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A STUDY OH WHITE LEATHER TAHKAUS

IKTRODUOTIOH

Aluminium salts have been used for tanning skins and furs for at least 
two thousand years. Alum tanning vras used by the Romans and at a earlier 
date by the Egyptians, but it is probable that the process originated in
Arabia.

The methods employed were not true tanning processes and the leather so 

formed was not resistant to repeated wetting or washing. These older 

methods of "tawing” involved coating the flesh side of the skin with a thick 

paste of alum and salt and allowing the skins to lie so treated for some 

time. A method commonly used today is to drum the skins in a thin paste of 
potash alum, salt, flour and eggyolk, after which they are allowed to dry. 

Sometimes a mixture of eggyolk, oil and flour is rubbed in by hand* A more 
reoent method is to pad on a basic solution of aluminium and salt, applying 

several coats after the previous one has dried.

The salt is present to prevent swelling of the pelt due to the acid forme 
by the hydrolysis of the aluminium salt, while the flour possibly acts as m  

extremely feeble base arid takes up the excess acid slowly: the liquor is 

thus rendered basic very slowly during the course of tannage and danger of 

precipitation is avoided* Eggyolk serves to lubricate the fibre of the 

finished leather.

Fatli quo ring of alum tanned skins by conventional methods is apt to be
unsatisfactory because of the instability of the emulsion in the presence oj
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aluminium salts, but this difficulty is not encountered with eggyolk, or 

with certain cationic agents•

After fatliquoring, the skin must be dried and preferably ‘’aged” f o r  a 

week or two, then washed, reoiled and dried again. By this means a soft 

pliable leather is obtained after staking, whereas if fatliquoring were 

omitted the leather would be hard and horny. Alum leather, retanned with 

formaldehyde, easily takes up the fatliquor of the normal oil emulsion type.
Alum leather poasesea certain special characteristics not showm by other 

tannages. The leather is pure white, has a characteristic soft handle and 
exhibits a remarkable degree of stretch, making it especially useful for 

glove-making, furs, etc. It is not, however, stable to washing and this 

constitutes a serious defect.
The amount of chrome necessary to produce good leather is between 

4-5$ on the weight of the finished leather, and the amount of aluminium to 

have the corresponding effect would be necessitating about potash

alum on the weight of the skins. The difficulty of obtaining absorption 

of such great quantities of alum by the skin fibres is no doubt one of the
ft

reasons why an unsatisfactory leather is produced by alum tanning.
When aluminium salts are dissolved in water hydrolysis takes place, 

giving a soluble basic salt and free acid. When a skin enters such a 

solution the free acid is absorbed and fixed by the skin collagen. This 

upsets the hydrolysis equilibrium and more salt is hydrolysed giving more 

basic salt and free acid. As the acid is absorbed swelling takes place, 

and the basic soIt is also taken up and deposited upon the skin fibres 

where it has a tanning action.
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Sklti tanned with an aluminium salt alone would be thin and. h&rd, but if
ealt it added it sets in the same way tag in ptokleej. preventing m o i l i n g ,

and allowing' the basic aluminium salt- to penetrate# fhio salt also a 1 Iowa
a Etor® basic aluminium salt to b# fomed without precipitation occurring.
Precipitation m y  bo even more affect!valy prevented by the addition of
% . 0lclng agents* (that is, certain organic acta* or their salt®) to the

♦
tanning solution* in this way higher baeisities and pH values can be 
reached than are possible when these masking agonic are not employed.

Salt alone will give something of the seme effect and the ^fullness* of 
alum leather produced by these methods is partly due to the presence of suit. 
If the leather is rinsed the salt is removed and the leather becomes hard 
and tinny*

Unit! recently tanning with aluminium salts has been practised by 
essentially the same methods as for many centuries. With the introduction 
of sacking agents, however, the process has been speeded up and the leather 
rendered more stable to washing. fhere Is reason to believe that this is 
because the complex bound making agent forms part of the linkage st&bilisim 
th^ bond, and the object of the present work was to investigate the it** 
fluenoe of some of these seeking agents in felum tanning#

Proa practical considerations attention has been directed mainly towards 
tne effects of formate, acetate, lactate and tartrate aniens*

Af



THS 0HB&X3TBT OF ALUMINIUM TANNIMCr SALTS WITH 3 P ESPIAL
RSPSRSNOK TO COMPLEX FORMATION.

4*

QOMPLSX FORMATION,

Aluminium has a co-ordination number of six, so in theory, according to 

Sidgwick (l), the following types of compounds m y  be formed s

(A1 . 6liaG)+++ (A1X4 . 2HgO)~ 0

(AIX . 5H20)+ + 2X“ (MXc . II2 0)” 20

(A1X2. 4H20)+ X” (AXXg) 50 +

(a i x5 . 5^ 0)

_1_where IT is a monovalent anion and 0+ a monovalent cation.

McLaughlin and Theis (2) have pointed out that on basifying the hexaquo 
salt ( M  • oH^O) ^X” we should obtain, theoretically, a series i

(A1 . 61^0 )++ + ^ H - N a O H — ->(A1 . OH . 5B2o )++ 2X"4-KaX

(AlOh . 5K2o )+ + 2X~+KsGH— -^(Al (Oil)g . 4H2o )+ iT-f-laX

(a i (o h }2 . 4Hao)+ X~+ lfaGH — -*(A1 (OH)^ . j h20) -f- NaX

the final compound being the insoluble gelatinous substance, aluminium 

hydroxide and the intermediate products being the 55*23$ and 6 6.67$  basic 

salts. Fach reaction m y  be regarded as governed by a constant, K, defined 

by the relationshipj

K »» glSLgSrift) H ^  hydrolysis constant hexaquo salt

It appears that the constants for the three reactions arc very nearly 

equal (j) so that on addition of sodium hydroxide the locally high pH in 
the vicinity of the drop causes the hexaquo salt to go immediately to the
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hydroxide* This is completely different from the behaviour of the 
chromium ion, where the constants are unequal i the hydrolysis constant 
for the first stage is greater than for either of the others, and the first 
acid group must be largely neutralised to form the mono-hydroxo salt before 

the second or third groups are affected to any appreciable extent*
The series given above m y  be extended to include the soluble aluminate s

(AX(OH)x . JH20) +  NbOH--»(A1(0H)4 . 2H20)~ Ka+ 4-E20.

The addition of salts of the alkali metals to aluminium salt solutions 

causes a rise in pH which is dependent on the nature end amount of added 
anion. This effect was noted by Thomas and Whitehead (4 ) and Stiasny (f>). 

Thome and Whitehead have suggested that the rise in pH may be due in part 

at least to the replacement of hydroxyl ions in the complex by the anion of 
the added salt* Using pH as an indication, the penetrating power of 
different anions has been deduced, the average being

M h j 01C 4  formate <C acetate succinate ^ tartrate ^ 

glycol late = lactate 4  maleate C malonate <(, citrate 4. oxalate.

Kuntsel, Reiss and Konigfeld (6) have pointed out that in the case of 
salts of other than strong acids the rise in pH is due to the addition of a 

buffer salt of higher pH than the aluminium salt solution, and assert that 

it is unlikely that hydroxyl groups can be directly displaced from the com
plex, since there is considerable evidence to show that this group is strong 
held by the complex* They consider that when an acid anion enters the

3*
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complex it displaces an aquo group or another acid group already present 
in the complex. This view is substantiated by the fact that the addition 
of a mixture of an acid and its salt, at a pH nearer that of the aluminium 

salt, causes an initial fall in pH which only begins to rise again when 
enough of the mixture has been added to allow the buffering effect of the 
latter to preponderate. This observation has been confirmed by Bowes and 
Morse (7). The fall in pH is correctly ascribed to the liberation of 

sulphuric acid from the complex, its place being taken by the weak acid 
originally present in the buffer mixture,

Bowes and Morse (7) have also found that the addition of sufficient 

alkali to a solution of a complex aluminium salt causes the hydroxide to 
be precipitated in many cases. The greater the tendency for the anion to 

enter into the complex, the higher the concentration of hydroxyl ion 

necessary to displace it. Thus the hydroxide is precipitated at a lower 

pH from chloride solution than from sulphate. An even greater hydroxyl ion 

concentration is required for precipitation in the presence of acetate, 
while in lactate, tartrate and citrate solutions precipitation Bay be 

completely prevented. This does not mean that the hydroxyl ion has been 

unable to displace the other anion in these cases but that the pH at which 

this occurs is sufficiently high to enable the aluminium ion to go to the 
aluminate form ao soon as the complex is destroyed. The hydroxyl ion nay 

thus be placed in the series somewhere in the region of the lactate ion.

With dibasic and hydroxy acids it is possible for the anion to form two 

links with the aluminium ion, the process being called chelation. Thus 

with oxalic and tartaric acids the following complexes are probably formed s

7/



7.

0 = 0 - 0 
I
0 =  0 
I

OK

!
) a

= ck

0 = 0 - ov
I Jl

H - 0 -GH^
I

H - 0 -OH

OH - 0 = 0

On stereochemical grounds Sidgwick (i ) has shown that the stability of 
a five- or six-membered ring is greater than smaller or larger rings. On 

this basis the low complex forming tendency of the succinate ion compared 
with other dibasic acids may be explained. This may also explain why 

<*- hydroxy acids form highly stable complexes,

Bowes (8) suggests that the formation of complexes between aluminium 
ions and the free carboxyl groups of collagen may take place on tanning.

