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UQtJlD C 'BBONIC CORPORATION 
Subsidiary of Houston Natural Gas Corporation 

135 SOUT 

ACCEPTED 

ETHYLENE OXIDE AND 
CARBON DIOXIDE 

MIXTURE 

WARNING: CONTENTS UNDER 
1. Do not puncture. 2. Do not use or store near h.~oc ODEm 
flame. Exposures above 1300 F may cause burCt.,I"I~- NeVBl 

throw containers into fire or incinerator. 3. Do 
grease on valve, regulator, fittings. 4. Do n"t re~lar 
out written consent of Liquid Carbonic. <. 

LIQUID CARBONIC CORPORATION 
135 South LaSalle Street • Chicago. IllinOIS 60603 

AREA CODE 312 348-8181 

ACTIVE INGREDIENT: 
ETHYLENE OXIDE 20% BY WEIGHT 

INERT INGREDIENT: 
CARBON DIOXIDE 80% BY WEIGHT 

TOTAL CONTENTS LBS. NET 
E.P.A. REG. NO.1 1 491-3 

WARNING: DO NOT IGNOREI 
KEEP OUT OF REACH OF CHILDREN 

) . Exposure to eyes. skin or clothing may cause severe 
Irriltati()n. Avoid contact. In case of contact. remove all 

- ; minated clothes immediately and flush skin or eyes 
Ywith plenty of water for at least 15 minutes; for eyes. get 
Im,.ttical attention. 2. Intended for gas sterilization only. 

,! 3. Ethylene oxide is subject to polymerization; use within 
-.a 2 months after receipt. 4. Instructions for use and other 

information are in Industrial Gas Bulletin IG-2013. 

Form -3122 

A RED DIAMOND" PRODUCT (Non life Supporting) 
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TECHNICAL'SALES BULLETIN' ... : .. : ... 
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Bulletin r,IG-2013 

ETHYLENE OXIDE/CARBO~ DIOXIDE OR 

DICHLORODIFLUOROMETHANE STERILIZING GAS MIXTURES 

This bulletin is intended to provide safe handling guidelines 
for the manufacture, sale, and resultant end-use of ethylene 
oxide/carbon dioxide or dichlorodifluoromethanc mixtures. 

PROPERTIES OF ETHYLENE OXIDE 

Ethylene oxide is a cyclic ether compound with the =orrnula (CH2)20 
and a molecular weight of 44.05. Liquid ethylc~e oxide freezes 
at -111.3°C. (-168.3°P) and boils at IO.73°C. (5l.3°n at at­
mospheric pressure. It has a vapor pressure of 7.? psig at 21.loC 
(70 0 P). It will readily react when in contact with moisture and 
catalysts, such as the anhydrous chlorides of iron, tin and 
aluminum. Ethylene oxide is completely soluble in water and, in 
the presence of a basic or acidic catalyst, will react wi th water 
to form polyethylene glycol. Ethylene oxide is so!ub10 in alcohol, 
ether and many organic solvents, as well as in such solid materials 
as rubber, leather and plastics. 

In contrast to liquid ethylene oxide, which is relatively stable 
to detonating agents, gaseous ethylene oxide is highly explosive 
and flammable in the presence of air with a source of ignition. 
The flammability of a substance or comoound is normally referred 
to as its capability of being easily ignited. Tr:us, gaseous 
ethylene oxide in air is readily ignited by an electric spark, 
static electricity, excessive heat, an open flame or by other 
simi lar means. 

The toxicity of ethylene oxide has been demonstrated in both the 
liquid and gaseous phases. Liquid ethylene oxide acts as a 
vesicant on expos 0 d skin, and can produce serious deJayed burns if 
clothing, sh00s or Slovt:s arp not removed irruncdia.tcly <.ftr·r ex­
posure. Vapors of 0thyl.·n .... oxide a:e m(1dcrat01y toxic if inha1,"d, 
and will oroduce irritat.ion of the f'yes a:1c1 mucous r.l(,lT1br<1~les. 1\ 
mflxirrum tolC'rnnce of 50 PPI'1 of the qas durina an 8 hCll.1r C'xposl.1rC' 
is the current TLV for ethylene oxide. Pro~octive clothina is 
recomlT1('nd0d. 
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Mixtures of ethy lenc· cXldL .I!' .:! "'!'~ : .• , .... :.. • .,' ,;. 

ordinary temperatu=:-es and ;:>:"5' ";!'t,,: :", :~:;' .. ·l: .,,:~ .. " 

Studies on the flam.~a;)i l:..:...~'· .J! 1··.· : _,,', _ 'c' .' .. ..:1: 

• I G- .... n' , . ..' . 

oxide-halogenated hydrocdrton .:!_ C~ ~()~ _'-i:: ~ .. :< L):-'C~ ..... I:.' :- . :-:t _:. 

have shown that: 

1) Mixtures containing dichlorodlfluorol'I'\f.:thcl!10 a:oc C'~:.·,l':'r.(' 
oxide in concentrations up to 12% by wt.!.l.g;-.t, .iT.d 

2) Mixtures containing equal parts of dichlGPJdi fluGror-ethanc 
and trichloromonofluoromethant:.'-ethylene oxide up to II ~ by 
weight are nonflammable in any proportion of air at tem­
peratures up to 54.4°C (130°F). 

