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Expert System for Analysis of Inorganic Elements

Kazuyuki NAGAYAMA
Tomokazu TABATA
Yoshiharu TOIDA
Tadashi OKADA

Today there are so many methods available for sample preparation, especially in dissolving samples for

analysis of inorganic elements, which make the selection of the optimum scheme of manipulation and reagents

to be a complicated and laborious task.

An expert system has been developed to assist analysts in the selection of optimum method. By using this

system, it becomes easier to select the method for preparing samples and decide the method for operation.
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Define the Region
of Problem

y

System Designing

L

Collect the Data
Programming |

l Test Run '

Debug

l
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System Designing

A

Collect the Data

T
| Programming '

Test Run

Running

(An Expert System)

Fig. 1

pert system and others.
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Sample

Organic materials

!

Inorganic materials —>

Weigh
Wet combustion

\7
Add HNO,; and/or H,S0,

Heat (Dissolve)

‘/Filturation
Filturate
: Precipitate
Dilute / (Mainly Si0,)
Si0; < 50mg Si0; = 50mg
Add Na;COy and Na,B.O, Add HF and a drop of H,S0,
W
Heat (Melt) . Heat (Dissolve)
Filturate N Repeat
Add HCI soln. Evaporate to dryness
Dissolve
i (Calcurate the weight of Si)
Dilute —>  If you notice Py
\j/ the precipitate

v

Dry incineration

Add the weight of Si

Fig. 2 An example of schematic diagram of the manipuration of sample preparation.
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Ty L, TRDHTE T, poR K hIzik, Ba, Pb A& Ehd L Bbh,
POREEEY E &R T, MAORMBG D, BEERE, RBREORICET S
OEER B F R T, e HiX FTAPETER 2 2RV 5.0

| Matrix is unknown |__

Matrix is Matrix is
organic material Inorganic material >
I Contains Cl Not contains Cl

| Contains Ba and/or Pb I | Contains Ti and/or Sn_| [ Not contains these elements _I

Dissoluble
Precipitate with Precipitate
1,50, M N0, p

v v v
| 50, =50mg | [ Si0, < 50mg] [ $i0,250mg ] [Si0, < 50mg | [Si0, 2

[Meth. No2| [No.1g] [No19]

Fig. 3 The tree of selection.
This diagram shows the knowledge how to analyze inorganic elements.

Dissolﬁble Dissoluble
wit Precipitat: with
HCI0, or HNO;| L—TSIPT |1y 56 "0 HiNo,

If the principal component of the sample is

(2) known.

W

(2} inorganic material.

If the sample
(2) doesn't contain 'C I,

If the sample

(2) contains “T'i' and/or ‘Sn".

(3) is others.

v
If the elements whitch you want to analyze are
(1) dissoluble w1th

E

v

If the sample contains Si0O.

(2) less than al

v

Result
Method No.3

Fig. 4 An example of a series of questions.
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Put it into quarts beaker
1

v
Heat mildly (*1)

Vo
Heat again

The solution changes clearly

- —Filturation (% 2)=

¥

Filtrate Precipitate

Waste

Method No.3
Weigh 0.5g of the sample precisely (A mg)

|
{ Add 10 ml of HCIO4
i and 5 ml of HNOs

[f the color of the solution changes dark,
stop to heat and cool down ¢- -
1

I
; Add 2 ml of HNOs

Put it into the platinum crucible with filter paper
Heat (1000°C,

| Add 5 ml of HF
; and a drop of H2S0.

¥
Heat (dissolve) € - —
Evaporate to dryness
Weigh again (B mg)- - <

Calculate the weight of SiO2
(A) — (B) = The weight of SiO2

# 1: If organic material remains, never evaporate to dryness.
% 2: Eliminate HCIOs completely by pure water at filturation.
% 3: Repeat this untill the weight becomes no change.

T

I

| Add 5 ml of HCIOs,
1+ if needed

1hr.)

1 Add 2 ml of HF (%3)
: and a drop of H2S04

Fig. 5 An example of the flow chart of manipuration of sample
preparation which is printed out by use of this system.

(137)




.-

Journal of TOSOH Research Vol. 35 No. 2 (1991)

138

BEL, BIABRIEEEmT 5,

5) B&ECRIET 2, BUERKB BB CHIEL, NIEs

RIOVBREREERLT 5,

6) BERLICABCOMEEE 70 v b UCHEE £k
o, MABEEIC L Y RPORD 2RO SRS EM
T %,

7)) WMEEERIERT 5,

LLED X ST, Az 2% = Vo 2F L 2f 22 &
T, EEITCE W TRORETH - AT L icED
IR ATALIE T i & iR T 2 I D 1 EBIC 20 1, 13 IEER
Wi -1,

5. &

ol

SR, BB &R A BT v & BT B R
BMEELD, REEEBICN L TEORESHZ LR
D, [BEESWFLET X 25— by 257 A 2%+ 2
ZEnHK T,

INCE Y, EESTICR TR OEEECH -7, 3t
R LR R RTAIE T ok % IR % 265 23 B e 7
D, BEERELC/ -1, _

IS, MG & RRAIC R Lictowic, 755 b
HX2 X577,

SR, M E RN LR S 85 2T B -
WL DVHBMBOEAF KD, FEBinRy MMy
TR, BIFNEHEORBELFEMmL T <,

X 53

1) Paul Harmon, David King; “T% % % h o 2 5
AT, (1986), #MAH HER (4T 2i)

