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_
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a7 pH M
(18)
pMs logKwm loga H(I) a8y
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f pM pM
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Kmy Kwmr
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pH55
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) |
1.000g
|
0.5g
|
5mg
2ml 10ml
50ml X0 2 3
EDTA
Table2
2ml

3ml
5ml

Table 2 Influence of the addition of the
sodium citrate (1)

Zn, mg Citrate, m{ EDTA, ml
5.0 0 7.53
5.0 0.2 7.53
5.0 05 7.53
5.0 0.8 7.53
5.0 1.0 7.53
5.0 2.0 7.53
5.0 3.0 7.54%
5.0 4.0 7.54%
5.0 5.0 7.54%*

* Confirmation of end point is slightly obscure
** Confirmation of end point is fairly obscure

Table3 100
4
3mi

10 1ml

Table 3

Table

0.3mg
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Influence of the addition of the

sodium citrate (2)
(Synthetic solutionZn Fe AI=100 4 4)

Zn, mg

citrate, mi

EDTA, ml

(S IS, IS, IS, I) IR, IR

cooooo o

0.3

S N RSy
coboow

7.63%*
7.59*
7.53
7.53
7.54
7.53%
7.53*

* Color transition occurs after the end point

**Color transition fairly occurs after the end point

Table 4 Masking effect of sodium citrate on
iron and aluminum ions
Co-exist ion Taken Zn EDTA Zn, Found

(mg) (mg) (ml) (mg)

Al (W) 0.2 5.0 7.54 5.0
0.3 5.0 7.53 5.0
0.4 5.0 7.54 5.0,
0.5 5.0 7.54 5.0

Fe (M) 0.1 5.0 7.54 5.0
0.2 5.0 7.54 5. 0p
0.3 5.0 7.59* 5.0,
0.4 50 >7.6%* 5. 0g
0.5 50 >7.8** 5.2

* Itis difficult to identify the colour change

** Itis very difficult to identify the colour change

Table5 Table6
Table 5 Analytical results of Zn in synthetic
sample
No. Zn:Al :Fe:Pb Zn Taken EDTA Zn Found
(mg) (ml) (mg)
1 100:4:4:2 5.0 7.53 5.0
2 100:3:4:3 5.0 7.54 5.0,
3 100:6:5:3 5.0 7.53, 5.0
6 o
0.07

M 102M N 10 “M Y 10 2M
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Table6 Analytical results of zinc dross

Sample Presented method, Zn % Another method®Zn %
A 98.3 98.0
B 96.7 96.1
C 89.5 89.2
D 95.6 95.5
E 94.6 9.1
F 90.9 90.9

After forming precipitation of ZnS by HS, the precip

itate is decomposed with acid, and determined by

&

log aM(Cit)

chelatometric method

A 102M | 10 M 8y
fy f M (Fig ) Fig

pM
2
Fig
X0

¢ 09 f 09 10
-

Z pY

p=4

(=%
12 1
10 +
.
.

1 1 L 1 1 i 1
0.6 0.8 1 1.2 1.4
f
Fig.1 Titration curves

Zn 2x10 3, Citrate 4x10 2

Fe 2x10 4 pH 55
Al 2x10 4,

pH
EDTA
Koo = Kuy
My aM (A) - aH(Y)
Ky a M(A)
a H(Y) pH A Y A
ARingbom appendix
Kre ()y Kar, vy Kar v
104 10 100
107
Fe( ) Al
Zn
Fig 2 3
(1) di (22 d2
ny 109 Cw 10 2 Kwmi
AN(Ci
201 (ci) Fe( I (Cit)
18}
16F
Zn(Cit)
14+
12}
10F
sk
6k
ok
2 .
2 4 6 8 10 12 pH

and pH
A Citric acid

Fig.2 Relationship between log a M (A)
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)= (Y)' Kyv +1 (36)
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1 10 (Phen) 5
EDTA 0.01M
(XO) 01
(TEA) 10 (viv)
10
() 10
0.01M
0.01M
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()
EDTA
pH5.5
XO
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phen
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(bml)

mi TEA 2ml N
pHI2 13 e
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pH13 - pH7 -

pH3 4 - pH1 2
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EDTA
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Table7

Influence of concentration of “ Phen”

