The Japan Society for Analytical Chemistry

BEEASBEBOMARR U BNXD S EBEOHE

e IEE®,

ik BA ., AL IER*,

R BE=*

(1979 £ 5 A 28 H2m)

GEHRESRETE, ERFHTHT» CORMBRNE, KM, HMERECENRIC oW,

HBFWCThbEEZLOTE2BANMERYRELAE. REBICLXLD,

EK D BEEE-TERIZ X 5 4 fi2

EfTol. HBE2EBROBRMTELELT, »BRFORTFEBRELZWNE TS LITL Y, HXHES

NTVWEREWERSBOBRZENL 2.

TORR, MEMREZBELOL P OB ERCHBT 572D, RBLBOBASDOBEI I L2E W
BETOROMWMBRICIY THIMLAE, TX2RVBETHBRTILERSS 2L, X1 ECEMT
LIBREZPRIT T I EYNENTHI L EEEBMICRL .

U

i, GEBEROCEBRM EEEYhOMESEY
DT DDy, —RCARR KL LIERKIL T 2 B E
BB 5.

AR DKL FENL, BREEBRECANZh, Fh
BIXFBHED 2 WA ETRC I h#Fu23 5hT
WABLTY L L, BREEDIBEEANTTL DD,
BRBEZKEE T > T AL TAFLRETL S
BRnik ol X, BRAPMROBCHCEBRUYED
TEC DTSR DORENR D 5209, Fh HI1ziER
BROBRICOWCTERRCER LTV 51T E .
THBIET 2 &, [HEBERL B LG 3
LD TRPHCMB LA SBEALETORML, Kk
TERCIB Lich LERISER I 5 % CB O
WOES | L7z, CORFEEAFTITO &, Mt
He X o TrESBUHERR R, ERT 57 & LTKIE
BT THore b, XDBEL R REEEE T THR
LT a50i% <, A—RAR T ERE L +o7kK
E%2AT 5 CIMALORBELEL Lie. Frto7dR
iTo Ttk LTh, Z20MERENBAFTHRS -
DICFERE ELRIER D » .

i, HERIEEITHR I WBRED HEMLA T RE

i)

* =ML (bR R BTZERT « 30 R TR BCERFT RLET S R
1315
o ZENEMLERRNSL  HRERBMTAE 1916

Citotedy, ThbRBRMThsr, XizEERH D4
I REYTHD. BE DI, ER0BRE AR
SEOREHETE, Lo ERWIKIL O TRE /e 224
s BERR BB LER, LRI oE
LB RVRELY BB L. B, 20o%EES -
TEEM DO REEZ B4 DR CEEBHCBRE Lo
T, TOBREPEBOHEL e CHETS.

2 BB, AERUEE

2.1 HHEBURE

X5 RTHVRBNE, RO BX (TELSHIE :
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Automatic wet digestion apparatus

A : Heater block; B : Controll unit; G : Nitric acid;
D : 200 ml pear shaped fAask; E : Thermister connected
to controll unit; F: Teflon magnetic valve; G:
Thermoregulator for Ist step digestion; H : Thermo-
regulator for 2nd step digestion; I: Time switch for
standing; J : Time switch for Ist step digestion; K :
Time switch for 2nd step digestion; L : Time switch
for duration of nitric acid addition; M : Time switch
for interval of nitric acid addition; N : Gas washing
bottle; O : Recorder; P : Mixture of sample, sulfuric
acid and nitric acid; Q : Thermister connected to

recorder; R : Water-jet pump
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Fig. 2 Process of wet digestion

T, : Temperature in Ist step digestion; 75 : Tempera-

ture in 2nd step digestion
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Table 1 Reproducibility at various percentage

of digestion

Percentage of digestiont (%) Rangett (%)

99.99 0.01
99.97 0.02
99.87 0.04
98.4 0.5
83 1.0
60 1.2
t Percentage of digestion={1-(weight of total organic carbon in

digestion solution/weight of carbon in polished rice)} x100;
tt Range=(maximum percentage of digestion-minimum per-

centage of digestion)

4:2:2 F1IXRDBEE (T,) LRREORAFK T,
% 140°C, 160°C, 180°C, 200°C =25 L, KB
B\ TIHBIRINE & HFROBRE AN, T, oo
WM, WERRE (6) : 10min, 2 2 AOHEE
(T5) : 220°C, WRINFAFE (¢, : 12s, FRMEERD () :
0.3s g Lic. 2 05T ik 1ai 0.5ml A3
Ih%. Table2 fER%/R7T. Table2 iRz s
fRBALE 2 b ORI Z R T. X, WEEMEE T, wE L
Th BB LEBRERRL, () PULHMEBEGL D
A LIS ERRT. WMBENE 40ml Tos
Ry, T, THER%Y 10ml Fin Lic & ¥ 0 MEA R
7.

