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GAS ANALYSIS BY MSANS OF DETECTOR TUBES (PART 3)

RAPTID DETERMINATION OF LOW CONCEWIRATIONS CF

ETHYLENT AWD ACET LENE
‘Journal of the C“emlcal Society of Janan, : Tetsuzc Kitagawa
Industrial Cnemlsury Section, Vol. 50, Yoshitaka Kobayashi

- No. 2. pages 56-58 (1953)

. 1. Introduction

One of the authors ({itagawa) reported[i] that it was possible to
detect at an early stage the builadup of tracas of carbon monoxide and
ethylene resulting from the spontaneous combustions that sometimes takes
place within coal mines. In another direction, traces of acetylene are
mixed in with ethylene and other low hydrocarbons to become responsible

- for explosions sometines taking place in air fractionating plants [2].
As a result, a rapid method of determining trace guantities of these gases

both at the intake and outlet of these air fractionating units is desirable.

While there are a few methods of cetcrmination for these gases, there are
none which are adaptable to the situations describted above. The authors

utilized the sensitive response of silicomolybdate detector material to -

the presence of reducing gases to fashion detector tubes to be used in

~ determining trace quantities of etiylene and acetylene in air. The

~ results are reported here. ‘

2. Experimental Equipment

The equipment included the iwo rubbter bulbs in tandem showm in Fig.
-1 and the detector tube shown in Fig. 2. This detector tube is a b mm
- I.D. glass tube packed with alternatie layers of yellow silicomolybdate
' detector material and white silica gel particles used as absorber
. material [3]. The two ends of the packed layers are stoppered with o
'cotton plugs, and the ends of the glass tube are sealed shut for storage. .
_.This detector material was prepasrcd bs soaking silica gel particles in a

e ahea .
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colution wixture of ciwaoniun nolyodate a o1 p“W]‘uJuw csulfats follownd
drping in vactun ab roow tomporziurc.  Wien this material makes con
with a umna,“ of puducing poros, 4 Dowox O]VUL.num oxide is produced vhich

s colorsis Yor oxample. ethyliens woings oul a deep blue color while ST
acebjloq' causcs a brownish preen coler. Thus, it is possible to dotoetb . ;
sud 1‘A».c Lirnee quanlities ol these gases Irom the degree of -coloring.
roani is placed in the tube to remove moisture from the ‘air that . .
throuch. - L S L
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Figure 1. Detector Tube Hooked to Two Bulbs in Series '

h: rubbor squeeze bulb  B: mesh coated sphere s
C: gas sampling port D: detector tube - .- ‘
/ a3 S
= i \171__——-137' o R
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Figure 2. Detector Tube o e I e e
{ey: 1. absorbant 2. detecting reagent co i
3. Menhsd of Dotermining Trace Quantitics of Ethylene PR
(1) Blank run: The air within a luboratory is more frequently somewhat . .- !

contaminated, and pascsing latoratory air through these detector tubes often
produces a light preen coloration. This coler is due to traces of carbon
menoxide [3], and passing the gas {irst through a layer of hopcalite
e;¢uc91vc;y reuoves this interference. Vhen a silica gel tube and a - dw
hopcalite tubz were placcd tefore the detector tubes, no coloratlon OL the
detector tube by rocm air was observed.

(2) Preparation of sample gas: ZIthylene was generated by drlpping ethyl
alcohol on alumina maintained at hOO“C in an electric furnace’ and: passed
through a layer of silica gel to remove impurities. - This purified gas
was stored in a 20 liter glass container. The ethylene concentratlon was'
determined Ly absorbing a kmnown volume of this gas into a potassium

tromide-potassium bromate solution and titrating the resulting solutlon
with N/100 sodium thiosulfats. A known volume of the gas which was

standardized in thms manner was then dzlutcd with a volume of air purlfied E f“”«f

D oon



- o - e vy -‘
e in the oronner desaribed ko

. fore and vaken up in Lvo 20 liter glass flonis
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¢ connectew in sordes.  The noceessary amount ol saanle gos was droawn frow

theﬁﬂ:two Spheres in series and sent 4o the oo*ﬁcuor tubes.

_ (3) M’tbod ol passing through sample grs: The ends of the
were cut away with the aid of a fila, and the dntector tube D was houl
to the *uLocr tuie lead to the ‘two - Lulbs in ceirdes as showm in Fip. l‘
The rucber tudbe was squecezed shut with thie {ingers while btulb A of

sealed tvk—

arnud
100 cc CaDQCiﬁy was squeezed four times to Vlow up air reservoir % 1o
suitable size,  The hold on thic rynbber tuhe vuo rolcased while a s5luLn-

watch was started at the same time, and zas pascage through the detector
, Eypc was initiated. After one minute, the bulb A was again squeezed once.
4nls opcratvion was repeated the prescribed number -of tlmps. This techuique
passed gas through *he detector tube at the uniform rate of 100 cc/min;
and measurement of the total time of passage enabled the calculation of the
total volume of gas V that passed through. While this method seemingly
appears to have low nrecision on first glance, it is only necessary to get
results within the crder of magnitude. As a result, this technique gave
_results of adequate precision. '

