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. EXHIBITS

1. Map of Northern Korea showing the location of (a) the
Mozan Iron Ore Concentration Plant, and (b) the port
of Seishin where the blast furnaces and Lkrupp fenn
kilns are situated and from which the processed ore
is shipped to steel plants in Japan.

2. A sketch showing the relative positions of (a) the
Mozan mine, (b) the coarse crushing plant, (c) the

crushed ore bins, and (d) the fine grinding and con-
centrating mills.

3. Plan view and sections of the ore crushing plant.
4. Flow sheet for unit #2 of the concentrating mill.

5. Chart showing number, sizes, and relative location of

feeders, red mills, screens, separators, classifiers,
ball mills, thickners, and filters of concentration
Llnlt ;{' ;-._.

6. View of the Tuman River Valley, near the lMozan lline,
in North kankyo Province, iorea.

7. View of the harbor of Seishin, in North Kankyo Province,
Korea, from which Mozan's pig iron is shipped to Japan
for further processing.
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Department of Justivce Ret llozan Plant, Korea
Washington, D. C. ' Subtmitted by: Charles C. Baldwin

fconomic Warfare Unit ’
~ Department of Justice
New York, New York

REPORT OF THE IRCN ORE CRUSHING AND
CONCENTRATION PLANT OF THI MITSUBISHI .
IHINING COMPANY, LTD., AT IMOZAN IN

, NORTHWLESTERN KORIA

INTRODUCTLON

he iron ore concentration plant of the Mitsubishi !Mining Company at Mozan

on' the Korea-!lanchukuo border, 75 miles west of Seishin, is a vital factor in
Japanese war production -because

1. As the largest iron ore concentrating plant in the world,
it produces over 70% of the iron concentrate produced by
Lorea and lanchukuo, and almost 50% of the concentrate
produced by the Japanese Empire and Manchukuo.

2. The plant is the most modern, the most efficient, and the

nearest source of iron concentrate to the steel mills of .
Japan.l

The lozan plant is part of an integrated mining and milling operation which
converts the lean iron ore of the Mozan mine into a high-grade furnace mixture.
- The mine is on the crest of a hill. The ore moves by eravity from one crushing

- and grinding and refining stage to the next; and from the mill by rail to .the
Government's blast furnaces at Seishin,

Dislocation of this plant would .seriously hamper the pro&uctlon.of Japanese
war material, forcing Japan to increase materially her imports of iron ore from

Malaya and the Philippines. This wguld place a tremendous burden upon her al-
ready strained shipping facilities.

DEVELOPIMENT OF MOZAN PROPERTIES

Prior to the opening of the Mozan mines in 1938, 75 per cent of the iron
ore, 33 per cent of the pig iron and 50 per cent of the iron and steel scrap
consuned in Japan had to be imported from abroad, notably from British Malaya,
North Chlna, the Philippines, Australia, and the United States. 3 In 1938, with
self-sufficiency as the national objective, the Government initiated a five-
year plan for the iron and steel industry. Under this plan the state-owned

" Japan oteel Manufacturing Company was instructed to erect a number of blast
furnaces at Seishin to utilize the iron to be derived from the Nozan.prOperties.4
That ‘'same year’ the Mitsubishi Company began the construction of the Mozan con—
centration plant at a cost of over $3,000,000.

(OVER)
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The liozan plant has a capacity of 4,620,000 metric tons of crude ore a
year.5 Allowing -for waste, this represents an annual productive capacity of
2,520,000 tons of concentrate which is more than twice the capacity oi the con-
centrating plant at the Showa oSteel WOTgs, which has an annual production of
1,000,000 tons of sintered concentrate.

Together, prior to December 1941, Mozan and Showa were the most important
sources ol iron under dJapanese control.,’ Mozan is the more important of the
two, not only because of its larger capacity, but primarily because of the
relatively short haul from the mines to the steel plant and foundaries of Japan.

