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I. INTRODUCTION 

Froth flotation is based on the differences in the physico-chemical 

surface properties of particles of various minerais. It is very seldom 

that the mineral to be separated possesses the desirable surface character

istics. Outside intervention is required to alter the natural surface of the 

mineral particles that make up the flotation pulp. The mineral that is to 

be floated by attachment to an air hubble must have a hydrophobie surface 

and the rest of the pulp must be hydrophilk or easily wettable. A mineral 

surface can be rende red hydrophobie by the attachment of a ~yer- bùilt··up 

of long chain hydrocarbons or of inert organic substance s. 

Adsorption describes the phenomenon of attachment of these 

substances to the mineral surfaces. There exists a variety of ways by 

which this attachment is possible. Organic substances can be adsorbed 

as ions, molecules or as multimolecular units. Consequently, the factors 

that influence adsorption are the interatomic and molecular forces and they 

are essentially electrical in nature when applied to oxides. 

The present "study was designed to explore the field of cationic 

flotation of quartz by studying the adsorption behaviour of dehydroabietylam~ .~ 

ine acetate. Cationic flotation grew in importance as the need arase to 

concentrate large tonnages of law grade iron ores. 

11 Low grade iron ore'' is usually defined as an ore with an SiO~ 

content higher than 14o/o, but is rather loa~ely used in connection with all 

ores that require sorne treatment before shipment ta the furnaces. 
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Flotation can be applied to these low grade iron ores by follow-

ing one of the four pro ces ses: 

(1) Anionic collection of iron oxide s 

(Z) Cationic collection of iron oxides at proper PH values 

(3) Cationic collection of siliceous gangue - often referred 

to as reverse flotation, and 

(4) Anionic collection of activated siliceous gangue. (1) 

The method that is most suitable to treat a particular ore is 

evaluated on the basis of economy; cost of reagents, cost of preparation 

and handling, and the effect of the altered surface characteristics in 

successive treatments. 

Although the feas ibility of oxide flotation was established 

for sorne time, theoretical investigations into the mechanism of the 

process are of recent origin. Most of the research work on cationic 

collection and adsorption properties were done using a straight chain 

hydrocarbon reagent. The most frequently studied collectors were 

dodecylamine derivatives. 

Basically, there are two distinct adsorption phenomena: 

physical adsorption and chemisorption. In practice the two processes 

are not so distinctly removed from one another. As Glembotskii 

stated it (11): 

"Among the adsorption phenomena of dissolved sub

.s:tances by1. oql;id s.ul!faces· tlje re is a multiplicity of 

adsorption processes, representing an almost unbroken 
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transition from physical to chemical adsorption. 11 

The prominent feature common to chemisorption and phys ical 

adsorption is that they are both spontaneous, e.a.ch being accompanied by 

a loss of free energy and the release of a definite amount of beat. 

The difference between them is that in chemisorption the 

adsorbed substance and the crystal lattice present a unified energy 

relationship. In physical adsorption, the adsorbed substance and the 

crystal lattice remain as two independent systems. The attachment of 

an atom to the mineral lattice and the bond between them in chemisorption 

is due to a transmission of electrons from the adsorbed atom to the lattice 

and vice versa. In physical adsorption the corresponding bond is main

tained by the much weaker Van der Waals forces. Furthermore, heat 

effects accompanying chemisorption are greater than the beats of physical 

adsorption. Chemi::cal adsorption shows a very marked selectivity that is 

lacking in physical adsorption. A remarkable characteristic of physical 

adsorption is the fast..~:ale at which it establishes equilibrium between 

the solid surface and the aqueous solution. As a result of the low degree 

of selectivity, phys ical adsorption produces a more even surface coverage 

than is found in chemical adsorption. 

There are a number of ways of attaching dissolved substances 

to solid surfaces. The more typical ones are: 

(1) Attachment in the electric double layer. 

The number of ions that can be adsorbed in the electrical 

double layer will be determined by the surface charge!: of the mineral. 
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In the diffused part of the outer layer, ions of any size or nature can be 

adsorbed, provided the sign of these ions is the same as the ions of the 

fixed part of the outer layer. If a solution contains ions of various 

elements, and they can all be adsorbed in the diffused part due to the ir 

identical charge, then the degree of adsorption of each ion will be 

directly proportional to the concentration of these ions in the solution. 

Attachment of ions in the outer layer involve s the participation of elec

trical attraction and repulsion forces between the ions operating over 

considerable distances. Ions of flotation reagents adsorbed in the diffused 

layer represent an unstable state and they can be easily desorbed. 

(Z) Attachment to the minerais in the form of surface compounds. 

This form of adsorption is very common in flotation. 

The main feature of the process is that the surface compounds do not 

form separate phases that can exist independently. The ions or atoms of 

the mineral crystal lattice which participate in the formation of the 

surface compounds expend only part of their bond energy on this process 

and remain connected to the other atoms or ions in the lattice as before. 

A pecW.iarity of surface compounds is the absence of a stoichiometric 

relationship in ions or atoms forming these compounds. This is due to 

the fact that the atoms or ions which form part of their structures 

exist as a whole with aU the atoms or ions in the crystallattice of the 

solid body. Surface compounds can be regarded as radicals attached to 

parts of the surface of a solid body and capable of existing only in conjunc

tion with this surface, not as substances having a definite composition. 
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(3) Reagent attachment to the mineral aurface in the form of films. 

Very often adsorption takes the form of attachment of a 

film onto the solid surface. U suall y, the film is a three dimens ional 

growth on the mineral surface. It is an entirely independent state that 

can exist as such. Films are important in flotation, because their 

appearance on the mineral surface changes the flotation properties of 

that mineral. 

The formation of a film on a mineral surface is determined 

thermodynamically by the fact that the nucleus of a new crystalline 

solid phase can always develop more easily on a phase interface than 

in the body of a solution. Strength of attachment depends on the relation

ship between the film crystal lattice parameters and those of the minerais, 

on which it develops. The rate of film formation is increased by raising 

the temperature and mixing the pulp. Where the film is not attached firmly 

enough to the mineral surface, mechanical agitation may affect the process 

adversely by causing the film to peel off. 

Oxide surfaces are known to have negative surface charges in 

solutions of proper :pH. This necessitates a collecter ion with a positive 

charge to adsorb and change the surface. Amine derivatives offer them

selves as suitable compounds., The most important feature of cationic 

coll.ectors is that the ir attachment is much weaker than that of the anionic 

collectors. Unfortunately, the actual workings of the attachment of 

cationic collectors to the mineral surface is not fully established yet. 

Re sults of investigations to date indic a te that the reaction between the 
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mineral surface and cationic collectoz:s is based on phys ical adsorption, 

characterized by an unstable reversible state. 

Iwasaki, Cooke and others (1), (5), (15) found that the collecting 

efficiency of cationic collectors is dependent on pH to a greate r extent 

than anionic collectors. Cationic collecting action is limited over a 

comparatively narrow range of pH values which can be very moderately 

acidic - as for quartz - or moderately basic - as for iron oxides. 
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II. EXPERIMENTAL WORK 

Quartz and specular hematite were chosen to be the respective 

adsorbents in two simultaneously investigated systems. An apparent 

reason for this selection is that quartz is the most common gangue mineral 

in iron ores, and it was relatively easy to obtain high purity samples. 

The complete adsorption system was made up of the fine powdered sample 

- solid phase - and the aqueous solution of dehydronbietylamine acetate-

liquid phase. Adsorption occurs at the interface between the two phases 

and it cau be determined by the concentration changes in the aqueous 

solution before and after adsorption. 

Outline of the Investigation 

(A) Preparation of test mate rials 

( 1) Siz ing of quartz by the Houltain infras ize r 

(Z) Wet screening of hematite: -Z 70 + 400 M 

(3) Cleaning of surfaces by dilute hydrochloric acid solution 
and subsequent washing with distilled water 

(4) Preparation of a stock solution of dehydroabietylamine acetate 

(B) Test procedures 

(1) Determination of equilibrium adsorption times 

(Z) Concentration determination of solutions before and 
after adsorption 

(3) pH measurements of test solutions 

( 4) Adsorption tests 1.mder various pH c:onditions 

(C) Surface are a measu.rements by the B. E. T. method using 

Krypton gas for both samples. 
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III. TEST MATERIALS 

1. Quartz 

Qnart7. ÎH fo~!nd in many forma. The rnost comment variety 

is 0 quartz that forms below 573 C. 

dral and commonly prismatic (2.6). 

Cl. quartz is hexagonal- rhombohe-

Quartz i.s an important constituent of igneous rock with an 

excess of silica, such as granite rhyolite pegmatite. An important 

property of quartz is its extremely high resistance to both mechanical 

and chemical wear. 