(h) Detector tube coLorwng tea» using trace quantity of ethylene: Sample
gas conteining ethylene in concentration ranging btetween 100 ppm to thc

- minimum 0.0l ppm (1 ppm = 0.0001 vol%) was passed through the detecto
tube ‘at the flow rate of 100 ce¢/min uu111z1nr the wwo flaSKu in ocrios,_
and the relation between the degrec of coloring of the detector tube
versus the ethylene concentration, total volume passed through is showvn
in Fig. 3. .- When the requisite volume of gas had been passcd through, the
detector tube was placed against Fig. 3 to determine the ethylene con-

~ centration. This figure shows it is possible to dotermine ethylene con-

. centration as low as 0.0l ppm by passing through a 3 liter volume of gas
sample in a period of 30 minutes.

- Figure 3. Coloring of Detector Tube by
' - Trace Quantities of Ethylene
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o) B £as passed through: “hie reltion betwesen the time
: Cellovic ) e :n coloration is oty o“"ﬂbW audt e volume Oi a5
3 I et ontaining O0.CL ppm ebhylene is shown in Tadie L.
i ShGrelielon betweln Lu“ log of the ctly ]D:c concentration rcqulr e to
| g ~1At thoo same coloration in Fip. 3 versus the log of the gas volume
: Lnorhown o 2L i, and the result is nearly 2 straight line..
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% Figure L. Relation botween Tthylene and Acetylene Concentratlongj:'f‘
{ und Lne Gas Volumc Required for the Dcuermlnatlons '
; Table 1. Relation between Time Required for Detector Color to be:,.j:~-
; Developed and Gas Volume Passed Through = SRR S
| SIS R
5 . A (noon temnerature t = 18°C) . ;." o
? Sample Flow- Time of Blapsed Time Aftcr Passage of Gas L
I3 ~ - e
: CoHy Gas Tnrough Passage Until Color Developed’ : LA
| Volume - Rate (min) When Viewed Dlrectly - When Vieued L
i (1) (cc/min) " from the Side - - . from an: R
t . - .Oblique Angle
k 0.01 3.0 100 .30 Just. after -0 Just aftexr
: n 2.0 H] - 20 " 11 RS N e i
" 1.5 " 15 70 min later Lo
" 1.0 " 10 Not evident in 70 min . " IR
1 0.6 1 é 1 n nou n . After 15 min |
" 0.3 " 3 I o Tww T w s After 60 min

(6) Effect of rate of gas flow-through: The coloring of the detector v’
tubes when the rate of flﬁz-tnrough was varied between 50 cc¢/min and 2007:°
ce/min was comparcd. A slow flow-through rate tended to glve obscure - ...
boundaries, but any distinction result 1ng from dlfference 1n fIOWchroughif‘
rates can be COHalQ“de negllglble.‘ ‘
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(7) Lfiecu of noeraturC' The appes rance of colcr tends to e delayed i?ﬁ
the lower tho tumgeravure but the length of the colored layer and the i
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Gepen ol color are iwndependent of tem orcturs wutuween 10-30°C.

Consoouoently,
no temperature corrseiions are necescary at rocn teaperature.

4. dMothod of Dztermining Trace Quantities of Lcciylene

/1 ) I3z m g e L e .. +, ;
A **“P%Hdulon of camnle gas: Acn“vlowc was pgeners cd by opassing vt
. .. . e . L. N A LY Mee g - R 3 ! M 4
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oipound and silica pol before Lt was run into an evacunic 3

4 ; e . R TII p :
abou 20 Witer capacity.  The air was adiustsd to sive byt DL
‘. - . N . - .
tration betweea 0.2-0.0 percent. Tie conwintration of e ac tj&Lub in
this bottle

el
was deternined by the detector tubs method that was described
in a-preceding pager (4],

1 Next a fixed volume of gas with knovm composition of acetylene
was placed in the sysiem consisiing of two 20 liler flaske in seriecs
es

syst Ties,
and this system was used to Dreparc gas samples of d ired concentrations.
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(2) Detecuor tube rolo*lna tcst using trace quanuluy of acetylene: The
twb'“uk-cr bulbs in series vere used just as with ethylene to pass sample
gas through the detector tube at the rate of 100 cc/mln, and the wsults

of this’ study are -shown in Mg. 5. It was founa that acetylene could be

detected from luOO ppr down to a minimum of 1 ppm.
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"Figure 5.  Coloring of Detector Tube by
Trace Quantities of Acetylene

Gelsgmaﬂ et al. (5] condensed ethylene gas from air containing about

: vl ppm by passing the air through a copper tube cooled in liquid air ard
. -analyzed the acctylene by a spectrophotomstric method using the Ilosvay

reagent. The Ilosvay reagent contains a copper (I) salt, and passing a

..large,volume of air directly through the reagent oxidizes the copper (I)

such that the reagent becomes useless. .On the other hand, the reagent

-used here’ is cumpletely unaffected by oxygen in air, and this detector tube
. presents-the advantage that several liters of air can be - samp;ed through

f‘.each tube without ‘causing anJ erro:~.
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6. Surmary

