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Development of an Automatic Photometric Analyzer

Isamu TAGuUGHI, Akihiro ONO, and Ryataro MATsuMoTO

Synopsis:

A new automatic photometric analyzer has been developed as a series of studies on automation of
wet chemical analysis of iron and steel samples. The developed analyzer (Photo. 1, Fig. 1) performs
automatically and continuously all the photometric procedures after preparation of sample sulution
usually by acid dissolution method. The above procedures were previously carried out by complicated
and time-comsuming manual operation.

The analyzer is mainly composed of the injecting davice for sample solution, the adding device for
reagent solutions and water, the device for developing color and measuring the absorbancy, the cont-
rolling device and the recording device. The third device is most characteristic and is composed of
the reaction vessel and the solution circulating pipe with a gas blowing tube, a bubble eliminator, an
absorbancy measuring cell and a drain cock.

The analyzer was applied to determination of phosphorus, silicon, manganese and acid soluble alu-
minum in steel samples. From 0°0005% to 0'19 of phosphorus was determined in 6 min for one de-
termination on principle of molybdenum blue spectrophotometry. From 0:002% to 19 of silicon was
determined in 6 min on principle of molybdenum blue spectrophotometry. From 0-0019, to 19 of
manganese was determined in 5min on priciple of sodium periodate oxidization spectrophotometry.
From 070005% to 0-019 of acid soluble aluminum was determined in 6min on principle of erioc-
hrome cyanine R spectrophotometry.

(Received Mar. 14, 1974)
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Photo. 1. The developed automatic photometric

analyzer.

}. Samplc changer, 2. Recorder, 3. Specirophotometer,

4. Sample solution injecting tube, 5. Solenoid valve,

6. Water tank, 7. Reagent solution tank 8,10,11,12. Electric
cook, 9. Level regulator, 3. Condenser, 14. Rcaction vesscl,
15. Heater, 16. Bubble eliminator. 17. Cell, 18. Air blowing
tube, 19. Solenoid valve, 20. Electric cock, 2]. Program timer

Fig. 1. Schematic diagram of the developed

analyzer.
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Table . Repeatability of the amount of water
added by the developed solution add-
ing device in 30 sec.

Run Device Device Device Device

Nol (ml)|No2 (mi)|No3 (ml)|No4 (ml)

1 32-1 28-0 330 295

2 32:0 28-1 33-1 29-5

3 320 28-0 32:9 29-5

4 320 28-2 33-0 29-7

5 32:2 28-1 330 296
Average 32-1 28-1 33:0 29°6
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Wavelength: 532mm, Cell: 20mm, Reference: water,
Manganese: 0-4lmg, Co-existing iron: 100mg, A:
Blank absorbancy, B: Total absorbancy

Fig. 2. An example of recording charts of
manganese determination.
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Time ({sec) gfi|7l2|I lo

12/40120|8 |4 | 4 201 2 16015(15|58[20| 4 |8 | 8 {10} 6 |6 |10

Injection of sample solution

Suction of solutions

//

Addition of NaH SO, solution

Addition of {NH.)s M0,0,4 solution

Addition of (NH,)," H,SO4 solution

Air blowing

Heating

Rotation of sample changer

Addition of washing water to vessel

Addition of washing woter to beaker

Draining

Measurement of blank absorbancy

Measurement of total absorbancy

Fig. 3. Program for determination”‘of phosphorus. in steel.
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03}

02 Wavelength : 825nm
Cell : 20mm
Reference : water

o'l Co-existing iron : O'100g

i i} 1 1

30 4 50 60
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Fig. ‘4. Calibration curve for determination
of phosphorus in steel.
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Table 2. Determination of phosphorus in standard steel samples.

Steel sample JSS 420-1 Steel sample JSS 231-2 Steel sample JSS 232-2
Run (standard value (%): 0°013) | (standard value (%): 0-021) | (standard value (2): 0-037)
% (% (%)
1 0:0132 00206 00369
2 0-0132 0:0207 0-0369
3 0-0132 00210 0°0369
4 0-0133 0-0208 0:0374
5 0-0130 0:0206 0-0374
6 0-0130 0-0206 00375
7 0-0133 0-0207 0:0369
8 0-0130 0-0208 0-0370
9 0-0132 0-0208 0-0369
10 0-0130 0-0208 0-0370
bd 0-013] 0-0207 0:0371
vV 0:00012 0-00012 0-00024
CV (%) 0-91 0-58 064
Time (sec) 9l1|7|2]1 {lo)I520!5 70 1 35]i12|i0]i0}e0]10/i0|l0B0R0)I5 10| 4| 8 |I5
Injection of sample solution // /1
Suction of solutions 7 //
Addition of (NHs)s Moy 024 solution
Addition of HF solution /
Addition of Fe (NHs): (SOs)a solution 7
Air blowing 7 / v /J // // /

