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Study on Determination of Low Content of Carbon in Steels by

Non -aqueous T1trat10n

Kazuo . KAWAMURA, Shiro WATANABE and Torao UcHipa

Synopsis:

~

An attempt has been made'to study the non-aqueous titrimetric analysis of low content of carbon in steels.
The: procedure studied is as fo]lows, The carbon dioxide, which is evolved by the combustion of sample in
oxygen stream at 1350°C, is absorbed into monoethanolamine solution and titrated with the standard solution
of tetra-n-butylammonium hydroxide, thus the carbon content being obtained. The experimental results

. showed that the present method is simple, rapid, and of good reproducibility, that is, coefficients of
variation were 7:31%, and™1'62%, as for the samples of carbon contents of 0:0011%, and 0-:0043%,, respectively.

As the blank value is as small as about 4pg all through the procedure, this method can be applied to analysis

of very low content of carbon (about S5ugC).

(Received Aug. 19, 1968)
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i S
a. Combustion fumace €. Smi microburette KCL + CH:OH

b. Desulfurizing furnace
(MnO. contained ) . Calomel electrode

¢. Glass wool
d. Absorbent tank

S PH - meter
g. Absorption cell Pt

Fig. 1. Combustion furnace and titrating cell.
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Table 1. Absorption efficiency for carbon dioxide.
CO; absorbed (%)
Absorbent Just after |After 6min
absorbed | standing
Aceton 80 1
Pyridine . 76 6
Dichloroethane 60 3
Dimethylformamide 83 1
Dioxane 30 5
Dioxane Benzylamine 87 - 84
Dimetylformarmic |
R

ENBLbbPBE LT T v RIRIILEVES, KE
FERA 6 min TRIRITHEFIC BT 5 RL R 1~6
LRETH I —ERNIATLIEHEORKEE & biciz
ACHRILTLES. INEELTT & w2 imL i
B TERER 6 min B CHRNERIEEZL TS,
COTEET I UoREB R EORERICET 5 L%
FELTWE, ' ,
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4.2 DEE»LT T U ORMASELREOTRINIC X
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R, BRE% Fig2 LR, hibbm»sXs

100

90 |— a\\
N

80 ™

: : ®
Carbon content of sample 0Q0Il. %
70

= i ; . Dimethylformamide
@ Ethanolamine 1 Pyridine ) (+1) 30 \O

10" %C

® s Dimethyiformamide 30
60 ©) D Pyridine 30
I~ Dimethylformamide
|® ) ) Pyridini ) (+1) 50
1® s (1+1) 150
. |
- 3 5 . 10
" Sionding time (min) =

Fig. 2. Effect of ethanolamine on carbon dioxide
absorption.
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Fig. 3. Titration curve.
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Fig. 4. Effect of flow raic ol uxygei.
Table 2. Recovery check of carbon with
standard substance.

Added | Found |Recovery | Added | Found | Recovery

Clug)t | Cleg) | (%) [ Clee)tt| Cleg)| (%)
5674 | 58-74 103°5 90 90°3 100-3
4 5817 1025 ” 91'5 1017
4 5817 102-5 7 90-6 1007
4 59-31 104-5 4 90-8 1009
2 5317 1025 4 91-9 1021

t Sodium oxalate, tf Potassium hydrogen phthalate
(Leco standard sample)

Table 3. Change of the concentration of 0-005N
tetra-n-butylammonium hydroxide on
standing. ’

Day 0 14 - 28 34

mgC/mi | 0057, | 0-057, | 0-057, | 0-058,

BEELTVWE LSRRG HDORBEAZDEZECIDD

DTEEVHEEZS. '

4.6 005N 7 b3 n FFATPYEZDLNA FOA
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ZNSDOERIC OV TR LT E B LIV EEREZ R
INTT BENERVWHE L. :

i, REOERI AVHNh TV S MEIGERI ¢4

F =

Table 4. Blank value caused by combustion
accelerator.