It can be assumed that the effect of the ’different anions on tanning will be 
governed by the relative stability of the aluminium anion complex and that 

of the aluminium collagen complex. Therefore on general principles it 

would seem that in alum tanning it is desirable that the masking anion 

should fora a complex with aluminium sufficiently stable to prevent pre

cipitation of aluminium hydroxide when the pH is raised to the point where 

the protein carboxyl groups are fully ionised; but not so stable that these 

groups cannot enter the complex and displace it. It should thus be 

possible to place collagen in the series of anions given above.
By means df tritation curves Thorstensen and Theis (9) have studied the 

effect of the addition of various proportions of different organic acids or 
their salts to solutions of aluminium sulphate. Those solutions that con

tained sodium formate or acetate showed little or no deviation from what 

would be expected from the corresponding blanks, indicating no complex

8 / ............
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formation under these conditions* On the other hand, sodium glyoollate 
caused a displacement of the titration curves from the aluminium sulphate 
curve suoh that considerably more alkali was required to bring the system 
the the desired pH, than if no complex formation had occurred,

Grail (10) showed that no complexes are formed when aluminium sulphate 

solutions are boiled or diluted, but sulphate complexes are formed when the 

aluminium sulphate solutions are rendered basic, or neutral salts added* 
Other complexes are formed when salts of organic acids are added*

From titration curves on solutions in which the ratio of oxalate to 

aluminium ions was varied, Lacroix (ll) deduced that two stable oxalate

aluminium ratio is greater than 2 but less than or equal to 4* With 

higher proportions of oxalate other complexes can form, but these are uir- 

stable*

Kunt2el, Reiss and'Konigfeld (6) compared the titration curves of 

oliromium sulphate and aluminium sulphate and concluded that sulphate com

plexes of aluminium are not found under the conditions studied* Also the 
addition to solutions of aluminium salts, of salts whose anions have a 
strong tendency to co-ordinate with aluminium, modifies the complexes and 

stabilises them to ammonium hydroxide, in that immediate precipitation 
docs not uoeur on adding this reagent. Various salts were used as masking 

agents by Kuntael et a l , (ibid) ami shown to have different effects* 
Rochelle salt and, sodium citrate completely mask the aluminium ion to 

aMEonia.

is stable when the oxalate/aluminium rati'

is stable when the oxalate/

9 /
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Wilson, Peng and Li (1 2 ) msde sodium dioxalate die quo aluminate mud used

it to tan bide powder, fltoy found that a concentration of 5 gm P©r
litre at pH 5*0 gav© the boot results* Basic aluminium sulphate was used 

in another series of experiments in which the effect of masking agents, 
sodium tartrate, acetate and formate, was determined* It was found that a 

ratio of one mol tartrate to one of aluminium was sufficient to prevent 
precipitation, In the cmso of format® or acetate little difference was

found in the precipitation figure.
Bowes and Horse (7 ) however, hove stated that in the presence of acetate 

very lift 1© precipitation occurs until pH 5-0 is reached, as against a value

of about pH 4-0 for the control. Acetate thus appear a to delay but does not 

prevent precipitation*

HYDROLY S IS  APT) OLATION*

As previously mentioned aluminium has a co-ordination number of six, and

according to tho Werner-Pfeiffer hypothesis the first stage of hydrolysis of 
its salts may be represented by the following equation *

—  —  +  + +■ p — —  +  +
Ho 0V  /H20 
HpO-^Al— HpG 
HgO^ 'NfpO

+  5X-
HoOv ^OH 
HpO — A 1— BbO 
H o V ^  \ H 20

+  11+ +  5>T

On the addition of alkali the hydrogen ions are removed and the equilibrlu
is displaced to the right. Polling: (15) determined the hydrolysis of alu

minium sulphate using both tho hydrogen and quirihydrono electrode and showed 

that the hydrolysis could be represented by either of two equations t

A1 g( W O g )  -- > Al gCsÔ JgĈ 'Og +
A1 2(304)^2H2° -- * 2A1 (S04) OH -+- H2304

10/,
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Bjernuu (1 4 ) has shown that when sold is added to & solution of an 
aluminium salt that has been made basic, only* a part of iho acid is 
neutralised immediately, the remaining portion reacting slowly and Thomas 
and Vartanian (l[?) have studied the effectiveness of various acids for this 
purpose* This phenomenon is probably du© to the fact that some of the hy
droxy groups are held firmly by the union of two or acre complexes, the pro
cess being termed olation and represented by the following equation s

+ + + +
HhO^ ^  OH 
Ho0_ A l — HgO 

^ H o O

+ +
->

Ho0HoO
HaO-^J ^ I 20

n2o- h\T
" 1 | ^IIoO
ttoO HoO

+ 2 h2o

The reaction is taken to be analogous to that given for chromium by
Stiaany and Balanyi (16)*

Basic solutions are known to become mar® acid on standing or on boiling 

and cooling and Stiaony and Balsnyi (16) suggest that this may be the result 

of "oxolation" *

(HoGm - A/ %  - (h?o )4

*4*+t

^ 2 ° h  - h 1 - (H20)4

+ + + +

+  2H'
s'Nofr

This m y  aooount for the decreased activity toward added acid since it is 

postulated that the breaking of the oxo bridge is more difficult than that
of the hydroxo bridge*

Kuntzel, Heiss and Konigfeld (1 7 ) on the other hand hold that the change
in reactivity is due to the formation of a single oxygen bridge because the
change in pH is so alight* This may be represented ao follows 1

— 1+++ +
(H20)4 - - (H20)4 (H20)4 - A1 - 0 - A1 - (H20)4

+ + + +
+ h20

3huttleworth (18) hac suggested that in the case of chromium salts the 
first result of adding alkali is to cause aggregation through the linking

11/ ...........
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together of several molecules by single hydroxyl bridges, involving hy«* 

drogen bonds. At this stage the bonds are relatively unstable to acid 

but, on ageing, spatial rearrangements permit the formation of dated 

dimers involving the double hydroxyl bridge characteristic of olated com

plexes, and these are relatively stable towards acid. this hypothesis 

appears more reasonable than that involving #,oxon bridges for which there 

Is no direct evidence from titration curves although Jander (19) has pointed 

out that certain facts support the oxygen bridge theory for iron and alu

minium and the hydroxyl bridge for chromium.

It should bo noted that the single oxygen bridge derived from the "diol” 
by the elimination of one molecule of water> as postulated by ICuntzel,
Reiss and Konigfeld (ly) does offer a reasonable explanation of the ageing 

phenomena and the stability to acid of the olated complexes, but the double 
oxygen bridge postulated by Sti&sny and Balanyi may bo rejected as untenable 
as evidence for this should be forthcoming from titration curves.

Ab the only difference between the double hydroxyl bridge and the single 
oxygcm bridge structure is the single molecule of HgO eliminated from each 
pair of metal atoms, it is evident that proof of either structure must de
pend on the isolation of either of these compounds in the pure state or on 
physical evidence which is not yet forthcoming.

Thomas and Tai (20), Thomas and Whitehead (21), and Wilson and Kuan 

(22) have also studied the hydrolysis of basic aluminium salts and have 
recorded that the changes they undergo are similar to those of chromium 

salts but aluminium salts reach equilibrium more quickly and the changes 
are less pronounced.

12/
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Perkin and Thomas (25) used a oonduo t imot r ic method to measure the degree 
of elation* They found that the concentration of acid or metallic ion 
has little influence on the degree of olation. Freshly prepared solutions 

are appreciably dated tan minutes after preparation. Th© velocity of the 

reaction increases with basicity* Goneentration has little effect oh the 

velocity of olation* Increase of temperature from 16°0. to 25°0. causes 
an increase in the rate of elation* but above 25°0 . the velocity appears to 

be unaffected. Stiasny and Konigfeld (2 4) studied chrome solutions and 
found they had such the earn© reactions.

Instead of elation leading to a. group containing two atoms it is possible 
for the process to lead to large aggregates having a stnacture similar to 

the formula below as suggested by Bowes (8)

Both olation and aggregation are favoured by the same conditions, i*e., 
increase in pH, basicity, temperature and ageing but it does not follow 
that a high degree of olation is accompanied by a high degree of 
aggregation.

Jander and Jahr (25), using diffusion methods, found that abnormal 
basicities the aggregate contains two atoms on the average while at high 
basicities the aggregates may contain as many as eight molecules*

It appears from these results that it is not necessary to have large

**«#■*»
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aEEreEa^es tanning because at the basicities used in practice the 
aggregates do not appear to have more than two atoms.

ADDITION OF BKSUTRAL SALTS,

In alum salt systems It has been shown, McLaughlin and Theis (2), that 
the addition of neutral salt plays an Important role in alum tannage,
because the addition of neutral salt increases the adsorption of aluminium, 
rather than acid, by the pelt*

Thoms and Whitehead (4) studied the effect of the addition of neutral 
salts to aluminium salt solutions, the change in pH being taken as an 
indication of the extent of the reaction. It was found that the hydrogen 
ion activity v;as decreased by chloride and sulphate ions even when present 
in low concentrations, but the sulphate ion was more effective than the 
chloride ion* Thomas and Whitehead offered the following explanation 

of their results*

In the absence of added neutral salt hydrolysis vx&y proceed thus

H 2 0 \  >4120
HoO— A1— KgO

On the addition of sodium chloride, further amounts of chloride ions 
will tend to replace the hydroxo groups co-ordinated with the aluminium, 

and the displaced hydroxyl ions will react with free hydrogen ions in the

301-
H20s
.h&o-
HgO'

Mil
Ll— IfeO
"XHoG

ir
201 "

a-

solution to form water

BaCk Mil 
Hob— Al—  H2O 
HgO ^  ^ H p O

+ + 
H+

201”

-t-TNa. 01, v  —
01-

ffo€k >01 
H2G— Al— H2G 
H20 ^  N h&O

201"

Ha4" +HaO 
01“
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It was suggested that the sulphate ion would also tend to replace the 
hydroxo groups of the complex, hut another foot or that say account for the 
greater decrease in hydrogen ion activity as compared with chloride, is 
that the sulphate ion is capable of uniting with the hydrogen ion to form 
the hydrosulphate ion H80^“‘, thus tending to buffer the pH of the solution.

On the above postulate aluminium complexes differ from chrome complexes, 
since in the latter an anion entering the complex doss so by displacing an 
a quo group in preference to an hydroxyl group. This distinction is im
portant in that it implies that the analogy between aluminium and chromium 

complexes cannot be taken too far. However, as pointed out previously 
(sea p.5) it is not likely that co-ordinated hydroxyl groups can be dis
placed directly by chloride and sulphate ions and the phenomenon noted by 

Thomas and Whitehead is possibly to be accounted for in terms of activity 
effects alone*

Chamberd and Grail (26) have shown that whatever the basicity of the 
aluminium sulphate there is no formation of acid complexes in pure solutions, 
that is in the absence of neutral salts. In another paper they (27) have 
adduced evidence that the addition of potassium sulphate promotes the pene
tration of sulphate ions into the aluminium complex. The greater the 

concentration of sulphate the more acid complex is formed, and the amount 
of sxilphate ions that enter the nucleus increases with basicity* Chloride 

ions do not have the same marked effect as sulphate lone.
CbmmbQrd end Grail (28) have also shown that the addition of alkali 

salts of organic acids has a similar, but much greater effect which varies 

with the particular anion, oxalates for example being much more effective

15/
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than formates*

As previously mentioned (see p,8 ) Kuntsel, Reiss and lonigfeld (6 ), 

have shown that in the presence of salts whose anions have a strong 
tendency to co-ordinate with aluminium, solutions of aluminium salts are 
stabilised to ammonium hydroxide, so that precipitation does not oocur 
Immediately on adding this reagent*

Oantarella (29) noted the masking effect of the addition of sodium 
formate, l&otate, tartrate end citrate, when solutions of aluminium 
sulphate were titrated with aodium hydroxide to the precipitation point. 

His results are in lino with other evidence and show that the stabil

ising effect increases in the order given above.
Orioouol end Oantarella (̂ C) studied the reactions between aluminium 

sulphate and salts of different organic acids at various concentrations 

in order to obtain highly basic solutions with high tanning value, 
fart rat as and citrates form stable complexes not precipitated by soda 
or ammonia, while for®**'08 and l&otatoo retard the reaction. Tartaric 
acid produced a highly basic aluminium salt containing six hydroxy groups.

