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By Martin Shepherd ?!

The mass spectrometer was used for the analysis of a standard sample of carburetted

water-gas by laboratories cooperating with Subcommittee VII of Committee D-3 of the

American Society for Testing Materials. The results of the cooperative analysis show the

reproducibility and, in certain respects, the accuracy of this powerful new apparatus for gas

analysis. The heating value and the specific gravity of the sample calculated from the ana-

lytical data were compared with the known values. Some very creditable work is reported,

but the need for improvement and standardization with respect to the determination of hydro-

gen, carbon monoxide and nitrogen is evident.

I. Introduction

This report is the fifth of a series of cooperative
analyses of standard gas samples ? conducted to
furnish basic information for the development of
standard methods for the analysis of fuel gases.
The development of these standards is a task
assigned to Subcommittee D-3—-VII of the ASTM,
and the method of this development has been
outlined in four previous reports.?

The 27 laboratories that cooperated in the
present work were widely distributed geographi-
cally, but most of them were associated with the
petroleum industry. There was some representa-
tion from the chemical industry and Government
laboratories. In general, all the laboratories fol-
lowed the operating procedures prescribed in the
manuals furnished with the instruments. Depar-

1 Chairman of Subcommittee VII (Analysis of Gaseous Fuels) of Com-
mittee D-3 (Gaseous Fuels), American Society for Testing Materials.

2 These samples are not to be confused with the regular Standard Samples
prepared and offered for sale by this Bureau. They are mixtures prepared
especially for these cooperative analyses and are issued to laboratories coop-
erating with the American Society for Testing Materials on this project.

3 Martin Shepherd, Analysis of a standard sample of the carburetted water-
gas type by laboratories cooperating with the American Society for Testing
Materials, J. Research NBS 36, 313 (1946) RP1704; Analysis of a standard
sample of natural gas by laboratories cooperating with the American Society
for Testing Materials, J. Research NBS 38, 19 (1947) RP1759; Cooperative
analysis of a standard sample of natural gas with the mass spectrometer,
J. Research NBS 38, 491 (1947) RP1789; Analysis of a natural gas by volu-

metric chemical methods and by mass spectrometer, Anal. Chem. 19, 635
(1947). ‘

tures from the prescribed course were few and of
such nature that no significant change was ex-
pected or observed. The greatest variation was
in the method of computation. Thus, with respect
both to apparatus and methods of operation, this
series of cooperative analyses was conducted with
a preliminary standardization that was unofficial
but none the less real; and, while this may or
may not have been a factor in the accuracy
achieved, it must have affected the over-all repro-
ducibility. The need for further standardization,
particularly in calculating methods, is evident.

II. Standard Carburetted Water-Gas
Sample ASTM D-3-VII-5

The preparation of the standard sample of the
carburetted water-gas type, identified as ASTM
D-3-VII-1, which was used in the cooperative
analysis by volumetric chemical methods, has been
described in detail in Research Paper RP1704
(see footnote 3). That account will serve to es-
tablish the history of the present sample, ASTM
D-3-VII-5, which was analyzed by the mass
spectrometer, since the No. 1 and No. 5 samples
were identical, except for oxygen, which had been
mostly removed from sample 5. This informa-
tion was not disclosed when sample 5 was issued,
and accordingly it was analyzed as a blind sample.
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In general, it did not find its way into the same
laboratories that had performed the chemical
analyses, although, in a few cases, this did happen.

Sample ASTM D-3-VII-5 was issued in the
same type of cylinder as that used for the sample
1, and the instructions for transferring it to the
spectrometer without contamination were essen-
tially the same. This information will, accord-
ingly, not be repeated here.

Chemical and physical methods were thus put
into direct competition. The part of the story
concerned with the analysis by the mass spec-
trometer is given in this paper. A comparison of
the two methods will be given in another paper.

III. Analytical Results

All of the analytical data submitted have been
tabulated, together with the average values derived
from each laboratory’s analyses; but the study of
these data for a long time would not serve to
reveal what may be seen at a glance when these
same data are presented in a series of frequency-
distribution plots. These plots, which amount to
actual pictures of the analytical results, will enable
the reader to arrive at the obvious conclusions.

In the plots, each circle represents a value de-
rived from a single determination of the substance
indicated in the legend. The abscissas are values
derived from the analyses; and these values are
plotted equidistant on the ordinates and so indi-
cate the frequency with which these values occur.
For example, the frequency-distribution plot for
carbon dioxide (fig. 1) shows that 4 determinations
gave the value 4.0 percent, 8 determinations gave
4.1 percent, 4 gave 4.2 percent, 10 gave 4.3, 18
gave 4.4, and so on. The plots are divided into
two sections, one of which shows the laboratory
averages, the other all of the determinations.
Thus a laboratory to laboratory comparison may
be made, but the study of accuracy and repro-
ducibility may be referred to the plot giving all
determinations. This system is carried through-
out the group of plots, and with this in mind,
they can be studied. The analyses for each com-
ponent will be considered.