Taken metal ion(mg) Added Phen Found (mg)
Zn Al (m) Zn Difference Al Fe()
5.00 1.00 .00 0.7 4.75 —0.25 1.11
5.00 1.00 .00 0.8 4.77 —0.23 1.04
5.00 1.00 .00 1.0 4.93 —0.07 0.95
5.00 1.00 .00 15 5.09 +0.09 07
5.00 1.00 .00 2.0 5.12 +0.12 1.04
10.00 2.50 .50 2.0 10.27 +0.27 2.5
9.80 5.34 10.50 2.0 9.80 - 10.50
9.80 5.34 10.50 2.0 9.80 - 5.50
9.80 13.35 26.31 1.8 9.64 —0.16
9.80 13.35 26.31 1.5 9.58 —0.22 13.41
Tahle8 Influences of the additions of sodium salicylate and TEA
Taken metal ion (mg) Added masking reagent (m!) Found (mg)
Al Fe () Salicylate TEA Fe Difference
1.00 0.50 1.0 1.0 0.50 -
2.00 0.50 2.0 2.0 0.49 —0.01
3.00 0.50 3.0 3.0 0.50 -
4.00 0 4.0 4.0 0.53 +0.03
1.00 1. 1.0 1.0 1.00 -
1.00 1. 2.0 2.0 1.01 +0.01
1.00 1 3.0 3.0 1.01 +0.01
1.00 1. 10.0 10.0 1.01 +0.01
2.00 2.00 1.0 1.0 1.98 —0.02
2.67 2.63 | 3.0 3.0 2.66 +0.03
2.67 2.63 ‘ 0 0 3.14 -0.5
Phen iml 2ml
Table9 Tablel0
TEA
R. Pribil ()
TEA
pH Tablell
2 Table8 Tablel2
TEA
()
(34) (35) (36)
Table 9 Influence of the addition of the Fig4 (1)
fluorine ion Cvw 10 2 Cvw 10 3
Taken (mg) Found (mg) Fig4 (2
Al Fe NaFsoln.(m{) Al Difference o XO
2.67 2.63 0.5 2.38 —0.29 N c
2.67  2.63 1.0 2.68 +0.01 M
2.67 2.63 1.5 2.7 +0.04 10 2 0.01 Cv 103 0.01
2.67 2.63 2.0 2.70 +0.03
267 2.63 2.5 2.77 40.10 N Cw 10 2 0.01 Cwm
2.67  2.63 3.0 3.16 +0.49 10 3 0.2
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Phen pH5.5
a M(Phen)  Phen Fig.6 Cu: 1077 - 10
Phen 0+
Al  Phen pY \ /’}N
Tablel3 Phen
Phen 10 2
()
Phen 10 25 10 3

Cy: 1072 \ //

pY \
s 10k pN L L
a2 - _ 1 1
= 4 F/' f f
a.
Fig.4 (2) Back titration curves of solution
e e - .
r contaning Fe3 AR and Zn2
N N La
| !
!
AN j
4
. -~
,/} Cpi 1072 102
< > 10k
2
Z
2

| l
1 1
f f

Fig4 (1) Back titration curves of solution

containing Fe3 AR and Zn2 5
N Pb
Phen Y
Fig 5 . T
£ £
Phen 10 25 pH5.5 Cwm (1) (2)
102 0.01 Cu 103 0.04

Fig.5 Back titration carves after “Phen” added
N Pb
Fig 7 pH55 F  aM®F)

Tablel4 Phen
Tablel5 Phen

F Kv v Table1l4



()

Fig 8 Phen
Table15 F 10 2
F 10 2 pH55 Cm 10 2
Table 10 Influence of temperature
Taken (mg) temperature * Found (mg)
Al Fe(l NaF (ml) T Al Difference
2.67 2.63 15 20 0.78 —1.89
2.67  2.63 15 50 1.60 —1.07
2.67 2.63 15 75 2.45 —0.22
2.67 2.63 15 100 2.70 +0.03

*After constant temp. for five minutes, titration at room temperature

Table 11 Analytical results

Sample Presented method (%) Another method
Zn Al Fe Zn Al Fe
A 89.4 6.81 1.86 89.5
A 89.4 6.90 1.55 89.5
B 2.72 av. av. av.
B .9 0.50 2.75 } 94.6 0.45 2.68
B 94.9 0.50 2.67
C 1.20 3.40 av.
C 1.20 3.40 } 95.6
C 9.3 1.20 3.40