Another occurrence of quartz is with metarnorphic rocks, as 

gn.eisses and it is practically the only mineral of quartZites. Quartz is very 

often deposited from solutions and it i.s the most common vein and gangue 

mineral. As such it is found with all iron ore deposits, regardle ss of 

geographical location or genetic origin. 

The sample used in these investigations was o( quartz 

suppli.ed by the Mines Branch in Ottawa. 
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Z. Hematite 

A common occurrence of hematite is in the tabular or thin 

flake-likt> fnrm, It often occurs micaceo11S and fnliated, Thi.B version is 

called specular hematite or speculadte'-'. Edges of plates may be bevelled 

with rhombohedral forms. He.mati.te sometimes occurs as distinct rhombo

hedral crystals - often with nearly cubic angles. The composition of pure 

hematite is Fe: 70o/o ; 0 = 30 common impurities of hematite are Ti and Mg. 

Iron is the most abundant metal in the crust of the earth. 

Native state occurrence is very rare. Most commonly it is found as 

sul ph ides Fe S~ or as oxide s Fe~03 , Fe 30 4 , FeO (OH)
1 

Fe 0 (OH) mHz)Q.and as 

carbonate FeC03• The most important ore minerais are the oxide type s. 

Hematite is the most abundant ore of iron, occurring in a wide variety of 

forma: as contact metamorphic deposits, as metamorphosed ore bodies 

deri.ved from the alteration of limonite, siderite or magnetite and as irregular 

masses and beds as the result of weathering of iron bearing rocks. 

T~!.e hematite used in the test work was obtained from the Labrador 

property of the Iron Ore Company of Canada as a spiral concentrate. 
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(3) Dehydroabietylamine Acetate 

Dehydroabiety1amine is a high mo1ecu1ar we ight amine 

derived from pine resin acids. The following graphie formula can be 

assigned to the principal constituent of this am~ne: (7) 

CH~NH~ 

The general properties are as follows: 

Colour, (Gardner): 

Specifie gravity at Z5/15. 6° C: 

Refractive index@ Z0° C: 

Viscosity, poises at Z5° C: 

Secondary amine content o/o 

Total amine content, % 

6 

0.999 

1. 5447 

87 

1.0 

95 

These amines are stable up to temperatures of 100° C. 

Solubility: Dehydroabietylamine is practically insoluble in water. It 

is soluble in most common organic solvents including a1cohols, ethers, 

hydrocarbons and chlorinated solvents. 
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Surface Activity: 

These pine resin amines facilitate the wetting of siliceous 

surfaces as illustrated by the following contact angle measurement 

data (6). 

Mineral spirits alone 

Mineral spirits + O. 1 o/o amine D 

Mineral spirits + 1. Oo/o amine D 

Mineral spirits + 50/o amine D 

Contact angle against glass 
immersed inwater 

For the present adsorption study the acetic acid salt of 

dehydroabietylamine was used be cause it is eas il y soluble in water. 

High-purity dehydroabietylamine acetate was supplied by the Hercules 

Powder Co., and had the following composition (7). 

Carbon 

Hydrogen 

Nitrogen 

Direct Oxygen 

Total 

Theoreticalo/o 

76.47 

10.2.1 

4.05 

9.2.6 

99.99 

Foundo/o 

76.72. 

10.44 

3.95 

9. 2. 7 

100.38 

Based on this analysis the empirical formula was found to 

be: Cz.z H36 NOz and the corresponding molecular weight is 346. The 

molecular cross sectional area for the acid is 50 sq. Angstrom units 

and will be a.ssumed to be the same for the amine (7)J (8). 
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IV. APPARATUS 

Haultain Infras izer: 

This apparatus was used to prepare a closely sized fraction 

of the fine quartz powder for the adsorption tests. Only the product 

from the 5th cone was retained and used. 

Screens: 

The Z70 mesh and the 400 mesh Tyler sieves were used to size 

the hematite sample. 

Spectrophotometer: 

A Beckman Du mode! spectrophotometer was used for the 

analytical work. The greatest advantage of this method was its speed 

and z:elative simplicity. Appendix 1 contains the detailed information 

regarding the analytical method and other relevant data. 

Adsorption Column: 

The essential parts of the adsorption column included a ZO mm 

coarse ~;t?]iül:Ed glass fil ter and a vacuum flask. The solution was intro

duced through a ZSO ml pyrex funnel. The arrangement is illustrated in 

Fig. 1. 

B. E. T. Apparatus 

This gas adsorption apparatus was used to determine the surface 

area of the samples, us ing Krypton as an adsorbate. (Appendix III) 
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V. PREPARATION OF TEST MATERIALS 

1. Preparation of Samples: 

Quartz - 150 gram samples were infrasized for 3 hour;_periods. 

The material in cone number 5 was retained for the adsorption tests and 

the remaining cone products were rejected. 

The samples of sized silica were cleaned in lo/o 

solution of hydrochloric acid and washed thoroughly afterwards in distilled 

w:ater to remove any traces of acid. When cleaning was completed, the 

silica was dried completely in a steam oven. 

Smaller samples of quartz, ranging from 5 to 10 grams 

in weight, were split in a Carpco microsplitter. At the same time, a 

representative sample was obtained for B. E. T. surface a rea measurements. 

Hematite 

The original sample of hematite from Labrador con

tained a large amount of liberated silica. To obtain a pure sample the ore 

was tabled and the concentrate treated on a vanning plaque until there 

were no visible signs of silica in the sample. Purity was assured by 

microscopie examination and retreatment of the sample whenever it was 

necessary. 

In addition to the silica a fairly large amount of mag

netite was also found in the sample. Since the pre se nee of magnetite 

could easily introduce another variable, it was removed by passing the 

concentrate through a Davis tube. The hematite that passed through the 



- 14 -

tube was checked again with a hand magnet and the sample retreated if 

any magnetite was found in it. 

Final preparation and surface cleaning of the 

hematite was identical to that de scribe d for the quartz. 

Z. Preparation of the Dehydroabietylamine 
Acetate Solution 

Stock solution containing 1 gram of the acetate per 100 ml of 

solution was prepared. This represented a concentration of 10,000 part 

per million. From the stock solution other solutions of varying con-

centrations could be made up for the adsorption tests. 

The spectrophotographic calibration curve for dehydroabietyla-

mine acetate was found by using 5, 10, 15 and ZO mgJliter concentrations, 

prepared with the greatest possible accuracy. 

3. Dete rmina:tiôn: oLAdsbr.p"tion~_Tiime· .· · 

Before embarking on a series of tests, it was necessary to find 

the time required for contact between the adsorbent and the solution. 

Since contact time is a factor that depends on the volume passed through 

a bed of the adsorbent three düferent volumes were tested. 1000, 500 and 

ZOO ml of the solution at ZOO mg. liter concentration were passed through the 

silica sample and it was found that the amount of reagent adsorbed 

remained constant within So/o. Thus the selected adsorption time was 

equivalent to the time required to pass ZOO ml of test solutions through 

the ~ed of a. particular sample. Depending on the actual size of this 

sample it could vary from half an hour to about one hour. It was found 
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that the results were satisfactorily reproducible without the application 

of suction to the system. 

4. The Adsorption Column 

As illustrated in Fig.. 1, the adsorption column is a s impie 

experimental apparatus, to determine the adsorption of dehydroabiety

lamine on the surface of silica and specularite. 

A sample was weighed out accurately on an analytical balance 

and the desired concentration of the solution made up for each test in 

500 ml volumes. Two ZOO ml volumes of the solution were used for 

duplicate tests and the remàining 100 ml for analytical determination. 

To eliminate the error due to adsorption on the fritted glass 

filter before each test, approximately 50 ml of the test solution was 

allowed to pass through the filter, thus bringing it to equilibrium with 

the solution .. 

Similarly, after each test the filters were flushed with boiling 

distilled water. 

In the adsorption tests, the sample was placed in the fritte d 

glass filter and well mixed with a small portion of the solution. W:hen 

thorough wetting was as sured, a funnel was attached to the filter with a 

rubber stopper, maintaining a constant solution coverage over the bed of 

sample. 

After the ZOO ml of solution passed through the sample, a weak 

suction was applied to rem ove sorne of the inter stitial liquid. 
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Arrangement of the Adsorption Column Apparatus 

Solution 

Fritted glass 

fil ter 

Solution 

'- -. -

Fig. 1 

Bed of 
~-------Adsorbent 

To suction 
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After its passage through the column, the concentration of the 

solution was determined and the difference between the two determin

ations, before and after adsorption, was plotted against the concentration 

of the original solution as a characteristic value of the amount of 

adsorption. 

