry the presence of an anode area and a cathode area in order 

to hEtve a current flow. ~s, the process consists of the loss of 

electrons at the anode and a corresponding gain of electrons at the 

cathode. In other words, it is a true oxidation-reduction reaction. 
(72) 

Speller states that flthe magni tu.de of electrochemical 

potential, which varies with environment and the metal, determines 

the tendency for the reaction to proceed; but the rate of corrosion 

is determined mainly by the resistance to continued progress of the 

reaction set. up. by- certain of the corrosion by-products". 

Mann(44 ,45 ,47 ) thinks of corrosion as the formation of a 

Helmholtz double layer on the metal i.e. two layers of opposi~ey 

charged electricty. When a metal is placed in solution it ionizes 

into positive ions, thus leaving the metal surface negative. This 

sets up the Helmholtz double layer. 

'By the electrochemical theory, hydrogen is displaced when a 

metal goes into solution. Thus, for a bivalent metal, M, as most 

metals are, 

M--+ M+4 2(e) 

2H + -t 2 ( e ) 2H 



If the reaction is.to continue, the hydrogen thus displaced must be 

liberated as a g~.s, or it must react with dissolved oxygen from the 

atmosphere or from some oxidizing a.gent to form water. The loss of 

this hydrogen thus Jl18,kes the metal surf Pee available again for 

further deposition of hydroge;i from the corroding medium, thereby 

continuing the process. Bogart(7 ) illustrated the mecha.nism by the 

following diagrams. 
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STEP I 

Metal dissolves at (A) anode. 

Positive charge ions (M+t-) dis-

place positive charge hydrogen 

ions (Ht) which move to cathode 

(0) and plate out on metal surface. 

STEP II 

Solution of metal and plating-out 

continues until cathode surface is 

entirely covered or polarized by 

hydrogen atoms. 

STEP III 

Hydrogen atoms combine in pairs to 

form hydrogen molecules. Hydrogen 

ga,s then liberated from surface, 

making cathode surface reavailable. 

Or 

STEP IV 

Dissolved oxygen diffuses to metal 

surface, reacts with hydrogen 

to form water a.nd makes cathode 

surface reavailB.ble. 

The rate of corrosion proceeds then only as fast as the slowest 

chain in the process, which in the above case is probably the rate 

of diffusion of dissolved oxygen, STEP IV. 



It should be noted that it is also possible for the cathode 

to denol.arize by diffusion or solution of atomic hydrogen from the 

metal surface. This c2nnot be proven, but it may be drawn as a 

conclusion(3l) from the fact that there is always a certain re-

sidual current even in the absence of a depolarizer, al tho,,.gh hy-

drogen is not being visibly evolved as e. gas. 

The Acid Theory(l5 )_ According to this theory, which is acc-

redited to Oalvert(ll), corrosion occurs only in the presence of 

water, oxygen, and an acid medium. The corrosion of iron may be 

represented by the following equation: 

4(Fe -i- HzO + C0:3) = 4Fe003 -t- 4Hz 

4Fe003 + 6Hz0 i: Cl;3 = 2Fez(OH)s -t-- 4C0:3 

Here, carbon dioxide and water form the acid medium. The failure 

of some metals to corrode in the presence of alkali is explained by 

the neutralization of the carbonic acid by the alkali. While it is 

true thc.,,t this theory holds for some cases, it does not explain 

corrosion in neutral or alkaline solutions. 

c. Factors Influencing Corrosion 

There are many factors influencing the process of corrosion 

which may either accelerate or retard the process. It is perh~tps 

these factors th.>"t make the corrosion problem so difficult to deal 

with for they are seldom conste.nt. They may vary due to season or 

location or for numerous other reasons. Therefore, to understand 

the problem, we should consider the effects of some of these factors: 
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1. Oxygen. Oxygen is perhaps the most important, and one of 

the controlling fa,ctors in corrosion, :fox: in many cases without the 

presence of oxygen there would be no corrosion. It usually exists 

as dissolved oxygen and may come from several sources, _such as, the 

atmosphere, oxidizing agents, etc. The primary function of oxygen 

in corrosion is that of a depolarizer. That is, it removes the 

hydrogen which is plated out on the metal's surface by chemical 

reaction. Walker< 69 ) is perhaps the first to note this effect. 

McKay(32 ) finds that the presence of dissolved oxygen increases 

th t f 11 i He Sta,tes (33 ) 11 th ib"l"t f t era e o a corros on. . e poss 1 1 yo a mos-

pheric oxygen entering into a corrosive reaction with the most tell-

ing effect should never be neglected in considering corrosion". 

According to Evans(lS) , oxygen can react in two ways in the 

corrosion process: 

(1) depolarize the hydrogen formed 

(2) react with corrosive product to give a more soluble 

compound. 

Those aclvocates (47 ) of the direct chemical theory characterize 

the reaction as a direct combination of a metal with another element, 

usually oxygen. Experiments (?S) show tha.t in the presence of oxygen, 

the ra. te of corrosion of iron·,is accelerated. The effect of dissolved 

oxygen on the corrosion of a metal in an oxidizing acid is over shad~ 

owed by the oxidizing effect of the acid. It bas been reported(34 , 75 ) 

that the corrosion of iron is approximately proportional to the dissolv-

ed oxygen content of the solution. McKay and Worthington(35 ) state 

that the rates of corrosion are higher with oxygen gas than with air 

as a ga.s. 
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Iron< 29 , 56 ,57) is resistant to non-aerated concentrated chemi-

cally pure phosphoric aci4. Aerating twenty-five per cent acid in-

creases the corrosion rate. In chemically pure acid no pitting is 

observed, while in crude acid heavy loose deposit is formed. 

2. Temperature. Increase in temperature has been found to 

increase the rate of corrosion(35)_ A rise in temperature increases 

the ionization and mobility of all reacting bodies, increases the 

diffusion rate and lowers the viscosity. 

Hee,t (37 , 5s,57 ) causes abnormal acceleration of corrosion of 

metals in phosphoric acid solution. 

Ma.chu(44 ) finds that, for an agitated medium, the temperature 

coefficient is abnormally high, but the addition of an inhibitor 

reduces the temperature coefficient to normal. 

3. Velocity. The velocity of agitation of a solution tends to 

increase tl:ie rate of corrosion. McKay($!) states that this factor 

tends to remove any films formed or retard film formation. Similarly, 

Whitman, Russell and co-workers( 74 , 75 , 7G) say that the effect of 

velocity is to 

(l) thin the relatively quiet film of solution surrounding 

the metal, thus attaining the diffusion of oxygen to 

the cathode area, 

(2) remove protective films, and 

(3) make it easier for corrosion products to diffuse away 

from the metal. 

As McKay and Worthington(35 ) put it, agitation of solution acts 

only indirectly through other factors in the corrosion process but it 
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can cause variable results if velocities are not constant. 

According to Friend, Hammond, 2nd Trobridge (22 ), the rate of 

solution of a metal is a linear function of the velocity of ro-

tation. Thompson and McKay( 62 ) find that the motion of coupons 

increa,se the rate of corrosion but also give reproducible results 

over non-moving coupons. 

4. Films. Films are helpful in anti-corrosion work due to 

the fact that they, as a rule, decrease the ionization of the metal, 

since the metal ions cannot penetrate the film. Films are formed 

by the oxidation of the metal, by the formation of other insoluble 

compounds on the metal, or by the addition of inhibitors. 

Films, however, ma.y e.ct as accelerators in corrosion by being 

penetrable, thus causing a concentration of at ta.ck at some one point, 

resulting in the pitting of the metal surface. 

:Slum and Rowdon ( 6 ) state tba t anode polarization may be caused 

by a change in the surface composition of the metal through the 

formation of visible or invisible films on the surface; or by changes 

in the composition of the film of solution adjacent to the anode. 

Brown, Roethels, and Forrest(S) find that the initial corrosion 

rate of all metals which they tested decreases a.fter a relatively 

short time, indicating the forma.Uon of partially or completely pro-

tective films in all cases. ~urns and Haring(lO) find the same 

results. They express them, however, in terms of electro-potentials, 

i.e., the potential of the metal becomes more electro-:posi tive (noble) 

with time. 

It has been reported(l4 ) that the film growth of oxides of metals 

takes place as a parabolic function over a limited thickness range 
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and then changes to a logarithmic function. The theory is that 

the positive ions move outward a.cross the film while negative ions 

move inward; the chE.nge from parabolic to log-type function is 

said to be due to pole,rization. 

5. Galvanic Action. A meta1<29 >, when in close contact with 

~mother metal (dissimilar), will result in the corrosion of the more 

anodic mete,l, usually at a more rapid rate than normal. This is 

true for both metals and alloys. 

D. Passivity 

The following definitions of passivity a,re attributed to Uh.lig< 64 >. 
1. 11A metal active in the EMF Series, or an alloy composed 

of such metals, is considered passive when its electrochemical 

behavior becomes that of an appreciably less active or 

noble metal, i.e., transition metels of the Periodic 

Table .u 

2. 11A metal or alloy is passive if it subste .. ntially resists 

corrosion in an environment where thermodyna.mically there 

is a large free energy d.ecrease a.ssocie,ted with its :passage 

from the metallic state. to approprie.te corrosion products, 

i.e., transition metals, special cases of lead, zinc, 

aluminum, metals in inhibited pickling ba,ths and tarnish-

ed copper.n 

To passivate a metal is to me,ke it less nctive by either 

physical or chemical treatment. This may be accomplished by ex-

posure to either oxygen or an oxidizing solution, or by ,rnodic 

polarization. I'hus, in genera.I, oxidizing cono.itions favor passi-
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vity while reducing conditions destroy it or cause increased 

activity. 

According to Mears( 5z), who has developed a unified mechanism 

of passivity based on the behavior of local elements in metal 

surfaces, passivity may be achieved either by 

(1) reduction of the open circuit potential differences 

between the local anodes and cathodes, 

(2) increased anodic polarization, 

(3) increased. cathodic polarization, 

(4) a combination of these factors. 

Mears claims that this mechanism of passivity can be applied to the 

mechanism of inhibition also. 

E. Inhibitors 

Mears and Eldridge(51) define an inhibitor as a chemical with 

the property of reducing the total amount of corrosion of a metal. 

Speller and Chappe1(60, 5l) define it as a substance added for the 

primary purpose of decreasing the rate of attack of an acid solution 

upon a metal. Since most inhibitors operate in acid media, there 

is some justification for the latter definition. 
(61) Ever since Speller reported the use of hydrochloric acid 

containing a.n organic inhibitor for cleaning out badly scaled water 

pipes there has been an increasing interest in the study of or-
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ganic inhibitors of corrosion. As early as 1872 Msrangoni and 

Stephanelli(4B) stated that essential oils were effective in re-

ducing the speed of action of acids on iron. 

Aldehydes<23 ) and organic compounds containing nitrogen, 

arsenic, :phosphorus, sulfur, selenium and other complex synthetic 

or Il.8,tural organic substsnces and by-:prod.ucts(l3 ,45 ) have been 

proposed as inhibitors or ha .. ve been investigated. 

A number of explanations have been offered as to the mechanism 

of :protection of iron against the corroding action of acids by 

organic inhibitors. It is generally c>.greed that these inhibitors 

prevent the discharge of hydrogen on the cathodic areas of iron, 

thus eliminating corrosion. In this respect they behave like 

catalysts as suggested by Speller(Sl). Speller, llliodes and. Kubn{55 ) 

and others(3 ,J.2,2o, 7o) suggest tba,t the inhibitors form a blanket-

ing la.yer or film which :prevents the disch.'1.rge of hydrogen. 

Ac:eording to Rhodes and Kuhn( 55 ) s,nd others{Sl), high mole~ 

cular weight is an es.sential for a. good inhibitor. There is con-

siderable evidence that metal is 1i'1l)r<>tected against corrosion by 

a more or less continuous irnd permanent layer of inhibitor mole-

cules; this layer reduces the rate of discharge of hydrogenand 

likewise changes the electrode potential and the apparent hydrogen 

overvoltage, adds electrical resistance to the passage of current, 

and reduces the rate of solution of iron as any inert impervious 

film would do. 

