VAPORIZATION OF HALOTHANE AND ETHER
IN THE COPPER KETTLE
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In 1952, a vaporizer with a circuit design which provides vernier coff-
trol over small increments of concentration was described and intro-
duced (1). The value and usefulness of the concepts embodied in ifs
design have since been established. Although this vaporizer \v&
originally constructed for administration of chloroform, its greates
application has been with diethyl ether. Data have been accumulat
which show that it can be used effectively with all anesthetic agen@
whieh are liquid at room temperature.

Safe and effective administration of the extremely potent halé’-
thane * (2, 3) reqmres the control of vapor concentration within nnrrow
limits by the provision of small increments or decrements in conce@-
tration (4). Clinical observations during use of the new type @
vaporizer with halothane have indicated that these exaeting requirg
ments are met. Datn presented in this paper show the charaeteristiss
and performauce of this vaporizer with ether and with halothang
Studies are reported from observations made on a Foregger Coppdr
Kettle, large table model with a copper table top, which satisfactori
embodies all the prineiples of design as originally deseribed (1). Thi3
vaporizer utilizes a copper container, a sintered bronze vnponzl
surface (Porex), and a separate flow of metered gas which is bubb]
through the liquid ancsthetic agent.

Determination has been made of the vapor pressure of hnlothmﬁ
and cther at the delivery outlet of the apparatus, and these ﬁndmgs
compared with the known vapor pressure data for these agents. The
partial pressure of oxygen was determined using a model C Beckmag
oxygen analyzer. The partial pressure of a particular vapor can 18
determined by subtractmg the partial pressure of oxygen from the tot®
ambient pressure in any system containing oxygen and one other ga
or vapor, provided the other gas or vapor does not of itself exert ag
appreciable effect upon paramagnetic waves in the oxygen analyzef
The results determined by the method of oxygen difference, as descrlbcﬂ
above, were checked by measuring the volume of liquid evaporated pe§
unif time at a given flow and known temperature. Temperaturé
changes were under constant observation and were rccorded from H
thermistor unit. The values obtained from these observations m@
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*1,1,1, Trifluoro-2,2 bromochlorethane (Fluothane).
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TABLE 1

o
Tue TENsioN oF ETHER AND HALOTHANE AT VARiOUs TEMPERATURES, DETERMINED BY HE
BECKMAN ANALYZER, AND VoLUME EvaroraTED METHODS, COMPARED WITH THE STANDARR
Varor Pressure oF ETHER aNp HarotHane

3

=

Di-cthyl Ether Pressure (mm. Hp) """&"ﬁ"ﬁ'}"ﬁi‘a’.’??&%m° %

oc. Btandard Beckman Calcutated Standard Beckman Calentated?
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+10 2017 157 §
+15 360.7 368 362 210 18 &
+20 22 155 155 243 262 256 g
+25 537.0 ?
+30 647.3 304 3
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compared with the standard vapor pressure curves for these agerils
in table 1. &
Ether vapor has been measured repeatedly from the ontflow of the
vaporizer itself at a partial pressure of 455 mm. of mercury by the
Beckman analyzer method, while the measured temperature of the
liquid was 20 C. ns compared with an accepted saturated pressure gf
442 mm. of mercury at 20 C. (5). Similarly, halothane was measuréell
in the outflow from the vaporizer alone at a partial pressure of 262 m@.
of mercury at 20 C. as compared with a stated satnrated pressure g
243 mm. of mercury at 20 C. These apparent discrepancies may
dne to inherent error in the method of measurement, temperature dif-
ference between the point of measurement and the gas-liquid interfaég,
or to the production of a fine mist which is earried over to a more distil
part of the machine allowing saturation at a warmer temperature thgn
exists in the vaporizer. S
Heat must be supplied for the vaporization of any liquid. If né
supplied from an external source heat will be taken from the ligu!
itself, the temperature of the liquid will fall, and the pressure of tBe
saturated vapor above the liquid will be correspondingly lower. Tke
concentration of vapor in the gas vapor mixture emerging from the
vaporizer is determined by the temperature of the liquid at the gas-
liquid interface. In the Copper Kettle heat is conducted from the
ambient atmosphere through the apparatus and the copper table tgp
to the copper vaporizer itself, and through the vaporizing surfage
dircctly to the gas-liquid interface, so that the fall in liquid tempera-
ture incident upon evaporation is minimized by this continual supply §f
heat. Various flows through ether in the vaporizer produce an effegt
on temperature of the liquid as shown in figure 1. ®
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Tempercture Folls With Various Flows Through Ether In ?_x
Copper Vaporizer g
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Fi0. 1. Temperature falls with various flows through ether in the Copper Kettle. <
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The original paper (1) described a small insert for the vaporiz
which was designed for economical use of smaller quantities of mo
potent agents such as chloroform, trichloroethylene and halothane.

g

Fall In Temperature Of Halothane
In Small Insert Of Copper Vaporizer At Various

TIME IN MINS,

Fi0. 2. Temperaturo falls with various flows through halothane in emall insert
of Copper Kettle.

