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INTRODUCTION

The United States is in need of a dependable local 
source of manganese. There are many millions of tons of 
manganese-bearing material throughout the land, very little
of which can be beneficiated to meet market specifications 
by the present ore-dressing technology. The dependence of 
the United States on foreign sources for manganese ore is 
shown in Table 1.

Table 1
UNITED STATES PRODUCTION AND GENERAL IMPORTS OF MANGANESE ORE CONTAINING 3 5% OR MORE Mn . 1943-48. IN SHORT TONS, l/ YEAR SHIPPED FROM UNITED STATES MINES GENERAL IMPORTS 

METALLURGICAL ORE BATTERY ORE
1943 195,096 12,704 1,429,5991944 241,170 6,224 1,157,9321945 174,295 8,042 1,461,9451946 134,381 8,295 1,749,2231947 125,428 6,189 1,541,818
1948 119,828 10,845 1,256,597

Manganese minerals have specific gravities high 
enough to suggest separation from ordinary gangues by 
gravity methods of concentration. They are usually 
sufficiently permeable to suggest high-intensity magnetic 
methods of concentration. Many references claim the 
floatability of manganese minerals using fatty-acid
collectors. At first glance, then, the concentration of 
manganese ores should be simple. Investigation will show 
that there are very few deposits containing manganese In 
an easlly-beneficiated form. Manganese occurs as mixtures
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of various oxides which can be soft or hard, nodular or 
earthy. Manganese also occurs as the carbonate, the 
mineral rhodochrosite, sometimes in high-grade deposits.
A mere sintering of high-grade rhodochrosite will produce 
a marketable product. The great bulk of carbonate 
manganese occurs intimately associated with the carbonates 
of iron and calcium, or as an isomorphous series with the
carbonates of iron and calcium.

Gravity methods of concentration fail to recover the 
soft, earthy oxides of manganese. Magnetic concentration
methods fail on fine-size and earthy materials. On an 
isomorphous series of carbonates of manganese, iron and 
calcium, no mechanical process can produce high grade 
concentrates with good recovery of manganese. Flotation 
of manganese carbonate from a silicate gangue is successful, 
but selectivity between iron, manganese, and calcium 
carbonates is small, and grade and recovery by flotation 
on such ores are poor.

There is need for a process that will recover 
manganese from ores regardless of the form in which the
manganese occurs, whether it be one oxide or a mixture of 
oxides, hard, soft, earthy, pure mineral or an isomorphous 
series. It is with this in mind that this chloridation 
process was attempted--to recover manganese from ores.
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THE CHLORIDATION PR0CS3S

Definitions» 2/ Chloridation is the process of trans
forming certain metals in ores from their original 
mineralogical form to the chloride form by mixing the 
prepared ores with certain salts, then heating under proper 
conditions to temperatures high enough to form chlorides, 
but not high enough to cause volatilization of the 
chlorides formed.

Chloride volatilization is the process of separating 
certain metals from ores by mixing the prepared ores with 
certain salts, and heating under proper conditions to temp
eratures high enough to form and to vaporize the chlorides 
formed.
Advantages of the Chloridation Process* In this work, the 
chloridation process was applied to manganese ores. Dry 
chlorine gas is used rather than salt, due to the high 
chemical activity of chlorine at elevated temperatures. 
Advantages claimed for the chloridation process ares

1. A lower temperature is required.
2. At lower* temperatures, fewer substances react with 

chlorine.
3. Condensers for volatile chlorides are not 

required.
Chloridation of Common Ore Constituents• It Is Important to 
know the temperatures at which chlorine will react with 
manganese oxides and with other substances likely to be
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found in manganese ores. The reaction of chlorine with 
various common ore constituents at elevated temperatures 
is discussed below,

Alr>Qn Chlorine has no apparent action on alumina
at a red heat, but at a white heat some 
aluminum chloride is formed, 2/

SjOo The general chemical properties of the
different varieties of crystalline and 
amorphous silica are very similar. Chlorine 
will react with silica at 1000°C furnishing 
silicon tetrachloride. A mixture of chlorine 
and the vapor of sulfur chloride has prac
tically no action on precipitated silica at
5 7 5 0c. 4/

Sulfur Sulfur does not react with liquid chlorine at
normal temperature, but at elevated temp
eratures will react to form sulfur monochloride, 
SgCl2 . Sulfur monochloride is also produced by 
the action of chlorine on a metal sulfide. The 
vapor of sulfur monochloride when passed over 
heated metal oxides is said to "open" them up 
for analysis so that they are accessible to the 
usual solvents, and the process can be used for 
preparing the volatile metal chlorides from the 
oxides. 5/
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MgO Magnosla absorbs chlorine at a red heat and 
forms MgCl2 with evolution of oxygen. V. M. 
Goldschmidt chlorinated magnesia in the 
presence of sulfur or sulfur chloride and at 
500°C found that the reaction went according 
to the equation?