7 "“A"; S el 1 - H
3) ey ol volune of ras vassed throeurn:  The relat

ion tatween 1he oon-
walrneLen ol acetylena Ziving trhe scrme depree of coloration

‘ :AU. ‘!‘.":Z'_, - -
brou n ovelwws iz shown in Fig. 4, and the rolation ics neoriy linsav.

oy PO C

Uiy elleet of rete oéL ras flow-throuzh: The rate of flou-thrcugh vas :
varicd wtuecn 50 ec/win to 20 cc/qu *1 the concentration range 1-10 ppm,
and wd viristlons in the degrée of coloring were observed with charges
tnorats of flow ol this range. The lengih of the colored layer became
onyeY witn incrcasiag flow rate when Lhe acetylene concentratloniwas

T
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Iaclcacen Lo duout 500 pmia. Lo
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(3) Bireet of inner dianewer size oi’ dztector tube: Ditector tubes whosé ']
mbterncl ¢lavetors varied in um&Ll inerermznts between 3. 9-h 5 miwere -

tested with Lovrw and S0 ppm acetylene containing gases, :bub no effect -
o imnwr cismsicr size was seen. This study showed that no correct:ono I
were necessary Ior inner diameter at 1east at these concentratlon levels.. 1

(6) Bffcct of tewmperature: Alr contulnlng 1 pom of acetylcne was passed'
tnrough the detoctor tubes at 13°, , 25°. and 39°C and no difference in,

B T

thc degrac of coloring was found. As the acetylene concentration was ralsed e

to about 500 ppm, the degree of colorlng became somewhat stronger with in- -~

creasing temperature while the length of the colored 1ayer oecame a 1:.tt1e
chorter ab the same time. :

S. DLifect of Other Gases

~

This <detector ruabpnt is completcly unaffected by oxygen (0s), = % -

aiirogen (), hydrogen (iHp), mcthane (CH,), carbon dioxide gas (CO,), or -
sulrtr aioxdde gas (D05). It is colored black by hydrogen, sulfide (H28).

» vaper interiercs with color formation, however, it is removed. by The' b
0y absorbant at the detector tube inlet. Besides giving a sharp
oration with carbon monoxide (CO) [3], this reagent reacts rather :
Clo]u‘ubly to propane (CsHg) as well as to butane (C4H;,), pentane (Csle),
and hexane (CgHy,u)e It is partlcularly sensitive to unsaturated hydro- .-

caroons of tie olefin series like ethylene (CpH,) and propylene (CsHg) which - &

impare uriliiant blue color. On the other hand, it is comnletely insensx-
tive Lo the aroma 1c hjdrOCarbons. ;

(l) 3 liixed ammonium molybdate and palladium sulfate reagent was eorbed on
to silica gel particles, the granules werc dried in vacuum,_and the
granules were packed into thln glass tubes to prepare theeeygas detector
tubes." ) )
{2) ~By passing,sample gas through this detcctor tube at the rate of
100 cc/min, ethylene concentration between 0.01-100 ppm and acetylene
concentration tetwecn 1-1000 pgn could be ueterm;ned in a snnale manner

PR
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within 2 :cw tens of ﬂthUvu or WCMJ 1r«u LW“ COlu;—VOlumC “Clublonuo :
M"" wr i on L - “—n o~ R ] .

(3)‘*Tnls mcthcd of dctbctlng tracc Cualu1tlou of ethylene ‘and

acetylene can be put to praculcn¢ ugse to deterl the initial utagno of Ui
spontancous combusztion of coal in mines as well as to analjze uhe air
that iu:vuLbn into air fracnﬁonaulng urei, L. ) “*““"‘~»~Mr,
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papc“ was presented at the Sth Annual Mceting of the Cheical
\.‘Huu) ¢x ...L.L ’I 32)0

This research was suoportcd by the Science Research Pund of 4!

Hinistry of Education. This aid is gratefully acknowledged.
Refercncés S AT

- .(1] ,Tetsuzo Ritagawa; Ninpon Ko 270 KPloﬂl 67, 203 (19 1).

ﬁ1[2] 1Eizo Kanda, Ryuan GlJutou h, No. 3, 2 (1951)

" [3]52Tetsuzo_£itagawa KOA 13, 99 (19L9)

© [L): Tetsuzo Kitagawa, Yos nltaka, Kobayashi, Xoatsu Gasu lS 169 (19513
- Tetsuzo Kitagawa, Tadahiko Ogawa, Yosnltaka, Kobayashi, Denka, 20,

Le3 (1952).

[5]'_"1'. L. Gel..,S"lan, s. namnan, D. Dollman, 4nal. Chem. 19, 919 ‘(—191;‘7).

-3
1