15/.
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FA0T0R3 AFFECTING FIXATION HMD TAKBIM AOTIOM OF AIMMINIPM SALTS« 

pH AND BASICITY»

Increase in the pH of a solution of a tanning salt may be expected to
increase the basicity of the complex ion* dchachowskoy and Frolich (5 1 ),>
have shown that the fixation of aluminium by collagen increases with pH 
up to the point where the metal is precipitated as the hydroxide* and 
then dooreases* Thus within those limits increase in pH is accompanied

by an increase in tanning effect*
By studying gelatine films, (th© decrees© in solubility being an 

indication of tanning) 31 od and 3ohstohowskoy (50 55) have shown that the 
terming effect is at an optimum at a pH approaching the precipitation 
point of the hydroxide* On this criterion, Bowes (8) states that the 

tanning action is at an optimum when the salt is most basic*
11 od and Sch&chowakoy (55) and Bowes and Morse (54) have shown that the 

shrinkage temperature increases with increase in pH of the tanning solution. 
Other workers however, hold that the increase in shrinkage temperature is 
s* function of th© increased uptake of tanning agent caused by an Increase 
in basicity and is not dependent on the pH of the solution alone*
This has been stated by Bowes, 'Davies, Pressley and Robinson (55)* to be 
the case for chrome and might ba expected to hold for aluminium as well* 

Nevertheless, since it is well established that the carboxyl ion 

(as distinct from the unionised carboxyl group) ie involved in oo-

i? /
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ordination reactions with motaI complexes* it is evident that the pH of 
the system at equilibrium will hav© a profound effect on the degree of 

combination, quite apart from the basicity of the complex itself. Thus 

it might be expected that increased combination would occur as the pH is' 

raised towards the iso-electric point of the protein and beyond, if it 
were not for the fact that owing to the formation of insoluble basic 
compounds the ©ffactive concentration of the tanning agent is reduced at 
the sssi0 time. Partial stabilisation of the aluminium complex ion by 
means of masking agents should therefore facilitate the uptake of aluminium 
by collagen at pH values in the region of the iso-electric point.

A further indirect effect of pH is the swelling of the collagen fibres 
thorns ©Ivos due to electro-osmotic effects* RIxoessive osmotic swelling 

reduces the aiae of the pore spaces between adjacent fibres, fibrils and 
micelles and thus retards the diffusion of the tanning agent through the 

cross-section of the pelt} lyotropic agents on the other hand radu.ee the 
intermolocular cohesive forces of the polypeptide grid and may be expected 

to render the reactive groups more accessible to the tanning agent. At 

the iso-electric point therefore, where electro-osmotic effecta ©re at 
a minimum., conditions should be most conducive to effective reaction, while 
it should not be overlooked that many organic acids capable of me eking are 

also lyotropic agents and say facilitate tannage for this reason.

x w m m o &  op a g o i m m T K M .

It has been shown by Slod and 3chachowahoy (3$), Bowes ana fors© (24) > 

Wilson and Yu (? 6 ) and Thomas and Kelly (27)» that increase in concen
tration of aluminium, ions in solution increases the amount fixed by colla

gen under any given set of conditions• Thomas and Kelly (27 found that

18/.
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an optimum was reached when the concentration of AlgO^ was 2*5

Dohogne and Bembek (5 8), showed that higher basicities could be 
obtained if the solutions are more concentrated than those generally 
employed in actual practice* Stable solutions of 62% basicity can bo 
formed* Kuntael (59)> found that on treating aluminium sulphate with 
sodium carbonate, basic cluminiurn sulphate is precipitated but re- 
dissolves if the coneentrstion of the aluminium solution exceeds a 
certain limits the higher the temperature the more easily does the 
precipitate dissolve. The maximum basicity of 62$* can b© obtained only 

by heating, as the critical concentration is not reached in the cold*

On dilution precipitation occurs*

Pal and Das (40) have shown that absorption of aluminium from 
basic aluminium chloride increases with concent rat ion u p to 
The tensile 'strength of the leather depends on the basicity end not on 

the percentage of adsorbed

sryfBOT or s u m  m  umics or alotoiiuk bt p e l t .

It is well known that the tanning action of aluminium, and chromium

salts varies with the amount and nature of the anions present. The 
effects caused by salts can be divided into three min groups•

According to Chambard and Cirall (28), neutral salts, such as sodium 
chloride, effect aluminium complexes in that they increase the binding 

power of the complex salt, but devrees® the total fixation of aluminium 
by the pelt. This may bo due to the influence of the salt on aggregates 

but could also be due to the inhibition of swelling of the pelt which 
would otherwise be brought about by acid formed on hydrolysis. As

19/
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indicated in the previous section reduced plumping allows greater penetration 
and 00 a more even distribution of the aluminium through the leather#
Bowes and Morse (41) however, have confirmed that the addition of neutral 
salt decreases the fixation of aluminium so it is obvious that other factors 
must also be involved.

Apart from the general effect of the salts in reducing electro- 
osmosis there is the additional effect of the anion. ISlod and 
Schaohowskoy (55) showed that sulphate and formate gave a leather with a 
higher shrinkage temperature than other salts. Similar results were 
obtained by Bowes and Morse (41)•

Ohambard and Ora 11 (28) have shown that the addition of salts that 
have a strong tendency to form complexes increased the thermal stability 
when they were present in low concentrations, but decreased it in high 

concentrations. The explanation is probably that when the salts are 
present in high concentration the eomplexes formed are so stable that the 
collagen is unable to combine with the metal. Generally, anions of 
organic acids show these properties to a greater or lesser degree*

Thus Bowes and Mores (41) have shown that acetate increases the fixation 
of alusdnium from aluminium sulphate solutions, but the addition of 
dicarboxylic and hydroxy acids or their salts decreased the fixation.

Wilson, Peng and Li (12) have shown that numerous salts of organic 
acids have a definite masking action. In some cases mixtures of masking 

agents give better results than single salts#

EPFEOT OF MODIFICATION OF THE COLLEGER#

By the action of nitrous acid it is possible to remove the amino
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groups from collagen without affecting the other groups present*
Bowes and Kenton (42) found that on d eard.nl seA collagen the amount of 
chromium fixed was reduced by half but the shrinkage temperature reimined 
unaffected. As aluminium behaves similarly to chromium in many ways, 
similar results may be anticipated for this element. Wilson and Xu (56) 
and Bowes and Morse (7) have shown that inactivation, of the amino groups 
definitely decreases the amount of aluminium fixed in accordance with this 
view*

The carboxyl groups of collagen may bo ninactivated” by treatment 

with dimethyl sulphate, and after such treatment the amount of metal taken 
up is markedly reduced and the shrinkage temperature is greatly affected* 

Deamination together with methylatien caused only a further small decrease 

in the amount of metal fixed (8),
Bowes (8) suggests that thee© results may be interpreted so indicating 

that the ionised carboxyl groups play an important part in the fixation 
of the metal, and the attainment of high thermal stability. Amino groups 
fix large quantities of the tanning agent, but since deamination of the 

methylated collagen causes only a small decrease in the fixation, Bowes 
reasons that the metal does not combine with amino groups independently of 

carboxyl groups and concludes that stable fixation requires co-ordination 

of both carboxyl and amino groups with the same complex*
These conclusions are open to criticism because, as has recently bean 

shown by Shuttlewortli (1 8 ), there is very little positive evidence that 

protein amino groups in the ionised form aro capable of co-ordinating 
with chromium (or aluminium) under normal conditions in aqueous systems* 
The function of the amino groups in promoting fixation of chromium is an
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indirect one in that these groups are able to absorb the excess acid 
generated when '■& relatively weak acidic group such as the carboxyl group 
displaces a more strongly acidic group, such as chloride or sulphate, 
from the complex*
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THEORY 0? MINERAL TANNING.

Many theories have been put forward to explain mineral tannage.
These may b© divided into two groups* those that, postulate that the 
process is one of deposition and adsorption, and those that assume 

chemical combination between, the metal complex and collagen* The 
latter is the more generally accepted theory but opinions differ as to 

the nature of the combination and the groups of collagen involved.

ADSORPTION THEORIES*

The first theory wao due to Knapp(45) in 185-8 who stated that tanning 
involved tho deposition of an insoluble basic salt on the fibres of the 
pelt. This explains the effect of pH and concentration, and the effect 
of different ions may be attributed to the way in which they affect 

precipitation.

In 1917 Nihoul (44) stated that alum tanning consists of the deposition 
of the hydrous oxide in and around the fibres. All the processes of 

tanning accelerate the deposition of this gelatinous substance, since 
flocculation of colloidal substances are accelerated by the application 

of heat and the addition of salts. The temperature of the tanning 
solution increases if drum tannage is used, duo to the friction of the 
pelt in the drum. Much salt is used in alum tanning and this causes 
the deposition of the hydrogel in the hide as well as checking th© 

swelling of the pelt*

Cameron and McLaughlin (45) have shown that in th© case of basic
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chromium sulphate tannages , tanning obeys all the requirements of a
reversible adsorption process and that deposition of a basic salt takes 

place in and on the fibres* The mechanism envisaged is that in the 
first instance the sulphate hydrolyses to give free sulphuric acid and 
a basic complex. This acid is then token up by the skin protein and 
the hydrolysis thus proceeds until the 6 6,67^ basic complex is formed*
Since this complex is insoluble it is precipitated on the fibres.
When the acid combining capacity of the collagen is satisfied no further 
deposition occurs.

Wilson and Yu (5 6) have found that the fixation of aluminium from 

aluminium sulphate may be represented by exponential curves of the 

Froundlich adsorption isotherm type and concluded that adsorption pro

cesses wore involved*

OHi^IOAL THSPRIB3.

