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A carbon, hydrogen and nitrogen microanalyzer equipped with a self-integrated
measuring system features the transportation of a combustion gas into a cylindrical pump
having a reproducible inner volume and the collection of three signals of water, carbon
dioxide and nitrogen when the pump slowly pushes out the gas towards a series of three
differential thermal-conductivity cells. However, these signal intensities are not directly
proportional to the true concentration of the respective components in the pump, because
of the coexistence of foreign components other than the object. A correction of the signal
intensity is therefore needed to obtain accurate analytical results. The conventional cor-
rection method gave rise to a minute analytical error, since the calculation involved a
process to roughly estimate the quantities of the three elements in the sample being
analyzed. An algebraic modification on simultaneous equations representing quantities of
the three elements has resulted in the discovery of new formulae of simultaneous equa-
tions by which precisely corrected analytical results can be directly calculated, thus elimi-
nating the need for a rough estimation of the quantities of the elements.

Keywords : C, H, N-microanalyzer; self-integrated measuring system; differential ther-
mal conductometry; calculation of elemental composition; correction of
analytical results.
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DY T FIICIEES OTFEIC L AEEORK TR, B
FIZEBEVSROLAOHEN LI NILEENTVS
DT, EMEOWERZE 51T VSROEER
EPRETHS. ERGEESIHZAVWTZORRAE
POHEINEZELVSROKREITY IS FVEGBLEL,
BRSO ZNITRICL TRRE (ug/count) ZEEL TH
F, WIEERHEBOSTTCEBELNIZY 7 F VT DR
EA2FEUTHEKORSEZRD, hpoERKZE
FLUEYD, ZOHFETERMBABOBIEREPSBED
BHOBAEICLUTHREIND Y, HEKIZY 7P ILvE
HEADFNICBITT A ENTELRL.
SRAZRADEDENSTEE G 3 TTOELTTENX
EREBEICE->TEET AL, R0y 7+ un
HEEENVSROIERSHERMIEZT> 2ROBIKRD
Hh5 I ERM- o, REEEICE > THRERDEREKRIC
HHEL DS oHRELZFRBNICRIET 2 &M T
x5,
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iOFELSEREZ X, ET5E, ZHREEEFOALO
fl, HOROMREEE AL 1

Ali=Xi(2Hc—Xi) ( 1 )

TEIND., BU g, A4 EEFNEFN He, K5 1 DB
CEETOWIhALREOMEERTHE. 7 v VR
THZEEZELRHETEE YT FIVEE T L X I
Blg 5. U URE, K&K, BREECHEBZRELL
& %138V 7THIZ HyO, COy No @ 3B HFL T
B, R(1) O&> nHMrBEfrcdnznsd. 4%k
RERBIZT 5129 HyO, COy Ny ZFEHHERICH T S
X % Xu, Xeo Xn EU, Ape—A 2RI A, e, An
EFBE, RBHBOY 7T IVBRE Ady, Adc, Adx
i,

Adg=Xulu— [Xu/ (1 —Xu) 1 X (XcAe+XnAn) (2)
Adc=XcAc/ (1— Xu)

—XcXnAn/ [(1—Xu) (1—Xu—Xc) ] (3)
Adn=XnAn/ (1—Xg—Xc) (4)

D3RTERINSEZEPHSNTNEDD,
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Fig. 1 Differential thermal conductometry for de-
tection of multicomponent gas mixture

(A): multicomponent indicationg signal intensity of
a, b and c; (B):
and ¢

single component indicating a’, b’
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W X TR, R, B BCMHIBIRE, KE, EBROWHCHV 2EBEDH AR 629
NIZEIITLT S, K1) T3 2R(2)~(4) okt =0.6408 X 107> X On=¢nON (13)
zZNENEEL, ChEa®IERES LTy 70
ERTIE L. ¢ IEBEEHTHE N H, R(8)~(10) BKRDLH T

X ExHEE5.
5H=XHZH/ [XH/IH_ 1_; (Xclic“f'XN/zN)]
H —
- /(l _ Xcle _ XNXN) (s) QH_fHYHXXH/

