" tumeapn

NS 5

'

‘e

L

e - tw et e L YR o

g

UNCLASSIFIED

et

: . e : v
A e e w¥ RS VPSR A

MARTIN MARIE TTA ENERGY SYST|

AR

3 445k 0350440 1

s

T

Chemistry

DETERMINATION OF MICROGRAM QUANTITIES
OF CARBON BY LOW=-PRESSURE COMBUSTION

J. H. Edgerton
H. G. Davis

R
AN

LIBRA

DO NOT TR, - fi | T TFRION

I you wish somacne elie fo oo thee document.

send in name wiih decumen s Hie Bisrary will
arrange a loan.

AL LABORATORY
BY
LEAR COMPANY

A Division of Umie nd Carbon Corporation

K RIDGE, TENNESSEE

UNCLASSIFIED



Printed in USA, Price _2___cenfs. Available from the

Office of Technical Services
U. S. Department of Commerce
Washington 25, D. C.

LEGAL NOTICE

This report was prepared as en account of Government sponsored work. Neither the United States,

nor the Commission, nor any person acting on behalf of the Commission:

A. Mckes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disciosed in this report.

As used in the above, *‘person acting on behalf of the Commission’ includes any employee or

contractor of the Commission to the extent that such employee or contractor prepares, handles

or distributes, or provides access to, any information pursuant to his employment or contract
with the Commission.




UNCLASSIFIED

Contract No. Th405-eng-26

ANALYTICAL CHEMISTRY DIVISION

M. T. Kelley, Director
C. D. Susano, Associate Director

ORNL-2211
Chemistry
TID-4500 (12th ed.)

DETERMINATION OF MICROGRAM QUANTITIES OF CARBON BY LOW-

PRESSURE COMBUSTION

J. H. Edgerton and H. G. Davis

JAN 151957

Date Issued:

OAK RIDGE NATIONAL LABORATORY
Operated by
UNION CARBIDE NUCLEAR COMPANY

A Division of Union Carbide and Carbon Corporation

Post Office Box X
Oak Ridge, Tennessee

UNCLASSIFIED

MA|
RTIN MARIETTA ENERGY SYSTEMS LIBRARIES

R

3 4y5g 03504yp 4



UNCLASSIFIED

eii=

INTERNAL DISTRIBUTION

1. C. E. Center
2. Biology Library
.3. Heelth Physics Library
n Li5, Centrel Research Library
6. Reactor Experimental
Engineering Library
7-26. laboratory Records Department
27. Laboratory Records, ORNL R.C.
28. A. M. Weinberg
29. L. B. Emlet (K-25)
30. J. P. Murray (Y-12)
31. J. A. Swartout
32. B. B, Taylor
33. E. D. Shipley
34. M. L. Nelson
35. M. T. Kelley
36. C. P. Keim
37. J. H. Frye, Jr.
38. W. H. Jordan
39. R. R. Dickison
4o, F. L. Culler
41. 8. €. Lind
k2, A. H. Snell
43. A. Hollaender
W4, X. 2. Morgan
k5, 7. A. Lincoln
k6. A. S. Householder
L7. R. 8. Livingston
48. p. 8. Billington
49. C. E. Winters
50. D. W. Cardwell
51. B« M. King
52. D. D. Cowen
53. J. A. Lane
Sh. M. J. Skinner
55. G. E. Boyd
56. C. L. Burros
7. §. H. Cooper
58. L. T. Corbin
59. C. Feldmen
60. D. J. Fisher
61. U. Koskela
62. W. R, Laing
63. C. E. lamb
64, D. E. laVvalle
65. G. W. Leddicotte
66. 8. A. Reynolds
67. P. F. Thomason

68.
69.
T0.
T1.
72.
T3.
Th.
T5.
76a
7.
8.
719,
80.
81.
8z.
83.
8k,
85.
86.
87.
88.
89.
900
91.
o2.
93.
ok,
95.
97
98.
99.
100.
101.
102.
103.
10k,
105.
106.
107.
108.
109.
110.
111.
112,
113.

EXTERNAI, DISTRIBUTION

T
G.
E.
L.
H,
Jo
E.
0.
A.
A,
C.
C.
W
Jo
Jo
K.
Je
E.
Ro
G.
Je
do
H.
Jo
do
Jo
W.
L.
G.
G.
J
Wo
M.
Jo
E.
G.
G
G.
G.
W
T.
H.
G.
R.
N.

