UNCLASSIFIED

AD NUMBER

AD857874

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JUL 1969.
Other requests shall be referred to
Department of the Army, Fort Detrick,
Attn: Technical Releases Branch/TID,
Frederick, MD 21701.

AUTHORITY

SMUFD D/A 1ltr, 17 Feb 1972

THIS PAGE IS UNCLASSIFIED




L

DATE 24 July tuan

ADS5 7874

ao

[

:
N g
f —ant é‘:b’
? % \,5 "
P ‘ﬁo.\’\d’;y
cs%“' ,..ICJJ:' ,:;b“ ﬁz
*CS} T \’Q?/ ﬁ g
lﬁs' P F-",:"_, .'(. w’ 7
}s”‘-d' 57 s
&“"' s o ’
. (‘."‘ .;,3 s.o.» -
K ’ :;‘3\?.0 P co-q-' Bespartment of '.the Army
\ e{&w_; o Fort Detrick
q‘\.“ 20 ‘:\__,f. Fredericlk, Maryland, 2'701
W0 o9
Ly S,
60 "\XP ‘\,“
or " Al
S 7 P 2
\"C 60

—

o Bl et andl AT, e |

P

.
e e et e

R —




l ' .
| CAS ANALYSIS BY MEANS OF DETZCTOR TUBES (PART 7)
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i 1. Zatroduction ’

!

Btaviene proscntly 1s becoming incrcasingly important as 2 starting
matcrinl for synthetic resing and other organic substances, however, the
nixing of ethylene and air presents an explosive hazard n vlant which
nandle cthylene. The lower cxplosive limit of ethylene in air: is 2.8 per-’
cong, and 2 9 percent in oxygen [lJ. It is also known that explosive
incidents of unknown origin frequently occur at air separation plants
which "ﬁvavate nitrogen and oxygen for industrial use{2]. There has been
recent suspicion that the sudden oxication of hydrocarbons accumulated in
the L*qu;d nitrogen, particularly uasaturated compounds like acetylene.
and c¢thylene, could be responsitle for thesc explosions[3].  There is .
need, therefore, {or a simple method to determine etnylene._ It is not
overstating the case when we say that thers is no method available as yet
which will fulfill the ObjccthLu nentioned above. The authors reported
on the use of detector tubes in explosion prev0ﬂt10n with respect to the
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ection of acetylene{ll, and the following is a concise desceription. of the
appllcatlon of detector tubss to the determination of etnylenc.
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2. Anzalytical lquipment and Operating Procedure

~—~

a) soalybical equipment: The analytical cguipment included the gas
cclicctor and dctcctor tubes. The pas collector was a 30 cc or 100 ce
syringe wade of glass or netal.

“he ethylene detector tube was prepared by lctting ammonium

molybdate and palladiwa suliate perreate 40-60 mesn silica gel, vacuunm

wrying this gel waterial at Toom tcmwerature, &end puchlnﬂ 0.,0 g of
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: - n I.0. (tolal length o
packed coiumn 6-8 em). A small asount of plass beads were pl ced ot
cither end of vue paciked colum to prevent contact between this detectior
material and the cotton plugs. tha t”o cnds oif this glass tube wera then
sealed tc protect ‘hocontents. This c-iecbor tube hus & light yelilic:
color z'h:x.cn on exposure to ethylene gnnc’*ate., & lower -olyocienm oxias
(Mo504 ) wiich imparts a o iilian® deep ine coloi. ;i\,usul'i'-".f{' the ler it

t:.38 Erdiet madt. WA 2l . et eyt
Tids @ried mate il into a Thin rlass viio of 2 mn
h]

~of thib corored colwmn then LiVUS & meusire ol i tihylene conteniraiilie

| (b) Ope*‘atn.ng proccuure

I‘_Lr:s, of (..11 both ends of the detector tubs were cut off with ihe

) ald of a file. The gas to bz analyzed was drawn into the gas collector

after which the detector tube and gas collector were conncctad together

_with a chort -ength of thick wall rubber tubing. Yhe gas to be analyzcd
~was passed through the detector tube at the flow rate of 10 cc per L0

seconds or 400 cc per LOO seconds. The euhjlun° concentration in the gas

being analyzed was determined with the use of Fips. 1 and 2 and epplying

the temperaturs corrections of Tables 1 and 2. The description of tlic

. uge of these figures and tables are deleted hers (see Part 1[5)).

