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SUMMARY

A carbon carrier for silver has been developed to act as a
source of silver ions useful for disinfection in oligodynamic
concentrations (0.05-1.0 parts per million).

A certain type of carbon, consisting mostly of lampblack,
was found to fulfill the necessary conditions of electrical con-~
ductivity and high electrolyti? adsorption. This material, in the
form of small, hard cylinders, is impregnated with silver by soaking
in a 10 percent silver nitrate solution for a few minutes. After air
drying, the carbon is heated in a muffle furnace to reduce the silver
to metalilic form, finely dispérsed throughout the body of the carrier.
The carbon silver cerrier is then given an anodic electrolytic treat-
ment, charging with 90 coulombs per 1.6 gm. carrier at a current density
of about 7 ma./cm.2 for 30 minutes. After charging, tﬁe carrier is
carefully rinsed in distilled water amd air dried.

Although the process by which the silver ions are emittea from
the carrier is of an oxidation nature, the complete mechanism is not
yet entirely understood. The electrolytic treatment gives the carrier
the property of emitting silver when immersed in water. The gilver
emission, which is germicidally active, declines exponentially with
the time, giving approximately 5 mg. in 90 minutes, and is comblete
within a few hours. The prepared carrier is unaffected by heat even
with a 1 hour exposure to 350° Ce., and retains its activity over periods
of more thasn a year, whether wrapped in cellophane, paper, or sealed

in dry air or vacuun,
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I. INTRODUCTION

A. The Oligodynamic Action of Metals.

A writer on medical subjects in Sanskrit of 2000 B. C. said:
"1t is good to keep water in copper vessels, to expose it to the
sunlight, and to filter it through charcosl.! (1) The Egyptians
apparently used silver plates to cover open wounds to cause more
rapid healing, (2) and Cyrus, on an expedition, stored his water in
silver containers. (3) N#geli (4), however, made the first careful
modern investigation of the effects of low concentrations of metals
and their salts, and reported the growth-hindering and killing effect
on algae. The word oligodynamic was coined by Nigeli to denote the
power of a small numﬂer, thus an oligodynamic substance is one "effect-
ive in small quantities" (5) in disinfection. This may be defined
to mean the range of cohcentrations below 1 milligram per liter.

The literature covering the resgarch in oligodynamics includes
several hundred papers snd scores of patents. Summaries of work
with the various metals, and their applications under a wide range of
conditions, with extensive bibliographies, are given by Saxl (6),
Siebeneicher (7), Raadsveld (2), and Goetz, Tracy and Harris (8).
Though disinfection of many liquids has been investigated, the principal
use is in sanitizing water. The concentration of silver necessary to
disinfect water in two hours, contaminated with non-gporulating bacteria,
is sgreed (8), to be in the range 50-500 Xyliter. (LY = 1 microgram)

B. Methods of Activating Silver for Oligodynamie Purposes.

Meny types of methods have been utilized to produce a sufficient



concentration of silver ions in the water o be disinfected. It is

now generally agreed that the active agent is the silver ionm,

though the mechanism of the biological action is not understood.

Since metallic silver is only soluble to about 25-35¥/liter, even

with long exposure to water (9) (10), it is necessary to activate

the silver in some menner to get more silver ions available. Examples,
taken from the patent literature, of different kinds of methods
include: Heat silver salts or gels in oxidizing or reducing atmosphere
(11); a silver coated material subjected to "corroding" material such
as ozone or-chlorine (12); two metals connected together with or with-
out additional potential, one metal being more electropositive than
hydrogen, the other less (13); electrolysis or current between silver
or platinum electrodes through a sodium chloride solution (12); activa-
tion of a metsllized carrier by making it anéde (12); impregnating a
filter by precipitating silver chloride, arranged so that the silver
and chlorine ions meet in the filter (14); reducing silver where it can
be absorbed by suspensoids such as clay or subdivided carbon (15);
coating a material with silver by reducing silver compounds (18);
clinker macerated in silver nitrater , the reaction forming silver hydroxide,
then the clinker made into filters (17); zeolite and silver nitrate,
using partial base exchange reactions and reactivation with sodium
chloride (18); oxidizing silver to an oxide with-a permanganate (19);
using hydrogen peroxide and silver (20); increasing the surface exposed
so that more silver will go into the liduid (21); using an electric
current between silver electrodes in the liquid to be sterilized (22).
On the last method, "Uniform distribution would seem to be the only

advantage over adding silver nitrate." (25) For other patents see (7)(9).



II. CARRIERS I'OR THE OLIGODYNAMIC METAL

Several types of carrier materials have been tested. Examples
of such materials tested are silica gel, nephrite, charcoal and
lampblack. In addition, three commercial products, used as sources
of silver, were tested, "Katadyn" on ceramic beads and gravel, and
"Syngasept," which is a silver-manganese dioxide on pumice carrier.
The Katadyn beads, verhaps because they were old, were very
poor gources of silver. The Katadyn gravel seemed to have an upper
limit of a gilver concentration of 1Y/cc. approximately, when used
in a quantity of say, 30 gms. in 10 cc. for 1/2 hr.,.or‘in 200 cc.
of distilled water for meny hours. 1.3 gm. in 200 cc. in 7 days gave
off a total of 1.5 mg. Ag. TILarge quantities of the gravel have to
be used or a long time since the emission is slow but lasts a long
time. The ;ong life was shown by changing the emission water many
times and the silver concentration still reaching the eguilibrium
value,
The Syngasept gave, in a typical test, 1 gm in 3/2 hr a total
of 015 gm Ag emission in 10 cc.; 1 gm. in 250 cc. in 12 hrs. gave
a total of .0375 mg.; while 1.3 gm: in 200 cc. in 7 days gave é total
of .9 mg.
Nephrite was tried becausge it is an inert porous material. Tt
was wnsabtisfactory because of the extremely small siiver emission.
Silica gel and charcoal have good adsorptive properties (24)(25),
and might be tﬁought degirable on that account. If they were to be

used merely ag carriers for a solution of a sgilver salt this would be



satisfactory, but to be activated when the silver is in reduced form,
a chemical treatment of some sort must be used (see patents). With
silver alone, in reduced form, one test found that .5 gm. silver
crystals in 10 ce. water in 4 days gave off only .0039 mg. Ag, but,
treated with hydrogen peroxide, in 1/2 hr. 2.5 mg. of silver had gone
into golution.

There is a material which not only has these adso;ptive properties,
but also is an electrical conductor, which makes available electrolytic
processes to activate the silver. Attempts to charge other carriers
than cerbon, which is a conductor, were, of course, unsuccessful, A piece
of charcoal had a resistance of 30 megohms compared to a piece of
carbon (W5B) with 5 ohms.

It follows from the above discussion that the twb properties which
make carbon desirable for investigation are its adsorptive qualities and

its electrical conductivity.



IIT. DETERMINATION OF SILVER

A, Methods Available.

Much of the early confusion in the oligodynamics of silver arose
from the inability to detect or measure the amounts of silver giving
the effect (2) There are now availsble a great many tests for
silver which can measure the small amounts characteristic of oligo-

. dynamic activities. The following methods have been used by various
workers:

1. A colorimetric test with p-dimethylaminobenzalrhodanine, with
a sensitivity of 1 part in 5 x 106, or 20 {/liter (Feigl (26), Kolthoff
(27)); a modification of this test employing adsorption on a collodion
membrene is sensitive to 1 part in 4 x 107 (Ettisch and Tamchyna (28)).
The procedure developed at the Bureau of Standards gi%es a direct
test in the range from 60 to 9000 ¥/liter (Schoonover (29)).