Carbon Dioxide (fig. 1). All of the determina-
tions for carbon dioxide are given in figure 1. The
greatest frequency is indicated at 4.5, in agree-
ment with the arithmetical average (determined
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Ficure 1. Frequency-distribution plot for percentage of

carbon dioxide.

with four high values dropped), 4.49 +0.14 (aver-
age deviation), and with the median, 4.5. These
values agree with the most probable value, 4.44
=4 0.04, previously determined (RP1704). Thelab-
oratory average is 4.49 +40.17—or, with one high
value dropped, 4.46 4-0.14. Accuracy and repro-
ducibility are thus satisfactory.

Oxygen (fig. 2). Oxygen occurred in this sample
in an amount less than 0.05 percent, so that
rounded off values indicate its absence in 66 per-
cent of the determinations. After dropping the
three high values, the arithmetical average be-
comes 0.03. Highest frequency and median are
found at 0. Laboratory average (without the
three high rogues) is 0.03. Most of the deter-
minations of this gas are satisfactory.

Carbon Monoxide (fig. 3). The spectrometer
was not altogether comfortable with respect to
this determination. Some analysts calculated
from the over-populated though most sensitive
28 peak; a few others used the less sensitive 12
peak. In one case CO was completely confused
with N,. The plot shows no adherence to the
Gaussian pattern. The arithmetical mean com-
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Ficure 2. Frequency-distribution plot for percentage of

oxygen

puted from values between 28.4 and 32.3, inclu-
sive, is 30.3 0.9, which is in reasonable agree-
ment with the chemical determination of 29.41
+0.18, even though its derivation included a wide
variety of values. No highest frequency is ap-
parent; the median is 30.35. The laboratory
averages range from 19.3 to 33.5 (dropping one
zero); their average is 29.8 +1.5. Need for im-
provement is evident.

Hydrogen (fig. 4). The spectrometer is not al-
together happy with this determination, as shown

by the far flung values and disregard for the Gaus-
sian shape. The mean, computed from values
between 33.0 and 37.8, inclusive, is 35.1 =4=0.8.
The median is 35.1. These values agree well
with the chemical determination of 35.0, even
though the derivation was from scattered values.
Improvement is needed, and, indeed, some has
been achieved since these data were taken. TLab-
oratory averages range from 31.9 to 38.6; their
average is 35.2 +1.1.

Methane (fig. 5). While some difficulty was ex-
perienced with carbon monoxide and hydrogen in
this sample (and more difficulty will occur with
nitrogen), the spectrometer is at home in dealing
with the hydrocarbon fractions of this gas. The
change is evident in the methane plot. The
mean (with three low values dropped) 18 8.0 4-0.4;
the median is 8.0; and the highest frequency
occurs at 8.1. Laboratory averages range from
6.2 to 9.3; their average is 7.9 +0.4. In general,
the values are satisfactorily clustered, and a Gaus-
sian pattern is now evident.

Ethane (fig. 6). A clean-cut analysis for ethane
is shown in this plot. The highest frequency
occurs at 3.3. The mean is 3.3+0.15, and the
median is 3.3. Tuaboratory averages range from 2.8
to 3.5, with an average of 3.340.15. The
answer seems to be 3.3.

Ethylene (fig. 7). Determination of the ethylene
was not achieved in the decisive manner shown in
the determination of the ethane. (In general,
this is true of the unsaturated hydrocarbons.)
Nevertheless, the determination for ethylene was
satisfactory. The plot shows a block-like structure
of values centered about 13 percent. The mean is
12.94+-0.4, and the median is also 12.9.

Other hydrocarbons reported in small amounts
are shown at the right of the plot for ethylene.
There are not many, but out of 138 analyses,
propane was reported 15 times, propylene 18 times,
n-butane 6 times, butenes 6 times, “C;” three
times, C3;+ heavier hydrocarbons 12 times, and
acetylene 3 times.

Nitrogen (fig. 8). The values for nitrogen are
sufficiently diverse to be statistically inconvenient
from the analyst’s viewpoint. The laboratory
averages vary from 4.3 to 13.8 (dropping eight
values at 36.-F), with an average of 6.440.1. The
mean for all determinations is 5.9-+0.8, if values
from 4.2 to 8.2, inclusive, are accepted. The
pattern is not molded along classical lines. The
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median is 5.8, dropping eight values at 36.4-.
The median is nearer the best chemical value of
5.74+£0.06. Certainly this determination must be
improved for this type of gas.