H\7H 1—Xy 1 —Xy (,2 _ PcQclc _ ¢NQN1N) (14)
P /[ Xclc B XeXnAn ] " 1—¢u0n 1 —¢uQu
X (1= Xu) (1= Xn—Xc) _ Ac

_ /[ Ao ~ Xndn ] (o) QC_fCY(3X1c/|:——————1_¢HQH _
c 1— Xy (I_XH) (1_XH_XC) ¢NQJ\IXN ] (15)
Xy A (1— ) (1— -
=t T =1 KX (7) $1:Qu) (1= $uQu—bcQc)

B OKE, KR, EROEFE Qu Y7
DK EX Y counts, HHBE fug/count D& &, ®WIF
¥ o 2HALT,

Qur=fiaVuX Auf (A= lefY‘; - IX_Nj(z) (8)
Qe=fotoxdof [ 25
AnAn

T 1—Xn) (1—XH—XC)] (9)

On=fnYnX (1—Xu—Xc) (10)

ERTIENTED, LBRHBE £ IEERN B
WT Q, ¥, X Z5tEL, K(8)~(10) KRATHIE
HRSDLEEDBISRILLTKRD NS,

STR(8)~(10) DELSE X X, K> 7EE
55.0°C (T/K=273.1+55.0), 5 P=760 mmHg, M
AE V=150X10" w (BEHlET, KEBIDSTHICRZ
575, 1/1000 L TORETHRTS) D& &, RS
AEBESEKEAZLT,

Qu T/K 760
= X22.41 X X —
2016 "M X GV

Xu

=8.903X 10" °>X Qu=9¢uQn (11)

0c T/K 760
= X X X—
12.01 *R2H XXV

Xc

=1.4945X 107> X Qc=¢cQc (12)

T/K 760
x_
273.1 P /v

An X22.41X

~28.01

v =¥ X (1= $uQ—$cQc] (16)

A (16) IHBNBERELETHE0 5, On 2R (15) K
KATBE,

_ ¢NfNYN(1‘¢HQH_¢CQC)XN]
(1—¢uQn) (1—puQu—dcQc)

=fcYcXAc(l—uQu)/ Ac—dnm¥nin)  (17)

N (14) 12K (16), (17) D Qn, Qo ZFRAT B L, 2%
BEHLHEIC L 38 CEE R T2,

PcQclc _ Pclc
1—¢u0un  1—¢uQu

(1= 6uQu) / (Ac— dnfnINAN)

Xfc¥YcAc

_ $cfc¥c(Ac)?
= A= rsnTadn (18)
INONAN  OnAn
1—uQn  1—duln X fu¥n (1= $uQu—dcQc)
_ $cQc
_¢NfNYN1N(1__l-_—¢?!J_{)
= /N INAN

[1_ pcfc¥eAc (1 — duQn) ]
(Ac— N INAN) (1 — 1 0n)
_ Pnn AN (Ae— dnfin YnAn — fofcYedo)
Ac—PnnYnAN

(19)
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R (18) &K (19) 28595 &,
[dofcYeAc{Ac— dnfn nAn) + dnfnYnAn

X (Ac— dnfnInAn) 1/ (A= dnfa YnAn)
=g¢efcYeAct NN NAN (20)

B (14) 13,
QH:fHYHXXH/(XH_‘PQfCYCXC"q)NfNYNZN) (21)

PEoHERIZTES 760 mmHg DEEDHDTH
595, FEOEHOBRE IR Y THOENSIRMSES P
RSB DT, Y7L Y, BEARERZT->12E
Y=Y X(P/760) ICEBULTNIEBLHEN., o TH
BRIICHHBER 2T L0HE RO EHICE 5.

