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I N T R O D U C T I O N 

In one of his earlier papers [GRASSELLY, 1 9 6 1 ] dealing with rapid meth-
ods of analysis of manganese ores, the author proposed new method for the ; 

separation of the Fe—Al—Mn—Ca—Mg content, by ion exchange technique 
using the corresponding complexometric method for the determination of the 
single components. 

Extending the rapid methods on further components, the present paper is 
dealing on the one hand, with the possible errors due to the presence of Ti 
and with the problem of the most purposeful determination of Ti in the ana-
lytical process developed earlier, on the other hand, with method of analysis 
of manganese oxides for zinc. 

E X P E R I M E N T A L 

Accord ing to the ana ly t i c a l process descr ibed in the p a p e r r e f f e r e d , the sepa ra t ion 
of F e — A l — M n — C a — M g is p e r f o r m e d b y us ing a' ca t ion exchange r W o f a t i t K P S — 2 0 0 
("CI—]. T o the a l i quo t p a r t s of 50 m l — t aken f r o m 500 m l of s tock solut ion p r e p a r e d 
a f t e r the dissolut ion of 1 g of manganese ore — 0,05 M E D T A solut ion is a d d e d in excess 
abou t of 50 p . c. c o m p a r e d t o the a m o u n t necessary fo r complex ing the expec ted F e + A I 
content of the a l iquot . T h e solu t ion is t hen ad ju s t ed b y ace ta te b u f f e r to p H 3,5; a f t e r 
boi l ing it is cooled d o w n , let f i n a l l y w a s h e d w i t h 150 ml of w a t e r . Fe + AI wi l l be p r e sen t 
in t he e f f l u e n t , wh i l e the o t h e r c o m p o n e n t s r ema in in the co lumn, f r o m w h e r e a t p r o p e r 
p H va lue , t hey can be e lu ted a n d d e t e r m i n e d separa te ly , using a g iven excess of 0,05 M 
E D T A . The p H va lue of the e f f l u e n t is a d j u s t e d to 5,6 b y means of h e x a m e t h y l e n e t e t r a m i n e , 
a n d t he excess of 0,05 M E D T A is t i t r a t e d b a c k by 0,05 M solut ion of z inc ace ta te against 
xy leno lo range ind ica to r . Thus , w e ob ta in the a m o u n t of 0,05 M E D T A equ iva l en t to t h a t 
of F e + A I present . O n the o the r h a n d , i ron has a l r e a d y been t i t r a t e d a t p H 2 — 3 in a 
similar v o l u m e of stock solut ion, so t h a t the q u a n t i t y of Al can be given b y the d i f f e r e n c e 
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of these t w o measu remen t s . H e r e we a re faced w i t h t h e ques t i on as t o h o w t h e a b o v e -
o u t l i n e d w o r k i n g process shou ld be m o d i f i e d f o r a d d i t i o n a l t w o c o m p o n e n t s , Z n a n d T i , 
a n d h o w the d e t e r m i n a t i o n of these t w o c o m p o n e n t s cou ld be f i t in t he m o s t su i tab le w a y 
in the g iven set of ana lyses . 

1. D e t e r m i n a t i o n of z i n c 

The various manganese oxides, such as chalcophanite [ZnMn 3 0 7 • 3 H 2 0 ] , 
franklinite [(Zn,Mn,Fe) (Fe,Mn)204], woodruffite [(Zn,Mn)2 • Mn 5 0 1 2 • 4 H 2 0 ] , 
hetaerolite or hydrotaerolite [ZnMn2 • ( 0 , 0 H ) 4 ] or Zn-bearing todorokite, 
contain more or less zinc, too. In addition, the determination of zinc may also 
be of interest for the study of various ferrites. 

If a solution contains, along with Fe—Al—Mn—Ca—Mg, some Zn too, 
then under the circumstances of the above method, zinc will get in the eff-
luent solution, together with iron and aluminum. For, instance, under the 
given circumstances 32,06 mg of Zn was introduced into the column and 
31,95 mg of Zn was found in the effluent. Error equals 0,11 mg. Consequently, 
if the effluent contains some Zn, the available method of determination of 
Fe and/or Al can no longer be applied unreservedly, because Zn must either be 
masked or previously removed. 