OPERATION OF MOZAN PROPERTIES

The lMozan mills are situated in plain view on the southeast slope of a
mountain near llozan on the Manchukuo—~Korea border, in North Kankyo Province,
about 100 kilometres west of the port of Seishin (Exhihit #1).- The plant has
two units, each consisting of a coarse crushing plant and a concentration mill.
lThe first unit was erected in 1938. Constructioniof the second unit was begun
in 1939 and completed early in 1942.° The buildings of. concrete and steel, with
corrugated roofs, are the usual type universally employed for the concentration
of low—grade iron- ore,? They cover an area of approximately 1,000 feet by
1,000 feet. Working 24 hours a day, 350 days a year, they employ upwards of
3,000 men, mostly Chinese and Koreans, classified ag 25 per cent skilled and
75 per cent unskilled, under Japanese supervision. g 8

| The lozan mine is located on the crest of a mountain looking across the
‘Tuman River Valley west and north towards Manchuria.=t The crude ore 1s
trucked down-the mountain to a coarse crushing plant (Exhibit #2). From the
crushers the ore is carried by conveyors te: the concentration mills at the foot
of the hill. The concentrated ore is sent to a sintering plant which may be at
Mozan. If there is no sintering at Mozan, then: the concentrate is shipped by
rail to Seishin, At Seishin the sinter is sent to blast furnaces and Krupp
nenn kilns to be converted into pig iron,. The pig iron is shipped -across the
sea of Japan to foundries on the west coast or by way of Shimoeski and' Moji

" thriough the Inland Sea to the steel plants at Yawata, Osaka, Kobe, and
Hokkaido. = . il 1 LgP ot

CTHE TIOZAN MINE

The llozan _iron mine. is worked in benches cut into the: side of the mountain
(Exhibit'#Q)f 3 The ore is scooped up by steam shovels to be loaded inta trucks
and -carted down a winding road to ore bins which feed the coarse crushing. plant,
The-crude'ore contains a preponderance of magnetite (FeBOA).known:assﬂblack .
rust', together with some non-magnetic iron: oxide (martite). . Tested at:-the:.
concentrating plant of the Scrub Oaks lline, Dover, N. J.; it was .found that,.
ground to between 65 and &0 mesh, the crude ore produced 2 concentrate. contain-
ing 05 per cent to 67 per cent Fe, with a fine ‘tailing of less than e fR:
“per cent l'e. This concentrate proved to be very .low in silicar 4 per cent. to
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fused ore) can be made from the high-orade Mozan concentrate, thereby speeding
p Iurnace praciice by increacing output through the reduction of slag volume
‘ 1 ‘ T . : ] 1-«'-.
coke consumption, and other cocsts. This malc: for better control of +hr hot
-

metal or pig iron, which, in iu?n, makes possible a cheaper, simpler, and more
uniform operation in the steel plants uring Mozan iron.

COARSE CRUSHLING PLANT

The Mozan crushing and coucaatraiing plant is divided into two units: a
small experimentel plant erected in 1938, producing 50 tons of concentrate an

woury and uwnit #2, erected in 1940-41, with an hourly JpaCLtf of 225 tons of

concentrated ore. Unit ;1 is in no way unusual, consisting of bins and chutes
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L0 the end sections.. 1he inside driil 0ot only Hausaf a conveyor, but is high
and wide enouzh to pass a car of machinery. 1The coarse crushing machinery 1s
housed on ledges blasted out of the rock (Exhibit #5). The arrangement of this
equipment allows for the discharge of all materials by gravity from one crush
ing stage to the next. Htach seciion consists of a Hoss feeder to supply the
coarse ore across a stationsry grizasly bar to the jaws of a heavy-duty crusher;
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The first grinding in the #2 concentration mill is done by means ol
Symons cone crushers. From these crushers the ore passes to screens for further
separation, the refined ore being carried off to the svorage bins and the unre-
fined ore nassLnﬁ oni to rod mills for further r'*‘1__nc_11r1jﬂ.]’z?’ Up to this point

he ore has been ground by breaking, Now it is to be ground by attritlon.

Water 1s daoew'lg the cylinders revolve; the fine ore passes through screens
10 conveyors that carry it to the stcrage bins; the remainder goes back 1nto
the mill., After passing through a Crockett Dgwﬂranor3rp¢c overf{low runs through
a Dorr Thickener where part of thg water is taken off. “ Dorr Classifiers now
remove low-grade clay impurities.®~ The overflow passes over another magnetic
separator. OSome concentrate ies taken ofl and a final separation of the re-
mainder is made by shaking tables, The 11ght(~3r material flows over the table

riffles and is discharged as wasue, The concentrate now moves to a row of

C i f':l

~

S

J/ ;
hickeners outside the UUllﬁ$ﬂg for LewatwiLnT ~< and then through Dorrco

L

rilters. The product from the filters and the bins is ready for sintering.