Accelerator Found C(%)
P30, 0-025~0-026
Pb 0-006~0-013
Cu(ring Leco) ' 0:0022
Cu(foil Leco) 0-0016
Cu(Yokozawa) 0-0018
Sn(Yokozawa) 0-0009
Sn(Leco) 0-0005
CuO(foil, ox) 0-0003
CuO(Yokozawa, ox) 0-0005
CuO(Wako) 0-0003
CuO(Kishida) 0-0004
CuO(merk) 0-0003
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71, §8, 88, RN EBH DA KRS LERESKE <MK
BRFCIHERT 52 L85 F» L. L L Hoekins
et al.® [XEFES, AW, ST LXK OoOVWT RELE
R, KIRE (00029 LIF) ORFBIEGHLL, Hik
B (0°02~0'25%) THBRNRIVEBEL TV, &
2 ORRBHRERIP O EERER 41 OEBR BT LA
MOTERLK. $ER%E Table 4 TRT.

RrLbbrd X OEEF $HERVTERICEER
TEEEEZRLTCWS, LarLZD5bTTRREED
BED LN L2 TEHETRERBC R B D50 TE
{LEAZ AV BT S HBEE L. LB FEm Iz —IF
REIE 2R L TV 5720025 5\ X EIEI R o F o
BACXDDDOPEKFENETEHEEZRT. LrLEEE
St 900°C TIOminfBEEMEA 5 Z &tk b BHT
BWOIBDHENTES.

D EWHRIEFR — FBEB OBRBEIC Lo T—HEBEXN
TEERE» COBREMMT 2B L. REBKS
DERILER (1, 2, 3-g) ZENETNFE— MTIFED ED
BRERGA 1400°C THABES® 4.1 @ EBRBFEERHED
TIREEZ KD, FR% Fig. 5 WRTEEDITK—
b DB EIREE % Photo. 1 iTR/T.

INXDLrDXHCELIA (1g HVIREE 34
#8, BRMRES, AEFR— MERVCEBIREARS 11000
CTRESEREELRDZDD) OFRE 3g LiLT
BETRAERBMEKL Z2TWS. THhid Photo. 1 o5
DHEIND X5 KMBEREDOEBEL L2Tw5sZ &
PHLSPMBDL. FRE]l Tl 2g TRREZEEIT—

Photo. 1. Sections of the boats after combustion
with CuO.

(ng)
w
'\\&

N

C

LA

i 2 3- 4 5
Cu0  (g)
Fig.” 5, Blank value caused by GuO and, if
possible, its attack on the combustion
boat.

ELTHY) K~ FOBBIC X 2 EERBEOFE I\ &
EXTHODRUTHERZNTSHS 5. EoMabll = mie
SRIIBETHRILMERES CIBE X D\ BB
BRELVERDNEBFNFERELBY IR VTH
55,

RBCREE S XUCBRES A hOEERES 41 0FE
BREERIC LIchs D TR R Lic. 582 Table 5 ici7.

NI VAL X S ITREEE D S35 TERIE
REEMREE LAV A L B L TR L HEkk
—BLT2DTEDOEE RISV, LLLEBESFAHRO
ZERER(E 12— D BETH dug O RENT DHONG.
CNIRRBEF~BEN Z 2 EATHHICAL T AR b
ZFIE L IBFEZ BLTH L2 U RE Sy
0'9ug FTHWALSIEBENTES.

6. o W K &

BLED KBEER 260 E0 X 57s i hks ML L
7.

Table 5. Blank value caused by oxygen and combustion tubes.

No Oxygen flow Other conditions Found C(ug)
Y8 J23:9
1 150“ml}/rnin><5min No O; purifying furnace. Quartz combustion tube. 4-0
2 “ ” No O; purifying furnace. High alumina combustion tube. 3-9
3 P O, purifying furnace, filled with quartz chops, at 950°C. 1-5
Quartz combustion tube.
4 ” O; purifying furnace, filled with quartz chops and Pt-asbestos. 09
Quartz combustion tube.
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7 7NBS 1250
© 50 s NBS 55e
N

. BS 1700

/ OGK 17
25 75 :
. //// BCS 149

4

0 25 50 75 100
c (pg)
Fig.” 6. Analytical results of standard samples by

use of the theoretical factor of 0:'005 N
tetra-n-butylammonium hydroxide solution.

Fig. 1 R LB R EREL, MBEEEZ AL LD
ERIEER 1350°C K@i 5. —FRRERT ATV
— & —CHRGLTES 150m! OEETETS. LR
PREEE DEEIN NI IX SRS TR L e WIBEEICRE L 7o @R
ZE@FIBEL THL.

