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A STUDY O WHITH LEATHER PAMNAGE

INTRODUOTION

Aluminium salts have been used for tamming skins and furs for at least
two thousand yesrs. 2lum tanning wes used by the Romans and at a earlier
date by the igyptiens, but it is probable thot the proceas originated in
Arabla,

The methods employed were not true tanning processes and the leather so
formed wos not resistant to reperted webtting or washing. These older
methods of "tewing” involved coating the flesh side of the skin with a thick
peste 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 o thin paste of
potesh 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., 4 nore
recent method is to pad on a basic solution of aluminium and salt, applying
several coats after the previous one hes dried.

The salt is present to prevent swelllng of the pelt due to the acid forme
by the hydrolysis of the sluminium salt, while the flour possibly acts a8 ex
extremely fesble base snd tskes up the oxcess ecid slowly: +the liquor is
thus rendered bzslic very slowly during the course of tannage and denger of
precipitation is sveided. Eggyolk serves to lubricate the fibre of the
Pinished lemther.

FPatliquoring of alum tanned skins by conventional methods is apt to be

unsatisfactory because o the instability of the emulsion in the presence of

2/ ceeass



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” for a
waek or two, then washed, reoiled and dried again., By this means a soft
pliable leather is obtained af'ter staking, wheress if fatliquoring were
oritted the leather would be hard and horny. ‘#lum leather, retanned with
formaldehyde, ecsily teles up the fatliquor of the normal oil exulsion type.

Alun lesthar posseses certain special characteristics not showm by other
tennages., The lesther is pure white, hess a characteristic soft handle and
exhibits a remarkeble degree of stretch, making it espscially useful for
glove-making, furs, etc. It is not, howsver, stable to washing and this
constitutes = serious defeot.

The amount of chr;mé necesczary 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 5-6%, necessitating about 50% potash
elum on the weight of the skins., The difficulty of obtaining absorption
of such grest quantities of alum by the skin fibres is no doubt one of the
reasons why an unsatisfactory leather is produced by alum tanning.

Yhen aluminium salts are dissolved in water hydrolysis takes place,
giving a soluble basic salt and free acid. When a skin enters such a
golution the free acid is absorbed and fixed by the skin collagen. This
upsets the hydrolysis equilibrium and more selt is hydrolysed giving more
basic salt and Prec zcid. #a the acid is sbsorbed swelling takes place,
and the basic s2lt is slso teken up and deposited upon the skin Tibres

where it has e tanning action.
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skin tenned with en plumdnium e2lt alone wayid be thin and herd, bub 4
anlt 38 edded it nots in the S22 wey ag in plekles, proventing swelling,
and sllowing the beeic slusdnlun a82lt o peneteate. This s2lt sleo ellows
# pors beste slumirdum salt to be formed without precipitation osourring.
Presipitetion may be even wors effectively pravested by the sddition of
‘mesldng ngents® (thet 1s, sertaln organic neide or thely eclis) o the
tonmning solution; in this wey hirher basisities ond pH velues cnn be
reoschad then nre possible when thess rasking egente are xiot employed,

Salt slone will glve soustbing of the sroe offect end the “Pullneas” of
alum lesthar sroducad by these uwetheds 1s partly due to the pragsence of salt,
IT the lenthor s rinsed the snlt io romoved and the lenther booones hepd
and tinny.

Until recently tanning with alusdnium salts hes been prectised Ly
esgenticlly the ssme metheds os for wany centuries. %ith the introduction
of mpaking epovte, however, the proesss hua besn spesded Up wnd the lenther
rendered rore stable 10 weshing. There is renson to beliave thnt thia is
teesusa the coxplex bound nesblng azent forwe pert of the linkage stebiliein
the bond, end the object of the present work wes to fovertigete Lhe in-
fluenee of sone of those wmpaking aperta in elunm terming.

Pram prectiesl occnsldevelilonn atientlon hes been ddrestaeg seinly towsrds

the effects of Torumtes, ncetete, lactate and tartrate anioma,
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4

THI CHSMISTRY OF ALUMINIUM TANNING 3ALTS WITH SPECIAL
REFIRENCE TO COMPLTX FORMATIOHN.

OOKPLEX FORMATION,

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

Sidgwick (1), the following types of compounds msy be Tormed 3

(21, 6oyttt sx7 (A1%y .« 2Hy0)7 ot
(R1X . SH0)*F* 2%~ (A1x5 . Hyo)m 207t
(AlX,. 4Hp0)t X~ (Alxg) 30+

(R1X5. 3H,0)

where X~ is a monovalent anion and C* a wonovalent cation.
HoLaughlin end Theis (2) have pointed out that on basifying the hexaquo

selt (41 . 3K

“20) 3X~ we should obtain, theoretically, e series

(A1 . GH,O)**H 3KT+HeOH—> (Al . OH . SHy0)F* 2X™4-NeX
(A10h . 5E.0)YT 2X"+NaOoH—> (41 {(OH)s . QHS0)Y X™4HeX
2 2 2

(AL(CH}p . 4Hp0)F X" 4 HaCH—> (Al (@1{)5 . 3H0) 4 NeX

the £inal compound being the insoluble gelstinous substence, aluminium
hydroxide and the intermedinte products being the 33.33% and 65.67% basic
salts. TFach resction may be regarded as governed by a consiant, ¥, dsfined

by the relationshipi

Ko (tngic salt) }{-L

hexaquo aslt hydrolysis constant

It appears that the constants for the three reactions are very nenrly
equal (3) so that on addition of sodium hydroxide the locally high pH in

the vicinity of the drop causes the hexaquo sslt to go ixmediately to the
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hydroxide: This is completely different from the behaviour of the
chrorium ion, where the constante are unequal: the hydrolysis constant

for the first stoge is greater than for either of the others, and tha first
acid group mst be largely neutralised to form the mono-hydroxo salt before
the second or third groups are affected to any apprecisble extent.

The series given above mry be extended to include the soluble aluminate :
(le(OH)5 . 3H50) + WeOH—> (AL(OH) 4" 2H9_o)* Neit =+H,0.

The addition of salts of the alkali metnls to aluwxinium salt solutions
cauges & rise in pH which is dependent on the neture end amount of ndded
anion. This effect was noted by Thomas and Whitehsad (4) and Stiasny (5).
Thoras and Yhitehs2d have suggested thet the rise in pH mey be due in part
et least to the replacement of hydroxyl ions in the complex by the anion of
the added ealt. Using pH ss en indicetion, the penstreting power of

different anions hss been deduced, the averszge being -

f‘é@;( 1 (:’3’(}4(formte { acetrte { succinate { tartrate ¢

glycollate = lactote { meleate { melonete { eitrate { oxalate.

Kuntzel, fsiss uond %onigfeld (5) have pointed out thet in the cose of
selts of other than strong acids the rise in pH is dus to the addition of a
buffer salt of higher pH than the aluminium salt solution, and masert thet
it 1s unlikely that hydroxyl groups can be dirsctly disgsplaced froxz the com~

plex, since there is considerable evidence to show that this group is atrom

held by the complex. They consider thet when an scid enion enters the
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6.

complex it displaces an aquo group or another acid group ajready present
in the complex. This view is substantiated by the Pact that the addition
of a mixture of an acid and its salt, at a pH nearer thet of the aluminium
solt, osuses an initial fall iﬁ pH which only begins to ris=z again when
enough of the mixture has been added to allow the buffering effect of the
latter to preponderste., Thias observation has bsen confirmed by Bowes and
¥orse (7). The fall in pH is correctly ascribed to the liberatlon of
gulphuric acid from ths complex, its place belng teken by the weak acid
originally present in the buffer mixture.

Bowes and Yorse (7) have also found that the addition of sufficient
alkall to & solution of a complex zluminium salt causes the hydroxide to
be precipitatéd in meny ceses, The greater the tendency for the enion to
enter into the complex, the highar the concentration of hydroxyl ion
necessary to displace it. Thus the hydroxide is precipitsted at e lower
pH from chloride solution than {rom sulphate. An even greater hydroxyl ion
concentration is required for precipitation in the presence of acetate,
while in l=etete, tartrate 2-d ciltrate solutions precipitation way be
completely provented. This does not mean that the hydroxyl ion has baen
unable to displace the other anion in these cases but that the pH at which
this ocours is sufficiontly high to ensble the aluminium ion to go to the
aluminete form as soon 2s the complex is destroyed. The hydroxyl ion may
thus be placed in the series sorczwhere in the region of the lactate ion.

With dibesic and hydroxy aocids it is possible for the 2nion to form two
links with the a2luminium ion, the process being called chelation. Thus

with oxalio and tartaric acids the following complexes are probably formed
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On stereochemical grounds Sidgwick (i) hes shown that the stability of
a five- or six-membered ring is greater than smeller or larger rings. On
this besis the low complex forming tendency of the succinate ion compared
with other dibasic acids may be explained. This may also explain why
&£ hydroxy ecids form highly stable complexcs.

Bowes (8) suggests thet the foremtion of couplexas between aluminium
ions and the free carboxyl groups of collagen may take place on tamning.

It can be assumed that the effect of the different anions on tanning will be
governed by th; 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 maskingwanion
should fort & complex with aluminiﬁm 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 thet these
groups cannot enter ths complex and displace it. It should thus be
possible to place collagen in the scries of anions given above.

By means 4f tritstion curves Thorstensen and Thels (9) have studied the
effect of the addition of various proporitions of different organic acids or
their selts to sclutions of aluminium sulphste. Those solutions that con-
tainad sodium forrete or scetate showed little or no deviation from what

would be expeeted from the corresponding blanks, indiesting no complex
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8.

formation under thess conditlions. On the other hand, sodium glycollate
ceusad a displacement of the titration curves from the aluminium sulphate
gurve such that considergbly more alkell was required to bring the system
the the desired pH, than if no complex formation had oceccurred,

Grall (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 arc rendered basic, or neutral salté ndded.
Othsar complexes are formed when salts of organic scids ars added.