This latter seems to be the more suitable approach for the simple reason 
that the expected zinc content is as a rule smaller than that of Fe(Al) or 
especially that of Mn (unless explicitely Zn-bearing manganese ores, such as 
those mentioned previously, but manganese ores having Zn-bearing manga-
nese oxide components too, are under consideration), so that the ion exchange 
technique used for the separation of zinc may serve as enrichment technique, 
as well. 

a) Possibilities of separating zinc 
from other cations by using anion exchangers 

In ana lys ing fe r r i t e s DONALD H.^WILKINS [1959] app l ies a s t r o n g l y basic an ion e x c h a n g e r 
resin f o r t he s e p a r a t i o n of z inc , coba l t , nickel , a n d i ron . T h e N i c o n t e n t of t h e solut ion 
(9 N f o r h y d r o c h l o r i c ac id ) passes t h r o u g h the an ion e x c h a n g e r c o l u m n a n d can be w a s h e d 
o u t q u a n t i t a t i v e l y w i t h 9 N h y d r o c h l o r i c acid, w h e r e a s the c h l o r o c o m p l e x e s of C o , Fe, 
a n d Z n wi l l r e m a i n in the resin bed , f r o m where t h e y can be e lu t ed , f i r s t t he C o b y 4 N 
h y d r o c h l o r i c ac id , t h e n the Fe b y 0,5 N h y d r o c h l o r i c a c i d . F i n a l l y , Z n is e lu t ed b y 3 N 
n i t r i c ac id . T h e e lua tes a re e v a p o r a t e d in o rde r t o r e m o v e the excess of ac id . T h e r e a f t e r , 
t h e y a re t a k e n u p b y w a t e r a n d a f t e r a d d i n g of E D T A so lu t ion in excess t h e p H is a d j u s t e d 
to 4,8. T h e excess of E D T A is then t i t r a t e d back b y s t a n d a r d CuSC>4 so lu t ion using P A N 
ind i ca to r . A f t e r t he e lu t ion of z inc the co lumn is r insed b y w a t e r , t hen r e g e n e r a t e d b y w a s h i n g 
i t w i th h y d r o c h l o r i c ac id . 

S imi la r e x p e r i m e n t s w e r e run by D . JENTZSCH a n d I . FROTSCHER [1954]. T h e y used 
an ion e x c h a n g e r W o f a t i t L — 1 5 0 f o r the s epa ra t i on of ca t ions . T h e m e t h o d w a s s imi lar ly 
based u p o n the d i f f e r e n t a d s o r p t i o n p rope r t i e s of t he ch lo ro -complexes . T h e s e p a r a t i o n of the 
i n d i v i d u a l c o m p o n e n t s w a s p e r f o r m e d by means of e lu t ion on the c o l u m n , us ing so lu t ions 
w i th decreas ing h y d r o c h l o r i c acid concen t ra t ions . T h e N i i n t r o d u c e d in 10 N h y d r o c h l o r i c 
ac id , passes t h r o u g h the co lumn , w h e r e a s C o remains in the c o l u m n , f r o m w h e r e it can be 
e lu t ed b y 6,5 N h y d r o c h l o r i c ac id . 

I n h i s b o o k PRIBIL [ 1 9 6 1 ] r e f e r s t o t h e p a p e r o f A . M . A M I N a n d N . I . F A R A H [ 1 9 5 5 ] . 
A c c o r d i n g to th is p a p e r t he z inc is s e p a r a t e d also b y a n i o n e x c h a n g e r in f o r m of ch lo ro -
complexes f r o m the o t h e r c o m p o n e n t s . These au tho r s p r o p o s e t o use a n i o n e x c h a n g e r A m -
ber l i t e I R A — 4 0 0 t r e a t e d p rev ious ly w i t h 2 N h y d r o c h l o r i c ac id . A g a i n , t he so lu t ion is 
i n t r o d u c e d i n t o the t o p of t he co lumn in 2 N so lu t ion of h y d r o c h l o r i c ac id . T h e z inc is 
r e t a ined in the bed f r o m w h e r e i t can be e lu t ed by w a t e r a n d 0 ,025 N n i t r i c ac id . 
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b) Separation of zinc from iron, aluminum,• manganese, calcium, 
and magnesium in manganese ores 

