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EQUILIBRIU. SYSTE1S FOR FOUR PETALLIC COMPLIDC 
OF ETHYLETE DIIITE TETRAACETIC ACID 

INTRODUCTION 

Investigations were made on the equilibrium systems for four 

metallic complexes of ethylene diamine tetraacetic acid. Throughout 

the remainder of this work, ethylene diamine tetraacetic acid will be 

referred to as versenic acid, its commercial naine, and the sodium salt 

of this acid will be called versene. 

The formula for versenic acid is: 

O O 

li II 

HO - C - CH2 CE2 - C - OH 

/ 

/ 
110-C-CE 112 CH 

11 

-C-OH 

o 
O 

This acid is a tetra basic acid. 

The present method of preparing versenic acid was developed 

by F.C. Bersworth (ö). This consists of reacting ethylene diamine with 

an alkali-metal cyanide and formaldehyde with sufficient sodium hydrox- 

ide to bring the p to at least about 9. The reaction is carried out 

at a temperature of about bO-SO0 C. under sufficiently reduced pressure 

to cause the mixture to boil at that temperature. Constant stirring 

together with the boiling serves to remove arrrnionia as fast as it is 

formed. It is essential in order to obtain proper yields that the 

free cyanide preseil's in the reaction mixture at any one time be not 
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more than one-quarter the amount necessary to react completely with 

the amine, and that the amount of free formaldehyde present in the 

reaction mixture at any one time be about five per cent less than the 

sodium cyanide present. When the reaction is substantially completed, 

the tiperature may he raised and a sliht excess of formaldehyde added 

to react with any unreacted cyanide. 

The crude reaction product ordinarily contains an excess of 

alkali metal hydroxide as well as polyhydroxy compounds (which are 

produced as a side reaction by the polymerization of formaldehyde in 

the presence of alkali). 

The reaction product (verscne solution) is at a ph of 12 due to 

the presence of free caustic soda. The versenic acid can be liberated 

from this solution by carefully lowering the ph to 1.3, allowing the 

solution to cool, filtering and washing with ice cold water. 

The following examples illustrate two ways in which the 

metallic ion may be held in complex with versenic acid. 

A 
, I 

1T(T _ CF2 
.- 

I 

CH2 Me CH2 

I , I 

C-O O-C 
It II 

O o 

O O 

1' II 

-O O -C 
I \/ t 

CH2 Me 0112 

I I 

N..-CH2 - H2 > 
, 6 

CH2 .! e CH 

:' N0 
u ii 

n O 
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Lie represents a metallic ion and A and B any additional organic 

groups. A and B are immaterial for complex foiiation, but may 

greatly influence solu'oility and other physical properties of the 

complex. 



L. 

THEORY 

Complex Forinin Properties of Versene (9) 

The octet theory of valence states that each element prefers 

to have a system of eight electrons in its outer orlit. This is a 

stable configuration and would tend to be formed wherever possible; 

exceptions are hydrogen which can have only two, and elements of higher 

series containin electrons in the third orbit or hiher orbits. Two 

elotrons of a shared pair in chemical formulas are usually indicated 

by a dash (-) indioatin a chemical bond. This is a co-valent type of 

bond usually present in organic compounds. Electro-valent bonds or 

bonds between unlike charges are really not bonds at all but attrac- 

tions and do not involve any definite position or spacing 

atoms having the unlike chares. In the follovrng discussion, these 

bonds are indicated merely by plus (+ and minus (-) signs and the 

particles mvin these positive arid neative charges are not given the 

typical dash that is being used for the co-valent bond. Thus the 

formula, that is, the conventional formula for versenic acid or 

ethylene diamine tetraacetic acid would be as follïs: 

HO_c - 

I 

00c_ 
- 



however, if each electron were indicated by a dot (.), it would be 

necessary to substitute two electrons for each of the dashes or bonds 

indicated in the above formula. The formula, on this basis, would 

become: 

h 

: c 

II H H H .. F 

H HCH H;C'.F 

: 
H 

It is to be noted that there is one important differerce in the charac- 

teristics of the two methods of writing the formula for this compound 

indicated above. here is no indication in the first formula that 

nitroger has in reality a complete octet of electrons, while in the 

second formula an unshared. uair of electrons appears on each nitroen. 

This, as will be seen later, imparts very important characteristics to 

versene and therefore, we shall have to use the electron formulas to a 

considerable extent in the follwing discussion. 

using the electron structure for the tetra-sodium salt of versene, 

the folhwing formula is obtained: 



Na Na 
-:0: - 
: 

. H 
H H 

H:CL 

lia N 0 C 

p 

HCi H Ii H HCH 
.. .. 

:0; f a 

This formula differs from formula II in that four hydrogens have been 

removed leaving a negative charge on each carboxyl group and four 

sodium ions are needed to neutralize these negative charges. fote 

that there is no definite bond between the sodium ions and the 

carboxyl groups; the sodium ions merely stay in the vicinity of the 

carboxyl groups because of the attractions of unlike charges for each 

other. Another inaccuracy in formulas I and II is corrected in the 

following structure for versenic acid itself. 

00CR - 
+ + o o 

F\li H H H C 
\i I I 

lib N C N H 

Hf H 

H1 '011 

0H 

In the structure shown above, the proton has migrated from each 

of two carboxyl groups and has become attached to the two free olee- 

trons or two unshared electrons on the nitrogen. This results in the 

so-called zwitter ion while about l' contains the structure where the 
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proton is attached to the car'ooxyl roup. Therefore, formula II b 

is necessary to indicate the actual behavior of versenic acid. It 

indicates that only two of the carboxyl groups are normal and would 

have strongly acetic properties. o of the carboxyl groups, there- 

fore, would be normal and gave an acidity comparable to that of acetic 

acid. The other two carboxyl roups would be in the form of the 

zwitter ion. Neutralization of this substance with sodium hydroxide 

would result in the following structure: 

OOC 

CH2 H 

III 
+ r 

- CH -' 
oOC 

- CH2 - CH2 

+ .,coc5 

I CH2 - 
o: + 

a 
C 00 

The above structure shows a completely symmetrical form for the ver- 

senate ion and would be arrived at quite easily throuh neutralization. 

All carboxyl groups are equivalent here, both nitrodens are equivalent, 

and the two sodium ions remain in the vicinity of the carboxyl croups. 

Further neutralization would,therefore, take place with difficulty, 

and it is not surprising that the tetra sodium salt, or even the tri 
sodium salt, is obtained only at rather high pH values. Let us re-write 

the structure of the tetra sodium salt in a more simple mariner and at 

the same time indicate the presence of two free electrons on the nitro- 

en as follars: 



4 
Va 

.4- 8 
Na 

_oos C 00 

CH CH 
2 

']T-CH -CF T 

Iv 
CH2 

+ OOC COO + 
Na 

These free pairs of electrons on the nitrogen are able to become 

associated with other atoms or other nuclei; for example,vthen protons 

are available, they become attached to the nitroen as indicated in 

formula lib. Also, these two nitrogen atoms are very conveniently 

spaced. with two intervening carbon atoms; moreover, they are spaced 

in a very special manner with respect to the negative oxygen atoms 
on 

the carboxylate ion, with again two carbon atoms between the neative 

oxygen and the nitrogen. Then a metal, such as calcium or nickel, or 

other metallic ion is used for neutralization of two of these 

carboxyl groups it is possible for the metal to take up a central posi- 

tion with respect to the nitrogen atoms and the carboxyl groups whereby 

the metal is about equidistant from the oxygens and the nitrogens and 

as a very important factor is very close to each of these four atoms. 

This is indicated by the structure shown below for calcium versenate. 

Na 

_0OC Coc_ 

y CH CH CH CII 22 2 / 2 

F 

/ 
CH CH 

2 /2 
?\I \/\\ 

o o 

The above indicates the structure of the calcium di-sodium salt of 
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versene. It will be easier to understand why the metal should take 

up this position if a completely electronic formula is written for 

this. 

+ + 
Na Na 4. 

C 

Va 
:r H E H H.,C.. 