According to Uhlig(SS), if the inhibitor functions by increas-
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ing the polarization at the anode it is then reg2,rded a,s t:tn anodic 

inhibitor; on the other band, if the inhibitor functions by in-

creasing the -polariza.tion at the cathode, it is rege,rded as a 

cathodic inhibitor. 

Evan/lS) says tha.t inhibitors may be classified as (1) .A.MODIC 

INHIBITORS, which tend. to suppress the anodic reaction, i.e., hy-

droxide, phosphate or silicate which f-orm sparingly soluble com-

pounds with the metal, and (2) CATHODIC INHIBITORS, those which 

tend to suppress the cathodic reaction, i.e., zinc or magnesium 

salts which often precipitate a hydroxide on a nornw,lly cathodic 

surface. If the anode does not polarize e.nd the cathode does, then 

in solution of low resistivity the current flow will be controlled 

entirely by the cathodic electrode. This is termed cathodic control. 

On the other band, if the anode pola.rizes a.nd the cathode does not, 

the st1:,tus is reversed and the system is sidd to be under anodic 

control. These CE,n lead to four different combinations of extreme 

cases of inhibition. They are: 

(1) Anodic Control, Anodic Inhibitor. Here the inhibitor will 

increase the cha.nee of formation of an insoluble body 

(film) in physical contact with the metal - leading to 

stifling of the attack. Consequently the damage done 

by corrosion is decreased rather than augmented as 

the concentration of inhibitor is increased. The addition 

of an anodic inhibitor to a metal whose corrosion in anodi-

cally controlled may not always be very effective, but 
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it is a "safe11 treatment in the sense that there is no 

concentration which will make matters worse than if no 

inhibitor bad been added. 

(2) Anodic Control, Cathodic Inhibitor. In case (2) an 

addition of inhibitor willjlot at first decrease the 

total corrosion, but sooner or later a stage mu.st .be 

reached at which the cathodic reaction becomes so much 

impeded that the control is no longer sole)y anodic, and 

the total corrosion will fall off. In this case also, 

the a.ddi tion of an inhibi.tor should be a. 11 safe" pro-

position, since there is no fear of making matters worse. 

(3) Cathodic Control, Anodic Inhibitor. Here the addition of 

an inhibitor will clearly reduce the corroded area., but 

since the corrosion is controlled by the cathodic reaction, 

the total corrosion will not at first be reduced; on 

the contrary, since a larger area is now available for the 

cathodic reaction, small amounts of an anodic in_M,bito;r 

will actua.l,ly increase the total corroflion, as baenbeen 

found by Mears( 50) to be the case. Since now small addi-

tions of inhibitors greatly decrease the area corroded 

and slightly incree,se the amount of corrosion, (pitting), 

the intensity of corrosion will be increased. It follows 

that the addition of an anodic inhibitor to a cathodi-

cally controlled reaction is a "dangerous" practice, 

liable to intensify corrosion if the quantity needed has 

been underestimated. If larger amounts of inhibitor are 
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added, the anodic areas are sufficiently reduced to 

form bottle-necks, and the corrosion becomes controlled, 

by the anodic reaction. 

(4) Cathodic Control, Cathodic Inhibitor. Here the addition 

of inhibitor will steadily lower the total attack, but 

the a.ree, available for anodic corrosion, will be some-

wba. t increased by interference with the cathodic re-

action. Thus, the intensity of attack will steadily 

fall off. This type of inhibition is essentially "safe• 

and although it is not so effectual as to prevent visible 

e,ttack, it is often sufficiently complete for practical 

purpose. 

Most writers attribute the effective action of inhibitors to 

the e,dsorption of the inhibitor on the metal surface. M.B,nn(44 ,45• 

46 •47 ) reports that when the inhibitor is pl£.,ced in the medium, it 

forms an ionizable salt with the corroding solution. There will 

then be availc,.ble positive inhibitor ions which can repJE.ce the 

metal ions, these metal ions being in a Helmholtz double layer with 

the metal. The inhibitor ions will not be discharged, but will be 

attracted by electrical forces to the cathodic areas of the metal 

and will be held there as a covering layer by adsorption. Therefore• 

if the inhibitor layer is not attacked by the corrosive meg,ium :J,.t 

can be classed as a protective layer, thus reducing the corrosive 

rate. According to Mann, any nitrogen-containing organic compound, 

if at all soluble, should form an ionizable salt with the acid 
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medium and the positive charge will concentrate on the group con-

taining nitrogen. The inhibitor would then be attracted to the 

metal through the nitrogen containing ion. 

The reaction of an inhibitor might be represented as follows, 

according to Mann: 

O+ 
I 

H-N - H 

where: 

H-+ o+ H N-H 
H 

M = metal surface 

- = negative charge 

+ = positive charge 

OH 
I / 

/i-N -H 
-t- M -- - -

Warner(?O) has intimated that the blanketing layer is formed 

by the adsorption of colloids. These would have to be positively 

charged and the inhibitors, being colloids, would have consider-

able covering power. Warner also stated that large, positively 

charged, oily ions are necessiiry. As far as the nitrogen-contain-

ing organic inhibitors are concerned, it is true that those soluble 

in acids form salts thnt ionize to produce positive ions which 

must be large as far as cross-sectiona,l area is concerned, but 

they do not necessarily have to be oily in nature. Even ammonia(45 ) 
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has some inhibiting value. In no case is there evidence that these 

inhibitors are true colloids. 

Chappell, Roetheli, and McCarthy(l2), as well as Forrest, 

Roberts, and Roetheli(20) think of the inhibitor action as an 

adsorption :phenomena., but they further postulate that when a metal 

corrodes or ionizes the cathodic areas occur principally in the 

narrow spaces of grain boundaries, s,s in steel, or between metal 

and slag, a.sin wrought iron. Thus, as hydrogen ions travel to 

the cathodic areas they take inhibitor ions with them. Inhibitor 

ions cannot escape as gases and are accordingly adsorbed to the 

metal surface, thereby building up a protective layer. 

Mears and Eldridge(Sl), looking at inhibitors from an electro-

chemical· view point, find th.~t in order for an inhibitor to be 

effective, it lm1st accomplish a,t lea.st one of :the followipg: 

(1) Increase resistance of electrclyt,ic pa.th between local 

anodes and local cathodes. 

(2) Increase polarization at local anodes. 

(3) Increase polarization at local cathodes. 

(4) Decrease the open circuit potential difference between 

the local anod~ and cathode • 

Brown, in summing up the work of Ji.'vans(lS), takes a similar 

view of inhibitor action. 
. (38 39 40 41 42) Machu • • • ' found a direct relation between film 

resistance and inhibitive efficiency. However, he made no attempt 

to exphin whether this substance is offered by a cathodic or 

anodic film or both on the same surface, but it bas been proven(47 ) 
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that there is no regular relation between increase in electrical 

resistance and inhibitive efficiency. 

Backerman(34 ) gives a generalized theory for the mechanism of 

organic corrosion inhibitors which states that the adherence of the 

inhibitor on the metal surface may be either physical or chemical 

in nature. The adsorption of the inhibitor on the surface of the 

metal takes place through polar groups and covers the surface 

more or less completely when in sufficient concentration. It 

is the opinion of this investigator that to require adsorption 

to tE:ke place primarily at the cathodic areas is too specific to 

meet the general requirements of the adsorption theory. He agrees 

that the positive ions of the inhibitor will have a greater tendency 

to go to cathodic areas, but contends that some ions will be attracted 

also to the anodic areas. Hackerman believes that the type of 

coverage, is important in determining the effectiveness of 

inhibition. In the case of physically adsorbed substances, the 

inhibiting effects are due primarily to the decreased ability of 

the corrosive molecules to reach the metal surface. This my 

appear as increase in either the film resistance or the hydrogen 

over-voltage, or may be considered simply in terms ?f a diffusion 

controlled reaction rate. The chemisorbed molecule, on the 

other hand, not only duplicates the effect of impeding the 

corrosive material• but also decreases the tendency of the metal 

atom, to which it is attached, to leave the metal surface. Another 

advantage in this case is that the chemisorbed molecule is not 

as easily removed or redissolved. Hackerman•s reasons for pos-
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tulating two ty_pes of bonding forces is be,sed on the fact that 

one of the characteristics of physical adsorption processes is 

that it takes place instantaneously provided the adsorbate has 

free access to the solid surface, but a time . lag has been noted 
(27 55) by several authors ' • Also, it bas been noted by some, that 

an increase in temperature has a tendency to increase the effect 

of the inhibitor in some cases, while it is known that physio-

sorbed bonds tend to decrease in effectiveness with temperature. 

lfackerma.n' s reasoning is also based on the difference in the ease 

of removal of the adsorbed inhibitor. 

In general(SS), for steel, the s2me inhibitors are said to 

be effective, although not to the same degree, for sulfuric, 

for hydrochloric, or for phos:9horic e,cid. 

The continuance of solution of iron scale in an inhibited 

pickling bath is explained by Manger(54) as being due to the fact 

that the high voltage of the electrolytic cell is great enough to 

break through the protective layer of inhibitor. It may also be 

explained on the basis that the e,dsor:ption of the inhibitor by 

a negatively charged scale is not sufficiently strong to build up 

to the interfacial resistance necessary to prevent this electro-

chemical reaction. 

McKay and Worthington(3s) state that although phosphoric acid 

is less active than either sulfuric or hydrochloric acids, its rate 

of corrosion ra.nks with them for most metals. 

Lawrence and Walton( 30) • as well e,s Mann(zs,44 ,45 , 4s,47 ) give 
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data that indicate the order of increasing effectiveness of an 

inhibitor for a particular nitrogen concentration as being tertiary) 

secondary ) :primry. For primary amines, the order is: n-amyl > 
n-butyl) ethyl > ammonia. 

Th~ fact th?,t it is necessary to h.~ve only a monc,molecular 

layer of ions for protection explains the fact that such,a small 

amount of inhibitor may be effective. T'I... • (26,44,45,46,47) .ue size 

of the ion and especially the configuration determine the number 

of ions per unit area necessary to attain effective coating. Smaller 

amounts of high molecular weight inhibitors will produce the most 

effective results, but this depends on the packing of their ions 

on the surface of the metal, which in turn depends on the eon-

figuration of the ion. 

Speller and Cbappell( 50, 5l) and others(ZZ) find that at high 

temperatures, the nitrogen-based inhibitors tend to break-down. 

They also conclude that inhibitors have a strong electrochemical 

effect in raising the hydrogen over-voltage. 

·?he stereo-chemical arrangement of these organic chains deter-

mines how closely the ions can be :packed parallel to the surface, 

which in turn determines the penetrability of the film by hydrogen 

ions. An increase in the number of aliphatic cha.ins and greater 

length of these chains increase the velocity of the amines and their 

gre:0.ter ionization enhances the adherence of the positive ions to 

the crsthocl.ic area. Any factor tba t tends to cause the inhibitor 

ions to bend or to be inclined will aid the inhibiting power of the 

compound. 



(21) (17 22) Friend and Vallance and others • find that emul-

soids and colloids act a.s good inhibitors and attribute this fact 

to their adsorptive power. 

u-nn<45 , 4s) ,,__ h 1. d 1 ff t· li ,.__ d 1"1.!:J, .uc:.s c ec.ce severa e . ec. 1ve a. p.uates an. 

Eromatic amines for steel in sulfuric acid. These are shown in 

Table I, page ~A. He also states<47 ) that organic inhibitors 

have never been found to act as stimulators. 
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TABLE I 

EFFECT OF SOME NITROGEN CONTAINING 

COMPOUNDS ON THE CORROSION RA.TE OF STEEL 

Conditions tor test: Steel coupons, IN-sulfuric Acid, 25° O., 
46 hour exposure (apparently unaerated or agitM,4).Measured 
rate of corrosion by loss of weight in grams per hour per 
square centimeter. 