2. A colorimetric test with pure methylene blue reduced to the
leuco—-compound of sodium formaldehyde—sulfo%ylate (Schumacher (30)).

3. A colorimetric method based on the formation of red silver
. chromate. It is suitable for determining 25 X of silver (Krainick (31)).

4, Potentiometric methods which are sensitive to about 1 part in
108 (krause (32), K?épelka and Toul (9), Hosenfeld (33)).

5. After concentrating in the water by suitable means, the silver
is removed electrolytically from an alkaline bath and finally determined
volumetrically with .00l N iodide solution, using rhodanine as an
indicator (Fgg (34)).

6. Nephelometric methods (Kfépelka and Toul (9), Kul'shil and



Mutilino (35), and Hahn (36)). The method of Hahn is a nephelo-
metric measurement based on a redox reaction using mercuric chloride -
and sodium hypophosphite, and measures down to 1 Vyliter.

7. Haber's method of adsorption of the silver on PbS and deter-
mining the amount by fire agsay (Freundlich end Stllner (10)).

For references to other methods see (29).

It may Be noted that the potentiometric methods measure the
silver ion concentration, and the other methods determine the total
silver present. '

The rhodanine test was selected because of its simplicity, accuracy
and rapid manipulation for determining small concentrations of silver

in water. (29)

B. The Rhodanine Test. Procedure and Precautions.

As a quantiative test for silver, the colorimetric détermination
with p-dimethylaminobenzalrhodanine developed by Feigl(26)(Cf. (27)).
was used. The procedure of Schoonover (29) was followed with slight
modifications.

The procedure is ag follows: To a 2.5 cc. sample of the unknown,
whose silver content is to be determined; add .5 cc. of 4 | HNO5 to
make a total volume of 10 cc. After shaking, .6cec. of saturated
alcoholic solution of g—dimethylamindbenzalrhodanine is added and the
solution again shaken. After half an hour comparison is made with
standards of known silver content, made by dilution from a stock
silver nitrate solution.

Fnough p-dimethylaminobenzalrhodanine is dissolved in 95 percent



ethyl, 5 percent methyl alcohol to make a saturated solution (0.02
percent). It was found that using .6.cc. instead of .3 cc, rhodanine,
there was less of the occasional change from the normal pink or red
color to an off-color (see below). The amount of rhodanine used
places a limit on the useful range which can be measured, tlms, if .
the concentration was more than asbout 1.4 ¥cc. the exact amount was
not easy to estimate so tﬁat in practice the unknown was diluted
mntil a comparison could be made in the range less than 1.4 Y/cc.
Though a colorimeter was used at first, this wag later abandoﬁed for
direct visumal comparison,'to save time;and since an accuracy of about
5 percent was sufficient. For accurate comparisons, fresh standards
were made each day, since in about two days tﬁe color may give an
apparent smaller concentration of about 10 percent, or more, the
higher stendards tend to flocculate into a precipitate and the lower
standards o fade,

Precautions.,

If the acid is not added, an orange color.develops when the rhod-
anine is added, with or without the presence of silver. If the acid
is added later the orange color weakens and becomes yellow, hencs the
importance of the right order in adding the reagents. If twice as
much acid is added, the apparent concentration of silver is about
half the real amount.

With a concentration of 1 i?cc. Ag, the color is not appreciably
changed by concentrations of sto4 smaller than 0.1 percent. Above
_this concentration of H,50, the color is decreased. Schoonover (29)
reported that a very small amount of HoS0, increases the depth of the

rhodanine color.



With a concentration of of 1 chc. Ag the color is not éppreciably
changed by a Cl™ concentration smaller than 0.6 ﬁycc., Wheyher from
HC1l or NaCl. Above this concentration C1~ decreases the color. Tap
water had no color when tested. Copper(CusSOy), mercury (chlz), and
lead (Pb(CoHg0p)2) in a concentration of 1 Yce. gave no color, except
the mercury with a very faint pink too weak to be measurable. With
manganese nitrate 20 ¥cc. Mn did not affect the test for 1 ¥cc Ag,
nor did a 1 percentv solution interfere though it seemed to be lighter
in color. A gold 1 ¥/cc. shows the same color as .3 Yecec. Ag. Soaking
2 mm length of fine copper wire for & hours in a 1 Vbc. Ag solution
reduced the concentration of Ag in a solution by 20 percent.

Pyrex test tubes were used and after Washing with tap water, they
were cleaned with conc. sulfuric acid-potassium dichrﬁmate cleaning
solution, rinsed with water and boiled in distilled water. Moisture-
proof cellophane was used to cover the corks. Rubber stoppers were
unsatisfactory. These precautions, with the change.in the guantity of
rhodanine practically eliminated an occasional capricious chenge to an
off-color orange or yellow, which appearing on standing, varying from
a half-hour to a day. The’cause for this color change was never
isolé{ed, but the procedure above seemed to almost eliminate it. Pyrex
tubes were recommended (29), but soft glass tubes, given the same
cleaning treatment were also found to be satisfactory. The pipéttes were
also cleaned with chromic acid solution. The carbon samples vere first
suspended in the test tubes containing 10 cc. distilled water by an
enameled copper wire, but it wag discovered that when the enamel had been
scrapped off, exposing a small area of bare coprer, the copper replaced
the silver in a concentratedfsilver solution (100 ¥/cc.) sufficiently to

form a small silver crystal at the exposed point. Silk threads were then used.



IV. PREPARATION AND PROPERTIES OF THE CARBON SILVER CARRIER

A+ The Preparation.

V$Qe standard treatment developed employed a carbon (¥3B) with
high lampblack content? low temperature final bake in manufacturing
and made wettable, This carbon is goaked in a hot 10 percent silver
nitrate solution for 10 minutes, allowed to air dry on a paper towel,
and then to reduce the silver is heated in-a covered crucible in a
muffle furnace for one hour at 475° C. (See Appendix for calibration
curves of muffle furnace.) The carbon is made anode in a very dilute
sulfuric acid solution (.018:N) and a current of 50 milliamperes (ma.)
per carbon is passed through the electrolytic cell for 30 minutes. (See
Appendix for sketch of carbon holder.) After ireatment the carbon
is rinsed in aistilled water to remove the electrolyte, etc., aﬁd allowed
to air dry before use. Cgrbons so ﬁrepared will be referred to as
gtandard carbons," and show less than 10 percent variat?on between
individvals. " The development of this progedure and the conditions
affecting the amount of silver emitted from this prepared carrier are
discussed below.

1. Lempblack and the Dependence on the Type of Carbon.

fAmorphous carbon is considered by most workers Po have the same
type of structure as graphite, except that the crystal units are
smaller. (37) As expressed by Thiele (%8): "Irtermediate members of
this series (of:forms lying between crystalline graphite at one end
and amorphous carbon at the other) comprise gll the transition forms

of crystaslline graphite, namely, amorphous graphite, graphitite,
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graphitoid, retort carbon, etc., up to amorphous soot carbon:
further, no sharply defined boundaries exist in this series between
graphite and amorphous carbonj; and X-ray diagrams show that even
amorphous carbon still possesses some graphitic st;pcture." (see
also (39) (40).) This means that there are just the two crystalline
forms of carbon-—-graphite and diamond--though Ruff (41) says that
amorphous carbon fopms a third.