I, E ,. C 

I' H 

'C 

c'c 

This shows that an electron pair is available from each of the nitro- 

gens for sharing with the calcium. This results in the addition of a 

complete octet forming a now outer orbit for calcium and is for that 

reason a stable configuration. Thus the calcium in versene is nob 

ionically bonded as sodium is shown to be, but is co-valently bonded 

and hence non-ionizable, and will not be precipitated by many of the 

normal precipitating agents for calcium ion. It is not precipitated 

by these reagents because the calcium ion is not present. An analo- 

gous structure would be obtained for the nickel salt or the cobalt 

salt or the lead salt or salts of other metals with versone. Struc- 

turc shovm in formula Va is often indicated in the literature by 

something simi]r to the following: 



jO 

+ + 
Ta CH2 CH2 Ta 

OOC - CH j c: -cod 2,v -- - Ca - - ,', 
CH2 O 'O CH2 \/ 

C C 
H II 

'O o 

This formula is simpler and appears to be much clearer. The unusual 

bonds or so-called complex bonds, sometimes called the co-ordinate 

bonds, are indicated by dotted lines while the nonl bonds are in- 

dicated by dashes. This formula is misleading, however, since fonula 

Va indicates that all bonds are quite similar. Also, this formula 

indicates that calcium has two co-valent bonds to oxygen but does not 

indicate that the :onds between calcimi and nitrogen aro of the same 

type. It is true, however, that the onds between the calcium and 

nitrogen atoms may be broken more easily than these between the 

calcium and oxygen since the oxygen is negative before formation of 

the complex and due to the carboxylate ion thc attraction for a metal 

would be quite strong. The nitrogen1 on the other hand, would be 

neutral and its attraction for a positive charge would be somrhat 

less. On the other hand, if the complex is broki it is impossible 

to retain the cc-valent bond between calcium and ox:ren because the 

bonds would then be ionic and not co-valent. It is to be noted that 

this structure still has two ionic type linkages since lt would have 

to be in the form of the dl-sodium salt or dl-potassium salt or 

di-salt of some other metallic ion. It would therefore, he soluble in 

aqueous solvents and in other ionizing solvents. However, in the 



il 

resulting solutions the calcium would not be ionized. In the case 

of the mono-calcium salt of versene, the following structure occurs: 

CH CIJ 

-CH2 / 
I 

,0H2_ COOF 

711 
CH2 h2 

lt II 

o o 

Lere we have two free carboxyl groups. The whole structure contains 

only cc-valent bonds, the metal being co-valently bonded through corn- 

plex formation and the only possibility of formation of ions is 

through the slight enount of ionization that would result from the 

-bwo carboxyl groups. The structure, therefore, would be expected 

to e alcohol soluble at soluble in other polar solvents probably 

to some extent in water as well, but probably not soluble in hen- 

zene, toluene, and other non-polar hydrocarbon solvents. Ìn alter- 

nate structure is shown below: 

VIII 

CH 

P0CC Cr 

/ 
o 

C 

C'i 

CIL-S- COOL 

t___ 

\ 
\ 0/ 

- C.o 

The properties of the compound indicated above could 'ce further 

changed by converting the carboxyl rjups to ester linkages. If 

the acid is esterfied, the material should become less soluble in 
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water and more soluble in alcohol and in other organic solvents such 

as esters, and,if the croup is 1argeenouh.wou1d increase lhe 

so1ui1ity in even the hydrocarbon solvents. A further change in 

the properties of these complex substances could be obtained by 

attachin a lon chain alkyl or aryl ¿roup to the nitrogen atoms 

leavin only one free earboxyl group attached to each nitrogen atom 

for complex formation. In the resulting complex no free acetic acid 

groups would be present and therefore, no ionizing properties would 

be shown by the compound. By attaching lon chain groups or hydro- 

carbon groups of high molecular weight to a nitrogen, considerable 

hydrocarbon solubility should be obtained. The type of formula 

that would Lest represent general compounds containing ester groups 

or hydrocarbon groups attached to the nitrogen, is shown below: 

CH CR2 
R 
'r 

LX 

2 
Ch 

\ o' 
2 

VThere R = CH2 COOR' R' alkyl or aryl croup 

Structures containing high molecular weight groups in place of R 

should have high solubility in such substaxices as gasoline, hydre- 

carbons in general, plastics, resins, etc. This class of compounds 

would, therefore, 'ce extremely important in dissolving metals in 

these substances, particularly if the metals impart special pro- 

perties to these substances by their presence or by their chemical 
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activity. 
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CPERr.TTTAL PROC EDTJRE 

Standard solutions, approximately 1 orma1, were made for 

each of the metallic ions - copper, nickel, zinc and manganese - and 

analyzed by the foilawin analytical roceciures: copper by the thio- 

cyanate method (23); nickel by the dimethyl glyoxime method (27); 

zinc by the ammonium mercurio thiocyanate method (25) and the 

ammonium phosphate method (2Lj); and manganese by the ammonium per- 

sulfate method (26). 

Various known solutions of two of the metallic salts were 

diluted to LO cc, ade alkaline with ÔT NaOH solution to the desired 

pIT, trisodium versene added, and adjusted to the desired pH by adding 

either ÖN !TaOH solution or 6F ITO1 and diluting to the final volume 

with distilled water. The solution was heated for a few minutes 

and allowed to stand until equilibrium was attained. This was 

determined by approaching thc equilibrium from two sides - namely, 

adding versene to an acid solution of two metallic salts (the 

versene added bein insufficient to tie up the total rstallio ions 

present) and then making alkaline to precipitate the metals not in 

the complex,and the disso1vin( of the precipitated metals from an 

alkaline suspension through foiiation of a complex with versene. The 

precipitate was filtered off, dissolved in hydrochloric acid, di- 

luted to 500 cc in a volumetric flask and aliquots analyzed for the 

metallic ions. The filtrate, which contained the metallo-versenes, 

was usually discarded; iut in one case it was analyzed for the two 

:retal1ic ions in order that a material balance of the metallic ions 
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might be made. Ordinarily, the precipitate was analyzed and the 

composition of the filtrate detennined by difference, that is, 

by subtracting the amounts of the, metals present in the precipitate 

from those present in the original metallic sait solution. 

In order to determine whether the equilibrium obtained 

by heatin' the metallio-versene system followed by COOifl to 7O F. 

would be different from the one approached at 700 F mthout utilizing 

any heat, the following procedure was employed: a lmown solution of 

zinc and manganese was treated in the same manner as discussed in 

the preceding paragraph, heated to boiling, cooled to 70° F., filter- 

ed, and the precipitate analyzed for zinc and manganese. another 

metallic salt solution of the same composition was treated as before, 

except that it was allowed to aiproach equilibrium at 70° F. without 

any previous heating. The suspension was filtered at 70° F. and the 

precipitate analyzed for zinc and manganese. 

The anali±ical jroceôures which were used were mentioned in 

ti-ic first paragraph of this section. solutions of previously dried 

and weighed reagent grade metallic salts were analyzed to test the 

accuracy of the acalytical rocedures employed. 

All systems investigated, naie1y, zinc-copper-versene, nickel- 

manganese-versene, zinc-nickel-versene and. zinc-cianganese-versene- 

were allowed to reach equilibrium at 

atmospheric oressure. In order to s 

concentration, and amount of versene 

curves of the zinc-manganes-versene 

conditions. 

a temperature of 700 F. and 

budy the effect of pH, versene 

on the equilibrium, equilibrium 

sirstern were obtained for these 
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A test was performed to deerrnine the amount of versenic acid 

that could be recovered from an alkaline etallo-versene system. This 

was done by dissolvinj, a weighed amount of dry versenic acid in 

alkaline solution and adding the versenesolution to a metallic salt 

solution - the wnount of versene being sufficient to tie up the total 

metallio ions rresent. ITaOH solution was added until a pT of 7.ó was 

ohtained. The piJ of the solution was lowered by the addition of 

hydrochloric acid until a pH of 1.3, the isoelectric point of versenic 

acid,was reached. The versenic acid was filtered off, washed, dried 

in an oven at 830 0. overnight, cooled in a desiccator and weighed. 

The loss in weight was the amount of versonic acid not recovered. 

Equilibrium curves were plotted for each of the systems 

investigated. 
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RESULTS 

Zinc-Copper-Versene Equilibrium ytem 

Conditions: 

pH - 7.6 

Temperature - 70° .1?. 

Pressure - atmospheric 

Vorsenic Acid (as Trisodlum Versene) - 2.34 grams 
per liter. 

