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The Development of an Automatic Apparatus for Dissolving
Samples and Its Applications to the Analysis of Steels

Kazuo KAWAMURA, Toshio WATANABE, and Norio MORITA

Synopsis:

To rationalize the analytical procedures, an automatic apparatus for dissolving steel samples was de-
veloped and applied to prepare the solutions for the instruments of solution analysis.

The developed apparatus is composed of the devices for supplying chipped steel samples, adding the
reagent solutions, dissolving by heating the solution, filtrating the prepared solution and storing the

filtrates and precipitates.

When weighted chipped steel samples are placed on the sample feeder, the apparatus prepares 74
solutions automatically in one night. This apparatus is able to be applied to many dissolving methods
with acids such as HCl, HNO,;, HCIO, and capable of judging the dissolving conditions.

The analysis of the solutions prepared by the apparatus were then carried out using the atomic
absorption spectrophotometer, emission spectrometer and automatic solution analyzer. The results

agreed with those obtained by the handwork.

The application of the newly developed apparatus to the routine analytical work has shown a re-

markable improvement in work.

(Received Feb. 8, 1974)
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L : Chipped steel sample feeder, 2 : Dissolution device
3 : Filtering and storing device, 4 : Controller

Photo. 1. Automatic dissolving apparatus for steel
samples.

1 : Chipped steel sample feeder, 2: Turn table, 3: Dissolution
vessel, 4 : Primary dissolving reagent, 5 : Secondary dissolving
reagent, 6 : Primary pump, 7: Secondary pump, 8 : Primary
nozzle, 9 : Secondary nozzle, 10: Heater, 11 : Transformer,
12 : Cooler, 13 : Diluent, 14 : Nozzle for diluent, 15 : Balance,
16 : Agitator, 17 : Turnover device, I8 : Filtering and storing
device, 19 : Filtering and storing vessel, 20 : Pump for residue
washing, 21 : Primary washer (with city water), 22 : Secondary
washer, 23 : Distilled water, 24 : Hot air dryer

Fig. 1. Schematic diagram of the apparatus.
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Fig. 2. Flow_chart of_the_oparations.
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Table 1. Accuracy of the dilution.
Weight of the Weight of the
Run diluted solution Run | diluted solution
(g) (g)

1 100-816 8 100-758

2 100-725 9 100-776

3 100-795 10 100-760

4 100755 11 100-812

5 100790 12 100- 804

6 100-781 13 100° 794

7 100795

X=100-782 V'V =0-026 C.V. 9=0-026
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Table 2. Safety device.

Source Condition to be detected ! Detector Working condition
Electric power i Overload - Overload circuit breaker | 30 A over
i Leakage Leakage circuit breaker 15 mA over

Pressure down
Pressure down
Leakage

Overheat

Disorder of sequence

Compressed air
Water supply

Temperature
Control circuit

Pressure switch

Pressure switch

Leakage detector of water
Thermostat

Logic circuit

15 Kg/em below
1-5 Kg/em below
50 mi/m?2 below
120°C over

1: Cylindrical funnel 2 : Filter paper 3 : Storing vessel

Fig. 3. Filtrating and storing vessels.
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Fig. 4. Operating conditions of HNO, dissolution.

Table 3. Analytical results by the solution method of spectrochemical analysis.

Sample Method Si Mn | Cu Ni Cr | Mo A\ sol. Al | sol. Ti Co

Standard value | 0°36|0°20 | 0-060| 4-14 | 0-46 [ 0-23 | 0°006| | = __ |_

JS8S.-150-1 Automatic — [ 037 10:2110°06] — 1046 [ 0-24 | 0-007| 0-001 0-001 0-08
Handwork 0:36 | 0-20 | 0-06 — 1045 ] 0-23 | 0-006| 0-001 0-001 0-07
Standard value | 0-038| 1-37 | 0-47 | 2-86 | 0-11 | 0-053| 0-057