From titration curves on solutions in which the ratio of oxalats to
aluminium ions was varied, Lacrolx (11) deduced that two stoble oxalate
compleoxss exist. Ell ((‘}204)-5— is atable when the oxalate/aluninium rati
is less than or equal to 2, and |Al (02§4)£r5 is atable when the ozalate/
aluminivm ratio is greater than 2 bub less than or cousl to 4s ¥With
hizher proportions of oxzlete other complexes can form, but these are un~
stable,

Kuntzel, Reiss and Konigfeld (8) compared the titration curves of
chromium sulphate and aluninium sulphate and concluded that sulphate com=
p}exes of aluminium are not found undor the conditions studieds Also the
gddition to sclutions of aluminium anlts, of salte whose anicns have a
strong tendency te co-ordinate with aluminium, wmodifies the complexes and
stebilises them to aﬁ&onium hydroxide, in that inmediate precipitation
does not, uceur on adding this reagent. Various salts were used azs nagking
egonts by Yuntzel et al. (ibid) and shown to have different affects.,
fochelle salt ond godium cltrate completely mask the aluninium ion to

wxmonie .
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9.

Wilson, Peng e2nd 1,4 (12) mede sodium diowxalate dizauo aluninnbe 9nd used
it to tan hide vowdar, They Tound thut @ concentratlon of § s #1503 per

litre 2t pH 5.0 zove £he bssh rozulis,. Teaic slusminlun sulphate vwas used

in another sovies of superiments in which the sffest of mesking agsnis,

sodiun tarbiste, neetete and formats, wesn dehermined. It wag found that o
ratio of one umel tartrete to one of sluminimw woo sufficiont to prevent
nresipiteiion, n the esze of formatbe or acctsts 1ittls difference was
Tound In the vreeipitetion fi-ure.

Rowes and Morce (7) however, ro sbeted thel in the prossnce of acetate

very 1% le pracipitation occuras until pH 5.0 ia reoached, os apainct a value
of sbout pH 4.0 for the controls Acetats thus appesrs to delsy but does not

prevent precipitation,

HYDROLYSIS AND OLATION,

Ls previcuely wantioned alusiniwm has & co-ordinstion nuuber of six, and
according to the Yerner-Pfeiffer hypothesls thw first stare of hydrolysis of

ito sells uay be raprssented by the following acustion @
e ++
> o0
0y 13 * VA g P
HaCG—A1—Hp0| 437 ——
a0 Nis0

q++,\.

On the addition of al;ali the hydrogen Jons are rswovad and the equilibriu
is displaced to the »irht.  Polling (13) determined the hydrolysis of alu=~
minium sulphate using both the hydrogen and quinhyirone clectiode and showed
+hat the hydrolysis could bz represented by either of two cauztions @

AL 5(30y)5+20Ha0 —— 11 2(80g),(0M0)s  + Hz20y4

G

AL 5(504)5+2M0 —— 2l (304) OH  + HpBo,
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Bjerrus (14) hes shown thal when cedd iz odded Lo 2 solubion of an

aluminivm aels thed hez hoeon i

¢ bazie, only a part of the acid is
noubtralised Lusaediztely, the roneining portion rescting slowly znd Thomes
and Vertanian (19) heve a2tudied the ofPzctiveneas of various acids Por this
purpose.  This phenomenor ig probebly dua to the fact thet sozae of the hy-

droxy groups are hz2ld firzly by the union of two or wove complexes, the pro-

cess bsing termed oletion and represented by the Tollowing equation

++4+

Tha roaction iz teken to be enslogous to that given for chromium by
Itiaony sud Zalenyi (16).

Bagic solutions ara known 4o bee mors acid on standing or on boiling
and coolins and Sticsny and Dalanyl (18) sugrest that this ney be the rosult

of “oxolation®.
++44

M , /v:)\
(B,0); = ‘1{6 \*1 - (I20)g—>[(Ms0) 4 = & 1= (H20)4 +2m°
o Now” * ]\'3/

This moy account For the desroesad activity towsrd oddad =cid sineo it is
postulstod thet the branking of the oxo bridge iz wmore difficult than that
of the hydroxo bridge.

Yuntzel, felss and Zonlzfald (17) on the other hand hold that the change
in reactivity is dus to the forzotion of o gingle oxygen bridge because the

chenge dn pi is so slizht. This wey bz represented as Tollows

— ++++

v.i\

++++

(Hp0)gq = Al = O = 41 =~ (Ha0)sl +HpO

n Hhe esas of chroxdum salis the

Pirat result of zdding alkall is Lo ozuse ¢

egntion throuzh the linking

11/....'.



11,

together of severnl molecules by single hydroxyl bridges, involving hy-
drogen bonds. At this stage thé bonds are relotively unstable to acid

but, on esgeing, spatial rearrangements permit the formatlon of olated

dimers involving the double hydroxyl bridge oharacteristic of olated com-
plexes, and these are relatively stable towards acid. This hypothesis
appears more roasonable than thet invelving "oxo” bridges for which there

is no direct evidence from titretion curves although Jander (19) has pointed
out that certain facts support the oxygen bridge theory for iron snd alu-
minium and the hydroxyl bridce for chromiums

It should bo noted that the single oxygen bridge derived from the "diol”
by the eliminntion of one molscule of water, as postulated by Kuntzel,
Relss and Konigfold (17) does offer a ressonable explanation of the ageing
phenomena and the stability to acid of the olated complexes, but the double
oxygen bridge postulated by 3tissny end Helanyi may be rejected as untenable
as evidence Tor this should be forthcoming from titration curves.

As the only difference betwsen the double hydroxyl bridge and the single
oxygen bridgzs structure is the single molscule of Hp0O eliminsted from each
palr of metal atoms, it is evident that proof of either structure rust de—
pend on the isolation of elther of these compounds in Lhe pure state or on
physical evidencs which is not yet forthooming.

Thomas ond Tai (20), Thomas and Whitehead (21), =nd Wilson and Kuen
(22) heve also studied the hydrolysis of basic aluminium sells and have
recorded that the shanges they underpo aro similar to those of chrozium
salts but aluminiunm salte reach ecquilibrium more aquickly and the changes

are less pronouncsd.
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12,

Perkin and Thomea (23) uscd a conductimetric method to mezsure the degree
of olation. Thsy found that the concentration of acld or netallic ion
hes little influence on the degree of olation. TFreshly prepared solutlons
are approciably oleted ten minubes after preparation. The veloclty of the
reection incremses with basicity. Concentration has little effect on the
velooity of olations Incremse of tewperature from 1677, to 25°C. causes
an increase in the rate of olation, but above 25°C. the velocity eppears to
be unaffected. Stiasny and Konlgfeld (24) studied chrome solutions end

found thoy had much the same renctions.

MGG IR ATTICN.

Instead of olation leading to a group containing two atoms it is possible
for the process to lead to large agprsgetes having a structure siwiler to

the formula below es suggested by Bowes (8)

_ f/xx 3
(HoO)s ~ A i(/L R\N

(ﬁgﬁlé‘ (10,

Both olation and egsregation are favoured.by the same conditions, l.e.,
incresse in pH, basicity, tempsrature and ageing but it does not follow
that a high degree of olation is accompanied by a2 high dogree of
aggregation.

Jander and Jahr (25), using diffusion methods, found that stnormal
basicities the sgrrepgate contains two ntoms on the average while at high
basicities the aggregates may contein as many as eight molecules.

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

15/.'o¢n-'.o



13.

ageregatea for tanning because at the basicitles ussd in practice the

aggrogates do not appear to have more than two atoms,

ADDITION OF HEUTRAL SALTS.

In alum salt systems it hes been shown, Melaughlin end Theis (2), that
the addition of neutral salt plays an importent role in alum tannage,
becauae the addition of neutral salt increasss the adsorption of aluminium,
rathor than acid, by the pelt.

Thomasn ond Whitehead (4) studied the effect of the addition of neutral
salta to aluninium salt solusions, the chengze in rH being teken as an
indication of the extent of the resction. It was found that the hydrogen
ion activity was decromsed by chlorids and sulphate ions even when present
in low coneentrations, tut the sulphate ion was wore effective then the
chloxide ion. Thomas ard Whitchead offercd the following explanation
of their results,

In the abeence.of sdded neutrel salt hydrolysis w2y proccad thus i-

— + 4+
HoO HoO

HoO—AY 120l 301~
10~ \lia0

(n 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

solution to form water

++ ++
H20 i 201 H20 ol 201~
5205131—/-&120 Ht i 01— 1120>g14*zz20 get -+ H0
H0 TNHR0 o1 Hyo” “\Hz0 01-

1;11;/000&;..



14.

It was suggested that the sulpheate ion would also tend to replace the
hydroxo groupe of the comvlex, but another factor thet may account for the
greater decrease in hydrogen ion activity as compared with chloride, is
thet the sulphate ion is capable of uniting with the hydrogen ion to form
the hydrosulphate ion HE0,™, thus tending to buffer the pR of the solution.

On +the abovs postulate aluninium complexes differ from chrome complexes,
gince in the latter an anlon entoring the complex does so by displacing an
aguo group in preference to an hydroxyl group. This distinction is lp-
portent in that it implies that the analogy batween aluminium end chrozium
complexes cannot be taken too far. Howover, as pointed out previcusly
(see p.5) it is no% likely that oco~ordinated hydroxyl gsreups can be dis~
placed directly by chloride and sulphate ions and the phenomenon noted by
Thomes and Whitehend is possibly to be accounted for in Lorms of activity
effects 2lone.

Chewbard aﬁd arall (26) have chown that whatever ths hasicity of the
aluzinium sulphate there iz no forzation of acid complexes in pure solutions,
that is in the absence of neutral selts, In another peper they (27) have
adduced evidence thet the addition of potassium sulphate promotes the pene-
tretion of pulphate ions inlo tho aluminium complex. The greater the
concentratlon of sulphete the nore acld complex is formed, ard the amount
of sulphate ions that enter the micleus inecrcases with basieity. Shloride
lons do not have Lthe same marked offect ns sulphate lons.

Chamberd end Grall (22) have nleo shown that the addition of alkali
salts of orpenie acidu has & sixdlor, but much greater offact which varies

with the particulsar anion, oxalates for exaumple boing rusch more effective

lij/-.on.
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than formates.

is previously mentioned (sece p.8) Funtzel, Reiss and Xonigfeld (5),
have shown thet in the presence of salis whose anions have a strong
tondency to co-ordinste with aluminium, solutions of sluminium salts ore
stabilised to ammonium hydroxide, so that precipitailon does not oceur
immediatoly on adding this reagent.

Cantarells (29) noted the masking affect of the addition of sodium
formate, lsctate, terirate end citrate, when solutions of elumiriunm
éulphate wors titrated with sodium hydroxide to the precipitation point.
Ris vesulie sre ir line with othsr svidence and show that the stabil-
ising effect inmcrenses in the order glvin sbove.