Calculated Specific Gravity (fig. 9). Specific
gravity calculated from the mass spectrometric
analyses show rogues to both right and left of
center. The mean of all values between 0.626 and
0.677 is 0.65040.007; the median is 0.651. The
Gaussian pattern is distorted, with maxima sug-
gested at 0.644 and about 0.651. Laboratory
averages range from 0.617 to 0.676,with an average
of 0.648+0.009. The actual measured value for
this sample is 0.6475.* It should be remembered

4 The specific gravity was measured by Carrol Creitz at this Bureau. The
method used is described in NBS Miscellaneous Publication M177 (1947).

that calculated specific gravity is a direct over-all
measurement of the accuracy of the analysis.

Calculated Heating Value (fig. 10). The plot
again shows no decisive Gaussian pattern. The
mean of values from 529 to 566 is 55047, and the
median is 551. Laboratory average is 5478,
dropping the value 458. The measured value
is 5495

IV. The Tabulated Data

No attempt has been made to set forth all of
the statistical inferences that can be derived from
the data given in this report. The whole object
of the report is to present a general integrated
picture of the real state of analysis of this kind
without, for the moment, distracting particulars.
This is not to say that a statistical study will not
prove of equal or greater value, but it should be
presented separately. To tempt someone to do
this, the data are given in table 1 at the end of
this paper.

The table is self-explanatory except for the
column “Operator-Spectrogram-Calculator Key.”
The experiment was designed to show the effect
of these three factors—the operator of the spec-
trometer, the instrument itself as indicated by
the spectrogram it produced, and the calculator
who derived the final answer from the spectro-
gram. Each laboratory was asked to produce
four spectrograms of the standard sample, using
two instrument operators and two calculators.
The complete pattern for each laboratory should

have been

01-81-C1

01-S1-C2

01-82-C1

01-82-C2

02-83-C1

02-83-C2

02-84-C1

02-584-C2
where O means operator, S designates spectrogram,
and C, the calculator. The O-S-C key of the
table is thus explained. The table discloses only
seven complete patterns, while others are partially
complete, or not clearly defined.

Before passing these data along to competent

statistical talent, a few observations may be
briefly made. If the complete patterns for

¥ The heating value was measured by John Eiseman and Ralph Jessup at
his Bureau.
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laboratories 2, 4, 8, 10, 11, 17, and 20 are examined
in the instance of calculated specific gravity,
which is a good over-all measure of the success
of the analysis involving all components deter-
mined, these facts are evident:

(1) The differences between two calculators
using the same spectrogram in the same laboratory
were small. The average differences for the
seven laboratories (in the order given above),
expressed in thousandths, are: 1 1/2, 0, 1, 1/4,
4 1/4, 1/4, 1 1/4; the average of all the differences
is 1.2.  (This calculation was based on differences
between O1-S1-C1 and 0O1-S1-C2, 01-S2-C1
and 01-S2-C2, 02-S3—-C1 and 02-S3-C2, 02—S4-
C1 and 02-54-C2.)

(2) The differences between two operators using
the same instrument in the same laboratory were
small. The average differences for the seven
laboratories are: 1 1/2, 1, 1/2, 1,3 1/2, 1/4, 1 1/4.
The average of all differences is 1. (This calcu-
lation was based on the average of all O1 measure-
ments minus the average of all O? measurements
for each laboratory).

(3) The differences between spectrograms were
larger than between operators and calculators.
For the seven laboratories, the average differences
are 1 1/2, 1,4, 4 1/4, 4 1/4, 1 3/4, 1 1/4. The
average of all differences is 2.6. (This calculation
was based on the differences between O1-S1-C1
and 01-52-C1, 0O1-S1-C2 and 01-S2-C2, 02-
S3-C1 and 02-S4-C1, 02-S3-C2 and 02-S4-C2.
See O-S—-C key above).

These observations agree with those made
previously in the analysis of a natural gas by the
mass spectrometer (see footnote 3).

