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Comparative Studies of Kjeldahl Method and Dumas’
Method on the Determination of Nitrogen in Coke

Synopsis:

Toshihiko Hata and Yoshikisa Kono

The establishment of an accurate analytical method of nitrogen in coke has recently become important in

connection with the reduction of nitrogen oxides (NO
The wet method (Kjeldahl method) and dry one (D

ination of nitrogen in coke.

%) in flue gas from iron ore sintering plants.
umas’ method) have been widely used for the determ-

In a recent paper, however, it was reported that the difference of analytical values was observed between
Kjeldahl method and Dumas’ method on the analysis of nitrogen in coke and the former has generally given

lower values.

Therefore, the authors carried out experiments to confirm this point and also to clarify the reason of the
difference between the two methods by using various coals, cokes, and organic reagents.

As a result, the following points became clear.

(1) No nitrogen was detected in the insoluble residue after the cokes had been treated by Kjeldahl method.
Therefore, the reason why the wet method gives lower values can not be attributed to the dissolution method

of samples.

(2) The reason can be ascribed to the existence of nitro

genous radicals which are contained in coal (raw

material of coke) and will not easily change into ammonia.
(3) Only bituminous coal and coke produced from the coal showed considerably large difference compared

with any other coal and coke.

(4) Bitiminous coal contains much nitrogenous radicals in comparison with other kinds of coals,
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Table 1. Composition of coal and coke used experiment.

Composition (%)

Sample
Moist. Ash V. M F. C S N*
Brown coal — 2.1 9.0 88.9 0.12 0.55
= Bituminous coal-No. 1 1.1 10.8 19.8 68.3 0.69 1.10
o} Bituminous coal-No. 2 3.0 9.3 35.3 52.4 0.63 1.62
© | Anthracite-No. 1 5.4 13.4 6.5 74.7 0.16 0.34
Anthracite-No. 2 4.7 17.5 6.7 71.1 0.33 1.01
Coke produced from brown coal — 2.0 2.8 95.2 0.15 0.32
Coke produced from bituminous o 12.8 1.0 86.2 0.19 0.72
coal-No. 1 : ’ ) ’ )
Coke produced from bituminous o 14.4 1.6 84.0 0.20 1.14
9 coal-No. 2 ’ ’ ) ) )
Coke produced from anthracite
S No. 1 — — 0.6 — — 0.23
Coke produced from anthracite N o 0.8 . o 0.59
-No. 2 ) ’
Qil coke — 0.3 5.2 94.5 2.50 2.85

* Analytical value by Kjeldahl method.
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Table 2. Composition of organic reagent used

experiment.

Reagent

|

Structural formula

Methyl orange
(powder)

O-phenanthroline
(powder

P-uitrophenol
(powder)

NaO,S-<—::>~N =8-{_>-N(CHy; )

—
N
S—

< ,2;
NO,-<’

™

o

/OH

N noN-C
(el p

[

Theoretical value
(N%

12.83
14.12
10.22

16.86

Pyzidylgzo?apmam |
powder’ | —
/Ny

\ ] 17.70
N

Pyridine*
(liquid)

Quinoline*

~(tiquid) ] ! lo.8¢

Indole* YN
(powder) P ‘ 11.95

* Hetero cyclic nitrogen compound existing in coal

3. 2 B E H

FERCII RO Z AV, £ Ofikz Table 1 35X
X Table 2 iR U7z,

B pbEORR O SEEORK (BIK, IR,
MEER) RV

a—22: bPERORARE -2 ARBRIPTIZE L TE
S TA— I ABIOFAA V=T RAEH V.
FHRESREE  r vy —VET NHy i hici{ vwiwvb
NTVWLEEESEEMS XA RBPCHFET 5ERE
AN{LEIE B

4. R B K &

41 REHON OEE
EREE (A, -2 %, BERE hoNzyw
¥R EUERE (BT, 2-7 v ABNSHE

— 14 —




TS APOBERERTR T DAL -tk E ¥ o — <30 1673

BZX5HEZVS) OmMkickhEE L.
42 B, EXMWECHIZIMZRIHRICEETS N
LU COEER

421 F4buvy NCXDEIHPONOEER
(1) rnF—-rkogs

=7 2% JIS BID W LB OCHIRT 5 23K
D, HaSO, I X O EAIZ I 2 CRUB 2 B i3 5% .
SRR PR OA CHRB L TRYMERI2ED, ©
ha 100°C TR LAEDL, 374 hu<wy FEBEWT
BShicEE T s NEZ k7.