Griscuol snd Jantarells (3C) studied the reactions betwesn aluminium
sulphate end sslts of differant crganic ssids ot various concentrations
in order Lo obbtain hirshly basic solutions with bigh tenning value.
Tartrates and citrates form stable complexes not precipiteted by soda
or ammonie, whila formabes end lactotos retzrd the resctlon. Tartaric

gcid prosuced o hichly basic aluminium sal% conteining six hydroxy groups.
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PRECTING FIKATION 27D PANNING AOTION OF ALUMINIUM Ssu78,

RN A A

p—
=2
OQ
=~
L
i
e,

pH AND BASIOCITY.

Inercase in the pH of 2 solution of a tenning salt may be expected to
incremse the basieity of tho complex ion.  Schachowskoy and Prolich (31),
heve shown that the fixetion of sluminium by collagen inereages with pH
up to the point where the metal ie preocipitated as the hydroxide, and
then deoreases. Thus within these limits inerezze 1n pH is scoompanied
by an inoresse in tanning effect.

By studying gelatine filums, (the decrecss in solubility being an
indication of tenning) Slod and Sehsohowskoy (32, 33) heve shown that the
tamning of fect is at on optiwuxm at o pH approsching the drecipitetion
point of the hydroxide. On this oriterion, Bowes (8) steies that the
tonning action is ab en optinum when the aalt is mest bosie.

Zlod and Schachowskoy (33) and Bowes and Horss {34) heve shown that the
ghrinkage temperature lncreases with increase in pH of the tamning solution.
Other workers however, hold thet the incrcnse in shrinkepge temporsture is
e function of the inoressed upteke of tanning szent ecaused Ly an increase
in besicity and is not dependent on the pH of the solution alone.

This hes been steted by Bowss, Dovies, Pressley and Sobinson (35), to be
the caass for chrons and mirhlt be expected to hold for aluminium os well.

Nevertheless, since it is well established that the carboxyl lon

(as distinet from the unlonised carboxyl proup) is iavolved in oco-

17/."09..
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ordination resctionn with motal complexes, it iz evident thet the pH of

the systew at squilibrium will heve a profound effect on the degras of
coxbination, guite apart from the breiclby of the cowplex itself. Thus

1t might be expected that inorcased combination would occur ns the pH is
rained towsrds the iso-slectric point of the protein and beyond; if it

were not for the fuct that owing to the formation of innmoluble besic
compounds the effective concentration of the tomning egent is reduced at
the seme time.  Pertial stabilisstion of the sluminium complex ion by
means of magiking apents should therefore fecilitate the upteke of aluminium
by collagen at pH values in the replon of the lso-electric point.

L further indirect effect of pH 43 the swelling of the collegen fibres
thenselves due Lo 2leetro-osmotic effects. fxceasive osnotic swelling
reduces the aize of the pore spsces between edjasent Pibresg, fibrils and
mlcelles and thus reberda the diffusion of the tanning egerd throuch the
crogsa-section of the pelts lyotropic a2gents on the other hand reduce the
intermolesular cohesive forcen of the polyﬁeptide srid ond may bo expscted
to render the reactive croups more fccessible to the tenring eogent. At
the iso=~claetric point therefore, where electro=osmatic elTcots 2re at
e minium, condiftions should be wost condueive to ofPeoctive resction while

it 2hould not Lo overlooked that meny orgenic =acids ganebls of wesking are

algso lyotrovie agenta and way frellitate tanmage for this reason.

THeLU “ROE OF CONCITRATION,

Tt hae bosn shown by Tlod and Schechowalkoy (33), Fowes and iorse (34),
Wilson and Tu (36) and Thomas and ¥elly (37), that ineresse in oconcen-
tretion of aluminium ions in solution increases the amount fixed by colla-

. - ;4 A .
gen under any ziven sot of conditions. Thomss and felly (57), found that
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an optimum was reached when the concentration of “1005 was 2.5 gn/litre,
Dohogne and Rezebek (38), showed that higher basicities could be
obteined if the solutions ars more concentrated than those generally
mployed in astual practico. 3table solutions of 627 basicity cen be
formed. Yuntzel (39), found thai on treating aluminium sulphete with
godium carbonate, besic aluminiug svlphate is precipiteted but re~
dissolves if ths concentration of the sluninivm sclution excseds a

certain liwit; +he hizher the taupersture the more easily does the

precipitate dissolve. The meximum basicliy of 624 can be obtained only
by heating, ac the oritiszal concentrstion is not reschad in the cold.

On dilution precipltation oocurse.
2l and Dag (40) have shown that aebsorption of aluminium from 507
basic alwxindum chloride inorscses with vonsantraltion 1 to 7.%7 ﬁlgoa.

The tenaile strangith of the leathor depends on thas besisifty and not on

the percentoge of adinorbad £130s.

EFPECT OF SALTS OF UPTAKE OF ALUMIBIUE EY PaLlY.

e

It is well kmown thei the tanning action of aluminium and chromium
ealts veries with the ewount and nature of the enions prosent. The
eff'acts oavsed by salts can be divided into three mein groups.

Lccording to Chambard and Grall (28), neutral salte, such es sodium
chloride, effect aluminiwm complexes in thet they incrzase the binding
power of the corplex selt, but devrense the total fixation of aluminium
by tha pelt. This mey bo dus to the influencoe of the salt on aggregaice
but could alac be due Lo the inhibition of swelling of the pelt which

would olherwise ke brought sbout by acid formed on hydrolysis. is
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indiented in the pravious section reduced plumping allows greater penstration
and 80 2 more oven distribution of the aluminium through the leather,

Bowes and Morse (41) however, have confirmed that the addition of neutral
salt deorcases the fixation of aluminium so 1t is obvious thet other Pactors
must 2lso be involved.

Apart from the general effesct of the salts in reducing electro-
osmosis thers is tho additional effeot of the anion. #lod and
Schachowskoy (33) showed that sulphete and Pormete gave a lesther with a
higher shrinkage tempersture than other salts. Simller results were
obtained by Bowes and Morse (41).

Ohembard and Grall (28) have shown thet the additlion of sslts that
have a atreng tendency to form complexes incrensed the thsrmal stability
when they were present in low concentrations, but decreased it in high
soncentrations. The oxplenation is probably that vhen the salts are
presont in high concentration the complexes formed ere so steble thet the
collagen is unable Lo comblne with the metal. Gonerally, anions of
organic acids show thess properties to a greater or lesser degree.

Thus Bowea and ¥orse (41) have shown that ccebste increases the fixetion
of aluzinium Prox aluminium sulphate solutions, but the addition of
dicarboxylic and Thydroxy acids or thelr salts decrerssd the fizstion.

Wilson, Peng and Li (12) have shown thet nusmerous salts of organie
acids have e definite wesking actlon. In some cases nixtures of nasking

agents give betler rosults than single salts,

QETEST OF MODRIFTUATION OF THE COLLAGIN.

4

By the action of nitrous acid it is poseible to remove the awino
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groups from collagen without affecting the other groups precent.

Bovics and Yenben (42) found thet on deerinised collagen the amount of
chromiun fixed was reduced by half bul ithe shrinksge toupersbure rempined
uvnaffaected. A5 alumdinium bheohaves sinilarly to chromium in many ways,
similar results may be snilocipated for this element. ilson and Yu (36)
and Bowes and ¥Yorae (7) have shown that inactivaltion of the amino groups
dofinltely desrecges the amount of aluminium flxzed in acscordance with this
vievw.

The earboxyl groups of collagen may be "inactivated” by treetwment
with dimethyl sulphste, and after such trcetment the amount of metal taken
up is markedly reduced and the shrinksge temperaturs is groeatly affected.
Deaninetion together with methylatien caused only & furiher small decrease
in the awount of metal fixed (8).

Bowes (8) suggests thot these rosults may Le interprebod as indicating
that the ionlased cerboxyl groups plsy an importent part in the Pixation
of the metal, and the sttainment of high thermal stability. Z4mino groups
fix large quantities of the tanning agent, but aince deavination of the
methylated collagen couses only & gmall deorcase in the fixation, Bowes
reasons thet the metal doss not combine with awlno groups independsntly of
oarboxyl groups end concludes that steble fixation requires co-ordination
of both cerboxyl o2nd emino groups with tho same complex.

Thase conclusions sre open to criticlism beczuse, as has raocently been
shown by Shuttleworth (18), thers is very litile positive evidence that
prot.ein amino croups in the loniased form are capable of co-ordinating
with chromium (or aluminium) under normal condifions in anuaeous ayobems.

The function of the mmino groups in promobing fixation of chroriun is on

21/
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indirect one in that these groups ere able to absorb the excess scid
ganereted when a relatively weak scidie group sueh 2s the carboxyl group
displaces a mors stronzly scidic group, such as chlorids or sulphste,

from the complex.



THECEY OF BINERAL TANRIRG.

any theorles have been put forward to explain minernl tannage.
These may be divided into two groups; those that postulate thev the
process 1s one of deposition and edsorption, snd those that assume
chemlerl counbination between the metal complex and collagen.  The
latter is the more generally accepted theory but opinions differ es to

the neture of the combination end thes zroupe of collagen involvad,

ADZORPTION THEORIES.

The Pirst Gheory wes dus %o ¥napp(43) in 1858 who steted that tanning
Involved tho depgﬁition of an insolubls basic salt on the fibres of the
palt. Phis explainag the offzet of pH and coneentrailon, znd the effect
of difforent ions may be attributed bo the wey in which they affsct
precipitation,

In 1917 ¥ihoul (44) eteted that slum tanning conslsts of the deposition
of the hydrous oxide in 2nd arcund the fibrzs, All Lhe processes of
temning aceelerate the deposition of this gelotinous substence, since
flocoulation of colloidsl substences are accelorstesd by the application
of heoet and tha sddition of selts. The tempersture of the tanning
golution increszses if drum tannege iz used, due to the fricbion of the
pelt in the drum. Much sslt is used in alum tanning and this ceusos
the deposition of the hydrogel In the hide az well as checlting the
swelling of the pelte

Cameron snd ¥eloughlin (45) have shown thet in the cnse of bmslc
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chromium sulphate tannages, tanning obeys all the requirements of a
reversible adsorphion proczss and thet deposition of a baslec salt tskes
place in and on the fibres., The mechenism envisaged 1s that in the
Pirst instence the aulphate hydrolysos to give free sulphuric acid snd
5. basic complex. This aclid is then tuken up by the skin protein and
the hydrolysis thus proceeds until the 65.57% basic complex is formed.
Since this complex is insoluble it is precipiteted on the fibres.
When the scid combining capacity of the collagen is sstisfled no further
dsposition occurs.