Table 12 Results of recovery test

Sample Taken (mg) Analytical result (mg) Recovery result (mg)
weight (mg Al Fe Al Fe Al Fe
B 12.00 1.00 1.00 1.06 1.00
B 12.00 1.00 1.00 1.32 1.00
C 5.00 0.50 0.50 0.56 0.50
C 5.00 0.50 0.50 0.67 0.50
Table 13 Influence of concentration of “Phen”
(Phen) (M) 107 107 10-%* 10°° 10
logaFe (Phen) 1 8.1 6.6 5.1 2.1
logeAl (Phen) - - - - -
logeZn (Phen) 1 1 95 8 5
logePb (Phen) 6 3.8 3.0 2.2 1.1
logKeer v 3.7 6.6 8.1 9.6 12.6
logKa1 v 10.0 10.0 10.0 10.0 10.0
logKzn v —3.2 —0.2 1.3 2.8 5.8
logKe s v 6.3 8.5 9.3 10.1 11.2
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0.01 Cm 10 3 0.2
Fig9 Fig8 Phen
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Fig.6 Relationship between loga M(Phen) and
log Phen
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A
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Fig.7 Relationship between loga M(F ) and
log F
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pN
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f f f f
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Fig.9 Back titration curves after F added and effect of the sort of “N”
(1)Pb Pb (2)La Pb (3)Pb Pb La (4 La La

Table 14 Influence of concentration of F on Kwv'v
(1) with “Phen”

(Phen) =107° (Phen) =107*
F): 107! 10°* 10°° 107 10°° 10°*
ligeFe (F~) 8.9 6.0 2.7 8.9 6.0 2.7
logeAl (F-) 14.5 9.9 5.8 14.5 9.9 5.8
legaZn (F7) - - - - - -
ligaPb (F~) - - — - —
l0gKee: v 0.7 3.6 6.9 3.7 6.6 9.9
lOgKM‘Y' —4.2 0.1 4.2 —4.2 0.1 4.2
logKz 0 v 28 2.8 2.8 5.8 5.8 5.8
10gKeo v 10.1 10.1 10.1 11.2 1.2 11.2
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Table 15 Influence of concentration of F  on M
Kwm'y ()
(2) without “Phen”

(F): 107" 10 107
logaFe (F-) 8.9 6.0 2.7
logeAl (F-) 14.5 9.9 5.8
logeZn (F~) — —
logaPb (F~) — - - EDTA
logeLa (F~) 17.0 0.7 -
0EKee v 5.8 8.7 12.7
ngKu'y' —4.5 0.1 4.5
10gKzn v 10.8 10.8 10.8
logKe o v- 12.3 12.3 12.3 #
logKea v 8.0 9.0 9.7
G.
Schwarzenbach
C.N.Reilley A.Ringbom
) v
O) EDTA(NY) NY
Cvw 2
NY 2Cvm Cn
Cn  NY N ' (37)
EDTA
Cu MY M ' (38)
Cv NY MY Y ! (39)
MY 38
. (38)
2 _ Cu (WIKuy
, MY) =95k, +a () (40)
__C.(Y)Ky
NY) = Ky T2 ) (41)
(39) (40) (41) ) N
(. = _ Cy +aM Cy-a(N
C2e=0C T IR, (VK
+ (Y) 2H(Y) (42)
f
P Cya (M) _
CN_CM (cN_CM) [YJKMY
(43)
() Cy - a(N) + (Y)eH (Y)
(CN_CM ) [Y] KNY CN—CM
. (43)
NY M<—<— MY N
YJK YK,
KN’ Y' 103 1{ ]1 MY [ ]K Y CM (44)
pN Cn Kyy 108 o )
- Cy raM 2Cy - a(N) | x
o = :
Cv Kvy 10 (Yle.r Kuy - aH(Y) " Ky - aH(Y) 45)
@) 49 Y