(1) BERAFTHOLPUDELRE LHALIK -
rr—ER GO LRIR) oBLREFEI LD, K-
WICEBCOATF5. LR ZRE 10pg 2 TH
LEXA5EFY & VELAD B TFHETrSED.

(2) HE e ViR 20m! %hnx 0°005N F b
SnTFNTLE=ZD LN Fud 344 FIZEBAKT
HopUdRTS.

(3) F— rP2REFBABRTRIEE OMEIICEL.

(4) F— MEAES minfFEL72S5EDBI 0°005N
FEISnTFANTLEZYANL Rt 394 RELER

Table 6.

BCHEETS. P& pH 2 — 2 —FE— VTNV
| FERELYHVCTHRET 5. _

(5) TOHBEIVREEZ DEORC LD TEHE
T5.

0°005N > +SnoFiv7 s IEEBK lml
T AN FuodFH 4 X HiehoRE
g

Cop BEEROMER (m) RUE (g) x

b= REE (2) 100

L ZER (F- b, B, RERER) 22~3
sz is0 CEREZMET -

2, 0°005N 5 b nFFT7rE=DANA KA.
F X4 4 FEEBRIIEEERO N £ 2
BWERWT NMERET 5.

3. 0°005N 5 FSnFFVF7 L EZTLNA RO
FxH 4 FEERBOBERY 2ml HELA
SEIBRIEFHF L VDO EZH]|T 5.

7. FRESEHODMER

4-5 QEBRTHBANEZ AV CEERBOREZES
T5LE 10% BESEFECH L TRERZFRLEL. TO
FRREREUEEORIE» B LR R OREROMBELSE X
LB O T NBS, BCS 7 FofE#EstElic oW T b
ZOEERDLDPHET L. LrL, ThbOIRER
Bold MERZRO @Y Ld0BRVOT —[GREE
0°0032,~0-083% EFEICH S 7 EDFE & RBUUREK
BB AT R TRERLZFEL, Thief— b
D-6 DB/ EE LB oTEELL. ER% Fig. 6
e

T X DS X 5 I AR HERR O BRI L T
10~20% BERKEZRLTVWS. 02 &id HEiEhii
BT 5 LHEROSKIMELETR X D RDLRER LY
EEZRTZE B5008 bhb. ZOREEHEES
NSRS L B ERBEOER, FE,P LK
DTEHEINL OO TRIERORAERL 100% & O

Analytical results of carbon in the residue after electrolysis and its

correlation to that by direct combustion method.

Sample A B
No of Method Combustion after electrolysis P:fﬁ‘tm i, | Combustion after electrolysis chjx‘t()::xsti on
Determination dgg(‘;‘g’;ise 4 (| Found € (%)| Found C (%) Sagg:ijdig’m' Found C (%)| Found C (%)
1 75662 0-0067 0-0060 107589 00056 0-0066
2 81264 0-0064 0-0057 12-9729 0-0064 0-0064
3 9-2004 0-0062 0-0060 11-8152 0-0059 0-0064
4 10-8863 0-0051 0-0059 73211 0-0067 00065
X 00061 0-0059 0-0062 00065
Electrolytic apparatus:«:« Koch-Sundermann type Electrolyte«s----10% KBr Potential difference....+—0-48V vs. S. C. E.
Current density------8mA/cm? Filter -«----Glass filter +asbestos Sample------Low carbon steels, as cast
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Table 7. -Precision of the Proposed method (%).

Sample

o T—lample A B C D E F
1 0-0010 0°0027 -0-0037 0- 0044 0-0093 0-0134
2 0-0013 0-0026 0-0034 0° 0042 0-0093 0-0135
3 0-0010 * 0-0028 0-0036 0-0043 0-0097 0-0135
4 . 00013 © 0-0026 0-0034 0-0044 0-0096 0-0132
5 0-0011 0-0026 0-0033 0-0042 0-0093 0:0133
6 0-0011 0-0028 0-0037 0-0045 0-0093 0-0132
7 0-0010 0-0029 0-0034 0-0045 0-0096 0°0135
8 0-0010 - 0-0026 - 0-0033 0-0044 0-0096 0°0133
9 0°0012 0-0028 0-0032 0-0043 0-0093 0-0132
10 0°0011 00027 0+ 0034 0-0044 0-0093 0-0132
X [ 0°0011 00027 0-0035 0-0043 0-0094 0-0133
R w 0°0003 0-0003 0-0005 0-0003 0-0004 0-0003