The types of carbon tested (Table I) were made with varying
amounts of lampblack (amorphous carbon) and coke. The carrier
properties of the carbon improving with the increased amount of
lampblack. These carbons also test differences in the manufacturing
process (42), including the temperature of final baking, effect of
boric acid, skin usually on carbons from extrusion die, wettability,
addition of silver in the carbon dough, and a wide range of lampblack-
coke content from almost pure petroleum coke to a very high lampblack
content carbon, with just enough coke to serve as a binder. The
carbons as indicated in the composition below are not pure carbon
(43) (44) (45). The composition of W3B as given by the National
Carbon Company is as follows: It is 99.8-89.9 percent carbon. The
total impurities emount to .08-.17 percent, all water insoluble. Of
the impurities the proportion is:

Silica SiOz 50-80 percent
Iron and Aluminium
Oxides, Fezoé and
A1205 25~40 percent
Calcium Oxide Cal 1 percent, approx.
¥n, B, Mg each a trace.
The ash of this carbon as obtained by heating at 6000 in the muffle

furnace amounts to 1.0-1.5 mg.
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TABLE I

CARBON TYPES, THEIR DESIGNATION AND COMPOSITION

Designation Size Composition
hole i diam. x length

a1 8 mm. iw high coke content
LCL 8 mm 1w 2 parts coke, 1 part lamvblack
Tl 8 mm in high lampblack
W4B yes 9 mn 1% highest lampblack content, low temp. bake
W3B yes O mm 1®. next v n n n
WlA yes 8 mm AL high u high it
. W1B yes 8 mm in same as WLA low n
W2BC yes 8 mm 1" lower lampblack, contains "
boric acid
WeBD yes 8 mm 1" same as WR2BC but no boric ¢ n
acid
WoB no 8 mm 1"  purest petroleum coke available
same as Cl but low in sulfur v 0
MLA yes 8 mm 1" same ag W1A bubt nonwettable
N1B yes 8 nmm 1" game as W1B but nonwettable
W1B2 yes 8 mm 1" game as WiB but outer skin, procuced by the
flow the the material through the extrusion
die, removed by grinding. Centerless ground
stock
W3BR yes 9 mm 1" same as V3B. Baked at 10000 (factory
duplicate of previous laboratory lot)
W3B6 no 7 mm 1" ssme as W3EB except baked at 600°
sl no 7/18" 11/8" Impregnated at factory with ca. .43 percent

Ag, about 15 mg. ratio of silver of others are
with 81 taken as 1.25

SWi no 7/16"  11/8" same as S1 but wettable

SAWL  no 7/16" 11/8" same as S1 but "factory activatedn"

WAB no 7/16" 1"  high lampblack

W4BS2 no  5/8%"  19/16" 7x silver of Sl; taking 91 as 1.25 8.75
WABS3 no  5/8%  11/8" 10x " i ratio 12.50
W4BS4 no 5/8"  11/8n 15x o " 18.75
W4BS2A no  5/8"  19/16v "factory Hetivateds WABS2 8.75
WABS3A no  5/8n  11/8n L W4BS3 12,50
WABS4A mno  5/8"  11/8 " WABS4 18.75
W4BS5 =no 8 mm 1w : 2.00
W4BSBE mno 8 mm in 4.00
W4BS7T no 8 mm in 6.00

W4BS8 no 8 mm in 8.00
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Lampblack (powder) itself can be used as a carrier for the silver.
A lampblack powder, .5 gm., charged, by holding the powder against a
'silver wire with a cotton sack, at 5? ma. for 10 ming. gave .24 mg.

Ag in one case and .96 mg. in another sample, as against a control of
0086 mg. impregnated and reduced but not electrolytic charge. This
‘powder is so fine it is difficult to handle. 6.0 mg. Ag were given

off by a2 5 gm. weight of calecined lampblack given "standard treatment.®
The calcined 1ampfladk is a 1amgblack which has been heated with some
pitch or tar and then ground to 100-150 mesh.

The porosity and wettability of the carbons are important. Carbons
given a treatment at the time of msking to have them wettable (designated
by W, non-wettable by N, or no designation) were found:to reduce’ the
variation between individual carbons given the same treatment.

The porosity measurements do not necessarily give an adecuate
_idea of the permeability or adsorption capacity (46) of any variety of
carbon. The kind of pores are important; the poreé must be intercommun—
icating (47) to be efficient, the larger pore size (48) (49) permits
more electrolytic action (50) and more oxygen adsorption (51). Oxidation
increases the pore size (52). Table II shows the amounts of silver which
different carbons will absorb when soaked in the same silver nitrate
solution and heated at 600° %o ash. Types 11, LCl and Cl could not have
the other materisl from the coke fraction removed even at 800°, though
there is a high ash, there is actually no more silver in them, but
probably less, since.their silver emission of those with much coke (C)
is about 1/10 thet of Ll. It will be noticed from Table IIT that those

carbong which have a high emission rate absorbed 2 to 3 times more silver.



TABLE IT

VARIOUS CARBONS AFD THE AMOUNT OF SILVFR ABSORBED

Type Center Hole Weight Total Ash
"Cl no 1.14 gm. 156.8 mg.
" 159.3
1.C1L no 1.34 215.0
193.0
L1 no 1.12 65.4
65.4
W5B no 1.78 37.0
38.9
W3B6 no 1.27 36.1
B3R.7
W3B ves 1.63 51.1
58.1
WeBC yes 1.40 20.8
18.0
W1lR2 ves 1.19 3.8
Jost
WLA yes 1.35 "20.0
T 22.5
N1B yes 1.26 25.3
25.9
N1A yes 1.26 25.2
RR.7
W1Bs. ves 1.20 35.4
35.7
W4B yes 1.11 64.0
49.4
TABLE IIT

SILVER EMISSION FROM CARBONS WITH SAME PREPARATION

Type Emission in 20 minutes
WeBC 2.8 mg. 2.9 mg.
WlA R.3 Re -
W1BR2 4.0 4,1
M1A 3.6 3.8
W4B 6.9 8.6
W2BC 4.7 4.8
WiB 8.5 9.5
N1B 5.4 4.0
W5B 4.6 4.5
W3B 9.0 12.0
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An extensive studv of the temperature of ~reheatine pvefore
trestment anc¢ the temperature of recduction of the silver nitrate as
2 function of the samount of silver emitted in wster found a
variztion with different cerbons. tost of the carbons hed their
emission increased by prehesting, if thev were not grcheated then
a2 higher reduction temnerature was advantrgeous, This temuverature
effect is probablv related to increasing the vnore size. Wi3, the
carbon aco-ted, had but & small temversature efrect of this kind.
Teble TIT cives the emission amounts for various carbons oreheated
st 800° for 1 hr. =and reduced at 3890° for 1 hr. Tn fig. 1 the
emission curves sre given, the emount given in half-hour reriods

nlotted against the time.