The main drawback of such spectophotographic determinations 

was the limited concentration range with a maximum value of zo~; 

mg/liter,. Most solutions, above this value, could only be determined 

indirectly by diluting them to a suitable range, approximately 10 ppm, 

and then recalculating the actual value for the solution. {Appendix I) 
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VI. EXPERIMENTAL RESULTS 

The following six tables contain the data obtained during the 

investigation. 

Tables 1 and Z conta in information re garding the adsorption 

behaviour of dehydroabietylamine acetate from nearly neutra! pH solutions. 

The pH varied from 6. 3 to 6. 9 for a concentration range of 5 mg. liter 

to 1000 mg/liter, the pH increasing slightly, with the increase in 

concentration~. 

All tests were carried out at room temperature with an approx

imate variation of 5° C. 

The amount of adsorption that takes place at the interface can be 

expressed as the weight of adsorbate per unit weight of adsorbent. 

However, a direct comparison between the quartz and hematite would not be 

possible because of the differences in their specifie surface values. 

Therefore, the adsorption value is exp re ssed as the weight of adsorbate 

per unit area of the adsorbent surface. These values are plotted on the 

graphs, corresponding to the tables, and shawn in Fig. z. 

Similar re marks hold for the remaining four tables with the 

only addition, that in those tests the pH of the solution was usually adjusted 

to sorne value different from the natural pH values. O. IN NaOH was used 

for pH a.djustments. 

Tables 5 and 6 contain information on the effect of pH on adsorp

tion. The concentration of the solution was maintained at approximately 

ZOOmg/literandthe pHvariedfrom6 to 11. beyond pH 11 precipitationtakes 

place rapidly. 
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Calculation of Surface Coverage by Dehydroabietylamine Acetate 

Molecular cross sectional area {7), (8) 

Specifie surface of silica 

Specifie surface of hematite 

Molecular weight of dehydroabietylamine acetate 

No. of molecules in 346 mg 

No. of molecules in 1 mg 

2811 crn.Z /gr 

346 gr/mole 

6.02x1o
20 

1.7398x10
18 

Molecules required to cover 1 gr. of SiOz surface 5. 622xl o17 

Amount of dehydroabietylamine acetate to cover 
1 gram of SiOz surface 

Amount of dehydroabietylamine ace.tate to eover 
1 c mz ~utfa~~ 

O. 3244 mg 

-3 O.l1495xl0 mg 



TABLE 1. 

ADSORPTION OF DEHYDROABIETYLAMINE ON QUARTZ; S.S.=2,811 cm2 /g. 

Test Conc'n of Sol'n Volume Amount Wt. of AdsorEtion pH of Temp. %Surface 
No. Be fore After passed adsorbed sample mgfg (mgfcm2) sol'n oc coverage 

mg/1 mg/1 ml mg g Si02 x1o-s -
1 5.0 4.5 200 0.0921 5.617 0.0164 9.00583 "0 1--3 5.07 ::x: (b 

2 11.0 10.45 200 .116 5.288 0.022 .00782 
11 s 7.81 

3 24.4 23.1 200 .270 4.980 .053 .01885 iLl "0 16.40 
::1 • 4. 36.0 34.18 200 .364 4.987 .073 .02596 22.59 N ()Q 11 0 

5 46.7 42.8 200 • 780 6.571 .119 .04233 (b iLl 35.71 .. 
6 54.0 48.0 200 1.20 8.282 .145 .05158 

0" 
~ 44.89 
(b 

7 95.0 88.0 200 1.40 6.169 .227 .08074 . .. 70.27 
8 200.0 189,.0 200 2.20 7.364 .299 .10636 

~ 
92.60 ..,. N 

9 269.0 251.7 200 3.45 8.261 .418 .14870 0 ~ 129.41 
0 

10 368.0 341.2 200 5.36 9.402 .569 .20241 0" 
() 177.89 . 

11 401.0 370.0 200 6.20 8.748 .708 .25186 '\.() ..,. 
12 430.0 380.0 200 w.oo~ 9.270 1.08 .38420 0 

13 484.0 465.0 200 3.8 9.125 .416 .14799 N 
00 

14 540.0 495.5 200 8.9 8.187 1.09 .38776 0 

15 640.0 590.0 200 10.0 7.059 1.318 .46887 () 

16 853.0 790.0 200 12.6 7.048 1.79 .63678 
17 1075.0 875.0 200 40.0 7.431 5.72 2.03486 



TABLE 2. 

ADSORPTION OF DEHYDROABIETYLAMINE ACETATE ON HEMATITE; 

s.s.= 1,689 cm2 /g 

Test Conc'n of Sol'n Volume Amount Wt. of AdsorEtion %Surface 
No. Be fore After passed adsorbed sample mgJg (mg/cm1 ) coverage 

mg/1 mg/1 ml mg g Si0·2- xlo-3 

1 16.8 16.1 200 0.14 9.541 0.014 0.0082 7.13 
2 67.5 63.5 200 .80 8.684 .092 .0544 47.34 N 

....... 
3 102.0 92.0 200 2.00 11.192 .178 .1053 91.64 
4 205.0 184.0 200: 4.20 10.444 .354 .2096 182.41 
5 93.0 82.0 200 2.20 11.841 .185 .1098 
6 306.0 281.0 200 5.00 11.548 .351 .2078 
7 430.0 410.0 200 4.00 11.823 .340 .2013 
8 748.0 708.0 200 6.80 13.959 .487 .2883 
9 587.0 560.0 200 5.40 13.927 .388 .2297 

pH range: 6.3 to 6.9 

Temp.range: 23°C to 28°C 



TABLE 3. 

ADSORPTION ON QUARTZ IN BASIC SOLUTIONS. 

Test Conc'n of Sol'n Volume Amount Wt. of Adsor~tion 

No. Be fore After passed adsorbed sample mgfg (mgfcml) pH REMARKS 
mUl_ mg/1 ml mg g Si02 xl0-3 

-
1 20.0 4.0 200 3.2 5.205 0.730 0.2597 10.2 Temperature 
2 45.7 5.5 200 8.03 5.253 1.514 .5386 9.9 of N 
3 95.0 o.o 200 19.0 4.586 4.14 1.4728 10.0 N 

4 207.0 93.0 200 23.1 5.652 4.07 1.4479 8.8 
test series: 

5 283.0 36.0 200 49.4 5.494 8.90 3.1661 10.0 23°C 
6 380.0 33.0 200 69.4 7.101 9.80 3.4863 9.9 
7 510.0 165.0 200 69.0 4.917 14.37 5.1136 10.0 
8 730.0 234.0 200 99.2 5.083 19.15 6.8120 9.0 



TABLE 4. 

ADSORPTION ON HEMATITE IN BASIC SOLUTIONS. 

Test Conc'n of Sol'n Volume Amount Wt. of AdsorEtion 
No. Be fore After passed adsorbed sample mgfg (mgfcm2) pH REMARKS 

mg/1 mg/1 ml mg g SiOa xlo-3 

1 12.7 9.7 200 0.6 7.451 0.0805 0.0476 8.2 
2 55.0 45.6 200 1.87 8.193 .228 .1350 8.1 Temperature 

N 
3 90.0 70.0 200 4.0 7.127 .562 .3327 11.4 of w 
4 181.0 144.0 200 7.4 10.540 .702 .4156 10.2 test series: 
5 326.0 253.0 200 14.6 9.371 1.560 .9236 8.1 

28°C 
6 420.0 350.0 200 14.0 9.322 1.510 .8940 8.1 
7 535.0 415.0 200 24.0 12.103 1.990 1.1782 8.2 
8 630.0 513.0 200 23.4 11.640 2.010 1.1901 8.0 
9 870.0 650.0 200 24.0 10.780 2.200 1.3020 8.1 



TABLE 5. 

ADSORPTION ON HEMATITE WI'lli CHANGING pH. 

Concentration: 205 mg/1 

Test Acetate in 200 ml Amount Wt. of Adsoq~tion pH REMARKS 
No. solution adsorbed sample mgfg (mgfcml) 

Be fore After mg g Si02 x1o-3 

--mg mg 

1 41.0 39.2 1.8 10.187 0.177 0.1048 6.3 
2 41.0 6.8 34.2 12.226 2.790 1.6518 10.4 

N 

Temperature ~ 

3 41.0 18.4 22.6 9.674 2.330 1.3795 8.0 
4 41.0 11.4 29.6 11.688 2.530 1.4979 9.1 of 
5 41.0 6.1 34.9 13.125 2.590 1.5334 10.1 test series: 
6 41.0 0.7 40.3 13.684 2.950 1.7466 11.1 
7 41.0 39.0 2.0 12.535 0.160 0.0947 7.3 24°C 
8 41.0 39.5 1.47 8,791 0.168 0.0994 6.7 
9 41.0 32.9 8.1 9.734 0.850 0.5032 7.7 

10 38.0 3.0 35.0 10.736 2.750 1.6282 9.8 



TABLE 6. 