At the prescnt time, there are several ethylene oxide mixtures 
which can be employed safely as sterilizing agents under normal 
conditions. These mixtures are shown in the table below: 

Mixtures Cylinder Content 

10% Ethylene Oxide 60 & 30 lb. 
90% Carbon Dioxide 

20% Ethylene Oxide 60 & 30 lh. 
80% Carbon Dioxide 

12% Ethylene Oxide 135 & 270 lb. 
88% Dichlorodifluoromethane 

MODE OF ACTION 

Several theories have been proposed on the manner in which ethylene 
oxide destroys micro-organisms. The more conunonly expressed t~c'.)~.-y 
is baSEd on the process of alkylation ... the replacement by an 
hydroxy-ethyl radical of an available hydrogen atom within a c~o~ical 
group such as the sulfurhydnyl, amino, carboxyl or hydroxyl in a 
protein molecule. It is not definitely known which of these groups 
is actually attacked fir!Ot by ethylene oxide; however, it is bl'lif~vcd 
that the sulfurhydryl group is the most reactive or susceptible to 
the gas. 

------~~-- - - ~ - ----~-----~--~--------- - - -
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Th(: ~.Jt(· .:It WhICh de~truction of orqanisms occurs appears to be 
Il'l-lt.·...; ~(I tht' r. L.· c.: Jiffusion of the gas through the cell 
w .. ..1; ... !l': >h,' IV') 1 !t'l:lty l'r clcccssioility of one of the cher"ical 
l!r(',l~': t( r.~:ll·~ ..... ; t~~ vt:lj<enf' ox~de. The rat.e of destruction also 
may ,:,.~",:,j L::"Ulc • ... ·:-,L·~l.t .. ! t .. hp Lx'll is in a vegetative or spore state. 
R£'search ~; tulilt:!S hdV(. r~portcd that in the formation of a bacterial 
spore, the su 1 furhydry 1 group may be protected by changes in the 
protein molecule, and the sterilizing action of ethylene oxide 
would then be restricted to one of the other chemical groups 
which are not as reactive. 

If the process of alkylation is accepted as the mode of action, 
the killing of micro-organisms by ethylene oxide is a chemical 
interf~rence and, probably, it is closely related to the inacti­
vation of the cell reproductive process. 

LIMITATIONS OF ETHYLENE OXIDE STERILIZATION 

Deleterious Effects 

Although ethylene oxide appears to be an ideal sterilant for many 
heat-sensitive articles, there are a number of disadvantages or 
limitations which require ca~tion in its usage. One of these 
limitations is the deleterious effects which ethylen8 oxide has 
on plastics and rubber. Liquid ethylene oxide acts as a solvent 
on such acrylic plastics as "Lucite" or "Plexiglas", and it 
will attack plasticizers which are employed in plastics for 
binding purposes. Liquid ethylene oxide will also swell and 
produce blistering effects on various rubber components. Et~ylene 
oxide in water solution will hemolyze red blood cells, and will 
effect a loss of potency of antibiotics. Certain culture media, 
sterilized by ethylene oxid~, have been reported to be unsuitable 
for growing certain fastidious bacteria following exposure, due 
to the reaction of the sterilant with the organic components of 
the media. Animal diets, exposed to ethylene oxide, are also 
adversely affected. 

The adverse effects of the various ethylene oxide-inert gas mix­
tures are more readily observed with the halohydrocarbon diluents 
than with the carbon dioxide mixtures. The liquid halohydrocarbons, 
particularly dichlorodifluoromethane and trichloromonofluoromcthane 
are solvents for many plastics including those noted above, and 
"Polystyrene" • 

FACTORS AFFECTING THE STABILITY OF STERILIZING GAS MIXTURES 

Sterilizing gas mixtures consisting of 10-20% ethylene oxide with 
either dichlorodiflu0romethanc or carbon dioxide as the carrier 
gas represents a product which has a high sterilizing efficiency . 

. 
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Unfortunately, due to the extreme reactivity of ethylene oxide, 
problems exist in the areas of storage life and proper handling. 
The main area of concern is the decomposition (polymerization) 
of the ethylene oxide molecules. 

