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iii
. ABSTRACT
’, The basrc requlrementC for carbon- hydrogen.
analy51s of ¢ romatographlc peaks by reactlon gas
chromatography are dlsc1 2d. Major objectives of the
_Dro;ect were the. determlnatlon of the hydrogen/carbon
ratio of hydrocarbons with an accuracy better than O 5%

relative error, and a simplified instrument design whlch

allows a higbh degree of automatlon An 1nstrument capable

EY

of meetlng the basic requlrements 1s descrlbed : A:gas'
sampling valve samples the chromatographlc peaks.u The
samples are oxidized at 700 C to carbon dioxide and
'water in a reactor packed with cuprlc oxide. The: carbon
‘dlox1de and water are separated on a Porapak N column
and measured by a thermal conduct1v1ty detector. A
(dlgltal voltmeter records the peak helghts.

. Correctlons for systematic'linearity and sample
adsorptlon errors are necessary to obtaln the necessary |
accuracy in the H/C ratio. The analy51s of” 5-10 ug
samples of 31 hydrocarbons shows a preCLS1on of 0 23%
relative standard deviation and a meédian error of 0.2%
(relative) when each sample 1s analysed in trlpllcate.

5 . »

The formulas of all the hydrocarbons, as_calculated from

N '

‘the results are correct. Analysis of oxygen—contalnlng ' S
-compounds shows a medlan error of 0.9% (relative). The
-1ncrease1n\the error for these compounds is partially

[ .

(<A
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due to impure sémples. Compoundslcbntaining sulfur,
nitfogen, or halogens interfere with the determinatians.
Suitable modifications are suggested to réduce or

eliminate the interferences.
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‘l -1 GENERAL BACKGROUND

> INTRODUCTIO

A

-~

',6.

o
£

Untll 1960 theghnalytlcal chemlst depended

on the cla851cal Pregl methpd for determlnatson of

carbon and hydrogen in organic compounds.

The sample

was

51ngle

analy31s requ1red from one to three hours to complete

weighed, placed in the furnaée and‘\//

heated for some tlme to complete the- ox1datlon of the )

sample over cuprlc‘ox1de.

Then the carbon diOxide and

water producedxﬁxe absorbed in welghed absorbent flasks

and theseﬁ%lasks were then rewelghed to determine the

welght dlfference.

and Brandt

4

In 1960 Sundberg and Maresh( ) and Duswalt

(2)

’

detalled a gas chromatographlc flnlSh to the deter—

mrnatlon.

T

SLmultaneously publlshed papers which

In thegﬁlrst paper the .weighed sample was

)

" ox dlzed over cuprlc ‘oxide with hellum carrler gas

,nd the products trapped 1n a %1qu1d nitrogen trap.

The trap was then heated and the carbon ‘dioxide and

.acetylene separated on a 5111ca gel column and deter-

mlned w1th

a

Jw

[

hermal conduct1V1ty detectorﬂ_

Duswalt

and Brandt used the same method except that the

-

ox1dat10n was carried out in an oxygen ytream.

By taklng advantage of the rapld analysls

~

-

water\converted to acetylene in a separate reacth

wr
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of the combustion products possible using gas chromato-
graphy (GC), the work of DusWaltiand Brandt reduced the

analysis time to 20 minutef.

Vogel and Quattrone(B) -proposed a third

_varlatlon for the determlnatlon by completlng the com-

'bustlon in an oxygen-filléd bomb. ~The analysis time

was 17 mlnutes.
/ . . .
/, Other workers extended the method to inclide

|

/ﬁhe analysis of niﬁrogen(4_6).b In the:mid-sixties a

number of commercial analysers based on a gas chromato-

graphlc finish to the determlnatlon began appearlnq.

OnIy the Perkin-Elmer model 240 and the F & M model
185 analysers‘have“been widely accepted(7). A com-
‘parlson of these two analysers\and the clagsical
methods has shown that the slfdhtly less rellable
results of the analysers are outwelghed by the 51g—
nlflcant decrease 1n analysis time and .the snaller'
samples requlreékq)

A few workers have successfully ellmlnated

the GC column by relylng 1nstead on sorptlon desorptlon

' reagents to measure the different products(B_g).

Dugan and Alulse( 0) used an Open tube, uncatalysed

‘ox1dat10n w1th a hellum/oxygen mlxture for the anzlvsis

Qf carbon hydrogenhnltrogen sulfur—oxygen in 16 mir:ztes.

l(l ) diluted the sample w1th hellum in a plstqn

]



and then used frontal analysls with a thermal con-

ductivity detector for the determination.

(12) (13) v

Belcher and Fleet and Kirsten analysed

samples as small as 50 ug for carbon and hydrogen.

(l4> used a sealed sample tube\for analys1s of

Kennedy.
volatlle samples.
All of the ¢! v2 methods depend on an inltial
weighing of the'sample. While an electronic balance
is generally used'for this weighing, the step still
limits the Speed and Usefuiness of the methods. If
the sample is a gas,- dlfferent methods must be used™\
Perhaps the most lmportant area of analisis
in which the samples are gases is in the identification
of the peaks on a chromatogram. While the retention
time is .sometimes enough to identify an unknown peak
in a simple mixture, most peaks require additional
information. For the4analysis of hydrocarbons the
ratic of carhon tc’hydtogen‘can‘pro;%de the‘additionalﬂ

. [ .
information‘necessary."For ana’ s’.s of petroleum

‘samplgs, the carbon/hydrogen ra: .o can determﬁne the

degree of unsaturatlon and the retentlon time can

.‘prov1de an estimcte of the carbon number. For a large

percentage o~ samﬁfes the 1somer1c form of the unknown‘h
is not 1mportant and more complex methods of analys%s

!

such as mass spectrometry, areé unnecessary.

£



(15) was the first to attempt the

Cacace
direct analysis of peaks from a GC column. The sample
- peaks” were intréduced into the reactor di;ectly from
the column. The oxidation was carried out with a
feactor packed with cupric oxide and reduced irbn.
Ths‘carbpn dioxide ané hydrogen produced wefe then
separated on a column of acetonylacetone on Celite and
measured by a thermal conductivity deﬁector. The areas
of the péaks‘were fdund.tJ be proportional to the "
carbon/hydrogen ratfb. Due to the problems of in-
troducing the entiré peak into the reactor and the
difficulty of maintaining sufficient resolutién_of the
peaks, the standard deviatiaﬁjexceedcd 3%:‘ In a sé;ieé?-

(16-18)"

of gapers - Revel'skid, et al.,modified this

. - r ‘ g
" method by introducing the samples from a sampling

Valve. In these papers the peak heights of the carbon
dioxide and hydrogen produced by the reactor were
correlated with the carbon and hydrogen pumbers of tbg
saﬁpleqwith an error of approximately 5%. -Unfdrtunaﬁely
thg methodeas not compietely explained, and little

data was pfovided; The accuracy reported‘is not suf-
ficient 'to differén?iate decane and decene -from one

~another. '

(19)

Berezkin and Tatarinski also used a

sample valve for sampling the unknown peaks and deter-



mined carbon, hydrogen, nitrogen and OoxXygen simul-
,taneously. The sample was split; part going to a
rYeactor containing carbon black, which produced a
mlxture of carbon monoxide and nltrogen the remainder
of the sample was ox1dlzed over cupric ox1de and copper,
which produced carbon dlox1de, water and nltrogen
peaks. The products from the two reactors were sep-—
arated on two separate columns connected to opposing
sides of a thermal conduct1v1ty detector to give a
composite chromatogram with both p051t1ve and negative
-peaks. The heights of theseipeahs cavs the ratio of
the variousvatoms in the original sample to an accuracy'
of 1%. No sample size or analysis time were reported
and data was provided for only a few eas11y determlned
compounds.

20)

Franc andAPour( also attempted the deter-

mlnatlon of the C/H ratio for gas chromatography_

samples by measurlng the sum of both carbon d10x1de

i

and hydrogen, absorblng the carbon dioxide and re-

'
measurlng. The results were not equal to the classical

methods, whlch have an accuracy of about 0.3% absolute

or 2-5% relative error..
In 1972 Liebman, et alf?l) reported a method

for determining C/H ~atios using a sampllng valve,

oxidation oyer‘Copper oxide, separation of‘the carbon



dioxide and water produced, and measurement ‘by thermal
conﬁuctivity. ' Several determinations had to be averaged

to achieve an error of 0.5% absolute. 2

v

The work. of Berezkinvand Tatatrinski and

Liebman,g;_éiq above came to the authors' attention
_ St . :

after our own work Was;nearly completed.

N 4
While the ‘works cited above are in basic

e

agréement conéerning the -hod of ahalysis, they still

leave several gaps in the analysis of GC samples. A

more exhaustive analysis of é.wide variety of samples
' C R 7/

is necessary and the aécuracy and precision of the

‘analysis must be fprther incteased to positively dif- .

ferentiate between compounds of similar carboﬁ/hYdrogen
ratios.

)

.The'present-studykis‘an'attempt to meet*thesev\
requiréﬁents and also to examine the inétrumentation
fér the analysis. The system used must be capablé of -

- high precision and speed, and should not imposé excessive
limits oh”the tYpe or size og the samples analysed.

S
1-2 SYSTEM CHARACTERISTICS h

Several aesirable characteristics_for the

~



system described above are: (1) fast analysis time,

(2) minimal data handling, (3) direct sampling,

(4) high SenSlthlty, (5) high accuracy and prec1s10n,
(6) freedom from interferences, (7) wide range of
sample sizes, (8) simplicity of design.

Analysis time

~ The 20 to 30 minute analysis time of the
commercial asalysers nmust be greatly reduced to obtain
a reasonable nﬁﬁgéi of samples during a Single gas
chromatographic run. The analysis of a typical gas
chromatographic run requiring 30 minutes and containing
ten compon@nts requires that the diagnostic system must
be capable of completing each analysis within one or
two minutes. At such an analysis rate,“one or two runs
of the original mixture should provide reasonably
complete data on the carbon/hydrogen ratios of eachk

unknown peak.

i

Data handling

t

Due to the short analysrs time, the system
should be semi automated. w1th a master control unit
capable of 1ssu1ng all necessary commands to the system

after the operator initiates the sampling operation.



8 )

Consideration must also be given to the choice.of peak
area or peak height for the determination of the carbon

.dioxide and water peaks as they>pass through ;the detector.

Area integration is the usual choice for gas,

chromatograpﬂy, since nﬁmé;bus integrators are commer-
cially available. However, these instruments‘are generally
notvcapable of better than 1% precision under excellen%
CQnditions‘and performance is_fﬁrther degraded when the
peaké have‘significant‘éverlap. Thévuse of‘moderaﬁély
sophisticated computer facilities:to handle’thé curve
fitting procedures then becomes necessary to maintain
acCuraté results.