(2) wRpoHs

BRI ZO L, F4 bu=y FEAWTEXH
CEETHNEE KD

4.2.2 CHkstic X 2ExpoCoOER

A= 2%24-2 1 LEUES TBELTELNES
ZoWT, Cofete AV CEIhIcERET5CER kK
oyl

5. R B B R

51 FNgd—nikd EXERIC BIIRZEREBDNMA 7 X
DR
ETHRYNT, rovs — vk L ERIEORIC N4 7 A
BD0EDS DERTEBTH 7D EREEE (BB — 7 %)
FWERIC X DO L7, FOfERE % Table 3 iz 7-.
CZOFER, LB I — 7 2BV TIE— R RIEDO H A8
[ (R RPN ST/ Ny sl
52 SN E—LECHBITEIRABRIPICEETINE
T E — ik R E LR TRTEMEE % R
ELTH, BBOGBRR+STH5 L, BXORKE
HONDEERIEDER (X v¥ — ke NH; i h
TS WNEZEL) BEBEZLNS. £DDIL, T4

Table 3. Comparison of analytical value of Kjeldahl
method and dry method on conventional

coke.
Analytical value (N9)
) Difference
t 1
Conventional | . 1 anl Drv method |, . (%)
method Y method! (A)—(B)
A 1.15 1.24 —0.09
B 0.89 0.94 —0.05
C 0.55 0.68 —0.13
D 0.89 1.40 —0.51
E 0.39 0.52 —-0.13
F 0.41 0.48 —0.07
G 0.74 0.97 —0.23
H 1.18 1.35 —-0.17
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Table 4. Comparison of analytical value of Kjeldahl method and dry method on coal and coke.

Analytical value (N¢) Difference
0,
Sample Kjeldahl method| Dry method ( A)(ﬁ)(B)
(A) (B)
Brown coal 0.55 0.59 —0.04
Coke produced from brown coal 0.32 0.32 0
Bituminous coal-No. 1 1.10 1.31 —0.21
Coke produced from bituminous coal-No. 1 0.72 0.95 —0.23
Bituminous coal-No. 2 1.62 1.81 —0.19
Coke produced from bituminous coal-No. 2 1.14 1.31 —0.17
Anthracite-No. 1 0.34 0.35 —0.01
Coke produced from anthracite-No. 1 0.23 0.25 —0.02
Anthracite-No. 2 1.01 1.05 —0.04
Coke produced from anthracite-No. 2 0.59 0.63 —0.04
Oil coke 2.85 2.84 —0.01
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Table 5. Comparison of analytical value of Kjeldahl method and dry method on organic reagent.

Analytical value (N%) Difference Theoretical vame
i [/
Orgaﬁlc reagent Kjeldahl method Dry method ( A)( f )( B) (N2)
(A) (B)
Methyl orange 9.80 12.43 —2.63 12.83
O-phenanthroline 13.72 13.94 —0.22 14.12
P-nitrophenol 8.72 9.93 —1.21 10.22
Pyridylazonaphthol 8.88 16.32 —7.45 16.86
Pyridine 11.34 17.32 —5.98 17.70
Quinoline 8.29 10.43 —2.14 10.84
Indole 12.04 11.78 0.26 11.95
Table 6. Amounts of nitrogen remained in combustion residue of dry method.
Sample Difference from | N(%) in Reference
(combustio III’ residuc) K jeldahl method| combustion |~ C(%) in H(%,) in
us sidu (%)* residue combustion combustion
residue residue
Coke produced from brown coal 0 0.003 0.01 -+
Coke produced from bituminous coal-No. 1 —0.23 0.062 >0.25 + -+
Coke produced from anthracite-No. 2 —0.04 0.068 >4.00 ++++

* [N(%) by Kjeldahl methodJ—[N{ %) by dry method’.
*%* Symbol showes degree of amounts of existence,
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