As shown in the above discussion, under proper circumstances Zn can 
be separated in 2 N solution of hydrochloric acid already and one need not 
use 10 N or 9 N solutions of hydrochloric acid. This approach is so much the 
more advantageous, as on the one hand, after the weighed sample of manganese 
ore has been dissolved, zinc can be removed in this way by anion exchanger 
from each aliquot part of stock solution before the separation of Fe+Al-j-
+ M n + C a + M g . . By evaporation of the -effluent the excess of acid can be 
removed and the solution can be introduced into the cation exchanger in order 
to separate the other cations. On the other hand, the zinc eluted from the 
anion exchanger, can be quantitatively determined. However, if an extremely 
small quantity of zinc is only expected, it is useful to introduce all the solution 
obtained by dissolving the manganese ore sample into the anion exchanger, 
so that the whole zinc content of the sample will be enriched in the bed. 

Now the following questions will only have to be answered: Under the 
given conditions (Amberlite IRA—400; grain size 0,2 mm 0 ; inner diameter 
of resin column 10 mm; height of resin column 100 mm) and in presence of 
the cations taken into consideration, in solutions of hydrochloric acid of what 
normality does zinc remain quantitatively on the column? Under which 
circumstances can it be eluted? Is the separation of the other cations — such 
as Fe, Al, Mn, Ca, and Mg — from zinc perfect? 

Sorption step 

Using 2 N and (in another run) 0,5 N solutions of hydrochloric acid, aliquot 
parts of solution of known zinc content were introduced into the anion ex-
changer which, in turn, had been washed out previously with 2 N and 0,5 N 
hydrochloric acid, respectively. After the zinc-bearing solution passed through 
the resin column, the latter was washed with 5X20 ml of 2 N or (in the 
other run) 0,5 N hydrochloric acid. In the effluent solution zinc could not be 
determined, it remained quantitatively in the bed either 2 N or 0,5 N hydro-
chloric acid was used. 

Elution step 

We first attempted to perform the elution of zinc with water and 0,025 
nitric acid, as described in the paper of A M I N and F A R A H , but under the given 
circumstances the zinc could not be completely eluted from the column even 
when washed for a long time. 

We found, however, another, more successful approach. After washing 
with 2 N or 0,5 N hydrochloric acid, the collected effluent and wash liquid 
is put aside (any cations other than zinc will be present in these solutions), 
the resin bed is washed first with 10 ml of water, then with 20 ml of 
ammonium-ammonium chloride buffer solution diluted 1:1 (which is used in 
complexometric titration against indicator Eriochromblack T for adjusting 
p H to 10) and finally with 3X10 ml of water, too. The amount of zinc is 
determined in this collected solutions titrated by 0,05 M EDTA against Erio-
chromblack T indicator. Under these conditions, the elution is perfect. The 

5 



amounts of zinc found in the eluates correspond well to those determined 
in the aliquot parts of stock solution, as illustrated in Table 1. 

T A B L E l . 

A m o u n t of Zn in mg A m o u n t of Zn in mg 

A d d e d De te rmined A d d e d De te rmined 

in 2 N hydroch lo r i c acid in 0,5 N hydroch lo r i c acid 

6,70 6,67 12,28 16,28 

9,97 9,94 32,56 32,59 

16,41 16,38 48,84 48,74 

80,74 80,84 

Thereafter the regeneration of the column can follow by 2 N and 0,5 N 
hydrochloric acid, respectively. 

As mentioned previously, an additional question was, whether the other 
cations present under similar circumstances would get into the effluent solution, 
or not, whilst the zinc is retained quantitatively in the bed. 

Therefore, known quantities of the single cations were added separately 
into the anion exchanger, using 2 N solution of hydrochloric acid in the first 
run and 0,5 N in the second one. After the effluent solution has dropped, the 
bed is washed with 5 X 20 ml of 2 N and 0,5 N hydrochloric acid, respectively, 
the solution is evaporated and the amount of the cations is determined com-
plexometrically. The data obtained in this way are shown in Table 2. 