Yilaon and Yu (35) have found that the fixation of aluminium from
aluminium sulphste msy be represented by exponsntial curves of the
Freundlich adsorption isotherm typs and concluded that adsorption pro~

gesses wars invelved.

CH#IGAL “HELAIEY.

It seems unlikely that the mere deposition of susll smounts of
aluminium should heve such a marked sffect on the properties of collagen
when the latter is convertad to leather and it would appnear thet a
chedeal mecharnism is necesssry to aceount Por these changes.

Bowes end Xenten (45) hove consildered tha groups present in collagen
which might participeto in the resction with metallic selts during
tanrages  The prineipsl ones ore carboxyl, amide, amino, gusnidino,
hydroxy abd peptide. In the isc-electric region the carboxyl groups will

carry & negotlve cherge end the azino end guanidino groups 2 positive charge,

4
4
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the net charge being zero. As the pH decreasues an inercesing nunber
of carboxyl groups will combine with hydrogen ions and lose their
negetlve charge, and as the pl inoreases ths basic groups will lose

hydrogen lons and hence their positive charge.
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Thus the pH of the tanning solution detsruines the condition in whioh
the dlfferant groups are present,

Thomas and Kelly (37) suggest thet the tanning scotion of metals is
duz to simple galbt Porzetion bstween the cation snd the earhoxyl groups
of the collagen., Thompson nnd #tkin (47) meintain that this is un=-
likely 28 under normal conditions of tarming both the collasen end the
motal complex sre poaitiveiy charged.

¥ihoul (48) discuasss tho principsl combinetions possible between
corpounds of aluminium and hide but all erz dependent on the prior
deposition and sdsorstion ¢f the sompounds znd subsequent chendcal
combination,

The hydrosol may react with cerboxyl groups but this is not likely.
Alumine however, reects with various organic coupounds to form insoluble
lakes snd this nay ocsur in tanning.,

Zven vhen besle s2lts ere woud ncid srlts ere presont which are taken
up by hide in such & woy that the Forgstion of basie salis would ba

aeeompenlied by a fixation of siwdns or the Pidres, Hare it is fras

@
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®
to react to give basie compounds of which the hide substance forms part.

The more generally held theories are 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 earboxyl, amine, guanidino, imine and hydroxy groups of the
collagen.

Glycine is capable of forming a stable complex salt with aluminium
a8 well es iron, cobalt and chrowium. (#rneleus and Anderson (49)).

GHQ
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Non electrolyte complexes of this type, where the neutral and acidic
groups are united in the same molecule, are known as inner complex
salts end Xuntzel end Reiss (50) suggest thet a sivdlar mechanism is
involved in taming. The carboxyl group forms a co-ordinete link with
the metal followed by another link with an eminec group of an adjacent
chain. For this to ocour it is necessary to have two conditions
satisfled, both of which are dependent on pH. The sclution must be
basie so that polymucleer coumplexes can be formed, otherwise they can-
not bridge the space between polypeptide chaine, and tho carboxyl groups
of the collagen must be Lonised, Both of these conditions are favoursed
by hish pH.

By X-fay enalysis stiury (51) determined the distances between the

prineipal rccurring structures in the collagen molecule and found that
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they are such that it would regquire only two atoms, linked by an
oxygen bridgze, Lo span the distence, and if several atoms are linked
together seversl polypeptids chalns may be jolned to form a lattice.

Stiwveny (52) in 1927 suggested that the oxygen of the carboxyl groups
and the nitrogen of tho amino or peptide groups co-ordinote either
directly with the central metallic atom or with a group in the complex.
If co-ordimntion occurs with the central atom, then a group already in
the complex must be displaced; and so a stable complex would be unable
to react in this way and would have no tanning astion. This would
explain the efPect of certain anions on inhibiting tanning.

grell (53) states that in normel cluminium tarning solutions little
complex fermation ocours between the lons in solution: He suggests
thet in leather tanned under these condltions the netallic 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 1
NI, zlmp_
R———'IT 150 0 gH—R
O==—=13 8] l HO l 0—L0=—=0
\\ﬁaf’/ \\\iI/, i
p==G——0"" I “NoH NGy =m0
R—TCG [0 HO Jpf-——-x
M, HHy

Acsording to Grall thism hypothesis o oconfirped 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 additioral

bonds resulting in a structure ans follows @

R

Hi————— 1y NHy OH—R

X X

—_—— , o ' O——0C==0
° ? O\;s,l‘/ ! 1

0=—0—0" ) NG ’ SNg——g——=0

b4 X

R—HO———HH, EL’HQ H—R
whero the amino groups form a bond with the complex bound anion
rvepresented by X in the above diagram.

Although the hypothesis that a complex bound ion may serve as a link
between the free amino groups of lysine and the complex as a whole is
worthy of consideration, the sctual structures proposed by Orall and
illustrated above 2rs untenable becsuse the aumino groups and the
esgoclated ocarboxyl groups are involved in the peptide link of the
protein and cennot react as ions in the mammer shown. If the basic
idea implied in Grall's hypotheses is applied to the free -00OH groups
and =N, groups present on the side chains in collagen it mey still
be eriticised on the grounds that, as represented, the exmino groups ars
shown in the uncharged state. £ account i3 taken of the electrostatic
charges on the ions, Grall's hypothesis (modified ae suggested above)
amounts simply to the suggeation that the effect of introducing

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

Shuttleworth (18) has argued that the relatively high thermal
8tability of chrome tamned leather cannot reasonably be explained
on the basis of residual valency forces involved in adsorption, nor
in terms of electrovalent bondes 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 Wod. of Coliagen) there is considerable evidence in support of

thia view,

CONCLUSION,

It appears that a theory of mineral tanning which presumes the
entry of the ocarboxyl group into the complex, followed, under certain
conditions, by the Tormation of secondry links with the awmino group,
either direoctly, or through the presence of some other anion in the

complex, would fit the present evidence available on the subject.



POLLATIONSTRIC TITRANION STUDIES.

INTRODUCTION,

ixperiments on the influence of sodium formate, sodlum zcetsie
sodium lactate and sodium potassium tartrate (iRochelle salt) on
the titration curve of sodium aluminate using_nitric zcid as
titrent, are described in the present section. Sodium ecitrate
was also employed beczuse there is evidence (8,6,54,55) that
gtrong complex formetion occurs between the citrate ion and
aluminium, The four first nsmed szlts were selected beceuse
they are e2ll readily availsble commercially snc¢ can be obtained
in a high stete of purity.

In planning this work ii wse cousideres thst scdium sluminate
would be preferable to potagh alum or cther asluminium salt b@-
cause competition from other snions in the solution would be
eliminated and only the effect of the sdded znion need be
considered. ¥oreover, by aprroaching the precipitation point
from the alkaline side it would be ensured thsat the orzanic acid:
would be in the fully lomnised form znd thus have the same
opportunity for complex formetion 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 sdequate suprlies of yure sodium sluminate were not
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available at the time it was necesssry to zdouvt the following .
technique which, it was hoped, would et gny rate reduce t"e con-
centration of sulphate ions to a relatively low level -

520 gms A.K. so0dium hydroxide was dissclved in BCEO mls
distilled water iu a 1% litre flask. 6L6 gms A.d. aluminium
sulprate was placec in H00 wls distilled water anc hested to
dissolve as much as possible, This solution was then addsd
slowly to the sodlum hydroxide solution, ithe reaction being_
sufficiently violent to cause the liquid to boil. The &lu-
miniunm sulphate was added slowly with constent stirring until =
alight but permanent precipitste, which was not dispersed on
boiling, wzs {formed. 411 of the aluwinium sulphate was not
added becsuse a certain amount of free alksli is needed to keep
the aluminiuvm in solution, The sclution was boiled for =
further 1% minutes, allowed to cool to Toom temperature, and
then placed in & stoppered flask in a refrigerator for three
deyse. Most of the sodium sulphate formed during the reaction
crystallised out uncer these coné¢itions.

The clesr supernatent liquor was filtercd through a buchner
funnel and the sodium sulrhate crystsls washed with a very
little cold water. The filirate was cooled for a further thre
doys end again filtered as sbove, The resulting solution wes

then made up to 2 litres with distilled water. This stock
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solution was aged for three weeks before the aluminium
ceciermination and titrstion curves were periormed.

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

Sufficient of the solutien (contzining 10-30 mgm of &l 203)
was evaporated tc dryness in & 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 ¥hatman No.541l filter paper. Aluminium wzs
then determined on the filtrate by means of the "oxine" method
(6-hydroxy guinoline) following standard procedures (56,57,58).
the solution wes found to be 0,719 molazr with respect to alu-
minium, The eulphate was slso determined using the BaClg
®wethod of Vogel (5H¢) znd was found to be (.31 moler.

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

hlp(S 04) 3+ 8 NaOH—>2ianrll, + 3 NegSO4 + 4HZO

It wes found from the subsequent titration curves that in the
stock solution there is an excess of 0.5 equivs NeOH/mol Al

over that required by the above eguation.

GENERAL, PHOCELUIRE FOR TITHATION STULIES,

Solutions of the salts were made up such that the concent-

ration of monovalent anion wss 2 molar, the divalent anion
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1Y% wolar and thne trivalent anion 2/3 molar. Thus the adaition
of equsl volumes of the solution of the gpuropriate selt to =
given quantity of solution of sodium zluminste resulted in the .
seme {inal concentration of zluminium in each case. It will bs
noted that the ratio of each of the selts to Aluminium was six
equivs/mol al, except in the case of the divalent tartrate ion .
where the ratic used was 8 eguivs/mol al. For the concentrated
series 108 mls of the masking salt solution wag added to 50 mls o
the 0.72 M. stock solution of sodium aluminate, As a result the
initial concentration of the aluminium in the sodium azluminate
organic salt solution was 0.22 molar. (it the end of the titrati
0.12 molar). For the dilute series 22 wls of the organic salt
golution was added to 10 wls of stock sodium aluminate sclution
previously diluted to 1CG0O wls. Thug the conceuntration of glu-
minjium in the solution at the commencement of the titration was
,0‘06 molar,

For esch series (concentratec aand dilute respectively) two
identical solutions were prepazred. One wgs boiled for 5 minutes
keeping thé volume constant and allowed to cool before titration.
The remaining solution was titrated without prior boiling. In
each case the addition of the mesking agent was mede the day
before the titration was conducted. Thus, before titrating or -
boiling and titrating as the case magy be, 16~20 hours hsd elapsec
subsequent to the zddition of the galt.