Name of Compound 

Propylanil ine 

Di bu tylanil ine 

2,3-xylidine 

Dimethylamine 

Triethylamine 

Tri-n-propylamine 

Tri-n-butylamine 

Tri-n-amylamine 

Concentration 
'.i6 Na 

0.10 
0.25 
0.10 
0.25 
0.10 
0.25 
0.10 
0.25 
0.10 
0.25 
0.10 
0.25 
0.10 
0.25 
0.05 
0.10 
0.25 

Per cent efficiency determined as follows: 
R - R i eff.: -~ I X 100 

Efficiency 
ti, 

90 
92 
96 
98 
91 
92 
85 
91 
78 
97 
92 
97 
98 
98 
98 
98 
98 

where R:a = ra,te blank Rr = rate inhibitor 

Mann, D. A •• Lauer, B. E., and Hultin, C. T. 
Organic Inhibitors of Corrosion ..:. Aliph.a.tic 
Amines. Ind. Eng.,Chem. 28,159, (1936). 
Mann, c. A., Lauer, B. E., end Hultin, C. T. 
Organic Inhibitors of Corrosion - Aromatic 
Amines. Ind. Eng. Chem.~. 1049, (1936). 
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Hosting and Heine(Z9 ) made tests on corrosion of meta.ls 

by using chemically pure and crude phosphoric acid. Accelerated 

corrosion tests on fifty-two metal~ and alloys were carried out 

under '!arious conditions, using 10, 25, 50, and 85 per cent chemi-

cally pure acids and dilute and concentrated crude acids. The 

effects of temperature, aeration, and purity of solution were 

investigated. It was found the,t tempere.ture rise incree,ses the 

rate of corrosion. One non-ferrous alloy showed a maximum rate 

between 75 and 85° C. In concentrated acid, the corrosion rates 

of stainless steels suddenly increased near the boiling point. 

They found tha, t the purity of the phosp):l.oric a.cid affects the 

resistance of the metals, and that the reaction tba,t takes place 

when phospbatizing, i.e., the process of making iron rustproof 

by dipping it into a dilute solution of phosphoric acid containing 

many different phospm.tes, .ceases in a. short time owing to the 

phosphs,te film deposited on the iron. 

The effect of some inhi'bi tors on the corrosion of iron in 

phosphoric acid is summarized in Ta~le II, -page 26. 
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EFFECT OF INHIBI'110RS ON THE: CORROSION 

OF .A.RMC O IRON IN PHOSPHORIC AC ID 

Conditions for test: Armco iron, 50 % phosphoric acid, 80° c., 
one hour exposure (apparently unaerated or agitated), 
100 c.c. volume of solution. 

Inhibitor 

None 

Pentavalent arsenic 

Hydrochloric acid 

Pine Oil 

Mucilage 

Pyridine 

Concentration 
% 

-
0.49 

o.75 

l e.c. 

1 c.c. 

o.75 

Surface Loss in weight 
(grams) 

Pitting, film 0.13 

:Bright o.oo 
Film 0.04 

Film 0.05 

Film 0.06 (frothing) 

Film 0.10 

Kosting, P. R. and Heins, Jr.~ C., Corrosion of Metals by Phosphoric 
acid. Ind. Eng. Chem. 23, 140, (1931). 
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F. Chelation 

Chelation is the ability of an organic compound to form 

chelate ring bond.ing( 73 ). An organic or chelating compound may-

be considered as a 11 complex11 type of substance in which an ion 

is bonded simultaneously to two or more positions in a molecule, 

forming one or more chelate rings. The only difference, therefore, 

between a chelate compound and a complex compound lies in the 

formation of such ring structures(49 )• Chelate compounds are 

usually much more stable than complex compounds, and a metal or 

hydrogen ion is bound into a chelate ring much more firmly than 

would be the case with ordinary complexes. Figures I and II, 

page 29, represent schematically this fundimental distinction 

between metal chelates and metal complexes. 

A meta,l ion is bound covalently to groups represented by A. 

In Figure I the groups are independent, while in Figure II,the 

groups are internally bonded so as to form chelate rings with 

the metals. 

Typical inner complexes of mono carboxylic amino acids are 

shown in Figures III, IV, and V. 

It can be shown(Z) that two of the polycarboxylic alpha 

amino acids, namely ethylene die.mine tetra acetic acid and 

triglycine also form chelates with metals. The chief advantages 

of these sequestering agents over the sillple amino acids lie in 

their greater tendency for complex formation. This is probably 

due to the larger number of negative carboxyl groups in the 



molecule which results in the formation of much stronger bonds 

with metallic ions. Figures VI and VII represe:r;it the typical 

structure of the metal complexes with the calcil.u complexes of 

triglycine and of ethylene diamine tetra acetic acid as examples. 

Thus ethylene diamine tetra acetic acid and similar substances 

readily form stable chelates with calcium, magnesium, ba.rii.um, and 

strontium as wall as with ions of the heavy metals, and by so 

doing, effectively remove these metals from solution. Su.ch 

materials have come to be known as "sequestering agents 11 because 

of this ability to remove or 11 sequester11 metal ions• Another 

impo:t:bant feature of these reagents is the fact that the chelate 

compounds formed in solution remain in the dissolved state, and do 

not cause turbidity or result in the formation of precipitates. 

According to Whaley( 73 >, 2-nitro-1-butanol is a very effic-

ient inhibitor(94 per cent) on the corrosion of copper in a five 

per nent phosphoric acid solution, at 25°0.; and he explains this 

inhibition ability as being due to the formation of a chelate ring 

bonding of the compound with the metal surface. 
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I METAL COMPLEX :n · METAL CHELATE 

.:m. COBALT AMINOACETIC ACID 
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CALCIUM TRI GLYCINE 

1ZII CALCIUM ETHYLENEDIAMINE TETRA ACE TIC ACID 



III • EXPERIMENTAL 

Purpose of Studl 

It was the purpose of this. investigation to determine the 

effects of several nitrogen-containing organic compounds on the 

corrosion of steel in phosphoric acid solution. 

Plan of Investigation 

The rate of corrosion was determined by measuring the weight 

loss due to submerged corrosion. In general, the plan of at.tack 

was that outlined in the Standard of the American Society for 

Testing Materials(l)• Steel coupons, which were cut from a cold 

rolled steel sheet, were cleaned, dried, weighed, and submerged in 

a five per cent, agitated, aerated, fresh solution of phosphoric 

acid, to which an inhibitor may or may not have been a,dded. The 

apparatus used in this investigation is sh?wn in Figure 1, page 33. 

The temperature was kept constant at 25°c., a,nd the coupons were 

kept submerged for a period of 24 hours after wh"'-ch they were removed, 

cleaned, dried, and weighed. Having previously measured the area 

of ea,ch coupon, the corrosion rate was determined in milligrams 

per sc.:.uare .decimeter per day. 

The inhibitors were generally tested in concentrations of 

0.10 and 0.01 per cent nitrogen, if the compound contained nitrogen. 

If it did not contain nitrogen it was tested in various concentrations 

by weight. The organic compounds tested were: 
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2-nitro-l-butanol 
Acetyl acetone 
Be ta-ala.nine 
Cyanoacetic acid 
Di-n-amyl-amine 
Diphenyl amine 
Ethylene diamine 
Glycine 
Nitrophenol 
0-phenylenedi~mine 
P-nitrobenzoic acid 
Pyridine 
Rodine 50 
Triethe.nol amine 
Trimethylol nitromethane 
Triethylenetetramine 
Tri-n-amyl-s.mine 
Tri-n-butyl-amine 

The inorganic compounds tested were: 

Sodium arsenate 
Sodium chromate 
Sodium nitrate 
Hydrochloric acid 
Ferric sulfate 



Materials 

Alcohol: 95% grain alcohol. Used as degreasing agent. Obtained 

from u. s. Industrial Chemicals, Curtis 'Bay Plant, :Baltimoret Md. 

Steel: Used as test specimens. Manufactured by Reeves Manu-

facturing Company, Dover, Ohio, as 11 Snaplok" stove pipe. For 

composition see under Data and Results. 

Pumice: Fine mesh. Used as cleaner. Obtained from J. T. Baker 

Chemical Company, Phillipsburg, N. J. 

Phosphoric Acid: 85%, ACS Standard. Obtained from J. T. 

:Baker Chemical Company, Phillipsburg, N. J. 

Ether: Purified, for manufacturing use only. Used as drying 

agent. Obtained from J. T. Baker Chemical Company, Phillipsburg, ?J. J. 

Hydrochloric Acid: Used as a cleaning agent ~nd inhibitor. 

Obtained from J. T. Baker Chemical Company, Phillipsburg, N. J. 

Inhibitors: Used as addition agent. 

Rodine 50: Obtained from American Paint Companyt Ambler, Pa. 

Di-n-amyl amine, tri-n-~yl-amine, tri-n-butyl-amine: obtained 

from Sharples Chemicals Inc., New York, N. Y. 

2-nitro-l-butanol: Obtained from Commercial Solvents Company, 

New York, N. Y. 

Remaining organic compounds were obtained from Fisher Scientific 

Company, New York, N. Y. 

The four inorganic compounds tested were obtained from the 

General Chemical Company, New York, N'. Y. 



Apparatus 

Analytical :Bala.nee: Christan :Becker Inc., New York• Obtained 

from Fisher Scientific Co., Pittsburgh, Pe,. 

:Bottles: Three,.5 gallon. Used for containing phosphoric 

acid, distilled water, and moisturizing air. 

of: 

Constant Temperature Bath Assembly, see Figure I, page 33,. Oo1t1posed 

1. ~: Tin, 3½' :x 1 1 x 1 1 , insulated a,nd enclosed. 

2. Gear Train: Used for multiple stirring at 63 rpm. 

3. Heater: Two, light bulbs, 100 watt each. 

4. ~: Powr-Kraft capacitor electric motor, thermotron 

protected, ¼HP, 60 cycle, 5.0 amps, 115 volts, 1725 rpm, 

Serial H-47, 40° c. rise, Mfg. No. 74DP4551-¼A, obtained 

from Montgomery Ward, Baltimore, Md. Used for running 

gear train. 

5. ~: Electric, 60 cycle, 110 volts. Obtained from 

Fisher Scientific Company, Pittsburgh, Pa. Used for 

stirring consta,nt temperature bath. 

6. Thermometer: Mercury, marked in tenths of degrees 

Centigrade. Source unknown. 

7. Pulley and Belt: Used for connecting motor and gear 

tre.in. 

8. Relay Uni_t: :Bulletin 700 A. c. Contactor .1 pole 

Normally open 110 volts, 25 amps, 60 cycle, No! 025374. 

Obtained from Allen-Bradley Company, Milwaukee, Wis. 

Used in conjunction with bimetallic thermostat. 
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9. Thermostat: Cenco-Dekhotinsky ]imetallic Thermo-

regulator. 

Gas Meter: No. 3123. Obtained from American Meter Company, 

New York, N. Y. 

~: Five Mason type, wide-mouth, 1-qua.rt. Used as containers 

for corrosive media. 

Assorted Glassware and Laboratory Equipment: Miscellaneous 

laboratory glassware and equipment. 



Method of Procedure 

The method of procedure followed was, in general, that outlined 

in the Standard of the American Society for Testing Materials(l). 

l. Preparation of Coupons. The coupons were all cut from the 

same cold rolled steel sheet. They were cut to approximately 

0.1250 sq. dln. by means of tin-smith shears. Figure 2, page 39, 

gives the average dimensions s.nd shape of the coupons. One S/16 inch 

hole was then drilled into each coupon, this being accomplished 

by bolting a number of coupons between two steel blocks, one block 

alrerdy having a 5/16 inch hole. This was necessary tn 01'1.er to prevent 

the formation of a burr, on the coupons while drilling. After the holes 

were drilled, identifying numbers were lightly stamped onto _the pieces. 

The steel sheet ·was covered with a blue covering, which was removed 

by first dipping each coupon into a hot solution of 10 Normal sodium 

hydroxide solution, containing al)out 2($ "Tide"; this was found to 

be necessary in order to completely degrease the metal surface. 

Then while the coupon we.s still wet with caustic solution, it was 

put into a hot solution of 12 Normal hydrochloric acid containing 

2% Rodine-50, by volume. The coupon was left there for approximately 

8 seconds, depending upon the strength of the solution. Immediately 

upon removal, the coupon was rinsed under tap water, and rubbed with 

pumice to remove any covering tr..a.t remained. Then the samnle was re-

rinsed under tap water, partially dried with a towel, rinsed in 

95% alcohol, and finally rinsed in ether and allowed to dry in the air. 

Only then was the metal surface clean and shiny. The sample was 
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then weighed on an an.a.lytical balance. 

