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Crude commercial caustic liquors contain numerous impurities 

the most deleterious ol' which are impurities containing the heavy 

metals, with iron impurity being the most frequent cause of complaint. 

Northwest caustic producers effect purification of their 

product, particularly with respect to iron impurity removal, by the 

use of 92% strontium sulfate ore shipped from an eastern source. The 

powdered ore is mixed with the crude caustic and after separating 

therefrom it is found that the supernatant liquor is relatively free 

0r iron impurity. In the past, a northwest mineral product of 

approximately ti.O% SrSO and O% SrCO has been introduced and tried 

for caustic purification. Use of the northwest mineral product was 

discontinued because of the failure of the mineral to clear from the 

caustic solution. 

The purpose of this work is to determine why the northwest 

mineral product does not clear from the crude commercial caustic 

solutions. 

Previous work on the iron removal from crude caustic has 

postulated the form of the iron impurity in caustic as soluble ferrite 

and higher valence ions of iron, and has demonstrated that the removal 

is an adsorption process. 

Experimental evidence presented here modifies the previous 

theory somewhat in that it is now shown that iron impurity in crude 

c austic may readily exist in both soluble and insoluble form and that 

the mechanism of iron inmurity removal is both adsorption and mechanical 

sweeping. It is therefore necessary to rely upon both adsorption and 

mechanical sweeping to effect removal of iron impurity. 



rS% has been observed to function well in both 
requirements. SrCO3 functions satisfactorily as an adsorbent in 
this system, but does not settle rapidly í'roin the solution with the 
result that mechanical sweeping is not readily performed and 
purification cannot be attained because of the suspended SrCO3 

and adsorbed iron impurity. SrbOj is successfully employed because 

it flocculates in concentrated caustic solutions and clears by 
virtue of its fairly rapid settling rate. rCO3 is less successful 
because it is entirely dispersed in concentrated caustic and must 
clear by virtue of free-settling in accordance with Stokes' law. 

The slow rate of settling and the non-flocculent nature of the 
suspension render the use of pure SrCO3, industrially undesirable. 

The northwest mineral product can be adapted to satisfactory 
iron removal by several means. The most nractical one is by 
elimination of the minus 8 micron sizes by air classification; 
the finished product then clarifies satisfactorily from the caustic, 
the fine SrCO3 particles being assisted from the solution by the 
flocculent iissolving of the SrCO3 from the mineral with 

acic gives a rSOj product that is satisfactory for iron impurity 
removal and also gives a secondary strontiim product that may have 

some industrial use. The conversion of the SrCO to 3rS% appears 
to be feasible for the production of a suitable product for iron 
impurity removal from commercial caustic solutions. 
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FACTORS INFLUENCING SETTLING RPTE OF PCYDERED 

STRONTIUM MThERAL IN IRON REMOVAL 

FR CO1ERCIAL CAUSTIC 

INTRODUCTION 

The manufacturing methods employed in the production of 

commercial caustic liquor give rise to the presence of character- 

istic impurities. The most deleterious of the impurities are 

the heavy metals with iron being the most frequent cause of 

consumer complaint (13). 

Competition among caustic producers for the production 

of pure liquors is keen and the various means of purifying liquors 

are jealously guarded. Some producers effect iron removal from 

caustic using magnesium sulfate (23), cotton, strontium minerals 

(6) and tiaiphasi pulp (2L), with removal being due to an ion ex- 

change adsorption process (2) or to mechanical sweeping. A 

criterion of caustic liquor purity, is the clarity of the solution 

(19). Consequently, it is essential when using the aforementioned 

agents for purification that they settle from the liquor leaving it 

clear and of high purity. 

Northwest caustic producers presently effect iron control 

with strontium mineral obtained by water or rail from an eastern 

source. Previously, a northwest mined and milled strontium mineral 

was tried but did not gain the satisfaction of the caustic producers. 

Iron control was attained using this northwest product but the 
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clarifying period, and hence the purifying period, was reported 

as being fourteen days as compared to two days for the eastern 

product. This excessive time of clarifying required either greatly 

expanded settling or storage facilities or additional operational 

equipment for clarifying by filtration or centrifugation. Appar- 

ently the economic balance between additional capital investment 

and increased inventory and interest loss therefrom and the 

obvious saving due to the purchase of local purifying agent was 

not favorable, for use of the northwest mineral was discontinued 

with a return to the eastern product. 

This investigation is therefore of industrial importance 

with special emphasis being on the adaptability of the northwest 

strontium mineral to the satisfactory removal of iron impurity from 

conrnercia1 caustic. The specific purpose of this work is to 

determine why the northwest strontium mineral does not satisfy the 

requirements of the caustic industry in iron impurity removal. 

It is desired to determine the optimum conditions for cheap and 

efficient iron control in caustic liquor with rapid clarification 

as the adsorbing powdered strontium mineral settles through O% 

commercial caustic. 
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T1IIORETICAL CONSIDERATIONS 

Previous study of iron removal from caustic solutions 

with strontium minerals has resulted in the postulation of 

the f oiin in which iron exists as a soluble impurity; has 

established the mechanism of removal as ion exchange adsorption 

and has shown the nature of the temperature coefficient of the 

adsorption phenomena (2). An attempt is now made to determine 

factors influencing the rate of settling of strontium minerals 

and thus the rate of purification of caustic; it must be recognized 

that although adsorption processes generally reach equilibrium 

in as short a period as ten to twenty minutes (1, 12) purification 

has not been attained until the suspended adsorbent and the 

adsorbed materials have settled from the solution. 

Adsorption Phenomena 

In dealing with the phenomena of adsorption on a strictly 

scientific basis, the formation and composition of the inter- 

facial regions is involved. An empirical expression of some 

adsorption processes is that due to Freundlich, 

X,ÌM 

X = amount of material adsorbed 

M = mass of adsorbent 

K,1/n constants 

C = residual concentration at equilibrium. 



14 

i-roctor stated it is "a mathematical expression which will 

closely represent any chemical or physical phenomena which proceeds 

at a diminishing rat&t (12). 