In a paper given December 27, 1949 to the 109th
annual meeting of the American Statistical Asso-
ciation, W. J. Youden remarked: “It is a fact of
experience that a set of measurements made by
different operators at different times or in different
localities is subject to greater variation than a set
of measurements made by one operator using the
same apparatus on the same day.” The data
presented here offer no exception to this fact of
experience. Thus, for example, the mean of all
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values of calculated specific gravity (between
0.626 and 0.677) is 0.650 +0.007; the mean of the
laboratory averages is 0.648 =0.009; but the
reproducibility of each laboratory varies from
0.0005 to 0.004, with an average of 0.0017—three
times better than the reproducibility obtained
from the laboratory averages. :

The factors controlling interlaboratory differ-
ences will probably never be completely evaluated.
One important factor in the present case is a
difference in methods of solving spectrograms, and
not enough is known about this whole subject.
Particular attention is being given this phase of
mass spectrometric analysis in the preparation of
ASTM tentative standards.

V. Summary

As often happens, a group of values that yield a
frequency plot devoid of the classical Gaussian
pattern and are, from the analyst’s viewpoint,
inconveniently various, nevertheless have yielded
a mean value very close to the most probable or
the actual one. This is always a comfort if one
has an abundance of data from as many sources as
are necessary; but the problem remains to deter-
mine the accuracy of a single source in the absence
of sufficient data from many sources. Thus, the
spectrometric determination of hydrogen, and of
carbon monoxide with nitrogen, has not been
altogether satisfactory. However, the mass spec-
trometer is quite at home in the analysis of the
hydrocarbon fraction of such samples as the one
just studied, even though some difficulty was
experienced around mass 28. In fact, the spec-
trometer is able to analyze actual fuel gases of this
type where 20 component mixtures are not
unusual. Such complicated mixtures have been
difficult when analyzed by a combination of other
methods.

Jean Doyle and Marthada Vaughn Kilday
checked the calculations of heating value and
specific gravity, and this assistance is gratefully
acknowledged.
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TasrLE 1