ORNL-2211
Chemistry

E. Willmarth
R. Wilson
I. Wyatt
J. Brady .
P. House

R. Lund

C. Imn

Menis

S. Meyer, Jr.

F. Roemer, Jr.

D. Susano

K. Talbott

F. Vaughan

C. White

P. Young

P. Raaen

0. Betterton, Jr.

G. Bohlmann

B, Briggs

H. Cartledge

V. Cathcart

E. Cunningham

G. Davis

F. Emery

L. English

C. Griess

0. Harms -
C. Henley

W. Keilholtz

D. Kneip .
E. Lee, Jr.

D. Manly .-
L. Picklesimer

L. Scott

E. Stansbury

W. Parker

P. Smith

A. Westerdahl

A. Ropp

H. Baldwin

J. Sworski

Eyring (consultant)

T, Seaborg (consultant)

H. Muller {consultant)

H. Furman (consultant) .

ORNL - Y-12 Technical Library,
Document Reference Seetion

114, R. F. Bacher, California Institute of Technology
115. Division of Research and Development, AEC, ORO
116-T700. Given distribution as shown in TID-4500 (12th ed.) under Chemistry category

{200 copies - OTS)



TABLE OF

Abstracte o o o o o p o o o o o
Introduction and Summary. « « .
Apparatus +« o« o o o o = o o+ o o
Reagents. o« ¢« o o a ¢ o o & o »
Procedure . &+ o o o ¢ » o ¢ o @
Calculation « « o o o 5 o 2 o o
Results + + P B

ReferencesSe. o« o o« o o o o o » o

-iii-

CONTENTS



~1-

ABSTRACT

The determination of microgram quantities of carbon in
alloys by the low-pressure combustion method is based on the
cambustion of the specimen in oxygen at 135 mm pressure, freezing
out the carbon dioxide, pumping out the excess oxygen, and then
measuring the carbon dioxide in the gas phase with a known volume
by means of a McLeod gage. The recommended concentration range is
from 0.003 to 0,3 milligrams of carbon in a 0,3-gram sample, i.e.,

(2)

from 0,001 to 0.1% carbon. The relative standard deviation of
the method is 10%. The unique features of the apparatus is the
use of a Toepler pump to transfer the carbon dioxide to the McLeod

gage.
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DETERMINATION OF MICROGRAM QUANTITIES OF CARBON BY LOW-
PRESSURE COMBUSTION

J. H., Bdgerton and H, G. Davis
INTRODUCTION AND SUMMARY

The determination of microgram quantities of carbon in
metals and alloys by low-pressure combustion involves combustion
of the sample in an atmosphere of pure oxygen, absorption of the
carbon dioxide in a cold trap and subsequent release of the carbon
dioxide, after evacuation of the oxygen, into a McLeod gage. The
amount of carbon dioxide in the sample is calculated from the
increase in pressure in the Mcleod gage.

Various forms of the low-pressure microcombustion method
have been described by a number of workers.(l’2’3) The method is
claimed to have considerasble advantages over other methods for
carbon. The blanks for the system are much smaller than those
generally obtained in direct combustion and the other methods,
i.e., of the order of 0.0005% carbon for a 0.3-g sample.

The low-pressure method eliminates the need for large
samples and is more sensitive than gravimetric or volumetric
methods because the evolved carbon dioxide is determined by the
measurement of its pressure in a calibrated volume by means of a
McLeod gage.(3) Induction heating is used for the combustion
of the sample,(l) and a palladium catalyst is used in conjunction
(2)

with ligquid traps to purify the oxygen that is required
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for the apparatus. The procedure for its use and examples of
its application are included.

This apparatus gave results which compare favorably with
those obtained in a microcombustion train. The low concentration
of carbon involved and ability to use small sample size make this
a very desirable method. The relative standard deviation is 10%;
however, this is satisfactory with such low concentrations and
the sample size of 0.3 g. Once the apparatus is put into operation,
the determinations are rapid. Practically no maintenance of the
apparatus is required between analyses. Eight samples can be
loaded, one at a time, through the specimen arms by means of a
glass chute; it is not necessary to change the furnace system

until twenty to thirty samples have been analyzed.
APPARATUS

1. Low-pressure Combustion Apparatus. This apparatus
is shown in detail in Fig. 1.

2. RCA electronic power generator, l-kw

5. Dewar Flasks, wide-mouth, borosilicate glass. At
least five are needed.

k. Optical Pyrometer, Leeds and Northrup Cat. No. 8622.
REAGENTS

1. Oxygen, cylinder of commercial grade.

2. Carbon Dioxide, solid, commercial grade.
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3. Liquid Nitrogen, commercial grade.
L. Acetone, reagent grade.
5. Palladium on asbestos, for use as a catalyst.
6. Apiezon Wax "W' and "L", available from James G. Biddle

Campany, Philadelphia, Pa,
PROCEDURE

The platinum crucible is suspended in place by the
platinum wires and the furnace tube is sealed in place with
Apiegon "W'" wax. The samples are loaded one at a time into the
specimen amms by means of a glass chute. The top of the furnace
is sealed on with Apiezon "W" wax. After these joints have cooled,
all stopcocks are closed, a Dewar flask that contains liquid nitrogen
is placed over trap T3 and the manifold pump is turned on. After
the manifold pump has been running for a few seconds, i.e., until
it is quiet, the fore pump is turned on. After the fore pump has
run for approximately three minutes, stopcock No. 10 is opened until
the mercury begins to rise slowly in the cutoff tubes. Stopcocks
Nos. 1, 3, 5, and 7 are manipulated in order to keep the mercury
below the cutoff points during evacuation. When there is no
further rise of the mercury, stopcock No. 10 is opened completely.
The system is evacuated in this manner until a reading of 30 to Lo
mm on the McLeod gage is obtained. At this point, the heater for
the mercury diffusion pump is turned on and the Variac is adjusted
to a low setting so that the heat can be increased very gradually

and thus prevent possible cracking of the diffusion pump, The
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heater for the palladium catalyst is turned on and is allowed
to come to operating temperature (400° C).