Ou=fuYu’ X An/ Au—dcfc¥c' Ac— dnfn Yn'An) (22)
Qc=/fc¥c’ X Ac(1—¢uQn) /{(Ac— dn/nIn’An) - (23)
On= Y’ X (1 — ¢Qu— dcQc) (24)

#(22), (23) ® X ELELSHEDEMSY 7F L ¥ kX
THEELMSEHEEBERNTH2. COHFLVWHEXEH
WTKRARARDOCER S BZRD B 1T1F, £ TR (22)
WY 7TV Yy, Yo', W ARATH5DATESIC Qu
HEETE, WITR(23) IT Qu & Yo', W BRALT
Qc SN B, Bz (24) T Qn Qc & T 2K
ALT On DS RBHHNE. CHALHDEIIETNTELS
ROMEBEDEASZINTSHB Y, BERIITIZHERS
DEEXDOREMBEEIUTH 5.

DR E->TWEH 5 » UHEBORHERERE £ 2K
BHTHEM IR SHEON, TITITEERH 2%
BV, FOBRRSEEPSHEINIRSE Qu,
Qc, On ZRDTHBE, Bohicy 7P VvoH 5% 7
YW 2R(24) KRALT fiy 2E T 5. WITK(23)
A Yo, YN ERALT o %, Bic(22) 12 £,
fo T, Yo, Y BERALT fy KR HNB.

PDEoitEEic sk sE, RUEYAERZBAOCRE
REOEE LARANEHORSERHBEZITODT, WE
ORIICERN S F/FES L, RO &5 ICTKDER DS
BV TENVSREEREZROOBEM[2HEICLT
TORBEEENSERTE 5.

3 RREBE

31 FARICLHIMEDORN
SERFEB T v F Y v (CHN,O, H=6.43%,

Vol. 46 (1997)

C=70.19%, N=14.88%) 2V CREREE2EE L, kI
CORBEEAVWTHILT Vv FE) YOTESHREHE
T5. HEE 20926 ug WML, SEHCHFTY S
TN Yy, Yo, Yn 2B1&T 5. SHEL2BEMILT A1
W»RE % 760 mmHg & RE 3 ik (22) ~(24) T
W=Y, Thbs BERTF-FEUANBLERDEDITE
5.

Yy’=9088 counts Yc’=10764 counts YN’ =9636 counts

Qu=1345ug  Qc=14688pg QOn=311.4pg

Pu=8.903X107° $c=1.4945X10"° ¢n=0.6408X10""°

Ay=0.1417 Ac=0.1429 An=0.1339
Wem 'K

BL A OfE1& 0°C & 100°C DAKIE%Z 55°C DO LLHIED
DTRDOED., o THRTERD OBRE K (24) 25
A(22) ~NEEDHT,

S=0n/ [ (1—¢uQu—90cQc) ]

=0.03345 pg/count (25)
Jo=Qc/ (Yo' 2c (1= ¢uQu) / (Ac— dnfn YN’ An) ]

=0.13784 pg/count (26)
Su=0u/[Yx'An/ Au— dcfc¥c’ A~ onfu¥n'An)

=0.01444 pg/count (27)

Tz (25) ~ (27) OBEZHWVWT, M7y FEY
VORLREREEN(22) ~(24) DIEICEHE T 5.

Qu=1345pg H=643% A=0.00%
Qc=14688pug C=70.19% A=0.00%
On=311.4pyg N=14.88% A=0.00%

COEAIRTvFEY vERNEHEEZL TCEREREK
ZEHEULUCHERBEETLI-HT 5.

32 [HMNEKICLZAEDORE
BHEEETEIHICBVWTELVSRBEHIEIC L
HEXZRWEYD, 22 TI3KE, RE, BEORSD
B -FRBICHAL, FhEROEBLHHEINS
HyO, COy Ny DENGEREKX(5)~(7) IKRKALT
BEFHEROTVS., 0BV ¥ a— YEENER
LT, ZOMEROHEE ROEGEATHELIL,

0u=1.005+C pugx107° (28)
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8c=1.0002—H pgx<9.968X 10>
+N ugX6.934x10~° (29)
On=0.9998—H pg X 10™*—C pg X 1.642X 10> (30)