2. Cleaning Samples after Testing. After the coupons were 

removed from the corrosive media, they were rinsed under tap water, 

and the black film that was deposited during testing was removed 

by rubbing with pumice; then re-rinsed under tap water to remove 

the excess pUlllice, partially dried with a towel, rinsed in 95;1b 

alcohol, rinsed in purified ether, e.nd let dry in the air. Then 

the coupons were placed in a dessicator to dry completely and await 

weighing. The accuracy of this method was within experimental error. 

3. Composition of Steel. The specifications on the steel used. 

as samples was obtained from the Reeves Manufacturing Company( '78), 

and is given under the section on Data and Results. 

4. Determination of Area pf Coupon. The exact area of the 

individual test cou:::,,ons was determined with a metric rule, after 

the measurements of the thickness we.s made using a micrometer. 

The area of the metal removed by drilling the suspension hole 

was calculated using the diameter of the drill. 

5. Aeration of Corrosion Media. The cor:::-osion media was 

aerated by introducing a flow of moisturized air into the container. 

The air was premoisturized in order to prevent evaporation of tbe 

corrosion media. This was accomplished by bubbling the air first 
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into a large jar containing water and then allowing it to pass 

over into the bottles containing phosphoric acid through capillary 

tubes. The air was introduced into the bottles, a few bubbles per 

minute, estimated by means of a gas meter to be about 0.1 cubic 

feet per hour per bottle, and not allowing it to come into direct 

contact with the samples. The air valve was kept open without change 

throughout the entire run. However, the flow of air did vary because 

the compresser kept the :pressure between 20 and. 80 pounds per square 

inch, and due to useJ the average pressure was lower during the day. 

6. Prenaration of Corrosive Media. The corrosive media used 

was a 51% phosphoric acid solution. The preparation of the solution 

was a batch :process and consisting of adding distilled water to 

669 ml of 85% phosphoric acid end diluting to a volume, of 18.9 

liters. 

7. Determination of Amount of Inhibitor Reau.ired. In order 

to determine the correct amount of inhibitor reQuired for the 

desired percentage of nitrogen, the following er.1.u.atioru were used. 

The calculations were made on the 11as received11 basis since the 

liquids were free flowing. 

(1) Vol. of acid used x specific gravity of acid··= 

weight of acid used 

(2) Weight of acid used x desired per cent nitrogen/100 

= weight nitrogen required for that per cent nitrogen 
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(3) Weight nitrogen reauired x 100 
Per cent nitrogen in compound 

= weight 

inhibitor compound reciuired for desired 

per cent nitrogen. 

If the compound was a liquid, 

Weight inhibitor com-pound required 
Specific gravity of inhibitor compound 

volume of inhibitor compound rec1uired for 

desired per cent nitrogen. 

8. General Procedure. After the coupons were cleaned and 

weighed they were immersed in bottles containing 750 ml of fresh 

5% phosnhoric acid. The usual run was four inhibited bottles 

and one bottle containing only acid, i.e., a blank. The length of 

the run was twenty four hours. This period was of sufficient dura-

tion to obtain a satisfactory corrosion rate (l). 

The immersed coupons were suspended in the solution by means 

of glass hooks, one coupon per bottle. The samples were held in 

tbe approximate center of the bottles, ea.ch being &,pproximately 

two inches beneath the surface of the lLmid. The glass hooks, 

attached to a constant speed gear train, revolved at 63 rpm. 

The air was introduced as described previously. The tempera-

t,.ll'e was held at 25±0.5° C. by means of s, bimetallic thermostat 

placed in one end of the water bath. The heat was obtained from 
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two 100 watt light bulbs, one placed at each end of the bath. 

The wster in the constant tempera tu.re bath was circulated by 

means of a stirring motor. 

When the twenty four hour period.had elapsed, the samples 

were removed from the corrosive media, and rinsed under ta.p water 

to remove acid, and then cleaned as described before. 

The weight loss signified the amount of corrosion taking 

place and expressed as a rate, i.e., a.s milligrams per square 

decimeter per day (mdd), and was determined from the following 

eq_uation: 

Corrosion Bate= 
weight loss in mg per dal 
area in sq_ dm = Mdd 

In order to determine the per cent effectiveness of the 

inhibitor, the following equation was empolyed: 

Per cent inhibition= RB - Rr 
RB 

where: 

RB = rate corrosion in blank 

X 100 

Rr = rate corrosion with inhibitor. 
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Sample Calculations 

1. To make a 5% phosphoric acid solution from 85% syrupy 

phosphoric acid: 

Specific gravity, 85% acid: 1.705 

:.1. 705 x 0.85 == 1.449 g. %P04/ml 

Specific gravity, 5~ acid: 1.027 

;.l.027 x 0.05 ==-0.0514 g. H3P04/ml 

To make 5 gallons (18.9 liters) 5% acid solution: 

970,5 ,. 
1.449 g.ml 

liters of 5% acid solution. 

669.7 ml of 85% acid per 18,900 ml of solution. 

2. To determine a.mount of inhibitor compound required in 

terms of nitrogen content; example, ethylene diamine ,:rmzCHzCH2NH2 

(as received): 

Amount of 5% H:3P04used per container: 750 ml 

Specific gravity, 5% acid: 1.027 

:. 750 x 1 0 027 = 770 g., weight of 750 ml 5% acid 

770 x 0.001 = o.77 g. nitrogen required for 0.10% N 

Molecular weight of compound: 60.10 

Per cent nitrogen in compound: 28 x 100 = 46 .6'j,N 
60.10 

:. To determine amount of nitrogen necessary to obtain O.lO;SN': 

o, 77 x 100 = 1.65 g. compound necessary to obtain O.lOjb N. 46.6 
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3. To determine amount of corrosion and inhibitor efficiency 

of a 0.10% nitrogen addition of ethylene diamine; example, 

run number 27. 

Coupon No. 67 {:Blank), i.e., no inhibitor e,dded. 

{a) Weight loss due to exposure: 

wt before exposure (g.) - wt after exposure {g.) -

wt loss (g.) 

i.e., 2.7047 - 2.4981 = 0.2066 g. = 206.6 mg loss 

(b) Corrosion rate, expressed as mg/sq dm/day: 

Area Coupon No. 67 = 0.2280 sq dm 

wt loss (mg) = Mdd 
area (sq dm) 

i.e., 206,6 
0.2280 = 906 Mdd 

Coupon No. 64 (inhibited) 

(a) Weight loss due to exposure: 

wt before exposure (g.) - wt after exposure (g.) = 
wt loss (g.) 

i.e., 2.7858 - 2.5790 = 0.2068 g. = 206.8 mg loss 

(b) Corrosion rate, expressed as mg/sq dm/day: 

Area Coupon No. 64 = 0.2400 sq dm 

wt loss (mg) 
area. ( so dm) = Mdd 

i.e., 206.8 = 862 Mdd 
0.2400 
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(c) Deviation from average corrosion rate of inhib-

ited coupons (average Mdd for inhibited coupons 

for Run No. 27 = 874): 

Mdd for individual inhibited coupon - average 

Mdd for inhibited coupons= deviation from 

average 

i.e., 862 - 874 = -12 

(d) Per cent deviation from average corrosion rate 

of inhibited coupons: 

dev, from ave. cor. rate of inhibited coupons x lOO = % dev. 
ave. cor. rate of inhibited coupons 

i.e •, x 100 = 1.4% deviation 
874 

{e) Per cent inhibition efficiency: 

Cor. rate (Mdd) of blank - e.ve. cor. rate (Mdd) 

for inhibited coupons x 100/ corrosion rate (Mdd) 

for blenk = per cent efficiency 

i.e., 906 - 874 x 100 = 1.4% efficiency 
906 
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Data and Results 

Com~osition of Steel. The steel used in this investigation 

was cut from a section of Snaplok stovepipe produced by the Reeves 

Manufacturing Compe.ny, Dover, Ohio. This company purchased the 

steel under the following specifications: (?S) 

Carbon: 

Manganese: 

Phosphorus: 

Sulfur: 

o.os% 

0.06 - 0.09% 

0.05% Maxim.um 

Tables III, IV, and V. Tables III, IV, and V show data 

e,nd results for the amino compounds, ni tro compounds, and Rodine 50 

and inorga.nic com:pound.s, respectively, in the inhibition of steel 

corrosion by phosphoric acid. The tables show the run number, the 

particular inhibitor tested, the concentration of nitrogen used, 

the weight loss, and the corrosion rate. The column showing de-

viation from average rate is based on the average inhibited corrosion 

rate. The per cent deviation is determined by dividing the deviation 

from the average inhibited corrosion rate by the average inhibited 

corrosion rate and multiplying by one hundred. The accepted control 

limit for this investigrtion was plus or minus 10 per cent deviation 

from the average. The per cent efficiency was determined by re-

averaging only those coupons with inhibitors tbat were under control 

and comparing this new average, recorded as average inhibition corrosion 

rate, with the blan..lc for tbat particub.r run. Those coupons tba.t were 
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out of control were disregarded and are shown in the tables 

as being lined out. A lack of complete d..?,ta in the tables 

indicate that the sample disintegrated in the corrosive 

media, and no quantitative result could be obta,ined. 

Table VI. Table VI gives the data and results for 

acetyl acetone in varying concentrations. This we.s the 

only organic compound tested that did not contain nitro-

gen. Due to the fa.ct that only a small quantity of this 

compound was available, only one run was made. 

Table VII. Table VII gives a summary of the results 

for the organic compounds investigated, inclu.d.ing acetyl 

acetone. The numbers with a minus sign indicate a negative 

efficiency or acceleration by the inhibitor. 

Table VIII~ Table VIII gives a summary of the results 

for the inorganic compounds and Rodine 50. The numbers 

with a minus sign indicate acceleration by the inhibitor. 

Table IX. Table IX gives the tabulation of the measure-

ments of all the coupons used in this investigation. The 

area of the edge was neglected. Since this area was 

fairly constant throughout, it introduces a constant 

error in all of the determinations. However, this 

factor will have no appreciable beari-ug on the results, 

which are only relative. 
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27 

28 

r:, 
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21 
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Table III 
Corrosion Inhibitor Efficiency- Data and Results i'or Ammno Compounds 

Aerated .and Agitated 5% Phosphoric Acid- Steel Coupon- Time 24 Hours- 25°c. 
Cone N Acic Metal Wt Wt Wt ;orro Inhibitor Sol S"¥lpl Before After Loss sion Dev Dev ~:h No. Noo iate Ave Rate % !!!illi. Rat, KTSlllS grams gra!l)f Mdd % Ethylene Diamine 1.6S OolO 6 6, 2.7321" z.c:ns 220,,~ 018 +-6.!, 7o< , t;t' 0.10 6 l.l, 207858 2.5790 206. 8 862 -12 1,..11 
1 kr:'. ,') 1 t', .;r:: ? -·1n1 2.S720 ?11 ' n9c; +11 1,1 
1.65 U.10 6 66 2. 7721 2.'17130 19h. 1 813 -61 7 .o 
6.0 o.o 6 67 2. 101,7 2 .l,9til ~Jh f :.),'){~ 

Ethvlene D:iamine 0.165 0.01 6 68 2. '/191 2.5100 209 .: 902 +67 J.0 
n 1 r,r: ,I (11 6 70 2 .6971, 2 A c;o79 189.' 806 -2Q '.\ c 
() 1 ~c: ;J.;'l f, 71 ? "' qn ?.112'?'1. l 'l7 r ?,7C: +1,c, I, ,H 
0.16S 0.01 6 72 2.761'! 2 r:'.il 1') 17R .r 7C:R ·77 Q ? 
O.J ,J. ,J 6 Ti 2.7hl8 2.S/,'1tl 198.r 3),? 