The properties determined without recourse to adsorption 

cannot usually be used in predicting the efficiency of an 

adsorbent. The adsorbent efficiency is represented as the 

product of two factors - 1.) specific surface area of the adsorbent, 

and 2.) adsorptive affinity. The amount of the adsorbent is 

usually given in weight units, although a unit area of adsorbent 

should be reférred to since the phenomena is supposed to be a 

surface effect. The adsorptive capacity of an adsorbent is altered 

by slight changes in chemical composition with the effect more 

pronounced for solutes than for gases and vapors. The rate of 

surface processes can be determined only in special experiments 

and in experimental work it is necessary to determine whether or 

not the end point reached corresponds to equilibrium. 

If both the adsorbent and the solute are electrolytes, lori 

exchange is usually involved. ixchange adsorption can hardly be 

classified as a surface effect, but as its methods are identical 

with those of ordinary adsorption it can be treated as such. Only 

moderate success has been attained in the application of 

Freundlich's isotherm to exchange adsorption processes. Application 

of the mass action law of chemical equilibria has applied well, 

especially with dilute systems. 
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In the removal of soluble iron impurity from caustic, ion 

exchange adsorption is postulated. Assuming soluble iron to be 

in the forni of a ferrite, Fe2O--, perferrite, FeO3", aM ferrate, 

FeOj and with Srt also present from the introduced mineral, the 

following reaction will proceed, 

Fe2O ÇFe2O 

Sr i FeO3" Sr 
- 

FeO3 

PeO - LFeOJ 

The products are quite insoluble and precipitate out on the surface 

oÍ' the suspended strontium mineral; hence the caustic is freed of 

its soluble iron impurity. The completeness of iron removal will 

depend upon the solubilities of the absorbent minerals andof the 

products of the exchange. As shown previously, SrSOj. is a better 

adsorbent in this system than is Sr003(2). This difference may be 

attributed to the greater degree of solubility of the sulfate. The 

carbonate approaches the sulfate in ability to remove soluble iron 

with increasing temperature. This is attributed to the greater 

temperature coefficient of solubility of the carbonate. Calculations 

show that in 1120 at 14OOC. soluble SrSO1 has a concentration 121 times 

that of the soluble SrCO3, while at 25°C. the soluble SrSOj is 175 

times as concentrated as the SrCO3(lli-). The greater solubility of 

the sulfate would seem to be indicative of a more efficient removal 

of soluble iron inr.purity from caustic than would be possible with the 

carbonate, but In turn would mean a much greater retention of Sr 

in the caustic at the completion of the exchange adsorption. 



The extent of the surface is of great importance in 

exchange adsorption because of the area for adsorption and the 

effect of surface on solubility. In systenis of low concentration, 

a few parts per million, a small particle size is advantageous in 

furnishing sufficient dispersion to provide the probability of 

contact with the ions to be adsorbed. However, practical limits 

exist as to the increase of surface produced at the expense of 

particle size reduction, for adsorbents of extremely small size 

will be difficult to separate from the liquor with which they are 

in contact. 

Settling Factors 

. 

Sedimentation may be defined as the movement of a solid 

through a fluid due to the force of gravity. The force of gravity 

tends to accelerate the particle while the fluid resistance tends 

to oppose this motions equilibrium attained between these two 

opposing forces result in the particle settling at a constant rate 

or at its terminal velocity. The terminal velocity of a freely- 

falling ideal particle (a sphere) in a homogeneous system is given 

by the classic stokes' law, 

Vt g(d5-d1)D2 
18 A-U 

V terminal velocity 

g acceleration of gravity 



d5 = specific gravity of solid 

d1 specific gravity of fluid 

D particle diameter 

= viscoscity of fluid 

Study of this equation will show the following to be major factors 

effecting the terminal velocity or rate of settling of particles, 

1.) particle size, D 

2.) specific gravity differential,(d5 - d1) 

3.) viscoscity of fluid, --t 

In addition, the following factors influence Vt, 

ti.) particle shape (deviation from a sphere) 

.) flocculation and charge effect 

6.) temperature and solution concentration as they 

effect fluid specific gravity and fluid viscoscity 

7 . ) air attachment or entrainment 

8.) reaction or ionic exchange and Browìiian movement 

9.) pulp concentration and size distribution 

10.) convection currents 

Particle size is of utmost importance in determining V. 

as it is seen that the velocity varies as the square of the particle 

diameter. The effect of D on freely-falliní strontium mineral 

p'ticles in caustic is best illustrated by reference to Figure I 

in which D is plotted as the abscissa. Changes in specific gravity 

axìd viscoscity of the fluid as produced by changes in temperature 
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or solution concentration have a linear effect upon the settling 

rate. Similarly, the effect of a change in the specific gravity 

of the particle has a linear effect upon V.b. The possible control 

of these factors to produce the desired terminal velocity of a 

freeÏy-falling particle is illustrated in Figure I (assumptions 

for Figure I, spherical particles and Stokes' law controlling in 

these ranges). 

The effect of particle shape on Vt is most difficult to 

evaluate and seems to defy attempts at quantification. Investi- 

gation of this matter seems to indicate that shape effects the 

settling velocity of large particles to a great degree while it 

has but relatively small effect on fine particles (9). Complicated 

formula have been suggested for odd shaped particles but no general 

formula can be adopted. The usual particles encountered can only 

be roughly defined as to size and shape and frequently the concept 

of equivalent diameter is adopted. kettyjohn and Christiansen 

have demonstrated that for isometric particles the sphericity factor, 

-ip-, is a satisfactory criterion of the effect of shape on the 

resistance to motion in a fluid, but the extent to ich it can 

be aprlied to non-isometric particles is not known (17). For a 

given system the use of a constant, K, as a btokes' law shape 

factor is most convenient for determining the terminal velocity 

(that is true terminal velocity equals V., ) The value of K has 

been found to vary directly as the sphericity factor and to approach 

unity as the particle size is reduced. illing factors insofar 



as they effect particle shape will usually have negligible 

significance with respect to the settling rates. 

Flocculation of particles has the effect of increasing the 

apparent particle size and decreasing the specific gravity 

differential, but the increase in D2 is usually greater than the 

decrease in specific gravity differential with the result that 

flocculation greatly increases sedimentation. This is the 

principle of settling and thickening operations. 