It follows from the above that the occasional zinc content of manganese 
ores can be separated from the other cations and then determined, as follows: 

1. 50 ml aliquots (if greater amount of zinc are expected) of the stock 
solution prepared by dissolving the manganese ore sample (as described in the 
introductory paper quoted above) are evaporated, the residue is taken up by 
0,5 N hydrochloric acid and the solution is let pass through an anion exchanger 
Amberlite IRA—400 treated formerly with 0,5 N hydrochloric acid. Then the 
column is washed with 5X20 ml of 0,5 N hydrochloric acid. Zinc remains 
in the bed, the other components being present in the effluent. 

2. The collected effluent and wash liquid is evaporated in order to 
remove the excess of acid. Afterwards, the residue is taken up by water, 0,05 
M EDTA is added in excess of known amount, the p H is adjusted to 3,5, 
and the solution is introduced into a cation exchanger Wofatit KPS—200 for 
separating the other cations (see the first paper). 

3. The anion exchanger is washed first with 10 ml of water, then with 
20 ml of ammonium-ammonium chloride buffer diluted 1:1, finally with 
3X10 ml of water. The amount of zinc in the eluate (diluted to 100 .ml) is 
titrated by 0,05 M EDTA solution using Erioblack T as indicator. 

(If a low zinc con ten t is expected , it is adv isab le to p repa re the stock so lu t ion a 
pr ior i , in such a w a y t h a t it should be 0,5 N f o r hyd roch lo r i c acid, a n d the w h o l e stock 
solut ion is let pass th rough the anion exchanger . This t ime the zinc con ten t of the whole 
weighed sample wil l concen t ra te in the anion exchanger . T h e anion exchange bed washed 
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T A B L E 2. 

Meta ls , in mg, a d d e d in to the anion exchanger using 

0,5 N hydroch lor ic acid 2 N hydroch lo r i c acid 

and de te rmined in the e f f l uen t solut ion 

A d d e d De te rmined A d d e d De te rmined 

Fe 27,42 27,31 
27,26 
27,17 

27,73 27,73 
27,67 
27,65 

Fe 27,42 

27,25 

27,73 

' 27,68 

Al 13,29 

13,35 
13,34 
13,33 

13,17 13,22 
13,22 
13,22 

Al 13,29 

13,34 

27,08 
27,08 

13,17 13,22 
13,22 
13,22 

Mn 27,11 

13,34 

27,08 
27,08 

27,39 27,25 
27,30 
27,36 
27,30 

Mn 27,11 

27,08 

27,39 27,25 
27,30 
27,36 
27,30 

C a 10,20 10,18 
10,16 
10,20 

20,10 20,08 
20,12 
20,14 

C a 10,20 

10,18 

20,10 

20,11 

Mg 6,08 6.14 
6.15 
6,13 

12,18 12,18 
12,19 
12,18 

Mg 6,08 

6,14 

12,18 

12,18 

with 0,5 N hydroch lo r i c acid and the e f f l uen t is evapo ra t ed for removing of the bulk of the 
cxcess of acid. T h e r e a f t e r , the residue is taken u p and poured into a 500 ml measur ing flask 
a n d f i l led up to the m a r k . F rom this solution a l iquots of 50 ml are in t roduced into a cat ion 
exchanger W o f a t i t KPS—200 . ) 

2. D e t e r m i n a t i o n of t i t a n i u m 

The influence of the presence of Ti on the set of analyses is worth of 
consideration, because minimal amounts of Ti. may be present in manganese 
ores, too, due to the admixture of accessory mineral components, and also 
because the analytical process developed for manganese ores can certainly be 
applied, mutatis mutandis, to silicate analyses as well. 

The presence of titanium raises the following questions: 
a) Does titanium, during the separation outlined in section 1, pass into 

the effluent solution, together with iron and aluminum? 
b) Is in the presence of titanium that precision method applicable to back 

titration of excess of EDTA which proved good in presence of iron + auminum? 
c) Which method can be used most advantageously for the determination 

of titanium? 
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a) The influence of the presence of titanium on the analytical process 

The solution used in the experiments contained merely titanium (1 ml = 
— 0,195 mg Ti0 2 ) . In one set of analyses 0,05 M EDTA was given in known 

«xcess to aliquot parts of 10 and 25 ml, respectively, taken from the stock 
solution. Thereafter, the solution was adjusted to p H 5,6 by means of hexa-
methylenetetramine and the excess of EDTA was titrated back by 0,05 M 
zinc acetate solution against xylenolorange indicator, determining in this way 
the ml-s of EDTA equivalent with the titanium present. In the other set of 
analyses similarly 10 or 25 ml aliquots of Ti solution were taken and adjusted 
to p H 3,5 by acetate buffer. After the necessary excess of EDTA was added 
to the solution, it was let pass through a cation exchanger Wofatit KPS—200. 
As the excess of EDTA in the effluent solution was titrated back under the 
circumstances described above, the amount of titanium was similarly deter-
mined. The results are summarized in Table 3. 