Table 2 Effect of temperature in Ist step digestion

Temperature Nitric acid added (ml)

%)

—h

Ty, T 0(30) 0(30) 10(40) 20(50) 30(60) 40(70)
PD 43t 60 74 79ttt 99.50tttt

140, 220 { H 27 40 56 69 88
PD 21t 57 88 96.4 97.0 99.55

160, 220 { H 16 30 44 58 70 90
PD 75 96 97.3 98.4 98.7

180, 220 {H 34 46 64 72 90
PD 8 97.4 975 97.8 8.6

200, 220 { H 35 48 63 74 85

T, : Temperature in Ist step digestion; 73 : Temperature in 2nd
step digestion; PD : Percentage of digestion (%); H : Time from
beginning of digestion (min); t PD at end of initial reaction;
tt PD at beginning of Ist step digestion; 1ft PD at end of
Ist step digestion; 1Tff PD at end of 2nd step digestion;
() Total amount of nitric acid used

SERIRL, S EEBERG D DITE ORSRR R IR % ¥t
MU BEBRET VRS . HEEERRIREIE b 15
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T a2 BAth Lic. % #kSE Lics SEE ORI
75 A B OMBNEL RN, DEEYRDHIUT S
DGO —HOECTHEF L Bbhs s, BRI NE—
TH DD INETRRABERETE, 752aK
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DEFRENERERD vy, 2EER LR (TOC
BERRAT3) T5L TOC Hitics BOBRWEHNE
tier EbEROFEY LT

REBE EL LB IR, RERECIETSET
D4 fRE (Table 2 O iSfETRME 0ml, toF)) 13
A5, RERECEHE L%, OHCiEm X5 R
B ESBROLERCHETS. Tihbb, 140°C 0 E
BT, FII0 10ml 129 @EY 17% ERIE?
DXL, %z 20ml FHihicd 19% LrEREX
2L, X 200°C DRz BT, Fio 10 ml
IERY 129 LR X¥ 5, DEBEOHEMONERD
EFR~OFEITRD T/HE L,

X, 25 2RGIRET RO RRLL, T, % 220°C 127k
LA, T, #s 140°C, 160°C ¢H it 99.6 %
WCET L1 b BHY, 180°C, 200°C T 98.7 %
FEEERRT. 0B, RBOSEITT 45 OBRE
THREE-EEE L & b SiReingg 5 L, eyt
ETT A RARFC D BOBYEEEERRE,ERL, &
s 220°C TR BEINENC EHRLTWDS., NE
BRERIE LT, T, @< T35 r0REECET AR
TEUWHBEISHKE L7 5 A 2 90 bARBYH»TRERT
Lfekr k& e 5.

#oT, AEBRTHWIBXDOBA X 160°C THERF
HZEL, R THRIRTHET S ONEENDHERYT
H5b.

4:2.3 F2RBWERE (T») OEE T, #z@m< L
1B A DORREBR OB O\ THE L. T, % 140°C,
160°C it 200°C =3 L, RIHOERY D, 2EW
o A SR 5t INBBREARTIC ASEE % 30ml, T,
THiMA% 10ml wntg, T, ¥ THBELSMIE. £
Db DEB ML, 4-2-1 BN 4-2-2 HoLM LA~k
Liz.

%Y Table3 i3, ZDERKR Y Table2 dop
Ty 75 220°C CTORMEN D, Ty O LFtbhooFER
PERTHZE, X Ty 5 250°C p&Awiy, §hdo

Table 3 Effect of temperature in 2nd step digestion

Temperature in Ist

Temperature in 2nd Percentage of digestion
step digestion (°C) (%)

step digestion (°C)

140 250 99.83
280 ’ 99.97
160 250 99.87
280 99.93
200 250 99.53
280 99.89

Used nitric acid : 30 ml initially, [10ml in 1st step digestion,
10 ml in 2nd step digestion

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

4 BUNSEKI KAGAKTU Vol. 29 (1980)
Table 4 Effect of volume of nitric acid added at a time
HNOj; addedt (ml)
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

HNO; addedtt (ml)

Percentage of digestion (%)

76
89

60
75

10

5 54 78 80 88

88 92 95

Temperature in digestion : 160°C;

220°C oipa& LRRIE T, 2MEIE 5 2 BRITE
2, Ty 28 280°C ¥ ChERTHECFRIPHBRIEG
iF 99.9% WETHZ LRGBS EEER
REN 220°C Kt 250°C  TiissLiiipfE o s
Z EriRRT 5.

4.3 WERINEOEE

IhETOERI, BRASMACHEMT 5B 1 E
Wb 0.5ml TIT kA, 1EY:h OWNRBRIINEH
IRRCE 2 DB VIET S, T, # 160°C 1o
BEL, 1EIMAE)D S5ml RO 10ml OREEEZEM L,
DRERPE L. FofboEREMHL, 4-2-1~4.2.3
BEOELEER— Lie. XHBEOREL, FEEEAEM
LB OBEN T2, BONE X - T KEN
160°C iz Lo BRI OV TfT o fe.

