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Spectrophotometric Determination ‘of Manganese in Iron and
Steel by Decomposition with Perchloric Acid. '

Toshio AMAKI, ToskM’o ToMiNaGA and Hiroshi KoHARA -

- Synopsis: ‘

As a spectrophotometric method of manganese in- iron and steel the (NH,):S:0s method.

has been mainly adopted. In this method, the sample is decomposed by a mixture of nitric
acid, sulphuric acid and. phosphoric acid. - )
 The authors studied the (NH,):S:0s method using perchlorlc acidic solution which decom-
_posed the sample. It is said that conversion of Mn*2 into Mn“7 by only perchlorlc acidic
solution is commonly unstable. =
After studying all kinds of method, authors found thlS method ‘to be good as far as the
amount of perchlorlc acid in this colored solution is 2 to 10 ml
The features of this method are as follows:

(1) The sample solut1on is easily converted into Mn+7 from Mn+2 by heating in the

boiling bath for only 2 to 3 minutes.

(2)  Sufficient addition of color reagent is AgN03 solut1on (0*5%,) 10 ml and (NH4 25504
solu‘uon (15%) 10ml. and a color develops rapidly.

(8) Color of Mn+7 is stable for-a day. .

(4) The sample containing a large amount of n1cke1 chrommm and ‘cobalt can easdv be

determmed too.
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Table 1.

Effec_t of reagent concentration on
color reaction.
_—- Absorbenc
AgNO; (NHY):S05 Clog T),Z
. Conc Add Conc Add a' b
(%) (ml) (%) (ml)
5 | 15 10 0°320 | 0°710
10 4 7 0°320 | 04802
o5 | 5 20 4 0°320 | 0°720
| 10 ” ” 0°321 | 0°805
5 25 a 0°320 | 0°723
10 KA 0°320 | 07805
5 15 - 10 | 07320 | 0°803
‘ 10 ”: ” 0°320 [ 0°805
10 5 20 ” 0322 | 0°805
10 ” 7 0322 | 0°805
5 25 ” 0°322 | 0806
o 7 | 7 0322 | 0°806
5 15 110 0°321 | 0°805 .
10 Z S 0°322 | 0°805 -
20 5 20 # 10320 (- 0°804
, 10 ” % 0°322 | 0°805
5 25 ” 0°322 | -0°806
10 4 # | 0°322| 07805

* Mn nng/lOOrnl a. 0°785, b‘ 2°00

Table 2. Effect of heatxng t1me and" heatlng

temperature
Time

(min)| 3 5 10 15

B Mn
Temp. k mg/
Sample ' 100 ml

o] -
=€) 96 98 98 98

0°068| 0°066| 0°065 0*064] 0°135
0°210} 07208 0*208|-0%206! 0°483
0°348| 0°348| 07352 0°351| 0-848
0°500| 0*500] 0*500] 0+502] 1+231

Cast iron
Carbon steel
Carbon steel
Cast iron
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Fig. 2. Influence of perchloric acid concen-

tration, heating time énd heating condition
on decomposition of permanganate solution.
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Influence of perchloric acid concentra—
tlon heating time and heatmg condition on
occurrence of permangnate in sample solu-
tion.

Sample solution. 0°483mg Mn/100ml.
Color reagent. AgNO3(0°5%) 10ml,
(NH¢)2S:0s (15%) 10ml .
' Heating time. 1,2,3,4,5min
Heating condition.
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" Table 3. Effect of heating condxtlon and
: heatlng time.
Heating time (min) Mn
Sample me/1 1
) 3 4 5 |me/100m
A | 2 | 07360 0°361| 0°360| 0*360| 0°360 0-85
b | 0°361| 0°360| 0*360| 0360l 0*360)
Bl 2 0°722| 0722 0°722| 0*685 0°680 1o77
b | 0°723| 0°722| 0*721] 0°722| 0-722 :

a. Add color reagent, dilute to 100 ml with
water and heat in boiling bath.

b. Add color reagent and 20 ml of water and
heat in boiling bath.
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(1), (3), () Result measured of Mn7+—l-Cr6+ 10ns.
(@), 4, (6) (Mn™*+Crb*+) —Cro+

- Table 4. Absorbency of Cré+,
Cr added _Absorbence (—log T)‘
“ing/100 ml a b ~ c
0 0002 - 0°001 - 0.
06 0+ 006 0*006 0°00%
1°2 0*008 0°008 0008
- 24 0+011 0011 0°010
36 0-011 0011 0011
4°8 0012 0°013 ‘0*012
6°0 0+014 0*015 . 0015
72 0+019 0°019. 0°020
90 0°023 0°024 0°023
12°0 0°029 0*030 0°030
150 . 0°040 0'039 . 0°038 -

a. In presence of Mn2+ (Mn7+ was reduced with

NaNO; solution).
b. Cré* g.lone (No add NaNO; solution
c. Cr8* alone (Add NaNO, solution)
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Fig. 6. Effect of amount of cobalt on
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Table 5. Absorbency of Co.
" Co added Abso‘rbence‘ (—log T)
mg/10C ml- a b c
0 0°002 0°002 0°002
5 0*010 0°010 0°009
10 0°013 0°012 . 0*010
15 0°015 0015 0012
20 0°018 0°025 0°014
30 0025 - 0034 0*020
40 0026 0°045 0°022
50 0°030 0°055 0°026
60 - 0°035" 0062 0°030

“a. In presence of Mn2* (Mn?* reduced with

Na NO. solution.

b. Co alone (No add NaNO; solution)

¢. Co alone (Add NaNO; solution)

Table 6. Effect of the concentration of acid |
on color reaction.