The use of peak height has several advantaées.
As noted, several previous systems have used peakbheight
with success. With the system now required to produce
only base line and peak méxima readings, the necessary
calculations can easily be handled by a small computer
or éarried out manually. Pgak'ﬁeight also wéfks bette;
in cases where resolution is less than optimal. The
only restriction is that péak'tailing éhould;approacﬂ
a value of base line plus nogmal systemf;oise by the
time the succeeding peak reaches its maximﬁm.reading
as. shown ;n Figure 1.1. The second peak height will
not be%iﬁ5error in this exampie. If area measurements

are used, this degree of overlap requires correétions

»



Response

Volume

Figure 1.1. Effect of overlapping peaks on heig
measurements. I

<

ht
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to the program for computing the area.
Height measurements are often subject to
errors which are insignificant when using area integ-

ration. Goedert and GUlOChOD(22 23)

have found that
peak height provides superior, results if the system

has excellent thermal stability even though poorer

pressure and flow control.  The requirement .for thermal

v

stability means that isothermal operation of the column
is much preferred over temperature programming, which
isdifficult to reproduce and requires cooIihglto,the
1n1t1al temperature after each run. With sensitive,
non- cycling temperature controls large thermal mass and
sufficient insulation; thermal stability should be
easilyvmaintained. vThe floy controls, which areldif—
ficult:to'maintain at highly stable values, may then
be simplified.

| Due to adsorption on various 1nternai/surfaces
of both the parent hydrocarbon and water produced,. the

system design must carefully minimize these effects to

| maintain linearity and*reproducibility throughout the

sample size range.

Sampling
An on-line system must be attached tc and

directly sample the system under study, in thlS case,

the outlet:-of a'gas chromatographic system: This

g
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>

requires a éampling valve, which transfers the contents
of a sample loép from one gas stream_to the other at
thé ﬁoméﬁt of actuation. Depending on the volume{of
‘this loop and the flow rate in the primary system, the
Valve samples a section of the gas stream of known

width at a known point on the chromatogram.

Sensitivity . /

The volume of the sample loop is limited by
the wicth of sharp‘peaks to approximately 1 cc in most
systemcnx,At a‘flow rate of 30 ml/min, this corresponds-

to é?samplé of two seconds on the chromatogram. This
\\ : .

typically Ilimits the maximum sample size to one to
ten micrograms. The detector of the analytical train
must have a high‘tesponse factor to maintain sufficient

4

.Signal/noise ratio.

Accuracy and Precision : . %

The system must be able to distinguish _ . ' "?“

between compounds of adjacent carbon numbers andlﬁh‘

same limits. The greatest problems will not come in’
distinguishing between the two highest possible ratios:

~methane (CH4) and ethane (CéHG) or between the lowest::

benzene (C H6) and toluene (C7H8), but between adjacent

carbon numbers in the higher saturated hydrocarbons.

e

v
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Decane ﬁas a ratio of Hydrogen toﬁcarbon of 2.20 and
nonane.a ratio bf‘2.2é. With .a relative differen;e
of l% between these two.'compounds the system must be
éccuréte to 0.5% if no ambiguity is allowable between

these compounds.

Interferences

b

‘The presence of sulfur, nitrogen, or halogens
in the sample shouid not affect the garbon/hydrogen_

ratio.

Sample size range

Response should be linear over the entire
sample range from the upper limit, imposed by the
response of the voltmeter, to the lower limit, imposed

by inadequate signal/noise, ratio. ’

Design simplicity

The above requirements -should be met with the
minimum number of components in'tﬁe system. Once
assembled and tesﬁed, the equipment should reguire
minimal maintenance. and be simple to operate: The
~small sample size of this system will be a major ad-
vantage since a large number of samples can be run
before the reactor requircé'rqg?arging or replacement.

By using a Porapak column, the direct determination of:
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water and carbod.dioxide should be poséible Qithout
serious tailing. This allows the syétem to consist
‘of solely the sampling valve, reactor, column and
detector alpng with the usual pneuﬁatic and temperatﬁre’
controls.

.After extensive tests with various instrument
cbﬁfigurations, a syétem has been devised which meets
" the basic requirements that have just been examined. .
The followinc sections describe the instrument and method

of analysis as well as the results of analysing 62

different compounds of various types.
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INSTRUMENT DESIGN AND CONSTRUCTION
2 1 GENERAL _DESIGN

. : e
To obtain accuracy and ‘precision Hette; tﬁan

0.5% for the C/H ratio, (51gnrf1cantly better%than
: R
that obtained from an ordinary GC ) the design of the

N

various i¢¥mponents must be carefully examined. . Some

general design features .and criteria follow.

| The reactor, which 1s the heart of the system,
;1s based on oxidation, of the samples by cupric ix1de
No catalytlc agfnts are present which may become
vp01soned requlﬂpng replacement of the reactor. The
_ pure cuprlc ox1d% can be regenerated by pas51ng alr

through the hot eactor tube.
The wafler and carbon dioxide producedgfrom

the oxidation Mf the sample are measured directlyl after
o . : ’ ¢/
separation/onlg short column. Cdnversion or trapping

in this crltlcal part of the systechan greatly com- \\\ .

\

pllcate theod slgn. The number of components and the

dead volnmer”e&wee% the sample valve and detector are-

held to a mlnaﬁhm If unnecessary varlables affect

‘this ba51c part of the - system,the overall ogeratlon

7

of the 1nstrument becomes too cumbersome to be prac—v

tical.

\
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Control is completely automatic. Tne only
operator action is that of pushing the sequence start
switch at the proper moment  The system then produces
a printed record of all necessary data w1th no operator
intervention required.

Every major variable is controlled to give

roughly the relative .error and the variables are

oy
.

el each other wherever possible. The

arranged‘to'ca»
"final system does not possess an observable dependence
on any sin§1e~variable}

Since the system operates isothermally, with

U

only two compounds produced in normal operation, full'
advantage candbe takenfof a peak'height determination.
After all p0531ble sources of error have been identified

and mlnlmlzed the resldual determlnate errors can L -

ellmlnated by use of small correctlon factors.

2-2 MAIN SYSTEM CONSTRUCT [ON |

The block diagram>shown on‘the foilowing
page can be separated 1nto “two pr1nc1pal sectlons
Column B and detector B with thelr associated components
prov1de the samples to the main system and would vary
with the partlcular system belng sampled Therefore,

thes maln system components are examlned first.

&
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\\p Regulated Helium Supply

The helium supply consists of a tank Of high
purity helium (0.001% impurities, Canadian Liquid Air)
with a two stage kegulator(model 201 oxygen double
stage regulator, Canadian Liquid'Air}Company; Ltd.).
‘The main tank vadve and pressure adjusting screw on-
the regulator are left in their operating positions“
and not disturbed except when changing tanks. Ehe niain .
gas flow is turned on and off w1th a valve placed down- 7
stream from the regulaé%r.

¥

While this method of shuttihg.down’thetsystem
results in a slight long-term lea§age of heiium_when
the system is idle, it is necessary for system stability.
The flow controls in this system requlre a hlghly stable
upstream pressure Wthh cannot be maintained if the
regulating spring and dlaphragm of the regulator are
unloaded after each session. When the regulator is first
activated there is a slow drlft in the basellne measured
- at detector A as the control settlng gradually settles

-toward 1ts equlllbrlum value. Thlsvsettllng time is

typically about 12 hours. With the entire system depen-

dent on the main supply pressure remaining constant,

ol

th1s drlft is 1ntolerable.

: If the regulator remains under ioad’at“all‘
_ N i ' ' ~ : »
times with only the flow shut off during idle periods,
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a slight drop in pressure of approximately 50 mb is
observable as the snutoff valve is opened each day.

- After this initial drop the remaining drift is greatly
reduced and the baseline reaches a steady state within

the two hour warm-up perlod allowed.

Filter ,
The filter used is a model 236 mixeddbed trap:
made by Guild Corporation, Bethe~ “ark,{Pennsylvania.
It contains a layer~of activated carbon to remove

residual hydrocarbons and twe sections of molecular

~Sieve drying agent, one with indicatof.

Flow~Controls ' _: h - N
) The two rlow controllersv(X;8744 ELF with 41
needle, Broc'= Instrument DlVlSlon, Emerson Electrlc.
Company, Hatfleld Pennsylvania) maintain a constant
flow rate if the upstream pressure remains constant.
Caplllary tubes are used for the fixed controls on the
"reference side»of detector A and the outflow from the
samble side ot the sampling valve. All flow control
devices are mounted togetner away from heat-producing
equipment and further lsolated by being sandwiched
‘between two largerpieces of 5 cmlthick fiberglass batting.
| Gas connedtions in tne apparatus are made with

Swagelok fittings. Copper:tubing'and brass fittings
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are employed in noncritical sections. Aall sections
which operate at elevated temperatures are made of
stainless steel quartz (reactor), or teflon (valve

RS

mechanism, reactor seals).

Buffe-
The buffer tank between the flow controller
and the sample valve is necessary. to snoothlout vari;
ations in flow from the controller and also to R;ov1de
some 1solatlon for the controller from sudden pressure
surges durlng sample valve switching since the controller
equlllbrates slowly after sudden»changes. The buffer
tank consists Of\é 25 mm diameter copﬁer'tube 15 cm long
with c.pper end caps eoldered in place and 1/8 inch
stainless steel tubing attached to each end. Its in- °
ternal volume of approximately’zs cc is sufficient to
buf fer flow variations.froﬁ'the_fiowrcontroller and

sampling valve.

Sample Valve Assembly

The sampllng valve (Micro- volume Valve model
2014, Carle Instruments, Inc., Fulletton, California)
is an 8-ported valve with the gas connections made as
in Figure 2.2. In this configuration the sample and-

reactor gas streams a~ isolated from one’ another at

all tlmes _ Each tlme the valV" 1svthrown the contents

W

" - : «

T



POSITION 2

POSITION 1

n

LOO® 1

A out
LOOP

2

out B

Figure"2.2. Gas connections to sample valve.

of the samplé loops are ﬁransferred'froﬁ one stream
:to the_other. If the sample loops ére matched, the
size of sample will then remain constant regagdless of
the direction of throw. The sample loops are short
sections of 1/8 inch stainless steel tﬁbing with
,inﬁernal volumes of 0.4 cc. For automatic opera“iohl{
the soleneoid switched actuator (Carle model 2050) is x
used for valve switching. lThiskactﬁator consists.gf%ﬂ
a simple'qas—driven pistdnvto rotate the value shaft.

-4 b

1
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A ‘double solen01d valve actuates the plston by reversing
the hlgh pressure and exhaust connectlons. The wvalve
is mounted in the same oven as detector B as shown in
Figure 2.3.