lhe entire operation reqnﬁWﬁﬂ 2 to 3 hours. About 15,000 gallons of water
a minute are used; and it is the purpcse ol tl hickenefs and filters to re-
cover as much of this water as possible, both €
t

O
¢ . “» i o
the flooding of the plant area by the bil,lﬂﬁﬁcgJ

i i B

SINTERIRG PLANT

.r'"

©
| —

1ough no sintering plant existed in 1939, there can be but little doubt
that one has since teen erected. ©Such a plant would remove the 10 per cent

of molsture in the cmﬁﬂ@ﬂfratﬂj thereby reducing freight costs and providing

a dry product which would not Ireeze 1n Che railrosd cars on the 100-kilometre

[
I
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rail haul from liozan to Seishin, during the five months of Korean winter.

o, 0, PR T S P e T S ol -~ " G, [ i j 2 ‘ 5 3
olnter 1s a puiLAQ L1y fiused ore that can be uwlprJ to blast iurnaces anywhere,
) ]
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whereas a finely ground concentrate can only be handled by roasting furnaces.
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NOTES

Nanchurian aﬁd'Koreamdoresxare about equal in iron-content; but where-
as the Showa plant at Anshan in llanchuria produces. a .concentrate with

..55-per'cent'Feg the Mozan mill (designed by Mr. R. E.: Crockett of Dover,

N. J. and equipped with modern American.machinepy) produces: a concen-
trate with 65 per cent to 67 per cent re. |

. Ore from Nﬂlaya (6Q per cent iron) and the Philippines (47 per cent to

45 per cent iron) would have to be shipped to Japan for conversion,
since suitable grades of metallurgical coal are not available in lMalaya
and Philippine coal is of low grade and difficult to mine.

¥, Fogter Bain, in."ihe Tyrans—Pacific" of Tokyo, August.l2, 1937, stated

that the cost of high-grade iron ore (60 per cent iron) imported from
Malaya was often less than the cost of exploiting the inferior ores (35
per cent iron) of Manchuria. In 1936 Malayan iron ore accounted for 45 per
cent of ore imports from abroad into Japan proper, while Chinese ores
represented 33 per cent, the balance coming from the Philippines and
Australia.

Prior to the construction of the Seishin furnaces in 1938, there were
only 26 blast furnaces in operation in the Empire, with an annual produc-

tive capacity of 2,400,000 metric tons. Lhorea was ‘then producing about
200,000 tons of pig iron a year; while a million tons a year (of which

400,000 tons came from Manchuria) were being imported from abroad. Japan

. - was then by far the largest importer of pig iron in the world, her importus

equal to the combined imports oi the ten next largest importers. This

. caused grave concern lest in the event of war a tpig iron famine" develop.
. The Govermment, therefore, initiated a S>-year plan for the iron and steel

industry, suggesting the construction of enough new blast furnaces to in-
crease production by something over 800,000 tons for each year from 1938

- ... through 19/1. The Seishin blast Iurnaces were the first to be built
-+ under this plan. o |

As shown on Exhibit #5, units 1 and #2 have a daily capacity of 7,200
netric tons of concentrate. Add 6,000 metric tons of waste a day, and
the two units, working 350 days a year, will have an annual capacity of
/,,620,000 tons of crude ore. Mr. Hitch of the Dorr Company states that

©in figuring capacities it is well to allow 15 days a year for shutdowns

overhauling, and repalrs.

The Showa Steel Works, then called the Anshan Iron Works, was the first

to develop the so-called hematite reduction and magnetic coneentration
process, and in 1925 at Anshan erected the first concentration plant
fcapable'of producing (fromflow—grade Manchurian ores, with an iron content
. of 35%) a concentrate with 555 iron.

(OVER)
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ixclusive of Mozan, Korea produces an average of 500,000 tons of irom
ore a year. dJapan proper produces an average of 500,000 tons a year.

Manchurian aes are never exported, hut are converted into pig iron
locally. See also ill.