T A B L E 3. 

T i 0 2 mg 
calculated 

T i 0 2 de t e rmined in a l iquot 
p a r t s of stock solution by back 

t i t r a t ion of the excess 
of E D T A 

mg 

T i 0 2 passed t h rough ion 
exchanger , de t e rmined in e f f l u e n t 

solut ion by t i t r a t i ng back 
the excess of E D T A 

mg 

1,95 mg 

1,87 mg 
1.91 
1,95 
1.95 
1.92 mg —0,03 

1,96 mg 
1,83 
1,87 
1.87 
1.88 mg —0,07 

4,87 mg 

5,07 mg 
5,03 
4,95 
4,95 
5,00 mg + 0 , 1 3 

4,87 mg 
4,87 
5,03 
4,97 
4,93 mg- + 0 , 0 6 

The above results show, on the one hand, that under the above circum-
stances the titanium content of the solution introduced into the cation ex-
changer Wofatit KPS—200 passes completely into the effluent together with 
iron and aluminum, on the other hand, that in the effluent the excess of EDTA 
can be readily titrated back by zinc acetate solution against xylenolorange 
indicator at p H 5,6, even if Ti is present. End point is just as sharp as in 
presence of iron+aluminum. 

Consequently, titrating back the excess or EDTA in the effluent in pre-
sence of F e + T i + A l , one determines the quantity of EDTA equivalent to the 
sum of the three cations, and the method of analysis need not be modified 
because of the presence of Ti, at least as far as separation is concerned. The 
only difference is that we have to take into consideration, besides the expected 
amount of iron and aluminum, that of Ti as well, in order to assess approxi-
mately the amount of EDTA to be added to the solution for avoiding the use 
of an unnecessarily great excess: 
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b) Possibilities of the determination of titanium in the effluent 

In his book PRIBIL [1961] refers to one of I. SAJO'S papers [1954] according; 
t o which Fe + Ti + Al can be de te rmined in such a w a y tha t f i rs t the a m o u n t of 
0,05 M E D T A equ iva len t to t h a t of Fe + Ti + Al is de t e rmined by t i t r a t ing back the-
excess of E D T A of k n o w n q u a n t i t y added to the a l iquot p a r t of solution and 
then 10 ml of 1 0 % d i a m m o n i u m h y d r o p h o s p h a t e solution (conta in ing per liter 20 ml 
hydroch lor ic a c i d . o f 1,12 Sp.g.) is a d d e d to the solut ion. A few minutes la ter , t i t a n i u m 
precipi ta tes in f o r m of t i t an ium phospha te and an equ iva len t a m o u n t of E D T A is released. 
This la t te r is, in ' tu rn , t i t r a t ed back by 0,05 M zinc ace ta te solution and ' the a m o u n t of 
t i t an ium is thus de te rmined . The rea f t e r , 30 ml of sa tu ra ted , neu t ra l N a F solution is added 
to the solut ion, so; t h a t an a m o u n t of E D T A equiva len t t o a luminum is released, which is: 
also t i t r a t ed back by zinc acetate , de te rmin ing in this w a y the a m o u n t of a luminum. T h e 
a u t h o r r e f e r r ed to above observed a f luc tua t ion a r o u n d 0,2 mg of the values obta ined while 
de te rmin ing a luminum. 

The above method was first tested on Ti solution. In doing so, to the 
solution with known Ti content 0,05 M EDTA was added in excess which: 
was titrated back (see results of titration in Table 3), then the required di-
ammonium hydrophosphate solution was added to the former and a few 
minutes later the amount of EDTA released, equivalent to Ti content, was 
titrated. The results are shown in Table 4. 