“An average sample taken by this valve is .5
nanoliters, and is measured in the follOWlng manner:
The 1nternal volume of _the sample loop is 0.4 cc,
whrch is equal.to 0.41 cc at room temperature and
pr¢§§n¢é. Since tne flow rate is 1 cc/sec at room
-temperature, measured with a soap bubble flow meter,
the contenqg of the loop represent a width on the
chromatogram QF 0 4l sec. '

Al ul sample of n-decane 1njected onto
column B results 1n a total peak area éf 160 OOO count-
sec. §@hpling the peak at a height of 2000 counts
results ln a sample taken cf 820 count—sec which is
equalato 0.005 ul or 5_panoliters. This sample size
results in‘a peak height for.the resultant carbon
. dioxié% peak of 15,000 counts or one—nalf of the
maximum digital voltmeter.reading.i

The stablllty and accuracy of the system are
strongly dependent on prOper operation of this valve
assembly. Therefore,vseveralllmportant p01nts ‘must be
mentioned. | |

Since some of the sample compounds tested have

o
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¢* boiling points near 200°C,‘care must be taken to prevent
adsorption or condensation inside the valve. As showh |
in the diagram, the main valve body is directly mounted -
to the'heater block of the detector, which Operates at
200°C. Heating the sampling 100ps is somewhat more |
difficult and is accompllshed by en01031ng them within
a small metal box which is then filled with lead shot
until the loops are cé&pletely covered. All lines

carrying the sample are'wrapped with'copper braid which

is then looped around the heater block. The remalnlng o

7l

' space 1n51de the- oven 1s filled with flberglass wool
The valve, Figure 2.4, consists of a polished
-metalhdisk with .inlet and outlet connections drilled
throuéh it and a teflon-ceramic diek yith'grooves;cut
into its surface to carry the gasvstreams. A gas-
tight seal is maintained by spring pressure on the two
disks. The ball beariﬁgﬁmaintains even pressure over
'the entire surfaces of the disks. The sprlng is
normally adjusted for room temperature operation at
high p:essures. Thls hlgh tension can result in
.premature wear of the teflonNmaterial at the high tém—
peratures osed. Spring tehsion‘ie reduced to the
minimum needed to maintain a gas-tight seal. If this
is not done, the teflon crumbles‘enough to block the.

gas flow within a few months of operation.



BALL : e
BEARING S

SPRING

VALVE BODY
SLIDER

Figure 2.4. Cutaway view of sample wvalve.

bﬁring the valve throw all gas flow 1s momen-
‘tarily cut off, which results §p pressure surges being
transmitted.to the detector.. The pressure surge also
results when the two gas streams operate at different
pressﬁres, since thelcontents of the sample loops are .
compressed or'expanded at the completion Qf tﬁe,valve
throw. The surge,eppeefs as a false peak at a point -
justlbefore the elution of the carbon dioxide peak on
the chromatogram and, if of.sufficient magnitude, can
ceuse.oscillations in the baseline for severalvminutes;
Because. of.lts position on the chromatogram, this false

peak must be rlgorously controlled and suppressed to

obtain ‘acceptable results.



Operation of the piston at a pressure of

4000 mb from a regulated nitrogen supply minimizes the

first cause of error. To keep the valve throwvtime to
a constant "value of about 0.1 sec, the piston is lub-
ricated with a commercial molybdenum sulfide oil (Moly-
Sllp, SllpCO Chemicals of Canada, Bowmanv1lle, Ontario)
at t i‘syart of each day. ' |

-/\' Theysecond cause of pressure surges is‘more

complex. With the reactor side of the valve Operatlng
at 1250 mb the mlnlmum spike from detector A is obtained
at a sample pressufe of‘iGOO mb. Since the'flow ~con-~
. troller on the sample side malntalns a constant flow
,rate, a length of caplllary tubing on the outlet from

the valve can maintain a constant pressure drop to

atmosphere.

»

With. the sample stream pressure maintained
within 50 mb and the'nitrogen supply to the piston
within 150 mb, the residual false peak does not exceed

lO counts (50 uv).

L

Because the several varlables affectlng the.
pressure surge cannot be completely equallzed for the -
two directions of va}ve throw,vseparate calibrations

are necessary for each direction to correct for the

sllght difference .in response |
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Reactor

The reactor constructlon is shown in Figure
2.5. The furnace consists of a quartz tube 33 cm long
with an outer dlameter of 18 mm. The central 30 cm of
- the tube are covered with a layer of Fibrefray Insulation
#9703 (Carborundum Ltd., Ontdrio) secured in place by
3M fiberglass tape. The heating element of 1/8 inch
wide chromel ribbon with a resisbance of 1.06 ohms per
foot is then wound around the insulation. The power
cotd is silver soldered to the ends~of the element and
the element is secured w1th more fiberglass tape. Three
‘layers of Flbrefray 1nsulat10n are then wrapped around
the tube. After the completed furnace is baked for 12
" hours to remove volatile components it is ready'for’use.
The fhermocouples are 20 gauge chromel/alumel wires
inserted'th:ough notchee cut inﬁthe‘transite-plugs and
extending approximately 10 cm from each end. The bransite
plu;g 51mpl§ minimize heat losses and prov1de a gulde
for centerlng the reactor tube but are not used to‘

) 14
" support the reactor because the fragile quartz tubing

would shatter when the end flttlngs are tightened.
The reactor tube is a 28 cm-length‘of 6 mm
quartz tubing with short sections of .3 mm quartz tubing

fused to each end to minimize dead volume and allow the

use of 1/8 inch fittings on both ends. Stainless steel
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TRANSITE END .CAPS

o ;
-—b-—-l, ' REACTOR TUBE _J

CONTROL METER
HTHERMOCOUPLE : THERMOCOUPLE

HE ATER AND

~

INSULATION

Figure 2.5. Diagram of reactor and furnace.

e
oW

'ferrules are used on the end fittings with a layer of
Nteflon tape flrst wraoped around the ‘tube to prevent
ﬁehatterlng as the fitting is tightened and to provide
a better seal.

fhe reactor packing consists of wiﬁé—form
cupric oxide (ACS certified, Fisher Scientifﬂc Company,
Fai;lawn, NeW‘Jefsey) which has been crushed gndf
sieved to a 30/60 mesh size. This provides a uniform
packing of the tube without excessivewpressure~drop.
The packingeis held in place with short sections of -
30 gauge copper wire in each end of/;he tube;

This reactor design islhighly efficient -and
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S

has low.power consumption. The overall diameter of

the furnace is only 4 cm,‘yet the-outside of the in- -

sulated portlon ig not hot to the touch when the unit

P

‘is in operatlon at temperatures above 700°C )

7 t

The 1nlet end of the reactor and the end

. Al
“ .

connectlons are 1nSulated w1th flberglass wool. to prevent.
ﬂ;: condensation, The reactor 1s connected dlrectly to
\uﬁ <? the column with an 1/8 1nch union.

The temperature proflle along the 28 cm central—
portlon of the reactor tube 1s shown in Figure 2.6.v' d
The. furnace is slightly hotter near the inlet end due
to a sllght nonunlformlty in the heater w1nd1ng. The

abrupt temperature drop on the outlet end is caused by
\

the absence of 1nsulat10n between the end of -the heating
c Y

.'.."

element and the transite plug. This is necessary to \

- DXy

«'j
prevent an excessive temperature at the column inlet.

s
The column packlng is destroyed by temperatures exceed;;;z\

200°C. The stalnless steel column 1s a moderately poor
heat conductor so that, 1f excessive heat ex1sts at the
lun;on, the flrst few centlmeters of the column w1ll be"
damaged. The temperature at the inlet connector is
approximately 260°C. The outlet connector;operates

at 130°cC.

Y
e
v

The ‘upper’ temperature llmlt of the reactor

1is determlned by the point at which significant amounts
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of oxygen are produced by decompositlon of the cupric

oxide. ' This is shown by a rapid rise in baseline at
detector A-as the furnace temperature is‘raised.

The temperature controller for the furnace.

"is an API 0-1000 degree centrlgrade model 226 propor—

tional controller (API Instruments Company, Chesterland
»

Ohio). The controller maintains the set point w1th1n

0.5°C. 1Its stepless control of temperature by varying-

the duty cycle of a thyrlstor prevents observable tem—
:perature cycllng when properly adjusted.
| After analy31ng 300-400 samples, the reactor .

is recharged by passrng alr through it at operatlng
/

temperature.‘

The res1dence tlme in the reactor is approx—

‘-

imately two seconds.. The 1nsertlon of a bypass tube'

around the reactor glves the same retentlon tlme for

,«

an air sample as that obtalned w1th the hot reactor
tube in place.' Slnce_therflow rate”is 20,ml/min and
the volume of the bybass is 0:6.cc; the.time for the
air peak tO"pass through the bypass must be two seconds.

ThlS 1s then equal to the tlme necessary to pass ‘ .

-

through the reactor tube. - ' - ) ”»“QJ"

W
| o ) . i r',_.
o / , ’ - . _Tﬁ,j" S
. . . N )
. » i N ’
b,

Column A

The ma1n sSeparating column is a 30 cm long,

-

1/8 inch outer dlameter stalnless steel tube packed/‘\

"/

oY

w1th 80/100 mesh Porapak N (Waters Assoc1ates, g\/

Frdmlngham Massachusetts) ThlS hlghly polar P akJ

| (J
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aliows excellentlresoiution of the water and carbon

dioxide peaks with a short column length at a tem-

‘ perature hlgh enough to minimize water peak talllng.

L‘The short column length is necessary to minimize the
reéssure at the sample valvef |

Column tempereture is controlled by an RFL.
model 70 proportional tamperature controller (RFL
JIndustrles, Inc., Boonton, New Jersey) with thermistor

.sensor and regulation to 0.05°C. Column B and both
detectors are controlled by similar cohtrollers, all
of which axe mounted on e large aluminum sheet which
ects as a heat sink.

To sﬁabilizeﬁthe column temperature, rhe
column is wound around a cylindrical aluminum block.
appioximately 7 cm in diameter and 15 cm long with
holes drilled in it to hold the 25 watt carrridge
heater and the thermistor sensor. To mdihﬁain good
thermal contact with’tﬁe-core,-the column is*covered
with a layer of copper wire braid. The entlre assembly
is then heavily 1nsulated with a 10 cm layer of flber:’i>

' glass,wool.