ADSORPTION ON SILICA WITH CHANGING pH. 

Concentration: 205 mg/1 

Test Acetate in 200 ml Amount Wt. of Adsorption 
No. solution adsorbed sample mgfg (mg/cm2 ) pH REMARKS 

Be fore After mfi li Si02 xlo-3 

mg mg 

1 41.0 38.8 2.2 7.364 0.299 0.1063 6.7 
2 41.0 1.5 39.5 6.992 5.660 2.0130 10.3 

N 
!JI 

3 41.0 26.4 14.6 6.684 2.190 0.7791 8.4 Temperature 
4 41.0 34.4 6.6 5.461 1.210 0.4305 8.3 

of 
5 41.0 36.4 4.6 5.087 0.910 0.3237 8.2 
6 41.0 38.8 2.2 6.484 0.340 0.1209 7.4 test series: 
7 41.0 19.9 21.1 5.179 4.070 1.4478 8.8 
8 38.0 2.8 35.2 6.144 5.720 2.0348 9.8 24°c 



- z·.6 -

The possible reversibility of the process was investigated 

by desorblngfrom the point obtained with the highest concentration of 

the solution. In the first two stages strong suction was applied to the 

system. Equilibrium conditions prevailed during the last two stages 

of the desorption process. The following table summarizes the resulta 

of the de sorption tests. 

There are two assumptions made in connection with the resulta 

of the desorption tests. The first one is that the solution remaining 

in the bed of adsorbent above the fritted glass filter has the same con

centration as the effluent and the second one is that if this concentration 

is greater than that of the effluent, then the volume of the residual 

solution is comparatively small and its effect on the total ZOO ml 

solution is still negligible. 

To maintain a constant volume circulating in the desorption 

tests, only a 50 ml volume of the effluent was removed for determinations 

and replaced by 50 ml of water to dilute its concentration. The solution, 

made up of (150-x) ml then returned for the next desorption test. x is 

the volume of solution retained in the bed and its volume is estimated to 

be between Z to 4 ml. 

Although the accuracy of determination diminishes rapidly at 

very low concentrations, itnevertheless appears from Fig. Z that the 

adsorption of dehydroabietylamine acetate is of the physical nature. 



TABLE 7. 

ADSORPTION DATA ON QUARTZ IN NEAR NEUTRAL SOLUTIONS. 

Test Initial Volume Amount Wt. of 
No. Conc'n passed adsorbed sample REMARKS 

mg/1 ml mg/g Si02 g 

1 655 200 0.404 7.431 Solution passed with strong suction 

2 630 200 0.080 7.431 Solution passed with strong suction 
N 

3 480 200 1.076 7.431 Solution passed without suction ~ 

4 215 200 0.471 7.431 Solution passed without suction 

Temp~rature of tests: 24°C 

pH range: 6.3 to 6.6 

Data from this table are plotted in Fig. 2. 
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VII. DISCUSSION OF RESULTS 

The purpose of this investigation was to establish the adsorption 

characteristics of a cationic collector of a more complete l:ltnutlilltiBe::than 

the straight hydrocarbon chains. Aqœeous solutions of dehydroabietylamine 

acetate were used and it is assumed that the ionized dehydroabietylamine 

takes part in the adsorption. Terminology referring to the adsorption 

of dehydroabietylamine is only a matter of conveniencesince evidence îs 

not available as to the actual participation of the acetate radical in the 

surface phenomenon. 

These tests were designed to yîeld information regarding the 

adsorption behaviour of dehydroabietylamine on quartz and specular 

hematite and the dependence of adsorption on concentration and pH of 

the solution. 

Adsorption in Near Neutra! Solutions 

Adsorption and de sorption resulta with quartz in near neutra! 

solution are plotted on Fig. z. log-log scales are used to accommodate 

the wide range of concentrations tested and the amounts adsorbed. From 

the curve it becomes obvious that at lower concentrations the relationship 

is linear. The slope of this linear section is approximately 45°. 

The first noticeable change in direction occurs between the 

roints obtained. at 100 and ZOO mg/liter concentration. This is rather 

signific;:tnt beca,use it serves as a confirmation of the empirical :findings 

that the adsorption rate changes at the point where a monolayer is com

pleted. The intersection of the calculated line of monolayer coverage 
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intersecta the isotherm at the ZOO mg/liter concentration. 

Two such 11 breaks11 in the direction of the isotherm 

exist - one at z.bo mg/liter and the other at about 500 mg/liter. 

Recause of possible micP-11 formation concentrations above 

1000 mg/liter were not tested. 

There exista a remarkable similarity between these ad

sorption resulta and the results of other investigators (4) with 

straight chain collectors. The rate of adsorption is somewhat higher but 

the general trend of the variation versus concentration is very similar .. 

It is questionable whether,based on one isotherm, one can 

assigna mathematical relationship to express the adsorption character

istics of any one particular system. The writer feels that more ex

tensive research is required before a tested relationship can be estab

lished. 

The calculated surface coverage on the cumu:bz: at the lowest 

concentration tested is 5.10o/o and at ZOO mg/liter this coverage is 9Z. 6o/o 

which is almost one complete monolayer. At the highest tested concen

tration the surface coverage is several layers thick. Very little is known 

about the actual disposition or the structure of these layers adsorbed 

on the solid surfaces. 

Gau.din and 'Fuerstenmu((l. 7) - inve stigated the mechanism of the 

Jlotati.on of quartz by ca.tionic colleetors. They found that these collectors 

c:hange the sign of the electrokinetic potential at a given concentration. 

Aceording to theKe investlgators the decrease in electrokinetic potential 
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ls evidence that the a.dsorbed layer changes lts structure by formlng 

what they call "hemf. .. mkells 11 • Adsorption calculatlons indicate that 

eollectors form multUa.yer coatlnga on the surfaces of mlnerals. 

However, such calculations are always ine"ad because there h no 

evidence that the coverage is uniform on .the surface. Desplte this 

lna.ccura.cy lnvolved in the ca.lculations it ls a.ssured that lt can only 

give the lower limit of the resulting multilayer adsorption (Z). As a 

rule, lt le conddered that the adsorptlon ls unlformly dlstrlbuted 

over the surface. 

Desorptlon in Neal! Neutral Solutions 

According to the definition of physlcal adsorption: the 

pro ce u is spontaneous and reversible. So far lt was found that 

the procese was spontaneous but the latter part remalned to be in

vestigated. It Le a very common statement one flnda ln recent texte 

on flotatlon that 11 catlonic collectors adsorb reverslbly on minerale, 

lowe rl.ng the hydratinn of the lr surface s 11 (Z). 

Re ault!!! of tests to check the reverslbillty of adsorption 

wlth dehydroabletylamlne acetate are plotted in Fig. Z with the adsorp

tion data and the points are numbered from 1 to 5, 

Durlng the fi.rst two atagee !luction was appUed to the system 

to ff.n.d out the effc:~et nf 1neehanll~al conditions. In the second stage 

th(',! l!!ol.ution ~~oneentratlon Wall about the aame a.s the effluent of the firat 

stage, y~t the de"orption value reached a low of 0, 08 mg/gr SI.Oz, 
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clearly indicating that the force of washing was to account for the 

desorption. 

In the last two stages: (3-4), (4-5), the solution was 

allowed to pas s the bed of silica without applying suction to .the system 

and consequently the values reached the same magnitude as obtained with 

the previous adsorption tests. 

With most of the monolayer cove rage of the surface removed 

it now appears this is also a certain case of physical adsorption. 

Definite features of the adsorption desorption curves show that the 

properties defining the phenomenon are present and available for identi

fication. 

The actual mechanism of collector adsorption on mineral 

surfaces is still in a hypothetical state. The re is har dl y a unique explan

ation possible, but the most reasonable assumption is that it is composed 

of various mechanisms commencing at various phases of the adsorption 

process. For the first phase of the process the electrical double layer 

phennmenon may be used as a fundamental mechanism describing the 

cause and the manner in which large heteropolar compounds could be 

adsorbed. 

Solid surfaces do not remain inert when they are submerged 

in liquids. The reaction between the water and the ions it carries changes 

the composition and the electrical character of the mineral surface. A 

cha.racteristic feature of the reactions between the components of the 

liquid phase and the solid surface is that they are not uniform in ene rgy. 
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This means that the rate at which one kind of ion leaves the solid 

surface and ente rs the solution is grea ter than this rate for another 

ion. Consequently the electrical neutrality of the solid surface is 

impaired. The first result of this rate difference is the formation 

of a charged surface opposite in charge to the charge of the ions 

with the highest rate of dissolution. 