Flocculation involves two principle factors - 1.) probabil- 

ity of collision and 2.) the probability of adhesion. There are 

numerous controlling elements to these two factors. The proper 

addition of a suitable electrolyte can induce either flocculation 

or dispersion. A negatively charged dispersion is flocculated by 

the cation of the electrolyte, and conversely. Changes in electro- 

lyte composition result in unpredictable changes in the value and 

even the sign of the ttzetatl potential to which the phenomena of 

flocculation and dispersion are somewhat related. Solutions of 

strong electrolytes, especially when concentrated, display anamolous 

behaviors that have not been given adequate theoretical explanation. 

Frequently the addition of an agent for flocculation or dispersion 

iviii have an opposite effect because of some unforeseen reaction 

that tlties_uptt or precipitates the significant ion. 

Practical dispersion agents include alkali carbonates aid 

alkali hydroxides; for flocculation lisie, sulfuric acid and copper 

sulfate are commonly used. The effect of alkalinity and acidity 

on flocculation is a special case because of the presence of excess 
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0H and H4. These ions are of great importance since they are 

much more effective than the other monovalent ions of the saine 

sign. 

Dreveskracht and Thiel have demonstrated the pronounced 

influence of NaI in the presence of C1 on the settling rates of 

various fine grain, disperse suspensions. Sedimentation time was 

decreased as much as 00 times or more in several instances in 

changing from zero to i N. concentration. The flocculatln,g 

power changed most rapidly between zero and 0.1 N. with little 

difference and a leveling off above this concentration c#). 

The effect of air entrainment or attachment to particles 

is to lower Vt and not too infrequently alter the sign of Vt 

to give a risIng pulp rather than a sediment. Air agitation of 

the suspension would appear to be a major factor in tuis respect. 

Surface reactions are bound to be reflected in a change 

in the settling rate and a low settling rate is indicative of 

surface ionization of the suspended particles (7). Brownian 

movement is probably not a factor if material is above 1 mIcron 

In size (21). 

For free-settling conditions to exist the pulp concentration 

must be less than 5 percent and probably less than 2 or 3 percent 

suspended material. For every size particle of a disperse system 

there may be a different effective viscoscity. For the small 

particles the effective viscoscity will be that of the pure fluid; 
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for the larger particles the effective viscoscity will be that of 

a suspension of the fine particles. A given particle may well 

settle at different rates in a suspension of given viscoscity due 

to different size distribution curves (22). 

In a laboratory examination of sedimentation, convection 

currents are to be prevented. However, in industrial sedimentation 

unavoidable or unlmown convection currents may well produce 

undesirable effects with the greatest displacement given to the 

finer particles. There is on record an instance in which brine 

purification could not be effected iii certain weather because of 

re-dispersion by convection currents set up by the chilling action 

of the wind on the walls of the settling tank (22). 

In view of the many factors involved in settling and 

sedimentation, Guilliher has stated., "factors defeat any endeavor 

to render sedimentation to a strict mathematical basis" (li). 



13 

CEEMICAL MID PFSICAL TESTING MHODS 

Determination of Iron in Caustic 

The determination of iron as it occurs in corrnnercial caustic 

is accomplished by means of a colorimetric microanalysis of a 

trace element. The basis of the colorimetric analysis is the 

formation of the blood-red ferric thiocyanate complex and. the 

comparison with a stamiard. The exact nature of the reaction 

between ferric ion and. the thiocyanate ion remains controversial, 

but the following has been postulated - 

Fe41 * x CNS - )r..- Fe(CNS) (red color). 

Investigation by Woods and Mellon seems to indicate the presence 

of the anion Fe(CNS)6 or perhaps the cations Fe(CNS)** or 

Fe(CNS)21 (25). Peters and French have indicated the possible 

existence of Fe(OH) and FeCl (16). 

In this reaction the color development depends upon the 

amount and kind. of thiocyanate reagent used. Ammonium thiocyanate 

gives a deeper color than cyanic acid and the color intensity 

increases proportionally with additional reagent, there appearing 

to be no limit of color intensity that may result. The usual 

practice is to have a thiocyanate concentration of approximately 

0.3 molar as this concentration minimizes the effect of acid 

in lessening the color (20). 



E!!! 

The color development occurs in an acid medium with the 

pH maintained at l.L!. to 2.t for best coloration when using 11Cl. 

The diminishing of color with excess HC1 is possibly due to the 

Cl working into the complex to replace CNS and this is 

substantiated by the investigation which shows the possible exist- 

ence of FeCl'. Variation of the Fe" concentration over a 

limited range does not alter the amount of acid necessary for 

maximum color intensity. The nitrate ion effects an intensification 

of the color, but as the nitrate interferes with the color 

somewhat and especially so when color extraction with acetone is 

employed. 

The presence of salts interfers with the color. Sodium 

chloride has the least effect cf the salts investigated by keters 

and French and it was found that interference begins when NaCl 

molarity exceeds that of Fe by 260,000. £he presence of 

oxidizing agents bleaches the color very effectively and light 

causes complete discoloration over a period of time. 

For an iron determination in O% commercial caustic a 

o.o 0.1 g. sample is taken. This is diluted with distilled 

water, neutralized with 6 N. HC1 to methyl orange end point and 

boiled with a slight addition of Br2 water to insure oxidation 

to Fe'. After boiling off the excess Br2 the solution is 

made arimoniacal and boiled for a short time to facilitate the 

formation of Fe(OH)3. The hydroxide is retained on a filter 

paper, washed free of salt, dissolved with hot HC1 solution and 
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collected with wash water in a colorimetric tube. The color 

developed with the addition of NH14CN5 reagent is compared with 

standards made up simultaneously using a standard iron solution 

of 0.001 g. Fe444/ 10 ml. This method is capable of indicating 

in concentrations of less than i part per million (ppm) 

in the final colorimetric tube. 

Dotermination of Carbonate in Ìinera1 

The basis of this determination is the complete solubility 

of the &'CO3 and the insolubility of SrS% in HC1. The method 

employed is then simply one of acidimetry in which the acid in 

excess of that for solution of the carbonates is determined by 

titration with standard base to the neutral end point. Since 

the northwest mineral also contains small amounts of CaCO3 and 

MgCO3 an assumption that the three carbonates existed in the 

various fractions in the same proportions was necessary and 

calculations made accordingly. 