Added (ml) | Absorbence (—log T)
Acid

1 | 2 |1—al2—ali—b|2-b

0 — —_ 0°315| 0°315| 0°495! 0°495
HgSO4(l+1) 20 2 0 0°315 0 0°494
. 4 10 1| 0309 0°315] 0°487| 0495
4 5 0°*5 | 0°314| 0316} 0°490| 0r495

(14+9)| 10 1 0°315] 0°315] 0*494) 0°495
R4 5 0*5 | 0°315| 0°316] 0°495| 0°495
HPO, 5. 0°5 | 0°315] 0°316| 0°495| 0495

1. Added after aliquot of sample solution.
2. Added before. aliquot of sample solution -
. Mn mg/100ml a. 0°785, b. 1231. '
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. Table 7. Comparison of the decomposing method of sample.

: Absorbency (—log T) " Mn
Sample . mg/lOQ
% a b c ml

Cast iron 0°066, 0°065, 0°066 0°066, 0067, 0°065 0°066, 0065, 0*065 0°135
Carbon steel 0°208, 0°210, 0°208 0°210, 0°210, 0°208 0°209, 0°209, 0°210 0483
Carbon steel 0°*351, 0°349, 0°350 0°350, 0°351, 0°351 0°351, 0°352, 0°351 0°848
Cast iron 0°501, 0°500, 0°500 0503, 0°501, 0*501 0*501 1231

0°502, 0°500,

a. Dissolve sample in’ perchloric acid. HC1O, 20 ml + (HCl 1+HNO; | + H,O 2) 10ml

b. 7

c. 4 a-+b mixture acid,

T B
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Absorlency at 530 mu

02

orr Coll feno |

Y 10 15
0 Lo 20 30

Mn (%)

Fig. 7. Calibration curve.
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Wiz,

D, WEEmR 20ml B XOHEK 10ml ThESREEL
S MEEHkREL T2 v 2R EY v ARICERILSE
%. HaSsiEskl 40ml 2 inx THEZEML, 100ml
x2S AARICFBL, BT~ 5ERET S, F
PEW L N B KR T HEIL e DD, TEHIC 100mi 1T
54T I L EED. COWRBEY, By &
%w,%yﬁyﬁﬁiz%ifmlmm,%ﬁ%yis
ml % 100ml # 275 AILHRL, TIICTHERIRTE

20 1ooml

LEROBREHERICENT, ERFEAOTOLHICE

S 1g R E— b — (R 200~300ml) WA D &

" mixture acid: (HNO; 10 + HsSO4.6 + HPO, 7 + H,0 37) 30ml.

W (0°5%) 10ml ks XO@ERERT v € = D A1EHK (15

%) 10ml &Nz, KT 0mMmI it5 THTEL S E
Eo. Thedh SBERcEl, 2~3min Hn#L
TwrHrelier HrBegltseizot, BiEPL

D EDHL, KEMXCORELZL 70ml LS THTELS

SV EEROD, FUKHTARNTS. BEBKERNT

EREIC 100ml 123 35T E< 50 EW, LOWEHED—

HrKES ORI E D, JHE 530mp FHTOBIE %
s, DX, INICHEHREERS MY U ABRD L Y
ME TR H UBOREEEE L 7 0b, Hicftt
530mp [HEDOWICEZ I, FHROBIERE,D,
HOPULDED TRV KREREAN T EFE
RSB, M, BEIEEETF b Y U AEIRIC LB eERIE
i3, SHKETR 2 v A 3mg, 250k 15Smg EERE T

BN, FORERERLTD X,

i EEREEOT DL S5 I LTS X\

(1) 200ml Zf752acHE~ v Vo AHE
(100ml wh 2mg DIF) WIGU T D & b, EIERE
15ml+iEfE 10ml T ieBgiRKe iz CREEZ

L, A 277 2ARPEVBL EPeHLDILER

BRIT 5. FeeaiEeng, LEEEICHED TR
2y BEVIEREOREZMLTERETKTS THTL
{50 IR OBIELITIN, SV EHEY
RKedB. '
(2) Phé >BIEORD B EThE T 5 & 513,
200ml ZAT 5 AATHFLIERZKTE s0ml L
L, ZhicFeEREem, il < imin &k L=

‘DBLFEABETARL 100ml 2 A7 523 PENEL,
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Table 8. Determination of manganese in various iron and steel samples.'
: . Absorbence Another Diff-
Sample — Mn(;io)u nd method erence
—log T Average ° (%) (%)
Low alloy steel (Cr 0°9%) o2 0°210 0495 0486 | + 0-012
Stainless steel (Cr 19°99,) , 8222 0°683 1707 1°716 -— 0009
v 0672 . . ‘ — 0
4 ’ + Co 300 mg 07678 0°675 : 1 69Q 4 | 0026
H. Cr—steel (Cr 14°29,) 8%22 0°182 L. 00445 0°452 — 0°007
‘Carbon steel , 8%22 0°157 0°363 0366 — 0°003
- 0°078 ) ] . )
Pig iron 0074 0°076 O 155 0°*157 — 0°002
Alloy cast iron a oo 0494 1+235 1°233 + 0002
' 0488 '
* y/. . . . . .
4 b 04490 ‘ 0°489 2°462 2°474 0-012
0663 : :
* p - . iqe “ain e
7 C 0°670 0° 666 3382 3413 0°031
0*780
* p ; . . .
7 d 04790 0°785 4*000 4 OQO ) 0

Sample splution is taken 1g X 10/100ml aliquot.
4 lg X 5/100ml aliquot (* mark).
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