Triethylenetetrarn:i.ne 9):l20 D. 1-19 11 1111 2.1/562 2.2356 222 .I 925 -12 0.1 
9.820 J.lt9 11 111! 2.5230 2.30/ih 218.1 939 -1 o.o 9.320 !Jc/-i9 11 117 2.5128 2 .310·1 202.] d79 -61 6.5 

9.820 J.49 11 113 2.6128 2.3102 242 .t 1013 -t-73 7.8 
n n o.o 11 116 20588<; 2.3692 219.3 910 

Ave L'lh Cor ros sim 
I {M,4 

tl 7 It 

R,C: 

940 
Triethylenetetramine -/.i. '110 0.211 11 lltl 2 .51.22 2 .2/f}r -2hh5 1088 ii,-3 16,~ 

/i.)10 0.2h 11 111 2oS891 2.3678 221.' 932 -6 o.6 4-910 0.24 ll 13 2.6327 2.4123 220.4 93':I +l o.o 
h. <;l 0 0.21.i 11 118 2-2261, 2 .001,0 ??1 ' QI,/, ..,_ t', n " o,H o.o o_o 11 112 2.3932 2 .ltl76 205.( 927 

Triethvlenetetramine 2.61 u.1u 12 110 2 .270'/ 2.0824 188-- 8/;8 -\-6 0.7 .,._ . ..,,._. ___ rfl•c17') 1":>"" - -2--.•½'ffl -2-o-1-+,'\-{}-· . ·-t\.. /..>I • 2.01 JulO 12 112 2.rn16 2.0060 101.6 820 •22 2 _f:, 2.01 J.10 12 113 2.41.23 2.2325 179.tJ 765 77 9.1 842 . O.J 0 0 12 120 2.001,a l,81S1 180 ,r 806 Triethvlenetetramine 2.0l O.lo 7 74 1.5169 1.%53 151.c 637 -51 7 .l, 
2.01 0.10 7 75 2.5B48 2 .1io40 18008 756 t68 9.9 7.m-~ -·o-;1:-0· ,· n-· - i:,5'W:· --j_-,.3'!6tr 1-tm.-rj &Jr "' ~G,-1 q 

2.01 0.10 7 78 L620) l.l.;400 l~0.3 746 t58 8 .)j 681 n.o o.o 7 76 l.4i393 1.312/i 176.9 767 
'T'-~ ·• ---etetramine 0.201 0.01 8 ao 2 .6c:'ll 2.4896 163.' 691 -,1 h.6 0.201 J.01 8 /31 2.'/736 2.6013 172.3 730 +6 o.8 

0.201 0.01 a tl2 2. 116!, 2.c1,c:,; 170.' 714 -10 l.Ll o .. 2n1 0.01 ,3 ::;1, 2.6°1), 2 h6tl'I 172 .tl 762 +1e ['. .2 72! o.o o.u 1J ll3 2. {42) 2.5617 16U,6 678 
Triethanolamine 8.22 0.10 8 85 2. 7324 2 .5175 21l,.9 920 -12 1.3 e .. ?? 0. l r, ri p,7 ?./'.,/../,? ? I, 11, 2·12., 1010 ....... 8 o, ), 

8.22 0.10 8 38 2.6335 2 .!.i25l1 2os.1 917 -15 1.6 
13.22 0.10 8 6r; 2 ,l.;03tl 2. 1 937 210.1 ~tlO -52 5.6 >"32 o.o o.o 8 86 2.6626 2.J,026 170.0 71,2 Triethonolamine O.tl22 0.01 8 6tl 2.JJ46 2 .053>' 280.7 1210 ;-50 4. 
0.822 0.01 8 70 2,3287 2.0611 267.6 1140 -20 1.7 
o.822 0.01 8 71 2.21,<6 l..9798 26r;.a 1160 +20 1.7 
" ,~?? I Ql 8 72' 2 .J,122 2.1 Tl7 2ss., 1110 --so 4.3 116( 
o.o o.o 8 73 2o31J27 2,lh75 215.2 913 

Triethanola:mine 0.822 0.1 1 17 2. 0·125 2.6'100 242.' 967 t37 l.i.o Oo822 O.lJ 3 18 2.9278 2.681,1 21,,., 977 .. lt7 r;.o 
OoS22 0.10 l 20 2.9281 2. 71<"1 212 I fj,,., -81 8 0 930 
o.o o.o 3 15 2.9816 2.7850 196.6 786 

Beta-Alanine )j,90 0.10 8 7/i l.J65J 1.1820 18J." 770 -22 2.8 
4.90 0.10 8 75 2.4040 2.2058 19802 835 +43 5 ./i 
J.i.90 J.10 8 77 1.3761.i 1.1985 177.~ 7Sl.i -18 1.,. g 
I, on n ,n R 78 1 1,Lnn l.2Lth7 ·, '-' C: , Rr,R .. 1 /.. ?.O 7Q? 
o.o o.o 8 76 1.3121i 1.1057 206.7 897 

Bet-Alanine o.J,<Jo 0.01 8 81 2.6011 2.h216 179. 7 76Q -29 3.7 
fl /,On n n, R Q? ? t'.Lt'.r:'. 2.6655 182.0 761 -28 3.6 O ;,,m n.m 8 81 2.S817 2.1/}hO 1 c,1, A ll2J, .qr'. I, I 
0.490 0.01 8 84 2.4637 2 .2847 184.o 812 +2.3 2.9 789 
o n o.o 8 80 2.4896 2 .J06/., 18_3.2 773 

"'-~ -n-but.vl- ....... .i: .... e I, 02 0 l rl < l 2 .4'(51 2.2421 233.0 930 +36 4.0 
4.02 0.10 ' 2 2.2008 2.0006 200.2 88, -ll 1.2 
h.:J2 0.10 3 3 2.3916 2.1768 214.8 895 +l o.o 
4.J2 0.10 J 10 2.)800 2.1710 209.0 870 -24 2.·1 894 
O.Q o.o 3 0 2 .l,h59 2.2651 180.8 71,1, 

Tri-n-butyl-a~inc u.i.02 0.01 3 12 1.9655 1. 71,96 215.9 852 -15 1.7 
O.]i02 0.01 3 15 2.5992 2.Jtl81 2ll.l 545 -22 2o5 
0.4J2 O.Jl 3 19 2.so21i 2. ,111, 211.0 901 t,6 h.l 867 
g,i,y,:, . G-.-ffic -25 2.!WdJ 2.6uJY. 2-',1',.-: 12-J;. _¼3 . .. 2-~ 
0.0 0.0 ' 11 1.8010 l.S698 2,~ 2 1000 

Aminoacetic Acid 4,125 u.10 4 36 2.8404 2.6189 221.; 914 -18 1.9 
4.125 0.10 4 37 2."/7/;7 2.54'.lh 225.3 950 f-tl8 1.9 932 
0.1;125 0.01 Ii 38 2.6940 2.4835 210.5 91J3 t22 3.3 
0 i, 1?<: o.m i, ho 2.7613 2.5608 200.: 8/;6 -28 J.5 874 
o.o o.o 4 hl 2. 7S61 2.~SlS 2ou.t 867 

Di-n-amyl-amine 8.61, G.lG 4 52 2.7139 2 .t,537 260.2 1120 -1 o.o 
--fl- .6/:i 0.10 h 53 · 2. 7503- · 2.5144 235,.9 ,, 22- ll.3 
8.6h 0.10 Lt c;c; 2 .6tlhl 2 .4l'i'/ cb0.4 J...1.0'- + ..... _;__ ~. b 8 I'./, 0,10 h S6 2.6h61 2. 0,()/,() 2Sl.2 1080 -41. 3.6 112] 
o.o o.o /1 ..::, 2. 796h 2.S8L.2 212.2 890 

Di-h-omvl-amine o. 136h o.o 5 36 2 .61tl9 2.26tJ5 350.)i 1450 t99 7.3 
O.tl64 0.01 5 37 2 -5494 2. 2517 297-7 1258 -93 6.9 
o.86Li 0.01 r; 3ti 2 .4835 2.1637 319.B 1372 -t-21 1.6 
o.86/i 0.01 5 41 2.$)15 2.23:12 312.3 1323 -28 2.1 135" 
o.o Cl.O r; LtO 2.h608 2.210s 246.J 1040 

Tri-n-~~yl-amine 12.',7 0.10 5 W1 2 .56'Yi 2. 2172 291.5 1220 -t-53 1,.5 
12 .Li 7 0.10 r; ),,_'( 2./i,71 2. 2065 270.J 1100 -6'( 5. tl 
1.2,47 G .10 5 so 2 -5980 2; 3,)86 2:J9,h 11'.17 t3') 2.6 
12.li? 0.10 5 51 2.55:J2 2.21jJ3 271J .. 9 1150 -17 J.S 116 
0.0 o.u r; uu 2. S1SJ 2.3190 l;io. J 31.!(, 

Tri-n-amyl-amine 1.21,f D.01 ,· ;, ::;2 2.1,537 2,1/6',C 27().,:~ ll"O tlil 7.5 
1.21,7 0.01 5 S3 2 .5141i 2.2465 2'-,(.) 1US8 -21 1.9 
l.2U J.01 5 50 2. !ilS'/ 2 .1728 2/;2. ', 1J50 --59 C ., ~--t-r::?::T ____ --,;,y--- --~;j:~- --2 • .:l5tl6 , -]:~,., :;_-5r '½:3--.-B 110' TT.,•-1 L .., ..)',~V • 

0. ~; J.O 5 5h 2. C,e/)2 :'.3673 216.' 909 
0-Phenvlenediamine -2-.93- - 0.1-0 4 31 2.r/i,-f· 2 .6309 93A · -3?0 -t-'?-3-- -23-, 2 

~~--- ,h-10 ·····-ii-. 32- -· 2,761/· 2.703/i ·--5-U .-( 2/tli -"13 23.2 r--3'1:' 
o.29e O.Jl 4 33 2.7273 2.5290 193. 353 +7 O.J 
0.29B 0.01 h J4 2 • 761L6 2. ~'639 220.· ~4C -6 o. I Bh5 
o.o o.o Ii 35 2.3025 2 .r::211 2tll.i 1168 

n ___ ..14 __ ..:,,,,e 2.9U 0.10 6 li7 2.266/J 2. 0',U5 156. 63tl 3b So6 
2.98 0.10 6 43 2.3190 2.16;,5 153-'. 660 -16 2. /i 
2.98 0.10 6 q 2.2tl33 2.1086 174.· 7JU -j-51, 8 .') 676 
rJ..,U o.o 6 ll4 2. 2772 2.0751 202. - 8/;5 •"· J.O o.o 6 52 2 .1769 l.JHIJJ 192.1 826 

ILPhen=lenediamine 2-98 O.lO 6 57 2.7526 2.5570 l'75~< 815 -t-55 7.7 
2 .98 o.1u 6 60 2.671,0 2,50J4 165., 700 -57 7o5 757 
0,29~ OoOl 6 5tl 2.7322 2, ',1,67 166.: 773 -51 602 
0J298 0.01 6 62 2.7143 2.5uS7 200.( 875 t51 6.2 821.! 
o.u o.o 6 61 2 o nor, 2.)~:}7 l 10.· 722 

Diplre'f1Y'l'.mlin<'> 0.225 o.oo 12 114 2.2356 2.J46J 137 ,: 780 -3/j h.f 
0.22'- .002 12 11', 2.JU/J4 2.l'.l61 19a. 857 t-Jtl l, .6 
J.22S .002 12 116 2.3692 2.1762 173.r 300 -18 2.2 
J 22~ -002 12 117 2.Jl07 2 .1190 191.' 1334 tl7 7.l 818 
n.n () 0 12 118 2.1702 2.1336 1~)6. 779 

Diphenylamine 0.100 - 12 87 2,0427 1. 3557 1U6., 811 -t-6 o.-
.. 2-;-2861 2.0815 ·-·204• . .. - ·lW. ----r,-;"1QO----·~- . '12 -12:1 -, . ' --

0.100 - 12 122 2. S7Cf3 2 .3902 1.80 •. 750 -55 6.1 
0.100 - 12 123 2.25o6 2.0753 175~ 771 -34 4 .: 805 
o.o - 12 124 2.2J77 2. 04Q6 189., 330 

Eff 

1. 

+ '1.r'. 

-i r, R 

-3.3 

1 ? 

/, _ c; 

+10.3 

6.8 

25.6 

I 
27o0 

-18.J 

... ,, .1 

-2.1 -

-20.J 

+11. 0 

-7 .5 
-o.8 

-26.0 

-29.: 

-38.' 

22. 