It seems unlikely that the more deposition of small amounts of 
aluminium should have such a marked effect on the properties of collagen 
when the latter is converted to leather and it would appear that a
chemical mechanism is necessary to account for these changes*

Bowes and Kenton (4 6) have considered the groups present in collagen 

which alight participate in the reaction with.metallic salts during 
tannage* The principal ones are carboxyl, amide, amino, guanidino, 
hydroxy abd peptide* In the iso-electric region the carboxyl groups will 
carry a negative charge end the amino and guanidine groups a positive charge

24/
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the net charge being aero. As the pH decreases an increasing number 
of carboxyl groups will combine with hydrogen ions and lose their 
negative charge* and a a the plb increases the basic groups will lose 

hydrogen ions and hence their positive charge*

thus the pH of the tanning solution determines the condition in which
the different groups are present*

Thomas and Kelly (3 7 ) suggest that the tanning action of metals is
due to simple salt formation between the cation mid the carboxyl groups 
of the collagan. Thompson and Atkin (4?) maintain that this is un
likely as under normal conditions o.f tanning both the collagen and the 
mats.! complex are positively charged*

Hlhoul (48) discusses the principal combinations possible between 
compound0 of aluminium and hide but all arc dependent on the prior 
deposition and adsorption of the compounds and subsequent chemical 
combination*

The hydrosol may react with carboxyl groups but this ia not likely. 
Alumina however, reacts with various organic compounds to form insoluble 
lakes and this my  occur in tanning*

i!iVen when basic salts are used acid salts are present which are taken 

up by hide in such a way that the formation of basic salts would be 
accompanied by a fixation of alumina on the fibres* Hero it is free
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to react to give basic compounds of which the hide sub stance forms part* 
The more generally held theories ar© those that involve the for

mation of co-ordinate complexes between the metallic complex and the 

protein. This can occur in many ways because complexes might be formed 
with the carboxyl, amino, guarddino, inrf.no and hydroxy groups of the 

collagen*

Glycine is capable of forming a stable complex salt with aluminium 

as well as iron* cobalt and chromium. (Erneleus and Anderson (49))*

Non electrolyte complexes of this type, where the neutral and acidic 

groups are united in the same molecule, are known as inner complex 

salts and Kuntzel and Heiss (5 0) suggest that a similar mechanism is 

involved in tanning* The carboxyl group forms a co-ordinate link with 

the metal followed by another link with an amino group of an adjacent 

chain* For this to occur it is necessary to have two conditions 

satisfied, both of which ar© dependent on pH. The solution m s t  be 

basic 00 that polynuclear complexes can be formed, otherwise they can
not bridge the space between polypeptide chains, and the carboxyl groups 
of the collagen must be ionised. Both of these conditions are favoured 

by high pH.
By X-Ray analysis Astbury (5 1 ) determined the distances between the 

principal recurring structures in the collagen molecule and found that
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they are such that it would require only two atoms, linked by an 
oxygen bridge, to span the distance, and if several atoms are linked ■ 
together several polypeptide chains may be joined to form a lattice* 

Stiasny (5 2 ) in 1927 suggested that the oxygen of the carboxyl groups 

and the nitrogen of the aniino or peptide groups co-ordinate either 
directly with the central metallic atom or with a group in the complex* 
If co-ordination occurs with the central atom, then a group already in 
the complex smst be displaced, and eo a stable complex would be unable 

to react in this way and would have no tanning action* This would 

explain the effect of certain anions on inhibiting tanning*
Gra.ll (53) states that in normal aluminium tanning solutions little 

complex formation occurs between the ions in solution. He stiggests 

that in leather tanned under these conditions the metallic ions form 

the intermediate links because there are no anions in the complex to 
help in the linkage. As a result the bond is assumed to be of the 

form t

Bit NH,

ft---H<j>

0= 0 -

0 = 0 -

Hao

ft--HO
I
m h 2

"A1

HoO
'OH

h2o oh-

y f j--0 =
i^ i^ 0 — o —

•ft

-0

=0

HoO OH-
I
bh2

41

According to Grail this hypothesis is confirmed by the fact that the
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addition of strong complex forming ions to tanning solutions improves 
the quality of the leather produced due to the formation of additional 

bonds resulting in a structure as follows %

R------- HO------- mi2 M %---- OH-- R
X X

0 = 0

Q = = 0

R---HQ

■0 = 0

o = * o

•OH---R

where the amino groups form a bond with the complex bound anion 

represented by X in the above diagram*
Although the hypothesis that a complex bound ion m y  serve as a link 

between the free amino groups of lysine and the complex as a whole is 

worthy of consideration, the actual structures proposed by Grail and 
illustrated above are untenable because the amino groups and the 

associated carboxyl groups are involved in the peptide link of the 
protein and cannot react as ions in the manner shown. If the basic 

idea implied in Grail* s hypotheses is applied to the free -GOGH groups 
and -BBg groups present on the side chains in collagen it may still 
be criticised on the grounds that, as represented, the ami no groups are 

shown in the uncharged state* If account is taken of the electrostatic 
charges on the ions, Grail* a hypothesis (modified as suggested above) 

amounts simply to the suggestion that the effect of introducing 

additional negative ions into the complex renders the latter anionic,
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and the co-ordinate link is thus reinforced by the electrostatic 
attraction between the anionic complex and the positively charged 
amino group.

Shuttleworth (l8) has argued that the relatively high thermal 
stability of chrome tanned leather cannot reasonably be explained 
on the basis of residual valency forces involved in adsorption, nor 
in terms of electrovalent bonds alone, and considers that the pene
tration of carboxyl groups of collagen into the metal complex is the 
primary factor in chrome tannage* As indicated previously (Effect 
of Mod. of Collagen) there is considerable evidence in support of 
this view,

COITChtrsIOff.

It appears that a theory of mineral tanning which presumes the 
entry of the carboxyl group into the complex, followed, under certain 
conditions, by the formation of secondry links with the amino group, 
either directly, or through the presence of some other anion in the 
complex, would fit the present evidence available on the subject*



pqiMTIOMjilTHIC TITE^XOH STUDIES.

IMTEODXICTIQ1-.
Experiments on the influence of sodium formate, sodium acet&te 

sodium lactate and sodium potassium tartrate (Bochell© salt) on 
the titration curve of sodium aluminate using nitric acid as 
titrant, are described in the present section* Sodium citrate 
was also employed because there is evidence (8,6,54,55) that 
strong complex formation occurs between the citrate ion and 
aluminium. The four first named salts were selected because 
they are 8,11 readily available commercially and can be obtained 
in a high state of purity*

In planning this work it was considered that sodium aluminat© 
would be preferable to potash alum or other aluminium salt be
cause competition from other anions in the solution would be 
eliminated and only the effect of the added anion need be 
considered. Moreover, by approach!ng the precipitation point 
from the alkaline side it would be ensured that the organic acidi 
would be in the fully ionised form and thus have the same 
opportunity for complex formation in each case, the number of 
free ions not being dependent to the same degree upon the dis
sociation constant of the particular acid radical involved.

Since adequate supplies of pure sodium aluminate were not
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available at the time it was necessary to adopt the following . 
technique which* it was hoped, would at any rate reduce the con 
centration of sulphate ions to a relatively low level - 

320 gms JwB. sodium hydroxide was dissolved in 500 mis 
distilled water in a 1$ litre flask* 6o6 gms A.ii. aluminium 
sulphate was placed in 500 mis distilled water and heated to 
dissolve as much as possible. This solution was then added 
slowly to the sodium hydroxide solution, the reaction being 
sufficiently violent to cause the liquid to boil* The alu
minium sulphate was added slowly with constant stirring until a 
slight but permanent precipitate, which was not dispersed on 
boiling, was formed. All of the aluminium sulphate wa,s not 
added because a certain amount of free alkali is needed to keep 
the aluminium in solution. The solution was boiled for a 
further lo minutes, allowed to cool to room temperature, and 
then placed in a stoppered flask in a refrigerator for three 
days. Host of the sodium sulphate formed during the reaction 
crystallised out under these conditions*

The clear supernatant liquor was filtered through a buchner 
tunnel and the sodium sulphate crystals washed with a very 
little cold water. The filtrate was cooled for a further thre 
days and again filtered as above. The resulting solution was 
then made up to 2 litres with distilled water* This stock
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solution was aged for three weeks before the aluminium 
determination and titration curves were performed*

Various methods for the determination of aluminium were 
investigated and the method found to give the most consistent 
results was as follows -

Sufficient of the solution (containing 10-30 mgm of A1 20$) 
was evaporated to dryness in a nickel crucible and the ash 
fused with 0*5 gm. HaOH at a dull red heat for about 15 minutes 
After cooling the residue was leached out with boiling water anc 
filtered through Whatman Mo*541 filter paper* Aluminium was 
then determined on the filtrate by means of the Hoxineu method 
(8-hydroxy quinoline) following standard procedures (56,57,58)• 
The solution was found to be 0*719 molar with respect to alu
minium* The sulphate wa.s also determined using the BaClgj 
method of Vogel (5o) and was found to be 0.31 molar*

The equation for the formation of sodium aluminate is as 
follows :

Alg(S 04)3-)- 8 HaOH— *2BaA10g +3 SagSĈ  -+- 4HgO
It was found from the subsequent titration curves that in tb<

stock solution there is an excess of 0.5 equivs MaOH/mol Al 
over that required by the above equation*
GBHBRAL PiiOClBUKE ̂ OR TITEATIQM STUDIES,

Solutions of the salts were made up such' that the concent
ration of monovalent anion was 2 m o l a r 5 the divalent anion
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l1̂  molar and the trivalent anion 2/3 molar. Thus the addition 
of equal volumes of the solution of the appropriate salt-to a 
given quantity of solution of sodium aluminate resulted in- the- • 
same final concentration of aluminium in each case. It will- be 
noted that the ratio of each of the salts to Aluminium was six 
equivs/mol Al, except in the case of the divalent tartrate ion - 
where the ratio used was 8 equivs/mol Al* .for the concentrated 
series 108 mis of the masking salt solution was added to 50 mis o 
the 0*72 iff* stock solution of sodium aluminate. As a result the 
initial concentration of the aluminium in the sodium aluminate 
organic salt solution was 0.22 molar. (At the end of the titrati
0.12 molar) • 3?or the dilute series 22 mis of the organic salt
solution was added to 10 mis of stock sodium aluminate solution 
previously diluted to loo mis. Thus the concentration of alu
minium in the solution at the commencement of the titration was 
0.06 molar*

I*or each series (concentrated and dilute respectively) two 
identical solutions were prepared. One was boiled for 5 minutes 
keeping the volume constant and allowed to cool before titration. 
The remaining solution was titrated without prior boiling. , In 
each case the addition of the masking agent was made the day 
before the titration was conducted. Thus» before titrating or- - 
boiling and titrating as the case may be, 16-20 hours had elapsed 
subsequent to the addition of the salt.

In view of the copious precipitate obtained with sodium format
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and sodium acetate at six equivs/mol Aluminium it was considered 
that no useful degree of complex formation would have occurred 
under these conditions. Accordingly further titrations using 
lower relative proportions of these masking agents were not 
attempted. On the other hand the remaining three masking agents 
sodium lactate, and sodium citrate were studied at ratios of 
3 equivs/nol A1 and 2 equivs/mol A! and sodium potassium tartrate 
was studied at 4 equivs/mol Al and 2 equivs/mol A1 in later 
experiments.
f If RATIOS TB0HHIQI1B-

The solutions prepared as above were each titrated with 1.5H ■ 
nitric acid which was chosen for this purpose because of its very 
small complex forming tendency. The acid was added in small 
increments, the size of which depended on the change in pH* 
Generally the first few additions were of 10 mis each, the titre 
being reduced to 5 mis when the change in pH increased. In the 
dilute series the corresponding increments were 3 mis and 1 ml 
respectively.