Detector
The detector oven .is a Gow—Mac TR2B (Gow—Mac
Instrument Company, Madlson, New Jersey) with the i

-

‘original thermal_sw1tch replaced by the:proportiohal
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4

:cohtroller and the original thermal conductivity cell
repiaced with a Gow-Mac model 460 detector block. This
flow-through cell has low internal,&olume (0.35 cc),
fast response time (0.5 sec) and high sensitivity with
W2X filaments installed | ince this cell is much
'smaller than the cell normally mounted in this oven,
copper block spacers ‘are used on each side which also
serve as gas preheaters with the 1/16 inch stainless
steel inlet tubes passing through the spacers before
conneCting with the detector. The sample inléf tube
is furthe; heated between the spacer and column con-
nection with copper braid. A short length of tubing
between spacer and column is nsed, with heavy insulation
to prevent adsorption of the Qater vapor on the tubing
walls. | |

The bridge power Supply‘is a Lambda model
LL903 0-40 volt power~supply‘(Lambda Electronics
Corporation, Melville, New York) with 4 mv-reguiation
and adjustable current limiting to.prevent filaﬁent
damage. A 1.0 ohm 10-turn potentiometer provides
zZero control of the bridge circuit. Since the fil-
“aments gradually age and shift the balance point,
provision for external trimmlng resistors has been,
prov1ded on the terminal box which contains the pcten—

tiometer.
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The 1nstrument chosen for peak helght sen51ng
is a Solartron LM1440.3 Voltmeter (Solartron Electronlc
Group Ltd., Farnborough Hampshire, England) This
instrument operates on the succe551ve approx1matlon
principle, w1th a series of preC151on resistors being
switched in and out of parallel at the summing input to
an operatlonal amplifier untll balance with the 1nput
signal is obtalned This- type of voltmeter is 1deal
- for peak maxxma detectlon 51nce the voltmeter can be .
switched to compare the largest prev1ous readlng and
" the present voltage and lnltlate ‘a new conver51on only‘
if the present value exceeds the previous maximum.

For the present stud? the system is used in
the maximum sensing mode on its most sen51t1ve range of
150 mv full scale w1th 5 pv resolutlon so that a full
scale reading registers 29, 999 counts. Since. a sllght
bias is used in the sén51ng circuit to prevent false»'
trlggerlng, base llne readlngs are also made in the’

maximum mode. The 1nstrument has been carefully ad-

justed to exceed the manufacturers spec1f1catlons in

sensitivity so that the 1nstrument senses a.difference

of no more than 2 counts (10 gV)

.
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Junction Box and Printer

- The output levels of the BCD outputs from the
voltmeter are not dlrectly compatlble w1th the TTL in-
puts to the Model 5100 Prlnter (Monltor Labs, Inc.

San Diego, Callfornla) A ma]or portlon Of:- ‘the c1rcu1try
in the junction box, shown in Flgures 2 7a, and 2.7b,
prov1des the necessary signal condltlonlng. A two ¢
po51tlon switch allows the printer to be operated in an
- eéxternal command mode, with the sequencerlproviding’the
_prlnt and reset commands, or an automatic . mode, with
the print command coming from the voltmeteg The auto-~
matic mode is useful when continuous interval sampling .
is needed, as when checking baseline,stability.v The
logic gates and triggering transistors on board 1
provide proﬁer synchronization of the print command
signal in both modes.  In the external command mode the
Voltmeter external reset is connected and a print com-
"mand signal is generated only if ENABLE and EXTERNAL
PRINT are ON and the printer BUSYISignal is OFF. .In:
the automatic mode the'reset is disconnected and the
print command signal is generated when the TRIGGER 1s_h
ON and/BUSY is OFF. Power 1s‘prov1ded by a zener con-
trolled 5 Vv supﬁiy driven from the +10 V DVM supply
‘line. All inputs for‘the_printer are bronght to two.

terminal stripsffor easy modification of the data inputs.

1
a WS

ki
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CONTROL GATES

. . '
Ve
] "‘)‘.',’ e . Lrege[ out -
N

MODE CONTROL SWITCH

1. 1IN-10,000 A ©UT-10,000
2. -30v ,B  OUT-EZHASLE
3. IN-20,000 C  OUT-TRIGGER
4. TIN-ENABLE E OUT-4000
5. IN-TRIGGER E OUT-28000
6. IN-4000 ’ ’ P OUT-20,000
7. IN-8000 . B OUT-NEGATIVE POLARITY
8. ' IN-20,000 z
9. IN-NEGATIVE POLARITY = X
10. L
11 LM
12. ] TN
13. P .
14 » R :
15. IN-SWITCH AUTO s |
'16.  IN-SWITCH COMMAND T
17. IN-BUSY. . o ‘v
18. Pur-yntur v
19. PRINT-EXT W
20, . » X compoy
21. ,,,,»——-l'"' S Y v v
T g

Figure 2.7a. Junction Box Circuits. Board 2 - print
command control circuits and data lines. Resistors :
in ohms, capacitors in microforads, transistors - 2N 3904,
diodes - general purpose silicon. Circled numbers refer
to edge connections listed in table. MODE CONTROL SWITCH
is shown in the external command position. The 470k and
10k resistors’in the ENABLE circuit are mounted inside
~the DVM to divide down the +200 V. Nixie tube supply
which is synchroniZzed to the portion of the sampling
cycle. when the r%ng register is holding a stable reading.
. ~ \ ’

L
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hY
BOARD 1
' 1. 1IN-1 A 0OUT-1
2. IN-2 B OUT-2
3. IN-4 C ouT-4
4. 1IKN-8 D otrr-g
S. IN-10 E ouT-lo
6. IN-20 F ouT-20
7. IN-40 H. OUT-40
8. IN-BO J  OUT-80 .
9. IN-100 K oUT-100
C:;‘do. IN-200 L 0uT-200
POWER SUPPLY 11. 1IN-400 M OUT-400
12, 1IN-800 N ouT-g00
13, 1IN-1000 P. OUT-1000
14. 1IN-2000 R OUT-2000
15, s
16. T
7. v
- 18. v
19. W
‘20. X COMSON
v . 21. Y +5 v,

DATA BIT ) . _ 22, +10 v,

Figure 2.7b. Junction Box Circuits. Board 1 - Power
supply and data lines. Resistors in ohms, Capacitors in
microforads, Transistors - 2N3904, diodes general purpose-
silicon.Circled numbers refer to edge connections listed-

in table. All data bits and negative polarity line, except
bit 10,000, are wired as shown for blt 1.
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The printer allows any data inputlcolumn‘td
appear in any of the 21 columns across the paper tape
output. (9The printer is normally fltted with seven
data input colpmns with later expansion possible.
Column 0 is connected to the sequencer and identifies:
the current positien of the sampling valve. Column 1
is also connected to. the sequencer and identifies the

four readings in each cycle with appropriate numbers.

Columns 2-6 record the voltmeter feading.

Seguencer,

The sequencer is assembled using a Heath
EU-801A Analog~Digital De51gner (ADD) (Heath Company,
Mississauga, Ontario). The various componghts are’
supplied on plug-in cards;with spring push-in connec-
 tors on top of each card. a1l interconnections are
made with standard 22 gauge solid wire. A power supply
- 1s provided as Qell as a number ef switches and~status
lights and a signal genetator which prevides theimastet
square wave clocking pulses.

7Ausimplifiedlbloek diagram of the sequencer
'eircuit is shown in Figure 2.8. The complete
schematics are shown.in‘Figures 2.9a and 2.9b. The.

counter and decoding gates control the prlnt-out tlmes

durlng the cycle and the flrlng order gates determlne
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FIRING ORDER
> ™
Gq,'es 9«17
stop ¥ : v -
count %
n
COUNTER AND < SYNC
DECODERS ! T
< FF 1=3
FF A=E Gdtes |=4 s5yacC
{) _“ N ¥
’ PULSE
start 4 GENERATOR

pb2

' Figure 2.9a

-

Figure 2.8. Block diégﬁgﬁfﬁf’seqﬁencer‘fﬁnctions.
a i. T /‘v
| I S | |

the order of the print and teset commands. The syn- °
chronization fllp—flops prov1de 1nput and cornl.ul
signals to the other/two sectlons of Figure 2.¢a. The
pulse generator supplles flrlng pulses for the cample
valve. ’ |

For a coﬁpléte déscripﬁion of the operation
and theory of digital logic coﬁbpnehts, sece Malmstadt
and Enke. (%% "
| éwiéch A"allowé‘the count to be halted at any .
point during- ‘the cycle. In the evént‘of é-misfire, '

PBl aborts the cyc.:2 and resets all fllp—flops. PB2
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starts the delay monostable and begins the count
sequence by deactivating the lock-out gate on the first
flip-flop. @

Figure 2.9b shows the pulse generator for

firing the sample valve. It includes a variable delay

for correction of»theftime required for thefsample to

move from the detector into the sample loop. The
necessary outputs for identification of the current

valve position are also provided. All switches in the

~ ADD unit are internally wired in the»ﬁanner shown in

the dotted portion of the figure.\
The parts of the sequencer shown in Figure
2.9a provide set and print'pulses'at the proper times

during the cycle. Flip—flops A to. E and decoder gates

1-4 are the heart of the sequencer.' The flip—flops are

connected as a simple asynchronous binary divide by 32,
counter w1th a cycle time of two minutes. Thus the
sample-cycle is broken into 4 second bits. Byvchanging
the appropriate connections to the NAND gates, the 11-14
printout times can be selected at will. Flip-flops 1

and 2 provide syncbronization signals for‘gates

- at top right Since each flip-flop in the chain can- &
, not change state untll after the preceeding flip—flop

_has completed 1ts transition, the decoding gates could

sense false input conditions as the coupt transition

1

w e
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cascades down the chain. Flip-flop 3 prevents false

triggering of decoding gates 1-4 by delaying activation

until well after all ripole transitions are completed.
The functlons and tlmes of operation of the

*

decoder gates are shown in Table 2.1. ©Note that after
_the prlntoat cycle triggered by gate 4 is completed
gate 5 stops the cycle with all fllp—flops in loglc 1
state until the operator starts the cycle again by
pushing PB2.

The remaining parts of the clrcult prov1de
lldentlflcatlon of peaks for the printer (gates 6-8) and
rgenerate the firing pulses for the reset and print
commands ln the proper sequence (gates 9- l7) Print- .
outs. one and SFour requlre a reset pulse followed by
thepmlntcommand'and two and three require the" opposite
firing order. e ‘ T |

Flgure 2.10 1llustrates the trans1tlonsbof
the'varlous gates and synchronlzlng flip- flOpS during
the first printout cycle, controlled by gaterl. The
three otner prlntouts will occur in the same general
manner. If gate 9 opens (logic 0), the reset‘pulse_is
to precede the print pulse. If'gate 10 opens, the
print pulse will occur first. The 9) condltlon from

fllp—flop 2 generates the flrst pulse, and the second

pulse occurs after flip-flop 2 is in the Q state. . Note

¢



Table 2.1

Firing Order of Decoding Gates:

. Function o Count

First baseline 0

‘measurement .~

'COZ peak,maximum . ' 5
J E TN . ’ “
320 Pea% ma%%mum b, 20

VAL
Second ba\g}ggg'

measurenment ahd

B
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PRINT

Figure 2.10. Sequence of gate switching durlnﬂ a
printout cycle (Printout one shown).
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- of carrylng the 11ne voltage reqalred by the solenoids.
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that the output pulses can never occur until‘flip—flop

1 changes to a logie 1 state. This delay prevents false
‘ )

triggering of the gates as flip-flop 2 chariges state

and prevents interference between printer and DVMVsince

printer, DVM and sequencer all operate with a common

ground.