When an equilibrium state is achieved between the solid 

surface and the solution, the solid surface will be surrounded by a 

double electric layer. The structure of such a double layer can be 

Ulustrated by a simplified diagram (11). 
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Fig. 3. 

The structure of the electric double layer formed on a 
mineral surface in aqueous solutions 
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1-1 Boundary between unaltere d crystal lattlce and charged 
surface layer. 

A-A Irù:te'I': part of the double layer 

Z-2 Actual physical boundary between the solid and the liquid phases. 

B-B Outer part of the double layer with regularly arranged cations. 

3-3 Boundary between ordered part of outer skin and diffused part. 

C-C Diffused layer of the outer skin. 

4-4 Boundary between the outer skin of the diffused layer and the 
solution. 

The inner skln of the double layer is firmly attached to the 

mineral surface and naturally move with the solid particles. The cations 

in the outer layers only representa part of the total number of cations 

that left the mineral surface. The diffused layer, beyond the 3-3 line 

contains the balance of these cations. As the distance increases from the 

3-31ine the ionie concentration ofthese cations also decreases. So far 

the system is in electrical equilibrium. 

When the particle begins to move in the liquid a lag develope0 

in the diffused layer. As a result a potentiitl difference is set up between 

the layers A-A and B-B. This potential is a product of :!33elative movement 

and is called the zeta potential. 

In addition to the zeta potential concept, there is the concept 

of the thermodynamic or full potential. 

The full potential is de scribed as the potential difference between 

the total ions in the outer skins, to the right of the 2-2 line and the ions 

to the left of the 2-2 line. Calculation of both potentials reveals that 
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the zeta potential is al ways le ss than the thermodynamic or the full 

potential (11). The difference between the two potentials is that 

they arise at different places in the system: the thermodyamic 

potentia.l arises at the solid-liquid interface, whereas the electrokinetic 

potential arises on the slip surface between the fixed and the diffused outer 

layers. 

Ions in solution can react with the outer skin of the electrical 

double layer or with its inner skin. For example the ionie dimension 

will determine whether the ion will be adsorbed by the outer skin or in the 

inner skin. Ions which already exist in the crystallattice or can easily 

replace these will be most readily adsorbed in the double layer• s inner 

skin. Ionie dimensions are the most im_pbïritatlt criteria. in this type of 

adsorption. Such ions that can penetrate into the inner double layer are 

called potential determining ions. 

To support the supposition that dehydroabietylamine acetate 

adsorbed physically can now be supported by the behaviour of ions of 

lhrgeœ size than the ions of the crystal lattice (Z.). These ions due to 

their size cannot peue;traJ~: into the inner layer and can only be adsorbed 

in the outer layera of quartz and hematite. 

The higher the concentration of the ions of the same size as 

the ions of the outer skin of the double layer, the greater the proportion 

of these ions that will pass from the diffused layer into the outer skin. 

This transfer of ions of the same sign from the solution and the diffused 

layer into the outer skin of the diffused layer will reduce the zeta 
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potential. The re exists an electrolyte concentration in the solution 

at which this transition of ions into the outer skin may practically be 

complete, reducing the zeta potential to zero. When this is achieved 

the system becomes isoelectric. 

Gaudin and Fuerstenau illustrate the process of acquiring 

a surface charge for silica in aqueous solutions (17). They conclude 

that even in pure water Si02 has a negatively charged surface and that 

hydroxyl and hydrogen ions appear to function as potential determining 

ions in water. 

DeBruyn and Parks (16) in a more recent paper express the 

process of achieving a charge or the formation of the double layer 

at any oxide surface as: 

0- (surface) + H;i.O:;:::: 2.0H {solution) 

This equation is in agreement with the potentia1 determining role of the 

OH- and H+ ions. Most investigators (17 to 2.2.) of the propertie s of 

the oxide -aqueous solution interface support that the mechanism by which 

the surface charges established may be viewed as a two-step process; 

surface hydration followed by dissociation of the surface hydroxyl. 

The hydration step may be visualized as an attempt by the 

exposed surface atoms to complete the ir chofdinat.io:b..sh'ell of nearest 

neighbours. Exposed cations accomplish this by pulling an OH- ion or 

water molecule and the oxygenions by pulling a proton from the aqueous 

phase. The net result is that the surface is now cove red by a hydroxyl 

layer with the ca tians buried below the surface. 
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Comparison of Adsorption w ith quartz and Spe cul ar 
Hematite in Nea.r-neutral Solutions 

Adsorption tests, similar to those described in conjunction 

with Fig. 2 were carried out with pure specular hematite that ranged 

in size from 270 mesh to 400 mesh. The plot of the results obtained 

is shown. on Fig. 4. with the pH values ranging between 6. 4 and 6. 9 

The conclusion which can be deduced from the curves is that 

the behaviour of the two minerais is very similar up to the point of in-

tersection, This point is well above the calculated monolayer coverage. 

At ne arly 200 mg/liter concentrations the ads:aoppion iso the rm for the 

hematite changes direction abruptly and almost becomes parallel to 

the horizontal axis. The point of intersection between the hematite 

and quartz is at approximately 300 mg/liter solution concentration. 

As it was stated before, investigators (15), (16), (17) agree 

on the process by which an oxide surface becomes cha.n_g·ed, They also 

agree that for practical purposes both the SiOz and Fe20 3 surfaces 

are similar provided the pH range is suitable. The development of the 

surface charge occurs in two sta~o: 

(i) formation of a surface hydroxide layer due to 
surface hydration, and 

{ii) the dissociation of this hydroxide layer to yield a positively 
or negatively charged surface, depending on the pH of the 
solution .. 

The latter part deserves more attention, beca.use it provides 

the key to the understanding for the unusual similarity of these two oxides. 
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Iwasaki and others (1), (14) found by expe riment that the 

zero point of charge of hematite, goethite and magnetite lies in pH range 

of 6. 7 to 7. o. Below this pH the surface of the se ion oxides is positive 

and above it it is negative. Silica on the other hand can be negatively 

charged at pH values as low as 3. 0 (15}. Considering now that the pH 

range of the present investigations is about 7 or the range simUar to the 

zero point of charge of the iUltt oxides and assuming that both of the 

surfaces were negatively charged, the similarity can be explained 

conveniently. 

Joy and Watson (Z3) found in their experimenta that in the case 

of hematite, the number of collector ions - charged species - correlates 

with the number of negative sites on the surface. However, the total 

amount of amine adsorbed was greater than that can be accounted for by 

ionie adsorption alone, particularly at pH values far removed from the zero 

point of charge. 

In their work with Itabira specular hematite they found that only 

at low amine concentrati!'Dns and high pH values does the adsorption of 

charged species account for all the amine adsorption. The amount of 

adsorption above this region is too great and cannot be accounted for by 

attachment of collector ions of the type RNH/. Therefore, another 

mechanism of adsorptioniis recommended such as attachment of RNH2 

t:hrough hydrogen bonding. 

More quantitative information on the mechanism is lacking 

at the moment. The available literature provides only assumptions 

and hypotheses on this subject. 
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Comparison of Adsorption Properties of Silica 
and Hematite at Basic Solutions 

The resulta of Fig. 4 clearly indicated that at pH 7 the 

adsorption chara<èteristics of the two minerais are too similar to 

allow effective separation by cationic collection. Consequently, the 

next step in the investigation was to consider their behaviour at other 

pH values further removed from the zero point of charge of hematite. 

In the case of quartz the pH of the solution was maintained 

constant with one exception where the pH went to 8 at 2.07 mg/liter 

concentration. The corresponding adsorption value is 1. 4479 mg/Cm2 

x 1 o-3 and the adsorption value at pH1g and 95 mg/liter concentration 

is 1. 472.8 mg/Cr:-rf x 10-~. This undoubtedly leads to the conculusion 

that a definite drlvi'ng force exista in the mechanism of adsorption, 

due to pH,a.nd it has a more profound effect than concentration on the 

adsorption. (Table 3) 

The hematite was tested at pH of 8 while two tests were run 

at pH 11 and 1 O. The se two tests have ll'."elmii.Jr.Dii!N~l close to the isotherme 

found for pH 8. Fig. 5. 

An overalllook at the curves reveals that there is a very 

definite shift in the isotherme of both minerale from the position found 

in Fig. 4. This shift is nearly twice as much for SiOz as it is for 

Fez03 and suggests that the silica surface is more sensitive to pH changes 
'·, 

tha.n hematite is • 

Fig. 6 throws more light on this problem. In the tests 

plotted on Fig. 6 the pH dependence of adsorption was investigated and 
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it was found tha.t the critical pH ~ange for quartz lies between the 

values of 8 and 10 while the corresponding range for hematite is 

found between 7. 5 and 8. 5. Above 8. 5 the amount adsorbed by 

hematite remains reasonably constant. 