The nature of the decomposition reaction in most cases leads to 
the formation of a low molecular weight polymer - polyethylene 
glycol polymer. As a general description, this product is 
usually referred to in the industry as nonvolatile residue or ab­
breviated N.V.R. N.V.R. not only forms in sterilizing gas mix­
tures but also in storage containers of pure ethylene oxide 
when proper handling instructions are not followed. The physical 
characteristics of N.V.R. are such that it is easily removed from 
storage containers, cylinders, transfer lines and various customer 
equipment by solubilization in hot water in the temperature range 
of l80-200°F. Steam cleaning to remove N.V.R. is not recommended 
because it tends to harden the residue, making it more difficult 
to remove from containers and transfer lines. This phenomenon is 
probably due to the fact that excessively high temperatures in­
crease the molecular weight of the polymer through further 
reaction. 

From a chemical point of view, the formation of N.V.R. is a cata­
lyzed polymerization reaction. In the case of ethylene oxide, 
the polymer is catalyzed by all acids and bases, both protonic 
and Lewis type acids. Therefore, alkaline and acidic cleaning 
of containers, transfer lines and equipment is not to be recom­
mended because of the danger of residual acid or base remaining 
in addition to moisture which also catalyzes the polymerization 
of ethylene oxide. Another phenomenon assoc~ated with catalytic 
reactions is the strong dependency of the rate of polymerization 
on the surface area-to-volume ratio (S/V). Because of the 
sensitivity of polymerization on S/V, sandblasting or abrasive 
cleaning of containers is not recommended since this procedure 
increases the surface area of the container and further promotes 
the formation of N.V.R. Due to the etching effect of strong 
acids, this type of cleaning also will increase the surface area 
of containers. 

The formation of N.V.R. being a chemical reaction is very strongly 
affected by temperature -- the rate of reaction increasing with 
increasing temperature. Therefore, sterilizing gas mixtures 
should be used in areas that are as cool as possible, and the 
cylinder mixtures shoulu be kept away from all sources of heat, 
especially sunlight, etc. The cooler the storage or use area, 
the less will be the amount of N.V.R. formation. 

The least catalytic material of construction for transfer lines, 
etc., is stainless steel, the preferred material if costs permit. 
It is recommended that customers use stainless steel for valve 
fittings and general piping wherever possible. 
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In summary, the following should be considered by the user: 

1) Check ethylene oxide for N.V.R. 

2) Stainless steel for valves, fittings, transfer lines, etc. 

3) Low temperature storage and use areas - must be less than l30 o F • 
. 

4) Use dry nitrogen for purging equipment lines. 

5) MiniDdze inventory time. 

6) Avoid all sources of moisture, acids and bases. 

7) Use hot water for cleaning and not steam • 

EQUIPMENT 

Equipment utilizing ethylene oxide sterilizing gas mixtures is 
commercially available from a number of reputable manufacturers. 
This equipment is of various types including but not limited to 
ethylene oxide gas mixture sterilizers, combination ethylene 
oxide gas mixture-steam sterilizers, portable ethylene oxide 
gas mixture sterilizers, and mattress and bedding disinfectors 
utilizing ethylene oxide sterilizing gas mixtures • 

. It is recommended that complete collateral information be obtained 
from the equipment manufacturer prior to the use of either the 
equipment or the ethylene oxide sterilizing gas mixture. 

DIRECTIONS FOR USE 

To obtain maximum sterilization with ethylene oxide gas mixtures, 
consideration must be given to the factors which govern the 
effectiveness of the sterilant. Temperature, gas concentration, 
humidity and duration of exoosure determine whether or not a hiqh 
degree of sterilization is attained. The following are generally 
regarded as the optimum conditions for using these gas mixtures 
and as such are the recommended conditions for using our products: 

Temperature 

Gas Concentration 

Relative Humidity 

Duration of Exposure 

l20 0 F - l40 0 F (49°C - 60 0 C) 

500-1000 mg ethylene oxide/liter 

35% - 50% 
2-6 hours 

Ethylene oxide will not kill dehydrated spores. Equipment must 
be precleaned and presoa~ed in water for a minimum of one (1) 
hour immediately prior to exposure with ethylene oxide. Articles 
that cannot be immersed in water must be sterilized in an ethylene 
oxide device with a built-in automatic moisture-vapor pretreatment 
rehydration system. Also of importance is the relationship of 

. 
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the exposure time to the gas concentration; when using our 
mixtures of ethylene oxide and a diluent gas such as carbon 
dioxide or dichlorodifluoromethane, the gas concentration in 
a pre-evacuated chamber is at an adequate level to insure 
sterilization. Thus the exposure time is kept at a minimum. 
However, when a non-vacuum st~rilizer is used, a considerably 
longer exposure time is required due to the dilution effect of 
the g&8 already in the chamber. 

Pollowing the recommendations in the sterilizer manufacturer's 
collateral literature will insure proper operation of the equip­
ment. The previous instructions are intended only as guidelines 
for proper use of our product with the general types of equipment. 

• • 
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