+27 .5 

+19.0 

- 4.:0 
-14.1 

-5.0 

+J.O 



Run 

Noo ' 

23 

17 

9 

l:J 

29 

Table IV 

Corrosion Inhibitor Ei'ficiency- Data and Results FOR Nitro-Derivatives 

Aerated and Agitated 5% Phosphoric Acid- Steel Coupon- Time 24 Hours- 2S°c 0 

Ave Cone N Ac Metal Wt Wt Wt Corr Dev Dev Inh Inhibitor id Sample Before After Loss RATE Aver Rat Cori grams Sol llfoo rnillj Rat~ e Rat~ 7)0 ml % No. grams gral'l''.9 grams lldd % Mdd 
P-nitrobenzoic Acid 9.20 0.10 s 19 2.5714 1.6562 915.2 3575 - - 357c 

?.20 0 .. 01 5 15 2.J'.31.H 1.7215 666.6 2665 -55 2 •1D 
o.no 0.01 s 25 2.6030 l.96Lio 6'39.0 2600 -LO l.S 
0.920 0.01 5 12 1.7496 l.0360 713.5 2815 -+94 3.5 272( 
o.o o.o 5 11 1.569b 1.3577 212.1 910 

0-nitrophenol 7.670 b.10 4 45 2.7619 o.oo 2'{61. - - - cD 

0.767 P.01 4 42 2 .6952 1. 7073 987.9 J1·no -67 1.6 
0. 7A7 o.m !, hl 2.721:J l.69li7 1026. 4370 -t-127 3.0 
6.767 0~01 LJ. ) ,f, ? - 790n 1.8234 96cL6 4050 -19: 4.5 Li2h 

4 44 z. 7920 2.5687 22J.J 
. 

934 0. ~) b.'.J 
2-nitro-l-butanol 6.55 b.10 3 16 2.5753 - - - - -

6.55 b.10 3 17 2.6700 - - - - -
6.c;r; J.10 j 18 ? _,\RI, "-l - - - - -
6.S5 b.10 3 20 2.7157 - - - - - oO 

o.o µ.O 3 10 2.7801 2.5924 187.7 781 
2-nitro-l-butanol 0.655 boOl 3 21 2.7457 2.1651 580.6 2320 -20 Oo9 

Oo655 P.Ul 3 22 2 .:3167 2.2317 S8S.o 23/J.0 0 o.o 
0.6r;t.:; P.01 3 23 2.8546 2.2611 593.S 2395 t-55 0.2 
0.655 P.01 3 2h 209201 2.Jl..51 S75.o 2300 -40 Oo2 2"'\/1( 

\..).0 r). J(]) 3 19 2.9989 2.8028 196.1 768 
Trimethllol I'1itrometh 3.300 ~.10 7 74 2.7533 1.516'.) 12J6. 5190 i-13U 2.6 

ane 8.JOO J.10 7 76 2.7075 1.4893 1218 5270 +210 4.2 
8.JOO P.10 7 77 2.7310 1.jt212 1210 5120 -+ 60 1.2 
8.300 P.10 7 73 2.7/i6J 1.6203 1126 4660 -400! 7.9 so& 
o.o b.0 7 75 2.1c:;11 2.5t)h8 168.1 708 

30 Trimethylol tZi tromethan e o.3.30 ().01 7 57 2.Ss70 1.975d S81.2 2420 -+-62 2.6 
o.tno 0.01 7 S8 2-5467 1.9717 575.0 2395 t-37, 1.6 

c.330 •:).01 7 61 2.5507 2.6397 511.0 2162 -196 8.3 
.J.bJO 0.01 7 62 2."0S7 1.9197 St)6.o 2iic;c:; +97 4.1 2V,c 
o.o o.o 7 60 2.50t14 2. 2'/97 22807 96S 

31 Cyanoacetic Acid 4.61::l 0.10 7 63 2.51HJ 2.JlhU 197.8 840 -2J 2.7 
4.68 0.10 7 64 2 .':;'('/0 2.J665 212oS 886 t23 2.7 861 
u.68 0.10 7 66 2.'>780 2./Jl67 , f-.1 - -~ (,,7(,, -+::>~ 1.R 
4.68 0.10 7 67 2 .JilJOl 2.JS51 1),1"0 627 -2h 1.7 6t;1 

o.o o.o 7 65 2.S720 2.4038 16U,,2 699 
32 Cvanoacetic Acid 0.,/J.68 0o0l 7 68 2.6100 2n 1'1h6 17S.li 7S7 -+18 2.L 

0.h6cl 0.01 7 70 2.5079 2.3287 179.2 762 -t-2J 3.1 
00468 0.01 7 71 2.4228 2.2456 17702 7rJ7 +hd 605 

',o,~--t-&.--ffi-· H-- ·12· .. •--»- 2T5&3')-- - ··n~-,. l-53:.7 /I - -- ,,.., 739 -·~ ....... V4/ --· 
' o.o o.u 7 73 2.5438 2.J627 181.l 768 

39 Pyridine 4.35 0.10 9 tl6 2 .1+926 2.Jl..i.92 143.h 627 -!l 21.l 
h.JS 0.10 9 tl1 2oh1-;3 2.2393 194.o t145 +47 S.9 
4.J5 0.10 9 88 2.Ll25h 2.2L•% ltll.tl uoo +2 , 0~2 
u.3S 0.10 9 6s 2.Fn7 2.0J.S2 178.t:; 7i,R 1-<n : f., 1 ?OH 

o.o o.o 9 85 2.517S 2.3230 194.s 832 
ho J)y:cidine 5.892 0.13' 9 100 2 06773 2 .).192Y 18u .h 791 -33 l.i.(J 

5.892 o.13~ 9 102 2.7891 2.5650 204.1 851 -t-27 3.3 
SatNt; O~l -~C 9 1(fl l?_11c:;? 2 .51+67 188.5 '(99 -25 3.0 
S.895 0.13: 9 104 2.7523 2.5485 20Jo8 857 BJ 4.0 624 
o.o o.o 9 101 2.6789 2.4917 187a2 7'JJ 

41 Pyridine 7o8s6 O.l8t 9 80 2. '1(J6l.i 2.1063 198.] tB6 +r; (J .6 

7.i:l56 ().18 9 Ul 12.1i216 2.2169 205.2 1370 rt-39 4.7 
7.J56 O.ld 9 133 2.3U69 2.2009 136.o '(86 -li5 5.4 
'} Or£ ,.. n (i HI "' ,....:; 1_., 2.1561 . 1-, nu f ,.,,, ,, r, t' I ~, 831 ..... --- .,,, -•-~""'+ •· -~ -~ _,,_ ..... I - ·~ ; --
(}.O 0.0 0 82 t2.J6J5 2.164U 19ti O 7 830 I ,/ l I 

E.ff 

% 

-293 

-199 

-JJ 

-lSL. 

-oO 

-2oc:; 

-61S 

-HJ.i 

~21.i..2 

+6.9 

+3.8 

+J,. 1 

-3.9 

o.o 



Run 
:fo~ 

1 }, 

4 

6 

J,c:; 

li.6 

h7 

48 

so 

56 

h2 

ld 

44 

Table V 

Corrosion Inhibitor Efficiency- Data and Results for Rodine and Inorganic Compounds 

Aerated and Agitated 5% Phosphoric Acid- Steel Coupon= Time 24 Hours- 2;°c0 

eonc by Acic Metal Wt Wt Wt Corr Dev Dev Ave - Inb Inhibitor WT Sol Sampl Before Af'ter Loss Rate Ave Rate Con grams Nao No. milli Cor1 Rate 7~0 mi % grams grams grams Mdd Rw.. % U,·M ---- -·- --

'Rndine ',Q 1 ~-'10 4006 i 1 2-,,2L21 2.oSoh l9L'/ 76r', th6 6.li 
-loG~ ' 

') .-.t:.. ·-3-- ----2- -- .. 2-~---- -J.,s-!_3, "I On A Q-,-, ,,1 1, r .:i -~ . , ---- -- --. 
15.90 2.06 3 3 2.1768 2.0073 169.5 707 -12 1.7 
15.90 2.06 3 10 2.1710 2.0067 164.3 685 -Jh 4.? 719 

J.O o.o 1 0 2~26~1 2 .O81t= 7 R1 .f. 7h7 
Rodine 5u 1. 980 o.s2 2 1 2.6871 2.4751 212.0 846 -43 L.8 

3.980 0.5'2 2 2 2.4136 2.2uos 212.G 938 +49 5.4 
1.980 o.S2 2 3 2 .60hl1 2.3916 212.8 81:3"/ -2 0.2 
30980 0.52 2 10 2.5924 2.JtJOO 212.4 886 -3 0.3 889 
Ooo· o.o 2 0 2.6257 2.4!!59 17918 741 

Rodine 50 o. 7930 0.10 2 8 2.6342 2.41.19 222.3 942 -6 o.6 
o. 79'{0 0.10 2 9 2.639h 2 oi1l Sl 221, -1 9S9 +11 L2 
D.7';,Y.J u.1O 2 11 2 .)-1-666 2. 2S!-1-l 212.5 913 -35 Jo7 
007930 0.10 2 12 2.6Jlh 2.3824 2[.j.;}.0 978 1+30 3.2 'ilJB 
o.o u.o 2 1 2 o'rLL32 205237 219.s 901 

"n,H 11m Cl-:rom,,.+.- 7_7() , .0 1 () 11 n ? J,),Hf; 2.6474 1.2 5.4 -1 15.6 
7.70 loO 10 111 2.'{625 2.7623 0.2 d .ii -t-2 31.,2 
7.70 1.0 lO 112 2.5936 205924 lo2 5 .4 -1 115. 6 
1.10 1.0 10 113 2.7377 2. 7362 L5 6.4 0 u.o 6.! 
o.o o.o 10 7S 2.0073 1.so2s 20408 si:;q 

Sodium Shromatc 3.dS o.s 10 30 2.1083 - - - - -
J.85 o.s 10 81 2.2164 -- -- - -- -
3.85 0.5 10 SJ 2.2009 - I - ---- --
J.t35 0.5 10 84 2.1561 -- --· -- -- - o() 

o.o o.o 10 32 201648 2.0240 140~:.8 590 
' 

Sodium Chrom4te ~--- -Eh-l-0 -":t.-l- 110-.-- -2:-.6h74· 2.5122 . l ".lc' h L.nn "l1 I -
0.770 0.10 11 111 2.6725 2.5e~13 dJ.2 350 -4.5 11.u 
o.·no 0.10 11 113 2.7362 2.6327 lOJ.t; 441 t-116 11.6 395 
0.770 u.10 11 102 2.J'.JliO l.c5J86 555.4 2320 -- --
0-0 o.u 11 112 2. r:;92J, 2. 1912 lQli_? onn 

P,ydrochloric Acid 4-oJS 0.57 ll 114 2.67hB 2.h5B2 216.6 903 -+75 9.1 
4.38 0.57 - ll 115 2 0 ·1212 2.;:230 19tl. 2 3S6 +2e 3./.i 
4.38 Oo57 _: l.l 117 2.6997 2.512t3 18609 813 -1.5 1.s 
~--~- ·e;5'f -~z- --t::c 'z-.~'fl:1/t'(-- -~-~- 1 ... ,- / .-.. ~~-- ()r, .. -- 828 . I .J... tu•./ I_,}/ V/ t,,1--• J 

o.o o.o 11 ll6 2.800.5 2.588.5 212.0 suo 
Ferric Sulfate 2.000 0,,26 11 120 2,,6Ssh 2 o226Li 429.0 lt~.30 -45 2o4 

2.OC>O On26 11 121 20721)1 2.2861 h1~n~ 1892 +17 Oo9 
2.000 O.26 11 123 2.6726 2.25o6 h22aU l8Ss -?n 1 1 

2.000 0.26 11 124 2.6763 2.2377 43tL6 1922 t47 2.s lts7~ 
OaO o.u 11 122 2a784Y 2.5709 214.O 889 

St>di.llll tli tr ate 1.10 1.00 12 110 2.O82h 1.6555 L,?f..n9 192S +9 o.o 
7o70 l.0'.J 12 111 2.1450 1.7097 4J5oJ 1830 -86 4.5 
7o7O 1.00 12 112 2.0060 1.5901 l,lS.9 1880 -36 1.9 
7 ."(0 1.00 12 llJ 2.23.35 1. 7565 u76.o 2U30 llht 6.o 19lt 
o.o o.u 1? 120 1. s1 s-3 1.6021 213.2 908 

Sodium Arsenate 7.70 1.00 9 BS 2.3230 2.1c;02 17 fi'-LH 7nr1 +A 1 .? 