As?. Introcuction of Silver into the Carrier,

The silver can be introduced into the carrier by electrolvtic,
chemical and physical methods. The electrolytic deposits gilver on the
cathode, but since only on the exterior, this is similar to ueing a
gsilver sheet. The cnemical method consists of sosxing the carrier in
a2 golution of a gsilver selt. The physicel method is by mizxing the

carrier in powder form with silver or a silver salt.

Chemical Method.

Silver nitrzate, with its nigh solubility, has been found to be
the most satisfectory silver salt to introduce into the carrier by
sosking., Silver nitrate is the usu=zl commercial form of silver. A
high solubility is necessary since a carbon absorbs the order of 1 cc.

.

of solution and with the less soluble salts such as silver cuarbonate,
oxide and sulfate, not enough siiver could pe introduced into the
carbon to be efficient. Since the amount of silver in the carbon de-
ternines the amount which can be obtained after tresztment, the low-
solubility silver salis were undesirable, as confirmed by tests,
because of the low amounts of total silver introcuced into the carbou.

The amount of silver which is souked into tne csrbon seems to be
a linear function of the concentration of the szit (fig. ¢). The re-
sulting activity when given a usual charge of 50 ma. for 50 winutes
ié slso shown, 25 well as the emission from an unreauced tiough charged
carbon, and the amount of residue, after soaking, from both reduced end
unreduced carbons which have been charged. The amount of emiscion devends
on the charging time and current. Then 10 ms. charging current ver
carbon for 10 ninutes was used, as study of the concentrztion of silver
nitrate and silver emission found, this linear relation was roushly
true for 0.1, 1.0, and 5.0 percent, but that 10.0 to 40.0 vercent emission

were sbout the ssme as 5 vercent solution. There 1s nrobablv sn optimum

15
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charging condition for each silver nitrate concentration. “hus if

a2 nigh charge is given for a long time little silver wili be left
for emission and no increase in emission rate or amount is obtained.
The 50 ma.. for %0 mins. charge is based on &« 10 percent solution.

It was noticed that the silver nitrate solution tends to becone
more concentrzted with use; a 10 nercent solution which through use

hsd been reduced to a fraction of its original volume became 35

ot

vercent. The carbons impregn=ted with this perticulsr solution of

silver nitrate received increzsing amounts of silver as the volume
ot the inmvregnating solution decreased. This was confirmed by the
emission and the silver residue after emission, 2nd accounts for some
of the varietion of tests made in that period. Tu was found that
more silver nitrate nenetrated into the carbon when the csrbons were
soaked in & not solution and this ractice was adovted.

“hen the carbons are immwersed in hot silver nitrate solution it
is vnown that oart of the silver nitrate is reduced by the carbon to

metallic silver, and vart is adsorbed as oxide and part as nitrate

(82) (83) (B4) (85) (87). TFurther ev

e

dence is the smell =2t the time
of immersion; & =meli like tmt of coke purning in 2n ocen grill.
Probablv not a large percentsge is recuced since oractically =11 the
cilver will come out when the curbon ils sosked in cistilied water,
csee fie. 9. "ith the nigher coke containing carvons fiere is s fine
svarkling surface of silver crvstals on tne outer carbon surface when
the carrier is removed from tre silver nitrste solution, tney are
also visible immediately after imwersion (86).

p comparison test of Feigl's manganese method (53) anc the
electrolvtic method of activation and silver nitrste gave the results

chovm in Table IV. Four L1 carbons -ere sosked in 10 wercent silver



nitrate and four soeked (10 mins.) in Feirl's manuner in = 40 cc.
gsolution (2.64 gm. silver nitrate snd 4 cc. of 5) percent manganese
nitrate solution, maude up to 47 cec.) Two samoples, 1.8 em. esch of
silics gel were also sosked in Feigl's soiution. Two of the silver
nitrate treated, two of the Feigl =nd one semole of silica gel were
soarked 10 mins. in hot 1 11 "adW¥, then dried. 'The other samples were
heated to 600° for 1 hr. and charged electrolvticzllv. The silver
nitrate carbons trezted with NeOW gave an off-color rhodsnine test.
Pnvsical.

The mixing of siiver with its carrier mav be done in seversl weys.
Miixtures of silver powder or si.ver sslts with various oxices of
cobalt, cooper or msnganese were not efficient, little, if any more,

< s " 5 : ‘ouf o g .
gilver went into solution than would be expecteo vitl trne acded foreign
sult. Carbons with varving smounts of silver mixed in tie carbon cougn
during the process of manufacture (see Table T where S means silver
added durine msnufacture). The zmount of silver adcec renged from
gbout 15 mg. ver carbon to 349 (larger size). The zmount of silver
emitted increased with the siiver content of the carbon, tris was
true whether the carriers were sozked in water as thev come from the

factory, or whether they were given an electrolytic sctivation, the

o=

latter ¢iving =n emission of ¥ to 5 times more silver. fven though
they hod large smounts of silver slreadv, the silver nitrate trestment
gave a still grester =ctivity. Uince the amount of silver adced in
the dough nad to be four times that sdced in the ususl silver nitrate

imoregnstion this scheme wac zbanconed.

Jilver oxide is not ver soluble (¢¥0 mg./liter) but when cicsolved

17



in a concentrated solution of ammonia, larger ~u=sntities can be

imoresnated into the carnon, or sosked onto the carbon vowcer.

This may be then heated (54) to drive off the amronis and water,

2t around 1030, avoarently forming in trensition fulminstine silver

(55). If then heated to still higher temversturcs more silver is

available in the 10 cc. test tubes of emission than =t lower temo-

erature heating, and more than the usual zmount of silver oxide

to be expected in 10 cc. (.2 gm). The totzl amount of silver emitted

was indenendent of the volume of emission. for c:ts on Agao see Table V.
The efiect obtzined bv mixing 50 mg. silver sulfute with 5 egm. of

calcined carbon and heating to various tewnersturcs mav be seen in

fig. 3. Only about one-sixth of the szmourt of siiver precent in the

ug

water in %6 hrs, was to be found when testec after two nours. Silver
sulfate nowcer does not agissolve ranidlv in water.

A small smount of silver, .74 to .87 mg. was obtainec bv mixing
« gm. silver nowder with 1.5 gm. calcined carbon which nad beén electro-
lyticaliv charged. This seims to indicated eitrer timt the char&ec
carbon cen oxidize thne silver ((b58), see V), or that a local element
mav be formed betveen the narticles of silver snd laiicvlack avle to
send the siiver into solution (r0f. fig. 11, (57) (55) (53) (60) (32).
Since 2 silver wire vas used as contacting electroae with the lampoleck,
some of the silver may be from the electroce, removed by the usual
vrocess when silver is =n anoce in an electrolytic cell, Thiele and
miolf (Al) recorted that .5 mg carbon mixec with 1 ¢m. silver powder
n2d enough locsl elewent =ction to incresse the steriie zones on

inoculsted agar nlates.
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be%5. Pecuction of Silver Salts in Carbon.