In view of the copious precipitate obtained with sodium format
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and sodium scetste at six equivsy/mol Aluminium it wes considersd
that no useful degree of complex formation would have occurred
under these conditions. accordingly further titrstions using
lower relative proportions of these macsking agents were not
attempted. On the other hand the remaining three wmasking agents
godium lactete; and sodium citrate were studied at ratios of

3 equivs/mol 41 and 2 ecuivs/mol Al and sodium potassium tartrate
wss studied at 4 equivs/wol Al and 2 equivs/mol Al in later

axperiments.

TITRATION ©3CHEIUE ,

The sclutions preparec as sbove were each titratec with 1.5W
nitric acid which was chosen for this purpose becsuse of its very
small complex forming tendency. The aclid was added in small
increments, the size of which depended on the change in pH.
Generally the first few aduitions were of 10 mls each, the titre
being reduced to 5 wls when the chenge in pH increased. In the
dilute series the corresponcing increments were 3 mls and 1 ml
respectively.
electrode and dip calomel electrode (sztursted type) was emnloyed
for the potentiometric determinstions, the electirodes being
standardised against potassium hycrogen henzoate buffer (59),

PH 4.16 before snd during each titration, Lfter efich addition
of zecid the solution was well stirred end 1 minute sllcwed to

elapse before the pH was taken. The titration was conducted at
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laboratory temperature (sbout £0°C).
For each ratio of masking agent two curves were obtained, ane

representing the titration of the unboiled solution and the other
that of the beiled solution. These two curves were compared with
a2 "blank" which was a composite graph derived from the separate
titration curves of sodium aluminete end macking sgent after ad-
Justing each sazlt to the required concentrstion with distilled
weter. That is, 50 wls of the sodium szluminate stock solution
wos mede up to 160 mls with distilled water snd 108 mls of the
meeking agent was made up to the same velume with distilled weter
before titreting each solution separately with 1.5 nitric acid.
The titres at similer 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 sluninste snd masking agent in
cdmixture on the assumption that no resction occurs between them
and that chsuges in activity ligquid Jjuaction potentisls, etc., are
negligibvle,

For the blanks for the dilute scries 10 wls of the sodium
aluminate stock solution and the appropriate guantity of masking
agent solution were esch diluted to 120 mls end titrated separatel
the titres being summed as describec zbove. Titrations were
conducted with 1.5 nitric scid in every case,

»

The three curves representing titretions cf the boiled and un-

W

boiled golutions and the sppronriete blank (unboiled) respectively

are plotted for each mesking sgent at different ratios in graphs
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1 to 20, These datza are considered in detzil in the following

PaiEesSe
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RESULTS.

1. SODIUM FORMATE SHIIRS,

Congideration of graphs 1 and 2 shows thazt 1little or no
deviation from the blank occcurred for either the boiled or un-
boiled solutions. Graphs obtained by Thorstensen snd Theis- (9) -
using smaller ratios of formate to aluminium also show no evidence
of comyvlex formation. On thege grovndsg and the fact that a
copious precipitete wes 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 boilec¢ soluion is displaced toward the pH ordineate,
an indicetion that olation mey have occurred cn boiling. The
formula for sodium sluminzte in solution wmay be represented as

follows, if it is assuvmed that the 4l ion is fully hydrated s~

—

OH Ho0
et | oH— A17HaO
OH -~ TNHgO

It is possible that on boiling the following reaction occurs -

-

Hp0 HoU
| O _mn.o  wWo|©
(Griz—ar_ “ 4 al—(uillg
~Son fis0

giving
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Ha | OH—a) AlT— OF

or posuibly

o0 Hpd
OH | [ _ OH e
Na JOH —al— O0—nl=—(0H| N& 4 3HgO
o~ oK

Since for every ctom oF 41 involvedim an olsted complex of'this
type there are now only 3-0H groups capable of reaciing immediatel
with acid (as sgainst four in the unolated complex) it is evident
that less ecid would be required in order to bring the pH of the
golution to eny specified pH value. While this acccunts 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 zccurste con-
clusions to be drazwn. Although the titration curve of & bolled
solution of wodium aluminate slone showed & relative shift of
about the saeme order as that obieincd above, it mey be remarked
that an opposite trend was appvarent for the acetate series.

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

The high devietion between the blank curves anc the expori=-
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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 correcticns have
been made in the present work, and some caution is therefcre‘
required in interpreting these deviations. Below pH 10, althouh
sodium ion errors may safely be tzken to be negligible, there is
a further difficulty that under the conditions of titration
employed, any difference in ratc o. combination with =zcid after
gach incremental addition would be reflected in corresponding
differenges between the two titrstion curves. In vizw of these
limitetions it is obvious that attempts to explain the winor
differences observed in terms of stoichiometric reactions of the

components would be quite unjustified.

2. SUDIUE ACETATE SEATES.

The appropriate curves arc ziven together for oomparisgn in
greph 3 (concentrated series) and grarh 4 (dilute series),

The initial pH values of the two curves in each sories 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 a2lthough the differences involved are
small, the boiled samples require slightly wmore =zecid to bring the
solution to pH & or theresbouts than are regnired for the blank
or the unboiled solution., This trend is opposite to that which

would occur if olstion were involved and is opposite to that

found with formate, However, in view of the fact that the
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titrstions were curried ocut ou a hetercgencous (2 vhase) system

it is possible thet the ¢ovieticns may be mooribed sivmrly to

differences in rete of resction with the titrunt.

It ]8 zoparent that forvste and zcetete do not Fom complexes
1o any considersble extent, ii st zll, under the conditiols
atudied and ¢o not stebilise vie system to precipitation.
Fo &ry, the buffering power of these selig in the rezion pH.4
0 5 may be of some value in controlling the tesnnlug action of

eluminium gelts.

3 T - AT A I N S U o Y
. ¥ ~J-IJ.L Ul Lallalts DiATiS,

In this serice two raiios of eslt were used, nsnely ¢ epuive/
wWel A1, ané 3 sgnive/mel al. rescectively., Lower retios thea
1 1 dig not stabilias the sclution to precipitation with acid,
elthongn et e ratic of 2 ¢ 1 the coucentrated seriecs did not be i
to Precipitate until & relstively low r# was stteined, AlsO g
faing turbidity 1ia the cilute sclution containing 3 squivsy/mol 4l
928 obgecryod curing the titrstion of this solution, 4 egulive/wo’
Ale mtgnilised the solution completely even in the dilute series.
Graph & shows the curves for the concentrated sziries when
& “Gulvg/mel sl. were sdosd, ifhe curves rouzhly coincice in the
VLPET pH range shove 8.0 but bolow this they devinte guite apprec
ably. The experimental system is buffered to 2 grester extent i

the rezien PH €40 to ©.0 (commared with the caleulated 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 .0 and zgain at pH 4.2 and thet
the effect of boeiling is negligible.

In the dilute #eries (graph 6} the system is more highly
buffered. Below pll 4.0 the graprh is steep, similsr to the con-
centrated series.

It will be observed that the bqiled wind unboiled soluticns
give prectically ideatical curves. The grzphs for both the
concentrated and dilute series are similar in form but apperentl:
less complex formetion occurs (or the complex is less stsble) in
the dilute gystem, thers being relatively less deviation from
the calculated blank, in this case.

In the series containing 3 cquivs/imol Al. (graph 7) the pH st
which masking is apperent,; i.c. pH .5, is the same as that in
the 6 equivs/mol Al. series, but the Geviation from the curve of
the blank 1s not a8 great. These curvesg show_a greater buffer-
ing powar between pH 5.0 sndé 8.5, Below pH 4.0 where the curve
cross they are stegper. These curveés are similsr to those in
grephs 5 snd 6, but the deviations from the blenks szre less so
that it follows that at the lower ratio less ccmplex formation=
must be occurring. This is brought out more strongly when we
consider the dilute series (graph 8) where the same trendg are
obgerved and turbidity is apperent. Here too, the effect of

boiling appesrs to be negligible as before.
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Solutijons with 2 ratic of less then 3 equivs/mol 4l. are not
stable to precipitation but grester stability is obtained in

the concentreted system,

4, BODIUE POTASOSIVE TARTRALE SLAIsS,

Graph 9 shows the curves for the concentrated series when
8 equivs/mol Al. were used and graph 10 the curvée 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 devigtion from
the calculated blank does nct occur until pH values of less the
8.0 are recached,

An interesting Testure of graphs 9 and 10 is the diverganee
between the three curves of each set at high pH values. Owing
to the errors of the glass electrode wbove pH 10.0 some csution
must be observed in Interpreting these graphs in ithe high pH
region, but it is evident thet the difference between the curve
for the boiled and wnboiled soclutions could not be sccounted fc
by such errors, Some reaction uwust therefore heve occurred ot

PH 10,0 reszulting in a higher concentration of 0H ions in the
solution then would be predicted from the sum of that due to tr
components (sodivm sluminste sné rochelle salt) considered sepe
ately. This effect ig more marked in the case of tha boiled
solutions,

The explanation mey be thet the tarirate penetrates the COmE

displacing OH groups directly - thus :-

4?/..-.



42.

(CH)3 = A1 = OH — 00G~——0H (0H)3 = 4l----00G—OH
—_— + OB
00CG—0n 00C—0H

%hen 4 equivs/mol il. are used, graph 11, &« similar graph to
the sbove is obtsined, the deviation from the blank being only
slightly groater then that for 8 equivs/mol sl. Ihis indicated
that the same degree of complex fermation has occurred, Even
on dilution (grsph 12) the seme degree of wasking is observed
and beiling has the same effect as in the concentrated systen.