Iwlineral Fractionation and Sizing 

The numerous methods for fractionating and sizing particulate 

substances in the sub-sieve range were considered. It was finally 

decided to fractionate the strontium mineral powders with the 

Federal 1aboratorr dust classifier, thus obtaining dry fractions, 

and to size the various fractions by microscopic methods. The 
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dust classifier consists of two cyclones in series with collection 

flasks at the bottom of each and a system of sacks to catch fines 

discharged from the last cyclone. Material is fed into the first 

cyclone by means of a hopper and a screw feed while air is indue ed 

through the system by means of a blower placed between the last 

cyclone and the fines sacks. An air valve (V-valve) situated at 

the feed hopper is used in adjusting the air velocity to materials 

of different densities. A second valve (M-valve), located on the 

first cyclone, controls the particle size that passes through the 

first cyclone and into the second. The extreme fines are carried 

through the second cyclone and deposited in the fines sacks. 

i-roducts of different characteristics may react to produce 

entirely different particle size and yield values at identical 

valve settings; only results obtained by test are conclusive (8). 

Each mineral fraction obtained with the classifier was 

si.ed with the aid of a research microscope and a Filar micro- 

meter eyepiece. The micrometer eyepiece was calibrated with a 

standard calibration scale. Samples of each fraction were prepared 

on a slide being dispersed either mechanically or with alcohol and 

for the smaller sizes oil of cedar immersion was en1oyed for 

improvement of definition. For each sample, ttO particles were 

measured at random orientation and the average of the to measurements 

taken as the airer2g9 particle size of that fraction. 
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Caustic kurification Tests 

In the determination of the effect of mineral particle 

size on iron adsorption from caustic and related tests, a given 

amount of caustic was placed in ari 8 ounce bottle and the prcper 

amount of mineral charge slurried with distilled water and added. 

The bottles were stoppered and agitated a given period of time on 

a mechanical stirring device and then aflowed to stand undisturbed 

so that the mineral could settle. After the settling period the 

caustic was cleared of suspended materials by centrifugation and a 

sample was siphoned from the bottle for an iron determination. 

In the determination of the true eqW.librium and the time for 

adsorption, the saine procedure was followed, except that the 

agitation was continuous until the time indicated and the separation 

of the suspended materials was effected immediately by centrif- 

ugation. In all cases the mineral concentration was i part per 

1000 parts of caustic and the water used in making the slurry was 

kept to a constant minimum. The concentration of i part per 1000 

is comparable with that employed in the caustic industry in their 

caustic purifying operations. In other settling tests the proper 

amount of mineral slurry was placed into the liquid, agitated 

and allowed to settle. 
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PARTICLL SIZE AND DISTRIBUTION ANALYSES 

OF STRONTIUM MINERAL PRODUCTS 

The following strontium mineral products were obtained 

for study: 

1.) northwest mineral (ball mill product) 
airfloated to -200 M 
approx. analysis 

SrCO3 0.3 

5r5014 37.6 

LaCO3 8.0 

MgCO3 1.14 

S102, A1203, Fe203 2.7 

100 O 

2.) same as 1.) except airfloated to -32e M 

3.) eastern minera]. (probably Fuller mill product) 
air classified at 90% -32g M 

approx. analysis 

SrCO3 O 

SrS% 92.0 

Others 8 

100 O 

since the single greatest factor determining the settling 

rate is the particle size, the obvious initial problem was the 

determinätion of the particle size distribution of the various 

strontium products. This is most conveniently accomplished by 

classifying the material into different size fractions and 

determining the average particle size of the fractions. 
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Considerable difficulty was experienced in obtaining reproducible 

results in initial traisi with the dust classifier. This difficulty 

was more pronounced with the northwest than with the eastern product. 

Satisfactory results vere finally obtained after trying many varia- 

tions in procedure by re-running the charge through the classifier 

at a constant M-valve setting until microscopic examination of the 

fractions and the feed indicated that true classification had been 

attained. The data so obtained gave partial explanation of t1 

greater difficulty experienced with the northwest product. The 

presence of such a large quantity of fines (Figure ii) in the 

northwest product increased the agglomerating tendency (character- 

istic of fine materials) so much that classification could not be 

obtained without continued recycling through the classifier to 

break up the agglomerates and. free the fines. It is well to 

mention here of a change made in the feed arrangement that greatly 

facilitated, classification. The products were fed into the classi- 

fier feed hopper from a Syntron vibrating feed at a very slow rate 

and with sufficient vibration to effect a preliminary breaking of 

the agglomerates. 

The particle size distribution data arrived at for Sample i 

is plotted in the conventional manner in Figure II. Sample 2 

data appeared the same as that of Sample i and it is believed that 

the two are practically identical insofar as particle size 

distribution is concerned. The data for Sample 3 are similarly 
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plotted. In Figure III. The extreme difference between the 

northwest ana the eastern products is readily apparent. 

The Included photomicrographs are of the northwest -200 M 

strontium mineral with a superimposed. 75 micron grid which cor- 

responds to a 200 M screen. The upper photoinicrograph of 

Figure IV is of the coarse fraction from which an Idea of the 

particle shape can be had. According to crushing and grinding 

theory the smaller sizes are necessarily as angular and. probably 

more angular than these. The upper photomicrograph of Figure V 

is of a partially dispersed sample of the fines, the average 

particle size of which is less than 2 microns (0.002mm.). The 

tendency to agglomerate in this range is ectreme as evidenced 

by the fact that many of the smaller resolvable particles are 

agglomerates of several individual particles. The lower photograph 

of Figure V is of the 'tas received" material illustrating how the 

coarse particles are completely covered by the fines thus making 

niicroscopic size distribution study impossible without prior 

classification. In subsequent attempts to obtain classified 

fractions of chemically pure SrSOj4 and SrCO3 it was observed that 

the agglomerating temìency of the carbonate was much more pro- 

nounced than for the sulfate. This is possibly indicative of 

particle or surface charge of the SrCO3. 
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Figure VI is an analysis of the size distribution data by the 

method of Gaud.in (3). The axes are log-log with the abscissa 

labeled. in such a manner as to indicate an extension of the 

standard screen series. For noria1 crushing of an homogeneous 

material the data d11 give the type of curve illustrated. by the 

broken line. A heterogeneous material will give data deviating 

somewhat from this, but will approach the straight line as the 

nature of the constituents approach one another as inthe case 

of celestite (SrSO11) and. strontianite (SrCO3). Data of the 

eastern product deviate slightly from the curve of normal crushing 

whereas data of the northwest product depart far from the normal. 