T A B L E 4. 

Amou/ i t of t i t a n i u m (TiC>2 mg) as de te rmined by t i t r a t ing back the a m o u n t of 0,05 M E D T A . 
released on a d d i n g a m m o n i u m phospha te a f t e r back t i t r a t ion of the excess of 0,05 M E D T A . 

T i 0 2 mg 
calc. 

In a l iquot pa r t s of 
stock solution 

In a l iquot p a r r of 
solution passed 

th rough exchanger 

1 , 9 5 mg 

1 , 9 5 mg 
1 , 9 9 
1 , 9 5 
1 . 9 5 

1 . 9 6 mg + 0 , 0 1 

1 , 9 5 mg 
1 , 9 1 
1 , 8 7 
1 , 8 3 

1 , 8 9 m g — 0 , 0 6 

4 , 8 7 mg 

4 , 9 1 mg 
4 , 8 3 
4 , 8 3 
4 , 8 7 

4 , 8 3 mg 
4 , 9 1 
4 , 8 7 
4 , 7 9 4 , 8 7 mg 

4 , 8 6 mg — 0 , 0 1 4 , 8 5 m g — 0 , 0 2 

The above analyses certainly suggest that if ammonium phosphate is: 
added, exact results can also be obtained by titrating back the amount of 
EDTA released from the Ti-EDTA complex. We wonder, however, if similarly 
reliable results can be obtained in cases when both titanium and aluminum 
are present. For this very reason, we added the necessary excess of EDTA to-
aliquot parts of stock solution containing known amounts of aluminum, after-
wards, at p H 5,6, we titrated back the excess by 0,05 M zinc acetate solution, 
against xylenolorange indicator, determining thereby the amount of aluminum 
(see Table 5, values a). Thereafter, 15 ml of 10% solution of diammonium 
hydrophosphate was added to the solutions. As shown by Table 5, with 
increasing aluminum content, increasing amounts of EDTA were released 
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although no titanium was present. In other words, it seems that if both titanium 
and aluminum. are present, the separation of titanium by ammonium phos-
phate-and by titrating back of the released EDTA is not altogether unambiguous 
— at least not under the present experimental conditions —, as some aluminum 
is also precipitated and an equivalent amount of EDTA is also released, which 
are both titrated back during the back titration of the released amount of 
EDTA equivalent to Ti. The values x in Table 5 give the amounts of alumi-
num precipitated at an increasing rate with increasing aluminum content. The 
next step is to add 30 ml of saturated NaF solution to the former. Aluminum 
precipitates then as cryolite. The amount of aluminum is determined by titrat-
ing back the released amount of EDTA. The results are represented by values 
y ¿n Table 5. As shown by these data, they fall short of the values a determined 
for A1 by back titration of excess of EDTA, whereas the sum of the values 
jc-\~y show a very good agreement with both the calculated amounts of alu-
minum and the values a (determined by back titration of excess of EDTA). 
The differences between the values obtained by back titration and those cal-
culated are, except for a few measurements, less than 0,1 mg, whereas the 
measured amounts (y) of aluminum fall by 0,15—0,30 mg short of the calculated 
values even in presence of 10—20 mg Al. This stands to reason, since this 
lacking amount of aluminum precipitated as early as during the treatment by 
ammonium phosphate and the equivalent amount of EDTA had already been 
titrated back, which, in turn, caused a + error in the determination of Ti. 
Presumably, this is the reason for the fluctuation of values around 0,2 mg, 
a fact pointed out in I . S A J O ' S paper, too. 

T A B L E 5 . 

AL X y x+y/a x + y / c o m p . 
compu ted 

AL in mg 
-VT J A A 

1 , 3 4 8 1 , 3 6 0 , 0 8 1 , 2 6 1 , 3 4 — 0 , 0 2 — 0 , 0 0 8 
2 , 6 9 6 2 , 6 4 0 , 0 9 2 , 5 7 2 , 6 6 + 0 , 0 2 — 0 , 0 3 9 
6 , 7 4 0 6 , 7 5 0 , 1 5 6 ; 5 9 - 6 , 7 4 — 0 , 0 1 0 , 0 0 0 