2MgO -f 2Clg +  3 -> 30s '-f-2MgCl2 6/
CaO V. H. Veley found that dry chlorine does not

act on CaO below 300°C, and at this temp
erature the oxygen is partially replaced by 
chlorine. 7/

FeO R. Wasmuth found that ferrous oxide reacts
with chlorine at 150°C. &/

Fe^O^ Chlorine reacts on magnetite at a red heat. 8/
FegO^ V. Spitzin observed that chlorine begins to

act on ferric oxide at 400°C, the action is 
quite perceptible at 700°C, and is rapid at 
900OC. 8/

MnOp F. P. Venable and D. H. Jackson found that
the dioxide is chlorinated at 460°C by a 
mixture of chlorine and carbon monoxide. No 
other references on chlorination of manganese 
oxides were found. 9/

It was hoped that by the use of certain additives to 
the ore, such as carbon or sulfur, that the temperature of
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the chloridizing roast could be reduced to around 400°C. 
Assuming the temperature of the roast is maintained in 
the range 400-60CK>C, an ideal ore for the process would 
be a siliceous manganese ore. In this temperature range, 
alumina should go through the process unchanged. The 
process should work on a manganiferous iron ore, but with 
the disadvantage that iron would consume chlorine. Iron 
chloride would volatilize, and could possibly be recovered 
by condensation and its chlorine content recovered for re
use by heating the chloride. This would involve much extra 
equipment. Elements interfering with the process are iron, 
calcium, and possibly magnesium. Any sulfides, if present, 
would aid the process by the formation of sulfur mono
chloride, a very active chloridizing agent.
Vapor Pressures of Various Chlorides? The temperature of 
the chloridation process must be maintained at a level 
high enough to form the chloride of manganese, but not 
so high as to cause volatilization of the chloride formed. 
It Is Important to know the vapor pressures of the various 
chlorides, that their action in the process can be under
stood. Vapor pressures of various chlorideslg)/ are 
presented In Table 2. Temperatures are Indicated In °C. 
Solid and liquid states are indicated by S and L, respect
ively.
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Table 2

VAPOR PRESSURES OP VARIOUS CHLORIDES
Temperatures in oC S = SolId L = Liauid
SUBSTANCE

o 
1

CT> 
W OQ mm Hg 

.76
'1 1 ■ mm Hg

7.6
mm Hg 
76

mm Hg 
380

mm Hg 
760

A12C16 s 77 97 121 148 170 180
SbClj 19 46 79 136 189 219
SbClg S 19 56 107 — decomposes—
AgCij S L 3 50 96 122
BoC12 242 285 339 403S L424 487
BiCXj S L257 332 404 441
CdClg S L641 777 904 967
CaClg
c c i4 S L17 56 77
C1s -134 -120 -104S L-76 -49 -35
CoClg •

L820 970 1050
CugClg ^ 433 533 678 914 1229 1490
HC1 -166 -154 -138 -117S L—96 -85
FeCig L821 956 1026
FegClg 172 189 230 267 297S L319
PbClg 466S L537 635 764 888 954
LiClg L 663 769 911 1102 1283 1382
,MgClg S L763 907 1112 1310 1418
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Table 2 (Continued)

SUBSTANCE mm Hg 
• 076

min Hg 
.76

mm Hg 
7.6

mm Hg 
76

mm Hg 
380

mm Hg 
760

MnClg S L761 933 1103 li90
96 131 174 228 273$ L304

NiClg S 589 661 748 853 943 987
PC13 L -77 -55 -25 -15 54 74
KC1 704S L806 948 1136 1377 1407
sici4 S L-66 -39 0 36 57
AgCl L 81 985 1051 1267 1460 1564
NaCl 743S L850 996 1192 1373 1465

32C12 L -36 -11 24 68 114 138
SnClg U 250 308 381 479 574 623
TiCl4 S L-17 17 64 111 136
ZnCl2 S L420 497 597 687 732
ZpCl4 S 154 187 226 273 313 331
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EXPERIMENTAL METHOD