Solenoid Drlvers

The solen01d drivers, ShOWn in Figure 2.11,
perform two functions. First, they"mustramplify the = s
small current capability of the sequehcer relays to

the level.required to fire the line letage\solenoids.

Second, they must isolate the sequencer from the high
‘noise levels associated with switehing the hich dinduc-

tance solenoids.

y

The current amplification is accomplished by

a transistor driving'the coil of a relay (KM110, Potter

-and Brumfield). The contacts of this‘relay are capabile

. The varlous dlodes and capacltors cuppress SW1tch1ng

noise. Since the sequencer power supply can not be
sufflclently decoupled 1f it supplles the operatlng

current for the poWer relays, the separate battery power

supply is used instead. The battery supplies 51gn1flcanth 

current only briefly at the moment of firing.. The small

~residual current ‘drain of the filter capaeitor and tran-
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sistors gives the battery a life séan ofvmore'than one:

vear if it is connected at all tiges. The continuous

voltage on th large capacitor keeps it in peak con-

dition so t: .e leakage current is small.

<

2-3 SAMPLE SYSTEM CONSTRUCTICN

The equlpment is de51gned to obtaln 1ts

samplesifrom the outlet of a gas chromatograph. The'
ccomponents\assoclated with polumn B constitute a simple‘
gas chromatograph to provide these samples and also to
:serve as a check on the purity“oftthe compouhds’usedfi
in t,esting. o | . -

A single gas stream is used in this system.
This usually leads to difficﬁlty in zeroing the detector
~bridge and nonli@ear response.due‘to the.preSSﬁre'ﬁife ;
‘.ferential between.the two sides of the.detector. How—
ever, in thlS .system the dlfferentlal is not great, |
‘slnce the major pressure drop occurs across the caplllary
and ‘not across the column as w1th an ordinary system.\
Sample Ehjector -

| s .
After flow1ng through the reference 51de of

the detector, the carrier gas enters the 1njectlon port.
Theﬂlnjectgr used is a modified Swagelok 1/4 inch tee
connector shown in Figure 2.12. This arrangement

recovers rapidly‘from accidental overloading and effec- |
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.

COLUMN

Prem——

e .
{

?iguré:2,12. Sampie injection port. Modified Swagelok
Tee Joint. : '
o G

-vtiveiy:preVents sericus diffusion before the sample

' éntgrs‘the‘colﬁﬁn. A length of heating tape powered

' by an- autotransformer is wrapped around the outside of
.fhe iﬁfeétor fo maintainia high temperature for rapid:

volatilization of the samples.

Colﬁmn B

. The column is a two meter stainless steel
"3/16 incﬁ diameter tube filled with 80,/100 mesthurapak
(Cafbowax 400 on Porasil C, Waters Associates). By-
chemically bonding the Carbowak,fo the silica'support,
the'upper temperaﬁure iimit of the column ié,signific—

‘antly extended. CarQowax was chosen because of the
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wide range of substances sep@rable on it. It is es-
pecially’well—suited for séparations“of the hydrocarbons
which provide most of the samples f%r this study.

g

The column is wound,on an aluminum core
. J

sigplar to that of column A and insulated in like manner. ’

B (4
Detector B

The- detector 1s a standard Gow-Mac 9285 semi-
'dlffu51on cell with W2 fllaments. The normal 3/16
inch copper tubing connections are g%placed by l/8-inch_
stainless steel tubing Wrapped with copper braid for
efficient heatinc. A Lambda LL903 power supply supplies

current to these filaments.

‘Recorder
© Sargent model SR recorder (E. H. Sargent

and Company, “hicago, Illinoish?w$
: Kl

*used for readout from
the detector.C A 51mple re51st1ve.d1v1der chaln added
to its input allows stepwise control of sensitivity

between 1 and 100 mv full scale.

3
2 4 SUMMARY

To prov1de a clearer plcture of the operation
‘of the equlpment a tlmed sequence of events for one

full sample cycle follows.

0.0 sec- Start. When the recorder chart shows a peak
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to be sampled, the sample pushbutton PB2 is pusyéd fr
&y " when the peak has reached a suitable. height, 'Theaaé%ay
& . v f) v,‘,

monostable and binary divider chain begin operation.

~1 sec- Sampling. The sample which was in the detector

when the sequence started‘hgs now reached the sample
looé. The delay monostablé now fires the second moﬁo—
i'stablé which in turn causes the prdpef splenoid to fire.
This reverses the pressure on the piston, causing £he
sample valve to rotaﬁe to its other position. Thé
contents of ﬁhé loop are thus trahsferred to the reactor

side of the valve.

~y s

2.5 sec-First ﬁeading. Nand gate one activates for the
first baseline reading. The voltmeter ié first reset and
‘the result is printed outone second later. The sample
ismow entering the reactor and is being oxidized to

carbon dioxide and water.

10 sec-Carbon dioxide peék maximum. -The carbon dioxide

passes rapidly through the column into“the detector,
The voltmeter senses the first inérease in volta@e ffom
thé detector gnd keeps sampling the height of,the‘peak'
every sixtieth of a second until it sehses no further
ingrease in magnitude. vThe méximﬁm reading i;'héld by -
thg'voltmeter until,peseti

22 sec-Second reading.'The maximum reading is printed

out qnd.ﬁhe voltmeter reset. The carbon dioxide peak
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has returned to near the baseline and the water peak
is just beginning to elute from the column.

30 sec- Water peak maximum. The maximum 'of the water -

peak is reached and the voltmeter again holds this
' 4

reading.

80 sec~ Third reading. The seguencer printé out the

reading of the water peak maximum and resets the volt-

(2
"L

meter. The voltmeter should now show a value near the

baseline.

. 120 sec- Fourth readiﬁg, The tailing ffoﬁ the-water
peak has now stop?ed and the éystem‘is aéain at~equ;'ib—
rium. The voltmet=r is reset for the second baseline
reading and this wvalue is prinéed 6ut. The sequencer
then locksléut the first flip—fiop and éll systems .are

now ready for a new sample.

e
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RESULTS AND DISCUSSION " o G
3-1 EFFECT OF VARIOUS SOURCES OF:*ERROR ON PRECISION.~uv;‘;“@

g
The contrlbutlons of the major sources of

-error for peak heights are shown in Table 3.1. The

proportionality coeff1c1ents are from Goedert and. s -

Gulochon (22)

The measurement error is determined primarily &

by the error in reading the water peak. Assuming'a
HZO peak helght of 3000 counts and a readlng error df -
two counts, two readlngs, basellne and maximum, are

necessary, so the total error 1s four counts. The

&)
errors for brldge current and column temperature are

[

taken from the manufacturers specifications of the

/«\
power: supply and the proportional controller. A 4 mb
variation in outlet pressure is assumed(zz) at an

atmospheric pressure of; 700 mb. The error ihpthe

.column ‘inlet pressure can only be estimated but should

not exceed 1 mb'with‘the flow controls used.
The error resulting from these factors,
£ = ¢Zé2 ; 1s requail to 5.7 x 10—'3 or 0.57% relative

. 1 ;
error. The relative standard deviation for the 31

"hydrocarbdns analysed is‘0.23%'or>0.45%' at the 95%

confidence limit used in the proportionality coef-

ficients. The higher precision found eXperimentally
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Table 3.1

Contributions. of the Major: Sources of Error

i, o for Peak, Heights. ¥
=y
¢ Variation Proportionality Contribution
Source ‘ (ppt) .. Coefficient (ppt)
Column inlet
pressure 1.0 -2.1 o 2.1
cdiumn outlet | ‘ &

- B "05 0
pressure 5.7 ' 0.9 . 5.1
Column
temperature 0.1 . 3.3 ‘ 0.4

Bridge current 0.1 3.0 0.4

Measurement 1.3 . 1,0 ( 1.3
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i

&
indicates that the assumptions made for the vari:z . .cns;

especially the column outlet pressure, are conservative

since the ratios are subject to additional errors, such’

" as the blank correctiohs and sample size, which are

difficult to estimate. ' -
) Theteffecﬁ of atmospheric pressure\variations

“on precision can be seen clearly in Figure 3;1. The
results with open windows show a sighific 1tly higher‘
random scaﬁ%er. If a least séuares linear plot is made

.»for the two sets of daﬁé, the relative standard
deviations are: 0.59% with the~wind8ys open, 0.43%
with/the.windows closed: A relative standard deviation
of 0.16% is obtéinedvfor the fit of the smooth curve
shown for closed windows. The curvature ;n the graph
is probably caused by the temperature fise after fhe,
w ~losed. Even when the equ;pment is
operated im & o ﬁéedfroom at a stable'temperature,
massing storm fr s or periods of high gusting winds

cau:s- a serious i : -ease in the scatter of the results.

3-" _METHOD OF AP _YSIS

o ste up the equipment for operation,
melivn flow is .rst establiShed; All other components,
axcept . .dge power supplies are then activated.

The «uenits -are not turned on until a few minutes

A
m

5.

A

o
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have elaﬁsed to aliew the earrier gas to flush out
most of the uir. The system is allowed tg equilibrate
for two hours before»beginning;analysis; wburing this-
time the sequencer time delay can be set by injecting
a sample with reasonably syﬁmetrical peais from column
B and sampling at a eonstant point on the recorder
chart for the 1 .ding and trailing edges of the peak.
The time delay is adjusted until the Cdé peaks are
constant for both edges. Just before beginning analysis,
.the standard compound is sampled three times to check
system functions and. stabilize response. These test
samples are not valid for.lnclu51on,as standard runs”
since the peak ratlos are unstable for the first one

or two samples after system start up. ‘When the equip-
ment is operatlng, but?n%%%sampling, oniy_normal long-

term drift is ‘found.

Standardization

e

Ideally, the egulpment could be callbrated

RARY

~once and then used for a day or more w1th no further

checks or‘correcthns,necessary to maintain the'required

~

»accuracy Due to, the exactlng operatlng condlthns of

N ,3

>the analy51s, frequent standardizations are reqqued
to correct for the various factors that cause long term

drlft in the results.
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e %eoause the two valve:positions show slightly

!

different H/C ratios, the standards are run in pairs,

[N

" one standard'for each position. Toxcorrect for drift
a pair ‘of standards is run every 30-40 mlnutes durlng
normal analysis. Thus, each unknown sample can be
compared with two standards, one from the precedlng
pair of standards and the other from'the succeeding
pair. The average Of.the two results is reported.
Since the reference standard ratios normally drift to

the same extent as the unknown samples, the effect of

the drift is removed. gy

oy ,—

1)

- The standard chosen must have/ﬁozinownideter—:
mlnate error in its analy51s and should be of hlgh
purity. Because the necessary correction for adsorption
effeots may change;for coﬁpounds_of wideiy varying ;
‘structnre, the standardAshould be simiLar in structure
to most of the unknown samples to be' analysed. The
sample and standards should also have sinilar neak
heights to minimize‘errors arising from'drift in the
1inearity factors.