() N



N M
NY @37 pH2 EDTA 0.05g
N —— G pH5.5
T Kw (Y +a(N) (46) X0 0.01IMEDTA
Tablel16
Tablel7
) = v b -
Y (46) (47) N M
N M 26
9N
9N
EDTA
Tablel6 Recovery of Pb in synthetic sample
Taken(mg) Found(mg )
Stanley Yamamura Pd Au P4 Difference
EDTA 2.64  1.84 2.65 +0.01
35 2.5 1.8 2.59 0
413 2.89 4.13 0
527  3.69 5.30 +0.03
8.43  5.90 8.43 +0.05
10.05 7.34 10.14 +0.09
0.01M 0.05sM EDTA
0.1 X0
Tablel7 Analytical results
EDTA , “Pa®) A (%)
Sample No. A B B
s 1 63.51 av. av.
87g 150ml A 2 63. 86 63.55 36.45
EDTA 2Na745g 1.6l B A 3 63.53
B pH5 7 4 63.57
i %0 5 63.58
EDTA o 0.09
A Presented method
pH7 B Atomic adsorption method
2
EDTA 4N 0.5N
EDTA
Table18
Table19
Rhoda %
2N
1.77M 65

30
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Tablel 8 Recoveries of Ni and Fe in synthetic

solution
Taker'mg) Found( mg)
Ni Fe i e
3.30 1.26 3.39 1.25
3.30 2.51 3.28 2.50
3.30 5.02 3.29 5.05
Tablel9 Typical results, Ni  Fe alloys
Sample Ni % Fe %
A 46.95 49.17
B 46.30 49.35
C 43.21 26.53
o (7times) Ni  0.14
Fe 0.17
1.77TM 65
25N 0.5M
Brass ingot Table20
PAN pH4
EDTA
XO pH55 EDTA
EDTA

Table 20 Analytical results of brass ingots

Sample Cu% Zn%
No B A B
1 67.80  67.79 30.40 30.36
2 67.30  67.26 27.67 27.64
3 67.55 67.52  31.26  3..25
4 68.59  68.57 29.97 29,94
5 66.50  66.45 32.19 32.21
6 67.66  67.64 30.57  30.55
7 67.61  67.71 32.82  32.80
8 68.33  68.31 30.56  30.54
9 67.39  67.37 3404 34.00
10 67.91  67.86 32.61 32.59

o (8 times) by the presented method

Cu: 0.06, Zn: 0.07
A Presented method
B Direct titration method

pH5.5 X0
Kpay (1018 5) Fig 10 EDTA
Fig 11
EDTA
Table21 du d2
EDTA EDTA
Cv 103 (0]
0.9
pM
Cwm
10 2
Fig.12 EDTA
Fig.13 () EDTA
12}
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Y P
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g it
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24
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a
Fig.10 Substitution titration curves of Pd using

Ce EDTA and transition range of
indicator (XO) pH 55
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d1 d2
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Cre 10 2
Cre 10 3
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Cga 10 2 10 3 Fig 14
EDTA Fig 15 EDTA Fig 16
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Fig.11 Substitution titration curves of Pd using
La EDTA and transition range of
indicator (XO) pH 55
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Fig.12 Substitution titration curves of Ni using
Ce EDTA and transition range of
indicator (XO) pH 55

Table 21 Sharpness of color change at eq. pt.

Metal MY Cu logf, — logf,—logf, -f,
ions

Pd CeY .10 1.3 6.4 1.7
Pd CeY 107 2.3 6.4 8.7
Pd LaY 10~ 1.8 55 7.3
Pd LaY 107 2.8 55 8.3
Fe () CeY 10°° 1.3 6.1 7.4
Fe () CeY 107 2.0 6.1 8.1
Ni CeY 107 1.3 6.1 7.4
Ni CeY 107 2.3 6.1 8.4
Ba ZnY 107 1.9 3.5 5.4
Ba ZnY 107 2.9 3.5 6.4
Ba MgY 107 3.8 1.4 5.2
Ba MgY 107 4.8 1.4 6.2
Ba MnY 10~ 4.6 5.0 9.6
Ba MnY 107 5.6 5.0 10.6
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a
Fig.13 substitution titration curves of Fe( )
using Ce EDTA and transition range
of indicator (XO) pH 55
Table21 EDTA
EDTA
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EDTA da
d2 Fig 16
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Fig.14 Substitution titration curves of Ba
using Zn EDTA and transition range
of indicator(BT) pH 11
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Fig.15 Substitution titration curves of Ba using

Mg EDTA and transition range of
indicator (BT) pH 11
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indicator (BT) pH 11