Rotation of sample changer

a

Addition of washing water to beaker

Addition of washing HNOj solution
to vessel

Draining

Measurement bf blank absorbancy

Measurement of total absorbancy

Fig, 5. Program for determination of silicon in steel,
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5 04}
a
< Wavelength : 650nm
Cell : 20mm
02 Reference : water
Co-existingiron: Q- 100g
' i i 3 3. i i 2
0,OO 200 400 600 800

Si {ug)
Fig. 6. Calibration curve for determination of
silicon in steel.
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Table 3. Determination of silicon in standard steel samples.

Steel sample JSS 420-1 Steel sample JSS 150-1 Steel sample JSS 653-1
Run (standard value (9%):0-004) | (standard value (9%):0-36) | (standard value (%) : 0-72)
(%) %) (%)
1 0-0044 0-358 0724
2 0-0038 0-364 0720
3 0-0040 0-362 0-722
4 0-0038 0-360 0-725
5 0-0042 0-360 0-713
6 0-0042 0-363 0-715
7 0-0040 0-362 0-724
8 0-0038 0-360 0-715
9 0-0040 0-358 0-720
10 0-0039 0-357 0-714
X 0-0040 0-360 0-719
V'V 0-0002 0-0023 0-0046
CV (%) 5-05 0-64 0-64
Time (sec) I5{1 |8 |tof20( | |[20{ 5 15|82 |1 {120 | [20|I5(|8 {I5|8 |10

Injection of sample solution

7/

Suction of solutions

Addition of {NHz), CO-Ag NOs solution

Addition of Na I0s solution

NN
N

Air blowing

| /)
Heotng T,

W
I )

Rotation of sample changer

7/

Addition of washing water to vessel

Addition of washing water to beaker

- Draining--  — -

Measurement of blank absorbancy

I,

Measurement of total absorbancy

/

Fig. 7. Program for determination of manganese in steel.
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ol | Wavelength: 532 nm
Cell : 20mm
Reference : water
O-O 1 J i L 1 —
O 200 400 600 800 1000 200
Mn (ug)
Fig. 8. Calibration curve for determination of

manganese in steel.
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TOROL, £020ml 25T 5. AELIC ST
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D. tRERO 1 % Fig. 10 TR L7z

AELIC I B ERGHIE 0°0005~001% TH Y,
1 T# 6 min T, FREFERLY 40min gL T

HHETHS. Fig. 90 w45 kX Fig. 10 R
WEHWT, AEICER CEERE 10 8 (RER)
HOFERIIBE7 LT = L& E L. ZAT =g agE
A TFEREERE & BIFIC— L, ERWTHE T E
TR L.

4.5 Zofth

&%6m3fwﬁbtuﬁﬁi%&“ﬁ“L®qu
PHEVER T B e dicRET 2 Efichch 5. WA RS Dbk
REDWTIIMPEEF AR, SRPiomE 5 #W,
fgrhoxr oo s, Hoke 7o, Hikdg COD g &% 3R
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ATEXPE T b % AR LIRED BBHLY,  EREDEIEUR
e BIb A TH Y, TTRLTO—EIEHRE

Time (sec) gi7(4(l2(12

301317 110|2[I0]I5|5015[e825|4 |8 8(|I0|5]4|2|4

. . V/
Injection of sample solution /

Addition of thioglycollic acid solution

Suction of solutions /
Nz gas blowing /

N

Addition of ECR solution

Addition of PCKA solution

N
NN

Rotation of sample changer

Addition of washing water to vessel

W,

| Addition of washing water to beaker

Draining

Measurement of blank absorbancy

Y

Measurement of total absorbarcy

N

I

i i

Fig. 9.

Program for determination of acid soluble aluminum in steel.
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Wavelength : 600nhm
Cell : 20mm
Reference : water

- 1 1 1 1 ]
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Fig. 10. Calibration curve for determination of acid
soluble aluminum in steel.
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