Since most of the samples analfsed ane hydro-
carbons, 2,2—dimethy1butane is the standard compound
chosen. It has ‘a known purity of 99.94% and has a H/C

ratlo 51m11ar to that of most hydrocarbons, partlcularly

the saturated hydrocarbons, which.are the most difficult
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to analyse because of the small H/C ratio differences

between adjacent members of 'the series.

Calculation ovaesults
Baseline and blank correctione;"

" The first two~correotions applied to the
peak heights of the carhon‘dioﬁide artd water peaks are‘.
those to subtract the baseldine and blank:\§lhe two
baeeline measurements made during‘each run are averaged
and‘this average value for the_baseline‘is suhtracted
from both peaks. The difference in the two baseline
readlngs is not more than elght counts if the system

- y

is Operatlng properly.

The blank correction is made by firing the
sample v&lve when no sample peak is.being eluted'from
ﬂcolumn'R;' The'primary contribution to-the blank is
. bleeding ot the liquid phase from column'B. The blank .
normally remains constant for a full day's runs unless
the column temperature or £low rate are changed or the‘
column becomes contamlnated with a severely tailing |
-sample. Slnce the 'blank is dependent on column tem-
ﬁperature, the determlnation of the blank would be dif-
flcnlt_if temperature programming is used: .To‘make tem; 8
perature programming of column B practicdl~ the llquld

phase used in such cases must have a known zero. blank

. value over the temperature range used. In isothermal work
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‘show whether the nonlinearity is due to the €O

59

the only requirement is that the blank value be&con—‘
stant and a few percent of the smallest sample peaks
tO‘naintain high precision. Most of the runs made

for thlS thesis have a blank correction of approx1matelyﬁ
60 counts for the CO2 peak and 20 counts for the H.O

2
peak. The blank values are subtracted from their

S

respective peaks. A
Linearity of response:

The relation between relative error and

sample size is shown in Figure 3.2, Themgraph cannot

38

5 Or the
HZO peak, but only the overall effect of both con-
trlbutlons, if any. |
To determine which peak is causing the non-
llnearlty, a comparison 1s made between two hydro-
carbons w1th widely dlfferlng ratios of hydrogen to.

‘carbon. The two compounds" chosen are benzene and

‘3-methylhexane. Both are available in high purity

i

and show no secondary peaks from combdstion.even at

s s

temperatures well below the normalxoperatlng point of

the reactor. ’

Measuring samples of each compound with
identical co, peaks, the'HZO“/CO2 ratio for benzene is

compared with the ratio for 3-methylhexane:

2
Eoy
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ratio o
1 m TR TN
ratlob = —?——7f__ o S
. mt b t d oy
+ B
- ¢y

If the H2O peak response is linear, the cal-
. o .
HZO/CO2 ratio

for benzene, should agree;' Ratiom is the HZO/CO2 ratio

culated and observed values for ratiob,

measured for 3-methylhexane, e is the theoretical

H/C ratio for benzene and T is the theoretical H/C

ratio for 3-methylhexane. The following values were

measured for valve position 1:

benzene peaks: 2592-H.0; 19116-CO

2 27
“3-methylhexane peaks: 6180—H2Q; 19552-C0,,,
-ratio (calculated) = 0.1383, o
ratio, (observed) = 0.1356, ly _"  ', "H g
difference in ratios = 1.99%; 'L h‘vf ?w

Repeating the calculations for position”Zf.
Ratiob (calculated) = O,I§97; - , .’  hf;f5

ratiob (observed)»= D;1374;
difference. in ratiqs~é I.7l% : . ‘:fff?

. . L .(!\, . .",,‘n"
Choosing samples with equglszo peaks, the lrnearipyll'

. i

for the CO, peak is alsd{Cheéked:; ¢

Position 1: ‘ \\
ratiob (calculated) = 0.1342,
ratiob (observed) = 0.1359;

difference in ratios = 1.24%
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‘ Ratio (observed)
_ b
C =
R
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!

Position 2:

ratiob (calculated) = 0.1357,
ratiob (observed) 0.1374,
dlfference in ratios = 1.21%

From the above calculatlons, both peaks show
nonllnearlty and require separa%@,gOrgectlons for both
snze "and valve position. Asa&m1n§ t%at both peaks are
llnear when plotted as log peak helght versus error,

the apparent ratio of HZO/COZ’ R, can_be corrected as

follows:

R (observed)
£ _.f
cC H

R{corrected) =

f values are determined by thQ_following equation:

f = 1-C-log(standard peak/uﬁkhown.peak),-

ffé W &ifferent

Sy

The values forﬂC—forieach ﬁositioﬁfan,

peaks are:

LY

- ) /log (benzene/3—methylhexane)

atiob (calculated),

‘The log term is Coz'peak heights for?HZO corrections and

3

H2Q/peak\peights for co, correctlons. If the correc-
tion is made for the H 0 peak flrst the CO2 peaks

_should be w1th1n 1-2% of each other to eliminate non-
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s

linearity correCtions for the Coz heights. Wider limits
are then allowed in calculating the correction . for the
CO2 peak since the HZO peaks can be equalized exactly
using the HZO peak correction factor After correkgﬁng
the runs used in plotting Figure 3 2, the residual
error is shown in Flgure 3.3. U51ng 20,000 counts for
the CO2 peak and 7,000 counts for HZO as nominal

-

references, the resulting ratios are within 0.25% for
. .
the range from the - reFerence poants to half ;helr

values and the error reaches lé at about 25% of the
reference points. The data used to compute the linearity
factors was measured more than two months after. the
runs in Figures 3.2 and 3.3 'were determrned. The
system had been idle during most of this ‘period. The
small re51dual €rror shows that the linearity factors
remain constant for long perlods if the experlmental
condltlons are not changed. The factors have to be J\
redetermlned only if major changes are made in the
system, such as changing the reactor tube or changlng
the temperature of reactor, column, detector or the‘/
connections, or if the cumulative error be?omes s1gnlf1cant

QAJ
Peak height measurements are sensitive to

column overloading and changes in the shape of the
sample peak as it enters the analytlcal column.

The base width of;both peaks does‘change with
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Figure 3.3.
linearity corrections to data from Figure 3.2.

64 .

r "-‘—-_“__---;ﬂ----4-—--pa:..4,
o"‘r'
o" '
= 4 4 |
?
- I
! .
!
L
i 1 ) . X \ 'S .l' ' i
0

8 12 16 . 20

CO, Peak (x109)

Graph of re51dual error after applylng
"Dots

are pos1tlon 2 and pluses are valve pos1t10n 1.

{
i

hd



65

sample size; which shows that column loading is affecting

the results somewhat. Also, the ability cf the water "

dto adsorb on aimost every surface, particularly

“with small samole sizes, means that some nonlineafity

Qiil alWaYs be present.

Correctlon for adsorptlon of the sample before combustion:
| After the H O/CO ratlo has been corrected

for llnearlty, the H/C ratio can be determlned with the

2
" <

equation

H/C ratio = S -
H O/CO ratlo(unknown) 5?H/C ratio(theoreticai\of standard)

S

H20/CO2 ratio(Standard)

o

The experrmental errors for several hydro—,
carbons are shown 1n Table. 3 2 A systematlc errxor
Stlll remalns in the results.: Wlthln the group of the
stralght chaln hydrocarbons the change in ratlo can be
clearly<seen. The problem 1s to determlne a rellable
method of correctlng for the error When analy51ng
unknown peaks, the only 1nformatlon avallable in

»

addltlon to the H/C ratlo 1s the retentlon tlme on -

o~
S

column B which is ea51ly converted to k the partltlon
ratlo. From the data shown 1n the table,,log k 1s‘
more nearly llnear, w1th regard to % error,_than k The

use of log k in the correctlon 1s advantageous because
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different column temperature alter the slope, but the
. ;
plot remains linear. G
Using the method of least squares, log RJ

versus % error in the observed ratio glves a slope of
l 320. The residual errors remaining after correct;ng

for this phenomenon are shown in the laSt column of

Table 3.2.
The correction is made aocording to the

following equations:

Ratio (corrected) H/C ratio

f ’
~ a
ﬁa =‘1;0'— (Ca- {log k(standard) - log k(unknown)),
. _ D% error - '
‘Ca = §/100 where S = m from th? plOt.v:'.

The errors remaining after correctlohs are
within the limits of normal”experimental precision‘for
hydrocarbons. i | |

A lower limit is necessary when‘using log k
for correctiohs. The log goes rapldly negative for
compounds w1th short retentlon tlmes and reaches - «
for peaks with the retentlon tlme of the air peah A
small error in measuring the retentlon tlme result in

a large error in log k. Because the % error does not

change further for compounds eluted before njpentané,

i



k is the partition ratio.on a 3/T
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_ﬁnonlinearity, showing
AN
€rexXperimental ratios.

iameter, 2 m Durapak

(Carbowax 400 on Porasil C) column‘ét 120°C and a flow-

rate of 60 cc/min.

4
<

Log kK Error after

Compound $ Error k

in H/C Corxrection

Ratio for sample

- Adsorption
n-pentane -0.52 0.8 -0.10 -0.20
n-hexane 0.02 1.5 0.18 -0.04
n—hept;ne 0.57 2.9 0.465  0.15
n—ocﬁane 0.78 5.4 0.73 0.16
n-nonane 0.94 9.7 0.99 -0.18
n-decane 1.25 17.5 1.24 -0.20
2,3,4-trimethylpentane  0.82 4.2 0.62 0.18
2,2,4~ttimethy1pentane 0.45 3.5 0.54 -0.08
2,2,5-trimethylhexane 0.89 6.1 0.78 0.04
3{methy1hexahe 0.51 2.6 0.42 0.14
2-methylpentane -0.24 1.4 0.14 -0.24
'_2,3-dimethylbutane 0.04 1.4 0.14 0.04
cyclohexane 0.43 1.6 0.20 0.35
" cyclooctane 1.15 6.6 0.82 0.25
benzené 0.12 2.3 0.36 -0.17
toluene 0.85 2.7 0.43 0.46
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the retenﬁion time for n-pentane is the lower limit
chosen. | )

Because peak height Measurements are sensitive
to changes in the injectign function, many possibile
reasons for the systematic error could be suggested.

The cause of the error‘must be in either the reactor -
or Ehe tubing connecting thgbsample vaive to the reactor
since the sample is in contact with only these components.