Test Equipment: The test equipment used for chloridizing
consisted of a horizontal electric tube furnace, a quartz 
reaction tube, boats to hold the ore, a cylinder of chlorine 
gas, and a thermocouple and pyrometer for temperature 
measurement within the reaction tube. One end of the quartz 
reaction tube was fitted with a stopper through which passed 
a glass tube to introduce chlorine and also a quartz pro
tection tube to house the thermocouple. Gaseous reaction 
products passed to exhaust through the other end of the 
reaction tube. Chlorine from a cylinder was bubbled through 
concentrated sulfuric acid for the dual purpose of drying 
the gas and offering a visual guide in determining the flow 
of chlorine. The flow of chlorine gas was manually regulated 
through a globe valve. The temperature within the reaction 
chamber was also manually regulated.

No attempt was made to measure the amount of chlorine 
used, but a considerable excess was used in every test. The 
main Interest in the tests was to determine if chloridation 
of manganese ores could be accomplished at low temperatures. 
The set-up did not allow for the tumbling or rabbling of the 
ore during chloridation. A proposed apparatus for continuous 
chloridation has been described on page 30« This apparatus 
would furnish ideal chloridizing conditions and be very 
economical on the consumption of chlorine.

The apparatus used for testing Is shown in Fig. 1.
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Test Procedure: The test procedure consisted of
chloridizing the ore, leaching end filtering the 
chlorldized ore, and recovery of manganese from the
filtrate.

Chloridizing: A known weight of the ore to be
chlorldized was placed in a boat in the reaction 
tube. The assembly was tested for gas tightness 
with chlorine passing through. The current was 
then turned on and the furnace brought up to the 
desired temperature. Gaseous reaction products 
went to exhaust, as did any excess chlorine.
After chloridizing for some definite time, the 
chlorine was turned off, and the contents of the 
boat were removed from the reaction chamber and 
leached with water.
Leaching and Filtering: The chlorldized ore was
leached with water to dissolve soluble manganese 
chloride. In the tests, leaching time was kept 
constant at 15 hours, it being convenient to leach 
overnight. After leaching, the pulp was filtered, and 
the filtrate sent for assay to determine the grams per 
liter of dissolved manganese. Only the filtrate was 
assayed in order that the number of assays would not 
be excessive. The manganese remaining In the residue 
was calculated by difference.
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Precipitation: The normal pH of the filtrate was
7.1. Raising the pH to 10.0 by the addition of 
sodium hydroxide precipitates manganese as the 
hydroxide. The manganese hydroxide was filtered out 
then sintered at 600°C. This produced 1̂ 1 3 0 4, the 
final product of the process. Identification of 
^n3^4 X-ray diffraction is discussed on page 28*

A point of interest is that sodium hydroxide 
and chlorine gas, the reagents required in this 
chloridation process, are both the reaction products 
obtained by the electrolysis of salt water.



14

TEST RESULTS

Leadvllle Wad Manganese Ore»
Description of the Ore? The Leadvllle Wad manganese 
ore consists of a mixture of oxides of manganese and 
iron with silica, alumina, and minor amounts of zinc, 
copper and magnesium. It is earthy in nature, so 
much so that a good polished section of the ore in a 
bakelite mounting could not he obtained. All attempts 
ended in the wearing away of most of the soft surface, 
rather than by any polishing of the surface. 
Psilomelane was identified by polished-sectlon study, 
but other oxides of manganese undoubtedly exist in the 
ore. The sample for testing was obtained from a large 
lot of ore at the Experimental Plant of the Colorado 
School of Mines. This ore was chosen for testing by 
the chloridation process since it represents a 
Manganese ore that would be very difficult to bene- 
ficlate by gravity or flotation methods.
Analysis of the Ore?

CHEMICAL SJfECTROGRAPHIC
Mn SiOg CaCOj Mg A1 Zn Fe Cu
21.5% 1-10$ Over 20% Present, but in un