EDTA
()

EDTA

EDTA EDTA

EDTA
EDTA

Substitution titration curves of Ba using
Mn EDTA and transition range of

MgNH4PO
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pH
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pH1 2
0.01M
pH
10 11
(TPC)
0.01M EDTA

Tadle 22 Relationship between the amounts of
added barium ion and recovery of
sulphate ion by the indirect titration

Added 0.0IM Used 0.01M  Taken Found Difference
BaClL soln. EDTAsoln. SO}~ SO

(m1) (m1) (mg)  (mg)

15 5.80 9.15 9.42 +0.27

18 8.86 9.15 9.55 +0.40

20 10.94 9.15 9.58 +0.43

25. 16.14 9.15 9.70 +0.55

30 21.35 9.15 9.81 +0.66
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Table 23 Influence of coexistent ions on the Table26 Infuence coexistent ions on the indirect
indirect titration titration
Coexistent Added 0.01M Taken Found Coexistent Added 0.01M Taken Found
fon BaCl, soln. S0% SOF, jon Pb (NO,),soln.  SO% S0
(M/2) (m 1) (m1) (mg) (mg) (m 1) (mg) (mg)
Fe(ll) 107 20 9.15 9.52 Fe() 0.2 50 22.89 33.19
107 20 9.15 9.7 L7 50 22.89 23.65
10 20 9.15  Difficult 8.4 50 22.89 23.47
Al 10~ 20 9.15 9.53 17.0 50 22.89 23.28
10 20 9.15 9.53 Ce~ 0.1 50 22.89 23.34
2 X107 20 9.15 9.73 10.6 50 22.89 23.19
NO; 107 20 9.15 9.17 106.0 50 22.89 23.28
10-? 20 9.15 8.65 Ae 0.8 50 22.89 23.19
8.1 50 22.89 17.25
81.0 50 22.89 Difficult
CN- 10" M 50 22.89 23.10
Table 24 Recovery of sulphate ion by the indirect 107 50 22.89 2.19
L 2 . 23.28
titration 10 50 2.8
Added 0.01M Used 0.0IM Taken Found
BaCl, soln. EDTAsoln. S0i- SO
(m1l) (m1) (mg) (mg) Fe( )
8 348 4,58 4.67 Cl CN
25 6.20 18.31 18.93
35 6.62 27.46 24.%4
55 7.70 45.77 47.13
100 5.57 45.77 47.02
0.01M
Table22 24
Table 27 Recovery of chromate ion by the indirect
titration through lead ion
Added 0.01IM Used 0.0lM Taken Found Difference
Pb (NO,),soln. EDTAsoln. CrO0#  CrOi:
(m i) (m1) (mg)  (mg) (mg)
5 3.58 L17 137 40.20
pH4.5 10 4.42 570 596  +0.26
15 .
0.01M 4.60 11.50  11.50 0
2 4.34 23.00  23.20 +0.20
pH5.5
XO Table 28 Repeatability of determination of
0.01M EDTA chromate ion by the indirect titration
Table25 26 through barium ion

Table 25 Recovery of sulphate ion by the indirect

titration
Added 0.0IM Used 0.0IM Taken Found Difference
Pb(NO;), soln. EDTAsoln. SO S0
(ml) (mi) (mg)  (mg)
50 2.72 22.89  23.00 +0.11
75 2.82 45.77  45.85 +0.08
100 2.98 68.66  68.80 +0.14

Added0.01M  Used0.01M  Taken Foun Difference
BaCl, soln. EDTAsoln.  CrOf- CrO}-
(ml) (mg) (mg) (mg)

25 5.12 23.00 23.45 +0.45
25 4.99 23.00 23.60 +0.60
25 5.00 23.00 23.58 +0.68
25 5.04 23.00 23.47 +0.47
25 5.06 23.00 23.51 +0.51
25 5.04 23.00 23.47 +0.47