L. A. D. L.
Chemometrics and Intelligent Laboratory Systems,
5, 1 (1988)

J. F. Konopka; Microbeam Analysis, 23rd (1988)
J. Zupan, M. Razinger, S. Bohanec, M. Novic, M.
Tusar, L. Lah; Chemometrics and Intelligent
Laboratory Systems, 4, 4 (1988)

2) Buydens, Peeters, Massart;

3)
4)

5) S. Sasaki, I. Fujiwara, H. Abe, T. Yamasaki;
Anal. Chim. Acta, 122 (1980)

6) A.R. de Monchy, A.R. Forster, J. R. Arretteig,
Lan Le, S.N. Deming; Anal.l Chem., 60, 23
(1988)

EAY 7 b
1) THAGE=F2 A= oz FRl%)) = — - 7 A

- Y7 M

(138)

2) THRl=—5 4 Y%+ PRT Version 4.32],

Copyright (C) 1989, 1990 by Hisamichi

Toyoshima

f1#% - FOOEE

TXRAN= D RTAOGHTHGCLASEFGOS
WL, HSEBMICAGC SR TV B0 LB 510, &
BEETOBE%RE Z 2 TR %,

T — &
KB E BN HERTF 2 b,
Bz X, SUSIRE 18.5°C @ [18.50 & \» - 7= KfEi<

IRIGIRED & 530,

S
THERCRITEIT S L0 R D5 — 7 DELE,
Pz, —KKIG A-SB+C icx LT, A owmiEr
Z [Ad, Bl t iCk13 5 A DEER [A], & L, Tt
iz {(In(CA)o/[A0—[AT)} %, HEthiciERI% & -
T7my b L, BICKIGRE 18.5°C £ Yo7 % 2 b
EMAITT 70, gt TEEO{ES OF S % E
RERELBIER] L

-
KFEEBFEVTUET B EKICH B, E 1 BIRDIRFE D
RONEE Y S OMBEBNTZ ks L
TOGE LM TERD b FRINER, B, MER
TOFWETOBETEMERE LA 242 Y, @A
DEBRICE VI /U T 2E S, Bizoha v
HBCHERR 21T 9 BROREE, 20 ©a — & CHITOH
WETT S HEIIE, cheE THAL £ THE]
DMEROTLRELR FTERB T 5,

GRAD T LOOKRBIFAA, #5 THFIEX

X ECORTH#ELER Lt o, AR
i, SHERRLIEERT-TRY,
NefllAEDE L LT, MBEESICHE
AMEHER 2,

L2 TOODED % B, AARX X
[ ORAORSHR] & F 2,

HANZE, TH L {(In([AJo/[AJy—TA]))
Vs Aty DU T T HEMBRR B —KKIGT
HB, 5 TRINETKU EORIETH
B L Th L—RERIGA 618, EEEK
kid, 3 =1/ *{In([AJo/[Ae—[A])}
LYV RkDoNB.0 Lot TN it
BT 530, [ LAY & 3K
b de 295 ThiFIFEM LTHE L,

%

40

-
—




-

WY PRG35k H2%5 (1991) 139

Lo, ERESLEREFIRA 1B
L0 EDNDH D,
AN TH LOOD AR B 578 61
] Ty LOOR BIE, 2V TULIERAAT
HD.0 L HERENERLE LD, F
fz, TH LOO» >0 HiFd TH L
OOFROOR L] DX ICERK
DHTEHEL S HE LD 5,

(CEFE 1 FOORXXTHoD.H L5 L9, %
BT EEET, WMIER AR R ERE
Lich o, Zhicid, T, RIGERE
ERERDBIHDT T T THEN Tk
o {In([Alo/[AJo—[Al)}v.s it
73 7oEER, KLER B TH DA 7%
&) AT s o, g
54, pH 37 TH BN L oKk
HERBREFIRCET 202 EDDH 5,

Liige
F— 2 OEETHHERE, AFELHCTHIL, #
TR BERST XA NT -2 ETHI L,

# & £ £
K4 X W o= K4 B M| & —
Kazuyuki NAGAYAMA Tomokazu TABATA

Bl T —F ONTRADOEDERY LY,
— kK504, (In((Ad/[AT—T[AlD}v.s.{t} o7
ST7OEE LY RICER [k #58HT 252 &
o7 — 4 T T2HEI, BROEERT (Hlz
B CIRETORIE) SARTa2s B, 77—
B OB CERETORE) REXWRT LI LR,
BROTTFMyOT -5 2185 L &fErRT 5%
EoFx A MEEIVHTZ &
MFHBTH(HE)
HRRORET S Tk & TR 2 [FX]) <7
L, Frhoa s, SHREELTarta—50
SEICLRT HEM, b= F X3 bV AT LEHE
H AR, (EfixThE T AL
MR
»BHEOHEIC T AR, FMT0#) 285 L
BAELTLDA, TF 25— b EFFFN D,
a—-H—:
AT LARFERT S, BCRERT S EME SR
@l B AA, TE A= P RTFARERS A
#) RFERALTC, FBICEBEETT DA,

A MEf62EE4 A 1R A FRRF46F2 A 1R
g DPEAE AT WRgEAHEs
{Ls B serT L WrFERT
BT s HTIEE

BRI E

L~

- a2

# ES & #
K% FP3¥E R B K% B B & 7

Yoshiharu TOIDA Tadashi OKADA
At BEFI6341 A11H At BEFN46FE 4 A 6 H
i WHEAES FiE DR

LW FERT L TFERY

LT LAl

FEHER FPIREE