“ilver salts con oe decomnosed by heating to verious temneratures,
such &5 the following; silver carbonste (£189), silver oxice (303°),
silver nitrete (£440) 2znd silver <ulfate (1N85°). The decomposition
is a function of several warisbles, includine tre tirme, being with &
more ranic rate 25 the temcersture incressec, Tt might be suonosed
that these salts will be decomnosed at t e scme temderszture "nen they
are in the carbon, or at least in somewhail the sane range., hctually,
thev are a2ll recucec =2t about the same temperature, allowing for
reaction rates., (Caroon hss 2 reducing action &t tne temnersture it begins

g not recuced until thi< voint (64),

(=5

to oxidize (58). ~ilver oxide
and silver sulfste is likewize reduced (7)), even vhen only mixec
mechanicsliv with celcinec cerbon, tir. 3. The rate is siower in the
iztbter csse sirce the contact between csrbon =~nc silver sulfate is not
very good. The »oints sre for 1 ar., necting and for 15 mins, Seez
slso IV B. Tne carbon (V48) is comoletely oxicizec 10 zbout = 1.0-1.5
me. 2sh by heating to 503° for 1¢ irs or les=, tuis is not the cose,
however, with carbons conteining loarge smounts of coke. Tn 80 hrs.

R
st 487 2 W3B had oxidized to 5 mg.

The reduction temversture of the silver nitrzate ven nentec for
1 hr. éid not seem to affect the smount of silver lzter enititeo, vith
temneratures tucied sbove 4£0°, with other lower-lamoblack content
carbons, the nreferred reduction temperature was higher.

The formstion of silver carbide isg not to be expected. (41) (71)

The reduced silver is very finely cisversed throushout the carbon,
there ic no owticel difference between tne center and bottom caroons
in fig. 4, the center is without silver, the lower curbon with. Fig. 5

showg & silver cskeleton or cost of mail obtsined by burnine off the



cerbon at 600° which lusves the silver in the same shaoe aa tne
carbon, even to the fluting in the center hole. ¥ies., 6 and 7 snow
the surface of the co.t of mail snd the smalliness of the crvstals
broken from the silver structure. Figs. 4, 5, &, 7 2re from photogranhs
bv Profescor Goetz,

Llthouch under some conditions some of the czroon can pe
oxidized at relativelv low temperazturss (7¢), =and cegins slowly
2t low temceratures, lower than are important in such concitions as
are used to reduce gilver szlts, the oxidation becowmes ropid enough
to become imvortent in tne range 400-450° (tfi.. 10) (84) (37).

1f the cerbon is reduced at 600° for 1 hr. there is no cdetectuble
zmount of silver which will be emitted from the carrier in a half-
hour, but at temnerstures in the range 400-573° there is sbout .1 me.

whicn can come out on c.zidng in water.
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Fe4e Activation of the Carbon Rilver Carrier,

Teat. Tt was found that the carbon silver carrier con he activated

by heat when the method of silver oxide in ammonis is used to get

o
.

the silver into the carrier, cee Table V =nd fi ¥ith silver

m

nitrate the solubility is so high tret the amount of =ilver imorees-
nsted into the csrbon makes such an =ctivation unlikely since
oracticslly 21l the silver nitrate secms to come out agein when the
carrier is soaxked in water without first reducing the silver (fie. 9).
"Hith relatively insoluble s21lts such as silver carbonste and sulfate
the effect is not certain, though some data seem to incicate a max-
imum =2t about 550° just before the reducing zction og tie carbon starts
st sbout 400°, The K2tadyn besdz ceemed to be somewh=t improved by
heating. Efforts to activate the reduced carbon silver by prolonged
heating in carbon dioxide =tmosvhere or bv cooling from recd hest in
an oxveen atmosphere were wmsuccessful. The maximum silver from the

oxveen trestment vas 5.5 gamra,

Flectrolvtic., 1. Charging Conditions.

Ry meking the cerbon carrier the anode in an electriceliiy concucting
solution anu anplying & potentizal more tren the cecomnosition votential
of water st about 1.7 volts (75) (or with cerbon electroces sbout 1.6
volts (74) (74a)) oxveen is ususllv evolved et tne anoce, a2nc verious
sorts of oxicstion orocesses take nlace (75).

To find out the best current density =nd time for this electrolvtic
treatment of the carbons = nuiber of studies were m=de, Table VI
shows the results with WAB using 2bout .018 N. sulfuric acid as electro-

lvte, each noint being the aversge of two carbons. The silver residue

D



MARTE VT

EMISSTOY VITH VARIOUS CURRFHT AND TTii CONDITIONS

Time Current in m=a. oser carbon
245 5 10 8] 40 80 160 400

4 min, Led me tg

5 1.0 567

U
.
NE

15 1.5 5.0 jihy Y B

£0 6 Tl 5.0 6.8 10, 1l .6 9.6
(57.) (44.,5) (54.2) (30.6)
40 1.3 fw Po Jd2.F 9.8 8.4
(50.1) (44.3) (38.1) (18,7)
&0 9,7 7.8 B.8  5,%
(15,9)
78

LG5

TEBLF VIT

SILVER IN CARRIFR® AT VARIOUS STAGES OF PRFDARATION AND [oF

resicue

Carbon Lz Tmoresnated Charge Toss After Chuarging |

W5R 59.% EgNO_ 3347 £5.5 1.7

W4R 125.5 AgNO” A0 .6 P 183

WARCY 161.1 mfe,” 09,2 148.9 4.1

W4BA3F 406 0 4b o5 197.1 S

V4RO4 518.2 2845 290, 1¢.5  £87.9

TAATE VITT

VHISCTON, FIISSION WATER oF AND SALT SOLUBILITY OF FLFCTROLYTES

Flectrolyte frmission p"d of Tater in Salt Qolubility
197 cc Fmission Tube in 10 cc.

H., 50,4 5.0 mg. L w7 39.4 me.
i, 4.5 7.7-5.1 1420

N, 8,0, 4 BH, 0 5.8 4,754 slightly
K HPH," 2.5 2.9

M. B0, 1.4 5.8

LEPT N .8 Bl 55
nel v .6 57 1
PaQw .6 v




in the cxrbon after emission shovn in vzrentnesis. 1hon the bssis
of this table, the crarging time and current was stendarcizec at

50 ma, over cerbon( =z current density of sbaut 7 ma./cm.f for ToH),
=and a time of 50 minutes., The zverage notential spoliec zcross the
electroces of the cell for 6 carbons in the holder wes 1¢ volts, anc
the totsl current .5 =zmn.

The cherging was gone in a two iiter veaker. The cathooe was
% carbon rod nnd the holuer for tﬁe cerriers to be made znoce ig
showvn in fig. 8., The end nlates =nd cornecting viece =sre of bakelite
and the two rods of curbon ere covered with warsffin exceot tor
notches sgsinst whicn tre carriers are held bV a ruo.er ovenc. The
rubver pand nulls the midole of the corrier toward the orojection on
tne connecting viece, tims holding tre carrier firmlv agsinst the notch
in tne carbon rod at each end, for contrct. This arrangement wss
found to give 2 uniform acitivity to carbons charged togetuer.,

To z2ttempt to increase the activity of the carriers, tihe csroons
with reduced silver were cnerged with hyvorogen as a cathode before
peing given the usu2l anocic treatment. Cathocic trestment might
remove loosely adsorbed oxvgen and lezve space for more active electro-
lvtic oxveen. This treatment did not affect the z2mount oi silver emittea.