Mass spectrometric analysis of sample ASTM D3VII-5 (percentage by volume) o (llalc(lix-
alcu- ate
Lab | Operator-Spectrogram- | A nal lated | specific
No. calculator key No. heating | gravity
CO: 03 N2 H: | CO | CHy | CoHs | C3Hs | C4Hyo | CoHy | C3Hs | CsHs value # 1(3(1)!(‘))=
i a
i Btu/ft
| 01-81-C1___________ 1 521 0.1 4.8 | 33.1 | 31.6 9.2 12.6 557 | 0.665
01-81-C2___ 2 5.2 i 5.133.1 |34 9.1 12.6 556 . 666
1 01-82-C1__. 3 5.4 1| 54331303 9.4 13.0 559 . 666
01-82-C2__.________ 4 5.4 1 5.5 33.0 | 30.4 9.4 13.0 558 . 667
; 5.2 (3311309 9.3 b 5 0 IR (S {128 8 | ST SR | S 558 . 666
6.2 | 36.0 [ 29.3 o) 3.0 () | BTN b e 551 . 643
6.2 (359 [29.3 7.5 3.1 o I 13.3 [cccooos 0.01 |______ 551 .645
6.2 | 36.0 | 29.2 7l 3.3 ] | 13.2 0.01 S 08| S 551 .644
6.3 | 36.1 | 29.0 7k 3.3 I 1302 (Enmenay 01 = 552 . 644
2 6.2 359|201 7.4 3.4 1 13.2 .03 .03 |- 5563 . 644
6.2 | 36.1 | 29.0 7.4 3.3 1 13.2 .03 L0881 552 .642
6.2 | 36.2 | 29.1 7.4 3.3 ) 13.0 .01 ~ O3 | TReEs 549 . 641
6.3 | 36.1 | 29.2 7.4 3.3 1 13.0 .03 UL Se——— 549 . 643
6.2 | 36.0 | 29.2 7.5 333 | S| E——— 32| IR | M | e— 551 . 643
QN =5 1= TS 1 4.4 | .. 7.0 | 36.2 | 28.4 7.4 300 || 1 ) I R o R et 549 641
01-82-C2.__________ 2 4.3 |- 7.0 | 35.6 | 28.9 7.5 b T - 3501 WU | SE S | S 551 . 645
3 02-83-C1___________ 3 475 |0 7.1 35.8 | 29.0 7.6 Bt 3 P 541 . 644
Average_ . _._____|._._.__ 4.4 | _____ 7.0 35.9 | 28.8 (615 { HETSN | SENRSATNON | A 3V | | e 547 . 643
01-81-C1___________ 1 4.5 1 4.6 | 35.4 | 31.3 8.0 Sud |os e, T | R e [ aneans 553 . 646
01-81-C2_.___..____ 2 4.5 ol 4.6 | 35.4 | 31.3 8.0 L2 ST | PRSI DS | SR 553 646
1 01-82-C1.__________ 3 4.3 .1{ 4335536 8.0 B e 556 644
01-82-C2.__________ 4 4.3 .1| 43355316 8.0 12 R | SETE NI | S 556 . 644
| 4 02-83-C1__......__. 5 4.3 il 4.6 | 35.5 | 31.3 729 12.8 || |aoos 556, . 644
02-83-C2__.__._____ 6 4.3 1 4.6 | 35.5 | 31.3 7.9 (1225 | ORISR S | 566 . 644
02-84-C1.__________ 7 4.5 1 4.7 35.7 | 31.1 7.8 5 .27 3| EUSTRUNIE| SV | S— 551 . 644
02-8¢-C2___________ 8 4.5 1 4.7 35.7 | 31.1 7.8 b 5 N (R (RS 12.8 ||| 551 . 644
! Average_ ... ___[-._.__ 4.4 .1{ 4.5 355|313 7.9 GRS PR 12 S5 RN SIS | S— 554 . 644
01-S1-C1. ... _______. i 4.1 8 7.8 318|323 8.2 YL TS| S T1% 5 || S| —— 529 .676
01-81-C2___._______. 2 4.3 i) 8.2 | 31.8 | 31.8 351 526 . 677
5 02-83-C1._______.___ 3 4.3 .8 7.8 319|316 8.2 2 534 . 676
\ 02-83-C2.________._. 4 4.4 8| 82320 (313 8.0 b 5 1 PR 27 0| SHSIIEN| ST | S 529 677
‘ ‘ AVerape T ST 4.3 8| 80 3.9 |38 8.1 8.2 ||l (12500 | SO | SR ——— 529 676
|
‘ | 1 4.0 33.3 (3.2 8.5 ST T | S T3 e | A SR 573 . 655
2 4.9 | 33.5|3L5 8.3 566 . 663
3 5.4 |33.8 |34 77 558 . 663
4 5.5 | 34.4 | 3L.3 7.7 552 . 657
Not specified. 1 to 5 5.3 | 34.3 | 31.0 8.1 558 . 654
6 5.2 | 34,4 | 3.1 8.1 558 . 654
4 were done 2 days
6 Before 560112 7 5.1|34,2 (313 8.1 560 . 658
: 8 5.1(34.3|3L1 8.1 559 . 656
9 5.4 | 33,6 | 31.6 . 559 . 662
10 5.4 |33.6 | 3L.7 8.1 558 . 662
11 5.5 |33.7|3L5 8.1 558 . 661
12 5.3 (33.9|3L4 8.2 559 .658
AVErAPS. e Lo 5.2 34.0 | 31.3 8.1 et s T302 8| SENUS TN (IERRD N 560 . 659
01-S1-C1__._________ 1 11.8 | 39.2 | 20.6 8.0 3.4 12.7 535 . 610
01-S2-C1.___________ 2 15.7 | 38.5 | 17.7 7.9 3.3 12.4 518 . 616
b7 02-S3-C1____________ 3 13.5 | 38.2 | 19.9 8.0 3.6 12.4 534 .624
02-S4-C1____________ 4 14.0 | 38.4 | 19.2 7.8 3.3 12.7 532 .621
Average_ .. _____|-—---_ 7 ) N S 13.8 | 38.6 | 19.3 7.9 B4 o feees (256N | BN e | e 530 .618
See footnotes at end of table.
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Tasre 1—Continued