.gﬁDates-for the construction of the two concentratioh mills'ére'based upon

information found in the files of the Dorr Cdmpény,_continuing as late

as November 1941. They conflict with_statementsfmadegby Mr. Re E.
Crockett, designer of unit i#2, who stated: "There are three concentra-
tion mills. Construction of the first unit was begun in 1938, of the
second in 1939, and of the third in 1940. 1 believefthat all three are
now in operation." Mr. Crockett lelv Korea late in August 1939. At

that time work on unit 49 had not' yet begun. It did not begin for many
months. In fact, Mr., Hitch of the Dorr Company (whose classifiers,
thickeners, and filters were used) stated. that lr, Crockett's designs were
considerably modified, and that as late a5 November 1941 much of the
machinery for unit #2 had not yet-beenldélivered.,,It“would therefore have

 been impossible for unit 72 to go into 0perationguntillléte in the spring

of - 1942. Mr. Hitch is strongly of the 0pinion_that’ho_Workjhas yetl been
done on unit #3. | T i TN

Four similar plants for the magnetic concentration of lean iron ores
have recently been erected in Northern New York State by Republic Steel,
Jones,&;Laughlin,-the.Interstate Iron Company, and the I A. Hanna
Company. G | ' '

In the United States an identical plant would employ 250-300 men. Mr.
Crockett explains the large Mozan personnel by saying that labor is cheap
and plentiful, though not particularly active or strong. Koreans average
about 5 feet 4 inches, with oblique brown eyes, high cheek bones, and
straight hair shading from russet to sloe black. They are.apt to be
sullen, and not above tossing a little sand into Japanese bearilngs. The

~ Chinese are competent, willing workers, but not so robust as Amerlcan
miners or mill hands.

Korea is highly mineralized. Gold, silver, copper, iron, Z1lnc, arsenic,

anthracite, asphalt, and graphite occur in quantity. Chief among the
iron properties are the state-owned Sainei-men mines which at one time

" supplied 20 per cent.of the requiremnents of the Government's steel works

Yei

S ab Yawata; (the Kuhara llining Company's holdings at_HeijOi) the Japan
Metal Company's mines at Roryoshin; the extensive holdings of the

Mitsubishi Company at Kenjiho; and the lMozan mine. As far as is known,
practically all the sron mines in Lorea,’ including those owned by the
Covernment, are operated by the Mitsubishi Company. |

Practically all of the raw materials produced'iﬁ Korea are sent to Japan
for processing. Among the leading private steel producers in Japan are
the Japan Steel Tube Co. (Nippon-Kokan) a producer of pig iron, bars,
shapes, rails, pipes, and speeial steels; Kawasaki Shipbuilding & Dock-
yard Co. (Kawasaki Zosenjo), which produces ingots and castings for its
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own use; ﬂobe Steel Works (Lobe Seikojo), -forme rLg 2 subsidiary of the
- == 1”2 e B e (-, JTatakahalVWa 3 - y | i;f ; i £, Y ,."“a- i
sroduces ordnance for the Japanese lavy as well

L )
1. |

as bars, forgings, and castings; Asano Shipbuilding Co. (Asanc zosen)
producer of piatb for its shrﬁvﬂﬂd“* and Lokura Steel Co. (Lokura weiko,
formerly Asano nU]ll&}, producer of ingots and castlngs veveral of
hese nrj_va’oe ccmpanies, notably the Japan Steel Tube (Jo., have thei

own blast furnaces as well as iron ore and coal mines.
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13. Iron ore is mined either by the open—-pit or unde r ground w*u}ujt ihe
former is used if the ore is soft and near the surface. rst the overs
burden is removed; then the ore is loaded into cars oOr trucks to be
hauled to the furnaces. The underground method is used only where the

cheaper open-cut method is impracticable.

14.  Silica content is a measure of the valug of ircn ores. Newlfoundland

ores, For example, are far richer in iron than are Korean ores, but

they are also higher in sllica - for which reason they have never been
oxploited to any extent, &4 high silica content produces objectionﬁble
quantities of the difficult and srreducible ferrous silicate known as
Ifayalite', As the silica content of a concentrate increases, the pro-
Dortlon ik fﬂvaljte in tha sinter will increase even more rapidly. tor
ax:*q;_ﬁ, thouech B per cent oL 5ilica in the mixture will produce only

O per cent of fayalite in the sinter, 19 per cent of silica will produce

1
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nter that is 75 per cent fayalite,
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15, Crushing plants are often divided into sections so that should one sec-
tion break, the whole plant does not have to close while repalrs are
beines made. This is particularly important with a concentration mill
using 40,000 tons of water a day and requiring a week to fill wup and
ocet started. Such a mill must operate 24 hours a day.