On reducing the ratio still further, i.e. to 2 equivs/mol Al.
the degree of masking is very much the same (graph 13). Boiliw
hes the same effect as above, In the corresponding dilute
system (grarh 14), however, the amount of complex formed is re=-
duced or the comilex is less stable becsuse the deviation from
the blank is not zs great,

At lower ratios than 2 equive tartrate/mol Al. the system is
not stable, precipitation cccurring. Thisg indicated that 1 wmol
of tirtrate combines with 1 mol 4l. to form the complex snd
even in the presence of a large excess this ratio is still
retained,

In the higher ratio levels,; i.e. 8 eqguivs and 4 equivs/mol A’
reepectively, precipitztion of the zcid sodium or potassiuvm tar
trate occurs showing thst free tartrate must be present, This

precipitate redissolves at low pH vzlues when the dibasic acid
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is formed. Confirmation was obtained from the following
experiment s-

& solution conteining 8 equivs tartrste/mol il. wus adjusted
to pH G.0, the precivitate filtered off gnd weshed and then
dissolved ia scid. This golution did not contain aluminiuvm.-
A1l the gluminium must thereiore have formed a complex and he-
come stable to preciﬁitation.

From these results it is appsarent that st legst 1 mol
tertrate combines with each mol aluminium under the conditions

employed,

5. SUDIUM_CITRATE Sunlis,

Cltrate causes a large shift iu the curve from the blank
(graph 15) fer grester in this case than the shift obtzined
with the tartrate series and the couwplex is apparently formed
at pH values above 10.0. The curves cbtcined in the re:ion
pH 7.0 to 10.0 show & much sharper eand-point compared with the
blank. At pH values below 6.0 the curve flattens out but is
8till steeper than that of the blank, Thus throughout the
whole titration range less buffering is obtzined. Only at pH
values below 3.0 does the curve becouwe less steep than the
blank and finelly links up with it. The agddition of socdium
citrate does not réiae the piH of the system spprecisbly al-
thouzh boiling reaises it slightly. Below pH 10.0 the curve
ig shifted to the left which msans thet free 2cid has been

libersted. This cen be accounted for by olation but the
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extent of olation, if any, wmust be suall,

On dilution however, the shift of the curves from the blank’
(graph 16) is not as marked, sc that the complex formation, s&l-
though considerable is not stable, Here the effTect of boiling
is to reise the initial pH quite considerably, but in the pH
range 5,0 to 9.0 it Goes not cause any appreciable difference.
The other trends are similer,.

When 3 equivs/mol al. are used (graph 17) the amount of com=
plex formation is not as great but the other trends are simi}ar.
Dilution (graph 18) in this case seems to favour complex for-
mation as the deviation from the blenk is greater than that
cbieined for the concentrated series,

Smaller ratios - 2 egquivsy/mol al. - (graph 19) still
stebilise the system to precipitation but the degree of complex
formation is =wuch reduced. The curve here is wmuch steeper
than the curves st greater ratios. Boiling reduces the pH at
all values except below pH 4.0 where it increamses it slizhtly.
Dilution (graph 20) apvears to reduce the complex forming
cepacity atill further, the effect of boiling being the same
88 above,

The cegree of complex formgtion is dependent not cenly on the
ratio of citrste to sluminium but also on the concentration of
the system. The temperature too, has an effect. This acccouni

for the incongistency of the results obtsined in the potentio-
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metric method for aluminium estimation (55). This method can

be vsed only if the approximste aluminium content is known so -

that the ratio of citrate to aluminium can be feirly accurately

controlled.



40,

DISCUSSION,

A8 hag been noted in the previous section little or no

compleX‘formation cececurs with either formate or acetate ex~-
cept possibly above pH 9.0 or s0. These anions do not
stabilise the aluminiwm solutions to precipitstion - they mays
however, be of velue in controlling pH, a8 solutions of these
salts bulffer strongly irn the region »H 4 to 5.

The other salts, lactate, tartrate and citrate all show
tendencies toc complex formation though the degree to which
this occurs varies with the anion. The complexes formed by
lactate at high pH must be very unsteble becaguse on the additior
of acid the PH corresponds to the cslculated blank. Below pl
9.0 however, the curves deviaztie quite considerzbly showing that
more seid must be added tc reach a certsin pH velue than is
required by the blank. This meesns complex formation has
occurred with loss of =-COOH groups. In this system too, buffe:
ing is apperent. ‘'he game is true of tartrate but this salt
is not as efficient o buffering agent. This is probably due
to the fact that the excess tartrate is not aveilable as a buff
as 1t is precipitated zs the acid s2lt which is only spsringly
soluble, Citrate on the other hand must -form very steble com~
plexes, the effect of which is apparent at even very high pH
values. In other words, addition of strong acid liberates
free =CO0H groups which are immediately incorporated in the
complex. This evidently does not occur with lactate or tar-
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trate until lower pH values are reached.

The ratio of lactate and citrate to aluminium appesrs to have
some influence on the dezree of masking zs greater complex for=
mation is found tc occur at the higher ratio levels, Tartrate
on the other hand spparently has a fixed complex forming
capacity between 1 znd 4 mols/mol eluminium, since the ssme
deviation from the blank wes observed irrespesctive of which ‘
ratio of the masking agent to aluminium, was employed. How=-
ever, at ratios of less than 1 mol tartrate/mol =luminiuvm, devi-
ations from the bluank were reduced znd less stabilisation ocecurre
a8 evidenced by the formation‘of precipitates contgining slu~
minivm under these conditions. In view of these facts it wmey be
suggested that 1 mol tartrate combines with 1 mol aluminium to
form 2 complex contalning equimolar proportions of aluminium and
tartrate.

The effect of boiling apart from one or two exceptions alweys
has the seme effect, i.e. a shift to the acid side of the curve.
Free acid must have been liberated which is an indication that
olation might have oceurred.

in the lactate and citrate series dilution eppears toc reduce
the complex forming capacity of these ions but tartrate is une~
affectad. Thus it would appear that the tartrate complex is
nore stable thgn those fTormed by lactate, Citrate stabilises
aluminium solutions with fewer equivelents than tartrste, but

the complex does not contain a constsnt ratio of masking agent

43/ /0o



to aluminiuwm. Further cusntities of tartrate cannot enter
the complex even in the prescnce of large excess of the anion

probably due te the affect of steric hindrance.
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GBAPK 14,

sodium potas&iuh tahxhate series (dilute)>
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for Graph 1

Unboiled Rdled

e 410, el Os Difference
Fe For- Blank e Form- Ha ¥For- Unboiled Boil
pH sl 0o mate. Total ate. mate.
12 - - -
11.5
11 25 25
10.5 42 42 52 17 -25 -25
10 46 4¢ 46 4z -2.5 -4
Ye0 42 48 52 45 5 -3
¢ 49 49 53 47 4 -2
Seb 50 50 03 49 3 -3
3 51 51 53 47 2 -4
75 51.5 Oeb 55 83 48 1 -4
7 oR 1 53 53 49 G -4
65 53 1 54 55 51 1 -3
6 54.5 2 56.5 5C.H 54 0 -2
5.5 55.9 e 58 5@ 58 1 G
5 5G.5 e} 62.5 64 64 2 2
145 59 16,5 7545 77 72.5 1.5 -3
4 70 36,50  106.5 163 2.5 =3.5 -14
3.5 98 72,5  170.5 162 162 -8.5 ~8.
3 167 117 224




TABLE 2.

for Graph 2

Uaboile ¢ Boiled L
Ha &1 Og Ko 81 (p Difference
He TFor- Blank He Form= iia For Unboiled Boiled

pil He Al 0o mate Total ate. magte.

12 - - -

11.5 4.0 4.0

11 5.6 5.6 1.5 4ol

10.5 79 7.9 3.0 Ze3 -4.9 -5.6

10 9.1 9.1 S0 7.0 ~1.1 52.1
9.5 9.7 G.7 10.2 9.2 0.5 ~0.5
9 10.2 10.2 11.2 9.8 1.0 ~G.4
8.5 10.0 10.5 11.7 10.0 1.2 -0.5
3 10.7 10.7 12.0 10.1 1.3 ~Ue6
7.5 10.9 0l 11.0 12.0 10.3 1.0 -0.7
7 11.0 o2 11.2 12.0 10.7 0.8 -0.5
Ged 11.1 o3 11.4 12.0 11.2 0.6 -0.2
6 11.2 o3 11.5 12.0 12.0 0.5 0D
5.6 11.4 0B 11.9 12.1 12.5 0.2 0s6
5 11.8 RIS 13.1 13.5 14.0 0.4 0.9
445 13.0 Sed 1644 16,7 16.8 0e3 O.d
4 18,5 8.0 REe Y 22.0 225 ~4e5 =4 .0
3¢5 20,7 16,2 36.9 31.0 31.5 -5.9 -5.4

3 Z1.8 24 .2 45,3 44.0 46,2




TABLE 3.

for Grsph S.

Unboiled Boiled Difference
Ne &1 Oz Ha Al O
pH Na Al Oy Na Ace- Blank  Na acet- Ha Acet- Unboiled Boi!
tate. Total. ate. ate.
12 - - -
11.5
11 25 =25
16.5 42 42 20 33 -22 -9
10 46 46 43 42,5 -3 -3t
9.5 43 48 4745 47 -0,9 -1
e 49 49 43,2 50 -0 9 1
8.5 50 50 49 51,56 =1 1.!
8 51 0ed 51.5 4%.5 53 -2 1.8
7.5 51.5 1 52.5 50 Hbe . =2,5 1.6
7 52 1 53 50,5 55 -2.5 2
6.5 53 3 56 53.5 58 “Ze5 2
6 54,5 8.5 63 o2 66 -1 3
5.9 55.5 21 76.5 79 80 2.5 Se
5 5.5 49 105.5 104 104.5 =1.5 -1
4.5 59 84 143 143 146 0 3
4 70 120 190 184 187 -G -3
3¢5 08 1475 24D.5
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for graph 4.