Total volumie - 125 cc 

Original 3o1'n. Millimols held Milhimols in 
Sample Miflimols in complex precipitate 

No. Zn Cu Zn Cu Zn Cu 

64 2.450 2.550 2.150 0.760 0.300 1.790 

65 2.450 2.550 2.144 0.760 0.306 1.790 

66 3.920 1.020 2.900 0.229 1.020 0.791 

67 3.920 1.020 2.935 0.229 0.985 0.791 

6E 0.980 4.00 0.785 0.990 0.195 3.090 

69 0.9E0 4.0E0 0.774 0.990 0.206 3.090 

70 1.910 3.060 1.587 0.&5 0.323 2.175 

71 1.910 3.060 1.593 0.885 0.317 2.175 

72 0.490 4.590 0.401 1.115 0.0E9 3.475 

73 0.490 4.590 0.406 1.080 0.084 3.510 

90 3.430 1.530 2.695 0.340 0.735 1.190 



sample LIol Zinc Ìol Zinc 

No, in complex in Precipitate 

64 73.9 14.5 

65 73.8 14.6 

66 92.7 56.3 

67 92.9 55.5 

68 44.3 5.7 

69 43.8 6.1 

70 64.8 12.9 

71 65.0 12.7 

72 26.4 2.4 

73 27.8 2.2 

90 88.8 38.2 
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Nicke1-1anzanese-Versene Eguilibriuni System 

Conditions: 

pH - 7.6 

Temperature - 

Pressure - ati 

Versenic ¿.cid 
per liter. 
Total volume 

700 F 

Liospheric 

(as Trisodium Versene) - 2.34 grams 

- 125 cc 

Original Sol'n. ÌQiillimols held Wìillimols in 
Sample Tiil1îmo1s in complex precipitate 

No Ni Mn Ni Mn Ni Iin 

48 2.360 2.308 1.594 2.l4 0.766 0.124 

49 2.360 2.308 l.5S4. 2.187 0.776 0.121 

50 0.944 3.692 0.488 3.334 0.456 0.35e 

51 0.944 3.692 0.495 3.332 0.449 0.360 

54 2.832 1.846 1.611 1.679 1.221 0.167 

55 2.332 1.846 1.622 1.676 1.210 0.170 

56 0.472 4.154 0.235 3.615 0.234 0.539 

57 0.472 4.154 0.229 3.621 0.243 0.533 

60 1.888 2.769 1.195 2.599 0.693 0.170 

61 1.888 2.769 1.198 2.605 0.690 0.164 



Sample Iviol % Manganese Mol % Manganese 
No. in complex in precipitate 

48 57,8 13.7 

49 58.0 13.4 

50 87.3 43,9 

51 87.0 44.5 

54 51.0 11.9 

55 50.7 12.4 

56 93.7 69.7 

57 94.0 68.9 

60 68.4 19.7 

61 68.4 19.1 
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Zinc-Nickel.-Verene L:q1ibri 3ystem 

Conditions: 

pH - 7.6 

Temperature - 700 

Pressure - atmospheric 

Versenic cid (as Trisodiu.m Versene) - 2.34 grams 
per liter. 

Total volume - 125 cc 

Original Sol'n. luillimols held iil1imo1s in 

Sample Lil1imo1s in complex precipitate 

No Zn Ni Zn Ni Zn Ni 

18 2.450 2.360 0.490 1.669 1.960 0.691 

20 0.980 3.776 0.249 2.326 0.731 1.450 

21 0.980 3.776 0.250 2.321 0.730 1.455 

22 3.920 0.944 0.855 0.632 3.065 0.312 

23 3.920 0.944 0.879 0.626 3.041 0.318 

24 2.940 1.888 0.595 1.367 2.345 0.521 

25 2.940 1.888 0.625 1.353 2.315 0.535 

26 1.960 2.832 0.435 1.897 1.525 0.935 

27 1.960 2.832 0.415 1.910 1.545 0.922 



22 

sample Mol % Iiickel Mol % i'ickel 
io, in complex in precipit.ae 

/7.2 26.2 

20 9C.5 66.5 

21 90.2 66.7 

22 42.5 9.2 

23 41.7 9.4 

24 69.6 18.2 

25 68.4 18.9 

26 81.4 38.0 

27 82.2 37.3 



2 

Zinc- anFanee-Veisene iqui1ibriuin ys tern 

Conditions: 

pH - 7.6 

Temperature - 700 F. 

Pressure - atmospheric 

Versenic Acid (as Trisodiu Versene) - 2.34 grams 
per liter. 
Total volume - 125 cc 

0ri4na1 Sol1n. ki11irno1s held iii11imo1s in 
Sample Iillimo1s in complex precipitate 

No Iin Zn kn Zn kn Zn 

34 2.308 2.450 1.879 1.250 0.429 1.200 

35 2.308 2.450 1.879 1.250 0.429 1.200 

36 3.692 0.980 2.872 0.559 0.820 0.421. 

37 3.692 0.9d0 2.880 0.556 0,812 0.424 

38 0.923 3.920 0.693 1.290 0.230 2.630 

39 0.923 3.920 0.704 1.300 0.219 2.640 

40 1.846 2.940 1.362 1.090 0.484 1.850 

41 l.46 2.940 1.368 1.095 0.478 1.845 

62 3.226 1.470 2.456 0.760 0.770 0.710 

63 3.226 1.470 2.471 (.3.770 0.755 0.700 
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ampit Wiol % Langanese Loi inganese 
o. in complex in precipitate 

34 60.1 26.2 

35 60.1 26.2 

36 d3.5 66.0 

37 d3.9 65.7 

38 35.0 8.0 

39 35.2 7.6 

40 55.5 20.7 

41 55.5 20.5 

62 76.3 52.0 

63 76.5 51.3 
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Zinc-Iangan se-Versene L guilibriurn ys tern 

Conditions: 

pH - 8.3 

Temperature - 700 F. 

Pressure - atmospheric 

Versenic Acid (as Trisodiunì Versene) - 2.34 grams 
per liter. 
Total volume - 125 cc 

Original o1'n. i.i11imols held Îui1limo1s in 
Sample 1ihirno1s in complex precipitate 

No Mn Zn n Zn Mn Zn 

76 2.308 2.450 1.165 0.2C 0.643 1.530 

r/7 2.308 2.450 1.157 0.920 0.651 1.530 

78 3.692 0.980 3.15'? 0.609 0.535 0.371 

79 3.692 0.980 3.158 0.Q3 0.534 0.377 

80 0.923 3.920 0.567 0.995 0.356 2.925 

81 0.923 3.920 0.567 1.000 0.356 2.920 

82 1.846 2.940 l.L52 0.835 0.694 2.105 

83 1.846 2.940 1.150 0.815 0.646 2.125 

86 4.154 0.490 3.544 0.328 0.610 0.162 

87 4.154 0.490 3.551 0.328 0.602 0.167 
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amplo Iol % Mananeo Loi Manganese 
in complex in precipitate _No. 

76 64.4. 29.5 

77 64.3 29.9 

78 83.8 59.0 

79 84.1 58.5 

80 36.3 10.7 

81 36.2 11.0 

82 57.9 24.8 

83 585 24.5 

86 91.3 79.0 

87 91.7 78.3 
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Zinc-.ianganese-Versene Lcui1ibriuia System 

Conditions: 

pI-i - 7.6 

Temperature - 700 F. 

Pressure - atmospheric 

Versenic Lcid (as Trisodium Versene) - 1.17 grams 

per liter. 