BR% Table 4 iRd. ZoERiz, 1EY4AxH0
R EXADEDIR > BEEIRB N LERLTY
5. Ty, Table2 /RLA X 51k 0.5ml o0
i, 748 10ml © 88 % opMRIELIhBIC
Hdi b, 10ml FoDEIN-CrhiziER— D4R
wwET 501 50ml OREEEYLE LT 5.

ke, | @%b o WEEGEME % 0.5ml, Iml, 5
ml, 10ml =1, ABEE% T, 160°C =¥\ T 10ml,
T, 280°C iz 3\~ C 20ml %N LABa 0 HEEE
BE L. EREMI LT EABETD 5.

8% Table5 1wk, Table5 5> TOC Eit4
REPRETS BB T, OB RIBE, T,

Table 5 Effect of volume of nitric acid added

at a time
HNOj addedt Percentage of TOCH
(ml) digestion (ng)
0.5 99.99 200
1.0 99.97 560
5.0 99.94 1270
10.0 99.52 9600
T, :160°C; T3 :280°C; Volume of nitric acid added at T, :

10ml; Volume of nitric acid added at 73 :20ml; { Volume
of nitric acid added at a time; 1t Weight of total organic
carbon remainning in digestion solution

t Total volume of nitric acid added;

1t Volume of nitric acid added at a time

Pt 280°C THIUE 1 BN b O WBENE X bF
20ml DOFEEEMBIIE, 99% L EOMEERELR
5H, 99.9% U bkos@EeEZR T 5, 1EYS
h 5ml UTFoD, XiE BeIC 9 T 57001 0.5
ml FODOHRMMABETHS.

5 %Ki

AABERYREBRC LD, RKREKLYHEEME
B e SRR IEY BN BT HEEIh
Fo. BreAKBER XD, SREEL 1 BN ) OB
MExH O USHEDIMECRET HZ Lk ->T, A
BB EICHE LSRN e Be BB X EET
X5 X5rino .

X, fekHEIh T o HE-TEER = X 5 BRD R
DBRB BT D EEAM L 3BEROBFRIOWVT, K
BE TOC HIEELXAVSC Lk hEENCITE
T&k. Tithb,

(1) BRHBEEBFMTIT o, 75224
BYHLREE THMEERKENER L BEOH
B SR TR AN L C T A LR, WIRERR 0
SR CHER 2 TIN5 RS e R E E L. X,
WA AR T OSBEGNTHE Lk b, B
BExH LT ENTE .

(2) SR, WBOHMEOWIME & bics< i
Bh, R—RETE, MHciEnT 588 ESHRED
LReHELET S, Thbb, TORECEWCEHELS
LR DY RRIT D TRV EB D EREIEIIET
5.

(3) AEBXHOCCHE-WRICIVAEXYEET
BEglk Lyt 588, FHofEY 160°C THE
BefSIAT - o8, 280°C CTHRE5ET X500 KEBTH
ot X, WEAMME LEYAc) 0.5ml AHEYTH
- F.

5%, ERTHIBOBARVARELE LT, L0n
BB BRA L, &Rk BR LM% R\ 12
T ik, RRBECE CRBRYEEOEN%1T 5
FETHS.
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Development of automatic wet-digestion ap-
paratus and investigation of digestion process of
polished rice. Masahiko Nakajima, Katsutoshi
Irjima, Masao UcHivama* and Ryuzo Akao** (*Cen-
tral Research Laboratory, Mitsubishi Petrochemical
Co., Ltd., Wakaguri, Ami-machi, Inashiki-gun, Ibara-
ki; **Mitamura Riken Kogyo Inc., 1916, Tajima,
Urawa-shi, Saitama)

An automatic wet-digestion apparatus was construct-
ed to digest organic materials readily without laborious
and time-consuming procedure in advance for the

e, 5, AL, FE: BEBHBEASBEBEORERCBXO S RBEROUIR 3

analysis of metals in organic substances. The wet-
digestion is continuously carried out in the mixture
of nitric acid and sulfuric acid in the two steps at
different temperatures. The dropping interval and
duration of nitric acid addition is controlled by time-
switches and temperature regulators. Polished rice
was digested with the mixture of nitric acid and sulfu-
ric acid in the apparatus and found out optimum
conditions for the wet-digestion. Total oganic carbon
(TOC) in the digestion solution at various conditions
was determined by TOC analyser for the investiga-
tion of the process. It was effective that an amount
of nitric acid added at a time was controlled to a
minimum, and a temperature of digestion solution was
not too high, in the first step. If the temperature was
too high, the digestion mixture foamed over and the
carbonaceous matter produced was not completely
digested in the final step. It was found that the tem-
perature of digestion in the final step was necessary
to be as high as possible for the complete digestion.
The optimum procedure to digest polished rice was
as follows. Five g of polished rice immersed in the
mixture of 10 ml of sulfuric and 30 ml of nitric acids
was stood for 10 min at room temperature, then 10
ml nitric acid was added by 0.5ml portions at
160°C and succeedingly 20 ml added at 280°C in the
Only 200 pg of organic carbon was found

same way.
The total process

in the final solution of digestion.

finished in 90 min.
(Received May 28, 1979)
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