Unboiled DBoiled PDifference’
Ne £1 Op Ne £1 Og ,
pH Ha 4102 Ha pce~ Blank ¥e pcet- Ng pcet- Unboilec Boll:«
tete. Total 2CH e ate,
12 - - -
11.5 4,0 4.0
11 5.6 5.6 1.0 4ok
1065 7.2 7.9 3.0 368 -449 -d ]
10 Gal 8.1 7.1 77 -2.0 -1.4
Faed 9.7 9. 8ed 0.3 ~le4 =0
9 1G.2 1G22 G4 10.9 -0.8 0.1
8.9 10.5 10.5 95 167 -0.7 Got
8 10.7 0.1 10.8 1C.3 10.9 -0.b Uel
7.5 10.9 Oo 11.1 10.7 11l.1 ~Ued G
7 1140 Ood  11l.d 11.1 11.4  =0.5 0
6eb 11.1 Go®  11.7 11.7 12,0 & Gas
6 1.2 1.4 12.6 1E2.5 13.0C ~Ua1 (O
5.5 11.4 3.0 15.0 15.0 15.8 v Cat
5 11.8 Gel  20.9 20.5 21.3% =Qed 0.
4.5 13.0 17.6 30,6 28¢3 305 -led =0
4 18,5 25,1 43.6 397 42,0 -3.9 -1.%
30 80.7 30.3 651.0 47,5 49.3 3.8 -1

S Z1.6 34.0 55,6




TABLE 5.

for Graph 5.

Unboiled Roiled

o _ Ne 1 Op Ne dog Difference.
pi Ha a1 Og Ha Lac~ Blank jz Lac- Ne Lac- Unboiled Boil
tate. Total. tste. tate.

12 - - -

11.5 .

11 25 25 5 -20.0

10.5 42 43 4G.5 ~1.5

10 46 46 45 42 fl.O -4,
PeD 48 43 4% 46 -1.0 -2
9 49 49 50 48 1.0 ~1.
8.5 50 50 56.5 52.5 6?5 Ze
8 5l 51 65 ol 14.0 1G.
7e0 51.5 1 5240 72 0345 18,5 REVIN
7 52 1 53 76.5 7465 23e9 21.
Geb 53 1 54 79 73 25.0 24 .
6 54,5 2 DG D 80.5 30«5 24 .0 24
Ba5 55.5 4 59,05 83.5 33 24 .0 23,
5] DB.5 11 G7.5 38 87 205 1¢,
4. 59 26 85 98» 96 13.0 11:
4 70 56 126 117.5 114.5 ~8.5 -11.
3¢5 a8 g6 194 150 144 .5 ~44 ,0 -4Q,

3 107 130 237 182 173 ~55.0 -59.




for Graph &.

TABLE 6,

Unboiled Boiled

Ne 41 Og la &l O

Difference

pH Na Al Og Na Lac- Blsnk lia Lac- 4a Lac-" Unboiled Boil
tate. Totel. tate. tate.
12 - - - |
11.5 4.0 4.0 0.1 -3.9
11 5.6 5.6 5.6 3.1 0 -2.
10.5 749 749 7.3 6ol ~0.6 -1l.i
10 9.1 9.1 Sed 7.6 -0.7 -1.
9.5 G 0.7 8.9 8.5 -0.8 -1.
9 10.2 10.2 6.5 9.0 -0.7 -i&
8.5 10.5 10.5 10.2 9.7 -0.3 ~0
3 1047 10,7 11.3 10.5 0.6 =0.:
7.5 10.9 10.9 12.3 11.7 1.9 Ul
7 11.0 0.1 1l.1 14.1 13.1 3.0 2o
6.5 11.1 0.2 11.3 15,1 14.3 3.8 3ol
6 11.2 0ud  11.6 16.1 15.1 4.5 Bol
5.5 11.4 0.9 12.3 16.8 16.0 4.5 5.
5. 11.8 2.2  14.0 18.2 17,2 4.3 $J
4,5 13.0 5.6 18.6 21.0 19.4 2ed 0.
4 18.5 12,1 30.6 5.2 23,6 -5.4 -7 ol
3.5 £0.7 21.2 41.9 32.3 30.8 0.6 =11.:
3 21.6 27.8 49.4 38.5 36,3 -10.9  -12.t




Table 7.

st g e

for Graph 7.

Unboiled Boiled
’ _ ) ’ Na 4l O Ha 41 Og
PH Na sl Oz Ne Lac~ Blank Nz Lac- Na Lac- TUnboiled Boi

Difference’,

tate, Total. tete. tate.

12 - - -

11.5

11 25 25

1.5 43 42 32 34 10 -3

10 46 46 42 42 -4 -4
349 43 48 46.5 46 1.9 -2
Q 40 49 48.5 48 ~(e B -1
3¢5 50 50 50.5 50.0 0.5 0.
3 51 51 54,5 55 3.5 4
7.0 51.5 GO 52 58.5 5%.5 Geb 7
7 52 1 53 G4 .5 wd o5 11.5 11.
6.5 53 1.5 54 .5 9.5 68.5 15 14
6 54 .5 2 5645 74 T2.5 17.5 16
5.0 55.5 3 58,5 TCoS 76 18 17.
5 56,5 o 62e 5 79.5 80.5 17 13
4.5 59 14 73 35.5 26,5 12.5 13.
4 70 29,5 92.0 a8 o7 -1.5 -2
3e & o5 50 148 112 113 —BQ -3¢

S 107 E6.5 173.5 130 130 -43.5 43




for Graph &.

TABLE 8.

Unbeoiled Boiled

fWa Al Op ifa aly, Liffereace.
PH Na &1 Op He Lee- Blank  Ha Lac-  Ha Lac- Ubolled Boiled
tate. Total. tate. tate.
12 - - -
11.9 4,0 440
11 5.6 5.6 4.1 4e2 -1.5 ~le4
1045 7.9 7.9 5.5 5.9 -2.4 -2.¢
10 Q.1 9.1 7e8 7.9 -1l.2 -l.x
9.5 .7 9.7 Ger 9.3 ~0e5 -Ged
Q 1C.2 10.2 9.7 9.7 -G.5 -0.<
8.5  10.5 10.5 10.0 10.6 -0.5 -0.C
8 10,7 10.7 10.3 10.2 -0.4 ~0.&
7.8  10.9 10.9 10.7 10.6 -Q0.% ~Qed
7 11.0 Gs1  11.1 11.1 11.1 0] o
6.5 11.1 0.1  11.2 11.6 11.¢ 0.4 0.
& 11.2 0.2 11l.4 12.2 1248 0.8 1.¢
5.5 1l.4 U6  12.0 13.3 14.G 13 2
5 11.8 1.2 13.0 14,8 15,6 1.6 2ot
4.9 13.0 3.1 1l6.1 10,7 17,6 0.6 1.t
4 18.5 C.3 24.8 20.0 20.1 ~4.8 -4
3¢5  R0.7 11.1 31.8 23e6 R23.6 -Gk -5
3 21.6 14,1 35.7 2840 28.4 ~7.7 -7




TABLE 9.

for Gravh 9.

4

Unboiled Boiled o X

| Na Al 02 tia 4109 Difference.

PH Ha Al 02 a K Blank Ne K e K Unboiled Boile
Tartrate Total. Tartrate Tartrzte

12 - - -
11.5 27.5 40.5 |
11 25 25 38.5 43.5 13.5 18.¢
10.5 4% 42 42 44.5 0 2.t
10 46 46 44 44.5 -2 ~1.%
9.5 48 48 46.5 45.5 ~1.5 -85
9 49 49 48.5 47 ~0.8 -2
8¢5 50 50 52 50 2 0
a 51 51 56 5245 5 1.t
7.5 51.5 51.5 6065 5645 9 5af
7 52 1 53 660 61 13 8
6.5 53 2 55 7%e5 67 17.5 12
6 54,5 3 575 9.5 T 22 15
5.5 55.5 6 GLl.5 8345 77.5 22 15,1
5 5645 13 69.5 86.5 83 17 13,1
4,5 59 29 83 91 91 3 3
4 70 53 123 100 105.5 -23 -17.!
35 98 78 176 111.5 126 «66.5 -50
3 107 104 211 127 151.56 -84 59.!




for Graph 10.

Unboiled Boiled S
We Al Oz Haal Gp Difference.

Ne ¥ Blenk  Ha K Na K  Unbeiled Boiled
pH Ha Al O Tertrzte Total. Tartrate Tertraie
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 o 2.1
16.E 7.6 7.9 7.1 5.2 =0.3 0.3
10 4.1 G 7.7 8.6  =lud =045
9.5 9.7 6.7 8.1 5.9 =1.6  -0.8
5 10.2 10.2 8.7 Gud  =1.5  =0.8
8.5  10.5 10.5 9.5 10,1 -1.0 -0.4
8 16.7 16.7 10.8  10.8  =0.¢ 0.1
7.5  10.9 10.9 11.3  11.6 0.d G
7 11.0 0.2 11.% 12,2 12.6 1.0 1.4
6.5 11.1 Oud 115 13.9 13,9 2.4 2.4
6 11.2 0.6 11.8 15,6 14.8 3.8 3.0
5.5  1l.4 1.2 12.¢ 16.6  15.8 4.0 3.2
5 11.3 2.6 14.4 17,4 17.1 3.0 2.5
4.5  13.0 5.3 1543 18.5  19.0 0.2 0.7
4 18.5 10.6  £0.1 20,7 22.4 8.4 6.7
5.6  20.7 15.8  36.3 23.6  27.3  12.7  -9.0

:5 2106 20.8 '1202 27.1 33.0 16.1 -(}.8




TARLE 11.

for Greph 11.

Unboiled Boiled Cen
Ne 4109 lHaal Op  Differences
pH NaalOg Had Tar- Blenk  peX Tar- Nz ¥ Unboiled Boiled
trate. Total. Trate. Tertrate

12 - - -

11.5 14 17
11 25 : 25 3245 5245 745 7.5
10.5 48 42 41.5 39 -G.5 -3
10 46 46 46.5 43 Go5 -3
0.5 48 43 49 45 1 -3

9 AG 49 504D 43 1.5 -1
8.5 50 5¢ 54 51.5 4 1.5
8 51 51 58 BHH 7 4.5
7.5  5l.5 51.5 GleB 58e5 10 7

7 52 Gob 525 66 6245 13.5 10
6.5 B3 1 54 71 68e5 1% 14,5
6 54,5 1.5 56 7745 75 21.5 15
5.5 55,5 3 5345 8245 50 24 21.6
5 565 & 62.5 B8b.5H 83 23 2045
4,5 59 14 73 8845 86 15.5 13

4 7C 26 06 93 90 -3 -6
3.5 98 3% 137 9% 06 -38 -41




TABLE 12.

for Graph 12.