The electrolvtic action takes ulace throughout the carbon (76)

(71) (59) as snowm b the following exneriment, # 58 corbon 1" x 8 mnm
ciameter was cut to a8 smalier size =t various stages in the ovrocess

bv cutting the cismeter to 5 mm in a lathe znd cuttine 1 mm from ezch
end. Uncub, the silver given off wes 4.5 mz,.; cut Lo susller cize
before silver nitrate imoresnation, .0 mg.: cut siter imovegnsiion,
1.0 me; cut after reduction, 1.l me.; 2nd cut after crarging, 0.7 my.

The surface of the urcut carbon was 7.5 cm sand 1ts volume 1.00 cm.d,
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the surfsce of the cut carbon was 4.0 cn”, the volume .45 cm’. The
grester rel-tive zctivity of the curbon cut sfter é;frging is proowblv
cue to cutting ofi an outer snell {from whicn the silver nns been
electrolyticzlly removed. This lesd to =n attemnt to charge tre
carbons- without the large electrolyvtic loss by using the prouerty of
the electrolvtic action taking place, to some extent at lesst, throurhout
the carbon. A Vi3B carbon was casrgzed by the insertion of a2 giiver wire
czthode along the axic of the hole in itke center. JInly .6'm9. wa.s
ootained from the silver emission.

In an eiiort to improve the zmount of emittavlie silver comparec
to the silver left as resicue sfter emiseion (Cf. T=ble VT), longer
charging times vere tried, with the folliowing silver emitted: 50!

(5.5me) 3 87" (v meo)s 139 (1.9 mz.), and 247" (.o nee) “ith 67
minutes and ionger (76) there was =2 light brown color in tre emission
tuces incicating oxidstion »rouucts of trne carbon hzd veen formea (50)
(45) (78) (bl) (38) (74), though = brown color is not necc=sary for

the existerce of such vrocucts (45) (48) to be formec.

Silver in Carrier st Various Stages of Prewrstion anc Use,

An idez of the fate of the silver iwmvresnsted into tue curbon by

carbons) shovws the devencence

~

silver nitrate or =t the factorvy (~
on tne vrocecs used. Table VITT and fig. & show tne amount of =ilver
origin=liv in the carrier, the amowunt lost Ly charging, the amount

3

remzining in the carbon =fter chargsine, the emission in 5/¢ hour soal

[=n

in distilled water, and the resicue remaing after emission. The
ailver was determined by the usuzl e2shing. Consicerable variztion
in silver countent of thos factory urevared wss notec.

vith the cherging of o¢ carbons, no chanre ofl electrolvie, an

averace of L& mg. of silver loss bv charging was founc bv weicvhine the
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silver obtsined from filterine the electrolvite znc warnings from the
cathoce,
With # charce of 50 ma. for 50 min~. 90 counlombs uve u=ec, of

151

sve cilver from

which 1/3 is used in the case of

the carrier, and the balance nz=s 2n oxvgen literating ecuivslent, of

The silver concentrztion in the electrolvite (& liters) ~ftor
charging manv caroons reached .15 wmg./cc. in one instance. (ntrested
c=rbons, or caroons with no si.ver vut given the ususl nnocic trest-
ment, when later soakea in cistllitec water give = susldl ¥mount of
silver, les: t.an a total ol 10 yeamwa, unless the electrulvie snould
resch concentrations of the orcer mentionec novove. The pH of tine
sulfuric =cic electrolvte sfter beirg used is .0-1.Y.

Fffects of the Flectrolvte.

The concentration of H_°0  in the electrolvte nas been varieo

4
from .45 N to ON1Z N, there is = variation in silver emiscion likewise,
croonine trom 4.9 to 5.7 mz. The amount of suifuric zcic has uveen
estimsted wiich enterea tne ceroon vien only sonrec in the electrolyte,
snd also wien given the ususl churge, (but not imoresnited with

gilver)., Lfter sosiking in tne electrolvte tre corbons were air criea

tuen so.ked in distilied water for 3/ hr. znc the vl of tre wat

]
=

measured. £1l1 o measurements were mu-ce with a2 Teeas anud Northrup
winhyvorone pH ootentiometer. From tne nH the amount of sulfuric

neid can be caleculstad anc from this the e~uvivalent amount ot <ilver
sulf=te possivly formes comuted. ITx'ressea in terms of Ao e uivalent
in mg., c=rbons sonkec only in the electrolvte (no siliver) n-o &

silver eruivalent from 1l:.5 to .4, tuose churece irom 1b to



5 mg. over the above vuriation of H, 504 concentration. An unused
unsozked in electrolvte carbon reduced the pl to £.5-7.4 (see below),
or a silver esuivslent of 5.8 mg. There is 2 murkec incresse of
concentration of sulfate ions cue to the charging. (78) (79) (80)

Tt is knovn thet the variong electrolvtes prouuce different
resctions st the anode in electrolvtic processes (75). This is
particularly true with carbon electrodes (38) (50) (74) (78) (51)

(81) (45), and of course depends on vhether tne electroce takes part
in the reaction (8%¢)

The effect of the kind of electrolvte used in charging, on the
activity, is shorm in Teble VITI viving various electrolytes, all in
the range .01=0¢f M. The ordinerv ficure for tne solubility of the
corresponding salt of the electrolyte anion (in 10 cc.) is also given.

A greater emission (5.5 mg.) con be obtainea from the chloride solutions
(2s with the sulfate) if & csrrier with more impresnsted silver is used.
Other experimerts have shown that the effect is independent of the cotion
of the electrolvte; bzrium, ammonium anc socium hydroxiues were the

same wituin exoerimentsl error, ferrous sulfate and sulfuric =cid,

codium chloride and hydrochloric acic.

Yhen the electrolyte is NaCl or 1€l the carbon anode liberates
chlorine (=melisble) instead of oxygen because chlorine has = lower
discharge potential than oxygen (92) (93). Tn time, however, oxygen
and 70, tend to be developed along with chlorine (94) (26) (l0z) (10%),
the oroportion depending on the conditions (95) (77), end with oxveen
chlorates sre formed. The ordinary solubility of AgzCl (©7) or the
formetion of silver complexes (98) (92) (100) (104)_seems to be inade uate

to exnlain the high amounts of silver emission from carriers choreged



in a chloride electrolyte, silver chlorate, however, is very soluble,
The oxidizing action of chlorine has been used to prepare silver for
oligodynamic purposes. (101)

The electrolyte used takes on the color of the corresponding silver
salt of the anion, especially if the salt be relatively insoluble. The
sulfate leaves a clear solution; chlofide, a white cloud and white
covering on the carbon; carbonate, Srown in the top of the cell, while
belows; thiosﬁlfate, dark brown crust on the carbons and some brown in
solution; phosphate, bro.n above and lemon yellow below in bottom of
the beaker;.borate (hot saturzted solution had to be used to get sufficient
current), slight B%own; hydroxides, brown; citrate, greenish brown;
acetate, light brown.

