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Automatic Chemical Analysis of Phosphorus and Boron in Steel

Kazuo KAWAMURA, Takashi OTsuBO, and Takeshi FURUKAWA

Synopsis:

The automatic analytical methods for boron and phosphorus in steels have been studied using

Technicon Auto Analyser.
The experimental results were as follows;

(1) Phosphorus in steel was found to be automatically determined sucessfully by the adaptation
of the established molybdenum-blue spectrophotometric procedures. .

When the iron content is Lelow 509, however, the violent evolution of SO, is caused by the re-
maining of much amount of sodium bisulfite which was not oxidized by ferric iron and makes it im-
possible to determine the phosphorus content due to the turbulence of the absorption curve.

The time required for analysis of 20 samples was 3 hours and remarkably shortened as compared

with that by the manual analysis (about 7 hours).

(2) Boron in steel was found to be automatically determined successfully by the adaptation of the
established methylene-blue spectrophotometric procedures which involve the strong phosphoric acid
decomposition and the elimination of the interference from excess HF.

The time required for analysis of 20 samples was 2 hours and remarkably shortened as compared

with that by the manual analysis (about 6 hours).

(Received Feb. 21, 1974)
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Digital
printer

U

Recorder Colorimeter

to waste

A : Sample cup D : Sample

B: Air E : Connector

C: Reagent F: Mixing coil
Fig. 1.
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Flow diagram of auto-analyser apparatus.
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- Air 0’32 ml/min
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Colorimeter -
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Fig. 2. Manifold for phosphorus analysis by the ISO proposal method
(ISO/SC 102/SC 2, NI159F).

Table 1. Auto-analytical results of phosphorus in steel by adaptation of the ISO proposal method.
(ISO/TC 102/SC 2 N 159F)
P standard | }
Sample valsu?:n(f’z) E‘ P determined (%)
[SS 430-1 0-014 0-0158 0-0161 0-0160 As 0-021
‘IIBCS 218-2 0-024 0-0284 0-0281 0-0283 As 0-036
JSS 461-1 0-025 0-0249 0-0253 0-0251 Avs_ 0-009 '
JSS 654-1 0-021 0-0203 0-0197 0-0201 1\‘319'80 Cr24-71
JSS 154-1 0:015 0:0148 0-0145 0-0146 I\zg 0'51 Cr l:95
JSS 509-1 0011 0:0113 0-0115 0-0111 Ni 2:56 Cr 2:74
JSS 653-1 0'038 0:0381 0-0377 0-0383 Nil3:67 Cr22-50
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Sampler
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Sample 1'60 mi/min

Sodium Bisulfite (5%) 1"0O0mIi/min

=1 For Brank-O-80ml/min

] Resample O8O0 ml/min

Ammonium Molybdate (2%) 023 mi/min

Hydrozine Sulfate (002%) O'60ml/min

Air 032 ml/min

A T \’/
Mixing Coil

To-Waste <& T

Heating Bath 100°C
To Waste

>To Pump
Colarimeter
660nm Mixing Coil

From Flow Cell 0’42 ml/min

Fig. 3. Manifold for phosphorus analysis by the JIS method (JIS G1214-1969).

Table 2. Effect of the amount perchloric acid added on analysis of phosphorus.

P analytical results (25)
HCIO, added (ml)
\\\\\\\\\\\\\\% 10 15 17 20
Sample ‘
NBS 32e p0-008 (%) 0-0076 0-0079 - 0-0074 0-0069 0-0060
JSS 230-1 p0-011 (%) 0-0114 0-0111 -0:0107 0-0098 0-0084
JSS 154-1 p0-015 (%) 0-0147 0-0149 0-0144 0-0139 0-0121
JSS 654-1 p0:021 (%) 0-0213 0-0213 . 0-0209 0-0201 "0-0183
NBS 121C  p0-028 (%) 0-0277 0-0279 0-0275 0-0267 0:0259
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Table 3. Auto-analytical results of phosphorus in steel by adaptation of the JIS method

(JIS G 1214-1969)