Therefore, the isotherme of Fig. 5 (quartz pH 10) 

(hematite pH 8) indicate maximum adsorption conditions for bath 

minerale. This explains why the test with silica at pH 8 fell consider-

ably be1ow the line and whey the two tests with hematite at pH 11 and 10 

remained so close to their respective isotherm. 

Another point worth noting concerning these isotherme is 

the reoccurrance of the sharp break in the slope of the hematite curve. 

Superimposing Fig. 3 and Fig. 4, one can observe that the shift of this 

break is up and to the right. Unfortunate1y, no exp1anation of this break 

is available. 

Effect of pH on the Amount Adsorbed at 
Constant Concentration 

Any investigation of this nature would have been incomplete 

without establishing the relationship between adsorption and pH while 

keeping the concentration constant. A series of tests was carried out 

for silica and hematite at constant solution concentration of Z05 mg/liter. 

Natural dehydroabietylamine acetate solution was used as a 

starting point and the pH adjusted with NaOH. The upper limit of the 

test range was pH 11, to a void precipitation of the collector. 

The data obtained is presented in Tables 5, 6 and in Fig. 6. 
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The two minerais follow a very similar pattern of changes with 

pH variations. A more detailed analysis, however, reveals the basic 

characteristic differences in these two adsorbents. 

Up to the pH value of 7. 5 the two isothe rms remain parallel 

to each othe r and to the ho:cizontal axis as well. This section is in the 

neighbourhood of the monolayer coverage. The unusual closeness of the 

two curves in this section again may be due to the slightly distorted read

ings caused by the colouring effect of hematite. 

Above pH 7. 5 the isotherme show a rapid change in adsorp-

tion rate, and a more appreciable shift in the behaviour of the twominerals. 

The isotherm representing hematite becomes very steep between 7. 5 and 

8. 5 and seems to reach a maximum value by the time the SiOz isotherm 

begins to rise at pH 8. 5. The latter curve reaches its peak at around 

pH 10. 

The general behaviour of silica and hematite surfaces seems 

to be supported by evidence gathered by J. G. Morrow (6) and P. L. 

de Bruyn (5). ·f.:i.n adsorption isotherm presented by Morrow for the 

specular hematite-dodecylamine acetate system shows a very similar 

behaviour, considering that his rea.gent concentration is lower than that 

used in the tests of Fig. 6. 

Values for silica as listed by de Bruyn (5} show that at 2.00 

mg/liter dodecylamine concentration has a slope of zero, but he only 

investigated this up to pH 7. This is practically identical to the trend 

shown on Fig. 6. 
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Laboratory scale flotation test carried out in the laboratory 

of the Iron Ore Co. of Canada. with~the commercial equivalent of 

dehydroabietylamine showed that good selectivity, resulting in 

good grades and recovery, was achieved in the pH range of 8 - 10. 
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VIII. SUMMAR Y 

Cationic collectors adsorb physically on the surface of 

oxides and the behaviour of dehydroabietylamine confirme 

this general statement. 

Great similarity was observed between the adsorption 

properties of quartz and specular hematite in near neutral 

solutions with the adsorption rate becoming constant for 

hematite at approximately ZOO mg/liter concentration. 

A definite difference between the adsorption isotherme is 

created by altering the pH conditions of the aqueous solution. 

This re sults in an ·overall increase of the amounts adsorbed 

for both minerale but the absolute value of this increase for 

quartz is almost double that of the hematite adsorption. 

The critical pH range for the highest rate adsorption of dehydro

abietylamine on quartz was between pH a. 5 and 1 0 and for 

hematite between 7. 5 and 8. 5/ 

Theorectical statements regarding the relationship between 

the surface charge and the adsorption characteristics of 

hematite and quartz are slightly contradicted by the adsorption 

resulte with dodecylamine acetate. Empirical flotation resulte 

~eem to support the findings of this investigation • 

.. • • 
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IX. SUGGESTIONS FOR FURTHER WORK 

Further investigations are recommended to compliment 

the re sults of this work. 

1. Perhaps the most important of auch work would be a 

series of flotation tests designed to cover a wide range of operatlng 

conditions, such as the collector concentration in the pulp - time 

and intensity of conditioning, strength of froth obtained and the most 

important the establishment of a selectivity factor of the collector 

at various pH values. 

An expansion of this work could cover the effect of other 

modifying reagents on the flotation characteristics of dehydroabiety

lamine acetate. Such data could be very valuable in applying the 

resulta of fundamental research to more practical use. 

The scale of the flotation testing is a matter of personal 

convenience. The Hallimond tube, or one of its modified forms is a 

frequently used instrument for such type of investigations. In other 

cases fritted glass filters can be converted into small flotation cella and 

immersed in constant temperature baths. The most important factor 

in getting up such equipment. would be the degree of accuracy obtained 

in the tests and the maximum control over the variables affecting the 

process. 
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z. More fundamental research should be concentrated on the 

nature of aqueous solutions of dehydroabietylamine acetate. This subject 

is very involved, mainly because the nature of solutions is not a finalized 

science. 

Adsorption of dehydroabietylamine on solid surface will 

be greatly influenced by the state of the solute in the solutions. Deter

minations of critical micell concentration and the effect of micelle 

present during adsorption would be an important factor to correlate. 

More work on the pliy4kio-chemical nature of solutions would 

be an enormous help in explaining the mechanism of collection. 

3. Temperature is one of the main variables of adsorption. 

It is of no les s importance in liquid phase adsorption although it is 

hardly ever investigated in connection with the adsorption of cationic 

collecter s. 

The reason for such neglect of the subject is that flotation 

is usually a process carried out at ambient temperatures, whatever 

it it happens to be. This is disturbingly simple on the surface, but 

one cannat forget that in mf!.ny areas where flotation is practiced the 

water temperatures used in plants will vary considerably, - as muchas 

Z5° F with the seasons. 

Sorne effort should, therefore, be spent to investigate the 

influence of solution temperature on collecter adsorption over the range 

from 35° F to 100° F. This tempe rature range would cove r actual 

operating conditions and would not present any experimental difficult1es. 
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• 
The resulta obtained from the investigation of temperature 

dependence of adsorption could lead to more theoretical work on the 

nature of adsorption. With the adsorption densitie s obtained for various 

temperatures the beats of adsorption could be calculated and a more 

distinctive.llne drawn between phys leal and chemical adsorption. 

4. It is felt that the complex structure of dehydroabietylamine 

would warrant a study of this chemical to establish more about its 

chemical properties. Although a clear outline of such a study is very 

di(ficult to recommend, it should be a purely organic-chemical investi-

gation aimed at the more subtle qualities of the amine such as detergency 

and local polarizations possibly occurring within the complex structure. 
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ANALYTICAL METHOD FOR THE DETERMINATION 
OF DEHYDROABIETYLAMINE ACETATE 

To determine the adsorption of dehydroabietylamine acetate 

a rapid and accurate method was sought out. Colourimetric determin-

ation, developed by the Hercules Powder Co., was adopted as a 

suitable method for aqueous systems, containing from a few parts per 

million to several parts per million of dehydroabietylam.ine .. 

A number of instruments were avaUable, but the spectro-

photometer was chosen as the most accurate one. 

Chemistry of Determination 

The method is based upon the formation, in acidic aqueous 

solution, of a yellow coloured salt re sulting from the reaction of the 

amine group of the dehydroabietylamine salt with the sulphuric acid formQ.f 

bromophenol blue. This coloured salt, relatively insoluble in water, 

is extracted from the reaction mixture with chloroform. Excess unre-

active bromophenol blue does not interfere. The colour density of the 

chloroform extra ct is ~ooportionti to the amount of amine group pre sent 

in the dehydroabietylamine, and can be measured visually or with photo-

electric colourimeters o:ço spectrophotometers. 

Appropriate adjustment of sample size and reagent volumes 

enables application of this determination tp a wide range of dehydro-

abietylamine concentrations. (Reference No. 8) 
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The Test Procedure: 

Range of determination 0-20 parts per million: The follow

ing procedure was designed for laboratory use in precise analysis 

of aqueous solution of dehydroabietylamine salta. A spectrophotometer, 

as the Beckman Model Du is used for colour measurement and gives an 

accuracy of 3 percent of the amine product present. 