Total volume - 125 cc 

Original 4o1'n. lviillimols held L.iflímols in 

Sample Mifljmols in complex precipitate 

No. Mn Zn 11n Zn Mn Zn 

92 2.308 2.450 2.018 0.759 0.290 1.691 

93 2.308 2.450 1.990 0.740 0.318 1.710 

94 3.692 0.980 3.277 0.515 0.415 0.465 

96 0.923 3.920 0.719 0.750 0.204 3.170 

97 0.923 3.920 0.736 0.b30 0.187 3.090 

98 1.846 2.940 1.578 0.165 0.268 ¿.175 

99 1.a46 2.940 1.519 0.780 0.327 2.160 

101 4.154 0.490 3.752 0.267 0.402 0.173 
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Sample ko1 % Manganese Mol Manganese 
No. in complex in precipitate 

92 72.5 14.6 

93 72.9 1).7 

94 86.5 47.2 

96 48.8 6.0 

97 47.0 5.7 

98 67.3 11.0 

99 66.1 13.1 

101 93.5 69.8 



Zinc-inganese-Versene Lc;uilibrium Systorn 

Conditions: 

pH - 7.6 

Temperature - 

Pressure - ati 

Versenic Jcid 
per liter. 
Total volume 

700 ]f 

nosphíric 

(as Trisodiuin Versene) - 2.34 grams 

- 63 cc 

Original St n. ïillimols held bd.11imols in 
Sample iüllirziols in complex precipitate 

No Ln Zn I.n Zn In Zn 

104 2.308 2.450 1.913 0.620 0.395 1.830 

105 2.30b ¿.450 1.893 0.630 0.415 l.2O 

106 3.692 0.980 3.087 0.460 0.605 0.520 

107 3.692 0.980 3.007 0.410 0.685 0.570 

108 0.923 3.920 0.655 o.61 0.268 3.305 

109 0.923 3.920 0.666 0.615 0.257 3.350 

110 1.846 2.940 1.431 0.575 0.415 2.365 

ill 1.846 2.940 1.473 0.595 0.373 2.345 

112 4.154 0.490 3.516 0.244 0.638 0.246 



rnple Lol iangane$e kiol % Iíanganese 
No. in complex in precipitate 

104 75.6 17.5 

l0 75.2 1g.4 

106 7.l 53.8 

107 88.0 54.6 

108 51.5 7.5 

109 52.1 7.0 

lic 71.5 15.0 

lii 71.4 13.7 

112 93.4 72.2 
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ba terial Balance 

When sample No. 106 had coiue to equilibrium, the precipitate 

was filtered off and analyzed for zinc and manganeso. The filtrate 

containing the zinc and manganese versenc complexes s analyzed for 

zinc and manganese in order to make a material balance. This s done 

by evaporating the filtrate to dryness, heating with a Fisher burner 

to destroy the organic matter and complex formation, dissolving the 

residue in sulfuric acid, filtering, diluting the filtrate to 500 cc 

in a voluruietric flask and analyzing for zinc and inananee. 

Uriinal solution: 

0.980 ndTh.mols zinc 

3.692 n.Ukiiols manganese 

re cipitate: 

o 520 mifliinols zinc 

0.605 niillimols manganese 

Complex: 

0.455 millimols zinc 

3.047 millimols manganese 

Lillimols zinc accounted for: 0.520+ 0.455 = 0.975 

Lillimols manganese accounted for: 0.605 + 3.047 3.652 

error in (3.692 - 3.652) (l00) = 1.08% 
(3.692) 

error in zinc (0.960 0.975) (loo) Q53% 
(o.9o) 
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Recovery of Vers enic Acid 

Vorsenic acid was dried at 830 C. for 2 days. ITo change in 

weiht occurred between the first and second day. 

L5.98 grams of the dry versenic acid were dissolved ir 300 cc 

of alkaline NaOR solution containing 10 grams ZnS%. The pii was 

lowered with bN 1101 until a li of 1.3 (the isoelectric point of 

versenic acid) was reached. The versenic acid was filtered off, 

washed with ice water, dried at ß30 C. overnight, cooled in a desi- 

cator and weighed. Upon drying for an additional 8 hours at 83° C., 

no further change in weight occurred. 'he amount recovored was L1L1.50 

grains. 

(Li) .5O) (loo) equals 9o.8 recovery of versenic acid. 

In order to determine whether the equilibrium obtained by 

heating the rnetallo-versene systn followed by cooling to 700 . 
would be different from the one approached at 700 i, without utiliz- 
ing any heat, the following procedure was employed; a known solution 

of zinc and manganese was treated in the sanie manner as is outlined in 

the procedure, heated to boiling, cooled to 700 F. filtered, and the 

precipitate analyzed for zinc and manganese (Sample Uo. 118). Another 

metallic salt solution of the same composition was treated as before 

except that it was allowed to approach equilibrium at 700 F. without 

any previous heating. Ihe suspension was filtered at 700 F. and the 

precipitate analyzed for zinc and manganese (Sample ITo. 119). In 

each oase, the concentration of all components (zinc, manganese and 

versene), total volume and pli were the same as in sample No. 92. 
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Original ol n. ïi11imols in 

Sample hillinols precipitate 

ITo Zn Hm Zn i xi 

118 2.)450 2.308 1.700 0.30)4 

119 2.)450 2.308 1.711 0.308 

The above data indicate that the saine equilibrium was reached 

in both cases. 

The zinc_nickel-verSefle system was found to reach equilibrium 

in less than one-half hour. This was determined by analyzing the 

precipitate for zinc and nickel after the suspension had 
been allowed 

to stand for one-half, one and two hour intervals. ITo change in 

composition of the precipitate occurred. 
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Versenia Acid 
(as Tris odium 

Mols 1AO1J 
wt.% 

1biS01 2.308 L1B.5% Ii i 

ZnS0) 2.L.5O 51.5% Zn 55.8% Zn 

Lb in Complex 
Zn in Complex 

Z 

Versene Concentration 
0.001. mols/liter 

Total volume - 125 liters 
pli - 7.6 

Mols Mo1% ____ 
0H)2 0.290 ]:14.6% Lb 11.5% 

Mol. Moi$ wt.% 
I 

_ frisodjum 
2.01S 72. Lb 68,9% Lb Versone 
0.759 27.5% Zn 31.1% zu 

I 

L- il j7H2o 

Versene Concentration 
0.00L mels/liter 

?otal volume - 52 liters 
pH-7.6 ___ 

Mols Mols wt.% 
in Complex 0,23,8 Lb 37.0% Lb 

Zn in Co1ex 0.3114 59.0% Zn 63.0% Zn 

Mols Mol% wt. 
Lïu(ôH)2 0.072 5.0% Lb 9.% Lb 
Zn(OH)2 1.377 95.0% *xi 91.0% Zn 

Any ohaxe in pH, versene oonoentration or aiount of vorsene will 
produce a oorrespondinr change in the equilibria. The zinc and 
nv.nraneso oari be reoovored from the versene complexes by lowering 
the pH of the solution with acid to 1.3 (the isoelectric point 
of versenia aojd) and filtering off the versonio aoid, which xy 
be reused in the prooess. 

FIG. 6 Flow Sheet Illustrating Use of Versone in Ltal 
Separations. 
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DISCUSSION OF RESULTS 

The reproduc±lility of the equilibrium systems tested - zinc- 

copper-versene, zinc-manganese-versene, zinc-nickel-versene and 

nicke1-rnananese-versene - is well demonstrated by the fact that 

duplicate determinations, approaching the equilibrium froni two sides - 

namely, adding insufficient versene to an acid solution of two 

metallic salts and then making alkaline to precipitate the retals 

not in the complex, and the dissolving of the precipitated metals 

from an aLkaline suspension through foation of a complex with 

versene - gave results which agreed very closely; thus showing that 

equilibrium was attained since it could be approached from both 

sides - one of the criteria for a true equilibrium. 

The effect of pI-i, amount and concentration of versene upon the 

equilibrium may be observed from the four zino-innganese-versene 

equilibrium curves. These effects would be of use in metal separa- 

tions; for exemple, a change in the pli or versere concentration 

produces a marked effect on the equilibrium of some me-ballo-versene 

sTstems (see Figures 14, 5 and o). 

Attempts were made to determine the type of complex formed 

between the metallic ions and versene and the amounts of versene 

necessary to completely tie up the metallic ions, hut no correlation 

could be made. It seems that a slight change in conditions, such as 

pii, versene concentration, or amount of versene present, may cause a 

different amount of the metallic ion to be held in the complex with 
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versene. Several simultaneous equations using the points on the 

equilibrium curves were solved for the amount of metallic ion tied 

up per moi of versene, but this ratio was not constant, which shows 

that there may be more than one type of complex fomned between the 

metallic ion and versene. 

The equilibrium curves sugest many uses for versene, especial- 

ly in :etallurgical work, recovery of metals from solutions, etc. 

Figure 
6 

a illustrates the use of versene in metal separations. Since 

the weight of precipitate decreases in each step, for practical pur- 

poses, the process would probably be limited to a first or "rougher" 

se:aration. 

The present selling price of versenic acid is O.bO per lb 

( verbal quotation from F.C.Lersworth I&oratories, Framingham, as.). 

however, it can be recovered from solution by lowering the pH with 

acid to 1.3 its isoelectric point) where it precipitates as a white 

solid. The versenic acid may be readily separated from the solution 

by filtration and reused in the process. A 9ó.8 recovery of versenic 

acid was obtained in this manner from an alkaline versene solution 

containing zinc. 