V= IOcc,l-40,ec, L= 6~3m :-‘! ,
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”'_Q:F‘gu:eAl. Ethylene Concentratin Table

(=]

' 3 Ethylene Concentraulon ‘ables and Tbmperature Correction Tables

L
.

; The ethylene concen ratlon tables shown in Figs. 1 and 2 and the
.temperature correction tabxes of Tables 1 and 2 were dGerived in the manner

idescrlbed below.

';f(a) Preparatlon of ethylene samnles- Pure ethyl alcohol was dfipped on

SRR Y activated alumina maintained at about LOO°C to generate ethylene gas

vhich was purified by passage uhrough a layer of silica gel to remove

T;tlmpurities, This gas was stored in a dry and clean glass bottle of about
.+, 20 liter capacity. The ethylene concentration in this gas was determined




byodrein a SO—*uS cc volwn: iato a puc collectcr, an. this pas uas

QuiBorvel Lntd & wotassiun tromide—potasaiuu cromate soluticn Mclﬁi;l d
Vil 2hior cid. Tnis solution was then tlurqued with standara
sodiica vlousuiiate solubtion. to establish the stnylene concentration{6 ).

0 Ve lty ol pos pascare throushn dﬁtﬁctor tt A variatibh”in the
s4oat kel nudie gas passes through the ocuector tube 'will coulo
: Soon knovhuz Lol ‘the colored zone Jor any given concentratlcn
BOANY -,3.-. Lioins  Une volioity of flow-thiovon was vardied, and the relaticn
vzlocity and length of color layer was determined.: The resulis
uzre evaluated for sharpness ol the color boundary, precision,fand ease of T
operation Irom which it was dzcided that a flot -unrough velocity of 'F - O. 25 G

ce/sec (V=10 ce, T = O sess ¥ = 100 ce, T = L0 sec) be selectnd.hy

cls
V= IOOw,T-'fOO.;w, L= 6~3m
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Figure 2. Zthylene Concentration Table
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Table 1. Table for Temperature Correction ~. 7% % .. @70

oL e . Ln ';‘; :;
) - V=10ce, Ta4l0scc . . S 0 ;
/7 TR Gl (%) L RREI i
T R —= L Fe e .
z3) 10C 1°C 20C "25°C  30C  cTLiEon Tt o
0.6 0.6 0.6 0.6 0.6 0.6 S Lo
0.7 . 0.7 07 07 07 07 o T

08 0.0 © 08 OK 08 0.8 v RN
0.9 . 100 0.9 0.5 0.9 .0.9 s (O
.0 1.1 Ll L0 .10 10 Co L
L1 L2 L2 1Ll .1- L1 i : o
i L2 1.3, L3 L2 . L2 L2 F e SRS
fey: 1. read*ng on concanuratlon tub&e ( ) ~ » i
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‘ -Key: ;1;l.féading on concentration tabdle ()

Mo, 1 —~ A e e A L)
Tavle 2. Tatle for Terparatars Correction

V=ithce, =400 sec

i L Gl (59)
T B A2/
P (255 WWC . 15°C wC 25°C 30°C
e L 0.62 6.01 0,615 " 002 0.02 0.62
: . 0,00 0,02 0,625 0,07, 0,63 - 2,00
: . : 0,04 0.62y 0,03 0.03 0,04 .04
0. 05 0.05 0,0 C.Gi 0,00 0,05 .

0.05 0.04° 005  0.05  0.06 0.06
C.07. . 0.04s  0.06 0.06  0.07 .. 0.07;
0.08 0.05  0.06,  0.67  0.08 0.03 -
0,00  C0.65 0.7y 008 0,00 0.00;
Y010 0,07, .08 0.00 0,30 0,105 e
0011 0.0 0,09 0.i0  0.11  0.1lz-.
0.2 0.69  0.10 9,11 0.12 0.12;

- (c) Volume of gas passed through: Gas of constant composition was passed
~through at constant flow-through rate, and the relation between the volume
.. of gas passed through and the length of the colored portion of the dec-
~tector tube wae determined.. The length of this colored portion gradually }
. increased with increasing volume of gas passed through, however, the
" length was not proportional to the volume. Taking into account the range
- pf concentrations to be determined and the operating conditions, V = 10 cc
- and V:= 100 cc were selected. :

L '(d) 'Cdrre6tion'fb: the inner diarmeter of the detector tube: Tpe inner

diameter.of the glass tubing used to prepzare these detector tubes is not

" necessarily constant so that fixing the weight of detector material to be
 packed.into each tube will cause variations in length L of the packed