1 3 , 4 8 0 1 3 , 4 0 0 , 1 9 1 3 , 2 1 1 3 , 4 0 0 , 0 0 — 0 , 0 8 0 
2 0 , 2 2 0 2 0 , 2 4 0 , 2 8 1 9 , 8 9 2 0 , 1 7 — 0 , 0 7 — 0 , 0 5 0 

1 , 3 4 8 1 , 3 5 0 , 0 5 1 , 2 7 1 , 3 2 — 0 , 0 3 — 0 , 0 2 8 
2 , 6 9 6 2 , 6 7 0 , 0 5 2 , 6 3 2 , 6 8 + 0 , 0 1 — 0 , 0 1 6 
6 , 7 4 0 6 , 7 1 0 , 0 9 6 , 5 8 6 , 6 7 — 0 , 0 4 — 0 , 0 7 0 

1 3 , 4 8 0 1 3 , 4 2 0 , 1 5 1 3 , 2 5 1 3 , 4 0 — 0 , 0 2 — 0 , 0 8 0 
2 0 , 2 2 0 2 0 , 2 2 0 , 2 0 1 9 , 9 8 2 0 , 1 8 — 0 , 0 4 — 0 , 0 4 0 

1 , 3 4 8 1 , 3 5 0 , 1 2 1 , 2 1 1 , 3 3 — 0 , 0 2 — 0 , 0 1 8 
2 , 6 9 6 2 , 6 4 .. 0 , 0 ? 2 , 6 9 2 , 7 8 + 0 , 1 8 + 0 , 0 8 4 
6 , 7 4 0 6 , 7 2 • • 0 , 1 6 6 , 5 5 6 , 7 1 — 0 , 0 1 — 0 , 0 3 0 

1 3 , 4 8 0 1 3 , 4 1 0 , 2 1 1 3 , 1 3 - 1 3 , 3 4 — 0 , 0 7 — 0 , 1 4 0 
2 0 , 2 2 0 2 0 , 3 0 0 , 2 9 1 9 , 8 7 2 0 , 1 8 — 0 , 1 2 — 0 , 0 4 0 

The values x and y and their divergences from values a and from the 
values computed, as shown in Table 5, suggest that during separation by 
ammonium phosphate some aluminum also precipitates together with titanium, 
a n d therefore the amount of EDTA released this time is greater than would 
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correspond to the actual titanium content (a positive error in Ti determination), 
and that just as much less is the amount of aluminum determined by back 
titration after precipitation by N a F (a negative error in A1 determination). The 
aforementioned error increases with increasing amount of aluminum, as 
illustrated by Fig. 1, too. In this figure, we plotted, on the ordinate, those 
values of 0,05 M EDTA which had been released (amounts epuivalent to 
aluminum separated) on treatment by ammonium phosphate, while on the 
absciss we plotted the ammounts of 0,05 EDTA released on subsequent treat-
ment by NaF. The sum of the two values is equivalent to the actual amount 
of aluminum present. 

ml EDTA 

2 * 6 8 10 12 14 16 ml 0,05 M £DTA - . 
titrated back after treatment 

with (MH4)2 HPO, tlaF 

Erro r to be correc ted in de te rmin ing t i t an ium and a luminum one a f t e r ano the r 

Considering the above, once F e + T i + A l (supplied into he effluent in the 
course of the applied set of analyses) are separated from the other cations, 
two possibilities offer themselves for determining separately the amount of 
iron, titanium, and aluminum. 

The first one is that after the number of milliliters of 0,05 M EDTA 
equivalent to the total amount of the three cations present is determined by 
back titration of the excess of EDTA in the effluent, the excess is titrated 
back at p H 5,6 by 0,05 M solution of zinc acetate using xylenolorange indicator 
and to the solution 15 ml of 10% solution of diammonium hydrophosphate 
is added. After a few minutes of delay (pH being readjusted, if necessary, and 
some indicator added, again, to the solution), the amount of 0,05 M EDTA 
released is titrated. In presence of A1 we take off therefrom the amount of 
correction dependent on the amount of Al, to be read off Fig. 1, so that the 
number of milliliters thus obtained will be equivalent to the amount of Ti 
present. Afterwards, 30 ml of saturated, neutral solution of N a F is added to 
the solution and the EDTA milliliters released are re-titrated at p H 5,6. The 
figure obtained being corrected as mentioned previously, we obtain the number 
of milliliters of 0,05 M EDTA equivalent to the actual amount of aluminum. 