A replacement series of metals with versne may he established, 

that is, a series somewhat like the electrochemical sries in that 

each of the ions listed will have more of a tendencythan the ion 

below it to combine with a sodium salt of ethylene dianine tetraacetic 

acid. 1'or the metals investigated, the series would contain man- 

ganese nickel, zinc and. copper in desciding order. 
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CONCLUS IONS 

1. Different quantities of vorsene are required to hold du- 

ferent metallic ions completely in the complex. 

2. A change in pH, amount of versene or concentration of 

versene may produce a marked change in the equilibrium of a metallo- 

versene systai. 

3. The amount of versene necessary to hold a metallic ion in 

the complex may not be constant - varying vith conditions such as pii, 

versene concentration, amount of versene, etc. 

k Versene ray be easily recovered from a metallo-versene systn 

by lowering the pli to 1.3 where it separates out as a white solid. 

5. A replacement series of retals with versene may be establish- 

ed; that is, a series somewhat like the eleotrochemical series in that 

each of the ions listed will have more of a tendency than the ion below 

it to combine with a sodium salt of ethylene diamine tetraacetic acid. 



AN APPLICATION OF ETHYLENE DIMaNE TETRAACETIC ACID 
TO THE REMOVAL AND PREVENTION OF BOIlER SCALE 

INTRODTJC TI ON 

Investigations were made on the inhibition of boiler scale by 

means of treatment with a sodium salt of ethylene diamine tetraacetic 

acid. 

An additional consideration was the possibility of dissolving 

boiler scale by addin excess versene to the boiler feed water. This 

method of treatment was considered to be desirable because it reaches 

all of the heating surfaces and, if successful, would materially re- 

duce the outage time of the boiler (i.e., the time the boiler is not 

in operation). 

The use of versene in boiler water treat:ient was invstigated 

first in the laboratory and then carried out on a small plant scale 

with an experimental boiler in order that the results of experiments 

could be interpreted so as to enable a satisfactory prediction of the 

effect of the water treatment in a commercial boiler. Additional 

tests viere performed in a high 9ressure bomb to investigate the 

stability of the complex formation of a metallo-versene under pres- 

sures up to L2O lb per sq in abs. 

In a U. S. patent to Y.0 .ersworth (6) ethylene diamine 

tetraacetic acid was used in boiler water treatment. However, these 

experiments were performed in the laboratory at atmospheric jressure. 

There was no work conducted on a pilot plant scale; also, no investi- 

gations were made of the effect of increased temperature, pressure, 
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and time on the complex forming properties of versene. Thus it was 

deemed desirable to run the tests in an experimental boiler and study 

the effect of higher pressures and tnperatures on the chelate 

structure. The results of the experiments will be treated in con- 

siderable detail in the Discussion section. 

The use of versenic acid. as a water softening agent has been 

mentioned in the literature (7,lL,lo,l9). Experiments were performed 

in the laboratory on a small scale under atmospheric pressure. o 

work has beon published regardimg the stability of the calcium and 

magnesium versenate complex under pressure or with respect to time. 



AP..ARATbS 

A schematic diagram of the boiler and accessories is shovm in 

Figure 7. 

The boiler unit consisted essentially of the boiler proper, fed 

by a small centrifugal pump, and equipped vth a 2-inch standard pipe 

externally heated by an electric resistance coil. Steam was bled off 

at constant pressure through a relief valve. 

The boiler was a horizontal 30 inch length of standard 8-inch 

pipe with various fittings. Plates were welded to both ends of the 

8-inch pipe. The capacity of the boiler when filled to the desired 

level was 3.L gallons. At one end a n-inch hole was drilled through 

the plate and a 2-inch length of standard L-inch pipe closed by a cap 

was welded to it in order that the inside of the boiler would be ac- 

cessible. 

The boiler and all auxiliary lines were insulated with 85 per 

cent magnesia lagging of 1 to 2 inches in thickness. 

The electric heating unit consisted of a vertical standard 

2-inch pipe 2Lj. inches long externally wound with a No. 18 Chrornel 

wire. A wiring diagram. of the electrical system is shown in Figure 

A liquid level controller was installed to maintain the 

proper water level and also to operate a relay controlling the cur- 

rent to the heating coils. 

Other auxiliary equipment included a 37 gallon feed tank 2L. 
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inches in diameter and 9 inches in heiht, a steam trap, entrainment 

separator, centrifugal purip, two relief valves (15 lb and 50 1h), 

pressure gage, powerstat, AC aieter, AC voltmeter, relay, various 

wire sizes, piping, valves and fittings. Standard one-half inch 

pipe was used for all connecting piping. 

EXPE 1111 ENTAL PROCEDURE 

Versene holds in a complex both calcium and magnesium. It was 

decided to investigate this in an experimental boiler under pressure 

so as to determine possible decomposition, foaming and priming, and 

minimum concentration of versene that would have to be carried to 

prevent or dissolve scale. 

A synthetic boiler feed water was prepared containing the de- 

sired concentration of versene, sodium hydroxide, and the calcium 

and r.agnesium salts. These components were weigied on a pan type 

laboratory balance. After taking a sample for analysis, the feed- 

water was added directly to the boiler through an auxiliary feed line. 

ake-up water supplied throughout the run consisted of tap water which 

was pumped to the boiler from the feed tank by means of a centrifugal 

pump. 

The electrical energy input to the heatin,, coil was controlled 

by means of a powerstat, the power used varying between 1000 id 3000 

watts. The powerstat was adjusted to give uniform operation of the 

boiler. 



The water level was kept as closely as possible at a point 

)4 inches below the top of the boiler. This was done by means of a 

liquid level controller which was wired so as to operate a relay 

controlling the current to the heatin coil, thus providing automatic 

operation; for when the water level becene too low, the controller 

broke the circuit to the heating coil and started the purip motor. 

A unifon pressure of 15 lber'sqingage was maintained in the 

boiler by means of a 15 lb relief valve in the steem outlet line. The 

maximum variation during a run was l-2 Ib, but as a rule the varia- 

tians were very slight. The steam bled off the boiler was passed 

through a separator and then discharged through the relief valve to 

the atmosphere. A separator was installed to recover the solids which 

were entrained in the water vapor due to foaming in the boiler. These 

solids were inmediately returned to the boiler. 

A sìiple of the boiler water was obtained by removal through a 

coolin coil arranged to discharge directly into a r000ivind bottle. 

All boiler water samples were analyzed for calcium and magnesium by 

the standard gravimetric methods as found in Treadwell d Hall 

(28,29). 

Runs 1, 2 and 3 viere made with varying amounts of calcium, 

magnesium and versene. The boiler feedwater and product were analyzed 

for calcium and magnesium in order to determine the amount of scale 

deposition, if any, caused by the precipitation of these components. 

In Thin iTo. L tap water was used containing a large excess of 

calcium sulfate with no versene present. The object of this run was 
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to show the contrast between the amount of scale produced in the 

absence of versene and that uroduoed when the calcium and magnesium 

were orginally tied up by versene. 

The feed for Eun Eo. 5 consisted of tap water containing 

O.O5 versenic acid by weight as versene. The purpose of t1-is run was 

to determine the effect of versene in dissolving magnesium and calcium 

scale previously formed in the boiler. This was a 72 hour run. 

Samples were taken every 2L. hours and analyzed for calcium and magne- 

sium. 

In Run No an actual boil or water was used - a I lamath Jfal is 

well water. This was an extremely poor water containing considerable 

amounts of calcium, magnesium and suspended matter. No tap water was 

used in this run, the original feed and all make-up water consisting 

of the Kiamath Fails well water with added versene. This was a 72 

hour run. The feed and product were analyzed for calcium and magne- 

s ium. 

Run Fo. 7 consisted of refluxing an alkaline sample of this 

water, with sufficient versene to tie up the calcium and magnesium, 

for seven days to investigate the stauìlity of the complex. 

Run Fo. 8 was conducted to investigate the stability of the 

complex under high pressures. This consisted of preparing an alkaline 

feed of CaCO , FaON and sufficient versene to tie up all the calcium, 

subjecting this solution for 3O-LO minutes to pressure in a high pres- 

sure bomb and then ccoling and examining the solution for any signs of 

precicitation. The amount of calcium carbonate used was several times 
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the quantity which would have saturated the solution in the absence 

of versene; therefore, if this complex wore unstable under pressure, 

precipitation of the calcium would occur. The pressures employed 

were 230, 3L10 and 1440 lb per sq in abs. 