When the pressure in the system is such that the mercury,
when raised into the capillary of the McLeod gage, will rise
completely to the top of the gage, Dewar flasks that contain
liquid nitrogen are placed around the traps T) and T5 in the
oxygen purification train, and a dry ice-acetone slurry is
placed around the dry ice-acetone trap Tl. The crucible is
heated by the induction heater to a temperature that is 200° C
higher than the final operating temperature and is then out-
gassed at that temperature for twenty minutes. With the crucible
at that temperature, stopcock No. 10 is closed and stopcock No. 8
opened slowly in order to allow the oxygen to pass through the
traps that are surrounded by liquid nitrogen and over the palladium
catalyst. From the purification train, the oxygen passes into a
manifold and then into the No, 1 cutoff where it is admitted to
the system through the capillary in the cutoff until a pressure
of approximately 100 mm is obtained. Cutoffs No. 1 and 7 are
closed. The platinum crucible is held at 13500 temperature in
this atmosphere of oxygen for 30 minutes, The induction heater
is turned off, stopcock No. 10 is opened, and the oxygen and
other gases are evacuated. When the system shows no pressure
reading on the McLeod gage, stopcock No. 10 is closed, oxygen
is again admitted to the system, and cutoffs Nos. 1 and 7 are

closed.,
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The platinum crucible is heated to operating
temperature (1300-1400° C), and a Dewar flask of liquid nitrogen
is placed around trap To. The sample is pushed into the crucible
by means of a magnetic pusher. After complete combustion of the
sample, the mercury in cutoff No. T is lowered just below the
capillary, and stopcock No. 10 is opened so that a slow evacuation
takes place. When the system is nearly evacuated, stopcock No. 10
is opened fully and the No. 7 cutoff is lowered below the major
cutoff point. When the system shows no pressure reading on the
McLeod gege, cutoffs Nos. 2, 4, 5, 6 and 7 are closed. The
Dewar flask of liquid nitrogen is lowered away fram trap Tp and
the CO, is allowed to expand in the Toepler pump. When the
trap To is at room temperature, the COo is pumped from the Toepler
pump into the McLeod gage and the pressure of it is measured. If
the mercury in the closed capillary stops below the scale and a
reading is impossible cutoff 6 is lowered to just below the cut-
off point. The COp is released from the McLeod gage and allowed
t0 expand into the 500-ml volume. After two minutes is allowed
in order for the system to come to equilibrium, the COp is again
measured. A blank is determined in this manner and is subtracted
from the reading of the sample. The percent carbon is calculated

L
by the method of Yeaton.( )

CALCULATION(A)

"Assume that all the gas from any particular phase of
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the analysis is compressed into the capillary of the McLeod
gage. The volume of the gas in such a case is equal to the
cylindrical volume of the capillary or nreh where 'h' is the
length of the capillary in which the gas is contained, and 'r'
is the radius of the capillary. Since the pressure 'p' expressed
in mm Hg of the gas is also equal to 'h', the differential in
height between the mercury columns, the 'Pv' product may be
expressed as

Pv = nrch®
now the ideal gas law states that Pv = NRTk where 'N' is the
number of mols of gas present, 'R' is the gas constant in suit-
able units, and 'Tk' is the temperature in %K. Then, since the
molecular weight M X the numbers of mols of gas N is equal to
the weight of the gas in grams G by substituting and solving
the above equations we have

M r2h2

Ggrams of gas = g qx

or for practical purposes we may combine constants and convert to

per cent directly

K h°
Gas =
% wt. of sample in grams
whepe K = 100 Mmr2
R Tk
(hg” - Bp2) 1 1072 X 100
% Carbon = s - hp X 1,153 X X 1

W

i}

hg McLeod gage reading in mm of sample.

hy = McLeod gage reading in mm of blank.

1.153 X 10~5 = Factor for carbon based on volume of capillary and
ideal gas laws.

W = Weight of sample in grams."
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RESULTS

Results of a series of determinations of carbon in a

U. S. Bureau of Standards 55a iron sample are shown in Table I.

Figure 1 illustrates the apparatus used in this experiment.

TABLE I

Results Obtained by Low-Pressure Microcambustion with
Bureau of Standards 55a Iron Sample

Carbon
Determination weight ¢ (a)(b)(c)(a)

0.013
0.011
0,013
0.012
0.013
0,01k
0.012
0.012
0,012

O O~ Ovn W o

Bureau of Standards certificate value was 0.0l4% carbon.
Ignition for 20 min. at 1300° C in 135 mm oxygen.

The blank was 0,0005% carbon.

The standard deviation is 8.76 X lO'u.
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