7.70 1.00 9 86 203492 2.191'[ 157.5 689 -'3 o.i.t 
7.(0 1.00 9 88 2.2hJ6 2 .0751 16U._> 742 +50 7.2 

17 .'10 1.00 9 65 2.0152 l.86JJ lSL,9 6J5 -57 8.2 692 
o.u o.o 9 87 2.2393 2.0427 19606 dSS 

Sodium Arsena_tfll in8'10 (). t:;() l l l , ()t; 2.6702 205073 162.9 711 -60 7.8 
)a850 o.su 10 106 2 .6Uhl 2.SO98 171, 1 742 -29 Jo8 

'3,,8~0 0.50 10 107 2.6505 204636 l86a9 809 tJa 4.,9 

30850 o.so 10 108 2.6461 2.4s91 lU7oO 82-:S -tS2 6.7 11n 
o.o o.o 10 75 2.2ose 2oOU'(3 1 98 c; a~, 

Sodium Arsenate 00770 OolO 10 l<JU 2.h929 2.2937 0.99.2 8t:;h 1½6 ?oO 

0.110 0.10 10 1 lll ,2./i917 2.3120 1179. 7 761 -37 h.6 
0.110 0.10 10 103 2.5h67 2.3521 11Y4.6 860 -#62 7.tl 
IQ. 770 b.lu 10 104 2.5485 2.J781 l7O.4 718 --80 ~o.o 798 

IOoO OoO 10 102 2.5850 2.3c;40 tl.91.0 7'-J7 

Ef'f 

% 

+J.8 

e-2O.O 

-5.o 

+99.3 

-~ 

+56.1 

+5.9 

-111 

~111 

+19ol. 

+7n2 

OoO 



Run 
No. 

18 

Table VI 

Corrosion Inhibitor Efficiency - Data and Results for Acetyl Acetone 

Aerated and Agitated$% Phosphoric Acid - Steel Coupon - Time 24 Hours - 25°c. 
Cone Acid Metal Wt Wt Wt Corr Eff 

Inhibitor by Sol Sample Before After Loss Rate 
grams wt No. No. milli 
?°50 ml % grams grams grams Mdd % 

Acetyl Acetone 6.-332 0.886 li 47 2.7343 2.4711 257.2 1050 12.6 

2.928 O.JSO h 48 2. 7346 2.5158 218.8 9h2 1.1 

1.952 0.253 4 so 2.3225 2.5980 224.5 929 0.3 
o.o OoO 4 51 2.7814 2.5582 223~2 932 

I 

I 



Table VII 

Average Corrosion Inhibitor Efficiency for Organic Compounds Investieated 

Aerated and Aeita.ted 5% Phosphoric Acid - Steel Coupon - TiMe 24 Hours - Temp 25°c. 

Inhibitor Concentration Efficiency 
"' Nitror,en J') _.,_ 

Ethylene Diamine 0.10 J.5 
0·.01 o.8 

-•- --------- ---·--·- ... - - ---------- ----- ~---------·-----

Triethylenetetramine o.Li/3'.J - 3.3 
0.245 - 1.2 
0.10 2.9 
0.01 - 6v8 

-----•-••- ------ - - - ------------- --------------·--•-

Triethanolamine 0.10 - 2lo9 
Q.01 - 27.0 

-------- --·------- - ·--·-·-·-------- --
Beta-Alanine 0.10 11.7 

0.01 - 2.1 
.. -------~---

Tri-n-butyl-a.mine 0.10 - 20.1 
0.01 13.3 

-- ------ --~ -- -----· -- ··---

Aminoacetic Acid 0.10 - 7-5 
O.'.)l - o.s 

-~--- -- . 

Di-n-amyl-amine 0.10 - 26.0 
0.01 - 29.9 

------ --

Tri-n-ariyl-amine 0.10 - Jd.0 
0.01 - 22.0 

0-Phenylenediaoine 0.10 7.1 
0.01 6.6 
----- ·-

I 
I 5.0 amine 0.002 I -Diphenyl o.oood J.0 

---·--

I P-:Ji trobenzoic Actd 0.10 - 293.0 I 0.01 - 19900 
O-Nitrophenol 0.1-u - oC) 

OoOl - as4.o 
2-Nitro-1-butanol 0.10 - oC) 

0.01 - 205.0 
- ---------- ., ___ - - ----- ---- --··------------ ---

Trimethylol Nitronethane 0Ql0 - 615.Q 
0.01 - 144.0 

Cyanoacetic Acid 0.10 - S.6 
0.01 J.B 

-

Pyridine 0.135 - J.? 
0.10 4.1 
0.18 o.o 

Acetyl Acetone o.886if- - 12.6 
0,)8~ - 1.1 
0~253* 0~3 

j 

* Indicates concentration by weight 



Table VIII 

Average Corrosion Inhibitor Efficiency for Rodine SO and Inorganic Compounds Investigated 

Aerated and Agitated 5% Phosphoric Acid - Steel Coupon - Time 24 Hours - Temp 25°c. 

Inhibitor Concentration Ei'ficiency 
% by 'Weight 

I 
I 
' Rodine 50 2.06 ).8 
' 0.52 - 20.0 

'J.10 - 5.0 

Sodium Chromate 1.00 99.3 
o.so - c,C:, * 

! 0.10 56.1 
! 

Hydrochloric Acid 0.57 I 
! 

5.9 
Ferric Sul.f'*e i 0.26 - 111.0 

I I 

I Sodium Nitrate I 1.00 i - lll.O 
' 
I I 

I 
Sodium.Arsenate 1.00 19.1 o.so 7.2 

I 
0.10 o.o 

* Indicates reduction of chromate 

I 

I 
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TA:BLE IX. 

COUPON MEASUP.EMENTS AND AREA* 

No. Length Width Are~ 
dm dm 4m .. 

0 0.526 0.240 0.2426 
1 0.521 0.250 0,2506 
2 o.514 0.230 0.2266 
3 o.516 0.242 0.2401 
4 o.518 0.242 0.2411 
5 o.s22 o.248 0.2496 
6 o.521 o.244 o.2446 
7 o.514 0.246 o.2431 
8 o.soo o.246 o.2361 
9 o.516 o.236 0.2341 

10 o.516 0.242 0.2400 
11 o.511 0.238 o.2330 
12 o.531 o.248 0.2536 
13 o.514 o.244 o.2409 
14 o.s2a 0.246 0.2500 
15 o,520 0.250 0.2501 
16 0.515 0.250 0.2476 
17 0.525 0.248 0.2511 
18 0.518 0.250 o.2491 
19 o.527 0.252 0.2559 
20 o.520 0.251 0.2511 
21 0.523 0.248 0.2501 
22 o.523 0.24a 0.2501 
23 o.519 o.248 0.2476 
24 o.520 0.250 0.2501 
25 0.513 0.242 o.2386 
31 o.516 0.240 o.23a1 
32 o.515 0.240 0,2371 
33 o.509 0.238 0.2324 
34 o.513 o.242 0.;2381 
35 o.512 o.245 o.2414 
36 0.518 o.243 0.2421 
37 o.513 0.260 0.2364 
38 o.514 0.236 0.2331 
40 o.515 0.240 0.2371 
41 o.s12 o.24o o.2361 
42 o,510 0.235 0.229s 
43 o.514 0.23a 0.2346 
44 o.517 0.240 o.2386 
45 o.s1s o.238 0.2376 
46 0.518 0.240 0.2391 

Oontinc1ed on page 56. 
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T.Al3LE IX. (Cont.) 

COUPON MT,ASllREJMENTS Alm AI!EA * 

No. Length Width A~ d.m d.m 

47 o.B10 o.24o 0.2451 
48 0.513 o.236 0.2324 
50 0.518 o.243 0.2419 
51 o.512 0.243 o.2391 
52 o.oos o.240 0.23::36 
53 o.518 0.247 0.2461 
54 0.517 o.24o o.2384 
55 o.ooa 0.237 0.2311 
56 o.514 0.236 0.2326 
57 o.516 0.242 0.2400 
58 o.518 o.241 o.2400 
60 0.520 0.238 0.2370 
61 o.519 0.237 o.P.360 
62 0.518 o.240 0.2385 
63 o.518 0.237 o.2355 
64 o.s2s o.238 0.2400 
65 o.521 0.239 0.2390 
66 o.518 0.240 o.2385 
67 o.523 0.22a 0.2280 
68 o.521 0.232 o.2318 
70 0.512 o.239 0.2350 
71 0.502 o.234 0.2250 
72 o.518 0.235 o.2337 
73 o.520 0.236 o.2355 
74 o.525 0.236 o.2380 
75 o.522 0.238 0.2385 
76 0.519 0,.232 0.2305 
77 0.520 0.237 C.2360 
78 0.514 0.240 o.2417 
80 o.516 0.239 0.2365 
81 o.514 0.239 o.2360 
82 0.520 0.240 0.2395 
83 0.518 0.238 0.2365 
84 o.503 0.235 0.2265 
85 0.513 0.238 o.2340 
86 0.502 0.238 0.2290 
87 o.504 0.238 0.2300 
88 0.500 0.237 0.2270 

100 o.518 0.235 0.2235 
101 0.519 0.237 0.2360 
102 0+520 0.240 0.2395 
103 o.521 0.236 0.2360 
104 0.520 0.238 0.2375 
105 o.520 0.230 0.2290 

Continued on page 57 
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TABLE IX (Cont.) 

COUP011 MEASUREMENTS A1"\JJ A.l.lEA* 

lio. length Width 
dm d.m 

106 0.510 o.240 
107 0.510 0.236 
108 0.502 0.236 
110 0.500 0.232 
111 0.518 0.240 
112 0.503 0.230 
113 o.511 0.240 
114 0.519 0.241 
115 0.520 C.232 
116 o.527 0.238 
117 o.520 0.231 
118 o.520 0.240 
120 0.508 0.235 
121 o.512 0.234 
122 0.52~; 0.240 
123 0.507 0.234 
12~ 0.513 0.232 

*Thickness= ~.013 inches= 0.0033d.m 
Diameter hole= 0.79 d.m 

Are~ 
d.m 

0.2350 
0.2310 
0.2210 
0.2220 
0.2380 
0.2215 
0.2350 
0.2400 
0.2315 
0.2410 
0.2300 
0.2395 
o.2345 
0.2300 
0.2405 
0.2275 
0.2280 
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IV. DISCUSSION 

Corrosion Rate Units. The standard unit for expressing 

weight loss data in corrosion work is milligre_.ms per square 

decimeter per day, or mdd. However, some writers prefer to 

express these de,ta in various other ways, one of which is 

average penetration in inches per year, or "ipy'1 • To ex1)ress 

the rate as ipy is sometimes helpful in that it aids in the 

forming of a mental picture of the e,ctual deterioration of the 

metal, i.e., the wearing away of the metal surfe,ce. 

To determine average penetration in inches per year, it is 

necessary to mow the loss in weight, the area exposed, the 

weight of the metel per unit volume, and the duration of the 

experiment. The formula is; 

P(or ipy) = 

where; 

WK 
SAT 

P (or ipy)= average penetration in inches per year 

W - weight metal removed (grams) 

K - constant (0.003937) 

S = specific gravity of metal 

A= area exposed (sq dm) 

T = du.ration of test (years) 
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Provided the corrosion is uniform on the metal ?urface, a 

conversion may be made from mdd to ipy or vice versa, using the 

following equation: 

ipy x 696 x density= mdd 

If pitting has occured, a conversion can not be me.de. The 

pi ts are usually expressed as maximum penetration in inches per 

year (depth of penetration). The term "pitting factor", is often 

used to determine the approximate time of deterioration of the 

metal by perforation, i.e., 

Max., ;penetre.tion 
ave. penetration= pitting factor 

Effect of Aeration and Agitation of the Corrosion :Rate. E. P. 

Whaley(73 ), has previouslypointed out that aeration and agitation 

have a pronounced effect upon the corrosion rate. He showed that 

there is a 30 to 60 per cent increase in the corrosion rate of an 

aere,ted solution of five per cent phosphoric acid over an unaerated 

solution of the same strength using copper as a metal. He also 

showed tba t there is an incre~,se in the corrosion rate when the 

rotation of samples is increased. During this investigation the 

flow of air to the corrosive media and the rotation of the coupons 

was kept const&:nt, thereby eliminating any inconsistancy. 