In Run T0 9 an actual scale was used. The scale was obtained 

from a Texas oil field boiler, locomotive type, 250 hp, 200 lb per sq 

in abs pressure and consisted mainly of calcium ai magnesium carbo- 

nates plus some silica. The purpose of this run was to test the ef- 

fectiveness of versene in dissolving scale from a commercial boiler. 

Tests were run at atmospheric pressure and in a high pressure bomb 

at L.O0 ro per sq abs. This consisted of adding a known amount of scale 

to a versene solution, boiling, filtering, dryin the residue (undis- 

solved scale) in an oven, and weighin. The difference in initial and 

final weights of the scale represented the amount of scale going into 

s olution. 

Scale was added to an alkaline versene solution and subjected 

to L00 lb pr sq in abs for L hours. The difference between initial 

and final amount of the scale undissolved indicated the quantity of 

scale which had passed into solution. 

Similar tests were perfonned on the scale at atmospheric 

pressure in a caustic solution and another in tap water. The amount 

of scale going into solution was determined. 
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flESULTS 

According to the results of laboratory tests, at least O.8 

moi of versene was required to hold completely in a complex one moi 

of caichim, and 1.15 mols of versene were required to hold in a com- 

plex one moi of magnesium. The test conditions nployed for the 

solutions of calcium or magnesium with versene varied from a pH of 

7.5 to 11.5 a vorsene concentration of 1.0 to Lj..0 rams per liter 

and temperatures from 700 F. to 1900r. The amounts of versene re- 

quired to completely tie up calcium and magnesium were the seme re- 

gardless of whether the mono, di, tri or tetra sodium salt of 

ethylene diainine tetraacetic acid was npioyed, which indicates that 

calcium and magnesium foin. only one complex with versene. The amount 

of versene required to tie up magnesium and calcium together in 

solution was the sum of that required to tie up these metallic ions 

individually. 

For example, 0.51 cc of O.025i versene is required to corn- 

pletely tie up 0.3 cc of 0.11' CaC12 and thus prevent precipitation 

of the calcium upon making the solution alkaJine to a ph of 11.0.. 

Therefore, 0.05 mol of verserie is required to hold completely one 

mol of calcium in a complex. 
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DATA 1?1OT PERTTL 1. OILE 

( i) All calcium results are expressed in terms of calcium 

carbonate. 

( 2) The "per cent excess" versenic acid is based on the total 

calcium and nanesium in the feed. This is the amount of versenic acid, 

in excess of the minimum required to hold. in a complex the quantity of 

calcium and magnesium present, figured on the bases tabulated on the 

first page of this section. 

(3) NaOF solution was added to the feed in all runs in order 

to attain a highly alkaline water which would correspond more closely 

to the ph of the water in an actual boiler. 

(Lt) Na2CO3 was added in order that carbonate ions would be 

present. The carbonates of calcium and magnesium are much less soluble 

than the sulfates. The amount of calcium and magnesium used in each 

run was many times greater than the quantity of calcium. oarbonate re- 

quired to saturate the water under the test conditions. 



Run iTo. 1 

Composition of feed (approx. C.20, CaSO1 by wt.): 

i0,tOO cc tap water 

56.5 grams versenic acid (3i.3 excess based on test amounts) 

76 cc TaOH solution (5o Ta0II by wt.) 

13.8 grams a2CO3 

23.5 grains CaSO1 

Feed to boiler ............................. 10,500 cc 

:ake-up wator .............................. 28,100 cc 

Product .................................... 15,600 oc 

Operating Pressure ......................... 30 lb per sq in abs 

]uration of run ............................ L1B hours 

55 

o Soluhility under the conditions of this run is not 

greater than 1.1 grains per gallon of water. CaSOj4 is considerably 

more soluble than CaCO3 under these conditions. 

(1.1) (L53.6) (i.000) = 0.293 grams CaCO3 
J- 

According to the solubility data, 0.293 grams of calcium 

carbonate would be sufficient to saturate the water in the product 

from this run, if no versene were present. 

Cale ium 
Foaming Carbonate 

. 
in Solution 

Feed 11.0 Slight 17.5 grams 

Product 11.0 Slight 16.7 grams 
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Composition of feed 

10,Lj75 cc water 

7.5 grams versenic 

21 cc 1Ta0H solution 

13.9 grams Ta2C 03 

l. grams CaCO3 

1.0 rwiz IgCO3 

Run iTo. 2 

(approx. 0.01% CaCO3 and 0.01% MgCO3 by wt.) 

wid (5.8% excess 'cased on test amounts) 

(50% HOI: i vt.) 

Peed to boiler ............................. 10,500 cc 

iake-up water added ........................ 25,LiOO co 

Product .................................... 19,750 cc 

Operating Pressure ......................... 30 lb per sq in abs 

Durationof run ............................ L8 hours 

Solu'oility of CaCcunder the conditions of this run is not 

greater than 1.1 grains per gallon of water. 

Solubility of 1»g (OH)2 L5 not greater than 0.35 grains per 

gallon of rater. 

(1.l)U.53.o)(l9.75o) 0.37 grams CaCO3 

(7000) (3785) 

(o.3) (1453.6) (19.750) : 0.12 grams Mg (011)2 

(7000) (3785) 

These values of 0.37 and 0.12 indicate the amounts of CaCO3 

and ig (0I-T)2 respectively which would saturate the water under these 

conditions in the absence of versene. 
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flun 'To. 2 (Cont'd) 

Calciun Lragnesium 
Foaming Cartonate Carbonate 

pH Tendency in Solution in Solution 

Feed 10.9 Slight 1.28 grains 1.01 crams 

Product 11.0 Slight 1.20 grams 0.96 gramS 

axnple Calculation of Percent Excess Versenic Aoid: 

1.2 grams CaC0(rnol wt. : loo) 

1.0 grams T.0O3(mol wt. 8t.L) 

7.5 grams versenic acid (moi wt. 292) 

From experimental data 0.5 and 1.15 mols of versenic acid arc 

required to tie up 1 mol of calcium and magnesium respectively. 

(1.2) (o.) (292) + (1.0) (1.15) (292) 

equals 7.09 grams of versenic acid required (based on test amounts.) 

(7.50 - 7.09) (loo) 5.8; excess versenic acid 
(7.09) 



Run iTo. 3 

Composition of feed (Approx. O.Ol CaCO3 O.Ol 03 

and O.2O? CaSO)4 by wt.): 

l0,L100 oc water 

70.5 grams versenic acid (38.6 excess based on test amounts) 

70 cc TaOli solution (5O TaOH by wt.) 

13.8 grams 1a2CO3 

1.0 grains CaCO3 

leo grams igCO3 

23.1 grams CaS0j 

Feed to boiler ............................ 10,500 cc 

::ake-up water added ....................... 20,000 cc 

Product .................................. .23,080 cc 

Operating Pressura ........................ 30 lb per sq in abs 

Duration of run ........................... 2ik hours 

Under these conditions, in the absence of versene, O.t3 grams 

of CaCO3 and 0.20 grams of TC03 would saturate this volume of water. 

Foaming 
pU Tendency 

Feed 11.3 Slight 

Product 11.2 Slight 

Calcium 
Carbonate 
in Solution 

17.7 &rans 

17.7 grams 

i agnes ium 
Carbonate 
in Solution 

0.99 grams 

0.89 grains 



Run o. L1 

Composition of feed (approx. O.2O,'_CaSO)4 by weight): 

10,500 cc tap water 

22.6 drains CaSOb 

Feed to boiler ........................... 10,500 cc 

rake-up water added ..................... .21,500 cc 

Product .................................. 17,300 cc 

Operating Pressure ....................... 30 lb per sq in als 

Sì?.ration of rim .......................... )45 hours 

Equivalent 
Foall1ing Calcium Carbonate 

pH Tendency in Solution 

teed (at 800 
) 7.2 ITone 

Produc t 

(at 190° F) 7.3 .Tone 

TTote: ITo versenic acid was used in this run 

16.1 grams 

13.8 grams 
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Run F0. 5 

The purpose of this mn was to determine the ability of 

versenic acid to dis3olve scale Dreviously added to the boiler. 

This was a 72 hour run and samples were taken every 2t hours from 

the boiler for analysis of calcium and magnesium. 