Procedure: 

Pipet into a 125-ml separatory funnel 5. 0 ml of glacial acetic 

acid and 25.0 ml of the sample solution. After mixing, allow to stand for 

10 min., then pipet in 5. 0 ml of a bromphenol blue solution {0. 04 per 

cent in water), and let stand another 10 min. Then pipet in 25,0 ml of 

chloroform, shake gentlyfor 2 min., and allow to stand until phases 

separate clearly. Withdraw part of the chlorofmrm layer (lower) into 

1-Cm spectrophotometer cells and measure the absorbance immediately 

against distilled water using a O. 08-mm slit and 410 rr;1 wavelength. 

Duplicate tests should agree within O. 03 absorbance units for a relative 

accuracy of about 3 per cent. 

A blank must be run on a sample of plain distilled water 

containing all the additives of the process except the amine. The same 

procedure applies here as for the original sample of solutions. The value 

of optical dens ity obtained for this blank chloroform extract is sub

tracted from the optical density for the sample extract to obtain the 

corrected optical density. 
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The corrected optical dens ity or absorbance and the 

concentration in parts per million can be read from the caliuration 

C\trve, \Fig. 7 obtained for dehydroa.bietylamine acetate. 

It is ne ces sary to run the se expe riments in duplicate 

and have the readings remain within the range of O. 02. light a.bsorba.nce 

units. This dl!plication is necessary because of the nea.r impossibility 

of completely reproduci.ng shaking operations. 

Re agents: 

(1) Acetic acid glacial, c. p. (Baker 1 s) 

(2.) Chloroform, c. p. (Baker 1 s) 

(3) Bromphenol. blue (soluble form) (Lamotte Chemicals) 

Preparation of Solutions 

1. Standard Solution 

Dissolve 1 gram of pure dehydroabietylamine acetate in 

distilled water and make volume up to exact! y 100. 0 ml. The concentra

tion of this solution is 10, 000 parts per million dehydroabietylamine 

acetate and it can be diluted to lower concentrations without development 

of turbidity. If an initial standard solution, having less than 10, 000 

parts per million, is prepared- cloudiness occurs. 

z. Bromphenol Blue Solution: (O. 04 per cent) 

Dissolve 40 mg bromphenol blue in distilled water and make 

volume up to exactly 100 ml. Fresh solutions of bromphenol blue must 

be made up daily. ln a. .lirri.ited ·stu'dy made on tlt-e stability of b'romphenol 
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blue solutions, it was found that an apparent decrease of about 

10 percent of the original concentration occurred after the first day. 

This decrea.se continued with time. Therefore, to avoid this difficulty 

it is suggested that fresh solution of this reagent be made up daily. 

Calibration of the Spectrophotometer 

By appropriate dilution of the above standard solution, 

prepare; solutions ha ving concentrations of 5, 10, 15, ZO parts per 

million of dehydroabietylamine acetate. Submit each of the se solutions 

to the previously described procedure. Plot the average of optical 

densities, differing by less than O. OZ optical density units versus 

concentration in parts per million on linear paper as illustrated by 

Fig. 7. 

The optical density found for an unknown sample and the 

prepared calibration curve provide directly the effective concentration. 
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SPECTROPHOTOMETRIC CALIBRATION CURVE FOR 

DBHYDROABIETYL AMINE ACETATE 

WAVELENGTH: 410 mJL 

CONCEN!RAT ION: ppm 
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SPECTROPHOTOMETRY 

Chemical substances, when dissolved in a solution, 

absorb light a.t certain wavelengths. The degree of absorption 

of ligl:t, or transmittanr.-;e, depends upon the chemical identity of 

the substance. 

This property can be used to identify chemica.l substances 

in solution with proper arrangement. The arrangement is the spectro-

photometer. Essentially, it consists of a light source, containers 

for the samples of solutions and instruments that indicate the changes 

in the quantity of light transmitted. 

basic laws: 

The theory of spectrophotometry could be described by two 

l. Lambert• s Law 
z.. Bleer 1 s Law 

Absorption spectrophotometry is a technique to determine 

the relationship between wavelength or frequency of radiation and its 

attenuation by abso;rption. 

Lambert• s Law 

When monochromatic radiation passes through a homogeneous 

absorbing medium, the intensity of radiation is reduced by the same 

fractional unit in equal succeeding portions of its pa.th. Assuming that 

the medium is made up of uniform layers, the following relationship 

ca.n be written up for the light intensity at any part of the medium. 



- 58 -

-di 

dl 
= O(I 

Where: I - light intensity 

o(- fraction of reduction in intensity 

1 - distance 

Absorption coefficient lO( = f (;J ) 

and ..::ft = wave length 

Further developing this relationship: 

ln Io 

lx 

or loglO 

Beer 1 s Law: 

Io 

Ix 

- c::( x 
o( X; or Ix = Io e 

= KX Where K is the 
extinction cocffic ient 
for monocho:omab.tà:c 
radiations. 

It applies when the absorbing medium is a substance in 

solution. In such a case the attenuation of radiation will depend on the 

concentration of the solution. 

Under suitable conditions, the absorption by dissolved 

substances is closely proportional to the number of molecules of 

solute per unit volume of solution: 

JJ-'C 
Where: C = concentration 

absorption coefficient per unit 
of concentration. 
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From this relatl.onship it becomes evident that Lambert' s 

and Beer' s laws can be advantageously combined, whence we shall 

have: 

ln 
Io =jC X 
Ix 

whlch represent the relationship between the intensity of llght and 

concentration of solutions. 

The following quantities are usually measured in 

spectrophotometry: 

Transmittance: 
Ix 

= T 
Io 

Opacity: 
Io 

= 0 
Ix 

Optical Density: logl 0 
Io = D 
Ix 

The se are called the intensity variable s. The other variable of the 

technique is: wavelength. 

The Bechman Du spectrophotometer, utUiz ing the above 

princlple is an accurate and fast means of determining the concen-

trations of dilute solutions. 

Fig. 8 Ulustrates the schematic arrangement of the 

optf.cal system. Light from the Tungsten lamp is focused by the con-

densing mirror and directed in a beam to the diagonal slit entrance 
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mirror. The entrance mirror deflects the light through the entrance 

slit and into the monochromator to the collimating mirror. Llght 

falling on the collimatlng mirror is rendered parallel and reflected 

to the quartz where lt undergoes refraction. The back surface of the 

prism is aluminized so that the llght refracted at the first surface is 

reflected back through the prlsm, undergoing further refraction as 

lt emerges from the prism. 

The desired wavelength of llght is selected by rotating 

the Wavelength Selector which adjusts the position of the prism. The 

spectrum is directed back to the collimating mirror which centers 

the chosen wavelength on the exit slit and sample. Light passing 

through the sample strikes the photo tube. causing a current gain. 

The current gain is amplified and registered on the null meter. (2.4). 
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1. GASEOUS PHASE ADSORPTION - GENERAL 

The term gaseous pHaae~àthwDn).l)\ionil<'~~t'.e:nts the 

phenomenon according to which the concentration of gas molecules 

is always greater near the solid surface. It is due to a certain 

unbalance of forces of attraction at the surface. This unbalance 

of forces is partially restored by adsorption. 

Since adsorption is a spontaneous process it will result 

in a decrease of free energy of the gas solid system. In addition to 

this, since the free gas molecules become adsorbed in layers there 

is a loss of degrees of freedom and a decrease in entropy. 

Therefore, from 
!JF = AH - T /J. S it follows 

that the adsorption process must always be exothermic. 

z. MEASUREMENT OF THE SURFACE AREA BY THE B.E. T. METHOD 

It is quite easy to inve stigate the physical properties of 

large pieces of solid matter, but the same investigation becomes very 

complicated when the solids are in the submicroscopic size ranges. 

Specüic surface area is a very important para,;meter charac-

terizing the physical and chemical properties of powders. 

Definition: Specifie surface area is the total 
accessible inner and outer surface area 
per unit weight of a material. 

One property that depends greatly on specifie surface:.: 

is adsorption capacity. 



- 63 -

By making use of the B.E. T. apparatus it is possible to 

determine the specifie surface area, to measure porosity and to 

determine pore s ize distribution. 

When a gas or liquid come s in contact with a solid the 

tendency is auch that a layer or layera of the gas or liquid will adhere 

to the solid surface. In cases where the layer is held onto the solide 

by weak forces like the Van der Waals forces we usually define this 

as ph ys ica! adsorption. 

The other possibility is when the forces are great enough 

to cause chemii.c:all. reaction between the adhering layer and the solid 

surface. This is distinguished as chemical adsorption or chemi

sorption. 

It is the phenomenon of physical adsorption which makes 

surface are a calculations possible. 

Derivation of the B. E. T. Equation 

Brunauer, Emmett and Teller derived a mathematical 

expression from the thermodynamic considerations for the amount of 

gas adsorbed, based on the theory of multimolecular adsorption. 