determined amount.
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Preparation of the Ore for Testing? The ore was 
crushed by jaw and roll crushers to pass 100/fe through 
35 mesh. It was well mixed and a sample split out for 
analysis. The rejects were well mixed and saved for 
test work.
Chloridation of Raw Ore: A series of tests were run
to determine the effect of temperature of chloridation 
vs. recovery of manganese. The temperature was varied 
from 500OC to 700°C in 50° Increments. The time of 
each test was kept constant at five minutes at the 
temperature of the test. No rabbling or mixing of the 
ore during chloridation was done. Results of the tests 
are presented in Fig. 2. The best recovery of 
manganese in the filtrate after leaching and filtering 
the chlorldized ore occurred at 700°C, and amounted to 
50,7% of the manganese.
Chloridation of Ore and Carbons A series of tests 
were run identically as before, with the exception that 
5% carbon was added to the ore before chloridation.
The results are presented in Fig. 2, which illustrates 
the effect the carbon additive has on the chloridation 
of the ore. Recovery of manganese in the filtrate was 
greater at all temperatures of chloridation. The 
maximum recovery was at 700°C, and amounted to 57.2J& 
of the manganese.
Chloridation of Ore and Sulfur: A series of tests
were run Identically as before, with the exception
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Figure 2
Leadvllle Wad Mn Ore

TEMPERATURE VS. RECOVERY
• "  " ' " l   I M - —  . ---

70 A Chloridation times 5 Minutes 
No rabbling during chloridation

Ore plus b% S
60-

Ore plus 5/6 C

50 -

40 -

Raw Ore No Additions30..

20

10

700650600550500
Degrees Centigrade
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that 5% sulfur was added to the ore before chloridation. 
The results can be compared with chloridation of raw 
ore and with ore plus carbon in Fig. 2. Recovery of 
manganese in the filtrate was generally better than 
when carbon was added to the ore. Recovery was at a 
maximum at 550°C, and amounted to 66.6/6 of the 
manganese.

In none of the tests to date has the recovery 
of manganese been sufficiently high. However, the 
effect of carbon and sulfur as additives has been 
shown to be beneficial to recovery. Sulfur has 
shown the property of aiding recovery of manganese 
at lower chloridation temperatures.
Amount of Carbon vs. Recovery* The amount of carbon
as additive to the ore was varied from 2/6 to 12% to
determine the effect of amount of carbon vs. recovery*

of manganese. This series was run holding the temp
erature at 600OC, the chloridizing time at five 
minutes, with no rabbling or mixing of the ore during 
chloridation. The results are presented in Fig. 3, 
and show that although carbon is beneficial to the 
process, no appreciable advantage in recovery is 
gained by adding more than 4% of carbon to the ore.
Time of Chloridation vs. Recovery'• A series of tests 
were run varying the time of chloridation. The time at 
temperature was varied from a minimum of l/2 minute to 
a maximum of 30 minutes. The temperature was kept
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Figure 3 
leadvllle Wad Manganese Ore . 
AMOUNT OF CARBON VS* RECOVERY

70

60 -

Chloridation temperature: 600°C 
Chloridation time: 5 Min,
No rabbling during chlorination

50

40 -

20 -

10

0 4-4 5 6 7 8 9
Amount of Carbon Added (%)

10 11 12
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constant at 600°C. The material chlorldized contained 
5# carbon and 5% sulfur as additives. There was no 
rabbling or mixing during chloridation. Recovery of 
manganese in the filtrate increased rapidly with time 
of chloridation, reaching a peak at around five 
minutes, dropping off as time increased. The results 
are presented graphically in Fig. 4.
Rabbling of the Ore vs. Recovery: In all the
previous tests, no rabbling, tumbling, or mixing of 
the ore during chloridation was done. The surface of 
the ore in the *boat was smooth. It has been suspected 
that the recoveries obtained in the tests were much 
lower than if the ore were rabbled during chloridation. 
A rotary kiln would provide ideal conditions for 
chloridation, as the tumbling action imparted to the 
ore would expose practically every particle of the ore 
to the action of the hot chlorine gas. As the action 
of a rotating kiln could not be duplicated in the test 
equipment as it was set up, the alternative of removing 
the ore from the furnace, mixing it, then replacing it 
for further chloridation was decided upon.

Chloridizing a mixture of ore with 5% carbon and 
5% sulfur at a temperature of 400OC for fifteen 
minutes, with no rabbling, 56,9% of the manganese was 
recovered in the filtrate. By chloridizing a similar 
mixture at the same temperature for five minutes,
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Figure 4 
Leadvllle Wad Manganese Ore 

TIME VS. RECOVERY

70
Chloridation temperature: 600°C 
5% Carbon and 5$ Sulfur added 
No rabbling during chlorination

60

50

40

20

10

100 1 2 3 4 5 2515 20
Time In Minutes
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removing it from the furnace for mixing, replacing for 
five minutes chloridation, again removing for mixing 
and replacing for five minutes chloridation (15 minutes 
total chloridation time), a recovery of 90*6% of the 
manganese was obtained in the filtrate* The striking 
increase in recovery was attributed to the mixing of 
the ore which allows contact of the chlorine with every 
particle of ore. This and similar tests comparing the 
effect of rabbling of the ore vs* recovery are summar
ized in Table 3* In each test the mixture chloridized 
consisted of ore mixed with 5# carbon and b% sulfur.