A Marconi battery-powered pH meter (type If-511C) with glass - 
electrode and dip calomel electrode (saturated type) was employed 
for the potent!ometric determinations, the electrodes being 
standardised against potassium hydrogen benzoate buffer (59), 
pH 4.16 before and during each titration. After efich addition 
of acid the solution was well stirred and 1 minute allowed to 
elapse before the pH was taken. The titration was conducted at

34/* * • •



34

laboratory temperature (about 2q°C).
Ĵor each ratio of masking agent two curves ware obtained, one 

representing the titration of the unboiled solution and the other 
that of the boiled solution* These two curves were compared with 
a “blank** which was a composite graph derived from the separate 
titration curves of sodium aluminate and masking agent after ad
justing each salt to the required concentration with distilled 
water. That is, 50 mis of the sodium aluminate stock solution 
was made up to 160 mis with distilled water and 108 mis of the 
masking agent was made up to the same volume with distilled water 
before titrating each solution separately with 1.5H nitric acid. 
The titreg at similar pH values (0.5 pH unit intervals) were summec 
to form the blank. The graphs so derived thus represent the 
expected titration curves of sodium aluminate and masking agent in 
admixture on the assumption that no reaction occurs between them 
and that changes in activity liquid junction potentials, etc., are 
negligible.

j?or the blanks for the dilute series 10 mis of the sodium 
aluminate stock solution and the appropriate quantity of masking 
agent solution were each diluted to ISO mis and titrated separate!; 
the titres being summed as described above. Titrations were 
conducted with 1.5B" nitric acid in every case.

The three curves representing titrations of the boiled and un
boiled solutions and the appropriate blank (unboiled) respectively 
are plotted for each masking agent at different ratios in graphs
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1 to 20* These data are considered in detail in the following 
pages*
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HESULTS.

1* SODIUM gQBMATE SERIES.
Consideration of graphs 1 and 2 shows that little or no 

deviation from the blank occurred for either the boiled or un
boiled solutions* Graphs obtained by fhorstensen and Theis-(9) - 
using smaller ratios of formate to aluminium also show no evidence 
of complex formation* On these grounds and the fact that a 
copious precipitate was formed during the titrations, no further 
data on this system are considered.

It will be seen from the graphs however, that the titration 
curve of the boiled, solulon is displaced toward the pH ordinate, 
an indication that elation may have occurred on boiling. The 
formula for sodium aluminate in solution may be represented as 
follows, if it is assumed that the AX ion is fully hydrated

It is possible that on boiling the following reaction occurs ;-
Ha+

(OH) 3 A T + V —  (oh)3 
* S f> 'OH

giving
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I„ Al—  OH
\ O H

iJi a + Sji g 0

or possibly

Ma
HgO 

O H x  |OH-Al—OH''
H 20
I ^ O H0-iil-- OH■OH_J

H e -f- 3HgO

Since for every atom of Al involved 3ft an olated complex of this 
type there are now only 3-OH groups capable of reacting immediatel 
with acid (as against four in the undated complex) it is evident 
that less acid would be required in order to bring the pH of the 
solution to any specified pH value. While this accounts for the 
deviation of the boiled from the unboiled solution without invokin 
complex formation with the formate ion* it is considered that in 
any case the discrepancies are not large enough for accurate con
clusions to be drawn. Although the titration curve of a boiled 
solution of sodium alurainate alone showed a relative shift of 
about the same order as that obtained above* it may be remarked 
that an opposite trend was apparent for the acetate series.

The displacement referred to above is more noticable in the 
dilute series graph 2. At lower pH values the two graphs coincic 
suggesting that the olated aluminium aggregates if present* might 
have been dispersed (de-olated) during titration.

J-he high deviation between the blank curves and the expert-
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mental curves above pH 10 could be accounted for by the sodium 
ion error of the glass electrode, for which no corrections -have 
been made in the present work, and some caution is therefore . . >
required in interpreting these deviations. Below pH 10, -al-thou$i 
sodium ion errors may safely be taken to be negligible, there is 
a further difficulty that under the conditions of titration 
employed, any difference in rate ox combination with acid after 
each incremental addition would be reflected in corresponding - 
differences between the two titration curves. In view of these 
limitations it is obvious that attempts to explain the minor 
differences observed in terms of stoichiometric reactions of the 
components would be quite unjustified*
2 . BOBIUM AGBTATE SQCRIE8*

The appropriate curves are given together for comparison in 
graph 3 (concentrated series) and graph 4 (dilute series)#

The initial pH values of the two curves in each series are 
lower than that of the corresponding blank but below pH 10 do not 
deviate much from the curve representing no reaction*.

It may be noted that although the differences involved are 
small, the boiled samples require slightly more acid to bring the 
solution to pH 8 or thereabouts than are required for the blank 
or the unboiled solution* This trend is opposite to that which 
would occur if ol&tion were involved and is opposite to that 
found with formate* However, in view of the fact that the
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titrations were carried out on & heterogeneous (2 phase) system 
it is possible that the oevi at ions may be ascribed simply to
differences in rate of reaction with the titrsnt.

It is apparent that formate and acetate do not form complexes 
to any considerable extent, if at all, under the conditions 
studied and do not stabilise the system to precipitation*
However, the buffering power of these salts in the region. pH*4 
to 5 may be of some value in controlling the tanning action of 
bJ urnini urn salts.

3* IfiblOM Ia CTa Tm: SEutXE S»

^  this series two ratios of salt were used, namely 6 equivs/ 
m°I a1, and 3 equivs/mol Al* respectively. lower ratios than
 ̂1 1 did not stabilise the solution to precipitation with acid,
although at a ratio of 2 i 1 the concentrated series did not begii 
bo precipitate until a relatively low pH was attained* Also a 
faint turbidity in the ailute solution containing 3 equivs/inol Al 
was observed during the titration of this solution. 4 equivs/tao: 
Al* stabilised the solution completely tsveri in the dilute series.

Q-râ h 5 shows the curves for the concentrated series when 
6 ®QMiY8/mol Al. were adeed. l‘he curves roughly coincide in the 
upper range above 9.0 but below this they deviate quite appree 
ablya The experimental system is buffered to a greater extent i: 
the region pH 6.0 to 9.0 (compared with the calculated blank) but
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below pH 4.0 there is less buffering. It will be noted that 
the curves cross at about pH 9.0 and again at pH 4.2 and that 
the effect of boiling is negligible.

In the dilute iferies (graph 6) the system is more highly ■ ■ 
buffered. Below pH 4.0 the graph is steep, similar to the con
centrated series.

It will be observed that the boiled and unboiled solutions 
give practically identical curves. The graphs for both the 
concentrated and dilute aeries are similar in form but apparently 
lees complex formation occurs (or the complex is less stable) in 
the dilute system, there being relatively less deviation from 
the calculated blank, in this case.

In the series containing 3 equivs/mol Al. (graph 7) the pH at 
which masking is apparent, i.e. pH 8.5, is the same as that in 
the 6 equivs/mol Al. series, but the deviation from the curve of 
the blank is not as great. These curves show a greater buffer
ing power between pH 5.0 and 8.5. Below pH 4.0 where the curve 
cross they are steeper. These curves are similar to those in 
graphs 5 end 6, but the deviations from the blanks are less so 
that it follows that at the lower ratio less complex formation 
must be occurring. This is brought out more strongly when we 
consider the dilute series (graph 8) where the same trends are 
observed and turbidity is apparent. Here too, the effect of 
boiling appears to be negligible as before.
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Solutions with a ratio of less than 3 aquiTs/kol Al. are not 
stable to precipitation hut greater stability is obtained in 
the concentrated system*

4. SODIUM POTASSIUM SAxiXMS.
Graph 9 shows the curves for the concentrated series when 

8 equivs/nol Al. were used and graph 10 the curves for the 
corresponding dilute series* (Here 8 equivs/mol Al. were used 
in error, 6 equivs/mol Al. were used in all other series)•
Here too, as in the lactate series considerable deviation from 
the calculated blank does not occur until pH values of less the 
8.0 are reached.

An interesting feature of graphs 9 and 10 is the divergance 
between the three curves of each set at high pH values. Owing 
to the errors of the glass electrode above pH 10.0 some caution 
must be observed in interpreting these graphs in the high pH 
region, but it is evident that the difference between the curve 
for the boiled and unboiled solutions could not be accounted fc 
by such errors. Some reaction must therefore have occurred at 
pH 10*0 resulting in a higher concentration of OH ions in the 
solution than would be predicted from the sum of that due to tt 
components (sodium aluminate and rochelle salt) considered sepe 
ately. This effect is more marked in the case of the boiled 
solutions.

The explanation may be that the tartrate penetrates the corai 
displacing OH groups directly * thus
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When 4 equivs/mol Al. are used? graph 11? a similar graph to 
the above is obtained? the deviation from the blank being only 
slightly greater than that for 8 equivs/mol Al. This indicated 
that the same degree of complex formation has occurred, Even 
on dilution (graph 12) the same degree of masking is observed 
and boiling has the same effect as in the concentrated system.

On reducing the ratio still further? i.e. to 2 equivs/kol Al. 
the degree of masking is very much the same (graph 13). Boiling 
has the same effect as above* In the corresponding dilute 
system (graph 14), however? the amount of complex formed is re
duced or the complex is less stable because the deviation from 
the blank is not as great.

At lower ratios than 2 equivs tartr&te/mol Al. the system is 
not stable? precipitation occurring. This indicated that 1 mol 
of t< rtrate combines with 1 mol Al. to form the complex and 
even in the presence of a large excess this ratio is still 
retained.

In the higher ratio levels? i.e. 8 equivs and 4 equivs/mol a; 
respectively, precipitation of the acid sodium or potassium tar
trate occurs showing that free tartrate must be present. fhis 
precipitate redissolves at low pH values when the dibasic acid
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is formed. Confirmation was obtained from the following 
experiment s-

A solution containing 8 equivs tartrate/mol Al. was adjusted 
to pH 6.0, the precipitate filtered off and washed and then 
dissolved in acid. This solution did not contain aluminium*' 
All the aluminium must therefore have formed a complex and be
come stable to precipitation*

from these results it is apparent that at least 1 mol 
tartrate combines with each mol aluminium under the conditions 
employed*

5* SODIUM CITBATh SAHIBS.
Citrate causes a large shift in the curve from the blank 

(graph 15) for greater in this case than the shift obtained
with the tartrate series and the complex is apparently formed 
at pH values above 10.0. The curves obtained in the region 
pH 7.0 to 10.0 show a much sharper end-point compared with the
blank. At pH values below 6.0 the curve flattens out but is 
still steeper than that of the blank. Thus throughout the 
whole titration range less buffering is obtained. Only at pH 
values below 3.0 does the curve become loss steep than the
blank and finally links up with it. The addition of sodium 
citrate does not raise the pH of the system appreciably al
though boiling raises it slightly. Below pH 10.0 the curve 
is shifted to the left which means that free acid has been 
liberated. This can be accounted for by elation but the

4 4 . . .
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extent of olation, if any, must be small* -
On dilution however, the shift of the curves from the blank' 

(graph 16) is not as marked, so that the complex formation,- al
though considerable is not stable. Here the effect of boiling 
is to raise the initial pH quite considerably, but in the pH 
range 5.0 to 9.0 it does not cause any appreciable difference. 
The other trends are similar.