270977 MIHHAAT, H, C, Nuyg BANT 5D
HCHERRICHERBAPHEINS Lo Itm 519,

£ 3187 vyFE) vOREHARTHET S &
KD &H e s, BE £ 1d(28)~(30) 2 ARA

JSu=Qu/ (Y X 8y) =134.5/ (9088 X 1.0197)

=(.01451 (31)
Jo=0c/ (YcX dc) =1468.8/ (10764 X 0.9889)
=0.13800 (32)
~N=0On/ (YnXdn) =311.4/ (9636 X 0.9622)
=0.03359 (33)

s, JOREOHMEEIBMELRDOME%Z SET 50
KTkodtcbDTHsh 5, HFatBETR(©25) ~(27)
OME - 15BNV 5.
COXIIIREVIBEZRHN, T yFE) v &
RAAEBE UCHMEDHEZT-TH 5. KAERT
HEPOERISEEVPAMTH 505, BMEMEY 7+
BEICREEZRETIROONS.

LR, FR, WM BORESBRE, K&, BRAMEHCHL 2BREEOHHR

631
H ug=fuX Yu=0.01451 X9088=131.9 (34)
C pg=/fc X Yc=0.13800X 10764 = 14854 (35)
N pg=fu X ¥n=0.03359 X 9636 =323.7 (36)
= (28) ~(30) &0,
Ou=1.0050+1485.4X107°=1.0198 (37)
0c=1.0002—131.9X9.968 X 10~°
+323.7X6.934 X 10~°=0.9893 (38)
On=0.9998—131.9%X 10~ *—1485.4
X1.642X107°=0.9621 (39)

iz,
Ou=fuXYuXduy=134.5 g
Qg:f(;x YCX5C=1469.5 ug

QN=fNX YNX5N=311.4 ug

AKX 20926 ugTHBHD HRTESERIL,

H= 643% A= 0.00%
C=70.22% A=+0.03%
N=14.88% A= 0.00%

KFEEBRICOVTIIERMEIC T 5 DHE DR/

Table 1 Mathematical error in analytical results derived from conventional calculation
Sample Signal/counts Element/pg Composition, % Theor., % A, %
Hippuric acid Yu= 7150 105.6 5.06 5.06 0.00
2086.3 ug Y= 9206 1259.0 60.35 60.33 +0.02
Yn= 5016 163.2 7.82 7.82 0.00
Sulfathiazole Yu= 4908 72.2 3.55 3.55 0.00
2033.6 ug Y= 6269 861.2 42.35 42.34 +0.01
YN=10185 334.7 16.46 16.46 0.00
Benzoic acid Yy= 7044 104.2 495 4.95 0.00
2105.3 pg Yc=10612 1449.8 68.86 68.85 +0.01
Cafleine Yu= 7593 111.9 5.19 5.19 0.00
2156.3 ug Ye= 7783 1067.2 49.49 49.48 +0.01
YN=19072 622.0 28.85 28.85 0.00
Cyclohexanone Yu=12049 177.7 8.44 8.44 0.00
semicarazone Yc= 8378 1140.9 54.18 54.17 +0.01
2105.6 pg Yn=17618 570.0 27.07 27.07 0.00
Cholesterol Yu=16204 240.3 11.99 11.99 0.00
2003.8 ug Yc=12474 1681.5 83.92 83.87 +0.05
Stearic acid Yu=17454 258.6 12.76 12.76 0.00
2025.3 pug Yc=11446 1539.9 76.03 76.00 +0.03

Sensitivity factors were predetermined by antipyrine (ug/count): f3=0.01451 fc=0.13800 f=0.03359
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BE2URLUTTH S, REMIT 0.03% EDORY %
R, TV IER(37) ~(39) DEFEICHK(34) ~ (36)
D& BBEEEZHANZZEICKS.
FREOEEZ2CREEROR L2 EHOENTER T
& Table l DEDHICE -1z, THHDFHEBIZWET v
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—HEBOSHELT Y 7)) v 7, BEGERRE, RbE
BeyEn, (RN cREBERE2¥ELICES, RUER
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