Mass spectrometric analysis of sample ASTMD3VII-5 (percentage by volume) Calcu-
Calcu- | lated
Lab |Operator-spectrogram-| Anal lated | specific
No. calculator key No. heating | gravity
CO; 02 Ne H; | CO | CHy | CoHs | C3Hs | C4Hypo | C2Hs | C3Hs | C4Hg value = 1(8%)1{))=
i a
Btulft?
1 4.4 |______ 36.5 | 34.2 |______ 8.8 F1-O% 7 | P | S Jprmear 457 | 0.653
2 4.5 36.6 | 34.1 |______ 8.8 12.8 456 . 655
3 4.6 36.5 | 34.2 |______ 8.8 12.6 456 .655
4 4.5 36.4 | 34.2 |._____ 8.9 12.7 457 .654
8 5 4.5 36.5 | 33.7 |- 9.1 12.6 462 . 658
6 4.5 {0 || 8350 e 9.1 12.7 461 . 658
7 ASDR|DETENS 36.5 | 34.5 |-_____ 9.2 3 SLOIEAS | ST | e | S 456 .650
8 4.2 |______ 36.4 | 34.6 |______ 9.2 B | ke fom s (TR 5 | S S— S 457 . 649
Average._..______|._____ o N e 36.5 | 34.2 |______ 9.0 354 S| SR S ] 26| O S| e e 458 654
01-81-C1 1 47 QSER NN 5.9 |34.2 | 30.3 8.2 SNAR| USRS SRR, 13.1 555 .657
01-82-C1_. 2 6.1 | 34.3 | 30.4 8.0 13.0 552 . 659
9 02-S3-C1 3 ' 5.9 344 30.0 8.2 13.3 557 . 656
Average____._____ o 4S8 SRS 6.0 | 34.3 | 30.2 8.1 BUARINERTREAN | RmeEeee ([ IR R S | Sy 554 .657
1 o e 6.4 | 353 | 28.9 8.1 3.4 0.1 (.. 13.3 [-ceceee s ] s 558 . 648
2 45500 6.4 | 35.3 | 28.9 8.1 558 . 648
3 4.6 0.1 5.8 (353|291 8.2 561 .647
4 4.6 1 5.8 |35.3|29.1 8.2 561 647
10 5 4.6 1 5.8 |34.8| 2.5 8.4 560 . 650
6 4.6 1 5.8 | 34.829.5 8.4 560 . 650
i 4.6 3 6.5 351 | 28.7 8.5 b 555 . 647
8 4.6 1 6.4 | 35.1 | 28.8 8.5 L3N | EE R e 130N | I | PP St 554 . 647
Average__..___.. e 4.6 .1 6.1 (351|291 8.3 b S N P (13138 NN SRR ey 559 . 648
1 6.5 (356 | 20.5 7.8 555 644
2 6.7 | 35.7 | 29.7 7.5 548 643
3 6.1 (352 29.9 7.8 554 .649
4 6.2 | 35.2 | 30.1 7.8 549 . 648
1 5 5.9 | 34.8 | 30.0 7.8 556 .653
6 5.8 | 350 2.8 7.9 557 .651
7 6.1 35.2| 29.4 757 2 a 562 .651
8 6.1 350 | 29.4 Y 3.2 | ki |33 G X | OSSN | S 566 .653
o 4.4 | ___.| 6.2|352]|29.7 7hef G115 | S | S (1304 1 | SEEEESIE, S TTON | Sy, 556 .649
1 5.1 33.6 | 32.2 8.5 et sl e 565 . 658
2 5.4 33.5| 320 8.4 561 .659
12 3 5.2 336|321 8.4 562 .658
4 5.4 |33.5]| 322 8.3 561 .659
e 4.0 [o__. 5.3 1335|321 8.4 CRYI G e e 1B IR o e | S 562 .658
1 N7 5.7 36.0 | 30.1 7.8 o SN | S DI R FEEE | 542 .643
2 4.7 [ 5.7 36.1 | 30.1 7l 30| | S 1P e ST B | e 542 .642
13 3 4S78|Ess 5.7 | 35.8 | 30.2 57 R e 2ot 0] IR (e 544 .643
4 oY s 5.8 | 35.8 | 30.2 Tt G [t S SR 2SS SNSRI S 543 .644
...... 4.7 |..-._| 57359301 (AT BE(N e e p P T S e [ S ) 543 .643
) T P S e il 7.3 | 25.7 | 37.8 8.1 I 1M LSRRI | e O 1D | TR e T 541 .617
2 6.8 | 26.3 | 37.8 8.1 12.6 543 .618
b14 3 5.5 |27.4| 313 8.0 12.7 543 .615
B e e 4 5.5 |27.4| 373 8.1 12.6 545 .617
Average__..___._[-———__ o LR 6.3 | 26.7 | 37.5 8.1 G R T 12,6 2o el L e SRl E TR 543 .617
O1=81-C1 = Rar 1 45| .03 | 59| 36.0| 30.4 7.6 601 SRl [ER R A RIS S SRSt DR RSV 1 e 540 .643
01-82-C1._____.__.. 2 45| .03 | 58356303 7.8 QU0 os T e R 300l e 546 .645
15 102-83-C1_____..___. 3 45| .03 | 58 |36.4|20.7 7.8 b 1 L S B S e i P20 I SRT AR SRR iy 545 . 639
Average: ot mpieas 7B R SR 5.8 | 36.0 | 30.1 2T {18 SRR S e e 5 L R BT [ Ko, [ 544 . 642
See footnotes at end of table.
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Tasre 1—Continued

Lab
No.