Effect of the Methocl of Cle:::.ning on the Results of the In-

vestigation. The same cleaning procedure was followed for all 

samples, thus weight losses due to cleaning were constant throughout 

and did not appreciably s.ffect the relative results. 



Du.ration of Run. The length of the individual runs we,s 

24 hours. During this time between 700 and 100 mg/sq dm/day, 

corrosion rate, wa,s observed in blaa:ik runs. This is more than 

the minimum weight loss prescribed by the Standard of the American 

Society for 'resting M=iterials (l). 

Variation in Data for Inhibited Runs. The Standard of the 
I - } 

American Society for Testing Materials' .1.. on immersed corrosion 

testing states tha,t the per cent deviation from the average 

for a four coupon run should be plus or minus 7 per cent. 

However, in this investigation a plus or minus 10 per cent 

deviation has been accepted since an inhibitor, in order to be 

a good inhibitor, mus-:~ be at least 50 to 70 :per cent efficient. 

A 10 per cent error will have little or no effect upon the final 

decision as to the practical value of an inhibitor. Another 

reason for a,ccepting a, plus or minus 10 per cent deviation limit 

is tr.at the corroding system was not under strict control, since 

it was open to the atmosphere. An evaporation error was thus 

introduced. The vol,-1.me change may be as much as 5 per cent in 

24 hours. It should be pointed out, that where there is little 

or no weight loss, the slightest variation in the weight will 

introduce considerable error. This can be illustrated in the 

case of sodium chromate in Run 45, Table VI. Here the devia-

tion in three samples out of four was greater than 10 per cent; 

however the greates\weight loss was only 1.5 milligrams and the 

least 0.2 milligrams. 
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Reason for Testing Inorga,nic Comnounds. During this in-

vestigation no organic compouna.s were found tbat bad any apprec-

iable affect in inhibiting the corrosion process. The literature 

mentions sodiu.'ll arsenate, sodium chromate, and other compounds 

tbat do act as inhibitors. Also, in the phos:phatizing treatment 

of steel, certain inorganic inhibitors are used. It was then 

decided to test some of these compounds and try to find an in-

hibitor thct had a greater efficiency. 

Rodine 50. Rodi:ne-50 is a commercial inhibitor that is 

used with hydrochloric ::,c id. in :pickling of steel. During this 

investigation it was used with hya.rochloric acid to cle2,n the 

samples, as mentioned before. A quali te,-cive organic analysis 

was made of Rodine 50 and it was found to contain the tertiary 

amine grou~o, forin2.ldehyde, hydrochloric a.cid and we,ter. In 

t&,ble V, Run 4, in a concentration of 0.517 per cent by weight, 

Rodine 50 showed E". negative efficiency of 20 per cent, thereby 

not being an inhibitor at all under the conditions tested. 

From this action it can be concluded th.at a compound which is 

a good inhibitor in one acid or solution ma.y not necessarily 

bave the same action in e,nother medium. 
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Cl!'.lssificatbn of_Organic Compounds Tested. Some of the organic 

compounds tested may be classified as poor inhibitors or inert. 

Most of organic compotmds tested may be classified as accelerators. 

These are: 2-nitro-l-butanol, trimethylol nitromethane, nitro phenol, 

di-n-amyl-amine, tri-n-amyl-nmine, tri-n-butyl-amine, 8nd trietbano-

lamine. 

Classification of Inorganic Compounds Tested. Sodium chromate 

may be classified as a very good inhibitor in concentrations of 

· one per cent while sodium arsenate may be cl&.ssified as a poor 

inhibitor. Ferric sulfate a,nd sodium nitrate were found to be 

e,ccelerators. 
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Comparison of Amines. From a study of the literature, several 

amines e,re shown as good inhibitors (over 90 per cent) of sulfuric 

acid., (Table I). But (Table III) all the amines do not show an 

efficiency of greater than the experimental error and some are 

definitely negative. UhligC 68 ) states that com:pounds which show 
' inhibitive properties for-0ne acid, should have similar inhibitive 

effect on other acids. However the results of this investigation 

do not lead to such a conclusion. 

Discrep,my of Sodium Arsenate. According to Table II, it 

can be noted that Kosting end Heins found no weight loss using 

sodium arsenate in a concentration of 0.49 per cent by weight, 

in a 50 per cent phosphoric e,cid. solution at a temperature of 

so0c. In ~able V, Run 42, sodium arsenate shows an efficiency 

of 19.1 :per cent, at a concentration of 1 per cent, under the 

cond.Hions tested_. This discrepancy me,y be caused by one of 

the following reasons: (1) The samples tested showed very large 

pits that indicate sodium arsenate intensifies corrosion in small 

areas, thereby not completel;.r blanketing the metal surface. 

(2) The activity of a 5 per cent phosphoric acid solution is 

greater than the activity of a 50 :per cent solution. (3) The 

temperatures em1)lo;red were different. (4) The velocity and 

aeration may have been different. 
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Action of SodiuE Ch1'0,na te. It can be seen from Table V, 

Run 45, that sodium chromate inhibits corrosion almost completely 

in a concentration of 1 :per cent, using new samples. In Run 46, 

sod:ium chrome,te was tested in concentrations of 0.5 per cent on 

used sam:ples, ?end the sam~)les disintegrated. This may be ex-

plained in the following manner. When the samples were intro-

duced into the corrosive media containing sodium chrome,te, the 

solution turned a greenish color after a few hours, indicating 

reduction of the chromate ions to chromic ions. Evans(l8) points 

out that chromates ;?recipitate ferrous salts in the absence of 

alkali, giving a precipitate containing ferric ion, chromic ion, 

hydroxide ion, s,nd the chromate ion. In this run the samples 

were not clean and shiny, out contained a greyish black film 

which might be called ferrous phosphate. The chromRte was 

recluced by this ferrous phosphate and. in this way the chromate 

never reached the actual metal surface ·where it could inhibit 

the Ection of tbe phosphoric acid. As more ferrous phosphate 

was :produced by the action of the acid on tbe steel, it too was 

oxidized to ferric phosphate, and so the selllple disintegrated 

in this manner. 

Acceleration of Corrosion. In Table IV, Run 9, 2-nitro-

l-butanol in concentrations of 0.10 per cent nitrogen, was such 

a stimulator that the sarnples r.iad disintegrated before the 24 

hour period bad elapsed; therefore no c1uantitative results could 

be determined. In the same Table, Run 17, nitrophenol shows 
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similar action in the same concentration. In a lower concentration 

of O .Ol per cent nitrogen, both compound.s, however, did give a 

corrosion rate that could be deterrninea_. In the case of 2-nitro-

butanol, Run 10, the efficiency obtained was minus 205 per cent, 

ana_ in the case of nitrophenol, Run 17, the efficiency was minus 

354 per cent. However, the samples of both runs were badly 

pitted and could not be used again. This action is very curious 

since l,fun:-1(47 ) states that "organic inhibitors have never been 

found to act as stimulators11 , yet here is one organic compound· 

(an inhibitor in copper and phos:9horic acid) that does act as 

a stimulator in the corrosion of steel by phosphoric acid. The 

corrosion rate was approxirr,ately three to four times greater 

with the inhibitor than without. 

Evans(lS) clivides inhibitors into two classes, safe and 

dangerous. An inhibitor can onlJ" be dangerous when it is a,n 

~,nodic inhibitor ana. is added to Et cathodically controlled re-

.::,ction in small amounts. An example that can be given is the 

inhibition of corrosion of steel in water by sodium chromate. 

If an insufficient amount of sodium chromate is added to such 

2, system, corrosion will be intensified, and therefore be greater 

~ban without the inhibitor. The inhibitor will reduce the area 

being corroded still'more rapidly, thereby increasing the pitting 

factor. Evans points out< 79 ) that a single compound may belong 

to a safe and dangerous class under different conditions. This 
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seems to be the case with 2-nitro-1-butanol. With copper and 

5 per cent phosphoric acid the compound is a very good inhibitor 

(94 per cent), while with steel and 5 per cent phosphoric acid, 

it is 1°n accelerator. 

A possible explan..A-tion for this difference is that 

2-ni tro-1-butanol is onl;1 slightly soluble in 5 per cent 

;Jhosphoric acid. Weights of this compound tbe,t would give a, 

nitrogen concentration over 0.10 per cent ·will not go into 

solution. In this investigation, the corrosion of steel is 

a d 1 Th d 2- fb un_er catho ic contro • e compou.n, -nitro- utanol, can 

be considered to be an a.nodic inhibitor and in small amounts 

can only serve to increase the total corrosion. Larger amounts 

of 2-nitro-l-butanol might conceivabl;r inhibit, but it is im-

possible to put la.rger amounts in solution, under the concd-

tions of these experiments. 

Whaley< 73 ) bas shown tha.t aeration increases corrosion of 

COP:::ier in 5 per cent phosphoric acid at 25°0. This may seem 

to indicate that copper is under cathodic control. However, it 

may be postulated that the oxygen goes to the anode forming 

copper oxide, which is then dissolved by the phosphoric acid. 

Since the rate of corrosion is depena_ent upon the rate of the 

anodic reaction of copper with dissolved oxygen, the corrosion 

can be said to be under anodic control. Therefore, when 2-ni tro-

1-butanol. an anodic inhibitor, is introduced into 5 per cent 

phosphoric acid, the corrosion of copper c2,n be stifled by 
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adsorption of the inhibitor on the anodic area. This may be 

the reason why, under these conditions, 2-nitro-1-butanol is 

an inhibitor for co-,yper and an accelerc, tor for steel. 
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Limitations 

This investigation was carried out under the following 

limi ta tior:.s: 

1. 

2. 

3. 

O 0 The temperature em::Jloyed was 25 -r,lus or minus O .5 C. 

The time alloted for each run was 24 hours. 

The concentration of the phosphoric acid used was 

5 per cent, and the solution was prepared from 85 

per cent, chemically :pure, ortho :phosphoric acid, in 

a batch process. 

4. Steel containing appro:x:imatel;y 0.08 per cent carbon was 

the only material tested. 

5. Samples that were used were cut from a, single sheet of 

steel using tin-smith shears, and the areas were not 

constant throughout. 
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Recommendations 

This investigation bas suggested that the following work 

be done: 

1. Further electrode :_potentiometric measurements should 

be st'J_died with steel and copper in inhibited and 

uninhibited phosphoric acid solution. 

2. Inl1ibitors in various concentrations, especicclly tb.e 

amines should be studied in varying r~cid concentrations. 

Corrosion of steels of different carbon content 

should be studied. 

4. Compouna.s that are inhibitors for one acid and metal 

should be studied in other acids and metals to deter-

mine whether they are effective. 

5. Similar investigations using higher temperatures should 

be studied. 

6. Further investigation should be made on the nature of 

co::p:per in aNated acids to determine the mechanism of 

the corrosion of metals more noble than hya_rogen. 

7. Sodium ch!·omate ana_ other inhibitors used in this 

investigation should be studied 1...1.sing a slower velo-

city of rotation. 
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V. COMCLUSIOMS 

From the results obtained in this investige,tion, the 

following conclusions can be drawn: 

1. A substa.nce inhibits corrosion only under certain 

conditions, and under other conditions it may not 

be an inhibitor, but may be inert or an accelerator. 

2. No compounds tested in concentrations of O.Ol and 

0.10 :per cent nitrogen, were found to inhibit the 

corrosion of steel in 5 per cent phosphoric acid 

at 25°0. and under the conditions of aeration and 

ag:Ltation used. 

3. Sodium chromate is an inhibitor in concentrations 

of l per cent for the corrosion of steel by a 5 

per cent, aerated, agitated, phosphoric acid 

solution a.t 25°0. 

4. The mechanism of the corrosion of copper proposed 

by Whaley is not substantiated. Chelation probably 

is not the mechanism by which 2-nitr.o-l-butanol 

inhibits the corrosion of copper in a 5 per cent 

phosphoric acid solution. 

5. Inhibitors that are used and are efficient for one 

acid under certain conditions cannot always be said 

to work for other acids under other conditions. 
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