Since the carbon itself can increase the hydrogen-ion concentration,
distilied water can be used as a charging electrolyte. This property of
carbon, to raise or lower the pH, is due to the formation of acidic or
basic oxides and is determined by the temperature to which the carbon
has been heated. (83) (84) (85) (64) (88) (87) (88) (90) (91) nIf
completely outgassed charcoal is trested with oxygen, the surfasce is
covered with oxides, whose properties depend on the temperature and
pressure of the treatment. These oxides will absorb from solution con-
siderable quantities of acid, and sometimes also of alkali (i.e. they
are sometimes amphoteric CBQ)). The actual propértions of acid and
elkeli. absorbable depends on the temperature and pressure of the treat-
ment with oxygen." (37) Those oxides formed in the 450° are acid in
| character. (83) (85)

This property of carbon in lowering the pH was utilized by making

the water conducting (pH 3.8), with an wused carbon, in a copper
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cvlincder in diameter and 2" cdeen. £ carbon go charged emitted

(&

only 1/5 that of & carbon similsrly cherged using sulfuric acid
electrolyte. Tifficulty was exvperience in keeping the current density
high enough, the resistance of the elasctrolvte incressed rspidly when
a current was passed through, 2t the end of chesrging was 6500 ohms.
The concentration of silver in this small cell was 9 ¥/cc. after

charging one carbon.



R, Physico-Chemical Properties of Prepared Carrier.

1. Rate of Emission. £. Stability of Fmitted Silver in Solution.

The rate at which the silver is given out by the carrier is
found by measuring the smount of silver in successive nalf-hour
periods. ‘then the log of the amount of silver emittec in a h2lf
hour is plotted ageinst log of the time the relotion seems to be
a straight line, whether the silver comes from a chargec carrier
(fig. 1), or from just sosking the carbon in a silver salt solution
(fig., 9), when 2lmost as much silver comes out as was adced in
imnregnation,

L proverty of water with the emitted siliver is st=bility sinrce
the concentration after many days remains the ssme, 2nd there is no
vigible vrecinitation. Another chsracteristic is that strong positive
reactions are found when tested for the nrecence of the anion used in
the charging electrolvte. Barium nitrate, for examole, gives a2 ore-
cinitate with carbons cherged in sulifate or carbonate electrolvites but
not with nitrates. This may be expected since the drv carrier absorbs
electroiytes, the concentration of which is further increasea by the
action in charging (». 26). The amount of sulfate anion in the emission
tube in the case of sulfuric acid was found to be zbout that necessary
for the silver to be in the form of a sulfate. A test was mace by
determining the amount of emitted silver in the 10 ép. (bv rhodesnine),
then making a solution of the same concentration of silver using silver
sulfate. The two were te=sted for amount of sulfste using barium nitrste.
The amount of precioitzted material was about the same,

The sulfate solubilitv limit was not exeeded by =ouzking
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siv. carbons (emic<ion of 8 w.) in succes=zion in % cc. (final vol. 5 cc.)
of distilled water, giving & tot=l of 6 to ©Y.5 me. ner cc. cepencing unon
tne way tne reduction in volume of the water from the first to last
carbon is taken into account. The seasured concentration was 5.5 ng.
Ltg/cc. (the solubility of silver in silver-ﬁulfnte et 20%). "ith

the chloride, hvdroxide =nd vhosphate (thiosulizte nrobzbly oxidized

to sulfate) tne usual fizure for solubility of the =2lt 1s exceeded.

103 mg. silver oxide and 5 ng,., silver carbonste were esch soaked
in 19 cc. distiliec water. The concentration in the oxide case, after
a week, was (17 mg./cc or 1.4 mg. in solution (expected amount from the
ususl figure for solubilitv .{ mg. in the same volume): the silver
concentration in the carbonste after 3 days was .11 mg./cc. or 1.1 mg.
in solution (coupared to .05 mg.) “hatever the reason for this
apharent higher value it is sufficient to remove the difficulty in the
amounts found for carbonste and hvdroxide electrolyeis in Table VIIT,

Anv substance which will arecioitate silver (9) such as ”?° naturally
romoves the silver from solution. A fine aluminium vowder of seversl
cc. volume was shsken for 15 minﬁtes with 10 cc. cistilled water which
had hsd 1 mg./cc Ao as silver nitrate added. After this ceriod no
silver was cdetectable in the water with the rhocanine test.

The emission of silver is not affected by the vresence of neutrsl
salts. KN05 in .S.mg/cc. Gid not affect the initial emission nor was it
able to resctivate a carbon which had been soazked for 5 cays in water
only.

There was no marked vsriation in the total emissiorn when the

volume of wster varied from 10 cc. to 8 liters.



5. Stability =nd Destruction of “ctivitv in the Preuvarec Carbon.

a. Time and Storage Conditions.

The activity of the carbon carriers is not zfiectea bv storave

under ordainarv concitions. Some carbons (z nrototyvoe with 75 nercent

n

lamvblack) were prenared in 1932 by sosking in a 19 vercent silver
nitrate solution, reduced by just heating to red ne=t in = crucible,
then charged with a current of 10 ma. for L5 mins. These carbons

4

were wraosed in tissue varver snd Zent in a2 bottle which ves taken to

Tndi=s and back by Tr. R, L. Millikan. Though there was z variation
of almost A0 percent between individual carbons, thne averzge enigsion
was the seme a vear later, .75-.8 mg. in 5/0 hr., as when made in
19232, The rel=tion between the amount of silver anc chareing conditions
was such that a recharge (vithout emission) 2t 10 ma. for 10 mins., or
590 me. for 37 mins. all gave the szme amounts of silver, within an
averege of 5 percent, ss the csrbons which hac been given no further
treztment after storing.

fnother set of stundard carbons were storec for neriocs up to 9
months under the following varied conditions; wrzpcec in cellophsne,
cealed in =2 zlass tube above solid sodiwi hvdroxicde (to remove vnter),
in a glass sealed tube with calcium chloricde in a 107" mm He oressure
vacuum, and in & sealcd glass tube zbove about 1 cc. of saturstec Hng
water., These carbons when made hod an emission of 4.5 to 5.0 me. Ag
in 3/2 hrs. After 9 months in wranred cellovhane and dryv air stored
carbons were unaffected, those in vacuum slightiy less =ctive, avout
3.7 mge Ag, and those with H.2 gave, in one inetance, .1 mg. 2no .N075
mg, in =snother, the 329 carbon tested at two months gave .8 mg. The

”PQ carbons unfortunately were all wetted bv the ater. No smell of



HLO was oresent when tne tuves were ovenecs; sannarentlyv tnere had
been sufficient siiver to remove the sulfide ~no stiil cnve some
active silver lieft.

Chemical.

Tn adaition to the qu poisoning just mentionea, the carriers
csn zlso be poisoned by so=king in a 1 rercent Y2 (1l solution, oroth
or nevtone, for exemple. The voisoring was verv warked =2fter 1 min.
exposure and 19 or 30 mine, nearlv cectrovec it. These noiconed

carriers cun be reactivated ov rechargine, altrougn tnis is not as

Fy

effective as the original unpoisoned crirrier. The amount the react-

ivation can oroduce is incdicsted Hv the results of Llong charging (Table

VTT and p. €5). Carbons chzrred ot 10 me. for 10 mins. giving zbout
2.5 me., when recherged the szme asmount gave ¢.¢5 mg., but vhen re-
treated with silver nitrate, etc., zave zoout ¢.0 mg. This tyne of

result holds for short, low chearging conaitions, witan the stancard

charge 1t is different. Carbors giving 3.1 me. aversge wien recharged

gave an average of 1.5 wg, aduitionszl; if retrested after emission, thev

geve an aversge of .8 mg. Lg more then did the first time. The ash
from the only recharged vas 2.2 mg., while from the retreated and

sosked was 55.8 me., and retrezted but not resotilked, 37 ng.