A departure of the type displayed by the northwest product 

indicates milling time to have been excessive, ratio of feed size 

to ball size having been too large or some other error or mistake 

having been made in the milling procedure (io). It appears that 

milling of the northwest raw material has not been properly 

controlled to give the desired product or that the optimum nature 

of the product has not been considered. 

It has been suggested by the consumers that the SrCO3 

existing as the fines of the northwest product is responsible for 

the failure of the caustic to clarify after the iron removal treat- 

ment. For this reason it appeared necessary to determine the 

carbonate distribution in the product in order to establish a basis 

for the belief. The results of this determination are presented 
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graphically in Figure VII. similar curve was obtained for 

the northwest -32g M product and this is once again an indication 

that the -200 M and the -32g M products are identical. It is 

observed that less carbonate exists in the fines than in the coarse 

fractions, a fact that is contrary to some views expressed earlier. 
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SOME FACTORS IN IRON REMOVAL 

Before it was possible to determine the most desirable 

make-up of strontium mineral pcwder for iron removal from caustic, 

it was necessary to make a study of some factors of the iron 

adsorption process. The factors deemed necessary of investigation 

are as follows: 

i.) effect of particle size on iron adsorption 

2.) time required for adsorption 

3.) determination of true equilibrium attainable. 

The determination of the effect of particle size on iron 

adsorption was first attempted. usine different size fractions 

of the two minerals being considered in this investigation. The 

ultimate procedure employed has been outlined previously arr]. the 

reason for such a procedure (i.e., use of a centrifuge) will 

subsequently be made evident. 

Initial runs of the first determination gave data that 

were not consïstent or reasonably correlated. Difficulty was 

encountered in attempts to find the cause of the apparent 

experimental error. Critical investigation revealed that 

considerable of the iron present in a crude caustic sample was 

not truly soluble iron as had been earlier postulated aril. 

consequently assumed, but was insoluble iron contained in the 

colloidal ttcaustic mud" found in the solution. The crude 

caustic on hand for this investigation had been in its container 
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and. undisturbed for a period of over a year. An1ys1s of a sample 

of this gave a total iron content of 17.5 parts per million (ppm). 

After agitating the crude caustic in its container and sampling, 

analyses of 100, 120 and even 150 ppm were attained. After 

several days staring the total iron of a sample from the 

container analyzed 21 ppm and in subsequent analyses it was 

observed that the total iron in a sample was approximately 21 ppm 

or slightly less. Even these later samples contained some 

colloidal caustic mud as determined by close inspection of the 

liquid and by observing the formation of a sediment at the bottom 

of a glass container of the caustic solution. By centrifuging 

a sample of this caustic a much clearer liquor resulted aiul the 

iron content of the liquor lowered consistently to approximately 

12.0 ppm. Continued centrifugation did not appear to lower the 

iron content below this value. Decolorizing of the crude caustic 

with Cl2 did not appear to alter this apparent limit of iron 

solubility. The value of 12.0 ppm was taken as the soluble 

iron content of the crude caustic. There appears to be a need 

for the accurate determination of the true solubility of iron 

in caustic. 

The centrifuge was used not only for the removal of 

caustic mud, but also for the removal of strontium mineral that 

refused to settle from the caustic. This matter will be dealt 

with in the next section on caustic purification. The removal 
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of the suspended adsorbent was, of course, necessary before 

a determination of the actual amount of soluble iron adsorbed 

from caustic solution could be made. 

The effect of particle size on iron adsorption from 

caustic as ultimately determined is illustrated in Figure VIII. 

The range of particle sizes of the northwest mineral was extended 

from the sub-sieve to the screen sizes to test the possibility 

of soluble iron impurity removal from caustic with coarse material 

that would settle rapidly from the caustic by virtue of its high 

terminal velocity. The time of agitation for each mineral was 

i 3/Li hours, but it is to be noted that the time of contact of 

the adsorbent minerals with the caustic liquor is vastly different 

for the two. 

In the determination of the rate of adsorption, the nature 

of the true reaction equilibrium was also obtained. The rate 

of the adsorption reaction was less than had been anticipated; 

but, the degree of completion of reaction was greater than 

anticipated. Figure D illustrates the time for adsorption and 

the equilibrium attained (completeness of reaction, or nearly so) 

for fine size fractions of similar size. The eastern mineral 

which is nearly pure SrSO adsorbs much faster than the northwest 

minerai which is approximately L1.O% SrSO)4 and 60% carbonates at 

that size range. This is as was expected from consideration of 

solubility data of the sulfate and the carbonate. 
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The fact that continued agitation tends to effect an 

ultimate completion of the adsorption (note the difference in 

iron control for the same size fractions in figures VIII and 

IX) suggested the use of fast-settling, coarse size mineral 

for effective iron removal after sufficient agitation. Figure X 

shows the extent of soluble iron removal with coarse mineral after 

days of constant agitation. The practical use of coarse mineral 

for soluble iron removal obviously cannot be considered because 

of the prohibitive time required for effective adsorption. 
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CAUSTIC PURIFICATION 

Concurrently dth the determination of the effect of 

particle size on soluble Iron removal, tests of the ability of 

various fractions of the strontium minerals to clear from the 

caustic aM to mechanically sweep suspended materials were made. 

The conrparisons vere made by placing a fluorescent tube behind the 

bottles of caustic and. suspended minerals and. observing the 

solution clarity with passage of time. Figure XI illustrates the 

clarity attained by various fractions of the eastern mineral at 

the times indicated. Reference to Figure VIII gives the soluble 

iron adsorbed for the various fractIons used. All of the eastern 

mineral fractions cleared rapidly because of the nearly complete 

tendency for flocculation. 

The ability of sub-sieve fractions of similar size northwest 

mineral to clear from the caustic at various times is shown In 

Figure XII. It Is noted that the finest fraction of the northwest 

mineral remains cloudy even after nearly 6 days of standing. 