Unboliled Boiled
Ea Al Go Ne Al(b
¥e A1 O Na K Blank Nz X Ne K Unboiled Boil:
pi b 2 Tartrete Total. Tartrate ibrirate

12 - - - |
11.5 4.0 4.0 3.0 2.1 -1.6 -1
11 5.6 5.6 5.2 4.1 ~0.4  -1.!
10,5 7.9 7.9 7.2 6.1 ~0.7  -l.
10 9.1 g.1 &.5 7.7 ~0.6  -1.
9.5 9.7 9.7 9.3 8.5 -0.4 -1
9 10.2 10.2 9.6 8.9 ~0.6  -l.:
8.5 10.5 10.5 10.0 9.6 -0.5  =0.¢
& 10.7 10,7 10.8  10.4 0.1 -0
7.5 1049 10.9 11.8  11.5 1.0 0.t
7 11.0 0.1 11.1 12.8  12.4 1.7 1.4
6.5  11.1 0.2 11.3 15,8 13.4 2.5 241
6 11.2 0.3 11.5 14.8  14.6 3.3 3.1
5.5 1l.4 Ge6 12,0 16.0  16.0 4.0 4.
5 11.8 1.3 13.3 17.0 16,9 3.9 N
4.5 13,0 2.6 15.6 17.9  17.7 2.5 2.1
4 18.5 5.3 23.8 181 18.9 “4 T =das
3.5  20.7 7.8 28.5 20.4  20.4 -3.1  -8.1

3 21.6 10.4 32.0 22,0 22,1 -10.0 -9.¢




for Graph 13,

TABLE 13.

Unbkeiled Beiled

Eifferénce;\

Tartrate trete
12 - - -
11.5 20,5
11 25 25 35 34 13 9
10.5 42 42 43 40 1 -2
10 46 46 45,5 45 0.5 -1
Qe 43 48 43 47.5 0 =0.f
9 49 49 50 49 1 0
365 50 50 53 51 3 1
8 51 o1 86,5 55.5 5.5 441
7.5 51.5 51.5 60 5% 8¢5 7ol
7 52 62 62.5 62 10.5 10
645 53 0.8 Bl.5 67.9 66.5 14 13
6 84 .9 1 50,0 725 71e5 17 16
5.0 53,5 2 57,5 (&l 76 19.5 138.¢
5 56,5 4.5 61 80 78+9 19 1741
4,5 59 9.6 6869 82450 8l.9 14 13
4 70 17.5 87.5 85 84 =2:D0 -3t
340 58 26 124 90 39 - 34 =35
3 107 35 142 Q9 96 =495 -46




for Graph 1l4.

25313‘14.

ggbﬁlgg 1%::&82 Difference, =
pH Na Al 0o Na K Blank NakKTar- HeXTar-Unboiled Boilec
Tartrats Total. trate. trate.
12 - - -
11.5 4.0 4.0 4.5 R.8 0.5 -1.2
11 5.6 5.0 6.0 5.1 Oed -Of5
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 2.7 2.0 8.7 =0.7 -1.0
9 10.2 10.2 9.6 9.2 fO.G fl.O
8:5 10.5 10.5 10.2 9.9 ~0.3 fO?G
8 10.7 10,7 10.6 10.5 -0.1 -0.2
765 10,9 10,9 11.1 10,9 0,2 0'
v 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 el 2.3
5.5 11,4 Oe4 11.8 14 .4 14,6 2¢6 2.8
5 11.8 0.9 12.7 15.0 15.3 Zed 2.6
465 13.0 1.7 14.7 156.6 16.0 0.9 1.3
4 18.5 3¢5 22,0 16.7 16,9 -5.3 -5.5°
3¢5 2047 5.2 25.9 17.8 18.0 -8.1 mTe9
3 21.6 6.9 28.5 19,8 19.6 -8.9 -8.9




TaBli 15.

for Grayh 15,

Unboiled Boiled .
Na Al O Ha Al O Difference.
PH NeslOp  Ha Cit- Blank  Ha Cit- Ha Cit- Unboiled Boil

rate. Total. zratc. rgte.
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 28 18
7.6  51.5 0.5 52 73.5 69.5  21.5 17.
7 52 1.6 53.5 75.5 71.5  22.5 18
6.5 53 3 56 81 76,5 25 20.
6 54,5 8.5 63 04 88 31 25
5.6 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 04,5 164.5 150 145 -14,5  -1¢.
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.

gg@ﬁilgg E:é%ed Difference.

pH  Na Al O Ne Cit- Blank Na Clt- la Cit- Unboiled Boil
rate. Total. rate. rate.
12 - - -
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 34
10 9.1 9.1 11.9 12.9 2.8 3.
9.5 9.7 9.7 13.1 15.6 34 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 Be
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 -2,
3.5  20.7 26,5 47.2 32,7 34.0  -14.5 -1
3 21.6 32,0 53.6 37 .6 40.0  -16.0 -1




TABLE 17.

for Graph 17.

Unboiled Boiled ne
Na 4105  Nasl Ug Difference.
pH Wa il 0p Na Cit~ Blenk He Cit- Na Cit- Unboiled Boilc

rgte. Totel. rate. rate,

12 ‘ - - -

11.5

11 2D 25 2 )

10.5 42 42 4¢ 40 23 4,56 =14
10 46 48 58.5 05 12.5 7
9.5 48 48 62 6045 14 12.¢
2 49 49 64 03 15 14
3.5 5¢ 50 65 64 o D 15 14,
8 o1 51 GO 1933 15 14
7.5 61.5 0«5 52 68 GG D 16 14..¢
7 5& 1.5 53.5 70.5 70 17 16,&
6.5 53 2.5 55,5 7545 75 20 19.¢
6 54,5 4.2 6)¢ 85 81.5 “4 22,1
5.5 55.5 11.5 67 91 389.5 24 2248
5 BG.5 23 79 87.5 oo 13.5 17.¢
4.5 5¢ 36 95 102 160 7 5
4 ?0 48,5 118.5 1006.5 103.5 =13 -15
3.0 98 0.5 158.5 111 109 ~47,56 =49,
) 107 71.5 178,09 120 118 -DE.D =60,




for Graph 18.

Unhoiled Boiled O
He a1l Gz HuplOp Difference.
pH Na Al Op Na Cit- Blank e Cit- Ha Cit Unboiled Boile

rate. Total. 1rate. ratc.

12 - - -

11.5 4.0 4.0 1.9 0.3 -2.1 -é.a
11 5.6 Bo6 5.1 4.0 ~0e5 -1.¢
10.5 7.9 749 G.1 7B 1.2 ~0at
10 9.1 9.1 11.8 11.1 249 2.¢
8.5 9.7 S 15.0 12.5 3.3 24E
9 10.2 10.% 13.6 1508 3ed 3.1
8.5 10.5 10.5 13,9 1549 Bud 344
3 10.7 0.1 10.8 1441 143 3.3 S,z
75 10.9 0.2 11.1 1447 15.0 546 B¢
7 11.0 0.4 11.4 15,7 15.3 4.3 4 od
65 11.1 0.8 11.9 17.0 16.8 5.1 4o
& 11.2 1.8 13,0 1844 18.3 5ed Has
5.5 11.4 3e6 15.0 19.6 16.5 4.6 4.4
5 11.8 5.8 1746 20.4 20.4 2.8 2.8
4.5 13.0 8.1 21.1 21.5 21.2 0.4 0.:
4 18.5 10.4 28.9 22.6 22.3 -643 “6 ol
3e5 20.7 12.5 3548 24 4 2548 -8, -0t
3 21.6 14.6 3642 27 .0 26.0 ~9.2  =10.!




TAaBlE 19,

. .

f£or draph 1%.

Unboiled Boiled
Na A1 O isalGCo
TH o 41 Gg Ha Cit~ Blank  Xa Cit- e Cit- Unbeiled Boil

Difference',

rete. Totael. rate. rate.,
12 - - -
11.5
11 25 25 24,5 18.5 -0.5 ~8.
10.5 42 42 43 35.5 1 -G,
10 46 46 53.5 &l 7.5 5
9.5 48 48 57 55 9 7
9 49 49 0849 57 9.6 8
8.5 50 50 59.5 D8.5 9.5 8.
8 51 51 61 5¢4¢5 10 S
765 51.5 0.5 52 55 o1 13 9
7 52 1l 53 57.5 64 li,5 11
5e 5 53 2 55 70 s7 15 12
6 54 .5 4.5 59 73 71 14 12
5.5 55.5 9.8 65 76.5 755 11.5 10,
5 5¢ 45 17.5 74 80 79 6 5
4,5 59 26 85 82 31.5 -3 ~3e
4 70 35 105 84 85 21 «20
3.5 o8 43 141 86 8% -55 -52
3 107 53 160 89 95 -71 =65




TABLE X0,

for Graph 20.
jnboiled Boiled Differencs.
Ne Al O HaalOg
pH Ha Al O2  Ha Cit- Blank Na Cit-  Nea Cit- Unboiled Boile
rate. Total. xate. rete.

1z - - -

11.5 1.0 4.0 2a® -1l,1

11 5.0 5.6 4,5 569 -0.8 -1l.8
10.5 7.9 79 7ed 5.0 -0.6 ~2.3
10 Yel 9.1 10.0 8.5 0.9 -0.6
G.5 97 9.7 11.0 10.% 1.3 0.5
9 10.2 10.% 11.4 11.0 1.2 0.8
80 10.5 10.5 11.8 11.4 1.3 0.9
8 10,7 10.7 12.1 11.9 l.4 l.a
7.5 10.¢ 0.1 11.0 12,5 12,2 1.5 1.2
7 11.0 Gos 11.2 13,1 12.06 1.9 l.4
Gab 11.1 Ge0 11.7 15.8 13.% Zel 1.5
6 11.% 1.5 Lo 14,7 leod e 1.6
565 11.4 2.8 14,2 15.4 15.1 1.2 0.9
5 11.8 4.4 16.2 16,0 15.8 ~0.2 =0.4
445 13.0 6.0 1¢.0 16.5 16.2 ~Zed -2.83
4 18,5 7.7 2042 17.2 17.0 ~%.0 -9.2
S5 20.% God 30.1 18.5 18,0 ~11.8 -1Z.1

3 21.96 11.0 3246 20.0 1.5 =12.6 =13.1




ACKNOWLEDGLUENT o

The author acknowledges with thanks the assisgtance

and the interest ghown by Dr. G.L. Cunninghsm,; and
appreciates the facilities placed at his disposal
by the Leather Industries HResearch Iunstitute,

Grehamstown.