The most probable reason is an adsorption effect from

the walls of t@e tubing. The interior walls of the
4 "i

tubing become%
from composﬁélon of the compounds passing over them.
The result can‘le that the connecting tublng with its
layerigf dep051te@ carbon, acts .as a small capillary
column/which broadens the. sample peaks as thelr b0111ng

{

p01ntsxlncrease. '

To be useful the correctioh should also hold
with n %—hydrocarbon compounds. As the results from
the ﬁgxt section show, the H/C ratio for non-hydr‘
carbons varies in approximately the same fashion.i>
Problems of samplé purity with the hetero atom com-
pounds obscure the results somewhat, but the‘evidence
seems clear that most hetero compounds show the same
relation and the value of C; may bg nearly identical
to that of the hydrocafbohs.‘ Ca may change with

columns other than' the Carbowax column used, but the
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relation should hold for other nonspecific; nonpolar .
isliquid phases which separate primarily in order oi the
boiling points. Columns which separate by polarity or
other specific effects will probably giQe a reliable

plot only for a restricted type of sample.

'J

5-3 ANALYSIS RESULTS FOR 62 COMPOUNDS

To sample a compound the sample pushbutton

PB2 must be pushed when the recorder pen deflectlon is
suff1c1ent to yield carbon dioxide and water peaks’
AWltHln the llmltS of good llnearlty correction. ' For

the conditions used in this study, most compounds'afé
sampled at approximétely 10 mv reéorder deflection.: If
the first sample does not give peaks of convenient size,;
subsequent samples were taken at a point which will
give a fesonable sample siée. Triplicate samples are
determined with no results rejected-excépf those from
obvious equipment dr-operatéﬁ errors. - The formulas
shown in the‘tables which foliow are compu?ed by'mulj
tiplying th%kH/C rétio found by .the integers from 1 to
12, The prbduct which is nearest to é whole number is
then reportéd in the table. The prograh rejects any
result with more thén 2n 4 2 hydfogen atoms,, where n

is the number of carbon atoms. The result of this

- calculation is that the most probable:formula will be
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the lowest even multiple of the correct formula.

Benzene C6H6 will show C.H and all singly unsaturated

171
"noncyclic alkenes will have a formula of CH2.
Table 3.3 shows the results of a variety of-
saturated.hydroca;bons and Table 3.4 shows resﬁlts for
various other types of hydrocarboné. Table 3.5 lists
a representative sampiing of.compounds containing
oxygen as a hetero atom and_Table.3.6 lisﬁs the results
of analysis for compounds containing'ﬁitrogen, sulfur -
or halogens. -The reference standard fo? all runs is
2,2-dimethylbutane. The complete data are 1is£ed in
the tables in the appendix to this thesis.

. Since a few of the compounds shown in the
tables show determinate errors, the average error or
standard deviation are not reliable fﬁafeagors of the
efror between predicted and‘experimental ratioé.» The i

median error is used instead. Table 3.3 has a median

error of ¢.18%; Table 3.4, 0.22%; and Table 3.5, 0.88%.

Summary .

o ‘vThe_diffefence ih‘the median error for the two
sets of hydrocarbonsvis probébly not significant. Thé.
‘method works wéll for all hydrocarbén. samples; with
none of the samples showing}an error suffiéient to

'result in an incorrect formula. Most of the small



Table 3.3

Results for Various Saturated Hydrocarbons

Compound

Methaneb

Ethane

Propane

n-Butane .

n—-Pentane

n-Hexane
2,3-Dimethylbutane
2-Methylpentane
3—Méthyl@%htane
n-Heptane
37Methylhékéne
néoctané‘
2,2,4-Trimethylpentane
2,3,4¥Trimethylpentané

n-Nonane

2,2,5—Trimethylbehzene

n~Decane
Cyclohexane
Methylcyclohexane

Cyclooctane

)

Formula Ratio Percent

71

r - Most
Found Error Probable
Formula
CH, 3.7647 -s.88  cH,
CHg  2.9879 '-0.40.  CHj
CyHg  2.6659 -0.03 ,chg
C4H; g 2.5983 ,0.33 C2H5.
CoHy,. 2.3950Mry CoHy,
CeHy, 2 3325% C4H,
CeHy,  2.3342% . C,H,
CgHy, -2'3276 -0.24 C,H,
66H14 2.3344 . .05 C H,
CoHjg 2.2892 ° 0.15 CH,
CHg 2;2889 0.14 C_H,
C8Hlé 2.2536  0.16 C,Hy -
CgHyg 2.2482 ~0.08 C B
C8Hl8 2242541 0.18 C Hgm
CoHyg (2.2183 _p.18 CoHiyg
' égﬂzo 2.2231  0.04  CgH,,
C1 oy 2,1556 ~0.20 ésHil
C6H12 2.0070 0.35 CH2
C,Hy, 2.0026 (.13 CH,
Cgyg 2.0050 .25 CH,
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Table 3.4

Results for Various Unsaturated and Aromatic-Hydrocarbons

Compound . ‘."‘ - Formula Ratio Percent Most
: Ty Found  Error Probable
) ‘ L Formula
2—Methy1but%5e—1 | CgHyy " 2.0033 0.17 CH,,
_9 ' . o ’ 4 ‘ ‘
PentengJZ_ \\\ ;95310 » 2.0090 0.45 _“CHZnh
~, ISRt o K v S
2-Methylpentene>}%" Celqs 2.0043 " 0.22 "CH,
éis¥4—Methylpentene—2, C6H12 2.0045 "0.23" CH2»
: Cyglohexene,. ;C6H10_ 1.6711 0.26 C3H5
Benzene‘,, , ' ~C6H6 +0.9983 —0.17 " CH
b ' oy ’ ‘ : ‘
?oluene _.C738 £.1482 Q.46 C7H8
Ethylbenzene '  C8HlO 1.2515 0.12 ' C'4H5
p—PrOPYlbeDZene .‘ CQHlZ 173362 .'pf2? C3H4
Isopﬁppy%benjgi? ﬁiv ;JCBHIZ} 11333%¢ﬁ70'011  CgH,
thutylhagzgne ‘ C10H14 1.3989 —O.pa CcH, \
, . e . ! 3
Y



- L Table 3.5

Results for Various Oxygen-containing Compounds

Compound \ " Formula
P 4 :
 Isopropyl Acetate 581405
n-Propyl Butyrate 7Hl4 5
_ Bgtyl Formate 581005
:_Allyl Propionate 6HlO 5
:Methanol 4 CH4O
'-Ethanol _ C2H60
24Propagol ‘ :QTf,. ’ C3H8O
Allyl Alcohol R C4H,O
t—BuﬁYl Algoho} :’vf - C4HlOO
#—Amyl Alcohol CSHIZO
Allyl Eth?r C6HlOQ,
 n—Butyl E?her | o C8H180
Allyl Phenyl Ether = C9Hlbo
bis(2- Methoxyethyl)Ether C6Hl4o3
Dloxane C o 'C4H802
Propionaldehyde fjHéO
. ° T
yrleraldebyde [T eghygo
Acetone, - R
3-Pentano g N | H_ O
nene. N T
4—Heptanone o C7Hl40

Ratio ’

Found

2.0168.

2.0229

2.0247

2.4970
2.3949

1.6803 -

2.2491

©1.1406

Y 2.3145

I3

C
- 2.0093

\

2.0599

.2.0307

2.0256
w .

2.0179

2.0124

Percent
Error

-0.12

-0.21

0.82

-0.04

Most

Probable'
Formula

CH,

CH

2

. CH,

2

o a0

~CH

CH

" CH
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Replilts for Various
and the Halogens
s

v
DY
}

zCOmpound

Pyridine
Acetonitrile
Nitromethane
- Dimethyl Formamidg
Carbon Disulfidé
Dichlorqmethane
1,2-Dichloroethane
Dib?bm&meéhaﬁe

Diicdomethane

o . {

Tet£ifhiordethyléne

Monof1porotriéhloromethané

0

Table 3.6

74

Compounds Containing Nitrogen, Sulfur,

'Formubg’ Ratio Percent ‘Most
. Found Error ©Probable
Formula
CéHSN 1.0137 1.37 cH
© C,H,N  1.4390 -4.07 cgﬁlé
CH,NO,  2.7977 -6.74 cﬁB
‘C3H7NO 2.2031 -5.58 ¢5Hll
S, 3 4.1418 - cr, ‘
CH,C1, 2.0243 1.22 CH,,
CZH4C12 _2.0339 1.69 CH2
| CHZBr; 1.9316 -3.49 CH,
CHziz $2.0354°  1.77 CH,
:C2C14" mCOé peé# only ‘
AgFClé Qd2’peak only 5

©Qa
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deviations remaining are dttributable to normal scatter

of the results. The only"hydrocarbon to exXceed the 0.5%

-

error limit stated in the introduction is methane, which

is known to be extremely difficult to oxidize. Since

\
\

there is no other possible similar ratio the error
observed is acceptable., The H/C ratio of methane shows
any malfunction cau51ng incomplete combustion andkls
the preferred check compound for adjustlng reaction
condltlons Increa51nqxthe flow rate through the
reactor by 50% results in a»égﬁferror in the methane
‘ratio. | |

The oxygen ~CO

poorer results. Yet only omb cgmpound allyl phenyi,ether,

<@
’gives the wrong formula. Like many other compounds in

this table, a hlgh impurity level is known ‘to be present

in thlS *compound - even though no deﬁinlte secondary
. el

' peaks are: observed on the CarboWax column. Where the

»

3
impurity peaks c01nc1de w1th the prlmary sample peak

iy “ i

or overlap it closely, thelequlpment cannot be expected T

T O >
R .

to_glvevthenpropeg)result% The lower molecular welght

s :
alcohols have observable water peaks which. partlallx v

J

"»overlap the maln peak and’ probably cause thé hlgh results

A v
for these compounds. Many of the alcohols show’ severe

talllng on the Carbowax column with the blank correc— -

tions belng so large that the accuracy of the results

b
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suffers. .
The results for compoundsihaving hetero atoms
other than oxygen show:that a reactor with pure cupric
oxide 1is subject to definite systematic errors from
such compounds. NitrogenjcontainirT oompoupds can be
identified by a carbon dioxide péak which be%ins rising
from the baseline’earlier.than norma?. The‘nltrogen
peak 1is resolvable at lower column A temperatures.
Sulfur probably appears as 502 which has a retention
time nearly identioal to the water peak but tails
severelyf The halogens give no observable secondary

peaks, but do cause the system tqulve unstable readlngs

for some time after runnlng compounds contalnlng them,

<¥

3 I LIMITATIONS OF _THE METHOD AND SUGGESTIONS FOR
g

EURTHER WORK - o I '

}” L For hydrocarbon analy81s the 1nstrument meets

‘ essentlally all of the requlrements for on- llne analy51s

i

of C/H ratios stated 1n\the 1ntroductlon except for the
1nterferences of sulfur, which is often found as an

- 7
1mpur1ty in petroleum, nlﬂrogen, and halogens. The.accuracy

. - L " i
of. the system is su&flclent for the demands olaced on -,

-

5o - . 1 \4

it, if the 1nterferences can be ellmlnated.<-Many -

E_LN

reagents . have been studled for rem0v1ng these 1nter~h‘

3
ference’s‘,(25 26)