When 3 equivs/mol Al. are used (graph 17) the amount of com
plex formation is not as great but the other trends are similar* 
Dilution (graph IS) in this case seems to favour complex for
mation as the deviation from the blank is greater than that 
obtained for the concentrated series.

Smaller ratios - 2 equivs/mol Al. - (graph 19) still 
stabilise the system to precipitation but the degree of complex 
formation is much reduced. The curve here is much steeper 
than the curves at greater ratios. Boiling reduces the pH at 
all values except below pH 4*0 where it increases it slightly. 
Dilution (graph 20) appear© to reduce the complex forming 
capacity still further, the effect of boiling being the same 
as above.

The degree of complex formation is dependent not only on the 
ratio of citrate to aluminium but also on the concentration of 
the system. The temperature too, has an effect. This acccun1 
for the inconsistency of the results obtained in the potent!o-

4 5 / .  . . .
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metric method for aluminium estimation (55). This method can 
he used only if the approximate aluminium content is tea own so * 
that the ratio of citrate to aluminium can he fairly accurately
controlled*
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D I S C U S S I O N ,

As has bean noted in the previous section little or no 
complex formation occurs with either formate or acetate ex
cept possibly above pH 9*0 or so. These anions do not 
stabilise the aluminium solutions to precipitation - they may* 

however, be of value in controlling pH, as solutions of these 

salts buffer strongly in the region pH 4 to 5.

The other salts, lactate, tartrate and citrate all show 

tendencies to complex formation though the degree to which 
this occurs varies with the anion. The complexes formed by 

lactate at high pH must be very unstable because on the addition 
of acid the pH corresponds to the calculated blank. Below pH 

9.0 however, the curves deviate quite considerably showing that 
more acid must be added to reach a certain pH value than is 
required by the blank. This means complex formation has 

occurred with loss of - COGH groups. In this system too, buffea 

ing is apparent• The same is true of tartrate but this salt 

is not as efficient a buffering agent. This is probably due 

to the fact that the excess tartrate is not available as a buff* 
as it is precipitated as the acid salt which is only sparingly 
soluble. Citrate on the other hand must ‘form very stable com
plexes, the effect of which is apparent at even very high pH 
values* In other w o r d s > addition of strong acid liberates 
free -GOGH groups which are immediately incorporated in the 

complex. This evidently does not occur with lactate or tar-
A7/. ...
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trate until lower pH values are reached.
The ratio of lactate and citrate to aluminium appears to have 

some influence on the degree of masking &s greater complex for
mation is found to occur at the higher ratio levels. Tartrate 
on the other hand apparently* has a fixed complex forming ■ 
capacity "between 1 and 4 mols/mol aluminium, since the same 
deviation from the "blank was observed irrespective of which 
ratio of the masking agent to aluminium, was employed. How
ever, at ratios of less than 1 mol tartrate/inol aluminium, devi
ations from the blank were reduced and less stabilisation occurrc 
as evidenced by the formation of precipitates containing alu
minium under these conditions. In view of these facts it may be 
suggested that 1 mol tartrate combines with 1 mol aluminium to 
form a complex containing equimolar proportions of aluminium and 
tartrate•

The effect of boiling apart from one or two exceptions always 
has the same effect, i.e. a shift to the acid side of the curve. 
¥ree acid must have been liberated which is an indication that
olation might have occurred.

*
In the lactate and citrate series dilution appears to reduce 

the complex forming capacity of these ions but tartrate is un
affected. Thus it would appear that the tartrate complex is 
more stable than those formed by lactate. Citrate stabilises 
aluminium solutions with fewer equivalents than tartrate, but 
the complex does not contain a constmt ratio of masking agent

4 8 /  * .  •.
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to aluminium* further quantities of tartrate cannot enter ■ 
the complex even in the presence of* large excess of the anion 
probably due to the effect of steric hindrance*
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SODIUM POTASSIUM TARTRATE feEHIXS (C0FCE5TRA.TED) . 
4 equivs/mol Al.

Gj&LPH 11,

Blank
Unboiled
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SOLIUM POTASSIUM lA BI-kArL SEKI1-S ( COivC'EB'THATED) .

2 equlvs/raol Al.
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sodium  potas&iuh  tahxhate series (d il u t e ) > 

2 equivs/ryjol l .

GBAPK 14,

Blank 
Unboiled 
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SQklUk ClTiiA&Z- SEjiU&S (LILUTiU , 
3 equivs/mol Al«

GRAPH 1 3 .
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SQPUJM CITxxaTH SI a li iS  (CO^CaixjTi^TLL) ,  

2 equivs/mol Al*

GRAPH 19.
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ta bl e . 1

f o r  graph  1

pH Bei/Q. Op Ha Fornate . BlankTotal
Unboiled Ma AlCî Ma formate.

BelledBaAl02 Ma formate.
Difference'' ‘ 

Unboiled Boil-
12 - - -
11*5
11 25 25
10.5 48 42 32 17 -25 -25
10 46 46 46 42 -2.5 ■ -4
9.5 48 ' 48 52 45 5 -3
9 49 49 53 47 4 -2
8.5 50 50 53 47 3 -3
8 51 51 53 47 2 -4
7.5 51.5 0.5 52 53 48 1 -4
7 52 1 55 53 49 0 -4
6.5 53 1 54 55 51 1 -3
6 54.5 2 56*5 56.5 54 0 -2.
5.5 55.5 2.5 58 59 58 1 0
5 56.5 6 68.5 64 64 2 2
4.5 59 16.5 75.5 77 72.5 1.5 -3
4 70 36.5 106.5 103 92.5 -3.5 -14
3.5 98 72.5 170.5 162 162 -8.5 - 8 .

3 107 117 224



TijBIB 2

for Graph 2

PH Ha AL Og Ha 3Tor-mate Blank
Total

Unboiled Boiled Ha ill Og Ha' Al Cg Ha Borm- Ha 3?or ate* mate.
Difference- 

Unboiled. Boilei
12 - -
11.5 4.0 4.0
11 5.6 5.6 1.5 -4,1
10.5 7.9 7.9 3.0 2.3 -4.9 -5.6
10 9.1 9,1 6.0 7,0 -1.1 -2.1
9.5 9.7 9.7 10.2 9.2 0.5 -0.5
9 10.2 10.2 11.2 9.8 1.0 -0.4
8.5 10.5 10.5 11.7 10.0 1.3 -0.5
8 10.7 10.7 12.0 10.1 1.3 -0.6
7.5 10.9 .1 11.0 12.0 10.3 1.0 -0.7
7 11.0 .2 11.2 12.0 10.7 0.8 -0.5
6.5 11.1 .3 11.4 12.0 11.2 0.6 -0.2
6 11.2 .3 11.5 12.0 12.0 0.5 0.5
5.5 11.4 .5 11.9 12,1 12.5 0.2 0.6
5 11.8 1.3 13.1 13.5 14.0 0,4 0.9
4.5 13.0 3.4 16.4 16.7 16.8 0.3 0.4
4 18.5 8.0 26.5 22.0 22.5 -4.5 -4.0
3.5 20.7 16.2 36.9 31.0 31.5 -5.9 -5.4
3 21.6 24.2 45,8 4.4,0 46.2



TABLE 3

for Graph 3*

pH Ma A1 Gg Ha Acetate, - Blank' 
Total.

Unboiled Ka SI OgHa Acet
ate.

Boiled 
Ha Al Og 
Ha Acetate .

LITferencep 
Unboiled Boi:

12 * -

11.5
11 25 25
10.5 42 42 20 33 -22 -9
10 46 46 43 42.5 -3 -3J
9.5 48 48 4 7.5 47 -0.5 -1
9 49 49 48.5 50 -0.5 1
8.5 50 50 49 51.5 -1 l.i
8 51 0.5 51.5 49.5 53 -2 l.i
7.5 51.5 1 52.5 50 54 * -2.5 l.i
7 52 1 53 50.5 55 -2.5 2
6.5 53 3 58 53.5 58 -2.5 £
6 54.5 S. 5 63 62 86 -1 3
5,5 55,5 21 76.5 79 80 2.5 3..
5 56.5 49 1G5.5 104 104.5 -1.5 -1
4.5 59 84- 143 143 146 0 3
4 70 120 190 184 187 -6 -3
3.5 98 147.5 245.5
3 107



f o r  fra p li 4

pH la Al 0,2 If a Acetate. BlankTotal
Unboiled
11 a ill O2 Ha Acetate.

Boiled 
Ma Al Os Ha Acetate.

Difference' 
Unboiled Boil*

12 - - -
11.5 4,0 4.0
11 5.6 5.6 1.0 4.<
10.5 7.9 7.9 3.0 3.8 -4.9 -4.]
10 9.1 9.1 7.1 7.7 “2.0 “1.4
9.5 9.7 9.7 8.3 9.3 -1.4 “0*4
9 1G.2 10.2 9.4 10.3 -0.8 0.3
8.5 10.5 10.5 9 • 0 10.7 -0.7 G.i
8 10.7 0.1 10.8 10.3 10.9 -0.5 0.]
7.5 10.9 0.2 11.1 10.7 11.1 -0.4 0
7 11.0 0.4 11.4 11.1 11.4 -0.3 0
6.5 11.1 0.6 11.7 11.7 12.0 0 O.i
6 11.2 1.4 12.6 12.5 13.0 “0.x 0.4
5.5 11«4 5.6 15.0 15.0 15.8 0 O.c
5 11.8 9.1 20.9 20.5 21.3 “0.4 0.4
4.5 15.0 17.6 30.6 28.3 30.5 * 2.3 “0.:
4 18.5 25.1 43.6 39.7 42.0 -3.9 -l.i
5.5 20.7 30.3 51.0 47.5 49.8 -3. 5 “U
3 21.6 34.0 55*6



TABLE 5

f o r  Graph 5 .

pH 11a Al Og Ha Lac 
tat e*

Blank 
Total.

Difference.Unboiled Boiled 
if a Al 0£ La LL Og if a Lac- la Lac- Unboiled Boil 
tate. tate*

12 - - -
11*5
11 25 25 5 -20.0

IO«oH 42 42 40.5 -1.5
10 46 46 45 42 -1.0 -4.
9*5 48 48 47 46 -1.0 -2.
9 49 49 50 48 1.0 -1.