P ] R
Sample ?[J‘valslgim(l?/:;i i P dctermmeﬁ , (%) 7 o
JSS 430-1 0-014 0-0137 0-0135 0:0137 As 0-021
BCS 218-2 0-024 0-0241 0-0243 00238 As 0-036
JSS 461-1 0-025 0-0246 0-0244 00249 As 0-009
NBS 55¢ 0-003 0-0032 0-0029 0°0030 As 0-007
NBS 32e 0-008 0-0080 0-0076 0-0083 Ni 1-17 Cr 068
JSS 230-1 0-011 0-0111 0-0114 0-0110 —
NBS 121c 0-028 0-0276 0-0280 0-0285 Nil0-51 Crl17-58
JSS 654-1 0-021 0-0209 00204 0-0207 Ni19-'80 Cr24-71
JSS 509-1 0-011 0-0107 0-0110 0-0107 Ni 2:56 Cr 2'74
JSS 653-1 0-038 00381 0-0376 0-0380 Nil3:67 Cr22:50
A : completely corrected for the coloured ions.
B : incompletely corrected for the coloured ions.
al C+ turbulence due to the SO, evolution
3 -
o A
' B C
=
® 2r
[a
| =
! 2 3 4 5 6 7 8 9

Time (min)

Fig. 4. Recording chart of phosphorus analysis of Cr-steel.
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Pump
Mixing Coil Air 0'80 ml/min

&

;

o—& Sample 0'60 ml/min

Aluminium Sulfate (30%) 0°16 m!/min

Methylene Blue (10°M) O16 ml/min

® Dichloro ethane 2°50 ml/min

From Flow Cell 0'43 ml/min

7

Extractor To Waste Phase Separator

To Waste =
_Ig—--—ﬂ» To Pump

Colorimeter 660 nm
Fig. 5. Manifold for boron analysis.

Absorption curve of a series of 3 test solutions ;
5} A: portly mixed with each other on the stage of extraction

B : expected supposing no mixing

C: separated by inlaying the blank solution.

©
3
@

. i i 3 ] H 1 Il i L i i i 3 L . i

1 3 5 7 S I 13 15 17

Time (min)
Fig. 6. Recording chart of boron analysis.
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WilE (146) 60°C-xFroFos oz sk DT W%. ZDZ LEHhs v EoRES OB
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BEEN FOBREERR I OTHEMTIBREEINS L
DT D, KiETIE Table 4 5Lk Wiz ok No5C)-v#k L F iz X >Coilt
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Table 4. Analytical results of boron of various samples.

Method
The present method H,SO,(1+6) 60°C
Total-B (%) Insol-B (%)
Total-B (%)|Insol-B (25)
Sample Analyst-A | Analyst-B | Analyst-A | Analyst-B
0-0054 , 0-0012 ,
Fe-B-O | 0-0052 0.0023 0-0012 8,88}} 0-0048 0-0007
0-0052 0-0010
0-0045 , 0-0031 ,
Experimental Steel | Fe-B-N | 00045 8,881§ 0-0030 9.0 0-0037 0-0017
0-0044 0-0031
0-0058 , 0-0011 _
Fe-B-C | 0-0057 0,909 0-0010 8,88{} 0-0047 0+ 0002
0-0057 0-0010
0-0063 . 0-0038 ,
w 0-0061 g_gggg 0-0039 0. o0se 0-0060 0-0036
0-0064 0-0037
0-0025 , 0-0026 ,
H | 00025 | 0002 | 0-005 | 39025 | 90026 | 0-0020
0-0026 0-0025
0-0047 ) 0-0037 .
F4 0-0046 0 J04 00039 0 0089 0-0046 0-0037
0-0046 0-0039
Commercial Steel’
0-0047 , 0-0022 ,
F5 0-0049 0.0048 0-0020 9.0021 0-0048 0-0021
0-0047 0-0022 , N
0-0041 , 0-0026 ,
S 0-0041 8_8828 0-0024 9.0025 0-0040 0-0018
0-0040 0-0024
0-0059 _ 0-0042 _
T 00056 09099 0-0043 0-004) 0-0055 0-0031
0-0058 0-0042
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BEEMO X 5 RBHCEHETcE LW, Zhizow
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5. X & ®

THA—- 7 F 74 F~FBAVTHP ) oI H Y
FEHITE DV T OMETERE T VIR OFS R 21570,

(1) Ve 2nwTtilEY 775 0 F2ERBEOE
LT 520K KB OVWTREZ2TE2ENERREE
BEMETEI7 I OAPLREZSh TS ISO (%)
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