JSS 151-1 Automatic 004 | 1:36 | 0-48 — 1011 {005 | 0-055 0-001 | 0-001 0-05
Handwork 004 |1-36 | 0-49 — | 0°11 | 0-05 | 0-055| 0-001 0-001 0-05
Standard value | 0°15|0-44 | 0-41 | 1-86 | 066 (0:-92| 0-11

JSS 152-1 Automatic 0-16 | 0-44 | 0-42 — 1067|091 {011 | 0004 |<0-001 004
Handwork 0-15 | 0-44 | 0-42 — | 0°66 | 090 | 0°11 | 0-004 [<0-001 004
Standard value | 0-23 | 0-77 (013 106|110 1:26 | 022

JSS 153-1 Automatic 023076 | 013 —_ — — 10-22 | 0006 |<0-001 0-01
Handwork 0241076 1 0+13 — - — 1023 | 6006 ;<0001 G-01
Standard value 025,076 [ 0:15 | 0:50 | 0°44 | 0°17 | 5

JSS 510-1 Automatic 0-26 | 0-75 | 0-15| 0-50 | 044 | 0-17 | 0-0Q3| 0-036 0-001 [<0-01
Handwork 026 | 0:77 ({0°1510:49 | 0-44 | 0:17 | 0-003| 0:038 0:001 |<0-01
Standard value | 0-186| 6-554| 0-093| 0:066| 0-374| 0-013| 0-012| 0-031* | 0-027*% 0-012

NBS 19¢g Automatic 0-19 {056 {009 | 006 | 0-37 { 0-01 | 0-0I1| 0-024 0-014 | 0-01
Handwork 0-18 056 {009 | 006 |0-36!| 0-01 [ 0-010( 0'023 0-015 | 0°01
Standard value [ 0-39 | 1:04 | 0:50 | 0°59 | 0:30 | 0:068] 0-040( 0-095 | 0-084* { 0-30

NBS 362 Automatic 0:40 | 1-06 — 1 057 | 0°29 | 0-07 | 0-043{ 0-088 | 0-018 0-30
Handwork 040 { 1'05 — [ 0581029 | 007 {0045/ 0-083 | 0-018 0-30

¥ Total value

(Unit : %)
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Table 4. Analytical results with the atomic absorp-

Fig. 5. Operating conditions of -HCI dissolution.

Table 5. Analytical results with the automatic

tion spectrophotometer. (Determination solution analyzer. (Determination of
of nickel) phosphorus)

Si@ple b[\:}ﬁ:—f | Handwork | Automatic Sample S:,a;{gzrd Handwork | Automatic
JSS 500-1 010 0-102 0102 JSS 230-1 0-011 0-014 0-012
JSS 513-1 013 0-131 0-131 JSS 231-1 0-021 0-022 0-022
NBS Ilg 0-020 0-020 0-020 JSS 232-1 0-037 0-037 0-038
NBS I5¢f 0°029 0-030 0-028 NBS 8i 0-080 0-077 0-077
NBS 65d 0-060 0-058 0-058 NBS 10g 0-086 0-089 0-086
NBS 152 0-062 0-063 0-063 NBS 15f 0-006 0-007 0-006
BCS 256/1 0-19 0-190 0-190 NBS 19¢g 0-046 0-045 0'04€
BCS 257/1 0-27 0-270 0-272 NBS 20 f 0-028 0-028 0-028

NBS 55¢ 0-003 0-003 0-003
(Unit : %) ] . .
(Unit : %)
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(5) =% S S5kg/cm? 100! / min D FAHEL
(4) % 2kg/cm2z 10! / min mOE OB O mKTM@E
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Fig. 6. Operating conditions of HCIO, dissolution.
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Table 6. Comparison of the required time.

Dissolving | Number of Method Required time Operating
reagent samples (Time of the manual labor) conditions
Handwork 4°30'
HNQO, 70 S — Fig. 4
Automatic 4°30" (1°45")
Handwork 5°
HCl H,O, 70 S —— Fig. 5
Automatic 7° (1°45")
Handwork 7°30’
HNO; HCI1O, 70 —— _ Fig. 6
Automatic 13°30" (1°45")
34 Yy £ —
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