Cathodic Reduction.

The activity mayv be destroved bv charging the stancara carbon
cathodicallv, ss shovm by the following tvpical firures (59 ma.): no
reduction, 4.6 mg.; 3 mins. 5,753 €35 mins., 5 wg. LHe,.

Heating.

The destruction of sctivitv by hest ie snovm in fig. 1D where

sulfuric acid and socium caroon: te electrolvtes are shown. This may be



comrared to fisc. 3, the uvifference being in tne intimacv of contuct
oetween the silver #nd cx:rbon. Caroon carriers souxeo in silver
salts and hesated show this same cestruction of =ctivity (recuction)
above 400°.

The electrode notentisle of the variomsly treztec or untrested
carbons were nescsured vith resoect to ench other =znd metzliic silver
oy Pogrendorfi's comvencation methos (105). “hile zccurate electrode
notential values are not to be excected without consicderanle effort

in risialy controlled concditiors, vet the fisures siven =2re prob:-blv

well within the correct orcer of magnituce, in volts, snovm in fie., 11,

.5\
;‘_g_mo/ 566 € ——.075— eharged C

«N7-.14 cho ¢ vg-C e a5
052.1¢

\\;EH. Ag—&<~

fiies, 1k

Klectrodce Potentials of Carriers
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YV TUROREPICAL, DTACHS (TON

Tn order for <ilver, in its recuced state, 1o yo into solution,
an oxication, i.e., the removal of electrons of t:x metsl, wust toke
=ce, Tiectrolvtically this mev pe cescripes in the following
terme (106): "At the anode, wnere electrons vase from tne solution to

.

the wire, some substance is oxidized, This

1]

oxidation mayv be the
liberstion of oxvegen gas, the liberstion of nzlogzen gss, the dissolving

2

of a metal electrode, the denosition ol =z hicher oxide such e= ?bﬂ? or
"m0, ucon the anode, or the oxicstion of some substznce present in the
electrolyzed solution such as z ferrous =alt.

The carbon silver cerrier vhen mace the snoce is a surface exnosgsing
both silver and carbon to the electrolvte. Carbon coes not form an ion
anc go into solution (45), but silver does.

Gas, oxygen or chlorire, =2l=o mzy be evolved and acusorved. In the
conditions in stancdeard wrevsretion large =2mounts of oxveen wure adsorbed.

The relation of silver to oxvegen mev be briefly consicderea. Silver
binds oxvgen in phvsicsl ond asctivated adsorntion, esceci=aliv in a
finelv dignersed form as powaer. (107) (1n78) (1n2) (117) (111) The
~usntities of =ilver which go into solution trom such 2n =sctivation aore
for too amnli, even though from the heat of adsorntion the udsorntion
of oxveen b7 the silver is zetuzliv 2 cnemiczl combinstion az cilver
oxide (117z). “nen silver, as in the cese of otuer metals, ir made =node

a2t vpotentizls below thet of the decomposition potenti=l of water, oxice

nolarization filims =re formed or the surface (11s) (li4). Uncer certain

conditions nigner oxication =tutes ot esilver, warticuiarly oxid-s,

be nrocuced at toe anode. (1L18) (117) (1it) (1iv) (1gn) (Lel) (Le?) (1:5)

~

(1?4) The nigher oxices of silver are strone oxisizins =eente (15%)



and decomvose under the influence of water, Thgﬁe ez1te are not
obtaine¢ in pure form, but nsve tre siiver salt of tne electro.vte
included in vairving gusntities (55), Threse nigner oxides= nav br
the source of the active siiver.

“ilver carbonate devosit is formed on the electroce (ig) when
using a carbonste electrolvte (115). ™he exictence of suboxides of
silver from AE4O+ to Ag20+ have been renorted, cut there is consicerable
doubt concerning not oniv the existence but esvecialiv the stability
in solution. Tsoletion of them has not been accomnlished. (55) (114)
(1:4)
Oxveen gas itself has not an aonrecisble activatine efiect on the
carrier (vn. ¢?2). Iro- the energy considerstions it is to pe exnected
that the oxveen should ~refer tre carvon 1o the siiver siice the
free energy of Ag.0 im 2599 cal./mol. an¢ tuwt of CO —u.:010, @nd
£0, -94450, {185, 2né the heest of adsornition of oxveen on carbon
varies, ceoending on the xind of sdsor'tion, un to 64,0, cnl./mol.
(128), sar 52,050 cal./mol. (88) (1¢8) Oxveon sd-orbed =1 room
temmerature=s can only be removec from the surfrce in comoinstion
with the carvon (1¢7). This reans thst the orcinary acsorbec oxvgen

on the czroon will not have the enerpgy to send sitver into =olution,

in fact; to mexe the folloving resction .roceed:

4 pg + 0+ 20 =gt 4 4(0)"
(metsllic) (=dsobbad )
77,9700 czl./rol. (neglecting the larze gmount nececssrv in enersy to

Gesorb the oxvgen) would be neewed, this is envivelent to 9.7 volt.
mius to make o local element function in orcer to send silver into

water, a greater notentizl woulo be neecec than incicateo in {ig. 11.



The oxid~tion wower of cerbon is genersliy ascribec to the
cnemisoroed luyer of oxygen on its curfrce (82) (179). The
catelviic activity is determined oy the structurzl tyoe of the
carbon (130), and is an ootimum for the acidic tvpe of surisnce
(85), this fits wit: the superioritv of lamnblock carbons of the
tvme used. The effiect of different electrolvtes mav be partly
ex-lained bv the formstion of obstructing films (1F1). Though
carbon forme many types of bonds with oxyeen (123) (A7) (41) (84)
(152) (88) (h5) (58) (1s£) (1%5), there is one tvpe of varticulsar

e orimary oxide of black csarbon formed bv electro-

[N
n

interest. There

1

which is a strone oxidizing arent

itic oxidation (3%8) (58)
end whose formmtion varies with the electrolvte uced.

"miie the character of the emiticd gilver is not yet certszin,
it is not nrobable that it is emitted in the form of = hydroxice,
since this, in 2 =atur-ted solution, hzs ~» vl 8.4 (134), snc the

enitted silver solutione 2re =liravs acic, irresrvective of the

electrolvte usedc.



)]
0

UT COWCTLIIRTON

A ovrocess has been develoved, in wrich a carbon carrier
comoosed mostly of lampblack is usec, to obtain a source of silver
for olisodynamic sction. The process consists of: impreensting
the carbon with silver nitrate solution anc recucing the siiver
to 2 finelv cispersed form in tie ceroon ov heating, ~né cherging
electrolvtic»1llv as snoce. Through this oridstion nrocecs whoce
mechanism ic not vet uncderstood, the cerbon sgilver csrrier is
activated so thst it will enit silver wnen the carrier is =o~kea
in weter. The wren=rec cerrier is unaffectec ov uesrt un to BDOO G

=nd 1t reteins its sctivity over periocs of more tnen a ye=r.,
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