Table 3

Effect of Rabbling the Ore
Chloridation Chloridation Condition Mn RecoveryTemperature Time of Surface In Filtrate

350°C 15 minutes Smooth 41.9%3500 C 15 minutes Rabbled 72.3%
4000C 15 minutes Smooth 56.9%4000C 15 minutes Rabbled 90.6%
5000C 15 minutes Smooth 63.2%500° C 15 minutes Rabbled 86.2%
Rabbling is considered to be a variable of great 

importance. It is hard to control or duplicate on 
small-scale and batch conditions. In every test, 
rabbling proved to be highly beneficial to the 
chloridation process*
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Montana Carbonate Ore

Description of the Ore: The ore comes from a wartime
government stockpile of carbonate ore located at 
Phtlipsburg, Montana, but Is not representative of the 
stockpile. It consists of rhodochrosite, calcite, and 
siderite, with minor amounts of quartz and rhodonite.
Fine pvrite is disseminated throughout the mass. Wo 
other sulfides were observed by polished-section study. 
Analysis of the Ore:

Cn i-C aL» SFiSClROOUAlniC
Mn S102 CaCOj Pe Mg A1

36.85% 1-10% Over 20% Present but In undetermined amount.

Preparation of the Ore for Testing: The ore was
crushed by jaw and roll crushers to pass 100% through 
35 mesh. It was well mixed and a sample split out for 
analysis. The rejects were well mixed and saved for 
test work.
Chloridation Tests? To determine the effect of 
temperature vs. recovery, a series of chloridation 
tests were run on samples of carbonate ore with 5% 
carbon and 5% sulfur added. Time of chloridation 
was held constant at five minutes. Results were 
not encouraging. The maximum recovery of manganese 
as soluble manganese chloride occurred at a temp

erature of 550°C, and was only 34.7% of the
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Figure 5 
Montana Carbonate Ore 

TEMPERATURE VS. RECOVERY

Chloridation time: 5 minutes

Sintered Ore with 5% G and 5% S added

Ore with 5% C and 5% S added

10

400 450 500 550 600 650
Temperature (°C)
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manganese. It was thought that sintering of the car
bonate ore prior to chloridation would be beneficial. 
Manganese carbonate begins to decompose at o2o°C, and 
the maximum decomposition occurs at 570°C 9/. A series
of tests, similar to that mentioned above was run on 
sintered carbonate ore mixed with 5> carbon and b ‘/o 

sulfur. The results are presented In Figure 5.
The two series of tests were repeated, with the 

chloridation time increased from five to ten minutes.
One series was on samples of carbonate ore with 5> 
carbon and 5 sulfur added, snd the other series was 
on sintered ore with 5>t> carbon and 5/o sulfur added.
The maximum recovery of manganese was obtained at 
450°C on sintered ore. The results are presented in 
Figure o.

Optimum Conditions for Chloridation? For optimum results, 
a chloridizing chamber should be designed to include the 
means for thorough tumbling of the ore. Mixing during 
chloridation Is apparently a major factor affecting the 
recovery of manganese. Carbon as an additive can be 
beneficial for two reasons:

1. Carbon absorbs chlorine ll/, thus resulting in 
more intimate contact of chlorine with the Ore.

2. Carbon tends to reduce manganese oxides to the 
lower oxides which are more easily chloridized#

Sulfur present In the ore, or added to the ore, is bene
ficial due to the formation of sulfur monochloride and its 
activity as a chloridizing agent.
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Figure 6 
Montana Carbonate Ore 

TEMPERATURE VS. RECOVERY
70

Chloridation time: 10 minutes

60
Sintered Ore with 5% C and 5% S added

\   Ore with 5% C and b% S added

50

40

30

20

10

0
350 450 500 550400 600

Temperature (°C)
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Leadyllle Wad Manganese Ora: For this ore the
optimum temperature for chloridation was between 400 
and 50QoC. The time required for chloridation was in 
the range of 5 to 15 minutes. Carbon and sulfur were 
needed as additives to the ore, and rabbling of the 
ore was necessary during chloridation. Under the above 
conditions, 90.6 %  of the manganese content of the ore 
was recovered as soluble manganese chloride.
Montane Carbonate Manganese Ore: Truly optimum condi
tions for the chloridation of carbonate manganese ore 
were not found. Maximum recovery of manganese from 
the carbonate ore by this method was only 55/b. Sinter
ing may not have been complete, and failure to drive 
off the COg gas completely may have hindered chlorida
tion. Time did not permit testing for better conditions 
of temperature, time or additives to increase recovery 
of manganese. Here again, the use of a rotary kiln as 
the chloridizing chamber would undoubtedly be one of 
the requirements for optimum conditions.