This theory is based on the assumption that before the 

surface is completely covered by a single layer of gas molecules, 

the formation of a second and subsequent layera has already started 

on top of the first one. 
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Assumptions made in the derivation of the B. E. T. 

equation: 

(i) The heat of adsorption of the first layer 

is independent of the degree of coverage. 

Xiii' The heat of adsorption of the second and subsequent 

layera is independent of the degree of coverage and ôfcthe number of 

layera and it is equal to the heat of condensation. 

In adsorption where no hinderance occurs during the 

process the following equation is valid: 

where: 

C:X 
Va = .· :-. -------- Vm 

(1-~) (1 - X+CX) 

Va is the volume of the gas adsorbed at S. T. P. 
in ml./ g. adsorbent. 

Vm is the volume of the gas, ml./g. adsorbent at 
S. T. P, , able to cover the whole surface of the 
adsorbent with a unimolecular layer of the gas. 

X is the relative pressure, defined as the ratio 
between the actual pressure over the adsorbent 
$.) and the saturation pressure of the liquid 
adsorba.te (Po). 

C is a constant related to the difference between 
the heat of adsorption of the first layer and the 
heat of adsorption of the second and subsequent 
layer s. 

The measured quantities here, are: 

Va ; X 
and 

Vm is the quantity sought for the calculation 

of the specifie surface area: S. To evaluate Virn the previous equation -" 

is converted to: 
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x 
= 1 + C-1 

Va (1 - x Vm .C Vm. C 

y = x 
. V à. ( 1 -X) 

B. E. T.. plot is obtained. This is represented by a straight line 

de fine d by the equation: 

Y = A+ BX 

From the slope of the straight line: 

A 
. .10: -

B = 

c- 1 

Vm. C 

1 

Vm. C 

; and from the intercept: 

Now the mono1ayer capacity can be obtained as: 

v:m. = 
1 

A + B 

To obtain the specifie surface area from the calculated monolayer 

x 

capacity it is ne ces sary to know what portion of the surface area will 

be occupied by 1 ml of gaseous adsorbate in a complete monolaye r. 

Brunauer and Emmett assumed that the density of a substance 

adsorbed physically is equal to that of the substance at the same 

tempe rature. 

Also assuming spherical molecules for the substance in closed pack-

ing a volume for nitrogen was obtained to be 4. 37 m 2 
/ml. 

The range of application for the B. E. T. equation is stated to be 

between: O. 05 and O. 2.5 relative pressure values. When the pressure. 

is below this range, assumption 1); that is the heat of adsorption 

is neglïgible, is not valid any more for certain active spots on the surface. 
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On the other hand, when the pressure ratios exceed O. ZS 

the influence of the difference between the heats of adsorption of 

the second and the subsequent layers becomes too great. As it 

was stated at the beginning the possibility of the adsorption of an 

infinite number of layers is necessary for the application of the 

B .. E. T. equation. This condition is somewhat restricted when 

the pores are very narrow. Certain investigators showed that if 

the maximum number of possible layers is greater than 3, it can 

still be applied. 

However, to determine the surface area when the pores are even 

smaller, would require a very elaborate trial and error method. 

It should be noted again that although the B. E. T. apparatus is 

generally used for surface area measurements, it can also be used 

for the determination of complete adsorption and desorption isotherm. 

For this purpose it is necessary to know the total amount of gas ad-

sorbed at different gas pressures. 

3. DESCRIPTION OF THE APPARA TUS: 

Although the re are many variations of the B. E. T. apparatus 

to suit sorne specifie type of determination, the basic components are 

still the same. 

These are: 

( i) The vacuum system 

" , , ,...., ~•·'•. :·-' 

. ' .... 
,!.t.. ' ;_~ /' 
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Pressure P~ is determined after equilibrium is 
reached aga in. Now, a value for the total volume 
Vt can be calculated from: 

Vt 

where: ~p 
llp 

= P~ - Pl 

Calibration should be carried out wi th ascending 
and descending mercury level in the burette and 
the average x values used for greater accuracy. 

(iii) Specifie surface area measurement 

The type of gas used for surface area measurement 
will depend on the type of material used as a sample. 
For example nitrogen can be used for samples whose 
specifie surface areas fall between the range: 

1 to Z, 000 rn~ /gram 

When the specifie surface area of a sample falls below 
1 rrl-/gram, using ~an error will be encountered 
because Va is much smaller than the volume of gas 
in the sample tube. In such cases Krypton should 
be used as a satisfactory adsorbate, because the 
correction for unadsorbed gas is low due to the low 
saturation pressure of liquid Krypton at temperatures 
below the boiling point. The changes necessitated by 
using Krypton instead of nitrogen are relatively small. 
The purpose of using Krypton is to measure small 
specifie surface areas, but the method is also applic
able to large surface areas if small enough samples 
are prepared. Therefore, the ultimate advantage of 
the Krypton B. E. T. system is that it canope rate 
effectively from very low areas to very high areas; 
that is to say from: 

2.00 cm?./gram to Z, 000 m'l/gram 

(iv} Calculations 

The total volume of Krypton Vt at any equilibrium 
pres sure is the sum of all Krypton additions made 
previously. The volume adsorbed Va is obtained by 
subtractlng the volume of gas in the McLeod system 
V rn c and the volume of gas in the free space surround
ing the sample and not adsorbed, Vs, from the total 
volume of gas pre sent. 
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(ii) The gas system. The gas is used in a purifled 
state for the adsorption. 

(HL) The measurlng system. This consista of the following 
components: 

(a) the sample tube, 

(b) a U tube to serve as a cold reservoir or trap 
where the mercury vapors might interact 
with the sample, 

(c) a burette with calibrated volumes, enclosed in 
a jacket for temperature control if necessary, 

{ d) a manom ete r, 

(e) a McLeod gauge for pre a sure measurements up 
to 5 mm Hg, 

{f) helium storage vessel for calibration purposes. 

4. EXPERIMENTAL METHOD 

(i) Preparation of the sample. 

Often the sample should be de sorbed at high 
vacuum and at approximately 300° C. The 
general rule he re is that the highe st ppesiible 
temperature and the lowest possible pressure 
be used to effect good desorbing. 

(ii) Calibration. 

The adsorption measurements are done at very 
low pressure whUe the rest of the apparatus is 
at room tempe rature.. The sample tube ls 
immersed into liquid nltrogen. After the thermal 
equUibrlum has been reached, the pressure of the 
gas, P 1 is read from the manometer. After this 
the mercury level in the burette is raised to the 
next mark, decreasing the volume by a known: ,1V 
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That is: Va = Vt - Vmc - Vs 

Vt and Vmc can be obtained from: 

= 
Where: Subscript 2) representa standard and 

Subscript 1) operating conditions. 

Vs is calculated from: 

Vs = (Pc) • (Fs} 

Where: Pc - is the equilibrium pressure, 
correctedto 0° C 

Fs - is the free space factor 

The following diagrams represent the general layout of the 

B. E. T. apparatus, the vapeur pressure curves for nitrogen and 

Krypton and the curves for surface area determinations of quartz 

and hematite. 
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MAIN PARTS OF GAS ADSORPTION APPARATUS 

A_ Mechanical pump 

8_ Mercury diffusion pump 

C _ Trop 

0 _ McLeod gouge 

E _ Compressed air 

F _ Mechanicol pump 

G _ Trop ( Reduced copper gouze, heating coîl aver trop to give 350 ° C ) 

H _ Barometric leg for relief of over pressure 

1 _ Trop (Glass bea d s ) 

J _ Trop (_18_28 mesh activated charcool to remove impurities from He ) 

K _ Drying tube 

L _ Manometer of gas thermometer system 

M _ Gas holder, to compress gas to produce liquid-vapar equilibrium in the 

temperature bulb at operating temperatures 

N _ Gas thermometer bulb 

0 _ Gas reservoirs 

P _ Gas reservoir { 5 liter copocity, for Krypton storage ) 

Q _ Purified 

R _ Borometric 

S _ Colibroted 

T _ Calibrated 

Krypton source 

leg tor relief of over pressure. Krypton 

doser for Krypton gas 

McLeod gouge for Krypton system ( 0- 10 mm., Hg. ) 

u_ Gos burettes 

V- Manometer with fine adjustment control and magic eye indicator 

W_ Sample tube 

X_ Pironi gouge 
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logP = -899·979 -12•5541ogT+31·5031+·0175105 
ATM· T 

REF.: PHYSICA IV. 1 (1937) 

UOUID KRYPTON 

LIQUID NITROGEN 

logP = 0·05223 A +B +CT 
T 

A =- 6407 
B = 7·5777 
c = 0·00476 

Ref. ; 1 C T Vol. 3 p 203 
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