.~ material-due to the oconstancy in density of the material and thc .uneven

“cross section of the tubing. In this case, the length of the colored

. “layer 1l'of a gas of fixed ethylene concentration is proportional to the
., length of the packed column. By determining the ratio ( t% = L/1, x 60)
© in which Zi, is the length of the colored zone in tube of standard packing
.. ‘léngbhL, it is possible to detcrmine the ethyleme concentiration independent
' of the immer diameter of the tubing. ' :

" {e) Relation between the length of the colored layer in the detector
.. tube and ethylene concentration: Sample gas was collected with the 30 cc
-/ pas sampler, and a volumé of 10 cc was cent through the detector tube in
" the course of 4O seconds. The relation between the length of the color
. layer that'was developed and the corresponding ethyierne concentration
" was then'determined. The plot of thisielation taking the ordinate to be .
_ the length' i, (mm) of the colored layer and the abscissa to te the
. ethylene concentration is shown in Fig. 3. (The curve for V = 100 cc and
2T = 0O sec is not shown tere). Using the inner diameter correction for .
i the detector tube and the relation between the length of the colored layer
""""and the ethylene concentration, ethylene ccncentration tables shown in
* Figs. 1 and 2 covering thermnge 0.05-1.2 percent and 0.002-0.12 percent
. “wore constricted. The deftection limit here was about 0.00005 percent
(V=200 ce, T = LOO sec). .. o L Pogn o
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- orawre of the det
LT A Lne Ouhaeton vl le) :;t i';-n c..pera‘tdrc of t.hc Cive

1~JL“.'ll’“A;;L*-)"1. <2 length *o corresgponding to a given, e'bhyleue.ico'xr'chLz‘a“aon
A5 dv vermined st varz_ou., temperatures tetween 10~30°G using SR R
LOWMPOYLINTe Lath, ¢n the ethylene concentration was relati\mly high .
..hc riae represented by-the curwes in Fig. 1), indréasing temper‘. mrg Lt
rolthh wouu o slight but linear increuco in the length of this ooloved: '
wayer.  {notiz other hand, this len;th converzely decressed with in- o
_ . vaen the censeniration was low (the ran,::é‘f covﬂrcr’ ACh

Wi CLUVeD O :* . 2). This Whavior protably restlts from the . = ...
¢ts o physical ‘adscrption coming into play in thé first mentionﬂdf,; SOUNY
asz, end in contrast, *ho volume emansion and reaction velocity oﬁ‘ects wos
¢ coming more imporiant ,\uﬁ" physical adsorption effects. in] thé‘!‘lat‘ber TR
case. The results of these studies were used to construct*thhftemperature
correction tables of Tables 1 and 2. These’ taoles a.re used: torﬁ:acce -

corrections for temperature between 10-30"C.
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Figure 3. iclation Between the Léngth’:?of_ £he &
Colored Layer and Ethylene Concentration

L. Precision, Time Required, and E“"ect of Gases

Parallel studics were conducted to determme the preclsion of_
datermination. The results showed the mean error in‘each case to be: il
within £ 5 percent indicating sufficient degree of re')roducibility SLor.: %4
practical applications. A measurement requlred two nu.nutes for the f:.rst‘
method and eight minutes i‘or the second.. - RERERS

The effect of other gases on this detecto* tube was_discussed :
the paper on the determnatlon of acetylene[h] and" a.s‘not dis”éussed ‘here

5. Summ.ry o L ;._
(1)3 A mixed solut:.on of arrionium noljbdate and alladium suli‘a*be was.
sorved onto silica gel pa“t:._c_le_s which werc bher d in vc.cuum to --f---~""‘>
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el PYCRRCE [0S C2Tection materizl crnich was loaded into a thin glass tuce %o
- Raxo th aetcctor tube. - h : C . :

‘ i ;f

(2)~=U*;n a ggs sawpler and running 2 10 cc gas sample tnrough the tube
in 40 seconds ‘or 100 cc in LOO seconds, Pthyleu, concentrations in the

range Q. 0>-~-2 percent, gnd O, 002-0 1& gcreent can te determined within o
-"*ch oeconds. G : o Ce

:4‘

"(3)'gaﬁé‘éffcéts of vertrous parascterc on the length of the colored irrar
. of the deteetor tube were studied, and direct rcading concentration and
. temperature correction tables were constructed. Precision ciudies showed

*»}‘the rcproduc;omlity to be adequate for vractlcal appllcatlon. (\ D) *-~,~N

() Thls research was sunported by th_ Scienco Researcn ruﬂd of the
Minlstry of. Education. '
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