25 5.06 23.00 23.51 +0.51
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Table 29 Repaetability of determination of chromateion

by the indirect titration

Added 0.01M Used0.0l M Taken

FoungiA Difference

Pb(NOy,soln. EDTAsoln. CrO? Cr0%
(ml) (ml) (mg) (mg) (mg)
25 4.31 23.00 2.2 +0.24
2% 4.30 23.00 23.24 +0.24
25 4.33 23.00 23.22 +0.22
25 4.33 23.00 23.22 4+0.22
25 4.29 23.00 23.27 4027
25 4.36 23.00 23.20 4+0.20
25 4.34 23.00 23.20 40.20
0.01M
pH
pH10 11
pH5.5 TPC
XO 0.01M EDTA
Table27 29
66 (38 Y 61y
63y M
Y M p
Y M f
Fig 17 Fig 18
Fig 19
Fig 20
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6f
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0|9 Il lll
a
Fig.17 Indirect titration curves of SO% using

barium ion and transition range of

indicator (TPC)pH 10 11

12; -
pY e - pPb
/
10F
#Pb
8F PX eq. pt. lll{uog
i
N
ke
6 Tl
e
[RRRET]
7
4 T A
Cuitor T T
LT
) 1 11
a
Fig.18 Indirect titration curves of SO
using lead ion and transition range of
indicator (XO)pH 5.5
8 .
- pBa
6 L
4 -
CM: 10-2 . N g
,,,, e 1
------------- nin
2 Cyil0-2
0.9 1 1.1
a
Fig.19 Indirect titration curves of chromate ion
using barium ion and transition range
of indicator (TPC)pH 10 11
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using lead ion and transition range
of indicator (XO) pH 5.5
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200mesh 1g 300mi Green nickel oxide

4 5 0.3g
50ml 30
No. B 1 1 2
30
5ml 4 20
100ml
35 20
pH2 EDTA
0.05g 5
pH5.5 XO 800 1.000
0.01M EDTA Table30
800
50ml
Fig.21
(1)
S0k 6
% (2) Table31
.y °
5 (3)
z Table31 Relationship between the bromine-methanol
oég 80 method and the mercury chloride( ) method
on determination of the nickel in synthetic
sample
1 [ ‘ . Ratio of mixture Nickel (g Found (# g)
10 20 30 20 Ni0 © Ni Taken A
Shaking time (min) 100 0.1 4 ¢ 4
Fig.21 Relationship between recovery ratio 100 0.9 36 36 36
of metallic nickel and shaking time 100 1.0 40 40 38
(1)4% bromine methanol solution 50ml 100 230 920 919 921
2)2% 50ml 100 231 926 923 926
(3)1% s50ml 100 235 940 943 942

A: Bromine methanol method

B : Mercury chloride method

Table 30 Solubility of the nickel oxide( ) into the bromine methanol solution

Bromine-methanol ~ Added Added bromine-  Shaki Rec NiO (¢
Soln., Br (%) water (%) methanol soln, time (lrrxlfn ) 1000 b?::izi 8()]0°()(l{fx)rned
1 0 100 40 99.91 99. 80
4 0 50 15 99. 90 99. 84
4 0 50 40 99. 90 99.78
4 4 50 15 99.93 99. 88




Table 32 Analytical reliability of determination of
metallic nickel in Cuban Nicaro nickel

oxide
Nickel (%)
No A B C
1 2.71 2.97 2.87
2 2.79 2.99 2.87
3 2.61 3.05 2.89
4 2.68 3.00 2.89
5 2.93 3.10 2.88
6 2.75 3.07 2.9
Average 2.75 3.03 2.88
4 0.099 0.046 0.011
Coefficient of variation3.9% 1.6% 0.4%

A:After mercury chloride method, by photometric method
B:After bromine methanol nethod, by photometric method

C:After bromine  methanol method, by chelatometric

method
Table31
Nicaro
Table32
5 F
pH
EDTA

87

EDTA
3
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T(EBT)
MX VB
EDTA
EDTA
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f
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Table 33 Example of calculations

(Y) £ M) mV
10~ 1X10° 10°° 162
10°¢ 2 X107 2 X107* 200
10° 2 X107 2 X107 231
1077 2 X10°! 2 X10°* 256
10t 2.2X10™ 2 X10°¢ 290
10°° 4 X107 2 %10™* 320
RAT 11S
10 3M EDTA
0.1M pH 55

10

mV

pH10
10 M
200ml
EDTA 10 M
2
5ml
Fig.23
f
300 -
2004~
100
! | I
0.1 0.3 0.5
Fig.23 mV fcurve
pH
(
10 pH10
pH 55
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