The second approach is that again the amount of 0,05 M EDTA corres-
ponding to the total amount of Fe + Ti + Al is determined by back titration of 
the excess of EDTA in the effluent, but the effluent solution itself is not used 
for any further determinations. However, in the 50 ml aliquot taken from the 
original stock solution we determine, on the one hand, the iron content and 
the equivalent amount of 0,05 M EDTA, on the other hand, photometrically 
the amount of TiOa present and that of 0,05 M EDTA corresponding to it. 
Afterwards, these milliliter values are taken off, one by one, from those of 
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0,05 M EDTA determined earlier equivalent to the sum o f . T i + A l + F e and 
the amount of aluminum is thus obtained. 

These facts are so much the more worth of consideration, as the analytical 
process hitherto developed applies not only to manganese ores in which the 
presence of either iron, or titanium, or aluminum (particularly that of these: 
latter two) is merely incidental due to admixture of various accessory minerals,, 
but it can be used for the analysis of rocks as well. And, as regards these lat-
ter, here we always must reckon with aluminum and titanium contents higher 
than in the case of manganese ores. Still, the higher the aluminum content* 
the greater the error. 

C O N C L U S I O N S 

1. In the analysis of manganese ores the zinc con ten t can well be separa ted f r o m the' 
o ther components , if the solut ion (0,5 N for HC1) is pe rco la ted t h rough the anion e x c h a n g e r 
Amber l i te I R A — 4 0 0 and if a f t e r w a r d s the column is washed wi th 0,5 N hydroch lo r i c acid. 
The e f f l u e n t wil l conta in the o the r catioms which can be separa ted f r o m each o ther on ca t ion 
exchanger W o f a t i t K P S - 200 by using the techniques deve loped ear l ier . Us ing a m m o n i u m -
ammoniumch lo r ide solut ion, zinc can be e lu ted f r o m the anion ecxhanger a n d immedia te ly 
t i t ra ted in the eluate . The co lumn can be regenerated by 0,5 N hydroch lo r i c acid. 

2. a ) T h e ana ly t ica l process using ion exchangers deve loped fo r the separa t ion of 
F e - A l - M n - C a - M g can be app l ied in presence of t i t an ium, too, as T i wil l comple te ly pass-
into the e f f l uen t solut ion, toge ther w i th iron and a luminum. 

b) The sum of the amoun t s of iron + t i t an ium + a l u m i n u m in the e f f l u e n t can be 
exact ly de te rmined by back t i t r a t ion of the excess of E D T A , at p H 5,6, using z inc acetate-
solution against xy leno lo range ind ica tor . 

c) The sum of iron + t i t an ium + a luminum and the equ iva len t a m o u n t of 0,05 M E D T A . 
respectively, in the e f f l uen t being k n o w n , we can de te rmine each of them successively. First 
Ti is de te rmined by separa t ing w i t h ammonium phospha t e a n d measur ing the a m o u n t of 
E D T A released, then a luminum by separa t ing wi th N a F a n d t i t r a t i ng t h e e q u i v a l e n t E D T A 
released according to I. SAJO'S m e t h o d , w i th the d i f f e rence t h a t t i t r a t i on is p e r f o r m e d at. 
p H 5,6 and xy leno lorange is used as indica tor . H o w e v e r , as shown by o u r measuremen t s , 
in successive de te rmina t ions increasing a luminum conten t is accompan ied by increasing e r ro r . 
In fac t , t i t an ium contents g rea te r and a luminum conten ts smaller t h a n the ac tua l a m o u n t 
are de te rmined . A t A1 contents of 2 — 3 mg the e r ror is still negligible, bu t in presence-
of 20 mg of A1 it is as grea t as 0,3 mg. T h e use of cor rec t ions pe r mi t s t o e l iminate the-
error and the results thus ob ta ined are a l ready sa t i s fac tory . The d ivergence of the corrected^ 
a luminum contents f r o m the compu ted ones is -0,039 mg, in the mean . 

The author expresses his gratitude to Mrs. I. K I S P É T E R , his co-worker, 
who performed a great number of routine determinations. 
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