17

19

21

22

Mass spectrometric analysis of sample ASTMD3VII-5 (percentage by volume) s (llalcg-
cu- ate
Operator-spectrogram-| Anal lated | specific
calculator key No. heating | gravity
CO: | O2 N2 | Ho | CO | CHy | CoHg | C3Hg | C4Hyo | C:Hs | C3Hg | CiHs value 1((%}(i)l{'))=
5 a
Btu/ft 3
(O sl L B e R E R e 1 4.2 |0.55 | 50 (355|314 7.0 ERC S et Rt 3 Do e o e (°) 548 | 0.649
01-82-C1._.__._._._. 2 4.4 | .06 | 4.5 36.0 | 31.1 7.2 A e 1 15 1 R S SRR (°) 557 .644
02-81-C2. ... 3 4.1 .04 | 56 (352|309 6.9 3R] e C o S [ 1o B8 S SO e (°) 560 .651
Average. .. _____|-—.___ 4 Rl B2 5.0 35.6 | 3.1 7.0 o 10 1 I I L S f o2 O CT R0 R oS SRALC P e 565 . 648
01-S1-C1.____ 1 45| .05 54 (352 30.8 7.9 12.9 (4) 551 .649
2 5.4 | 35.2 ( 30.9 7.9 12.8 (4) 550 . 649
3 5.5 34.9 | 30.9 7.9 13.0 (d4) 552 .651
4 5.3 | 34.9 | 31.1 7.9 13- 00 =y (d) 552 . 651
5 5.5 | 35.2 | 30.8 8 12.7 (4) 550 . 650
6 5.5 | 35.0 [ 30.9 7.9 12.8 (4) 550 . 651
7 5.4 | 35.2 | 30.8 7.9 12.9 (9) 550 . 649
8 5.5 | 35.1 | 30.9 7:9 12.8 (4) 550 . 649
5.4 | 35.1 | 30.9 7.9 1Bl i Pl U0 PO S (RN 551 . 650
4.1 (33.2 | 34.2 8.0 2 by Bl S verd BT Rt 908D 549 . 666
4.1 ]33.2|34.2 8.1 12.7 549 667
5.5 | 33.8|32.8 8.0 12.3 539 . 661
5.5 | 33.8 | 32.8 7.9 12.3 538 . 660
4.8 | 33.5 | 33.5 8.0 0 A RO FORAR G 12.5 543 . 664
4.3 (37.6 [ 3L1 7.6 1.9 538 . 627
4.1 37.7 | 31.3 a0 1.9 537 . 626
5.3 | 37.4 | 30.4 7.6 11.8 533 . 628
3.8 |37.7|3L3 7.6 1205 e e s e e oy 540 . 626
4.3 |37.1| 312 7.6 538 . 633
4.137.3 (312 7.6 538 . 631
4.3 |37.5 | 311 7.6 t: i WG SR E T [ SR b L o OSR]I 537 . 629
7.2 | 34.8 | 29.0 7.6 (B e U Tr v B8 MR 11y A [y st 550 . 654
7.2 1351|289 7li] 13.2 547 . 6561
7.2 350 (2.0 7.6 13.1 547 . 6562
7.2 1350 (29.0 7.6 547 . 652
7.3 | 34.6 | 28.6 8.2 552 . 654
7.5 34.6 | 28.6 8.2 549 . 653
7.1 | 34.6 | 28.6 8.3 5 564 . 6563
7.5 | 34.5 | 28.4 8.2 s il (R SR Tr 1802 o X 0is ¥y il PR 563 . 654
Average. .l ci-Jfeneane S (S 7.3 |34.8 288 7.9 R T S I P L 0 4] ISR R (T 550 . 6563
01-81-C1 1 4.2 £ 6.6 [ 37.3 | 30.1 6.1 7Y (R EERAIN T o 12.1 529 . 635
02-82-C1.. 2 4.3 Tr | 6.8|37.7]2.7 6.2 1L 8| 525 . 631
03-83-C1 3 4485800 5.1|38.4 1302 6.2 12.1 534 . 625
Average tuge il s 4.3 rsiat 6.2 | 37.7 | 30.0 6.2 Y S SRR 2 b1 g PRTRE N5 ENCSIE (a 529 . 631
01-S1-Cl.coo__.. 1 6.6 | 35.2 | 30.3 77 3.4 {157 158 I el 111 BN R AR e KEC] VIR 542 . 650
01-81-C2_. 2 6.5 | 35.2 | 30.8 7.5 3.2 e i EEe oy 541 . 651
01=82-CLu - c i 3 6.5 35.2|30.3 7.5 3.6 8 il | B i 547 . 652
01-82-C2...._..._.._ 4 6.1]351]30.9 7.5 3.6 P 1 pE KT L h 714 2! S I (RISl e 548 . 652
AVOTagO s s amin s B s 6.4 | 35.2 | 30.6 7.5 ¢ i M o [ B ) (DAl Y P et R L 544 . 651
01-81-C1. o coe oo 1 7.0 | 35.8 | 28.7 4.5 3.5 ST H 12.4 547 . 644
01-S1-C2. 2 7.0 | 35.6 | 29.1 4.5 3.5 2 12.3 545 . 646
01-82-Cl1.. 3 7.0 | 35.7 | 28.8 4.5 3.5 2 12.4 547 .645
01-82-C2.ceeoo oo 4 6.9 357 | 29.1 4.5 3.5 1 12.3 544 . 644
AVerage. cuo soaeslaei il S P 7.0 | 35.7 | 28.9 Aebale SLusal o Sn i lHt et (0T 3 DU ) LSRN N S | | e 546 .645
I
See footnotes at end of table.
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TasLE 1—Continued