KECOVKKY OF SOLUBLE MANGANKSK

h S A Q h l m 1 The chlorldi zed ore i3 leached with water to 
dissolve the soluble manganese chloride. In all test work, 
the leaching time was held constant at fifteen hours. The 
solubility of some of the chlorides are presented in 
Table 4.

Table 4

Solubility of Various Chlorides in Water 12/
Formula Solubility (gms/lOC ml water)

/S*a i c i 3 69.9
/«*AgCl 0.000089

BaClg o*31.1
CaClg 59.5
CuClp 70.6
FeCl3 74.4*
MgCl2 55.5
MnClg /•*62 • 2
PbClg 0.675 *
ZnClg 432.0
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Thickening and Filterings After the chloridized ore was 
leached with water, the solids were filtered out. The 
filtrate was then ready for precipitation of the dissolved 
manganese, and the leach residue was discarded as tailing. 
In the test work no thickening was necessary because the 
volume of pulp filtered was not large. The solids settle 
quickly and would lend themselves to thickening before 
filtration in larger-scale work.
Precipitation of Manganese From the Filtrate: The filtrate 
usually had a pH of 7.1. Increasing the pH to 10.0 by the 
addition of sodium hydroxide caused practically complete 
precipitation of manganese as the hydroxide. In a typical 
precipitation test, 3000 c.c. of filtrate, containing
1.865 grams of dissolved manganese, yielded a precipitate 
which, after sintering, weighed 2.9 grams and assayed 
62.5/*> manganese. This represents a recovery of 97^. 
Sintering tq Precipitate to Final Products Filtering the 
manganese hydroxide and sintering it &t 600°C produces 
brown ^ 3 0 4 ,. the final product, assaying In excess of 60% 
manganese. This brown powder was identified by the 
powder method of X-Ray diffraction,as Mn3 0 4 *
X-Ray Identification of Final Product: The powder method 
of X-Ray diffraction produces a photograph from which 
interplanar spacing values, called "d” values, can be 
calculated. For identification, all experimental Md ” 
values should check with those given In the Index of X-Ray 
Diffraction Patterns compiled by the American Society For
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Figure 7

Powder Photograph Obtained From Final Product
Table 5 compares the experimental wd” values with 

the "d" values appearing on Card 2886 of the A.S.T.M. 
Index. The calculated values are considered to be a 
good check on the index values, identifying the final
product as Mn^O^.

Table 5

Identification by Comparison of ”dn Values
"d" Values "d" ValuesCalculated A.S.T.M. Card 2886

4.91 4.92
3.06 3.08
2.74 2.752.47 2.48
2.34 2.36
2.02 2.031.78 1.79
1.69 1.701.63 1.641.56 1.57
1.53 1.541.43 1.431.34 1.341.27 1.27
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PROPOSED APPARATUS FOR CONTINUOUS CHLORIDATION

Chloridation Chambers A proposed apparatus for continuous 
chloridation that would provide optimum conditions for 
chloridation is described as follows»

The chloridation chamber would consist of a 
rotary kiln so designed that the finely crushed ore
would tumble as it passes through. Length of the kiln 
should be such that about 20 minutes would be required 
for passage as the kiln slowly turns. External 
heating of the kiln would avoid the great blast of air 
and combustion products that would be present if an 
internal gas burner was used. External heating would 
avoid excessive dilution of chlorine gas. Finely 
crushed ore and chlorfne gas would be admitted at the 
upper or feed end of the kiln, progressing the length 
of the kiln, all discharge being at the lower end. 
Chloridized ore, all reaction gasses, and any excess 
chlorine should discharge at the lower end of the kiln. 
Nothing would escape at the feed end. The external 
heating should be so arranged that as the charge 
passes through the kiln, a gradual heating occurs 
until, at about the middle of the kiln, the temperature 
is at the desired chloridation temperature. This temp
erature would be maintained the desired length of 
time, followed by a gradual cooling at the lower end of
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the kiln# The chloridized ore would then discharge 
directly Into leaching tanks. Leaching, thickening, 
and filtration could use standard equipment.