Figure XIII is a similar illustration of the screen size fractions 

of the northwest mineral. It should be noted that the fraction 

designs.ted merely as -270 M did not clarify satisfactorily, 

indicating that the fines produced even in crushing for the screen 

size ranges are of such a nature as to defy rapid settling from 

the caustic. The apparent reason for the lack of settling of the 

northwest mineral in caustic is that only partial flocculation occurs. 
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Caustic Purification Using Eastern Mineral Fractions 

i 2 3 1 6 7 

Immediately after agitation 

1. contro]. 3. E-Li, 6. E-7, 2.6)A 
2. E-2, 1.9,4 L. E-s, l2.O,u 7. E-8, Ii9.l. 

. E-6, l9.2, 

After 18 hours 

After 141 hours 

Figure XI 



Caustic Purification Using NW Sub-sieve Fractions 

1 2 3 Li 6 7 

Immediately- after agitation 
1. Control 3. NW-3, 14.O.t& . NW-.6, l9.O,.. 7. NW-8, 
2. NW-i, 1.3)-4.. Li. NW4, 9.9, 6. NW-?, 33.2, 

After 13 hours 

After 2 hours 

After 136 hours 

Figure XII 



39 

Caustic Purification Using NW Screen Fractions 

1 2 3 5 6 

Irrnediate1y after agitation 

1. Control 3. -200 4. 270 M 5. -100 r 150 M 
2. -270 M . -150 s 200 M 6. -80 100 bI 

After 1 hour 

After 2 hours 

Figwe XIII 



Unflocculated fines remain suspended in the highly viscous 

caustic even after considerable time as evidenced by the cloudiness 

of the solutions. The top photograph of Figure XIV shows the 

nature of the sediment obtained from 1. eastern mineral, 2. north- 

west mineral as received and 3. northwest mineral less 3 micron si,ea 

The sediment of the eastern mineral product is completely floc- 

culent whereas the sediment of the northwest product is but partially 

flocculent and partially compact. 

It has been observed that the formation of a flocculent 

material as the strontium mineral settles from the solution is 

necessary in order to effect a mechanical sweeping of suspended 

collodial caustic mud.. Coarse, non-flocculent sediments left 

the supernatant liquor slightly cloudy because of suspended caustic 

mud. Flocculent sediments as produced by the high SrSO eastern 

product, effectively swept clean the supernatant liquor to give a 

perfectly cléar solution. As shown previously, much of the iron 

impurity in caustic occurs in the collodial caustic mud; 

consequently, it is necessary not only to adsorb soluble iron, but 

also to sweep mechanically the collodial caustic mud from the 

solution. 

From the comparative tests made, it would seem likely 

that the strontium carbonate was resDonsible for the lack of 

complete settling of the northwest mineral from the caustic. To 

verify this deduction, tests were made using C.i. 5rSO and 
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Mineral Sedimentation 

1 2 3 

1. Sediment of eastern minera]. 

2. ediment of NW minera], as received 

3. Sediment of NW mineral minus 3,sizes 

123 After 6 hours 

i C P. SrSb approx. 2-3 1-4 

2. Uoptro3. 

3. C,1-. SrCO3 approx. 2-31-4,. 

After 11 hours 

Figure XIV 

After 26 hours 



SrCO3 of a comparative particle size (approxImately 2-3 microns). 

The results are shown in Figure XIV; the SrSOI1. settled rather 

rapidly by virtue of its flocculating tendency, whereas the SrCO3 

remained suspem1ed, except for the small amount separating by 

free-settling. There appears to be some justification to the 

suggestion that the SrCO3 existing in. the fines is responsible for 

the lack of caustic clarIfication. 

Several methods of adapting the northwest mineral to 

satisfactory use in iron impurity removal from caustic were 

Investigated. Removal of the fines by air classification was 

attempted with the results as Indicated in Figure XV. The ability 

of the northwest 'tas receivedt' 

mineral product to clear from the 

caustic cannot compare with that of the eastern product . The 

northwest product freed of minus 3 micron sizes compares somewhat 

with the eastern product, but leaves a considerable amount of 

suspended material in the caustIc. By freeing the northwest product 

of minus 8 micron sizes, purification with respect to clarity was 

found to be superior to that attained with the eastern product. In 

the latter case, the ability to remove soluble iron and. to sweep-out 

the suspended materials for the production of a clear liquor was 

observed to be satisfactory. In the northwest caustic industry 

the specification for iron in commercial caustic is 5 ppm; the 

northwest minus 8 micron sizes effected iron removal to less than 

this specification. 
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ffect of Air C1asifying Í miner1 1roduct on k'urification 

123 14S 

after Agitation 

1. G-']. 3. NW minerü as received 
2. nastern rni.neri1 14. Ni miner1 minus 31.A. sizes 

NW mineral minus 8,'-sizes 

ter i 1/2 heirR 

After 2 hours 

i&f ter O hours 

Figure XV 
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Removal of' the undesirable carbonate material from the 

air classified northwest mineral product by acid solution was 

tried and the resultant product gave satisfactory performance in 

clarifying and in iron impurity removal (Figure XVI). Conversion 

of the carbonate material to sulfate improved clarification as 

indicated by Figure XVII, but did not gi.ve consistently satisfactory 

results. This indicates that perhaps some variables of the 

conversion process had not been properly considered. The separation 

of the Sr% and the SrCO3 n the presence of CaCO3 by froth 

flotation is feasible and may be one solution to the problem, but 

it was not investigated because of some of the factors involved. 

The use of the slightly soluble Mg(OH)2 as a mechanical 

sweeping agent along with the STh% and rCO3 as the soluble iron 

adsorbent was suggested. Magnesium sulfate mixed with the north- 

west strontium product and introduced into the caustic resulted 

in the satisfactory clarification by sweeping of suspended fines and 

collodial caustic mud. However, the bydroxide displayed a tendency 

to rise rather than settle and hence cleared by separating to the 

surface of the caustic. In spite of the clarification by floata- 

bility rather thar sedimentation of the Mg(OH)2, this application 

appears feasible. The presence of magnesium in the caustic, 

however, is to be avoided. Its possible introduction into the 

brine system of a caustic plant is capable of causing precipitation 

of v1gOH i-ri undesirable places such as pipe lines and valves. 
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Effect of Carbonate Conversion to Sulfate on Purification 

12 3145 
Imm-iately after agitation 

.1.. Contrr'l 3. Ni ¡amoral as received convt. to 

2. astern mineral Li.. tv minus 3,-i. convt. to 5% 
. tvV rninu 8A-convt. to 5% 

After Li.8 hours 

1 2 3 6 

After settling period 

1. Control 3. NW as received , NW as received convt. 

2. Eastern mineral ti.. NY minus 3, to 
6. NW rdnus 3A.convt. 

to $014 

Figure XVII 
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SU14ABY AND CONCLUSIONS 

The purpose of this investigation has been the determination 

of factors involved in iron impurity removal from crude commercial 

caustic solutions, using both a northwest strontium mineral 

product and an eastern strontium sulfate product. The northwest 

mineral product is approximately 14.0% SrSO and 5 SrCO3 while 

the eastern mineral with which it is compared is approximately 

9$ SrSO. 