3

The,reactor can be easily modified to
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include a short{section of one or more of these reagents
to eliminate this problem. The reagents will probably
not be amenable to regeneration. This will place an

upper limit on the life expectancy of the reactor tube

depéndent on thzﬁhumber'of sample runs containing ’

-

the ahalysis_ time. _Similarly,,increaaing the lehﬁth of

the column requires a slower analysis or much higher

[

column tempefature Slnce no detectable neaks in

Wil

addltlon to the peak whlch precedes co ‘appear-when
analy51ng nitrogen compounds, all of the nltrogen in
- the COmoound ‘is probab]y oresent in thlS peak <_By”

'determlnlng the shape ofjfhe leadlng edge of the co

pea< with - a&d w1thout the nltrogen peak pxeSent, “an
v .
'addltlonal electronlc circuit can measure the helght'at

2

a known p01nt on this edge and obtaln an approx1mate

meaoure of - the nltrogen present. Whlle ;he déter- . o

- —

'Tmlnatlon of . the nltrogen{carbon ratlo by thlS method
_ gannot approach the dccuracy of the C/H‘ratlo, it
' should be satlsfactory for most compounds; 81nce few*

compounds contain more than one nitrogen atom More
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important, it should be possible—to subtract the con~‘
tribution of the nitrogen peak from the peak height of
the carbon dioxide peak with approprlate calculations
and improve the precision of .the H/C ratio for compounds
which contain nitrogen. ‘ E -

The corrections for linearity and the sample
-

adsorption effect make the computations of the ratios

;moderately difficult, but well within the capabilities

o even a small computer. While it is possible. that a
set of experimental conditions exist for which these

factors are unnecessary, a more practical approach is

b4

adopted in the present method by minimizing the factors

and then holding them constant. It is much easier to
correct for a known constant error than to attempt. to
ellmlnate lt entlrely,.esoec1ally at the regulred
accuracy. The constancy of the factors is proved by
Ette fact that the experlmental values used 1n computlng
the linearity factors were determlned two months after
.most of the runs-were made. The resulting errors ‘in

the H/C ratio are w1th1n the experlmental limits for ang

A

'acceptable range of samole 51zes.

B

s The correcﬁlon for sample adsorbtlon uses gpe

experlmental values from the main set of experlmentgﬁ

runs. Yet 1t also remains- constant over the week regulred

"

to complete the analyses and stlll'appears to fit for
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/

‘

3several compounds whlch ‘were reanalysed fkye months

later Of course, changes in- the condltg&ns gf the

analy51s probably change the factors to a yaryigg extent,

Changlng the reactor tube, whlch does have, a ftiyite
life - even w1th recharglng, shows the gre et effect.
Whlle reolac1ng the reactor changes all of* tizoe factors,
recharglng afreactor tube does not seem tO aéfegt the
results‘ Changlng column B, 1ts temperauure N4 flOW\
rate usually requlres a. change in the log-: k 0L 2 tlon.
Thus, the factors can normally be expected tcr remain

constant for considerable periods of time.

The remalnlng p0551ble dlfflcultk,lS \ﬂt
A r\r

slight change in the ratios found for comW%umds other

than simple hydrocarbons. Even if high punjt? %@mples

show a change in behavior for these COMPOUR s ﬁ}e_error

can be greatlv reduced by using a standard fo) RpQse
compounds whlch is more 51m11ar in structuaﬂ'io the
unknowns. This should be the normal proc@%uuﬁ Ror an

analy51s, 51nce the effect of the varlous anfthlth.'

v

can be mlnlmlzed by u51ng a 51m11ar standaaﬁ\ lth a

4

SLmllar sample size so that the resrdual eﬁjmf frﬂm the

o

'correctlons will be,as small as poss1ble

The results of an analysis are akvw‘s d@pendent

ow the ba51c requirements that (1) the same 0 pQynds

\r,have‘suff1c1ent vapor pPressure at the 200°Q\0p@fating,
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temperature'of the:sample'vaIVe, (2) sﬁfficient sample
must be present to give reasonable carbon dioxide and
water peaks after combustion, (3) the peak being sampled
must be a pufe compound or have a constﬂnt H/C ratio

for all soecies present, and (4) the sample peaks mpst

not tail severely or the large blank correctlons L

ﬂ”requlred will cause con51derable 1naccuracy in the ﬁ;nal

results.
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DATA
Conditions: All' runs were made under identical con-
ditions:
Reactor temperature-700°

Column A temperature-150°

Detector » temperature—160°

Flow rate,.reactor side~-20 ml/min.
Bridge current, detector A-200 ma
Sample valve temperatt :-200°
Column B temperature~120°

Sample side of valve-1600 mb

f
1

Reactor side of valve-1250 mb

Flow rate, sample side-60 ml/min.

Bridge current, detector B-140 ma
Recorder-30 mv full scale

Standard compound—z,2—dimerhylbutane H/C

ratio = 2.3333, log K = 0.14

JExplanatlon of data:, Number at left of each run in-

i3

dlcates order of analy51s. Note that for standards the

& p@ard for valve p031t1cn one always appears flrst

A
. ¥,

03
._’-~;-| °

7'@' in. the llstlng The standard ratlos ‘are H2o peak/
T«,

_“02 peak ' Due to llmltatlons of the computer prlntout
‘\'*AJ‘ \" B

v 42 o, A . ' . .
R q?scrlp;s in formulas are not offset and chemical
e, s R : B .

‘o e

\sym5oigland‘terms Such as cis, n, are in upper case.
: . s T

-

L A1l peaK helghts shown are corrected for
v o -

only basellne and blank as explalned in section 3-2.

;-



the bottom. Spread is calculated by the formula

83

%hexfirst lineafor each sample shows the compound - *
name, source of supply, formula, H/C ratio, and the log
of the partition,ratio, as measured on the Carbowax
column}/ The first colunw1labelled3va1ues lists the H/C
ratio calculated from the preceeding standard for the
corresponding valve positiéh-and the second column,

the ratlo using the standaro follow1ng the sample..’The

ratio column shows the averaqe of these two values and
H‘ ~

the average: of all runs for that compound appears at

%SPREAD — (largest value - émallest value) x lOO
average

¢

The appearance of three question marks after
a run indicate that thlS run is of doubtful valldlty
The value exceeds the 90% confldence limits determlned

27y 7
by the Pierce-Chauvenet method. i

The three most probable formu as appear last

in the llstlng.. The method of determlnatlon appears °

\

in section 3-3 and the sign after the formula indicates

‘the direction of dev1atlon from the formula A plus

sign 1nd1cates that the hydrogen number given is nlgher
than the value calculated. 2 minus sign indicates the
hydrogen number is lower. |

Comments: Amyl alcohol, propionaldehyde and allyl

phenyl ether showed interfering peaks in the November



A

o3

2

| 84
N

runs. The alcohols all showed severe tailing in the
Nbvember runs. These compounds were redetermined in
April with individual blank corrections to obtain

greater accuracy. The April values are reported in

3
the tables in this thesis.
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A COMPUTER PROGRAM FOR THE

i e

CALCULATION OF RESULTS FROM THE ANALYSIS

The program which appears at the end of this
section is written in PL1 and gives a printed output
similar to th data tables in the preceedindgt section

. 't
of this appendix.

Requirements fér_data input:

The inéut.data can be broken down into three
separaté éecficns. ,Thé first fivefcafds are the program
éxélogﬁé. They prbvide infbrmafion concerning the‘run

and supply-data to the program concerning the standard

compounds and the various corrections to be used.

The experimentaltdata follows, grouped into

sets containing two standards and the data for several .
- unknown compoundg. This grouping is repeated until

"the batch of runs is completed.

" The end of the déta is signaled by two

,Standards followed by a blaﬂi card. This clears the

' computef and, if desired,"résets the computer for

additional data sets.

©

A sample data set is provggéd on the following
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Prologue:

Cards I and'2'— These cards are for identifying‘infOr—

) mation the user wishes to'provide. The first card'
'contalns the condltlons, and the second card the\f L
vheadlngs to be prlnted immediately above the conditigns.

%

Card 3 - Stand@t@ compound Columnsul—66: compound
g

name,‘columns 67 70 log k for standard columns 71-80:

theoretlcal H/C ratlo of standard. | |

Card 4 - Blank correctlons.\ Columns 1- 5 CO2 peak blank;

\

columns 6- 80 HZO peak blank. N
Card 5 - Correctlon factors. Columns 1-16: llnearlty
factor for p051tlon one CO2 peak columns 17-32:
llnearlty factor, pos1tlon two - CO2 peak; columns 33-48:
fllnearlty factor, p051t10h one H O. peakv columns 49%6%}
11near1ty factor, position -two H20 peak; columns 65—89;'

log k value correctlon factor. _ _ /

Data Sets: si{ji,‘: | B :

two standards,,Fol‘%hed by headlng cards for each

'compound between'tn shset of standards and the next,

4,:;})

follawed by the 1nd1v1dua1 run values.- All three’ sets~

of cards must be in the order of determlnatlon.
Data cards for standards and unknown runs

follow the same format- Columns 1- 16 flrst basellne

,readlng, columns 17-32: C02 peak height; ‘columns 33-48:

T
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‘H20 peah height; columns 49-64:Second baseline”reading;A
columns 65-80:valve position.f All values are reported

- as 1ntegers anywhere w1th1n the column llmltS : No
dec1mal point is necessary.

e '.y The second standard card must have the valve

i /
(4

~

p051tlon appear

“t

- the number of heai

columns 65—66 Columns 67-68 show °

3g cards to follow (max1mum lO) and

the remalnlng columns 1ndlcate the total number of data

cards (max1mum‘20) appearlng in thls grOup,including-
' the two standards.

| Next ‘come the compound 1dent1f1catlon cards;
one. per compound There are. two compounds in the
example. Columns l 66 contain the compound name;
columns 67-70, *he log k; columns 71-74, the number of
» determlnatlons for - thls compound (maxrmum 10), columns
75- 80 the theoretlcal "H/C ratlo. h
' The sample determmnatlons then followhln order.
Epilogue:

. The last ‘three cards in the example demonstrate
the'format for the epllogue; Two standards appear,
followed by a blank-card The last standard must have
a1 punched in. columns 67—~ 68 and a 2 in columns 69-80
for the program to exit properly and be reset for a new
data batch . concatenated after the blank card

The prlnted output from the program llStS

lv//;
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the comment cards follewed by 1nformatlon concernlng'
'the standard _'The data sets 'then follow as shqwn in
the data tables except that two sets of average and
.formula data are prov1ded The_correctlon for log k

is applledhonly to_the second set of average and
formn;as.“This arrangement allows the data for com-
puting the log k correctlon to be taken from the prlnt;
out if a value of zero is- 1nserted for log k on card

five. The output ends with’ the relative standard

dev1atlon for the batch of data
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