©

%

©

G

&

(92

<4

21 Flows 2

=)

100 ce flow %o

o

o

20 S

1S3

3

19 4 150 cc flow %

200 cc tlow BN

184 ©

&

3

174 50 S

& 350 cc flow 5]
S

X 164 ]
W @
E 154 500cc flow 8
2 =3
& g
& 14 Q
X c
W Roon Temp. 2
13/206-209 °C 700 < flow S

N

o

124 =
0 10 20 30 40 )

S

N

o

N}

S



Yolume 19 VAPORIZATION OF HALOTHANE AND ETHER 653
D

comparison of curves in figures 2 and 3 shows that the small insert huzs
less thermostable properties than the large container and therefore & 25
not as suitable for use when it is important to deliver a constant anil
precise percentage of vapor. It scems evident that by its_origingl
design the small insert is effectively insulated from the ambient

mosphere, by the air surrounding it and sepnratmg it from the \vﬁl
of the large container. An alternative metal insert has, therefom,
been snggested that has an adjustable central copper insert, which e
be lowered to displace the liquid anesthetic towards the wall of tl%e
container so that smaller quantities of the more potent agents can bCZe
satisfactorily used without detracting from the thermostable propertx@
of the Copper Kettle.

Fall In Temperature Of Halothane
in Copper Vaporizer At Various Flows
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Fia. 3. Temperature falls with various flows through halothane in Copper Kettle.
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The sintered bronze vaporizing surface is important because
small size of bubbles produced maximally increases the gas-liquid integ
face, which in turn rednces the importanee of time of contact betwees
liquid and gas, since saturation is accomplished almost instantaneouslyg
Therefore, vaporization is always maximal and uninfluenced by alterg?
tion in the fluid level, provided the vaporizing surface is covered Wl
liquid anesthetic. When the temperature of the lignid anesthetic i in
the vaporizer is known, the concentration of vapor being delivered hg
the apparatus can be predicted simply by reference to the vapor preg
sure curve of the particular liquid. N

The precise control of concentration delivered to the patient i§
accomplished by altering independently the total amount of vapor prex
duced and the degree of dilution. Concentration is directly propox-:
tional to the flow through the vaporizer and inversely proportional t§
the diluent flow. The amonnt of lignid vaporized depends on th&

6|
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Controliabllity Of Ether Voporization At 21°C
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F1a. 4. Changes in ether concentration produced by 20 ml, inerements in flow through
Copper Kettle at 21 C., with diluent flows of two, five, and ten liters,
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volume of oxygen passed as a carrier gas through the vaporizer. Itig
casily possible to adjust this in increments of from 10 to 20 mL p&
minute. The volume of diluting gas can be varied independently from
0 to as much as 20 liters. The ease with which vernier control of cori:
centration can be obtained with ether and halothane is illustrated if
figures 4 and 5. These show the change in calculated concentratxog
produced by 20 ml. increments in flow of gas throngh the vaporizeB
An increase in the flow through halothane from 240 to 260 cc. per mmutb
in a system with a 10 liter diluent flow increased the percentage of halcS
thane from 1.12 per cent to 1.2 per cent. Conversely were the total
flow to be increased by addition of 100 ml. diluent gas as from 10,008
to 10,100 ml,, the percentage of halothane would be decreased to 1.19
per cent. Similarly increasing the flow through ether by 20 ml. resul

in approximately 0.3 per cent additional concentration when used with
a 10 liter diluent flow. During clinical use the adjustment of thg
diluting gases to change concentration is not ordinarily required. It ig
obvious, however, that thie smoothness of vernier control is enhanced
and the increment in concentration of vapor delivered is actnally madg
smaller when a truly high flow system is bemg used, in contrast to low
" flow or closed system techniques. Caution is mandatory when adding
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Fia. 5. Changes in halothane concentration produced by 20 ml. increments in flow throu
the Copper Kettle at 21 C., with diluent flows of two, five and ten liters.

potent vapors to a closed system, sinee lethal eoncentrations equalli
fen to twenty times the concentration required for maintenance
anesthesia are provided by this type of vaporizer.
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Studies have been presented to show the characteristies of peg
formance of the Copper Kettle vaporizer. The sintered bronze vapo®
izing surface has been shown to be highly efficient. The use of copp&
in the container and table top provides considerable thermostability
even with ether which bas a high latent heat of vaporization. Precise
control of the percentage of vapor is obtained with all agents, and
allows potent anesthetics such as halothane to be administered safely.
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