Mass spectrometric analysis of sample ASTMD3VII-5 (percentage by volume) o (falc(lll-
alcu- ate:
Lab |Operator-spectrogram-| Anal lated | specific
No. calculator key No. heating | gravity
CO: 02 N: H: | CO | CHy | CoHg | C3Hsg | CsHyo | CoHy | CsHs | CsHs value 2 (8(1)5)=
i1 a
Btu/ft 3
O1-81-C1___________. 1 4.6 | ____ 5.7 34.8 | 30.5 8.1 3.2 | oo 13.1 (©) 522 | 0.651
01-81-C2__. 2 4.6 | ____ | 7.0 34.9 | 3L.5 8.0 SN QRIS 10. 8 () 519 . 651
o 01-82-C1__. 3 4.5 | .- 5.9 | 35.4 | 30.0 8.1 GhIL || e 13.0 ©) 550 . 645
01-83-C1_____.______ 4 4.6 | —--- 5.3 | 34.8 | 30.8 8.1 3.2 .. 13.2 © 565 . 651
Average___.______| _____ 4.6 | ____ 6.0 | 35.0 | 30.7 8.1 shod i o | e IOS5R | [PENSSN | P e 552 . 649
01-81-C1___.__.____.. 1 4.510.5 8.0 | 34.9 | 29.0 7.4 2K N RS | S PR e | | e [¢) 533 .652
01-82-C1___.____._._. 2 4.4 | .5 8.0 | 35.7 | 28.7 7.3 P 1WA (| cocmes || cmmmim - 527 . 645
26 {O2-S3-C1..___.______ 3 4.4 | .5 7.5 35.0 | 29.5 1 2598 | TSI S 126 | o= | - R 534 . 649
Average_________ s 4.4 .5 7.8 (35.2(29.1 7.3 2L SR PESTR 12567 | DENSESN SReRes S 532 . 649
01-81-C1 1 4.4 | .4 8.8 |33.9 | 28.8 8.0 2.8 | oom | e 12.9 S 533 .659
% 01-82-C1 2 4.4 | .4 8.8 33.9|28.8 8.0 SN e R 12.7 o 533 .659
Average._.___.____ e 4.4 | ____| 8.8|33.9|28.8 8.0 N S 128 | | - S 533 .659
ST 1 4.3 | -~ 5.4134.5|3l.1 8.1 G028 [N IRAT e S - 558 . 652
52 SRR 2 4.3 .- 5.3 | 34.6 | 31.2 8.1 SN2 ¥ R 13.3 | | —aes R 557 . 651
o7 53 T 3 4.4 | ____ 4.9 | 34.9 | 31.2 8.1 555 O (R 13,4 | oo B 558 . 649
(7 4 4 4| S 5.0 | 34.5 | 31.3 8.1 R b e 13265 PESIELAN| SRR Sans 560 .653
Average_ ________|...___ 4.3 | --_- 5.2 34.6 | 31.2 8.1 3.2 il | el 13.4 | - | —oo. - 559 .651
a Factors used in computations of Btu/Ft? and sp gr:
Components Btu/ft? Sp Gr Components Btu/ft3 Sp Gr
1. 5290 CHy.ooooom e 997. 4 0. 5544
1.1053 1587.0 L 97487
L97208 || CoM6- oo 1759.0 1. 0493
L6713 || CsHe. .. .. 2339.0 1.45
.06952 || CsHg. oo 2528.0 1. 5624

b Laboratories 7 and 14 used Westinghouse instruments; all others used

Consolidated instruments.

¢ Reported 0.1% C2Hz and 0.04% Cs*.

WasuingToN, December 6, 1949.
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d Reported 0.05% Cat.
* Reported trace Cst.
t Reported C3*, 0.2, 0.1, 0.3.
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