Treatment of Exhaust Gases; The exhaust gases would 
consist mainly of carbon dioxide, chlorine, water, and 
perhaps some sulfur monochloride or sulfur dioxide. Some 
method of gas treatment would be required before this 
exhaust could be released to the atmosphere. No simple 
solution presents itself, although alkaline solutions of 
caustic soda, soda ash, or hydrated lime would readily 
absorb chlorine, perhaps with the possibility of producing 
soda bleach solutions or lime bleach solutions as by
products. No work has been done on the treatment of 
exhaust gases.
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The Early History of Chlorine: Chlorine was discovered by

Carl Wilhelm Scheele in 1774 when he was investigating the 
properties of "Brunsten", the black oxide of manganese* A
believer in the phlogiston theory of chemistry, Scheele 
named his discovery "dephlogisticated marine acid air”. In 
1785 Claude Louis Berthollet presented a paper entitled
”Memoires de l fAcademie Royale”. In it he described 
chlorine as the higher oxide of an as yet unknown radical.
This view obtained general adoption, and it was not until
1809 that three Investigators, Joseph Louis Gay-Lussac,
Louis Jacques Thenard, and Humphrey Davy concluded that
chlorine contained no oxygen, but was of itself an element.
This led to the re-adoption of Scheele’s views as against
the views of Berthollet, but only after a great period of
discussion known as the "Chlorine Controversy”. Ernest A.
LeSueur invented the first electrolytic process for the 
decomposition of sodium chloride, and the LeSueur process 
was first put into commercial production in 1893 at Rumford 
Falls, Maine, producing caustic soda and bleaching powder.

Present Method of Manufacture: Most chlorine 13/ is
produced by the electrolysis of aqueous solutions of sodium 
chloride. The electrical decomposition can be shown as:

2NaCl -f 2H20  >  Clg -J- Hg -f 2NaOH
This reaction is carried out in cells designed for keeping 
the decomposition products separate. A typical cell consists
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of two compartments separated by a porous asbestos diaphragm.
The positive terminals of the cell are graphite electrodes 
which are housed in the anode compartment. The negative 
terminal of the cell is a perforated steel plate or screen 
which is in the cathode compartment- During electrolysis, a 
purified, saturated salt brine flows continuously into the 
anode compartment, through the asbestos diaphragm, and into 
the cathode compartment- Chlorine gas forms at the graphite 
anode and is kept separated, by the diaphragm partition, 
from the hydrogen gas and sodium hydroxide solution formed 
at the steel cathode- The diaphragm prevents reaction of
the cell products with each other and serves as a permeable 
membrane for passage of brine and electricity.

The individual products of each cell are gathered in 
their corresponding collecting headers for further 
processing. The hydrogen gas is cooled and compressed for 
transportation. The sodium hydroxide, as it leaves the cell, 
is approximately 10-12# in strength and must be evaporated 
to commercial concentrations. The strong chlorine gas 
leaving the cells is hot and saturated with moisture, and 
must be handled in corrosion-resisting equipment. This 
moisture is removed by cooling and scrubbing with concen
trated sulfuric acid. Thereafter, ordinary steel and other 
common materials of construction can be used in handling the 
product. Liquefaction is accomplished by compressing the 
dry gas and cooling to a low temperature. It is then loaded 
into shipping containers.
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The Properties of Chlorine:

Melting Point 14/

Boiling Point 15/

Liquid:Gas Volume Ratio 13/

Critical Temperature 15/

Critical Pressure 13/

at constant pressure

81 constant volume

Compressibility Coefficient, 
liquid 17/

-100.98°C

-34.5°C

1:456.8 at CP C and one
atmosphere pressure.
144°C

76.1 atmospheres

22.9 calories per gram 
at -101.5°C

68.8 calories per gram 
at -34.05°C
0.226 calories per gram 
per °C. (0° to 24°C)

0.115 calories per gram 
per °C at 15°C
0.0849 calories per gram 
per °C at 15°C
0.0118/O per unit volume 
per 1 atmosphere pressure