16, Tany ore concentration methods have been developed. The process used
pends upon the exact nature ol the ore to be treated, but, 1
iﬂua important processes are: (a) magnetic concentruxaxnl- (b) size
separation: and (¢) pravity concentration. 1f the iron xide 1s 1n the
form of magnetite, as is llozan ore, then the. magnetic caﬂﬂceﬁrnr:ﬂaiori
nrocess (a) is usually employed, Pijrdleﬂu of the dtrlctuvu of the ore.
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(c), which includes washing, classiliying, tabling and jigging, 1s the
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most important process for the treatment ol non-magn EULG Ores.

17. Cobbing (hamnering oll waste and Lcrr—gﬁ?axhz material) is tUﬁtﬁleV'florma by
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Rod mills are 9-ft. x 12-ft, revolving cylinders, half filled with rods.

It is estimated that 40,000 tons of water a day would be required tO
start and operate unit #<.

These thickaners are tanks, 24 ft. wide and 12 ft. deep, with great
arms revolving from a center pin, Lo stir the mixture, allowing the

water to overflow and the ore +o be drawn off at the bottom.

A Dorr Classifier is a sloping bank 18 ft. x 30 ft. half filled with

water, in which blg rakes are manipulated to rake and se parate the sand

from the ore.

) '-

As shown on BExhibit #5, these thickeners are ot  f, and 100 £t An

dismeter. The three #0-1v. +hickeners handle '/, 2900 tons of concentrate

day; while the four 100-I7v. thl ckeners udwatur 5,000 tons of waste a

T. B. Ford of the Dorr Company, <<l orth LaSalle Street, Chicago, be-
1ieves that water is the bobtleneck of the ohowa Steel plant at Anshan.
They Te.@nbly added a 250-ft. water storage tank to the three 100-1t.

tanks serving the concenturotion mill. My, Ford believes that if those
tanks were destroyed, the ple nt Co uld not operate. With open heat the
furnaces annually producing 135,000 tons ol steel ingots and castings,

. . - — — 1 8! - PV R e s s 2 T - o
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nd blast furnaces producing an additional 400,000 tone of pig 1ron,
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SOURCES

E. CROCKETT, superintendentc of the Alan Wood Steel Company,

m
L
Dover. N. J. This report is very largely based upon two interviews
s ’ 449 ® ] I LJ vhe ~
with 1. Crockett, who, in the late spring and summer of 1939, spent five

%
ke

~onths in Manchukuo and norea as a consulting and construction engineer
on loan to the H. H. DBrassert tompany of 310 South Michligan Ave., Chicago,

111. His assisnment took him first to Manchuria where he made a detailed
tudy of the raw “aterigls available to the ohowa Steel Company's plant at

Anshan. llext, he visited the 1imestone quarries at Dairen. ffrom there he
went to llozan, where he designed additions Lo the iron concentration plant.

a Steel Works, he saids "l was able to suggest methods for
mining and concentratlng the iron ores, magnesite, dolomite, and limestone
available near the plant, al them in quantity, and all, except the
iron ore, of good grade. The plant 1s a completely integrated unit, with
masnetic roasting furnaces, a concentration mill and eight blast furnaces
apable of converting a ~i1lion tons of crude ore into finished steel 1in
a year. Located to the west of the railroad tracks; in 2 sizable city, 1t
sploys upwards of 0,000 Chinese laborers under Japanese Ioremen and

technicians. They get their coal from the Tobenda !Mines and the open pits

}__I
O
N
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at Fushun, twenty miles east oi liukden. The 1imestone comes from Kanselshel
across the bay from balren. Sut all of their raw materials are obtained 1n

the vicinity of rom Taikaosan, about six miles
+5 the south. The coke ovens are qnade of brick and should prove especially
vulnerable., Next in ilmportance I would place the concensration mill which
£ the city of Anshan. The blast

iaw Fos I 4 ; S . Lol dsleia® T E Tl o RS B L, '
furnaces are more SuDo t",_'l..xl’....!_l_l;l.l__i.}.r construcuvel,
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J. D. HITCH, expori manages, wie Dorr Company, 570 Lexington Ave.
: '.:"' ‘.“-- '_‘-r B "L' ."' " =1 .-,-t... - -‘ ! - -~ 11 - r . s . '\.-"'. T'Tl G 4 '. L
ity. lr. hitch was szationed LU Japan and llanchurla from 193«
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sving just as the ldtsubishil LlllLis Company began the development
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heir lozan propertloo, pun as cexpol manager ol tne VOl r uonmpeally
familiar with the Japanese S »1 industry, he helped to sell some of the
i _
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equipment installed in the concentration plant.
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