The mechanism of the iron impurity removal has been previously 

postulated as adsorption of the impurity by the powdered strontium 

minerals as they are mixed and allowed to settle through the caustic. 

Northwest strontium mineral product proved unsatisfactory 

in one instance because its settling time reportedly was 14- days 

as compared to two days for the eastern mineral product (21i-) . Initial 

considerations were then directed toward the physical make-up of 

the northwest product. Size distribution study of the two minerals 

has shown that the eastern mineral is a product of normal crushing 

and grinding; size distribution data of the northwest mineral 

give a curve distorted from that of a normally milled mineral, 

since 26 exists as fines of approximately 1.5 micron diameter. 

Chemical analysis of northwest mineral fractions shows that 

SrSOI4. displays a preference over SrCO3 for producing fines, but 

the preference is not too great. The presence of this large 

amount of fines nthe northwest mineral is a partial explanation 



of the inability to clarify. 

Investigation of the iron impurity removal process has 

resulted in a revision of the postulated nature of the iron 

impurity in crude commercial caustic. k-previous study has indicated 

iron impurity to be present in the soluble form; this study gives 

evidence that the iron impurity may readily co-exist in both the 

soluble and the insoluble form. The extent of the soluble form 

has been determined to be approximately 12 parts per million, 

hereas the extent of the insoluble iron impurity is a function of 

the presence of colloidal tcaustic mud". 

The study of sorne factors of the iron adsorption process has 

demonstrated the effect of particle Size fl soluble iron impurity 

removal. The use of coarse particles has been shown to be quite 

impractical for iron adsorption; the use of finer particles is 

imperative because of the increased rate of adsorption, but sizes 

approaching the colloidal range are not necessary for effective 

iron impurity adsorption. 

Caustic purification tests with respect to iron removal 

have demonstrated that complete iron removal is accomplished by 

means of both adsorption and mechanical sweeping; adsorption 

processes removing the soluble iron impurity and mechanical 

sweeping removing the insoluble impurities. It is recognized that 

numerous other deleterious impurities in the crude caustic may 

exist and be removed under similar circumstances. 
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Strontium sulfate displays a tendency to flocculate in 

concentrated caustic and this behavior is favorable in effecting 

mechanical sweeping of iron impurity as it settles through the 

caustic. Strontium carbonate displays a tendency to disperse in 

concentrated caustic, hence is not as good an agent for mechanical 

sweeping and separates as free-settling particles from the caustic 

with a slow settling rate. The respective behaviors of the two 

minerals in concentrated caustic could not be predicted and there 

is no ready explanation of the fact that SrSOj. flocculates whereas 

SrCO3 does not. A contrariwise observation has been made in that 

in both water and dilute caustic the behavior of the two minerals 

is identical, i.e., both flocculate ar. separate readily from the 

liquid. 

The northwest mineral product, as received, can be adapted 

to use in iron impurity removal from crude commercial NaOH solution 

by the following means: 

i.) air classification to remove less than 8 micron sizes. 

In the resulting product, which will be approximately SrSOj1. and 

SrCO3, both strontium minerals will function as chemical ad.sor.- 

bents for the soluble iron impurity. The flocculent SrSOj will act 

in addition as the mechanical sweeping agent and will assist in the 

settling of the non-flocculent SrCO3. The probability of the SrCO3 

being swept by the flocculent SrSO and thereby assisting in mechani- 

cal sweeping is much greater with this product than with the "as 
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received, product because of the large reduction in Individual 

dIsperse SrCO3 particles. 

2.) removal of the SrCO3 from the mineral product by 

means of acid solution. The remaining SrS01 is then used. as 

caustic purifying agent with the dissolved strontium compound 

perhaps used. in some other industrial application. 

3.) the conversion of the SrCO3 in whole or In part to 

SrS0. 

In addition, the following means may prove feasible: 

1f.) use of a suitable addition agent for the formation 

of an insoluble flocculent precipitate that will assist In SrCO3 

particle removal and mechanical sweeping through the caustic. 

5.) separation of the SrS01, and the SrCO3 of the north- 

west naturally occurring mineral by froth flotation. 
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Calculations for Figure I - settling Rates of Freely Falling 

Strontium }dinerals in Caustic. 

Terminal Velocity by Stokes' law, 

g(d-) 2 

18 

Spherical particles assumed in the following cases - 

1. rS0 in 0% caustic at 68°F. 

g = 980.7 cm/sec 

3.96 

dl = 1.2S 

1.10 poise 

D,cm. D,,L4. (Iicrons) 

0.0001 1 

0.001 10 

0.002 20 

0.00 so 

t, cm./sec 

0.000001208 

0.0001208 
o. 000L83 2 

0. 0c3020 

2. SrCO3 in 0% Caustic at 68°F. 

= 3.70 

D, cm. D,1'k (t1hc.ro) 

0.001 10 

Vt, in./hour 

0.00171 
0.171 
0.3)42 

t1 . 27 

Vt, in./hour 

o .13 
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3. SrS0 in SO% Caustic at 122°F. 

d1 

0.1S poise 

D, cm. D,A&- Vt in./iwur 

0.001 10 1.22 

).. SrSO in 30% Caustic at 66°F. 

d1 = 1.328 

0.l3 poise 

D, cm. D,, Vt, in./hour 

0.001 10 l.O 

Data for Figure II - Particle Size Distribution of Northwest 

Mineral. 