cv ‘ 7-31 ‘ 3-42 4-39 1-62 1-44 0-76
ARICIL2 TS . L7ch2T, D 10% BED /N4 (1) ZB{LRBEFTLCRNSEDoDic@ELOH

T ANRE U DR RAEED 100% Th\\Ordbibic
VDT, TOFREREIERT DD RILHOEEMNE

el sl ThbbR—HE 2 EEMTMRL T

DEEFORFERD SRDIFER LAEIC X > Tk
Rz L. $5R% Table 6 107 . ERSHDE
MR X ETIGAREAERIT1009% L LTELLNDEDTIHE
Il A R A ARETROAEEMB LD 10% BES
HETTETTH B Table 6 55 Hbh 5 L5 ICER
BCLOERERET NI VA TWBIFREIFEEDR
FREFKRE—HL oz BWET 13Tl v.
WA L AFEAEED 1009 ThWE WS T LId5Eds 7
B OERTELI OB OB SV TITERGT DR
FEOBRBPILVE VS FHRICIE D TWA DT 5ic 244
CIER L TIFFRRIER B\, 2 2 ik &
L CERIMGE E S CRAT 5 & & icidra RERS b
Z5THBH.

8 & Mo B

SREMBUEL 6 IEE 6 OO HEIC L > TERL

7o. fER% Table 7 WiRT. NI Vb5 X5
FE&AR 0000119 pEElc R=0:0003%, CV=7'31
%, 000439, DiEtET R=0-0003%, CV=1-629%, T
HOVIEVBELHEED ISR TREERSZ LN,

9. & 5

i, MERZEOEEEDERNSE L LDTELOT .

BRAREERESC Y — v VEEHECREERELBERE
BT S DI IEKARREEREE L D HITELBITL
I LAMETREERBELN.

BEREE A ERLA BER, (CI0+0xF b
LATEIR) '/ AT E % 30: 1 OELETR
ELALDOBRRBETH 5. ’

(2) HFEEOK R OEIEII B ELELIC X > Tt
BICHR TE D3R EELAV S L ERFE~ VT Z L
A2, FE-NVTV—EPEYETHS. ,

(3) 000N FbrInJFFrE= 6 4 Ro
x4 FEEBABROMEENS <D LBREDLA
INELEBDOT—G 2ml £ TLT5.

(4) JABREAITERBIEDN S VEMLERZ RS
5. . :
C(9)  BALEOEEBRFERD LAV E R S UEEstE
T LIS THMRT R EHBR /. KEOHIH
L9 8 minTH S .

L(6)  MREE(RERIS X OBEEH X O T EBR{EAF N E
30, 0°9ug TH5BZ LpbE LT 00005% BED
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On Fluorescent X- Ray Analy51s of Phosphor and Sulphur in Steels

Toshw ApacH1, Minao Ito and Yoshzhzko Suzukl

Synopsis

Analysis of phosphor and sulphur in steels by bluorescent X-ray was studied. For furnace control,
they can be analysed simultaneously with elements of high atomic number, using tungsten target tube.
Effects of crystal, collimator, setting condition of pulse height analyser, and others were studied, and precision
of 0-0016% at 0-007% P and 0-0011% at 0-007% S was obtained. Heat treatments of samples have no
affect on X-ray intensity and 0-001% of differece in sulphur is measured between rolled or forged samples

and cast samples.

The working curves of phosphor and sulphur were studied, and overlapping of Mo on SKa

was corrected simply. Accuracy obtained in analysis of carbon-and low alloy-steels was 0-0023% for sul-

phur and 0-00179%, for phosphor.
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Table 1. Measuring conditions of apparatus. -
X-ray tube

target w

voltage 40kV

ampere 44 mA
1 st collimator 30/100 mm/mm
2 nd collimator -10/30 mm/mm
Crystal flat Ge
Detector gas flow proportional

Flow rate of PR ‘gas
Atomosphere of X-ray path
Counting time
Pulse height analyser

base line

channel width
Scaie factor

counter

150 ml/min
vacuum

80 sec. const. time

6V
158V

w 10
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5. rdDiz
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