Composition of feed (approx. 0.5% versenic acid_bywt.): 

95,000 cc tap water 

750 cc Ta0H solution (50% NaI by w.) 

500 grams versenic acid 

Composition of Scale: 

203 grams UaCO3 

30 grams CaS01 

8 grams LgCO3 

Volume of Product ...................... 18,100 cc 

Operating Pressure ..................... 30 lb per sq in ais 



Run To. 5 (Conttd) 

Calo iuin 

Foaming Carbonate 

pH Tendency in Solution 

Sample iTo. 5 A 
(after 2L hrs.) 12.3 Slight 52.5 grams 

Sample Fo. 513 

(after L.8 hrs..) 12.3 Slight 108.2 grams 

Samîle 1go. 5C 

Fagnes ium 
Carbonate 
in Solution 

1.14 grams 

2.65 grams 

(afer 72 hrs.) 12.3 Slight 17L1..0 grams 3.14 grams 

Time 
CaCO3 in Sol' MC03 in Sol'n. 

2L hours 23.3 12.5 

L43 hours L1.8.0 33.2; 

72 hours 77.3 

61 



Run To. 6 

Feed - Klamath Falls Well Water 

Composition of feed: 

95,000 cc Kiamath Falls water 

500 cc NaOH solution (50% KaOE by wt.) 

500 grams versenic acid 

Volume of Product .......................... 19,000 cc 

Operating Fressure ......................... 30 lb per sq in abs 

Iiuration of run ............................ L8 hours 

Calcium liagnesium 
Foaming Carbonate Carbonate 

pH Tidenoy in Solution in Solution 

iced 11.3 Slight 169.2 grams 6.05 grams 

Product 11.3 Slight 156.3 grams 6.37 grams 

Iiote: This Kiamath Falls well water contained L7L1. ppm of dis- 

solved solids. 
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Run Io. 7 

The object of this run was to investigate the stalility 

of a versene complex with time. 

After adding sufficient versenic acid to a filtered 

Klamath Falls water sample to tie up the calcium and rnanesium 

the solution was made alkaline and refluxod for seven days at 

atmospheric pressure. Precipitation occurred, probably due to the 

decomposition of the soluble bicarbonates of calcium and rLnesium 

to the relatively insoluble carbonates. However, upon making 

alkaline and heating a filtered Klnath Falls somple with versene, 

no precipitation occurred. Therefore, the calcium and magnesium 

must have been held in the complex with verseno. 
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Run o. S 

The purpose of this run was to investigate the stability of 

this complex under high pressures. 

Composition of feed: 

loo cc tap water 

5.0 grams CaCO3 

10 cc NaCH solution (oN) 

114 grams verscnic acid (l2.9f excess based on test amounts) 

pi-I of solution equals 9.5 

A complex of versene with calcium in alkaline solution was 

subjected to pressures of 230, 3LD and 14k0 lb per sq in abs in a 

high pressure bomb and held at each of these three pressures for 

140 minutes. The bomb was heated electrically. At the end of each 

LtO minute period the bomb was cooled and the solution examined for 

any sign of precipitation. No precipitation occurred. 
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Run To. 9 

The object of this run was to test the effectiveness of 

versene in dissolving scale from a commercial boiler. Tests were run 

both at atmospheric lressure and in a high pressure bomb at L100 lb per 

sq in abs. 

The scale used in the f ollowing tests was taken from a Texas 

oil field boiler., locomotive tvpe,200 lb per sq in abs pressure ax. 

was composed mainly of calcium and magnesium carbonates plus a small 

amount of silica. 

(a) Scale dissolving ability of versene at atmospheric 

pressure: 

Composition of solution (approx. 3 versenic acid bywt.) 

9LO cc tap water 

30 grams versenic acid 

60 cc iaOH solution (ÔIT a0H) 

pli of solution equals lÖ.6 

Upon heating 10.5161 grams of scale in this solution for 10 

hours, L.5090 grams of scale ssed into solution (i.e., of 

the scale originally present vient into solution). Upon heating the 

solution for ! hours longer, an additional 0.9825 grams of the scale 

dis so1vd. 

( b) For comparison purposes, 11.6635 grams of scale were heated 

in a solution of 300 cc of water and 3 cc bi a0E (pH of solution equals 

10.9) for 1 hour. Scale amounting to 0.0658 grams passed into solution. 

(C) To a solution of 122 cc tap water, 3 cc 6h NaOH solution and 



6.8 grams versenic acid (pH of solution equals 7.) 15.1802 graIns 

of scale were added and subjected to Loo lb per sq in abs pressure 

for L. hours. There were l.L9Lb grams of scale that went into 

solution. 

(d) For comparison purposes, 9.6830 grams of scale viere heated 

in 300 cc tap water. In one hour 0.0017 grams of scale went into 

solution. 
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Economics of 'ersenic id in Loiler Water Treatment 

Calculation of cost of treating 1000 lb of water containing 

15 grains per gallon of CaCO3 hardness based on selling price for 

versenic acid of 0.ô0 per lb (verbal quotation from F.C.Eersworth 

Laboratories, iraniingham, Mass.): 

Loi wt. of 7ersenic Acid is 292 

Loi wt. of CaCO3 is 100 

Prom experimental data 0.85 mol of versenic acid is required to hold 

one mol of calcium in a complex. 

(15) (i000) (0.85) (292) (o.00) T7ToT * 0 . 33 

Therefore, the cost of the versenic acid to treat 1000 lb of 

this mter would be approximately 38.3 cents, or 2.55 cents for each 

grain per gallon of CaCO3 hardness r 1000 lb of vmtor. 
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DISCUSS IOi OF RESULTS 

As part of the general discussion of this investigation, the 

author wishes to anticipate the possible criticism that the experi- 

mental conditions are in so many respects unlike those of a commercial 

1oiler. Such a criticism would be due in some measure to the fact that 

attention has not been directed toward creating a background of mf or- 

mation by investiating one at a time and under controlled conditions, 

the important factors that affect the foination of boiler scale. The 

conditions for studying one factor at a time cannot he those under 

which a commercial boiler operates because the Uehavior of a water 

in a commercial boiler is the resultant of a variety of conditions, 

some acting in one direction and some in another, and there is no 

possible method of sorting out the effect of one of these conditions. 

There can be no scientific understanding of the effect of certain 

dissolved solids in a boiler, for example, without the knowledge that 

some kinds of solid :ratter forni a hard adherent insoluble scale while 

others form a soft, porous, soluble and easily removed scale. Such 

knowledge can be obtained only by patiently trying one substance at 

a time. 

Another important question arises; Is the behavior of sub- 

stances in an experimental boiler the same as in a commercial boiler? 

Apparently .Joseph and Hancock (9) are the only ones to have published 

a statement on that point, and they report good agreement. It should, 

however, be emphasized that exact agreement between experimental and. 

connnercial boilers, though desirable, is not essential. There is also 



no exact agreement on the behavior of water in different comnercial 

toilers. If experimental oi1er is being used to determine the 

behavior of given feed waters, experience should soon develop to an 

extent which would atle the technologist to interpret the experimen- 

tal results in such a way as to make a satisfactory prediction of the 

effect of the water in a conrnercial boiler. 

A specific criticism might be made concerning the very high 

concentrations of both solid and dissolved matter that were sometimes 

employed. The reason was that due to the relatively short period (L1B 

hours) allotted for each run, the use of tap water for boiler feed 

would deposit practically no scale even if untreated. Therefore, no 

scale would be deposited unless the concentration of dissolved solids 

was abnormally high. Since it is impossible to study the effect of 

versene on the prevention of scale formation with a boiler feed water 

-that does not scale, the high concentrations had to be employed. 

When treatment of a boiler is contiiplated b use of versene, 

the following factors must be ascertained: namely, the severity of the 

scaling, the capacity and daily consumption of water. In regard to -the 

feed water, the degree of hardness and p must be determined. then the 

degree of hardness is considerable, the amount of versene must be in- 

creased by -that amount necessary to keep -the calcium and magnesium salts 

of the water in solution. The results of this investigation indicate 

that 0.85 moi of versene is required to keep one mol of calcium salts 

in solution while i moi of magnesium salts requires 1.15 mols of 
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versene. These values are based on tect amounts, they are not 

stoichiornetrio equivalents. 