by Curaulative Average 
Fraction weight, guis. weight % )'article Size,,-- 

NÏ - 1 130.S 26.1 26.1 1.3 

2 0.0 10.0 36.1 1.14 

3 18. 3.7 39.8 

t 37.0 7.14 L7.2 9.0 

39.0 7.8 S.o 9.9 

6 102. 20. 7g.! 19.0 

7 103.0 20.6 96.1 33.2 

8 16.S 3.3 99.14 S0.9 

9 2.0 o.). 99.8 6.0 
10 1.0 0.2 100.0 77.1 



SS 

Microscopic Sing Data for Fraction i'i - 1 (fines) 

Magnification at 950 X with oil immersion objective 

Uaiibration constant for Filar eyepice = 0.0906 microns/division. 

servation No. Micrometer Reading 

1 18.0 
2 5.1 

3 16.1 

b 8.3 

5 7.2 
6 13.0 
7 7.8 
8 15.0 
9 10.6 

10 38.0 
11 10.0 
12 13.2 
13 12e0 
lit lit.8 

1 66.2 
16 9.2 
17 17.3 
18 11.3 

19 30.0 
20 9.0 
21 21.0 
22 1.2 
23 10.0 
2b 10.0 
2S 10.2 
26 13.0 
27 21.2 
28 13.2 
29 17.0 
30 16.8 
31 7.0 
32 8.2 

33 18. 

3b 7.7 

3S 8.2 



Microscopic bizing Data for Fraction NW - i (fines) (Continued) 

Observation No. 

36 

37 
38 

39 

Micrometer Reading 

9.0 
22. 

io. 

6.0 
9.2 

TOTAL S88. 

Average size = (88.) (0.0906) = 1.31 
(LLO) 

Data for Figure III - iartic1e size distribution of eastern rimerai. 

average particle 

% by Cmu1ative size 
Fraction mlcron 

E - i 2. 2. (1.3) 

2 )-i..1 6.6 1.9 

3 Li.1 10.7 

4 9.1 19.8 6.7 

s 13.8 33.6 12.0 
6 22.0 5.6 19.2 

7 38.3 93.9 2.6 
8 .h 99.3 149.1 

9 0.8 100.1 62.14 

*Ta1eri as comparable to fine fraction of northwest mineral, 
since not enough dust was easily collected for testing. 



Data for Figure VII - Carbonate distribution in northwest mineral. 

1 . sample of ea. fraction 
HC1 0.260 N. 
NaO1- 0.236 N. 
J. mi. NaOH = 0,90 mi. HC1 

% by 
C.C. Std. C.C. Std. C.C. HU1 Weight 

Fraction HC1 NaOH (M)CO3 (M) CO3 

NW - i 0.0 23.1 28.2 l.2 
2 0.0 22.)4 29.7 

3 S0.0 20.1 31.8 S7.8 
0.0 18.9 32.9 9.7 
2.O 21.2 32.8 S9.6 

6 S2.0 19.7 3)4.2 62.2 

7 2.0 18.6 3S.2 6)4.0 

8 0.0 ]J.I 37.0 67.2 

9 0.O 12.1 39.0 70.9 
Bulk S0.O 19.7 32.2 

(as received) 

Data for Figure VIII - Effect of mineral particle size on iron 

adsorption from caustic. 

Agitated for 1 3/)4 hours 

Settling time 3/)4 days 

No, Fraction (sizey) 

1 NW-l(1.3) 
2 3 )1.0) 

3 (9.9) 
)4 6 (19.0) 

; 7 (33.2) 
6 8 (o.o) 
7 -270M (-3) 

Iron remaining' Iron adsorbed 
in so1ution,jri from so1utiopDI!]. 

Trace less than 12.0 
1.0 11.0 

1.)4 10.6 
3.2 8.8 

3.8 8.2 
6. 

1. 1O. 



Data for Figure VIII - Effect of mineral particle size on iron 

adsorption from caustic (Continued) 

Iron remaining* Iron adsorbed 
No. Fraction (size,) in solution,ppm. from solution,ppm. 

8 -200 4. 270 M (63.) 4.7 7.3 
9 -.io 200 M (89) 7.2 

lo -100 i- l0 M (l26.) 9.0 3.0 

11 -80 4-'loO M (163) 11.3 0.7 

12 Control 12.0 - 

Agitated for 1 3/Li. hours 

bettling time i 3/) days 

Iron reniainin Iron adsorbed 

No. Fraction (size ,-) in solution ,ppm. from solution, ppm. 

i - 2 (1.9) Trace less tkSnl2.0 
2 ) (6.7) 1.5 10.5 

3 5 (12.0) 2.2 9.8 
6 (19.2) )4.2 7.8 

5 7 (25.6) 5.2 6.8 

6 8 (Li.9.l) 6. 5.6 

7 Control 12.0 - 

* Concentration of soluble iron impurity, 12.0 ppm. 



Data for Figure IX - Time for adsorption reaction for coarse 

size Ni mineral. 

NW mineral of -lEO 4- 200 M (Ave. psrticle size = 89 

microns) used. 

Temperature at 71 2°F. 

Iron Remaining in 
Time, hours solution, ppm. 

O (Control) 12.0 

16 11.2 

9.0 

66 7.3 

91.2 6.6 

lllj.2 

Iron Adsorbed from 
Solution, ppm. 

0.8 

3.0 

6.7 



Data for Figure X - Time for adsorption reaction for similar 

fine size NW and eastern minerals. 

Fractions used - NW -5 (9.9-) 

E -5 (l2.o,-) 

Temperature at 71 t 2°F. 

Time, hours Iron remaining in Iron Adsorbed from 

___________ Solution, ppm. Solution, ppm. 

For NW-5: 

O (Control) 12.0 -- 
0.17 11.5 0.5 

0.5 lo.h 1.6 

1.17 9.5 2.5 
1.83 9.0 3.0 

3 6.5 5.5 
L. ¿.6 6.I. 

6.12 2.8 9.2 
8 1.0 11.0 
16 0.5 11.5 

Trace 12.0 

Iron remaining in 
Time, hours Solution, ppm. 

For E-5: 

o (Control) 12.0 

1 5.6 
2 4.2 

3 1.5 

b 2.8 

5.58 1.2 
22.5 Trace 

Iron Adsorbed from 
Solution, ppm. 

6.b 
7.8 

lo .5 
9.2 

lo .8 
12.0 