8*5 50 50 56.5 52.5 6.5 2.
s 51 51 65 61 14.0 10.
7*5 51.5 1 52.5 72 68.5 19.5 16 .
7 52 1 53 76.5 74*5 23.5 21.
6*5 53 1 54 79 78 25.0 24.
6 54*5 2 56.5 80.5 80.5 24.0 24.
5*5 55.5 4 59.5 83.5 83 24.0 23.
5 56.5 11 67*5 88 87 20.5 19.
4.5 59 26 85 98 96 13.0 H i

4 70 56 126 117.5 114.6 -8.5 -11,

3.5 98 96 194 150 144 * 5 -44.0 -49,
3 107 130 237 182 178 -55.0 -59,



TABLE. 6

f o r  Graph 6.

pH Ha Al Og Ha Lactate. Blank'Total.

Unboiled 
Ha Al Og USi Lac- t at 6 •

Boiled 
Ha Al Op Ma Lac- t at e.

Difference 
Unboiled Boil

12 - - -
11.5 4.0 4.0 0*1 -3.9
11 5.6 5*6 5.6 3.1 0 -2..
10.5 7.9 7.9 7.3 6.1 -0.6 -1.1
10 9.1 9.1 8.4 7.6 -0.7 -1.
9.5 9.7 9.7 8*9 8.5 -0.8 -l.i
9 10.2 10.2 9.5 9.0 -0.7 -1.1
8.5 10.5 10.5 10.2 9.7 -0.3 -0.1
8 10.7 10.7 11.3 10.5 0.6 -0.1
7.5 10.9 10.9 12.8 11.7 1.9 0.1
7 11.0 0.1 11.1 14.1 13.1 3.0 2.<
6.5 11.1 0.2 11.3 15.1 14.3 3.8 3.1
6 11.2 0.4 11.6 16.1 15.1 4.5 3.1
5.5 11.% 0.9 12.3 16.8 16.0 4.5 3.1
e , 11.8 2.2 14.0 18.2 17,2 4.2 3A
4.5 13.0 5.6 18*6 21.0 19.4 2.4 0.1
4 18.5 12.1 30.6 25.2 ' 23.6 -5.4 -7 .<
5.5 20.7 21.2 41*9 32.3 30.3 -9.6 -HA
3. 21.6 27.8 49*4 38.5 36.8 -10.9 -12. (



TLBLE 7

for Graph 7.

pH Ha ill Og Ha Lactate. Blank
Total.

Unboiled
Ha A1 Og Ha Lactate.

Boiled 
Ha A1 Og la Lac- " tate.

Difference';
Unboiled Boi

12
11.5

- - -

11 25 25 -
10.5 42 42 32 34 -10 " -8
10 46 46 42 42 -4 -4
9.5 43 48 46.5 46 -1.5 -2
9 49 49 48.5 48 -0.5 -1
8.5 50 50 50.0 50.5 6.5 0.
8 51 51 54.5 55 3.5 4
7.5 51.5 0.5 52 58.5 59.5 6.5 7.
7 52 1 53 64.5 64.5 11.5 11.
6.5 53 1.5 54.5 69.5 68.5 15 14
6 54.5 2 56.5 74 72.6 17.5 16
5.0 55.5 3 58.5 76.5 76 18 17.
5 56.5 6 62.5 79.5 80,5 17 18
4.5 59 14 73 85.5 86. 5 12.5 13.
4 70 29.5 99.5 98 97 -1.5 -2.
5.5 93 50 148 112 113 -36 -3E
3 107 66.5 173.5 150 130 -43.5 -43,



TABLE 8

for Graph 8,

pH Ha Al Gg Ha Lao***tat e. Blank T ot al.
UnboiledUa Al Og Ha Lactate.

Boiled 
M b AlG? If a Lactate.

Difference! 
Uboiled Boiled

12 - - - 6

11.5 4.0 4.0
11 5.6 5.6 4.1 4.2 -1.5 -1.4
10.5 7.9 7.9 5.5 5.9 - 2 . 4 -2.0
10 9.1 9.1 7,8 7.9 -1.2 1 *
9.5 9.7 9.7 9.2 9 . 3 -0.5 -0,4
9 10.2 10.2 9.7 9.7 -0.5 -0. £
8.5 10.5 1 0 . 5 10.0 10.0 -0.5 - o . e

8 10.7 10.7 10.3 10.2 -0.4 - o . e

7.5 10.9 10.9 10.7 10.6 -0.2 - 0 . £

7 11.0 0.1 11 • 1 11.1 11.1 0 0
6.5 11.1 0.1 11.2 11.6 11.9 0.4 0 . 1

6 11.2 0.2 1 1 . 4 12.2 12.8 0.8 1.-
5.5 11.4 0.6 12.0- 13.3 14.0 1*6 2.C
5 11.8 1.2 1 3 . 0 14.6 15.6 1.6 . 2 . i

4.5 13.0 5.1 16.1 16.7 17.6 0 * 6 1A
4 18.5 6.3 24.8 20.0 20.1 -4,8 - 4 . '

3.5 20.7 11.1 31.8 23.6 23.6 -8.2 —8 • <
3 2 1 . 6 14.1 55.7 28,0 28.4 -7.7 -7..
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TAM M  9.

f o r  Graph. 9 .

pH Ha Al 02 Ha KTartrate BlankTotal.

Unboiled
Ha Al Op Ma £ Tartrate

Boiled
Ma Al Op Ha K  Tartrate

t jDifference. 
Unboiled Boil*

12 w
11.5 27.5 40.5
11 25 25 38.5 43.5 13.5 18. £
10.5 42 42 42 44.5 0 O £tu » t
10 46 46 44 44.5 -2 -1.5
9.5 48 48 46.5 45.5 -1.5 -2.5
9 49 49 48.5 47 -0.5 -2
8.5 50 50 52 50 2 0
8 51 51 56 52.5 5 l.S
7.5 51.5 51.5 60.5 56.5 9 5.1
7 52 1 53 66.0 61 13 8
6.5 53 2 55 72.5 67 17.5 12
6 54.5 3 57.5 79.5 72.5 22 15
5.5 55.5 6 61.5 83.5 77.5 32 15.1
5 56.5 13 69.5 86.5 83 17 13.1
4.5 59 29 88 91 91 3 3
4 70 53 123 100 105.5 -23 -17.!
3.5 98 78 176 111.5 126 -66.5 -50
3 107 104 211 127 151.5 -84 59.!



table xo

for Graph. 10»

pH la Al Cg
la IC Tartrate Blank' ■

Total.

Unboiled Boiled 
Ha Al Op HaAl Og
la IC la K  
Tartrate TertrsSbe

Difference'.' ' 
Unboiled Boiled

12 — - 2.8
11*5 4.0 4*0 3.4 6.6 -0.6 2*6
11 5.6 5*6 5.6 7.7 0 2.1
10*5 7*9 7.9 7.1 3.2 -0.8 0.3
10 9.1 9.1 7,7 8.6 -1.4 -0.5
9*5 9.7 9.7 8,1 8.9 -1.6 -0.0
9 10.2 10.2 8.7 9.4 -1.5 -o.s

8.5 10.5 10*5 9.5 10.1 -1.0 -0.4
8 10.7 10.7 10.3 10.8 -0.4 0.1
7*5 10.9 10.9 11.3 11.6 0.4 0.7
7 11.0 0.2 11.2 12.2 12.6 1.0 1.4
6*5 11.1 0.4 11.5 13.9 13.9 2.4 2,4
6 11.2 0.6 11.8 15.6 14.8 3.S 3.0
5*o 11.4 1.2 12.6 16.6 15.8 4.0 3.2
5 11*8 2.6 14.4 17.4 17.1 3.0 2.5
4.5 13.0 5.3 18.3 18.5 19.0 0.2 0.7
4 IS. 5 10.6 29.1 20.7 22*4 8.4 6.7

3.5 20.7 15.6 36.3 23.6 27.3 12.7 -9.0
3 21.6 20.8 42.2 27.1 33.0 15.1 -9.8



TABISi 11

f o r  G raph 11

pH Ha ill 0 g iJa£ Tartrate . Blank 
Total.

Unboiled 
lla JOiOg lfe.X Tar- Trate.

Boiled 
Sauil Og 
Ma X  Tartrate

, ' tDifference*'
Unboiled Boiled

12 - -
11.5 14 17
11 25 25 32.5 32.5 7*5 7.5
10.5 42' 42 41.5 39 -0*5 -3
10 46' 46 46.5 43' 0*5 -3
9*5 48 48 49 45: 1 -3
9 49 49 50*5 4Q 1*5 -1

8.5 50 50 54 51*5 4 1*5
8 51 51 58 55*5 7 4.5
7*5 51.5 51*5 61.5 58.5 10 7
7 52 0*5 52.5 66 62*5 13.5 10

6.5 53 1 54 71 68.5 17 14*5
6 54.5 1*5 56 77.5 75 21.5 19
5*5 55.5 3 58.5 82.5 80 24 21.5
5 56*5 6 68.5 35.5 83 23 20.5
4*5 59 14 73 88*5 86 15.6 13
4 70 26 96 93 90 -3 -6

3.5 98 .39 137 99 96 -38 -41
3 107 52 159 106 103 -53 -56



TABLE 12

for Graph 12.

pH ilS. Al Qr> la K  Tartrate BlankTotal.

Unboiled
Ma Al Og B a K  Tartrate

Boiled
l a Al Gg la K  ifextrate Unboiled Boil<

12 - - -

11.5 4.0 4.0 3.0 2.1 “1.0 “1. \
11 5.6 5,6 5.2 4.1 -0,4 -l.i
10.5 7.9 7.9 7.2 6.1 “0.7 -Id
10 e.i 9.1 8.5 7.7 -0.6
9.5 9.7 9.7 9.3 8.5 -0.4 -l.S
9 10.2 10.2 9.6 8.9 -0.6 -1 .;
8.5 10.5 10.5 10.0 9,6 -0.5 -o*<
8 10.7 10.7 10.8 10.4 0.1 ”0. *
7.5 3.0.9 10.9 11.9 11.5 1.0 0.€
7 11.0 0.1 11.1 12. S 12.4 1 .7 1,4

6.5 11.1 0*2 11.3 13.8 13.4 2.5 2.3
6 13 .2 0.3 11.5 14.8 14,6 3.3 3.3
5.0 11.4 0.6 12.0 16.0 16.0 4.0 4.(
5 11.8 1.3 13.1 17.0 16,9 3.9 3.€
4.5 13.0 2.6 15.6 17.9 17.7 2.3 2.]
4 18.5 5,3 23,8 19.1 18.9 -4.7 -4.S
3.5 20.7 7,8 28.5 20.4 20.4 -8.1 -8.3
3 21.6 10.4 32.0 22,0 22.1 -10.0 -9.5



TABBE 15

for Graph 15.

pH HsAl Og ife.jS; Tartrate * BlankTotal.
Unboiled Ha Al OgBa KTartrate

Boiled
JSaAl OpMaiCTai-trate

difference• 
Unboiled Boi]

12 - « -
11.5 20.5
11 25 25 38 34 13 9
10.5 42 42 43 40 1

10 46 46 45.5 45 -0.5 -1

9*5 48 48 48 47.5 0 -0.1
9 49 49 50 49 1 0

8*5 50 50 53 51 3 1

8 51 51 56.5 55.5 5.5 4.E
7*5 51.5 51.5 60 59 8.5 7.1
7 52 52 62.5 62 10.5 10

6.5 53 0.5 53.5 67.5 66.5 14 13
6 54.5 1 55.5 72.5, 71.5 17 16
5.5 55.5 2 57.5 77 76 19.5 18.1
5 56.5 4.5 61 80 73.5 19 17.i
4.5 59 9.5 68.5 82.5 81.5 14 13
4 70 17.5 87.6 85 84 -2, 5 -3.!
3.5 98 26 124 90 89 -34 -35
3 107 35 142 97 96 -45 -46



TABXi:' 14

for Graph 14.