Heat of Fusion 15/

Latent Heat of Vaporization 14/ 

Specific Heat, liquid 15/ 

Specific Heat, gas 16/
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•dandling Precautions? At ordinary temperatures, dry 
chlorine does not appreciably corrode steel or most other 
metals. At elevated temperatures, dry chlorine will readily 
attack metal equipment. To keep chlorine dry, all pipe 
lines, valves, and containers, when empty, should be kept 
closed while not in use. Black iron or steel pipe and
fittings are recommended. White lead paste as a pipe thread 
dope is satisfactory. Good threads are essential, or, if
gaskets are used, they should be of asbestos compound.
Rubber should never be used on liquid chlorine lines. Globe 
or needle valves should be used, and they should have deep 
packing recesses using packing of cotton lubricated with 
graphite. Liquid chlorine lines should be protected with an 
expansion chamber which will absorb changes in volume of the 
liquid in the pipe line due to changes in temperature. If
pressure gages are used, they should be protected by a
tantalum diaphragm. fto blowoff connections should be used.

Chlorine is shipped as a liquid under pressure in steel 
containers. The pressure varies with the temperature, thus
a pressure gage will not indicate the amount of chlorine 
remaining In a container. The following types of shipping 
containers are used:

Cylinders in sizes containing 100 and 150 pounds 
of chlorine.

Ton tanks, with fifteen tanks per railroad car. 
These multi-unit cars are consigned only to
private sidings, or approved public sidings.
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Tank cars, single units, in sizes of 16, 30, and
55 tons capacity. Tank cars are consigned
only to private sidings, the usual practice
being to unload directly from the unit, 
thereby eliminating the need for storage
tanks.

Tank barges in sizes of 380 and 600 tons chlorine 
capacity.

Leaks can be located exactly by passing a rag soaked 
with ammonia around suspected points. Dense, white fumes of 
ammonium chloride will indicate the exact point of leakage. 
Should chlorine be escaping as a liquid from a cylinder or 
ton tank, the container should be turned so that the leak is
at the top of the container. Less chlorine will escape thru
a hole as a gas than would escape through the same size hole 
as a liquid. Only trained personnel should attempt to correct 
excessive leaks. Heat should never be applied to chlorine 
containers.



37
Price History: •
B____________________________Table 4
^rices of chlorine gas as quoted In the Oil, Paint and Drug 
Reporter, for tanks, single units, works.

Date Dollars/lOO lbs. Chlorine

March 5, 1951 2.70
Oct. 1, 1950 2.70
Jan. 3, 1949 2.40
Jan. 5, 1948 2.25
Jan. 2, 1947 2.00
Jan. 7, 1946 1.75
Jan. 1, 1945 1.75
Jan. 3, 1944 1.75
Jan. 4, 19*3 1.75
Jan. 5, 1942 1.75
Jan. 6, 1941 1.75
Jan. 1, 1940 1.75
Jan. 2, 1939 2.00
Jan. 3, 1938 2.15
Jan. 4, 1937 2.15
Jan. 6, 1936 2.15 -

Jan. 7, 1935 2.00
Jan. 1, 1934 1.85
Jan. 2, 1933 1.65
Jan. 4, 1932 1.75
Jan. 5, 1931 1.75
Jan. 6, 1930 2.50
Jan. 7f 1929 3.00
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CONCLUSIONS

This process for the recovery of manganese from ores 
consists of transforming the manganese from its original 
mineralogical form to the water-soluble chloride form by 
heating in an atmosphere of dry chlorine gas. The soluble 
manganese chloride is leached with water, precipitated from 
solution as manganese hydroxide, and sintered to MngOj* the 
final product, assaying in excess of 60# manganese*

The ideal ore for the process would contain oxide 
manganese minerals in a quartz gangue. Elements that 
interfere by consuming chlorine are iron, calcium, and 
possibly magnesium. The temperature of chloridation is in 
the range 400-600OC.

9

The test apparatus did not provide optimum conditions 
for the process. From an oxide wad manganese ore, 90*6# 
of the manganese was recovered as soluble manganese* From 
a carbonate type of ore, 55# of the manganese was recovered.

Dry chlorine gas was the reagent used to convert the 
manganese to the soluble chloride. Sodium hydroxide was 
the reagent used to precipitate manganese from solution. 
Electrolysis of an aqueous solution of sodium chloride could 
cheaply produce both reagents for the process.

The final product was a brown oxide of manganese



39

identified as Mn^O^ by X-ray diffraction methods. This 
product, after briquetting, could be used in the steel 
industry either as an addition agent or in the manu
facture of ferromanganese.

The process is offered as a possible solution to the 
problem of recovering manganese from domestic ores which 
resist beneficiation by present-day, ore-dressing 
technology.
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