F.C.Lersworth (o) performed several experiments involving the 

use of versene in the prevention and removal of scale in the laboratory 

at atmospheric pressure. There was no work conducted on a pilot plant 

scale; nor were any investigations made on the effect of increased 

pressure, tiperature and. tire on the stability of this complex forma- 

tion of versene. Thus it was deemed desirable to run these tests in an 

experimental boiler. 

The purpose of duns 1, 2 and 3 was to determine in an experi- 

mental boiler the effectiveness of versene in holding in a complex, 

calcium and magnesium, and thus preventing the formation of scale due 

to these o metallic ions. The amounts of calcium and. magnesium salts 

used in these runs were several times greater than the quantities which 

would have been necessary to saturate the water under the run condi- 

tions in the absence of versene. Therefore, any instability of the 

complex would result in scale foriation. In each of these runs 

material balances were made on the calciurn and magnesium in the 

boiler feed and product. Since the amount of calcium and magnesium 

in the feed was approximately equal to the quantity present in the 

product, it was concluded that versene was sicessful in preventing 

deposition due to these metals. The slight discrepancy in this 

material balance might be due to the fact that a small portion of 

these salts could have been carried over with the steam. The boiler 

feedwater used had a tendency to foam on account of the very high 

sodium concentrations employed. In a commercial boiler, this 



72 

condition would exist to a much lesser extent, for the average feed- 

water contains only a small fraction of the calcium and magnesium 

used in these experiments and thus a correspondingly lesser amount 

of versene would be required. 

The object of hun o. L1. was to show the contrast between the 

amount of scale proiuced in the absence of versene and that produced 

when the calcium and magnesium were originally tied up by versene. 

The excess of calcium in the slurry fed to the boiler deposited as 

scale during this run. 

Run iTo. 5 was conducted to deteinine the ability of versene 

to dissolve scale previously formed in the boiler. The feed con- 

sisted of tap water made alkaline with TOH and containin O.5 

verscnic acid by weight. Results of the analyses performed at the 

end of each 2L1. hour period on a sample from the boiler, demonstrate 

the effectiveness of versene in dissolvin scale composed of calcium 

and magnesium salts. 

n actual boiler water was used for Run ITo. 6 - a Planiath 

i'alls well water. This was an extremely hard water, containing 

large amounts of calcium and magnesium. The results from a 72 hour 

run of this water with versene showed that versene was quite effective 

in preventing scale formation. 

Run ITo. 7 consisted of refluxing an alkaline sample of this 

Klamath Falls water with versene for sevi days in order to investi- 

gate the stability of this complex with time. This was also done in 

the experimital boiler, but it was thought that the visualization of 
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any precipitation that miht occur would furnish additional evidence 

as to the stai:;ility of the complex. The results from this small 

scale laboratory experiment and the boiler test showed this complex 

to be quite stable with time. The literature makes no mention of 

experiments along these lines. 

A semple of filtered Kiamath Falls water without versene was 

made alkaline and heated to boiling at atmospheric pressure. Ereci- 

pitation occurred, probably due to the decomposition of the soluble 

bicarbonates of calcium and magnesium to the relatively insoluble 

carbonates. However, upon making alkaline and heating a filtered 

Kiamath Falls water sample with added versene, no precipitation 

occurred. 

The object of Run Ko. 8 was to investigate the stability of 

the complex of versano with calcium under high pressures. This complex 

in alkaline solution was subjected to pressures in a high pressure bomb 

up to I4.O lb per sq in abs. The amount of calcium carbonate used. was 

several times the quantity necessary to saturate the solution in the 

absence of versene. However, since no precipitation occurred, it was 

concluded that this complex would be stable under the pressures em- 

ployed in an actual boiler. 

In Run iTo. 9 tests were conducted to determine the effective- 

ness of versene in dissolvin scale from a corimeroial boiler both at 

atmospheric pressure and at LOO lb per sq in abs. It was found to be 

rather effective in dissolving scale; for example at atmospheric 

pressure 1000 co of alkaline versene solution (3; versenic acid - as 

versene - byweight), dissolved L.6O9O grams of scale in 10 hours, 
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or )4.5 of the scale present. Upoii heating this solution for L hours 

lon;er, an additional 0.9825 crams of the scale dissolved. 

Tests were run to determine whether or not versene waild keep 

silica in solution. The silica was found to be quite insoluble in 

water containin versene. Therefore, versene is not a T'cure-allT' in 

boiler water treatment, for many of the scales fomed in a boiler are 

of the silicate type. However, there is a strong possibility that if 

the rnanesium and calcium salts were dissolved by the versene, the 

silicate ortion of the scale would also be loosened and thus removed 

by a blow-down. 

The cost of versenic acid to treat 1000 lb of water containing 

15 crains per a11on of CaCO3 hardness, based on selling price for 

versenic acid of 0.60 per lb (verbal quotation from F.C.Bersworth 

Laboratories, raminghaìn, :ass.), is 38.3 cents, or 2.55 cents for each 

grain per al1on of CaCO3 hardness per 1000 lb of water. It is ex- 

pensive when we considor soda ash and trisodium phosphate which cost 

less than 20 cents to treat 1000 lb of water (ii). It is, therefore, 

recommended to remove primary water hardness by the other known means 

such as ion exchange, sedimentation by lime or other materials which 

will precipitate moot of the calcium and manesium, and use versene as 

an internal inhibitor to take care of scale already forned and residual 

water hardness. 

In order to prevent excessively high concentrations of the 

versene and other dissolved solids in the boiler, it should be 

subjected to occasional blow-downs. 
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The versenic acid may be recovered from the dissolved solids 

removed from the boiler by lowering the pH with hydrochloric acid 

to 1.3 (its isoelectric point) where it precipitates as a whito 

solid. The versenic acid may be readily separated from the solution 

by filtration and reused in the boiler treatment. 

At normal output, the rate of evaporation of a conmiercial 

boiler is 5-7 lb of water evaporated per square foot of heating sur- 

face per hour. In the experimental boiler used the evaporative rate 

was only 1.03 Ib of water per square foot per hour, but the results 

(i.e., the stability of the calcium and magnesium versenate complexes 

up to pressures as high as )40 lb per sq in abs) indicate that the 

complexes of calcium and magnesium with verseno would probably be 

stable under the evaporative rates encountered in a contercial boiler. 
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C ONC LUS I UNS 

1. The method oí scale removal with versene has possiMlities 

of a wide application to industry. The versene solution will penetrate 

anywhere water will flow, making inaccessiMe places as easy to clean 

as a boiler drum. 

2. Lescaling by the use of verscne can be accomplished with 

a minisum of dismant1in, of equipment or interference with normal 

plant operation. 

3. Chemical removal by versene offers no cure-all because 

success depends to a great degree on scale composition; i.e., silica 

scale is insoluble in versene. It is, therefore, necessary to de- 

termine the composition of tho scale before treatment. Occasionally 

a totally insoluble deposit con he removed only with mechanical tools. 

L. In boiler water treatment, primary water hardness should 

he removed by other known means, such as ion exchange, sedinentation 

by lime or other materials which will precipitate most of the calcium 

and magnesium. Versene should be used as an internal scale inhibitor 

and to re.nove scale already formed. 
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SUGGESTIONS FOR ADDITIONAL WORE INVOLVING THE USE OF 
VERSENIC ACID 

1. Some preliminary work was done on copper and nickel plating 

baths using versene and attempting to plate from an alkaline solu- 

tion. The data obtained indicate that further work would be justi- 

fied on this extremely important problem as there is a strong possi- 

bility of plating alloys which cannot now be produced by electrodepo- 

sitien methods. 

2. Another use of versene might be as a flotation agent. It 

may form inner complexes (chelate compounds) with the extraneous 

metallic cations in solution or adsorbed on the mineral particles, 

whereby such ions are prevented or inhibited from activating and 

floating the unwanted gangue minerals. 

3. The equilibrium data point the way toward metallurgical 

use and recovery of metals froni solutions and from each other. There 

are numerous metal separations that may be attnpted. 

Li.. It is possible that the sodium salts of other alkylene 

polyamine tetraacetic acids might be more effective than versene in 

metal separations, for example: 

NaOOC - OH2 -N - alkylenc CH2 - COONa 
..- 

- alkylen 
NaOOC - CH2 cHe- 000M CH2 _ 000Na 

h 

5. Valuable investigations might be made on rapid methods of 

separation of artificially rauioactive materials, particularly those 

of fairly short half-life. This part would bave to be carried out 
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in conjunction with sorne university possessing a cyclotron. 
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