Unboiled Boiled . _ . * *la KL O2 HaAlOg Difference.
pH Ha A1 Og Ha K Blank MaXTar- BaKBar-Unboiled BoilecTartrate Total , trate. trate.
12 - “ ~
11.5 4.0 4,0 4.3 2.0 0.3 -1 .;
11 5,6 5.6 6.0 5.1 0.4 -0.5

10.5 7.9 7.9 7.5 6.6 -0.4 -1 .3

10 9.1 9.1 8.5 7.9 -0.6 -1.2

9.5 9.7 9.7 9.0 8.7 -0.7 -1.0

9 10.2 10.2 9.6 9.2 -0.6 -1.0

8*5 10.5 10.5 10.2 9.9 -0.3 -o.a
8 10.7 10.7 10.6 10.5 -0.1 -0.2

7.5 10.9 10.9 11.1 10.9 0.2 0

7 11.0 11.0 11.7 11.5 0.7 0.5

6.5 11,1 0.1 11.2 12.5 12.4 1.3 1 .2

6 11,2 0.2 11.4 13.5 13.7 2.1 2.5

5.5 11.4 0.4 11.8 14.4 14,6 2.6 2.8

5 11.8 0.9 12.7 15.0 15.3 2.3 2,6

4.5 13.0 1.7 14,7 15.6 16.0 0.9 1 .3

4 IQ.5 3.5 22.0 16.7 16.9 -5,3 -5.5

5.5 20.7 5.2 25.9 . 17.8 18.0 -8.1 .-7.9

3 21.6 6.9 28,5' 19,6 19.6 -8.9 -8.9



TABLE 15

for Graph 15.

pH IJaAlOg Ha Cit rate. - Blank Total.
Unboiled Boiled 
Is AX 0g A1 0, ha Cit- Ha Citrate, rate.

n Difference,’ 
Unboiled Boil

12 - - -
11.5
11 25 25 14.5 21.5 -10.5 -3.
10.5 42 42 52.5 57 10.5 15
10 46 46 67.5 64 21.5 18
9.5 48 48 71 66 23 18
9 49 49 72 68 23 19
8.5 50 50 72.5 68 22.5 18
8 51 51 73 69 22 18
7.5 51.5 0.5 52 73.5 69.5 21.5 17.
7 52 1.5 53.5 75.5 71.5 22.5 18
0,5 53 3 56 81 76.5 25 20.
6 54.5 S. 5 63 94 88 31 25
5.5 55,5 20 75.5 110 102.5 34.5 27
5 56.5 40 96.5 125 112 28.5 15.
4.5 59 67.5 126.5 137 130.5 10.5 4
4 70 94.5 164.5 150 145 -14.5 -19.
3.5 98 121.5 219.5 163 161 -56.5 -58.
3 107 147.5 254.5 185 180 -69.5 -74.



TABLE 16

for Graph 16*

pH Ha Al Oq Ha Citrate. BlankTotal.
UnboiledHa Al Og Ha Git- rate.

Boiled HaAl Og Ha Citrate*
Difference* 

Unboiled Boil

12 4*

11.5 4.0 4.0 2*0 -2.
11 5.6 5.6 3.6 6.6 -2*0 1.
10.5 7.9 7.9 8.2 11.1 0.3 3.
10 9.1 9.1 11.9 12.9 2.8 3.
9*5 9.7 9.7 13.1 15*6 3*4 3.
9 10.2 10.2 13.5 13.8 3.3 3.
8.5 10.5 10.5 13.6 13.8 3*1 3.
8 10.7 10.7 13.8 13.9 3.1 3.
7.5 10.9 0.2 11.1 14.0 14*1 2.9 3.
7 11.0 0.3 11.3 14.6 14.6 3.3 3«
6*5 11.1 1.0 12.1 16.2 16*3 4.1 4«

6 11.2 2.8 14.0 19.4 19.2 5.4 5*
5*5 11.4 6.3 17*7 22.4 22.5 5.7 4,
5 11.8 11.3 23.1 25.2 25.2 2.1 2.
4.5 13.0 16.4 29.4 27*1 27.8 -2.3 -1.
4 18.5 21.4 39.9 29.4 30.6 -10.5 -9<
3.5 20.7 26. 5 47.2 32.7 34.0 -14.5 -12
3 21.6 32.0 53.6 37.6 40.0 -16.0 —1«,



TABLE 1?

for Graph 17.

pH BaiaGg la Citrate . BlankTotal.

Unboiled
la Aiqg la Citrate .

Boiled la il Og Ha Citrate*
Difference-.

Unboiled Boilc

12 - - -

11.5
11 25 25 22 -3
10.5 42 42 46.0 28 4.5 -14
10 46 46 58.5 53 12.5 7
9.5 48 48 62 60.5 ■ 14 12. £
9 49 49 64 63 16 14
8.5 50 50 65 64.5 15 14.1
8 51 01 66 65 15 14
7.5 51.5 0.5 52 68 66*5 16 14^
7 52 1.5 53.5 70.5 70 17 16.£
6.5 .. 53 2.5 55.5 75.5 75 20 19.1
6 54.5 4.5 59 83 81.5 24 22. i
5.5 55.5 11.5 67 91 89.5 24 22, l
5 56.5 23 79 97.5 96 18.5 17.1
4.5 59 36 95 102 100 7 5
4 70 48.5 118.5 105.5 103.5 -13 -15
5.5 98 60.5 158.5 111 109 -47.5 -49.1
3 107 71.5 178.5 120 118 -58.5 -60.1



TAEUS IB

f o r  Graph 1 8 .

pH Ha A1 Qg> Ha Citrate * Blank
Total.

Unboiled
Ha A1 Oe la Citrate.

Boiled 
laAlOg 
Ha Cit rate .

: \ f-

Difference. Unboiled Boile

12 - - -
11.5 4*0 4.0 1.9 0.3 -2,1 -3.*;
11 5.6 5.6 5.1 4,0 -0.5 -l.c
10*5 7.9 7.9 9.1 7,3 1.2 —0, t
10 9.1 9.1 11.8 11.1 2.7 2.C
9*5 9.7 9,7 13.0 12.5 3.3 2.6
9 10.2 10.2 13.6 13,3 3.4 3.3
8.5 10.5 10*5 13.9 13.9 3.4 3.4
a 10.7 0.1 10.8 14.1 14.3 3.3 3. £
7.5 10*9 0.2 X X- 4 X 14.7 15.0 3.6 3.€
7 11*0 0*4 11.4 15.7 15.8 4.3 4.4
6.5 11.1 0.8 11.9 17.0 16.8 5.1 4.<
6 11.2 1.3 13.0 18.4 18.3 5.4 5.£
5.5 11.4 3.6 15.0 19.6 19.5 4 • 6 4.1
5 11.8 5.8 17.6 20.4 20.4 2.8 2A
4.5 13.0 8.1 21.1 21.5 21*2 0.4 G."
4 IS.5 10.4 28.9 22.6 22*3 -6,3 - 6 ,6

3*5 20.7 12.5 33.2 24.4 23.8 -8,3 -9.<
3 21.6 14.6 36.2 27.0 26,0 -9.2 -10 A



TABLE 19

f o r  Graph 19.

pH. Ha ill O2 la Citrate . BlankTotal.

Unboiled 
Iff a ill Qg Ma Cit-~rate.

Boiled 
Ma A1 Op Ba Citrate.

Difference*.
Unboiled Boil

12 - - -
11.5
11 25 25 24,5 15.5 -0.5 -9.
10.5 42 42 4-3 35.5 1 “6.
10 46 46 53.5 51 7.5 5
0*5 48 48 57 55 9 7
9 49 49 58.5 57 ■9.5 8

8.5 50 50 59.5 58.5 9.5 S.
a 51 51 61 59.5 10 8 .
7*5 51,. 5 0.5 52 65 61 13 9
7 52 1 53 67.5 64 14.5 11

6*5 55 2 55 70 a? 15 12

6 54.5 4*5 59 73 71 14 12

5.5 55*5 9*5 65 76.5 75.5 11.5 1 0.
5 56.5 17.5 74 80 79 6 5
4*5 59 26 85 82 81.5 -3 -3.

4 70 55 105 84 85 -21 -20

3.5 98 . 43 141 86 8© -55 »52
5 107 53 160 89 95 »71 -65



TAffiBI 20

for Graph 20»

pH MaAlOg Ha Citrate • ■ Blank Total.

Unboiled Boiled „„r,. ... * Dmarence. . Ha ill Og Hail GoHa Git- if a Cit” Unboiled Boile rate. rate.
12 — -

11.5 4.0 4.0 2.9 -1*1
11 5.6 5.6 4.8 3.9 -0.8 -1.8
10*5 7.9 7.9 7.3 5.6 -0.6 -2.3
10 9.1 9.1 10.0 8.5 0.9 -0.6
9.5 9.7 9.7 11.0 10.2 1.3 0.5
9 10.2 10.2 11.4 11.0 1.2 0.8
8.5 10.5 10.5 11.8 11.4 1.3 0.9
8 10.7 10.7 12.1 11.9 1.4 1.2
7.5 10.9 0.1 11.0 12.5 12.2 1.5 1.2
7 11.0 0.2 11.2 13.1 12.6 1.9 1.4
6*5 11.1 0.6 11.7 13.8 13.2 2.1 1.5
6 11.s 1.5 12.7 14.7 14.3 2.0 1.6
5.5 11.4 2. S 14.2 15.4 15.1 1.2 0.9
5 11.8 4 .4 16.2 18.0 15,8 -0,2 -0.4
4.5 13.0 6.0 19.0 16.5 16.2 -2.5 -2.8
4 18.5 7.7 26.2 17,2 17.0 -9.0 -9.2
3.5 20.7 9.4 30.1 18.3 18.0 -11.8 -12.1
3 21.6 11.0 32.6 20.0 19.5 -12.8 -13.1
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